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INDUSTRIAL RESEARCH AND THE RESEARCH ASSOCIATIONS 


| ores February, in his Jubilee Memorial Lecture to the 
Society of Chemical Industry on the organization. of 
basic research for the British chemical industry, Prof. 
J. W. Mitchell made some passing reference to the research 
associations, as well as to sponsored research and to the 
research institutes as supplementing the research effort 
within industry itself. The last two, he suggested, had 
four important functions: first, they could bring firms 
together in & joint project of mutual interest, though 
possibly not of immediate commercial significance, and 
probably at a smaller investment than would be required 
if the firms undertook it individually. This is obviously 
something in the nature of a small and temporary research 
association. 

Next, they can supplement the firm’s own industrial 
research effort at a time of crisis by undertaking spon- 
sored confidential work. This represents in effect a tem- 
porary expansion of the firm’s own research laboratories. 
Thirdly, Prof. Mitchell envisages such institutes as 
undertaking unsponsored basic research to acquire new 
knowledge of value to the industry as a whole, this 
function representing rather that of a central laboratory 
and perhaps more particularly the type of basic research 
in which some research associations seek to engage. 
Fourthly, he places the educational function arising out 
of the opportunities provided for graduates to extend 
their experience in research. 

Prof. Mitchell’s comments on the critical size of a 
research laboratory, which have previously been discussed 
(Nature, 207, 113; 1965), are highly pertinent here, as 
they are also in relation to his much briefer remarks on 
the work of research associations. The inability of most 
of the smaller firms to provide the financial resources 
required to establish laboratories of at least this critical 
size is one of the fundamental reasons for establishing a 
research association. Moreover, contrary to the customary 
protestation of the smaller firm, it is to them rather than 
to the larger firms of the industry that the benefits of 
co-operative research mainly accrue. Prof. Mitchell does 
not believe that sufficient basic research is as yet being 
undertaken in Britain to meet the needs of the medium- 
sized and smaller firms. Instead, he suggests that the 
more successful research associations have worked to 
improve services provided essentially on a non-competitive 
basis and have also undertaken research on improving 
and characterizing well-established products and develop- 
ing equipment for standardization and control. He recog- 
nizes that difficulties arise over the granting of rights for 
developing and manufacturing new products based on 
discoveries or Inventions made by a research association, 
but he does not refer to the inherent advantage that the 
industrial research laboratory inside a firm necessarily 
possesses over one outside through the closer contact with 
the production side or the customers’ needs. 

About the same time as Prof. Mitchell’s lecture was 
delivered, the Association of Scientific Workers submitted 
to the Ministry of Technology a memorandum on indus- 
trial research associations. In, this memorandum the 
Association argues that research associations should be a 
principal means for putting ideas across to industry and 
for making a scientific and technological impact on the 
industries served by the associations. A research associa- 
tion, ıt suggests, would serve its industrial members best 
if it consistently looked to the future, and to a fairly long- 


term future. The associations should also accept a con- 
siderable responsibility for disseminating information, 
particularly to the smaller firms which are less likely to 
spend money and effort on an internal information 


“service. This functiom is regarded as including the use by 


management of the mformation already available. 

The memorandum sdmits that there are wide differences 
in the effectiveness wath which different research associa- 
tions fulfil their role, and these differences are attributed 
at least in part to the methods by which the research 
associations are finenced—this affecting in turn the 
amount of money available. Recognizing also that 
industries which are lagging technically tend to lose 
interest in research aad become even more backward, the 
memorandum. sugges=s that amalgamation of appropriate 
research associations might give a firmer basis for develop- 
ment and that it would be worth while examining indus- 
tries without co-operative research and co-ordinating the 
research efforts of companies undertaking substantial 
research in the same field. This latter somewhat naive 
suggestion is not discussed further, but it is proposed that 
all research associations should operate within a national 
plan and be linked with the economic development council 
structure. 

The present methods of finance are then criticized in 
some detail, especmlly for their failure to provide 
sufficient assurance of a reasonable level of income over 
a period of, say, five years: this is regarded as quite 
impossible if a research association has to depend on 
voluntary subscriptions. The position is made worse by 
the instabilty of prices and recurrent mergers and the 
like. The memorandam criticizes the progressive stiffening 
of grant terms by ths Department of Scientific and Indus- 
trial Research, and i= makes the valid point that too much 
effort has to be spent by directors of research in securing 
funds for research. Earmarked grants and civil research 
contracts are regarded as tending to increase financial 
strain and should not be looked on as a substitute for 
improved contributions from the Government to the 
regular programme. 

As a consequence of this financial situation, the 
facilities for researck in most associations compare poorly 
with those of Government stations. Total expenditure 
per qualified scientist and engineer in the research associa- 
tions is put at muck lower than the estimated average of 
£8,000 for all manu<acturing industries in 1960; that for 
the research stations of the Department of Scientific and 
Industrial Research (now the Science Research Council) 
exceeds this figure. The consequent poor salary scales 
and prospects compared with the Scientific Civil Service 
make it difficult to ettract and retain competent staff, and 
on the whole staff mlations generally need improvement. 
The Association of Scientific Workers contends that an 
assured, adequate and independent income would im- 
mediately improve such relations. The unsatisfactory 
financial situation, 2f course, also hinders the acquisition 
of modern scientific equipment. 

The system of fmance is intimately linked with the 
method of control, and the memorandum maintains that, 
the methods practised by the heads of businesses who. 
dominate the Council of Research Associations are not. 
always appropriate to the needs of technical departments, 
Moreover, financial and general control is largely a part» 
time interest of members of these Councils, leading to ° 
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haphazard and meretricious decisions, which may be 
based on narrow financial considerations. As a result, 
levels of expenditure may fall below the mmmum neces- 
sary for efficiency and effectiveness, and voluntary levies 
agreed with the Board of Trade may not necessarily be 
fixed to ensure a sufficient level of expenditure. The 
memorandum also asserts that representations of the 
Department of Scientific and Industrial Research on the 
Councils and the Official Visitors are ineffective ın nfluenc- 
ing policy in proportion to the Government stake in the 
research associations. 

Seven proposals are advanced in the memorandum to 
improve this position. First, a compulsory levy of 0-2 per 
cent of net output of the industries concerned is sug- 
gested in order to double the present total income of £10 
mullion. Within this concept of a statutory levy, the 
Government contribution could be increased where neces- 
sary to pound for pound with the industrial contribution. 
Specifically, the appropriate Government agency should 
examine the need for establishing a research association, 
with a compulsory levy, for certain sections of the chemical 
industry. Possible amalgamations should be carefully 
considered and, ın consultation with industry, the Minister 
of Technology should examine the programmes of all 
research associations. One function of the research associa- 
tions should be to advise the Government in connexion 
with placing civil research and development contracts 
with industry. Establishment of an effective advisory 
service, using the most advanced techniques, is also 
recommended to ensure the dissemination of knowledge 
and techniques and their application to industry, and all 
research associations should participate m this service. 

Lo some extent this last-mentioned recommendation 
anticipated the establishment of the Office of Scientific 
and Technological Information, but its effectiveness pre- 
supposes the existence within the small firm of those at 
the top capable of appreciating the significance of new 
knowledge and possessing the authority to take appro- 
priate action. In most small-scale industry this condition 
is not fulfilled, and here, like so many other reports and 
memoranda, the memorandum is not sufficiently ruthless. 
There is too much disposition in Britain to protect the 
inefficient and it is this practice above all that must be 
ended. The research associations will never serve Britain 
effectively if they are used to feather bed the inefficient 
and backward. 

Also early this year Dr. F. N. Woodward, scientific 
counsellor to the Organization for Economic Co-operation 
and Development, submitted to the Organization a survey 
of the different types of research association in member 
countries with particular reference to their organization, 
co-ordination, methods of operation and resultant benefit 
to the industries they serve. This report has now been 
published under the title Structure of Industrial Research 
Associations *, but, although at some points the report 
supports some of the recommendations of the Association 
of Scientific Workers, there is such wide variation in the 
extent and character of Government participation from 
country to country that generalization is extremely 
difficult. Very little light is, in fact, thrown on the deeper 
aspects of co-operative research and the conditions in 
which it functions most successfully. By and large, the 
survey adds surprisingly little to the assessment of the 
research association movement in Britain contained in a 
series of articles in Research and since published as a 

* Structure of Industrial Research Associations. By F. N. Woodward. Pp. 


55. Paris: Organization for Economic Co-operation and Development, 
London. H.M 8.0., 1965.) 
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supplement to Volume 15 in 1962, or even, for that matter, 
to Prof. R. 8S. Edwards’s earlier book, Co-operative Indus- 
trial Research, or the report of the Federation of British 
Industries on Industrial Research in Manufacturing 
Industry, 1959-60. 

The factual data in Dr. Woodward’s report show that 
the industrial research association has developed to a 
much larger extent in the United Kingdom than else- 
where in Western Europe: the income in Britain of some 
£10 million in 1962 was more than double that in Germany, 
which comes next, though it 1s less than that expended 
in France on the rather different industrial research 
centres, which amounted to some £16-7 million in 196]. 
The idea, moreover, differs significantly in structure and 
working philosophy from country to country, and its 
development from the British prototype has been in- 
fluenced to a marked degreo by historical background 
and local requirements. None the less, the disadvantages 
and shortcomings of the research association scheme, as 
revealed by Dr. Woodward’s enquiry, coincide with 
observations in the memorandum from the Association 
of Scientific Workers. This is notably so m the criticism 
of the excessive proportion of time which a director of ' 
research 1s required to spend on raising money, of the 
slender resources of most of the associations and their 
inherent disadvantage as against the industrial research 
laboratory of a private firm. 

In addition, the research associations in general are 
regarded as not possessing a good public image either in 
the industries which they serve or in the scientific world 
from which they must attract their staff. This is unhkely 
to be assisted by the development of contract research. 
It is at this point that there is need for more fundamental 
and independent thinking about the precise functions 
of the research associations even in those fields in 
which co-operative effort, so far from being at a dıs- 
advantage compared with private enterprise, is the most 
economic as well as the most potentially fruitful method. 
It should be recognized that while a certain minimum 
scale of effort 1s essential, that scale should not be secured 
by the use of public money to support the inefficient or 
reluctant, and that there are circumstances in which a 
Government research station may be a more effective and 
prudent answer than an amalgamation of research asso- 
ciations or a solution involving the coercion of reluctant 
firms. There is warning enough of the dangers of pre- 
cipitate action in Dr. Woodward’s survey to suggest a 
cautious approach to some at least of the proposals of the 
Association of Scientific Workers. Certainly, the hard 
thinking and further enquiry necessary as to the merits 
of private or public enterprise should be kept free from 
any party political prejudice. 


CHEMISTRY OF THE SMALLER 
ORGANIC HETEROCYCLIC SYSTEMS 


Heterocyclic Compounds with Three- and Four- 
membered Rings 

Edited by Arnold Weissberger. Part 1: Pp. xi+ 1-646. 

Part 2: Pp. xii+647-1174. (The Chemistry of Hetero- 

cyclic Compounds: a Series of Monographs, Vol. 19, 

Parts 1 and 2.) (New York and London: Interscience 

Publishers, a Division of John Wiley and Sons, Ine., 


1964.) 488s. the two parts. 


HESE two books, each separately bound and of 
considerable size, form Parts 1 and 2 of Volume 19 
in the series The Chemistry of Heterocyclic Compounds 
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which, under the able edıtorship of Dr. A. Weissberger, 
have been appearing steadily and (in general) with in- 
creasing size since 1950. Some of the more recent volumes 
have appeared in two or more parts, and the number of 
actual books in the series is now twenty-five. 

Part 1 deals with four types of three-membered| ring 
systems and Part, 2 with six types of four-membered 
systems: the pages of the two Parts are numbered as one 
volume, and Part 2 has an author and a subject index 
covering both Parts. : 

In view of the number of volumes which have preceded 
Volume 19, it might cause some surprise that these 
smaller and simpler systems have hitherto escaped atten- 
tion in this series. Dr. Weissberger in the preface points 
out that heterocyclic chemistry has two closely related 
aspects, namely, the investigation of different derivatives 
of the respective cyclic systems, and that of the reactions 
in which the heterocyclic systems themselves undergo 
change. The latter aspect, he notes, is particularly 
important with heterocyclic systems having less than 
five atoms in the ring, some of which belong to the most 
reactive compounds ın organic chemistry. This high 
ceactivity undoubtedly underlies the recent wide exten- 
sion of the study and the technical appheation of most of 
these compounds: it also probably explains the com- 
parative slowness of earlier development, for less reactive 
and more stable systems attracted greater attention. 

The contents of the two Parts can be briefly indicated. 
Part 1 contains chapters devoted individually to the 
systems listed as ethylene oxides (I); aziridines (II); 


C—C C—C C—C C—N 
ye ard 
x X Y Y 
(I) (IT) (III) (IV) 


ethylene sulphides (III) and oxaziranes (IV). Part 2 
contains the systems thietanes (V); §-lactones (VI), 
trimethyleneimines (VIL), and a brief note on B-sultones 
(VILLA) and 1,2-oxazetine (VITIB), and finally oxetanes 


(IX). 
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An interesting point of nomenclature arises here.; The 
International Union of Pure and Applied Chemistry 
(IUPAC) has recommended specific names for almost all 
heterocyclic systems up to the 10-membered units, and 
these names are now incorporated in the recent second 
edition of the Ring Index and its two supplementary 
volumes. Some of these names are far from self-explana- 
tory and differ markedly from the older accepted names 
It is interesting to note the extent to which they are 
accepted and used by the authors of Parts 1 and 2. 

Dr. André Rosowsky entitles Chapter 1, on the;com- 
pounds having the reduced system (I), “Ethylene Oxides’, 
and points out that the IUPAC name is ‘oxirane’, and 
states: “in deference to common usage the present 
chapter will retain the terms ‘apoxide’ and ‘ethylene 
oxide’ ”. Dr. Fanta in Chapter 2 uses the systematic name 
‘aziridines’ for compounds having the reduced system 
(II). Dr. Reynolds and Dr. Fields (Chapter 3) give the 
title “Ethylene Sulfides” to compounds havmg the 
system (III) and state: “The name thiirane is in accord 
with good nomenclature, but it has been slow to find a 
place in the literature’. Dr. Emmons adopts the sys- 
tematic name ‘oxaziranes’ throughout Chapter 4 for 
compounds having the system (IV). Dr. Etienne and his 
collaborators in Chapter 5 use the term ‘thietane’ for 
compounds having the reduced ring (V), but abandon. it 
for the corresponding sulphonium salts (p. 650). Chapter 6 
he entitles “@-Lactones”, and states: “Nor does the 
(systematic) designation 2-oxetanone . . . seem to' have 
been adopted”. Dr. Moore gives the name ‘“Trimethylene- 
imines” for Chapter 7 on compounds having the reduced 
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system (VII), but in the text refers to them throughout 
as “azetidines”. Systematic names are used for the 
remaining three systems. This summary will indicate the 
degree of confusion which still exists in the nomenclature 
in use for even simple heterocyclic systems. ; 

These two books contain such a wealth of information 
that a true review, in the sense of a critical assessment 
of the merits and demerits of the work presented, cannot 
be briefly achieved. The general nature of the treatment 
of each class, and of the information presented, can best 
be shown by reference to Dr. Rosowsky’s excellent 
exposition of the ethylene oxides in Chapter 1, which, 
running to 523 pages finishing with 2,040 references, 18 
almost a book in itself. It contains the sections: (1) 
“Physical Properties” (that is, molecular geometry; 
energetics; infra-red. ultra-violet and nuclear magnetic 
spectroscopy; theoretical models); (2) “Occurrence of 
Epoxides in Nature”; (3) “Synthesis of Epoxides”; (4) 
“Chemical Reactions of Epoxides”; (5) ‘Analytical 
Methods”; (6) “References”: sections (3) and (4) are 
presented in considerable detail. This chapter incidentally 
reveals the contribution made by the French chemists, 
from the early work o? Wurtz to the later work of Tiffeneau 
and others. 

The remaining chapters follow much the same pattern, 
and the complete volume forms a very thorough and 
highly valuable record of chemistry of these smaller ring 
systems. 

It is noteworthy that the synthesis of oxaziranes 
(Chapter 4) was first achieved in 1956-57 by three different 
research groups, and that in Chapter 8 only one example 
of a 1,2-oxazetidine, srepared by Staudinger and Jelagen 
in 1911, can be recorded. Our knowledge of the chem- 
istry of such system3 must still be mcomplete. 

One might perhaps question the space devoted in 
Chapter 3 to the ““Takle of Physical Properties” (63 pages), 
for only the boiling ‘or melting) points are recorded for 
certam compounds: similarly in Chapter 6, Table 2 
(18 pages) and Table 3 (10 pages) giving the physical 
properties of aliphatic and aromatic f-lactones, respec- 
tively, also provide very limited information, and certain 
pages of the Table contain only three of the more complex 
derivatives. The seztions in this Chapter on the pre- 
paration of @-lactones have been. largely anticipated by 
the recent Volume 7, Part 2, of Methoden der Organischen 
Chemee, by Houben-Weyl (Nature, 204, 1122; 1964): 
the latter is, however, strictly limited to synthetic 
methods, whereas Ckapter 6 of the present work gives a 
full treatment of the whole subject. 

It should be mentioned that the preface concludes with 
an expression of deep gratitude from Dr. Etienne and 
his colleagues for the faultless translation of their Chapters 
5 and 6 from the French by the late Mrs. Weissberger, to 
whose help in his life and work Dr. Weissberger pays an 
eloquent and moving tribute. F. G. Mann 


ANALYTICAL ÇHEMISTRY 


Organic Complexinz Reagents 


Structure, Behavior, and Application to Inorganic Ana- l 


lysıs. By D. D. Perm. (Chemical Analysis: a Series of 
Monographs on Analrtical Chemistry and Its Applications, 
Vol. 18.) Pp. xi+335. (New York and, London: Inter- 
science Publishers, a Division of John Wiley and Sons, 
Inc., 1964.) 90s. 


HE doyen of analytical chemistry, Fritz Feigl, has 

remarked that the story of modern analytical 
chemistry is the story of co-ordination chemistry. This 
remark has made a profound impression on many & young 
research worker, as has S. E. Q. Ashley’s more recent 
comment that the chemistry is going out of analytical 
chemistry. These observations apparently point in two 
directions, but in truth they do not really conflict. While 
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an ever-increasing proportion of analyses is being carried 
out instrumentally rather than by balance, beaker and 
burette, the instrumental hardware, except in a few cases 
such as mass spectrometry, relies on chemical reactions. 
‘These reactions are largely based on complexation and 
-are usually further backed up by refined modern separa- 
tion techniques which again rely almost exclusively on 
complexation. The comments may, therefore, be regarded 
as complementary. 

Complex formation between aquo-metal ion complexes 
and neutral or negatively charged ligands extensively 
modifies the normal (aqueous) chemical reactions of most 
ions and many characteristic physical properties usually 
associated with them. Thus many metal ions become 
central in anionic complexes and hence respond differently 
to sorption processes such as ion exchange and ion asso- 
ciation reactions. Many become bound in uncharged 
complexes and precipitate from solution or can' be per- 
suaded to partition preferentially into water immiscible 
solvents. Some even become capable of being volatilized 
or distilled. In most cases changes are brought about in 
absorption characteristics in one or more regions of the 
electromagnetic spectrum. Not infrequently unusual 
valency states are preferentially stabilized by complexa- 
tion, and the changes in oxidation potential which accom- 
pany such reactions open out avenues of examination by 
electrochemical techniques. Complex formation even 
extends a profound influence on to flame plasma tech- 
niques such as atomic absorption spectroscopy and flame 
spectrophotometry. In these cases, the supply of cations 
bound as neutral chelate or ion-associated complexes and 
dissolved in organic solvents can give considerable en- 
hancement of sensitivity by purely mechanical surface 
tension/viscosity effects and can produce new reactions 
due to shifts from (normal) endothermic to exothermic 
dissociation~decomposition mechanisms. Many interionic 
interferences in flame techniques are also simply eliminated 
by virtue of complex formation. Similarly many ap- 
parently intractable techniques can be profoundly 
indebted to complex formation for their success. Thus, 
radioactivation analysis relies heavily on the solvent 
extraction of chelate complexes from aqueous solution to 
achieve the separation-concentration processes on which 
the radiocountimg procedures depend. 

Most modern texts on analytical chemistry are, of 
course, concerned with instrumental analysis and are at 
pains to emphasize the basic physical chemistry, the 
physics and even the electronics underlying these pro- 
cedures. Few of them pay much attention to the chemistry 
involved. Organic Complexing Reagents is concerned with 
just this facet and takes the same pains to set the scene 
behind the chemical reactions in terms of modern theories 
of inorganic chemistry. In my opinion it succeeds ad- 
mirably in this and the result is stimulating and worth- 
while. The only book which has previously been written 
on this topic is Feigl’s Specific, Selective and Sensitive 
Reactions, and although the latter is now sixteen years 
old, it is still one of the most fascinating and Important 
of all books on analytical chemistry. This new book is 
written from the same point of view of basic chemical 
reactivity and is the first real development since the 
original publication. Unquestionably this is an important 
book of unusual interest and should be found by most 
analytical chemists and by many others to be a sparkling 
jewel of chemical interest set against the grey background 
„Ooi instrumental methodology on the bookshelf. It is 
* equally certain that it will bid fair to become one of the 
most thumbed volumes on the shelf because of the wide- 
ranging nature of its interests. 

The text itself is well arranged. A short chapter on 
chemical bonding set in terms of valence bond, molecular 
orbital and ligand-field theory follows a brief introductory 
survey of the phenomena of complex formation between 
metal ions and organic ligands, and sets the scene for 

subsequent chapters. This treatment is concise and en- 
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tirely adequate for those who have had some experience 
of modern theories, but those who are not familiar with 
them may well have to supplement their knowledge by 
further reading from the recommended list of books in 
order to make full use of the discussions which follow in 
subsequent chapters. The stereochemical configuration 
and stability of metal complexes are considered in terms of 
polarizability and covalent character and the thermo- 
dynamic nature of the formation reaction, etc. Numerous 
examples of ligand-field effects are cited in the transition 
series. The effects of complexation on oxidation potential 
are discussed in relation to factors which determine the 
magnitude of these potentials, ligand-field stabilization 
energies and so on, with examples drawn chiefly from 
among iron and copper complexes and cyanide complexes 
in the transition series. 

A résumé of factors which govern rates of formation and 
dissociation introduces a chapter of a more applied nature 
on the effects of complexation on the concentration of 
cations in aqueous media and which is, of course, princi- 
pally concerned with compleximetric titration, with 
masking and with demasking. Surface phenomena asso- 
ciated with complex formation are related to analytical 
techniques such as ion-exchange, chromatography, use of 
adsorption indicators and, somewhat illogically in this 
context, polarography. The chapter on visible and ultra- 
violet absorption spectra includes some useful notes on 
types of spectra and considers re-emission phenomena in 
relation to fluorescence and chemiluminescence. It also 
incorporates an interesting survey of the design of ligands 
in relation to absorption spectrophotometry. The two 
chapters on the solubility of complexes and extraction 
into organic solvents give an excellent coverage of their 
subject-matter and relate gravimetric and separation 
procedures to the nature of the reagent reacting with the 
metal cation. The reaction of inorganic anions with 
organic reagents and with metal complexes is considered 
from a variety of angles in a short but thought-provoking 
section. The final three chapters deal with procedures for 
detecting and determining inorganic neutral molecules, 
the general analytical properties of the elements and with 
some speculative matter on seeking new organic reagents 
for use in inorganic analysis. The book ends with a full 
subject index; there is no author index. 

This, to my mind, is one of the most important books 
to have been written on inorganic analytical chemistry 
within recent years. T. S. WEST 
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SOLID-STATE PHYSICS 


Solid State Physics 

Advances in Research and Applications, Vol. 15. Edited 
by Frederick Seitz and David Turnbull. Pp. xvi+ 505. 
(New York : Academic Press, Inc. ; London : Academic 
Press, Ine. (London), Ltd., 1963.) 118s. 


fl lie series of volumes entitled Solid State Physics 
has come to be of considerable importance to solid- 
state physicists. For most people active in this field 
there are several articles, scattered through the volumes, 
to which they and their research students return again 
and again. The articles are, for the most part, closely 
written and demand quite intensive study if they are to 
yield a substantial portion of their content. Most will 
offer something to the generally informed physicist who 
reads quickly through them, but this is not their main 
function. One wonders in some cases whether this class 
of reader, and even the experts and prospective experts 
(not to mention reviewers), might be helped by a somewhat 
more emphatic distinction between the main points to be 
made in the article and subsidiary elaboration. The 
articles fall little short of small books, and a suitably 
discreet modification of the ‘on a first reading’ formula 
might not be inappropriate. 
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Volume 15 of the series resembles previous ones in being 
occupied mainly by essentially theoretical articles in which 
the properties of well-defined models are worked out and 
compared, more or less thoroughly, with experiment. 
The longest article, that by R. W. James on the ““Dynami- 
cal Theory of X-Ray Diffraction”, falls very clearly into 
this category. It will prove of great importance to workers 
in electron diffraction as well as to those concerned with 
X-rays. In treating the “Elementary Theory of the 
Optical Properties of Solids”, F. Stern combines a dis- 
cussion of phenomenological electromagnetic properties, 
including the wave-length dependent dielectric constant, 
with treatments of the free electron gas, electrons and 
holes in semiconductors and optical modes in ionic 
crystals: the application of dispersion relations is con- 
sidered. L. J. Sham and J. M. Ziman discuss carefully 
the basic concepts of ‘“‘Electron-Phonon Interaction” 
and the resulting electron scattering in solids. ‘The con- 
siderations which they present resolve a number of ques- 
tions and doubts on some fundamental points, and lead 
to clear definitions of the matrix elements which appear 
in the theory : topics treated include deformation potential, 
pseudopotential and screening effects. In discussing 
“Spin Temperature and Nuclear Relaxation in Solids”, 
L. C. Hebel impresses one further with the rich interplay 
of theoretical and experimental activity (theorist and 
experimenter often being the same person), which has 
characterized work in nuclear magnetic resonance. 

The first article in the volume, that by G. Borelius on 
“Changes in Energy Content, Volume, and Resistivity 
with Temperature in Simple Solids and Liquids”, is in a 
different category. Here the experimental results domin- 
ate, and such theoretical discussion as there is frequently 
emphasizes the apparent inadequacies of present-day 
theory. It is good to see this approach represented. 

C. W. McComsis 
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SCHRÖDINGER’S LOGIC 


My View of the World 

By Erwin Schrodinger. Translated from the German by 
Cecily Hastings. Pp. viiit+110. (Cambridge: At the 
University Press, 1964.) 18s. net; 3.50 dollars. 


HIS book consists of two long essays, hitherto un- 

published. Although separated by a long period— 
the first was published in 1925, and the second in 1960— 
there are close links between them in respect of subject- 
matter and treatment. There are also affinities with the 
reflexions with which Schrodinger concluded his book 
What is Life? (1944), although this book is not mentioned 
in the present work. 

In these pages Schrodinger puts forward a philosophical 
and indeed metaphysical view of the world, of human 
experience and of human nature. He rightly does not 
attempt to derive these conclusions from theories in the 
natural sciences but adopts a starting point which is 
philosophical—that is to say, one in which the sciences 
themselves are located in the wider context of human 
experience of the world and of moral relationships. 
Schrodinger accepts the validity of Kant’s criticism of 
speculative metaphysics but argues, in my view correctly, 
that to some degree metaphysics, in the sense of pre- 
suppositions of enquiry, is indispensable. The particular 
problem which concerns him is the basic one of the rela- 
tion between experience and reality. He points out that 
the commonsense view that independent observers, or 
‘selves’, have similar experiences of the same external 
world is not self-authenticating; here Schrodinger is 
clearly under the influence of his mentors, Mach and 
Avenarius. There is no doubt that Schrodinger is right in 
saying that this is a metaphysical point of view in the 
sense explained. It is with less plausibility that he seeks 
to supplant it with an alternative and indeed inverted 
metaphysical doctrine which he derives from the Vedanta. 
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Instead ‘of thinking of different selves experiencing a 
common world, he invites us to think of a multiplicity of 
selves sharing a common consciousness. According to this 
idea there is no ultimate distinction between different 
minds or indeed between consciousness and its object. 
To a Westerner, at any event, this is a paradoxical 
view which lacks inherent plausibility; unfortunately 
Schrodinger does not offer convincing arguments in its 
support. 

Another difficulty is that Schrédinger appears to thmk 
that it goes some way to solving a problem the genuineness 
of which is very much open to doubt. ‘If she who is now 
your mother had cohabited with someone else and had a 
son by him, and your father had done likewise, would you 
have come to be? Or were you living in them, and in your 
father’s father . . . thcusands of years ago? And even if 
this is so, why are you not your brother, why is your 
brother not you, why are you not one of your distant 
cousins ?” To ponder why I am not my brother, or where or 
what I would be if my parents had not met, is to induce a 
kind of intellectual vertigo for which the cure is not the 
Vedanta, but rather a closer attention to the logic of our 
language. The reason why I am I and not someone else, 
or that this pencil is this pencil and not another pencil, is 
to be found in the logical principle of identity—that is, a 
tautology. Schrodinger is not the first, and will not be the 
last, to find in logic a source of wonderment, and in meta- 
physics an apparent resolution of it—but what precisely 
is the ‘problem’, as distinct from the wondering ? 

C. K. GRANT 


SPECTROSCOPIST’S VADE-MECUM 


Flame Spectroscopy 

By Radu Mavrodineanu and Henri Boiteux. (Wiley 
Series in Pure and Applied Spectroscopy.) Pp. xiv +721. 
(New York and London: John Wiley and Sons, Ince., 
1965.) 3165s. 


Poe Speciroscopy, by Drs. R. Mavrodineanu and 
H. Boiteux, is probably one of the most detailed and 
comprehensive works an flame emission spectroscopy and 
atomic absorption spəctrophotometry which has ever 
been written. It may be regarded as a modernized edition 
of the original L’ Analyse Spectrale Quantitative par la 
Flamme, published in France in 1954. 

The authors deliberately avoid the discussion of prac- 
tical laboratory methods for the analysis of specific 
elements or compounds, although most extensive refer- 
ences are given to published papers of this type. 

The present publication has a far more generic approach 
to the theoretical and instrumental aspects of flame 
spectroscopy, the descriptive text being embellished with 
photographic illustrations and diagrammatic representa- 
tions of the highest quality and most commendable 
clarity. The coverage given to spectrographic instru- 
mentation is truly international, the products of the 
world’s most well-known instrument makers being given 
detailed attention. The construction, performance and 
general physical parameters of these spectroscopes, etc., 
are concisely listed for rapid comparative reference. 

The present work is presented in three parts comprising 
twenty-two chapters. The first part deals in a most 
exhaustive fashion with the fundamental principles of 
flame production; inflammability, burning velocity, 
temperature contours, atc., are but a few of the topics 
lucidly described. In addition to the less common flames 
of cyanogen-oxygen or hydrogen-perchloryl fluoride, 
much attention is directed to plasma jet, atomic hydrogen 
and high-frequency flame systems. 

Numerous types of burners and atomizers are clearly 
described, the range covered extending from the apparatus 
of Beckman (1899) and Lundegardh (1936) to the ultra- 
sonic device of Peskin and Raco (1963). Much valuable 
detail is also given regerding the properties of materials 
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suitable for the construction of these flame spectroscopic 
accessories. 

Sensing elements of the photographic plate and photo- 
sensitive type receive detailed treatment. Interfering 
phenomena are listed; the advantages of the absorption 
method for resonance radiation investigations is noted 
and many allied topics of vital spectroscopic interest are 
clearly presented. Part 2 deals with the fundamental 
theoretical treatment of atomic and molecular spectro- 
scopy; modern ideas of atomic structure are related to 
values of emission frequencies. Parity, selection rules, 
coupling, isoelectronic sequences and hyperfine structure 
are just some of the numerous topics discussed. The 
band spectra of molecules receive similar detailed treat- 
ment. 

Subsequent chapters contain extensive data from 
spectral examinations of atoms and molecules excited in 
acetylene flames. The wave-length tables are accom- 
panied by photographic reproductions of typical spectra 
and provide a reference work of the greatest value and 
utility to the practising analyst. 

The publication may appear expensive (315s.) but it is 
a massive, well-produced work of the greatest value and 
authority. It will provide a powerful teaching and 
experimental aid and contains much that is new and 
scientifically helpful. Since it must prove a well-thumbed 
vade-mecum, the publishers have thoughtfully provided a 
durable additional cover-case which will help to protect 
it from the buffetings of constant use. D. T. LEWIS 


THE CHROMAFFIN CELL 


The Natural History of the Chromaffin Cell 
By Prof. Rex E. Coupland. Pp. xi+279. 
Longmans, Green and Co., Ltd., 1965.) 50s. net. 


VER since Vulpian in 1856 noticed that sections or 

extracts of the adrenal medulla could produce colours 
on oxidation, the significance of chromaffin tissue and the 
adrenal medulla in particular has interested a great 
number of investigators. So important did the adrenal 
medulla appear to be that for a time the vital functions of 
the adrenal cortex were completely ignored. Interest 
appears to have declined in recent years due to the counter- 
attractions of the postganglionic sympathetic nerve- 
endings. 

Lhe Natural History of the Chromafin Cell has appeared 
at a most opportune moment to describe what has already 
been achieved and to point out the possibilities for 
further useful work on the study of the chromaffin cell. 
Until now it has been very difficult to obtain an overall 
picture of the published work on this subject since so 
many different specialists have been involved. Prof. 
Coupland has succeeded in combining the anatomical, 
histological and physiological data in a way that makes 
this book a fine reference source and at the same time a 
pleasure to read. He restricts his scope to a consideration 
of the chromaffin cell defined as “an element developed 
from the neuro-ectoderm, innervated by pre-ganglionic 
sympathetic nerve fibres capable of synthesizing and 
secreting catecholamines and storing them in sufficient 
quantities to give a positive chromaffin reaction with 
aqueous solutions of potassium dichromate or chromate”. 
This, of course, excludes the enterochromaffin cells, mast 
cells and dopamine-storing cells. Without these a coherent 
account is possible. To include them would only confuse 
the story. 

The first chapter is concerned with the histology, 
histochemistry and ultrastructure in which the various 
methods of preparation and staining are critically evalu- 
ated. Emphasis is placed on the histochemical methods 
available for the visualization of the catecholamines, but 
staining techniques for other cell constituents are also 
included, together with a section on the electron micro- 
scopy of chromaffin tissue. The embryological and foetal 
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development is then described in which the evidence 
bearing on the origin of the chromaffin cells from the 
neuroectoderm is explored, including the recent evidence 
that some of the cells may arise from the neural tube. The 
chapter on the post-natal fate of the extra-medullary 
chromaffin tissue gives Prof. Coupland a chance to point 
out the problems associated with the use of human material 
and also to describe his own work in some detail. He also 
fully reviews the literature available on the innervation 
and blood supply to chromaffin tissue. In the chapter on 
the synthesis, storage and secretion of catecholamines, a 
fair balance is maintained between the apparently con- 
flicting evidence concerning the actions of reserpine on the 
innervated and denervated adrenal gland. A whole book 
could be written about the metabolism of catecholamines; 
the author does well to cover the subject within a reason- 
able space without the chapter degenerating into a list of 
references. The chapter concerned with functions of 
chromaffin cells in the body also, surprisingly, contains a 
section on the metabolic fate of the released catechol- 
amines. There is a brief survey of the occurrence and 
characteristics of tumours of chromaffin tissue. The book 
ends with a chapter on the comparative anatomy of 
chromaffin tissue throughout the many orders of verte- 
brates and invertebrates. These final two chapters must 
be included for the book to be complete and will serve to 
widen the knowledge of many. 

At the end of each chapter there is a comprehensive 
list of references with titles. This removes the need for 
the numbering of references and cross-indexing, but an 
author index would have been useful. The subject index 
is adequate for a book of this size. There is the usual 
quota of minor misprints which detract little from the 
overall quality ofthe book, and even N-methylnoradrena- 
line is readily translated as N-methyladrenaline by a 
quick look at the list of references. 

Prof. Coupland is to be congratulated on the excellence 
of this monograph and the publishers for the quality of 
production at, for these times, a reasonable price. 

B. A. CaLLINGHAM 
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TECHNIQUES IN CELL METABOLISM 


RESEARCH 


Methods in Cell Physiology 

Vol. 1. Edited by David M. Prescott. Pp. xiii+465. 
(New York: Academic Press, Inc.; London: Academic 
Press, Inc. (London), Ltd., 1964.) 118s. 


Yee Aah much of the progress and orientation of 
modern biochemical research on cell metabolism 
and its control has derived from investigations on bac- 
teria, there are many problems relating to the regulation 
of cellular processes for the study of which larger uni- 
cellular organisms are more suitable. Such are the control 
of mitosis, nucleolar function, nuclear—cytoplasmic rela- 
tionships, and pinocytosis, as well as problems relating to 
the control of special forms of differentiation, such as 
encystment. When cells are large enough to permit 
microsurgery, such as the transplantation of nuclei, or 
when synchronous mitosis or synchronous encystment 
can be induced, the opportunities for investigating cell 
regulation at a genetic or a biochemical level are enor- 
mously improved. Although various organisms with 
these properties are known, and have been extensively 
studied in the laboratory, many research workers who 
might feel inclined to use them for their own purposes, 
but are not already familiar with them, are liable to be 
put off trying to do so because the techniques for handling 
such organisms are unfamiliar and their difficulty hard to 
evaluate. With Volume 1 of Methods in Cell Physiology 
in their hands such doubts and hesitations should vanish. 

This excellent volume contains a series of chapters 
devoted to the techniques for growing and handling cells 
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of different kinds, with discussion of their advantages 
and limitations for particular purposes. Each chapter is 
written from extensive practical experience, and gives 
details not only of how to grow these cells but also, where 
necessary, of how to stain them and how to make the 
special tools for handling them, such as those required for 
microsurgery. Cells suitable for synchronous culture 
include Chlorella, Acetabularia, Euglena, Tetrahymena, and 
mitotic synchrony can be induced in Physarum poly- 
cephalum by coalescence of the microplasmodia. Cells 
suitable for microsurgery of various kinds are Stentor, 
Amoeba and Euplotes, and grasshopper neuroblasts. A 
separate chapter is devoted to methods for studying 
pinocytosis, especially in amoebae. 

There are also five useful chapters on autoradiography 
which alone would make this volume worth purchasing. 
These also are full of practical details for obtaining the 
best results ın quantitative autoradiography, high- 
resolution autoradiography, and autoradiography of 
water-soluble materials and of mammalian chromosomes. 
A most valuable feature is the discussion of the theoretical 
and the practical limitations of the techniques advocated. 
Finally—and appropriately—J. E. Edstrém contributes 
a chapter on micro-extraction and micro-electrophoresis 
for determming and analysing nucleic acids in isolated 
‘cells which makes even this tour de force seem possible for 
other mortals. The editor, D. M. Prescott, is to be con- 
gratulated on the production of a thoroughly useful 
volume. J. H. HUMPHREY 
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SURGERY AND SCIENCE 


The Surgeon’s Craft 
By Prof. Hedley Atkins. Pp. x+201. (Manchester: 
Manchester University Press, 1965.) 15s. net. 


HIS readable little book traces the development of 

the surgeon’s craft from prehistoric times to the 
present day and is presented in a form readily under- 
standable by the non-medical reader. It should therefore 
appeal to scientists engaged in the physical, chemical and 
biological sciences on which surgery has so extensively 
drawn to make many of the achievements described 
possible. Here in short compass is recorded how surgeons 
operate on the heart and other vital organs with 
impunity; that these achievements are of comparatıvely 
recent origin is shown by the startling statement that well 
into the nineteenth century surgery was “‘bloody, brutal 
and dangerous”! Asepsis and anaesthesia were soon to 
alter that fearsome state of affairs. The distinction which 
the author draws between the surgeon and his more 
intellectually inclined physician colleague is probably fair, 
but he makes it clear that, especially in university depart- 
ments of surgery and in the Royal Colleges, more and 
more younger men are undertaking basic research, both 
biochemical and biological, and thus bridging the gap 
between the laboratory and the wards and operating 
theatre. 

The thorough, exacting and protracted training of the 
surgeon, and what kind of man he is, are described. This 
should give the non-medical scientist the chance of com- 
paring this with his own training and attributes. Cul- 
mination for the surgeon is reached on appointment to a 
consultant post, usually in his late thirties, and no doubt 
the question as to why the surgical training takes so long 
will be asked. The answer would seem to be the immense 
responsibility in dealing with human patients, and this is 
reflected in the financial awards which will be of great 
interest to other scientists. 

The author sees a glowing future for surgery, despite 
the ultimate object of surgery being the abolition of 
surgery. By the combined attack of many scientific dis- 
ciplines it is to be hoped that a disease such as cancer 
will one day be conquered and so make the mutilating 
operations needed for its complete extirpation a thing of 
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the past. Truly then would the ultimate object of surgery 
be achieved. Itis interesting to speculate what would. be 
tho effect on the surgeon’s craft of the elimination of 
cancer, rheumatoid arthritis and cardiac and renal 
diseases. The solution of the homograft problem in trans- 
plantation would undoubtedly bring other outstanding 
problems into the surgical arena, and future advances 
must of necessity bring a profound change of outlook and 
approach for the surgeon. 

Thus although The Surgeon’s Craft still presents surgery 
m the main as a ‘craft’, the reliance of modern surgery 
on many scientific disciplines is obvious and should be a 
pointer to the training and occupation of the surgeon of 
the future. Prof. Atkins skilfully blends the clinical 
aspects of surgery with its scientific foundations. The 
proceeds of the sale of this book have been generously 
donated for the preservation of Down House as a memorial 
to Charles Darwin, from whom modern surgery drew 
much inspiration. N. W. NISBET 


PRINCIPLES APPLIED 


Genetical Principles and Plant Breeding 

By Prof. Watkin Wiliams. (Botanical Monographs, Vol. 
5.) Pp. x+504. (Oxford: Blackwell Scientific Publica- 
tions, 1964.) 70s. 


T title of this booz suggests & similarity of content 
with several others written on the theme of plant 
breeding in recent years, but it differs from them in at 
least two important respects. First, it is directed towards 
a student audience, principally to those who are studying 
in the general sphere of agriculture, and secondly, it con- 
sistently relates the pure and applied aspects of genetics 
without burdening the text with either crop botany or the 
intricacies of the routine methods of crop improvement. 
It is tailor-made for course requirements and aims to 
provide an understanding of the genetical principles gover- 
ning the lives of flowering plants, and of the methods 
which lead to their improvement. 

The first five chapters deal with such basic considera- 
tions as the genetic components, the organization of the 
genes, the chromosome complement, mutation, and the 
role of the cytoplasm in heredity. Basic Mendelism and 
descriptions of mitosis and meiosis are not included as a 
knowledge of these is presumed. Genetic systems governing 
sex determination and breeding behaviour occupy three 
chapters with especial emphasis given to incompatibility 
systems. The following two chapters are concerned with 
plant populations, their adaptation to their environment, 
and the influence of selection. The genetic basis of disease 
resistance forms the subject of the penultimate chapter 
and, finally, there is a description of special techniques 
such as chromosome substitution and addition, the utiliza- 
tion of haploids and the production of polyploids. The 
text is liberally supplied with line drawings, tables and 
photographs and the bibliography is adequate. 

Genetical Principles and Plant Breeding is attractively 
written with a degree of lucidity which will make it 
popular with many. It covers the broad subject adequately 
and with the authority wnich we may expect from Prof. 
Williams’s wide experience of practical plant breeding and 
genetics. It is refreshing to see attention directed to 
chimeras and plastid mutation though equally it is dis- 
appointing that Xenia receives no mention. 

Although this book seems remarkably free from factual 
errors, like others which have gone before, it perpetuates 
a few fallacies which are now in danger of becoming re- 
garded as facts. For example, emphasis is placed on the 
incomplete meiotic pairmg of autopolyploids with its 
detrimental effect on fertility, and the relative natural 
rarity of such plants is attributed to these causes. What 
is here overlooked is the complete pairing and high fertility 
of many autopolyploids and the ready response to selec- 
tion, either natural or artifcial, of those which are irregu- 
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lar. To then presume that infertility is the explanation 
for the lack of success of autopolyploids is to ignore the 
fact that many allopolyploids have also to overcome, and 
do, a barrier of sterility even more extreme than that of 
autos, albeit at the diploid level. 

The success of this book will ultimately be judged by 
generations of students, but already it seems likely to be 
assured. The contribution which it makes can scarcely be 
said to startle or surprise, rather will it interest and 
satisfy, both the students for whom it is intended and 
others of more advanced levels of learning. K. JONES 


VASCULAR PLANTS OF EUROPE 


Flora Europaea 

Edited by T. G. Tutin, V. H. Heywood, N. A. Burges, 
D. H. Valentine, S. M. Walters and D. A. Webb, with the 
assistance of P. W. Ball and A. O. Chater. Vol. 1: Lyco- 
podiaceae to Plantanaceae. Pp. xxxii+464+5 maps. 
(Cambridge: At the University Press, 1964.) 84s. 


T publication of this volume (the first of four) means 
& most remarkable event to all biologists. To the 
layman and perhaps also to numerous biologists it may be 
& great surprise that no such work existed earlier. It is 
true that at the beginning of scientific botanical taxonomy 
the number of known species was so small that it was 
possible to publish works enumerating and describing 
them all. In his Species Plantarum (first ed., 1753), 
Linnaeus listed about 6,000 species in all, about 5,400 
phanerogams and about 600 cryptogams. He believed the 
flora (and the fauna) of the tropics to be rather uniform 
and estimated the total number of plant species (of all 
groups) to be about 10,000. How wrong he was! The 
number grew rapidly and steadily through expeditions to 
various parts of the world. The microscope opened new 
worlds among the cryptogams. It became impossible to 
embrace the whole world in one Flora, and also other 
kinds of specialization became necessary. Besides phanero- 
gamists (and pteridologists) there came bryologists, 
phycologists, mycologists and lichenologists. It has nowa- 
days almost become a convention that a Flora without any 
specifying attribute means one treating only phanerogams 
or vascular plants (that is, phanerogams + pteridophytes). 
Lhe Flora Europaea is no exception, for it is no complete 
Flora but one restricted to vascular plants. 

Even the relatively poor phanerogamic flora of Europe 
exceeds numerically the 10,000 species which Linnaeus 
thought to represent the final and total sum of all plant 
species. The total number of known species of phanero- 
gams alone is to-day judged to approach 250,000. Their 
final number cannot be estimated with any certainty as 
yet. In recent years the number of new species proposed 
seems to be on the decline, which may indicate that the 
stock of unknown species is now becoming exhausted. 
As to the European phanerogamic flora there remain 
certainly rather few species to be detected as new to 
science (or as new to Europe). 

Why have we not had a comprehensive Flora of Euro- 
pean vascular plants much earlier? The main reason is 
that floristic (and faunistic) studies have in the past mostly 
been restricted geographically by political or even pro- 
vincial boundaries. A positive merit of such restricted 
areas 1s that the making of inventories can be more 
thorough and lead to relative completeness within reason- 
able time. But there are also negative merits. The limits 
of distribution of plants (and animals) do not follow 
administrative boundaries. Even where there has been no 
‘iron, curtain’ scientific contacts and field studies across the 
boundaries have been much too scarce, and so it may hap- 
pen that the same plant is identified differently in different 
countries and, vice versa, that different species pass under 
the same name in different countries. Moreover, the full 
amplitude of intraspecific variation and the sterility bar- 
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riers of a species cannot be elucidated without following it 
throughout its whole area. 

Most European countries possess Floras of their own, 
often modern and good ones. There are also Floras of a 
more regional character, for example, those treating two or 
more of the Nordic countries. The most pretentious 
Synopsis der Mitteleuropaischen Flora, started in 1896 by 
Ascherson and Graebner, has remained an unfinished work, 
but Hegi’s magnificent Illustrierte Flora von Mitteleuropa, 
begun in 1908, runs now into its second edition. The eastern 
part of Europe is included in the gigantic Flora URSS (30 
volumes, 1934-64). 

In the 1940’s the German W. Rothmaler projected a 
flora Europaea, which was to cover not only Europe 
but also the Caucasus, Transjordan and the parts of North 
Africa with Mediterranean flora. Post-wartime conditions 
were, however, too unfavourable for the realization of his 
project. On British initiative the question was discussed 
at the eighth International Botanical Congress (Paris, 
1954) and shortly afterwards a committee was formed in 
Britain with T. G. Tutin (Leicester) as the chairman and 
V. H. Heywood (Liverpool) as the secretary. With enthusi- 
asm they went to work. They gained support from all parts 
of Europe and financial aid from various sources, especially 
the D.S.1.R. Editors for the different families, regional 
advisers for the different countries and contributors were 
appointed. It was soon realized that the mclusion of North 
Africa, would mean a disproportionately large amount of 
work, and so Europe was taken in its traditional sense. It 
seems queer, however, that Novaya Zemlya is excluded. 

The editors’ intention has been to produce a concise and 
complete Flora in the shortest possible time instead of 
aiming at the solution of all problems by meticulous 
monographic studies. The first volume was ready in 1964, 
and it is planned to complete the Flora over the next 
eight years. 

The first volume treats the pteridophytes, the gymno- 
sperms and part of the dicotyledons (Salicales—part of 
Rosales). Among the larger families may be mentioned 
Caryophyllaceae, Ranunculaceae, Cruciferae and Saxi- 
fragaceae. The largest genera are Silene (166 species), 
Ranunculus (131 spp.), Saxifraga (123 spp.) and 
Dianthus (121 spp.). It follows from the aim of the work 
that the treatment cannot be uniform. This seems to be 
the case especially with the higher taxa. The delimitation 
of families and genera is sometimes hypermodern but 
mostly conservative; the generic concept is sometimes 
wide but mostly rather narrow. Huperzia, Lepidotis and 
Diphasium are thus segregated from Lycopodium, Con- 
solida from Delphinium, Hepatica and Pulsatilla from 
Anemone, and Jovibarba from Sempervivum. The species 
concept is, on the whole, moderately narrow. Sub- 
species are included but as a rule not taxa of lower rank. 
In some cases rather local races (especially some from the 
British Isles) have been treated as sub-species; in numerous 
other cases such are discussed shortly without being given 
a definite taxonomic rank. The descriptions of the taxa of 
all ranks are clear and concise. There are keys not only 
to genera, species and sub-species but also to the families, 
which is a most unusual feature. I have not as yet 
tried to use the keys, but they look reliable. I have 
looked up all the Nordic plants and found no serious 
errors or omissions but a few debatable points and several 
interesting suggestions which deserve careful considera- 
tion. For less-known parts of Europe the volume contains 
a wealth of new information. In all parts of Europe it will 
certainly stimulate further research along different 
lines, as it gives an excellent review of the present state 
of our knowledge and makes the results of previous 
studies easily available. Last but not least, it will be the 
indispensable tool for everybody wishing to name a 
European plant from outside his own country. The 
next three volumes are eagerly awaited. All engaged 
in the project are to be congratulated on this first volume. 

J. A. NANNFELDT 
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Modern Trends in Immunology, | 

Edited by Prof. Robert Cruickshank. Pp. vii+ 263. 
(London: Butterworth and Co. (Publishers), Ltd., 
1963.) 658. 


HE rapid developments in immunology to-day un- 
doubtedly callfor a ‘modern trend’ series to supplement 

the classical text-book treatment of the subject. The 
horizons of immunology are expanding all the more 
quickly because of the removal of barriers between 
different disciplines and the exchange of techniques. 

This book is indeed a good start to a series of such 
modern trends. Although much of the basic knowledge is 
reviewed, for completeness, the modern views are put 
into perspective and recent technical developments are 
well covered. The chapters on immunity have nothing 
new to add when dealing with natural or acquired bacterial 
immunity and it is surprising to see so much space allotted 
to such text-book information. The chapters on acquired 
viral and protozoal immunity, however, bring the subject 
up to date. The chapter on immunization ‘‘follows a 
course more or less as empirical as the subject itself” (to 
quote the author), and it is unfortunate that the reporting 
of the part played by maternal antibody is not up to date. 
In this chapter there is much overlap with that on acquired 
bacterial immunity. -Hypersensitivity is well presented 
and, as the author says, the different disciplines now 
engaged in this subject may well result in the resolution 
of many of the problems in the next few years. The 
chapters on auto-immunity and transplantation immuno- 
logy are most informative and do much to bring the book 
into the modern trend. Here again it is noteworthy 
that the authors comment that “‘the fusion of transplanta- 
tion with other immunological disciplines also involves a 
complementary process”. 

This book is most useful to the post-graduate student 
and we hope it is the first of an interesting and informative 
series. F. T. PERKINS 
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Electrical Machinery and Control 

By Prof. Irving L. Kosow. (Prentice-Hall Series in 
Engineering Technology.) Pp. xx+707. (Englewood 
Cliffs, N.J., and London: Prentice-Hall, Inc., 1964.) 
94s. 


NE of the major difficulties that impose unnecessary 

restrictions for the control engineer designing a com- 
plex system is that the specialist designers of the com- 
ponents that go to make up the system are motivated by 
different criteria. Thus, the electrical machine designer 
is concerned with iron and copper losses and with‘stray 
load losses. While these are the keystones of good design 
` for large power machines when used independently, they 
are of secondary importance to such factors as control- 
lability, torque to inertia ratio and power gain when used 
as & component part of a control mechanism. 

It is therefore with great expectation that one 
approaches a new work combining both control and 
machinery. The connexion is, however, never made; 
control is represented by a final short chapter on servo- 
mechanisms so elementary and trivial as to be useless. 
Not once in the whole 700 pages are the dynamic charac- 
teristics of machines mentioned. The steady-state 
approach is used throughout and so is of little use to the 
control engineer. The addition of the term ‘Control’ to 
the title of the book is thus misleading. 

As a book on machine principles it is also very doubtful 
if it will arouse much interest. It is written in an ele- 
mentary manner with no attempt at analysis and a lack 
of modern fundamental unifying concepts. As an example 
one could quote the treatment of the force on a conductor 
carrying current in a magnetic field. The simple law is 
quoted but there is no discussion on the physical implica- 
tions. There is no treatment of current embedded in slots 
in iron and the distribution of forces on the iron, and 
little evidence for the student that in modern machines 
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the field around a conductor is negligible and that the 
tooth forces produce the drive. 

It is also extremely naive in its approach. After stating 
that synchronous induction motors are only made in 
smaller sizes, it says “Because of the salient pole rotor 
the motor pulls into synchronism quite easily ...”. This 
is not true; it is the difficulty of the synchronizing phen- 
omenon (which is a transient dynamic problem and 
therefore ignored) which prevents large-scale machines of 
this type from being ccnstructed. 

Each chapter concluces with a number of problems 
and the answers given separately. A set of trigonometry 
tables is provided as an appendix. Jons C. WEST 


Beryllium Oxide 

Edited by R. Smith and J. P. Howe. (Proceedings of the 
First International Conference on Beryllium Oxide, 
Sydney, Australia, October 21-25, 1963.) (Reprinted 
from Journal of Nuclear Materials, 14, 1964.) Pp. 498. 
(Amsterdam: North-Holiand Publishing Company, 1964.) 
200s. 


HE first International Conference on Beryllium 

Oxide, attended by scientists from six countries, was 
held at Sydney in October 1963. The conference was 
sponsored and organizel by the Australian Atomic 
Energy Commission to review and discuss recent advances 
in knowledge of the behaviour of beryllium oxide, par- 
ticularly from the point of view of its possible use in 
nuclear reactor systems, as a moderator material. 

The present volume, which is reprinted from the 
Journal of Nuclear Materials, ıs a collection of the fifty-five 
papers presented at that Conference, together with an 
account of the discussion which they provided. The 
papers are divided into seven sections. These deal with: 
(i) utilization of beryllium oxide in nuclear reactors; 
(ii) radiation effects in baryllium oxide; (iii) structure 
and physical properties o? beryllium oxide; (iv) sinter- 
ability and sintering of beryllium oxide powders; (v) fab- 
rication and mechanical properties of beryllium oxide; 
(vi) corrosion of beryllium oxide by water vapour; 
(vii) beryllium oxide-based dispersion fuels. 

The book is attractively produced. 

M. F. LAPPERT 


European Brewery Convention 
Report of the Barley Committee: Trials, 1963. Pp. 184. 
(London: The Institute of Brewing, 1965.) 15s. 


HIS consists very largely of tabulated results of 

growth and malting trials of about twelve com- 
paratively new hybrid barley varieties in fifteen Western 
European countries. The data, mostly arranged country 
by country but with a broad introductory survey, cover 
a much wider range than might be anticipated. Thus, 
they include summaries of tzial lay-out, field observations, 
meteorological conditions as well as the crops themselves 
and their analytical examination. The objects behind 
this massive effort are not specifically or solely concerned 
with those qualities, such as disease resistance, yield, 
earliness in ripening and production of straw, which might 
first come to mind. These ccnsiderations are all economic- 
ally important but are in the present context secondary to 
the main one of malting quality It is clearly unlikely 
that any one variety will be equally desirable under a 
wide range of climatic and agricultural conditions. The 
continuing experience afforded by these trials, neverthe- 
less, must be generally valuable, not least in respect of 
the economic conditions brought about by the European 
Common Market. The scientific value of this Report, how- 
ever, encompasses more then the results themselves or 
the clear way they are presented; it presents what is 
probably a unique picture cf the inevitable complexity 
involved in selecting improved varieties of even a single 
crop when many slight or scarcely appreciated variables 
may be brought into play. A. H. CooK 


10 NATURE 


October 2, 1965 


VoL. 208 


RADIO OBSERVATIONS OF SPIRAL GALAXIES 


By Pror. B. Y. MILLS, F.R.S., and J. R. GLANFIELD 


Cornell-Sydney University Astronomy Centre, 
University of Sydney 


A~ opportunity to investigate some of the brighter 
southern galaxies has been afforded by the recent 
completion of the east-west arm of the cross-type radio 
telescope at the Molonglo Radio Observatory. While a 
thoroughgoing investigation requires the resolution of 
the whole instrument, it is found that the east-west arm 
alone, operating as a simple total power radiometer, 
provides quite useful information. It has a beam-width 
measuring 1:5’ E-W. by 4° N.-S. at a frequency of 
408 Mc/s and is limited in sensitivity by confusion effects 
at a flux density of about 0-5-1 flux unit (10-26 W m- 
(c/s)1). Several observational programmes are being 
carried out while work proceeds on the completion of 
the north-south arm. 

We here report observations of the three brightest 
southern spiral galaxies, NGO 253, NGO 4945 and NGO 
5236. These were first observed by Mills at a frequency 
of 85 Mc/s with a beam-width of 49’ arc?. It appeared 
that their integrated emission is very similar to spiral 
galaxies observed in the northern hemisphere by Hanbury 
Brown and Hazard’, but the resolution was not adequate 
to resolve the galaxies and examine their structure. 
More recent observations by Mathewson and Rome! 
gave Surprising results. Using the Parkes 210-ft. reflector 
at a frequency of 1,410 Mc/s, at which the beam-width is 
14’ arc, they found that none of the foregoing galaxies 
was resolved, although their optical sizes are such that a 
clearly visible widening of the radio telescope response 
was expected. They concluded that the model of radio 
emission comprising a very extensive radio corona, as 
proposed by Hanbury Brown and Hazard, was not 
universal, and that in the case of these three galaxies 
the emission was concentrated close to the nucleus. 
However, the earlier observations of the similarity in the 
integrated fluxes was confirmed; it appeared that the 
total radio emission is closely proportional to the optical 
emission, irrespective of its concentration to the nucleus. 


The Observations 


Our new observations are represented by the drift 
scans shown in Fig. 1. In these, the aerial is pointed at 
the declination of a galaxy and scanned across it in an 
east—west direction by the rotation of the Earth. Sidereal 
time markers are shown at minute and half-mimute inter- 
vals. Also, under the galaxy records, the east—west 
extent of the optical image of the main body of the 
galaxy 1s shown. 

In all cases there exists an extended component of 
emission roughly co-extensive with the visible galaxy. In 
addition, both NGC 253 and NGO 4945 show the presence 
of a small bright source close to the centre of the extended 
component. It is unresolved (< 0:5’ arc) in the case of 
NGC 253 and of the order of 0-75’ wide in the case of 
NGC 4945. 

Scans were also made at declinations 2° north and south 
of the galaxy positions. The results were consistent with 
an origin of the emission entirely within the galaxies, 
except for the concentration immediately following 
NGC 4945, which may be an unconnected point source 
at a slightly different declination. For the purposes of 
analysis it will be assumed to be unrelated to the galaxy, 
and its contribution to the flux subtracted. 

Before discussing our new results in more detail 1t is 
necessary to enquire why Mathewson and Rome were 


unable to detect the extended components. They quoted 
angular sizes < 5’ arc, whereas inspection of the records 
in Fig. 1 shows that the overall east—west extension varies 
between about 8’ arc for NGC 5236 to approximately 
18’ arc for NGC 253. Probably their results arose as the 
combination of several factors. In the case of NGC 5236 
the size is not much larger than their lower limit, so that 
the failure to observe an extension is probably not signi- 
ficant. Although the extended component is larger in 
the case of NGC 4945, it is quite understandable that the 
strong central component would dominate the picture. 
However, the size and integrated emission of the extended 
component of NGC 253 would appear to be easily observ- 
able. It seems likely that it was not observed because of 
a rather fundamental difficulty. The resolution of a radio 
telescope may be controlled by changing the observing 
frequency, but, if a radio source is completely resolved, 





Fig. 1. 


Transit observations of the three galaxies (a) NGC 253, (b) 
NGC 4945; (c) NGC 5236. Minute and half-minute time markers are 
shown and in each case the east-west extent and position of the main 
body of the galaxy 1s indicated by the black line immediately below the 
chart record. The receiver output time constant 1s 0-8 sec 
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the received power is proportional to A?+¢, whereas the 
received power of an unresolved source is proportional 
to 42, where « lies in the range 0-5-0-7 for the corona of a 
normal galaxy. Thus, if one increases the resolution by 
decreasing the wave-length, it becomes increasingly 
difficult to observe the extended sources which are 
resolved. This effect is seen in its most acute form in the 
corona of the Milky Way which, using present techniques, 
is unobservable at centimetre wave-lengths. 


Physical Properties of the Galaxies 


Our knowledge of the physical properties of the galaxies 
comes essentially from the work of de Vaucouleurs. Most 
information is available about NGC 4945, for which values 
of distance modulus, total absolute magnitude and 
apparent magnitude are given, together with other photo- 
metric data which are not at present relevant®. Equivalent 
data are also presented for NGO 253 but not in such 
detailed form and probably with lower accuracy®. Little 
information is available about NGC 5236, and to compare 
it with the others we have supplemented de Vaucouleurs’s 
data’? with The Hubble Atlas of Galawies’. To obtain 
a distance scale, we have assumed that the absolute 
magnitude is the same as NGC 253. This leads to a dis- 
tance modulus close to that of NGC 4945, consistent with 
the suggestion of de Vaucouleurs that they belong to a 
single physical grouping of galaxies®. 

All the galaxies are late type spirals, the earliest being 
NGC 5236, which Sandage denotes as Sc/SBb, and the 
latest being NGC 4945, which de Vaucouleurs denotes as 
SB(s)ed. Their basic properties obtained as here are 
summarized in Table 1: the magnitudes have been cor- 
rected for internal, as well as galactic, absorption. 


Calibration of the Equipment 


The instrument has only recently been put into opera- 
tion and calibration programmes are at present being 
undertaken to place the measurements of flux density 
and position on a suitable absolute standard. For the 
present observations the right ascensions have been taken 
directly from the transit times measured on the uncali- 
brated instrument. Checks which have been made with 
lunar occultation sources of accurately known position 
suggest that errors do not exceed 10” arc. The declination 
is defined with an accuracy better than 0-25°. 

The flux density scale is not yet in such a satisfactory 
state, and for these observations our procedure was to 
check the calibration at intervals by observations of 
convenient sources in the catalogue of Bolton, Gardner 
and Mackey®, which gives fluxes of radio sources at 408 
Mc/s based on the scale of Conway, Kellerman and 
Long. The accumulated uncertainties appear quite 
large and our relative fluxes are thought to be accurate 
only to about + 15 per cent: the uncertainty in the 
absolute calibration may also be of this order. This 
degree of accuracy is considered adequate for the observa- 
tions recorded. here. 


Analysis of the Observations 


NGC 253. The right ascension of the central source is 
00h 45m 05s (epoch 1950-0). The position of the galaxy 
is given as 00h 45-1m (1950) (ref. 3), so that our observa- 
tions are consistent with a point source placed at the 
nucleus of the galaxy. The flux density of the source is 
3-5 flux units. . 


Table 1. PROPERTIES OF THH GALAXIES 
Radius in plane 


Galaxy Corrected Corrected Distance of galaxy 
(mpg) (Mpg) (pe x 10°) (pe x 10°) 
NGC 253 6-5 — 205 2°5 8 
WGC 4945 7 55 —20 35 38 8 
NGC 5236 71 —205 34 5 
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After making allowarce for the smoothing effect of the 
aerial beam, the east-west extent of the extended 


_ component is approximately 18’ arc; this corresponds to 


an angle of 19-5’ arc measured along the major axis at 
position angle 67°. The integrated flux is 20 flux units. 

It is interesting to enquire what spatial distribution 
of emission would reproduce the observed telescope 
response. As we have no information about the north— 
south distribution we have assumed the emission 18 
distributed in a series of uniform spheroidal shells of 
differing emissivity, centred on the galaxy, and have 
determined the radial distribution of emissivity along the 
major axis which best fits our observed galactic profile. 
A more refined analysis should be possible with the com- 
pleted instrument. 

Using a fan beam aerial which does not resolve the source 
in a north-south direction, it is easy to show that the 
radial distribution of emission in a spherically symmetric 
source is given by: 

1 dT 
Ho x $ “ae 


where Tọ is the aeral temperature at the angle 0 from 
the centre of the distribution. With a spheroidal source 
of unknown ellipticity the same expression may be used 
to determine approximately the emissivity in the galactic 
plane at an east-west angle 0 from the nucleus. If the 
ellipticity is large or the major axis nearly east—west, 
the errors will be small and probably negligible compared 
with uncertainties introduced by random noise and 
unresolved sources. Jt is worth pointing out that the 
foregoing equation implies that a line scan of an infinitesim- 
ally thin spherical shell produces a rectangular response. 

The observed prefile can be fitted quite well by a three- 
component model as follows: (1) an unresolved nuclear 
source with a radius less than 200 pe. and a total emission 
of 2:6 x 1021 W(c/s)-!; (2) a less-concentrated component 
of uniform emissivity, radius 2-5 kpe and total emission 
55 x 1022 W (e/s)-1; (3) an extended component of 
uniform emissivity, radius 7 kpe and total emission 
9 x 1024 W(c/s)-. 

Using the same distance scale, the overall radius of the 
visible galaxy is approximately 8 kpc. A bright central 
structure can be observed extending out to about 3 kpc, 
perhaps corresponding to our second radio component. 
The nucleus is not evident on photographs available to us. 

NGC 4945. Tte right ascension of the central source is 
18h 02m 33s (epcch 1950-0), and its flux density is 9 flux 
units. The position of the galaxy is given as 13h 02-4m 
(ref. 7). The galaxy is observed edge on and the relatively 
heavy obscuration hides the nucleus so that the optical 
position must be judged from the rather irregular bright- 
ness distribution. The agreement is sufficiently good to be 
sure that we are observing the galaxy. 

We have analysed the extended component in the same 
way as before, tut this time find that a single ellipsoid of 
uniform emissivity is adequate to fit the observation. 
The total flux density is roughly 10 flux units, with some 
additional uncertainty because of the small source close 
to the galaxy. 

Thus, after allowing for a position angle of 42°, the 
observations may be represented by the following two- 
component model: (1) a central, presumably nuclear, 
source with a radius of the order of 400 pe and total 
emission 15 x 1021 W(ce/s)-?; (2) an extended component 
of uniform emissivity with a radius of 8 kpc and a total 
emission of 17 x 10?! W(c/s)-?. 

The radius of the visible galaxy is also about 8 kpe 
so that the second component here corresponds to the 
third component in NGC 253, both having the same extent 
as the visible galaxy. An intermediate component may be 
present in NGC 4945, but it is not separately distinguish- 
able. 

NGC 5236. This galaxy is in a rather confused region of 
several radio sources. Nevertheless, a small extended 
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source at the galaxy position is quite clear. There is no 
obvious nuclear component so that it is difficult to quote 
an. accurate position. The centroid of the whole source is 
approximately 13h 34m lls, which agrees well with the 
galaxy position of 13h 34:3m (ref. 7). The integrated flux 
density of the whole galaxy is 5 flux units and its overall 
extent, after allowing for the aerial resolution, approxi- 
mately 8’ arc. In this example the galaxy is seen face on 
so that there is no need to allow for the position angle of 
the major axis. 

Because of the poor signal-to-noise ratio and the presence 
of confusing sources, an attempt to separate different 
components is not justified. Although there does appear 
to be evidence of fine structure, a simple model comprising 
an ellipsoid of uniform emissivity fits the observations 
reasonably well. The total emission is 6 x 1021 W(e/s)- 
and the radius of the distribution approximately 4 kpe. 
As this is close to the radius of the visible galaxy, the 
component appears to correspond with the extended 
components in the other galaxies. 


Discussion 


We have found that all three galaxies examined have 
extended components of radio emission co-extensive with 
the visible galaxy and of the same order of total emission. 
The ratio of optical emission from the whole galaxy to the 
radio emission of this component is also roughly the same 
in all cases. Additional more concentrated components 
exist in two of the galaxies, but not in any fixed ratio. 

Apparently similar components have also been recog- 
nized in the Milky Way, where we have a nuclear source, a 
disk component with the greater part of the emission 
confined within a radius of about 6 kpe and, finally, a 
corona of approximately uniform emissivity extending to 
about 12 kpc in the galactic plane*4. The average overall 
extent of the Milky Way itself, including the Perseus arm, 
must be about 13 kpe. 

It appears to be very reasonable to identify the Milky 
Way corona with the extended components found in the 
other galaxies: the disk and nuclear components at the 
distance of these galaxies would be too weak to be de- 
tectable. Both NGO 4945 and NGC 253 have, by contrast, 
very strong nuclear components. In order to avoid 
postulating an additional galactic component, it also 
seems reasonable to identify, tentatively, the intermediate 
extended component of NGC 253 with the disk component 
of the Milky Way. Although this component is relatively 
much stronger in NGC 253, it appears to be related to the 
visible structure of the galaxy as in the Milky Way. 

In Table 2, we accept these suggested identifications and 
compare the galaxies directly. Values for the disk and 
corona of the Milky Way have been taken from the 85 
Mc/s resultst, assuming an emission proportional to 
v- and a distance to the nucleus of 10 kpc. The emission 
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Table 2. RADIO PROPERTIES AT 408 Mojs 
NGC NGC NGC Milky 
253 4945 52836 Way 
Nucleus: emission W(e/s)-! x 1021 26 ` 15 Dae ~ O04 
c 
Radius pe <200 ~ 400 — 200 
Disk. emission W(ce/s)-! x 1031 5'5 Unde- Unde- 05 
tected tected 
Radius pe x 10? 2°5 — — 6-10 
Corona: emission W(c/s)-! x 1021 9 17 . 6 7 
Radius pe x 10? 7 8 4 > 12 
Visible galaxy 
Radius pe x 10 8 8 5 13 
Radio index My..-Mpg 
(a) Corona +24 +1-5 +27 + 2°6* 
b) Whole galaxy +1°7 +08 +27 +2:5* 


* Assuming the Milky Way has the same absolute magnitude as NGC 253, 
that is, Mpg= —20'5. 


of the nucleus itself has been obtained directly at 408 
Mc/s using the present instrument. 

Although these results make a satisfactorily coherent 
picture, it appears that the only other spiral galaxy to be 
studied in detail, the Andromeda Nebula, has much more 
extensive radio components, although the total emission 
is similar. Observations at 408 Mc/s using the Jodrell 
Bank 250-ft. reflector!? may be compared directly with 
ours if we assume a distance of 8 x 10° pc to the galaxy®. 
After allowing for the beam-width, the results appear to 
indicate a coronal component of total emission 10 x 1021 
W(c/s)-1 extending to a radius of about 40 kpe along the 
major axis, and a disk component of emission 0-6 x 1022 
W(c/s)-1: the extent of this component is uncertain as it 
was not completely resolved, but it is probably of the 
order of 12 kpe along the major axis. No nuclear com- 
ponent was detected. The main body of the galaxy, 
however, has a radius of only about 14 kpe. 

Thus, if this interpretation of the observations is correct, 
it appears that the distribution of coronal radio emission 
in the Andromeda Nebula is not similar to the distribution 
in the other spiral galaxies. Clearly, it will be necessary 
to observe many more galaxies with high resolution to 
establish the pattern more reliably. 

This work was supported by a grant from the U.S. 
National Science Foundation. 
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WILSON’S THEORY OF ICE AGES 
By JOHN T. HOLLIN 


Department of Geology, Princeton University, New Jersey 


PAPER by A. T. Wilson! suggests that the Antarctic 

ice sheet is unstable: that it builds up until it 
begins to melt at the base, then ‘surges’ rapidly outwards 
to form a large floating ice shelf in the Southern Ocean. 
Wilson suggests that, in the Tertiary, shelves formed in 
this way periodically displaced enough sea-water to 
account for the cyclothems of that time; and that in the 
Quaternary, helped by some longer-term reduction of 
temperature, they periodically cooled the oceans enough 
to cause ice ages in the northern hemisphere. A paper 


by me? points out that, if these shelves did cause ice 
ages, traces should exist of (otherwise anomalous) rapid 
but temporary rises of sea-level, of 30-100 ft., just before 
each ice age. This present article discusses the available 
evidence for and against such rises. Up to now, most of 
the evidence seems favourable to Wilson’s theory. 
‘Surges’ and ‘catastrophic advances’ in glaciers have 
received increasing attention recently. More than forty 
such events have been reported from Alaska and north- 
west Canada alone’. The largest surge reported so far is 
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Fig. 1. Braésvellbreen, looki 
B, Br 


probably that of the Brasvellbreen (a sector of a roughly 
circular ice cap in Spitsbergen), which advanced up to 
21 km on a front of 30 km, some time between 1935 and 
1938 (ref. 4) (Fig. 1). The fastest surge measured so far 
is probably that of the Kutiah Glacier’, at 110 m/day, 
although hearsay surges include one so fast that it overtook 
two villagers fleeing from itë. The cause of surges is 
unknown. In Robin’s theory, which Wilson quotes, 
surges occur when the continuing build-up of the glacier 
allows geothermal and frictional heat to bring the base 
to the melting-point. Once melting begins, large glaciers 
may find it difficult to expel the large amounts of water 
they generate and, in Weertman’s theory’, it is the resulting 
basal water layer which accounts for the high speed of 
the surges. Now, without further work on these and 
other theories, it is really impossible to say whether or 
not surges should occur in large ice caps and ice sheets, 
and I have personally been somewhat sceptical about 
such surges’'*. However, so as to test Wilson’s theory, 
in order to know what to look for in the geological record 
of sea-level changes, it is worth while trying to estimate 
how large and how fast his surges would have to be. My 
estimate that they would have to involve sea-level rises 
of 30-100 ft. was based mainly on the assumption that 
surges smaller than this would have too short a period 
to fit the time-scale of ice ages, and on the fact that 
deglaciations larger than this are almost impossible to 
imagine glaciologically, at least without moving Antare- 
tica northwards. To illustrate this, we can refer to some 
of the known facts from Antarctica’. The current average 
thickness of the ice sheet there is roughly 2,300 m. 
Suppose that this builds up to 2,400 m. Suppose that a 
surge emerges from either Wilkes Land or the Filchner 
area, captures the drainage’ from half the ice sheet, and 
lowers that half by 50 per cent. Such a surge, spread 
out to the typical ice shelf thickness of 200 m, would 
reach 55° S and, as Wilson points out, would appreciably 
increase the Earth’s albedo. The central thickness of 
the ice sheet is roughly 4,000 m. The central accumulation 
rate is roughly 3 g/em* yr, so that a central lowering 
by 50 per cent would take approximately 70,000 yr to 
build up again. Very roughly, this would be the period 
of the surge. The surge just described would be in the 
middle of my estimated range: ignoring isostatic effects, it 
would raise sea-level by 65 ft. On the speed of the surges, 
if they are in fact a cause of ice ages, then they must 
certainly be rapid to overwhelm the great capacity of 
the Southern Ocean for breaking up and melting Antarctic 
ice’. It is interesting, therefore, to realize that if the ice 
in the centre of the ice sheet began to surge with the 
velocity of 110 m/day quoted above, it would in fact 
reach the edge of the ice sheet in only 40 yr. 


northwards. Only the western and eastern edges (30 km apart) are shown. A (and to the right), ‘normal’ ice . 
ellbreen; C, moraines and rocks; D, Barents Sea. (Photog ( ght) cap; 


raphs by Norsk Polarinstitutt, 1938) 


These estimates of the size and speed of Wilson’s surges 
are incorporated in F g. 2. Fig. 2 (1) shows the conven- 
tional view of sea-level change during ice ages such as 
the Weichsel (Wiirm, Wisconsin), with the Antarctic ice 
sheet remaining rougkly constant in volume. Fig. 2 (2) 
shows the sea-level caange required by Wilson’s theory 
in Tertiary time: rabid rises accompanying the surges 
from Antarctica, and slow falls accompanying the build- 
ups there. Fig. 2 (3) shows the change required for 
Quaternary time: a rise accompanying each surge, a fall 
as both the Antarctic and northern ice sheets build up, 
the end of the ice age and a levelling out as the northern 
ice sheets disappear, and a subsequent small fall accom- 
panying the final build-up in Antarctica. Although these 
estimates are very speculative glaciologically, they form 
a very specifie test geologically. The chances seem small 
that rapid rises of sea-level of 30-100 ft., repeated in 
several interglacials at precisely the break of climate, 
could be caused by arything other than Antarctic surges. 

As might be expecsed, the most detailed evidence for 
and against the sea-level changes of Fig. 2 (3) comes from 
the uppermost, most-studied part of the Quaternary, 
especially from north-west Europe. In this area, sea- 
level movements are ~ecorded by changes in the land- or 
sea-shell content of deposits, and the date of the move- 
ments is recorded by the pollen content. Each of the 
last fow interglacials in north-west Europe can be divided 
now into several polen zones, and this permits very 
accurate dating. W thin north-west Europe, the best 
areas for an investigat-on of this type appear to be southern 
“ngland and northern France, where the horizontality of 
old, high-level marine features suggests that these areas 
are essentially stable. Not so many deposits have been 
examined there as in Holland and Germany, but in those 
areas there has been considerable warping, and it is 
difficult to reconstruct the old elevations involved. Fig. 3, 
therefore, is an attempted reconstruction of sea-levels 
during the last two interglacials in southern England. 
(For the Hoxnian incerglacial, it has been necessary to 
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Fig. 2. Three patterns cf sea-level . The time and elevation 
scales are compressed in the ice ages. A, absent; G, growing; H, shrink- 
ing; R, rougimy constant in volume; S, surging 
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use some data from eastern England, and in this particular 
case the possibility of warping is discussed below.) 
Sea-level positions suggested by field studies are plotted, 
and an attempt is made to connect them with a curve 
of the Fig. 2 (3) type. How well this curve fits the data 
is diseussed in the following four paragraphs. For those 
interested, the pollen zones and the sites of Fig. 3 are 
discussed more fully in papers by West™ (note that, in 
ref, 11, the legends of the key Figs. 12 and 13 should be 
interchanged). 

In Fig. 2 (3), the sea-level just before a surge changes 
only slowly, whereas after a surge it changes rather quickly, 
because not only the Antarctic but also the northern ice 
sheets are now building up. Therefore, marine benches 
are more likely to be cut at a primary, pre-surge level 
than at a secondary, post-surge one. Accordingly, to 
agree with those authors who argue that a marine bench 
between 5 and 30 ft. O.D. in south-west England and 
north-west France must belong to the Hoxnian inter- 
glacial: 12, I have attributed elevations in the middle of 
this range to the primary Hoxnian level in Fig. 3. What 
is striking is that the pollen data from the Hoxnian show 
that late in the interglacial, at the end of the main warm 
zone 2, apparently just as the climate broke, a remarkable 
transgression occurred in eastern England. The trans- 
gression has been recorded at 9 ft. at Clacton!, at 
21 ft. in the Nar Valley (where marine deposits continue 
to at least 65 ft.)'t, and at 80 ft. at Kirmington’®. The 
record of freshwater sedimentation at Southelmham", at 
roughly 80 ft., ends at the end of zone 2, and would fit 
a transgression at that elevation at that time. It seems 
reasonable to assume that the upper limit of the trans- 
gression was the 100-ft. ‘Tyrrhenian’ beach and ‘Boyn 
Hill’ terrace level traditionally assigned to the Hoxnian 
in southern England and elsewhere. The fact that the 
transgression occurred at all these different elevations at 
the same time suggests that it was unusually rapid. This 
rapidity makes it very unlikely that it was due to down- 
warping. For example, let us, to avoid the effects of 
tilting, focus our attention on the one small area of the 
Nar Valley. The 21-ft. difference in elevation between 
the uppermost zone 3 marine sediments at Summer End 
and the uppermost freshwater sediments at Horse Fen 
suggests that at least that amount of transgression must 
almost certainly have occurred in that relatively short 
zone. It is difficult to suggest what could have caused 
a downwarping at this rate, which has obviously not 
been maintained since. That the transgression at Clacton 
was the result of a eustatie rise of sea-level rather than 
of downwarping has already been argued, by Oakley and 
Leakey”. They claim that, for the Clacton area, the rise 
to the Boyn Hill level is represented by the gravels at 
85 ft. at Upper Dovercourt. 

In the last, Ipswichian (Kemian, Riss-Wiirm, Sanga- 
mon) interglacial, early in the main warm zone f, the 
sea is known to have risen above —5 ft., at Selsey}. 
Presumably this was the end of the post-Riss rise, because 
appreciably later in zone f the sea was still at —2 ft., at 
Stone'*, By the end of zone f, river flood deposits were 
being laid down at —3 ft. at Trafalgar Square’, which 
suggests that the sea had by now fallen a little below 
that level. Now, exactly when the Ipswichian climate 
began to deteriorate is difficult to say, but it was almost 
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Fig. 3, Sea-level changes suggested for England. The time and elevation 
scales are compressed in the ice ages. The dots refer to pollen studies: 
C, Clacton; N, Nar Valley; K, Kirmington; S, Southelmham; Y, Selsey : 
E, Stone; T, Trafalgar Square: 7, Uford 
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certainly in zone g. What is striking is that in that — 
zone. a transgression occurred in north-west Europe. | 
The transgression is very well documented in north-west. 
Germany*!:?? and, elsewhere, it seems to have formed the: _ 
Kemian ‘Portlandia Sea’ of the Baltic? and the ‘marine — 
intercalation? of Holland.. The German pollen data in > 
particular favour a transgression in the first half of © 
zone g. At about this time in England, a remarkable — 
aggradation occurred in the Thames estuary where, at 
23 ft. at Hford*, pollen-bearing sediments were covered — 
by the well-known Thames ‘brickearth’ or silt. Because > 
of the low percentage of Carpinus in the uppermost — 
sediments at Ilford, West et al. attribute them to the end — 
of zone f. However, because low percentages of Carpinus 
can sometimes occur in zone g?®, and because, otherwise, 
the percentages of Pinus, Quercus and Corylus in the 
uppermost sediments are quite typical of that zone, it 
seems quite likely that all these north-west European 
pollen dates reflect the same event. At Ilford, the 
aggradation of the brickearth continued to 42 ft., and — 
at other places in the estuary to 50 ft. Since the gradient - 
of the Thames and its terraces in this area is less than 
3 in./mile (ref. 26), it seems quite possible that the 
aggradation of the brickearth was in fact a response to 
a rise of the sea to the 50- or 60-ft. “Taplow’, ‘Main 
Monastirian’ level traditionally assigned to this inter- 
glacial. That the Main Monastirian level may indeed | 
have been merely a secondary one (from which the sea 
immediately began to drop to its Wiirm level) is suggested 
by the fact that it is only rarely a bench level, but is 
chiefly a beach and river terrace level”. Similarly, in 
North America, although the coastal Cape May formation, 
assigned now to the last interglacial**, was attributed by. 
Salisbury and Knapp to a sea reaching 50 ft. or so, they — 
remarked that only faint terraces rather than coastal — 
cliffs were to be found at that level?*. Of course, as well — 
as the 55-ft. Main Monastirian, a 25-ft. “Late Monastirian’ 
level** is often assigned to the last interglacial. This 
‘double’ level is a problem for any theory of ice ages, 
but, according to Fig. 3, the Late Monastirian level might 
represent the brief reoccupation of the primary Hoxnian 
level by the regressing Hoxnian and Ipswichian seas. 
The Ipswichian regression across O.D. in zone i was 
recorded in northern Frances, 

The Ipswichian interglacial provides the only evidence . 
I have been able to find that is plainly incompatible with 
the reconstruction in Fig. 3. In eastern England, the 
Histon Road, Cambridge, deposit®® lies at 15-42 ft. O.D., 
but shows terrestrial as opposed to marine sedimentation 
between zones g and 4. Now, because this is the only © 
deposit of its kind so far, it is possible that it is deceptive © 
in some way. One possibility is that the unconformity < 
500 cm below the top of the deposit, that is, at 25 ft. 
O.D., does represent a marine interval. The sediments © 
below 500 cm contain high percentages of Quercus and ` 
Corylus, and could quite easily belong to the first part ` 
of zone g. Then, as Sparks and West point out, a true © 
zone h is missing in the deposit, and it is possible that ` 
sedimentation above 500 em did not begin again until 
zone 7. If so, the unconformity would fit Fig. 3 exactly. — 
Other East Anglian evidence, such as the 55-ft. Ipswichian 
terrace at Cambridge*, certainly fits Fig. 3. However, | 
although the data from Histon Road are insufficient by — 
themselves to disprove the reconstruction of Fig. 3, — 
they do emphasize one of its chief weaknesses: the © 
shortage of really high quality evidence for an Ipswichian ` 
sea-level above O.D. As we have seen, the north European > 
data, the Thames evidence and the Monastirian tradition ` 
do favour such a level. However, evidence that would 
really favour Wilson’s theory would be aggradation _ 
deposits similar to the Ilford ones in other estuaries, or, i 
better, zone h marine deposits in the 20-40 ft. range. — 
Because a late Ipswichian sea-level rise would have been 
short-lived, and the marine extension shallow, and 
because any deposits in it would afterwards have been 
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leached, frost-heaved and eroded for the whole of the 
Weichsel, such deposits, if they exist, may be hard to 
find. On the other hand, if they cannot be found, and 
if more deposits such as the Histon Road one are dis- 
covered, then these latter would be strong evidence 
against Wilson’s theory, at least as ıt applies to the latest 
ice age. 

In the current interglacial, since the northern ice sheets 
disappeared, Wilson’s theory requires that sea-level should 
be falling slightly, as the Antarctic build-up continues. 
It is possible, of course, that a fall is being offset by 
continuing glacial retreat in the Canadian archipelago 
or Greenland, or even by minor surges from Greenland 
or Antarctica. However, there are many papers which 
do document a falling sea-level over the past few thousand 
years®?:33, On the other hand, a probably larger set of 
papers describes a rising sea-level®4. At present, the 
difference between these results cannot be explained, 
although it may be due, for example, to local land move- 
ments’, In this situation, an indication of the world-wide 
average movement of sea-level might be given by the 
change, if any, in the Earth’s rate of rotation. Analysing 
the change suggested by the data from ancient eclipses, 
Munk and MacDonald*®* conclude that there may have 
been a fall of sea-level of 2 m over the past 2,000 years, 
and this of course would favour Wilson’s theory. A fall 
of 2 m in 2,000 years would be equivalent to a con- 
tinuing 25 per cent surplus of accumulation over 
ablation in Antarctica (assuming that the area of the 
ice sheet is 1/30 that of the oceans, and the average 
accumulation on it 14 g/cm? yr)”. This is larger than 
the 5 per cent surplus which, ideally, is all that would 
be required to replace the late Ipswichian surge of 
Fig. 3 over the roughly 100,000 yr since it occurred. 
However, the figure of 5 per cent would be bigger if 
there have been minor surges since the late Ipswichian 
one. (Such surges could have been one cause of Weichsel 
‘stadial’ advances.) Glaciologically, even a surplus of 
25 per cent cannot really be distinguished yet in Antarc- 
tica, because our knowledge of ablation rates there is so 
very limited’. The known activity of the ice sheet at 
the edges of Antarctica suggests that if any build-up is 
occurring it must be concentrated in the centre of the 
continent. Evidence for or against this may come in a 
few years from Franco—Soviet and other strain measure- 
ments in that area: evidence that the ice is stretching 
at less than the rate required to dispose of the snow 
accumulation would support Wilson’s theory. 

So far, I have said little about the speed of the sea-level 
rises. Obviously, our first problem is to find out whether 
they really occur or not. There are two reasons, however, 
for saying a little more about their speed. First, Wilson’s 
theory implies that the current interglacial will end with 
a new surge, perhaps suddenly, some time between 
now and say A.D. 50,000. Since, from Fig. 3, the sea 
might rise then by 75 ft. or so, the speed of the rise 
might have important human implications. Second, 
chiefly for the purpose of drawing Fig. 2, I mentioned a 
possible surge time of 40 yr. However, a sea-level rise 
much faster than this might have left some very uncon- 
ventional deposits, and unless this is appreciated, these 
deposits may remain unrecognized. To illustrate this 
point, let us look, for example, at the brickearth, laid 
down during the late Ipswichian aggradation in the 
Thames estuary. The brickearth consists chiefly of silts, 
which are locally 30 ft. thick but which, unlike the 
alluvium of the current interglacial, are quite devoid of 
layers of vegetation, developed during intervals of sub- 
aerial exposure. These silts are famous for their numerous, 
curiously intact remains of large mammals. Many 
geologists have argued that the silts must have accumu- 
lated, and the mammals drowned, during floods much 
greater than those known to-day**. The brickearth is 
extremely patchy and, indeed, the alluviation of the whole 
Thames estuary, from below —3 ft. to above 50 ft., 
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would represent an enormous amount of deposition for 
the end of an interglacial, when if anything the Thames 
should have been ınc:sing rather than aggrading. Also, 
despite their situation, the shells in the brickearth are 
overwhelmingly freshwater ones, and only rarely estuarine 
ones. So long as Wilson’s theory is being discussed, the 
possibihty ought to be borne in mind that in fact the 
brickearth never was a normal alluvium, but was merely 
the soul and fauna of zone g, re-worked by a very rapid 
rise of sea-level, and swept into the embayments of the 
marine extension. Only after this diluvium had settled 
would conventional estuarine and marine deposits have 
begun to accumulate above it and, as we saw two para- 
graphs ago, such deposits may be hard to find. (The 
same possibility oughs to be borne in mind for the brick- 
earth at Stutton1)3’?, where the evidence is otherwise 
incompatible, though not decisively so, with the curve 
of Fig. 3. Note that she data from nearby Bobbitshole*® 
fit Fig. 3.) : 

Even if these late interglacial transgressions do prove 
to have been very rapid, determining their precise velocity 
may be difficult, except in one eventuality. As opposed 
to the Kutiah veloc:ty in the second paragraph, the 
hearsay velocity (presumably several km/h) yields a surge 
time of only 1 week. Now a surge in only 1 week or so 
would involve a very rapid redistribution of ocean water, 
and the question ar:ses whether or not the sea-level 
rises might have occurred in the form of waves or 
‘tsunamis’, such as sometimes run several miles inland 
when they break on the coasts of the present-day Pacific 
Ocean ®*. This is a possibility that can be tested, as follows. 
Let us look this tims at the Hoxnian interglacial, for 
which a secondary, post-surge coastline of 100 ft. was 
suggested. If waves occurred, sediment-pollen studies 
some way inland from that contour should detect some 
disturbance at the time of the surge. The waves would 
be unlikely to have le=t any marine traces, such as shells, 
but they might have left a layer of debris, such as gravel 
or tree trunks. So far, I have been able to find only one 
investigation from such a situation, from Kuilbeg*® in 
southern Ireland. Ths profile there does show an uncon- 
formity covering the break of the Hoxnian climate, but 
the gap covers too long a time to be good evidence for 
waves. However, i? further investigations in such 
situations can be found or made, it should be possible to 
complete this test. 

If all large glaciers are indeed susceptible to surges, 
either because of the instability discussed above or, 
though this seems less likely, because of some external 
cause, then this raises many interesting questions. 
One of the most interesting must be whether or not 
surges of the Gondwanaland ice sheet may account for 
the Carboniferous cyzlothems, especially for the rapid 
submergence of the ccal beds. However, although these 
questions do deserve our attention, it looks as though 
the most rigorous progress in the matter of surges will 
be made by concentrsting on Wilson’s theory of Quater- 
nary ice ages, particularly on events late in the last 
interglacial. As was mentioned earlier, the sea-level test 
for Wilson’s theory is & very specific one, and it is certainly 
intriguing to find these traces of late interglacial trans- 
gressions with exactly the required timing, amplitude and 
speed. One explanation which might be advanced for 
them would be that they were merely continuations of 
the main post-glacial transgressions, and due either to a 
normal (as opposed "to surge) deglaciation of Antarctica 
by the continuing warmth of the interglacial’, or else 
due to local downwarping. Another explanation would 
be that they were merely recoveries from a regression 
due to a cold spell in the middle of the interglacial. Up 
to now, Fig. 3 and the foregoing discussion are strongly 
against these explanations, and are favourable to the 
Wilsonian explanatior. There is clearly a need for more 
data, but there seems little doubt that further work 
along these lines will complete the test of Wilson’s theory. 
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“THERE IS ALL AFRICA” 


By Dr. A. S. THOMAS 


VER since the first explorers penetrated the centre 
of Africa, Europeans have desired to bring peace and 
prosperity to the continent; the most striking proof of 
that desire has been the devotion and self-sacrifice of the 
missionaries. But there was often a bland assumption 
that European methods of clothing, farming and political 
organization could be applied without modification near 
the equator. In courses of training for work in the 
tropics there was much emphasis on primitive agriculture 
—unchanging and resistant to change. 

But, as a farmer’s son who had done much hard work, 
some of which seemed unnecessary, I found myself 
thinking how sensible the Ghana farmers were to grow 
their cocoa crops with a minimum of work. Their 
mixtures of food crops looked untidy after European 
monoculture, but many of these crops had been introduced 
to Africa, some m the far past, some recently—bananas 
and cocoyams from Asia, cassava, other cocoyams, maize 
and sweet potatoes from America—and their culture 
must have involved great changes. 

The Krobo farmers explained that their farms were in 
strips across the valleys because that was the only fair 
way of dividing the land—there was one kind of soil on 
top of the hills, one on the sides and one in the valleys. 
That important point had not been mentioned in any of 
the lectures on soil science to which I had listened, 
though the same sense of values had led to division of 
much of southern England into long strips of parishes. 
My appointment in Ghana lasted only for one tour; money 
was short in 1930 and there was considered to be no need 
for research on cocoa; six years later a Ghana farmer 
took specimens of swollen shoot to the Division of 
Agriculture and asked why his cocoa was dying. 

On arrival in Hast Africa, I found that the soil chemists 
were studying soils in series or catenas. Most of Africa 
is a vast peneplain of old land surfaces dissected by 
water-courses; there are few level areas except the plains 
of dark clay which are under water for part of the year, 
dry and deeply cracked for another part; even these 
plains show slight differences in levels; parts which are 
submerged for much of the year must be considered in 
conjunction with the higher ground on which wild and 
domestic animals graze during the rains. 


People are taught about Africa from small-scale maps 
which cannot show the undulating surface or the variety 
of vegetation associated with it; then some people go to 
Africa expecting to see vast stretches of virgin forest, 
their false ideas having been reinforced by travel films— 
“And so we set off through the African jungle”, taken in 
a place where there is no jungle, only the coffee bushes 
shown on the screen. Even when African forests are tall, 
they may be quite young; a patch in the Botanic Gardens, 
Entebbe, Uganda, is so fine that it has been used as the 
setting for a “Tarzan” film; but a photograph shows 
that fifty years ago it was a grove of raphia palms without 
any trees. 

Many theories have been postulated about tropical 
forests on the assumption that the areas examined were 
climax communities when, in reality, they were unstable 
young phases of forest growth. Even the woodland areas 
have been represented as climaxes, with maximum energy 
flow; the exposed strata on any river bank of such an 
area will show that there has been no stability; the layers 
of water-borne and wind-borne deposits prove there has 
been no stable state, only a sequence of changes. 

Philosophical phrases such as “Man in harmony with 
his environment” would not mean much to an African 
peasant whose blood is invaded with malaria parasites, 
whose farm is invaded by elephants, monkeys and wild 
pigs. When you have recurrent dysentery and malaria 
you come to regard your body, not as an individual, but 
as an ecosystem; one man, who had a tapeworm as well, 
used to say: “We have enjoyed our meal”. 

Conservationists talk and write of man as a destroyer, 
not mentioning the way in which man builds up the soil 
of his settlements. There are many proofs of this building- 
up: the depth of deposits in old European cities, the huge 
mounds which cover ancient cultures in the desert areas 
of Africa and Asia, and the deep layers of broken pottery 
on some hill tops in the wetter parts of Africa. 

Furthermore, the soils of settlements are richer than 
those of the country around them. Saltpetre used to be 
extracted in India from the soils of places where there 
were dense populations of men and domestic stock, and 
a residue of ashes from wood fires—conditions which can 
be matched in Africa. Africans select former village and 
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cattle kraal sites for the cultivation of crops hke bananas 
and tobacco which demand high fertility. The banana 
is a most useful indicator plant in the wetter parts of 
Africa, for it will flourish and persist only on rich soils 
like those of the western slopes of Mount Elgon which 
have an agricultural population of several hundreds, 
even more than a thousand, per square mile. 

Tf a house of wood and grass is deserted, 1t soon rots 
away under an equatorial climate; no trace will remain 
above ground, and the only clue will be in the soul—the 
local accumulation of bases, especially of lame, which is 
easily detected by tests for soil acidity. Some crops may 
benefit from the presence of bases; others, such as the 
tea plant, will die out in patterns to show the plans of 
former villages, proved by abundance of potsherds. 

Certain trees often indicate former settlements; in the 
drier parts of Africa, the baobab, Adansonia digitata, 1s 
largely confined to past and present settlements ; in the 
woodland areas, groups of very large shea butter trees, 
Butyrospermum parkii, are to be seen in the villages, or 
where the villages have been. 

Chlorophora excelsa, a magnificent tree of the forest zone, 
is. associated with the spirits of ancestors both in East 
and West Africa; the belief seems founded on the fact 
that the tree needs rich soil and protection from fire, 
conditions usually only found on farms. Soil tests near 
many Chlorophora trees on farms, m forests and wood- 
lands, always showed the soil to be more alkaline near 
the tree than at a distance from it, where the soil often 
was too poor for the tree to grow. Yet this tree has been 
used to denote plant associations without mention of its 
restricted growth or of the unsuitability of the soil for 
its growth. It is restricted to settlements, just as in 
many grasslands the shrubs are restricted to the termite 
mounds, the soil of which is less acid than the rest of the 
land. 

Diversity of soil is a usual feature in Africa; soils on 
the hills are always different from soils in the valleys, 
and the incidence of human settlements and termite 
mounds is likely to give diversity to the soils in any 
single zone; hills not very far apart may show distinct 
differences in their soils and in the way in which they are 
used}. ‘In Ghana, soil series rarely cover a sufficient 
area, in individual expanses to make it practical to map 
them on any but very large-scale maps”?. Yet there are 
still being produced maps which show generalized arbi- 
trary classifications; it is most interesting to consider 
places which one knows well, to compare the different 
classifications by people who may or may not have 
visited the area and to think how untruly these classi- 
fications represent the actual vegetation. 

There are many difficulties in African ecology. More 
than twenty years ago I discussed the difficulty of learning 
the names of the plants with another man and found 
that he, like me, after two years in Africa had felt that 
he would never be able to learn the names; but that, 
again like me, after three years suddenly found that he 
knew enough names to make ecological investigations 
without taking a large number of specimens for determ- 
ination in the herbarium. We were both quite intelligent, 
both very hard-working; and I refuse to believe that 
much good work could be done by those who write 
descriptions after a few weeks in Africa, looking at plants 
they had not seen before. 

Furthermore, as Buxton showed, the aspect of any 
small piece of African vegetation alters completely with 
the seasons*; the eye selects those species which are 
in flower at the season when they are viewed. So I 
made it a rule never to publish an account of any patch 
of vegetation unless I had visited it at different seasons 
and had described it without reference to previous notes. 
Yet many of the papers describe large areas after very 
short visits; if work is done carefully and factually, it 
must be confined to a small plot; and there is no justi- 
fication for extending such a description over a region. Yet 
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once a description is in print, it is regarded as factual and 
is reproduced in the text-books. 

The ease and rapicity of modern travel only add to 
the unreliability of some accounts founded on observations 
from a motor-car. Æ road may seem to pass through 
dense forest when in reality there is only a screen of trees 
hiding the farms anc villages; but in open country & 
road may pass throuzh a string of farms although the 
land away from the road is not cultivated. An expert 
whom I was escorting through Uganda once stopped the 
car and said: “You Fave told me that Cynodon dactylon 
is not important in the natural grassland of this region; 
we have been through a belt of it, fifty miles wide”. I 
tactlessly suggested shat the belt was fifty miles long 
and ten feet wide, a£ he could see if he got out of the 
car; he did not, and he did not speak to me for the rest 
of the day as he was so angry that neither I nor the 
grasses conformed to his ideas. 

In the old days, when aeroplanes flew low and slow, 
ecology could be done from them, but that is seldom 
possible from modern jet airliners. But air photographs 
are a most valuable means of survey; they show intricate 
patterns of fields, fallows, grasslands, woodlands and 
forests which give a truthful picture of the countryside, 
quite different from the generalized subjective accounts 
so often printed. Th> camera is objective. 

One thing which horrifies visitors to Africa is the 
intensity of the fires which sweep through woodlands and 
grasslands. But Africa has been burnt over for many 
hundred thousand years; some fires are started by 
lightning and, long before there was any farming, fires 
were used in hunting and collecting honey. On my first 
visit to Mount Kadam, my Karamojong porters were 
astonished at my anger when they burnt a patch of 
forest to get a pound or so of honey, and they thought 
me fussy when I mad them extinguish every spark. They 
looked on fire as part of the climate, and so do many 
African plants; a large living collection of Uganda grasses 
dwindled under cultivation, in spite of careful weeding; 
but when, in desperation, I set fire to them, they responded 
with normal vigorous growth. 

There has been mach outcry about the destruction of 
organic matter, but sgricultural scientists are now agreed 
that burning is the only feasible way for the African 
farmer to get rid of rubbish before planting his crops. 
The burning of grass.and has been condemned, but many 
people are coming to realize that it is the only practicable 
way to clear the mass of dry inedible stems and to produce 
flushes of young leaves for livestock during the long dry 
seasons. The wild snimals, especially the smaller ante- 
lopes, also benefit =rom this burning; they dare not 
venture into tall unburnt grass, for fear of predators, and 
often may be seen grazing close to the cattle; the films 
usually show them oa short young grass but do not show 
the cattle. Furthermore, in controlled experiments it has 
been found that the soils of grasslands burnt every year 
may contain more organic matter than do the soils of 
unburnt forests on similar ground. 

Where there are cattle in Africa, there is usually erosion. 
It is not the treacing of cattle which has attracted 
attention, but the grazing; yet in reality the treading is 
the main cause of erosion, for it makes the surface soil 
hard and as impermeable as concrete, so that the water 
rushes off and the lower layers remain dry as in a desert. 
Goats have caused nuch erosion in Mediterranean coun- 
tries, but not in tropical Africa; when cattle are driven 
away from a place through the spread of tsetse fly, and 
only sheep and goa*s can be kept, the grass cover will 
improve; sheep and goats graze more closely than cattle, 
but they tread more lightly. 

Agriculture in temperate regions is changing rapidly, 
and so is the attitude to change; it is welcomed. The 
outlook towards African agriculture is changing; there 
used to be elaborate. statistical experiments to give proof 
of small differences.of yields per acie, under conditions 
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where ıt was labour and not land which was the limiting 
factor; many panaceas have been recommended during 
the past thirty years—green manure crops, contour 
ploughing and mixed farming are some of them. But an 
increasing number of agricultural scientists are now 
demonstrating the wisdom of African farmers, of mixed 
planting to cover the soil and of giving a minimum of 
cultivation. We used to be taught that cultivation was 
necessary; my belief in it was shattered by an old 
Muganda’s explanation of the vigour of a magnificent 
spreading coffee tree outside his house: “I sweep the 
ground every day”. 

Ecology is changing; as Raup showed in his address 
to the Jubilee Meeting of the British Ecological Society, 
Clementian ideas of plant succession have been much 
modified or discarded in America‘. The influence of 
these~ideas. alas, has extended to Africa. “Ecological 
studies in the tropics and sub-tropics have been dogged 
by attempts to fit the observed facts into a framework 
of classification tracing back to the ideas evolved in 
temperate Europe and North America, usually those of 
the schools of Cowles—Clements—Tansley or the Zurich- 
Montpellier group. The results are often worse than 
useless; they are misleading, and he who wants a know- 
ledge of the ecological units present in a region has to 
disentangle factual descriptions from abstract discussion 
of successional relationships.’’5 

The travellers who went to Africa m the nineteenth 
century had’ no abstract ecological concepts; they 
described what they saw, and their writings seem factual, 
all except those of Stanley, who was a journalst and 
wrote for effect; if he had known those concepts, he 
would have used them even more than. do some journalists 
at the present day. Truth of the other accounts has been 
checked by careful examination on the ground and has 
shown some astonishing changes; for example, there is 
no doubt that one hundred years ago there were in 
Uganda far more people and far fewer trees than at 
present. 

There have been many modern maps of Africa which 
were compiled by people much influenced by theories and 
philosophies, based on concepts which cannot be grasped 
by those who doubt their validity. Even the word 
‘ecosystem’ can have no precise meaning in Africa, where 
mammals migrate for hundreds of miles and birds for 
thousands of miles; no region is free from influence 
outside it; there has been much outery about the advance 
of the Sahara, but little mention of the great benefit 
from the vast quantities of base-rich desert dust brought 
down by the harmattan wind. 

Changes are rapid in Africa. I recently took back to 
Africa some of the photographs which I had made about 
thirty years before; they proved changes which I had 
not expected. Cameras have no ecological concepts, 
they record facts; and the facts, not the concepts, will 
be useful in the future. 

There is a great danger that, with increasing education, 
much of the traditional lore of African peoples will be 
lost, that Africans will place too much trust in the 
written word. It took me years to work out that the only 
feasible explanation for localized patches of reddened soil 
was that they were sites of settlements; an African 
assistant said: “You are quite right, sir; our people 
have always known that”, and gave instances which I 
had not noticed. There continue tc be many theories 
about the origin of lateritic ironstone from natural causes, 
but little attention to the frequency of worked stones, 
even of grindstoneg, in it. 

Tribal history may be more significant than any survey 
in the explanation of existing vegetation. There were 
many wars between Ashanti and the Ivory Coast, so the 
forest on the borders is young, growing over former 
farmland. The Mabira Forest by the River Nile, on the 
borders of Buganda and Busoga, is tall, but it also is 
young; soil tests for a tea planter indicated a house site 
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in an unlikely spot; a fortnight later, the headman who 
was clearing the land greeted me: “You said truly, sir; 
when we dug where you said the house had been, we 
found this, and I kept it to show you”. Jt was a hand- 
made hoe, the most treasured possession of a farmer 
and buried in the floor of his house; he had been killed 
or enslaved, the house had disappeared; only the hoe 
was left, sealed in the clay; and ıt was not even rusted. 

Much of Africa has been photographed from the air to 
give a true picture of the general aspect. If this photo- 
graphy is combined -with objective recording along 
transects and not by subjective surveys, then a factual 
and more detailed description is obtained. Specimens 
can be correctly identified by reference to herbaria like 
Kew, where floras of the African regions are being com- 
piled. There is need for some agreed system of recording, 
so that the results for one country can be compared with 
those of another; and there is need for simple descriptive 
words like woodland, instead of imported vernacular 
terms like savanna, so incorrectly used sometimes in 
Africa. 

Africans are skilled at recognizing plants from their 
leaves, which must be done in plant recording, for there 
is no season when. all species will be in flower or fruit. 
Moreover, Africans must not be subjected to ecological 
theories before they do this recording; so many concepts 
have been enunciated, accepted, disproved and discarded 
during the short history of the subject that those at 
present in fashion are unlikely to last. As I had no 
training in ecology, I was not exposed to the full impact 
of the obsolete ideas in vogue when I was a student; 
but I had much training in soil science and was so indoc- 
trinated with soil erosion that I had been years in Africa 
before I clearly understood that the grey soils in the 
valleys were poorer than the red soils on the hills—a 
pattern which is common in East and West Africa. 

Tribal history and legends should be recorded and 
investigated before they are lost; they may be of more 
significance than some philosophies, for they do have 
some connexion with fact. Their examination will 
facilitate true knowledge of the past, the present and the 
possible future; for example, the Hamitic people and 
their cattle moved across Uganda from the north-east 
about four hundred years ago, which would not be possible 
at the present time; there must have been open grassland 
then, with fewer trees, tsetse flies and trypanosomes than, 
there are now. More history and less philosophy are 
needed for progress in ecological studies in Africa (and, 
for that matter, in Britain as well). Furthermore, it is far 
better to leave blank spaces in maps than to fill them in 
with generalized inferences. 

The spectacular increases in yields of cocoa which have 
followed scientific use of insecticides and fertilizers show 
that production in Africa need not be limited by ‘natural’ 
resources, a8 is assumed by those whose proposals are 
limited by ideas of ‘conservation’. If there was less 
abstract discussion, if agriculture was left to the agricul- 
tural scientists and farmers, if forestry was left to the 
foresters, then the conservationists could devote their 
attention to the problems of wild life, so urgent in Africa. 
There is more than enough for them to do if the term 
‘conservation’ was altered to ‘wild life management’ as in 
America; for the state of some Nature reserves is alarming 
—the destruction of grass by hippopotamus in the 
Queen Elizabeth National Park of Uganda and the 
extermination of trees by elephants in the Murchison 
Falls National Park. 

Africans have adopted from other continents the 
things which they liked, such as bananas for food, cocoa 
for cash and football for recreation; they have rejected 
the things which they did not like, such as some of the 
labour-wasting methods of farming which have been 
advocated. Some African practices may seem strange to 
new-comers, but there is a reason, or there has been a 
reason, for them. It must not be expected that the 


VOL. 208 


October 2, 1965 


evolution of cultural change will be exactly the same in 
Africa, as in other continents. Those who go to Africa 
must consider it their duty to learn before they start 
to teach. “There is all Africa, and her prodigies 
in us. 
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NEWS and VIEWS 


Deputy Chief Scientific Adviser, Ministry of Defence : 
Prof. A. H. Cottrell, F.R.S. 


On June 30, Prof. A. H. Cottrell left the Department of 
Metallurgy at Cambridge to take up the post of Deputy 
Chief Scientific Adviser to the Ministry of Defence. This 
represents the beginning of a new phase in the career of an 
outstanding scientist who has already made great con- 
tributions in the academic and public sectors of science. 
He was professor of physical metallurgy at the University 
of Birmingham from 1949 until 1955 and was then appoint- 
ed deputy head of the Metallurgy Division of the Atomic 
Energy Research Establishment at Harwell. From there 
he went to Cambridge in 1958 as Goldsmiths’ professor of 
metallurgy. The interchanges in his career between 
academic and applied science environments are representa- 
tive of Prof. Cottrell’s attitude to his work. Although he is 
a first-rate theoretician, he nevertheless has a deep- 
rooted belief in the importance of applied science. This is 
revealed in much of his scientific writing, in which theories 
are developed not as an end in themselves, but as a means 
of solving the problems which arise when real materials are 
used in practice. His gift of picking out the essential 
features of a problem makes his papers and books stimu- 
lating reading for first-year undergraduates and research 
workers alike, and the same quality is evident in his 
lectures. He was elected a Fellow of the Royal Society in 
1955 and, although still only in his middle forties, he has 
been honoured by many scientific bodies and universities 
at home and abroad. While at Cambridge he devoted 
himself wholeheartedly to both teaching and research, and 
the results will continue to benefit the Department of 
Metallurgy for many years to come. He will be greatly 
missed, but Cambridge’s loss is the nation’s gain since 
it would indeed be difficult to imagine anyone better 
equipped to deal with the responsibilities of his new post. 


Ministry of Aviation Appointments: 
Mr. H. G. R. Robinson, O.B.E. 


Mr. H. G. R. Robinson has been promoted to deputy 
chief scientific officer and appointed head of the Instru- 
ments and Electrical Engineering Department at the 
Royal Aircraft Establishment, Farnborough. Mr. Robin- 
son joined the Guided Weapons Department of the Royal 
Aircraft Establishment in 1948 after graduating with 
honours ın electrical engineering at the Imperial College of 
Science and Technology. After a year of postgraduate 
study at California Institute of Technology in 1952, he 
rejoined the Guided Weapons Department where he was 
engaged in theoretical and free flight investigation of 
kinetic heating at very high speeds. This work led, in 
1955, to the design of the Black Knight re-entry test 
vehicle, with which Mr. Robinson was directly concerned. 
In 1960 he became head of the Satellite Launcher Division 
of Space Department, Royal Aircraft Establishment, and 
continued in this Department until his present appoint- 
ment. His main concern in the Space Department was the 
British technical contribution to the European Launcher 
Development Organization (E.L.D.O.) launcher Europa I, 
and development of Black Knight, for space applications. 
Mr. Robinson is a Whitworth Scholar, and was awarded 
the Bronze Medal of the Royal Aeronautical Society in 
1960 for furtherance of ballstic missile techniques. 


Mr. R. R. Duddy 


Mr. R. R. Duddy has been promoted to deputy chief 
scientific officer and appointed director of the Concord 
Project ın the Minissry of Aviation. Mr. Duddy was 
educated at Judd School, Tonbridge, and took a first-class 
honours degree in mechanical engineering at King’s 
College, London. Æe first joined the Royal Aircraft 
Establishment ın July 1939 as a vacation student in the 
Aerodynamics Department, and from 1954 until 1959 he 
was head of the Flight Division of the Department. He 
then spent two years with the Defence Research Staff in 
Washington and returned in 1961 to become head of the 
Naval Air Department of the Royal Aircraft Establish- 
ment at Bedford. 


Mathematics in the University of Edinburgh: 
Prof. F. F. Bonsalf 


Pror. F. F. BONSALL, at present professor of pure 
mathematics in the University of Newcastle upon Tyne, 
has been appointed tc the McLaurin chair of mathematics 
in the University of Edinburgh as from October 1. Prof. 
Bonsall was educated at Merton College, Oxford. In 
1947, after an undergraduate career which had been 
interrupted by six years of wartime service in the Royal 
Engineers, he graduaszed with first-class honours, and was 
appointed to a lecturzship in mathematics in the Univer- 
sity of Edinburgh. He joined the Department of Mathe- 
matics in Newcastle as a lecturer in 1948, was promoted 
to a readership in 1656, and has held the chair of pure 
mathematics at Neweastle since 1959. Prof. Bonsall has 
made substantial original contributions in functional 
analysis. His early work in this field dealt with some of 
the more algebraic aspects of the theory of Banach alge- 
bras. He then beceme interested m partially ordered 
vector spaces, a subject on which he is a leading authority. 
Generalizing a result of Krein and Rutman, he proved 
that various classes cf positive operators possess positive 
eigenvectors. His work in this area also includes the 
study of order ideals, related extension theorems for 
linear functionals, aad numerous applications in other 
branches of analysis. His recent researches deal with the 
classification of certain semi-algebras of functions, the 
structure of locally cempact semi-algebras, and the further 
investigation of the spectral properties of positive operators 
by means of semi-algebra theory. 


Industrial Engineering in the University College of 
Swansea : Dr. T. O. Jeffries 


Dr. T. O. JEFFRIES, who has recently been appointed 
professor of industria. engineering in the University College 
of Swansea, was educated originally as a physicist, having 
gained an honours Cegree in physics from New College, 
Oxford, in 1947, witk a special subject in nuclear physics 
in 1948. After this hə was for three years Faraday Fellow 
at St. John’s College, Oxford, during which time, in 
addition to his tutorial and lecture duties, he was con- 
cerned with the borderline between physics and engineer- 
ing, participating in the design and construction of the 
Clarendon Laboratory 400-keV and 1-MeV Cockcroft and 
Walton accelerators, and completely designing and con- 
structing a smaller 100-keV accelerator to study the 
D-D reaction. From the Clarendon, Dr. Jeffries moved 
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to the University of Birmingham as lecturer in physics, 
where among other work he designed and constructed a 
propane bubble chamber for use with the 100-MeV proton 
synchrotron. In 1956 he joined the Atomic Power 
Division of the English Electric Co., where he worked 
successively as physicist, mathematician and finally as 
head of the control and mstrumentation group, a depart- 
ment of about 140 engineers, scientists, draughtsmen and 
technicians. While with the English Electric Co., Dr. 
Jeffries was responsible for designing and building the 
Saturn analogue computer and the smaller Mars com- 
puter, as well as for the design and construction of a 
Monte Carlo analogue computer which he used for the 
shielding calculations on nuclear reactors. During this 
period, Dr. Jeffries became extremely interested ın the 
application of computers to design problems and to 
the use of data processing techniques to assist with the 
design of circuits and in the production of wiring and 
cabling diagrams. 


Inorganic Chemistry in the University of Aberdeen : 
Prof. H. F. W. Taylor 


Dr. H. F. W. TAYLOR took up, on October 1, his appoint- 

ment as the third professor in the Department of Chemustry 
of the University of Aberdeen, with special responsibility 
for morganic chemistry. Taylor, who hails from Notting- 
ham, studied at University College there, graduating B.Sc. 
(London) with first-class honours in chemistry; he worked 
with the late Prof. J. M. Gulland and Dr. (now Prof.) 
-D. O. Jordan on the physical chemistry of nucleic acids— 
work for which he was awarded, a Ph.D. (London) in 1947. 
On leaving Nottingham he carried out research at Bedford 
College under Dr. (now Prof.) R. M. Barrer (hydrothermal 
chemistry of alumino-silicates) and at Birkbeck College 
under Prof. J. D. Bernal (chemical and crystallographic 
aspects of the hydration of Portland cement and related 
topics). For these and later contributions to the chemistry 
and crystallography of silicates Taylor was awarded the 
degree of D.Sc. by the University of London in 1957. 
When appointed lecturer at Aberdeen in 1953 (senior 
lecturer, 1963) Dr. Taylor continued his studies into the 
wide field of silicate chemistry especially by the use of 
X-ray techniques, and he has built up, assisted by Dr. 
F. Glasser, an active and enthusiastic research team. 
Investigations are being carried out along two main hnes, 
calcium silhcate hydrates and the chemistry of cement 
hydration—work which gained for him the Mineralogical 
Society of America Award for 1959, and also on topo- 
tactic reactions. His work in these fields is of inter- 
national repute and he has been invited to take part in 
and has helped to organize conferences, etc., in Britain, 
the United States and elsewhere. He is the author of 
some eighty papers, editor and part author of Chemistry 
and Cements, and co-author with L. Heller of Crystallo- 
graphic Data for Calcium Silicates. Following in the 
tradition of the Scottish universities, Dr. Taylor has 
taken, and will continue to take, a creat interest in the 
teaching of the first-year classes. He has found this a 
challenging problem in both content and method and has 
introduced, into the practical course, programmed 
learning, multiple choice testing and the use of the com- 
puter for certain types of marking. 


Chemistry in the University of Reading 


THE years 1965 and 1966 form an important period in 
the development of the Department of Chemistry in the 
University of Reading. Now established in one of the 
largest of the new buildings in Whiteknights Park, the 
Department will at the end of the session 1965-66 lose 
the services of its present head, Prof. E. A. Guggenheim, 
who was appointed professor of chemistry in 1946, 
having been a member of the Department since 1933. An 
appointment to a second chair in the Department has 
already been made; Prof. D. Bryce-Smith, professor of 
organic chemistry, took up that post in June. 
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The appointment is now announced of professors m 
physical and in inorganic chemistry. Dr. G. W. Fowles, 
who will become professor of inorganic chemistry from 
January 1, 1966, and Dr. H. M. Frey, who will become 
professor of physical chemistry from October 1l, 1966, 
are both at present on the staff of the University of 
Southampton. 
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Prof. G. W. Fowles 


DurRine 1943-44 and 1945-46, Dr. Fowles was an 
analyst in an industrial laboratory, spending the inter- 
vening period in H.M. Forces. He entered the University 
of Bristol in 1946, and in 1949 obtained the degree of 
B.Sc. with first-class honours in chemistry. He then con- 
tinued with research and gained his Ph.D. in 1952. Dr. 
Fowles was awarded the D.Sc. degree in 1964. He was 
appointed to the Department of Chemistry in the Univer- 
sity of Southampton in 1952, where he is now reader ın 
inorganic chemistry. He was Canadian Research Council- 
Nuffield Foundation visiting professor for 1959 at Laval 
University, Quebec. He has twice visited the United 
States, for a Gordon Research Conference and a meeting 
of the American Chemical Society; and he has spoken 
at the seventh (1962) and eighth (1964) International 
Conferences on Co-ordination Compounds. During 1962- 
65 he was local representative and a member of the 
Council of the Chemical Society. His research has been 
concerned mainly with the chemistry of transition metals 
of the first part of the Periodic Table, although he is also 
actively working on organometallic compounds of other 
metals. His present research group is principally con- 
cerned with the spectroscopic and magnetic properties of 
co-ordination compounds of elements of the titanium, 
vanadium, and chromium sub-groups. He has published 
numerous papers, and, with E. Cartmell, a book, Valency 
and Molecular Structure (Butterworths, 1956 and 1961). 


Prof. H. M. Frey 


Dr. Frey, after National Service in the Royal Air 
Force, entered Balliol College, Oxford, in 1949, and in 
1951 was University Gibbs scholar in chemistry. He 
obtained first-class honours in chemistry in 1953, and 
then became'War Memorial student and Imperial Chemical 
Industries Research Fellow, gaining his D.Phil. in 1955. 
During 1955-57 he held a Commonwealth Fund Fellow- 
ship at, the University of California at Berkeley and at 
Harvard University. In 1957 he was appointed lecturer 
in the University of Southampton, and has been senior 
lecturer since 1963. His principal research has been 
concerned with the elucidation of the features and 
mechanism. of inter- and intra-molecular energy transfer, 
particularly in relation to unimolecular reactions. Vir- 
tually all this work has been in the gas phase, though at 
present some investigations are being extended to the 
liquid phase. Much of his recent work has been on highly 
vibrationally excited molecules formed by methylene 
addition reactions, or by the photochemical decomposition 
of diazocompounds and diazirines. 


Microbiology in the University of Sussex : 
Prof. J. R. Postgate 


Dr. J. R. Postaate, who has been appointed to a chair 
of microbiology in the University of Sussex, was educated 
at Kingsbury County School and Balliol College, Oxford, 
which he entered as a Williams exhibitioner in 1941. He 
graduated in chemistry with honours in 1945, and found 
his mterest in microbiology when taking his Part IT in 
the field of bacterial growth kinetics under Prof. (now 
Sir) Cyril Hinshelwood. This interest was developed 
by a year’s study of microbial chemistry under the 
combined tutorship of the late Prof. D. D. Woods and 
Prof. A. G. Ogston, and his transformation from chemist 
to biologist was complete when he took his degree 
of Ph.D. on bacterial drug resistance under Prof. 


.Woods in 1948. He then joined K. R. Butlin’s group 
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t the Chemical Research Laboratory, Teddington, 
vhere he carried out his well-known work on sulphate- 
‘educing bacteria and associated problems in economic 
nicrobiology. This work was notable for the dis- 
sovery of cytochrome c the first cytochrome to be 
ound in an anaerobic organism, and for developing tech- 
uiques for handling and studymg sulphate-reducing 
yacteria. This very successful phase of Dr. Postgate’s 
work was abruptly closed by the disbandment of K. R. 
Sutlin’s group in 1959, and Dr. Postgate then undertook 
ind published research on the death of bacteria in con- 
litions of freezing and starvation at the Microbiological 
Research Establishment, Porton. There he remained 
antil 1963, with an intermission as visiting professor of 
microbiology in the University of Illinois during 1962-63. 
Mn 1963 he joined the Agricultural Research Council to 
assist Prof. J. Chatt to establish a new Unit of Nitrogen 
sfixation, now located at the University of Sussex. He 
will continue to be assistant director of the Unit and 
Kus chair is a personal one for the period of his association 
with the Unit. 
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Psychology in the University of Newcastle upon Tyne: 
Prof. J. Brown 


Dr. J. Brown has been appointed to the chair of 
psychology in the University of Newcastle upon Tyne 
with effect from August 1, 1966. Dr. Brown was born 
in August 1925. He went to Emmanuel College, Cam- 
bridge, graduating B.A. in 1950 after reading the Moral 
Sciences Tripos. He gained his Ph.D. degree in 1955, and 
spent three years on research at Cambridge after graduat- 
ing and then spent one year as a temporary assistant 
lecturer in the University of Bristol. In 1954 he went to 
Birkbeck College as assistant lecturer, becoming lecturer 
in 1956. For the year 1965-66 he has been appointed 
visiting associate professor in the University of California 
(Berkeley). His main interests are in perception, learning 
and remembering, especially problems of immediate 


memory. 
t 


United Nations Review of Space Science 


Tue United Nations Committee on the Peaceful Uses 
of Outer Space was formed in 1959, and has served a 
useful function as the only international governmental 
body concerned solely with the subject. In 1963 the 
Committee decided to sponsor a publication deseribmg 
the activities of the various international and national 
organizations concerned with space, and this report has 
now been published by the United Nations under the title 
Space Activities and Resources (Pp. v+172. (A/AC. 
105/26.) New York: United Nations, 1965. 2 dollars). 

-The report covers first the international governmental 
orgamzations which are in some way concerned with 
space, such as the International Telecommunication Union 
and the World Meteorological Organization. The next 
sections describe regional organizations, such as the 
European Space Research Organization, and non-govern- 
mental bodies such as the Committee on Space Research 
(COSPAR) of the International Council of Scientific 
Unions. The remainder of the report, about two-thirds 
of the whole, reviews national space activities. Although 
the United States and the U.S.S.R. have the largest 
contributions, there are reports from a total of 37 coun- 
tries, ranging from Argentina to Yugoslavia, and covermg 
the period up to early 1964. This publication will be 
welcomed as a work of reference by anyone wishing to 
sort out the tangled inter-relations between the many 
international organizations which have decided that space 
is a subject they cannot afford to ignore. It also provides 
a useful review of national space activities, especially 

- those of the smaller countries, which are little publicized. 


Molecular Pharmacology 


Tr first reaction of a scientific reader to a new journal 
is one of alarm: he has already to look at too many of them 
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and his absorptive capacity is limited. Moreover, the 
title of the recently issued Molecular Pharmacology is 
really a tautology. Pharmacology is the science of the 
examination of the interaction of organic and inorganic 
molecules with living matter. It follows that all pharma- 
cology is molecular. However, much can be said in defence 
of this new journal (1, No. 1, July, 1965. Edited by Avram 
Goldstein. Pp. 1-112. New York: Academic Press, Inc.; 
London: Academic Press, Inc. (London), Ltd., 1965. 
Subscription rates: Vo.. 1, 1965, 3 issues—International 
subscribers, 1] dollars; Private subscribers certifying that 
the journal is for personal use only, 5 dollars). It is being 
launched under the ausDices of the American Society for 
Pharmacology and Experimental Therapeutics, which is 
also responsible for the well-known Journal of Pharma- 
cology and Experimental Therapeutics, a publication that 
carries much material of immediate interest also to the 
physiologist and clinician. The need may have been felt 
for a paper that appeals more to the reader whose interests 
le mainly in the theoresical aspects of pharmacology. A 
glance at the first issue shows that it 1s mainly the develop- 
ment of modern biochemistry (and biophysics) that has 
made this new venture necessary. The study of enzymes, 
of proteins in general, of nucleic acids, of cell particles and 
of cell membranes makes up the main content, and there 
is also material that deals with transport, with receptor 
theory and with the genetic code. Molecular Pharmacology 
carries the sub-title “An International Journal”. The 
members of the advisory board and of the editorial board 
include scientists from many lands, well known. to all 
workers ın this field. Tae editor is Dr. Avram Goldstein, 
of Stanford University Medical School. We wish him 
success 1n this new enterprise. 


Use of CIBA Resins in Ireland 


Tue growth potential in the use of synthetic resins and 
ancillary products in rapidly expanding industries both 
in Ulster and ın the Republic of Ireland has been recog- 
nized, since the beginning of 1965, by the establishment 
by Ciba (A.R.L.), Ltd., Duxford, Cambridge, of an office 
and distributing depot n Belfast. Some details of actual 
developments involving the use of the well-known 
‘Aerolite’ and ‘Araldite’ products in blockboard and paint 
manufactures, for example, are given in a recent issue of 
Technical Notes, entitled ‘‘Ciba Resins in Ireland” (Pp. 8. 
Ciba (A.R.L.), Ltd., Duxford, Cambridge. June 1965). 
In Northern Ireland there has been, in recent years, a 
notable expansion in she building industry, especially 
concerning prefabricated units. One example is the 
manufacture of wood chipboard, involving the use of 
large quantities of ‘Asrolite’ resin each week, at the 
factory of the Ulster Chipboard Company at Coleraine, 
County Londonderry; ix this case the raw material is forest 
thinnings from timber felled from three of the largest 
forests in Northern Ireland; the process consists of 
coating the wood chips with resin, pressing the boards, 
then sanding on both sides to specified thickness. Other 
firms using ‘Aerolito’ adnesive are in large-scale production 
of such items as parel doors, flush doors, casement 
windows, garage doors, staircases, school and church 
furniture. In Hire, similar activities and modern trends 
in prefabricated timbers are briefly described. In the 
factories of T. and C. Martin, Ltd., Dublin, a finger- 
jointing machine produces continuous lengths of jointed 
timber by gluing selected raw timber of relatively short 
length with ‘Aerodux 500’ resorcinol resin adhesive, 
clamping and pressing, then cutting automatically to the 
desired length; timbers jointed in this way are eminently 
suitable as laminated members for structural engineering. 
Among paint manufactarers, Syntheses, Ltd., Dublin, use 
‘Araldite’ epoxy resin formulations in their production of 
high-duty paints demanding good mechanical and chem- 
ical resistant properties. A further example of this is 
quoted in the case of Kosangas, Ltd., Dublin, suppliers of 
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gases fn steel bottles—containers which aro subject to 
hard use; they are successfully coated with ‘Araldite’- 
based paint, after shot-blasting, applied by electrostatic 
spray. These Ciba resins are being increasingly used by 
other industries in Ireland and such uses are planned for 
description in forthcoming issues of Technical Notes. 


Iron Ore Production and Research at Broken Hill, 
Australia 


Tax well-known B.H.P. Technical Bulletin, produced 
periodically by the Broken Hill Proprietary Co., Ltd., 
Australia, is always a source of valuable technical informa- 
tion on the iron ore industry, arising from operational 
and research activities within this great organization, and 
the issue published in April 1965 is no exception to this 
dictum (No. 22: 9, No. 1; April 1965). An important 
contribution is a series of articles describing a new ore 
agglomeration laboratory built at the Company’s Central 
Research Laboratories at Shortland, New South Wales. 
A general description of the new premises is first given 
by L. C. Bogan, who describes the laboratory layout, 
technological capabilities and limitations of the pilot 
plants installed, programmes scheduled, and services 
available; the latter includes chemical analysis by direct- 
reading spectrophotometry, petrology, and X-ray diffrac- 
tion and X-ray spectroscopy. ‘‘Comminution and Green 
Pellet Production” is the title of a second article, by 
D. H. Harraway, in which he discusses the several pilot 
plant operations involved in production of green pellet 
agglomerates, comminution of the ore and mixing ıt with 
additives and water to form the ore pellets. A third 
article, “Theo Experimental Pellet Heat-Hardening Unit”, 
by C. W. Brock, describes how, having produced the 
green. pellets, it is necessary to heat-treat them “. . . to 
form a strong, approximately spherical aggregate capable 
of withstanding weathering and the high handling stresses 
which may be expected m stockpiling, transportation and 
blast furnace charging”. Further contributions to this 
Bulletin include an account of “The Development of 
Koolan Island”, by M. T. Phillips; this is one of the 
islands of the Yampi group off the north-west coast of 
Australia, where production of iron ore commenced in 
1964. Petrological research is represented by an inter- 
esting paper by Sylvia Whitehead entitled “‘Petrological 
Notes on the Koolyanobbing Iron Ore Formation”, the 
location. being the Koolyanobbing range of hills situated 
about 35 miles north-east of Southern Cross, Western 
Australia. An important haematite ore-producing region 
in South Australia is the Middleback Ranges, and K. L. 
Ashworth describes this and other prospects in his article 
on “Geology of Iron Duke, South Australia”, situated 
approximately 36 miles west of Whyalla, on the eastern 
Eyre peninsula. Finally, there is a paper by J. A. Gregory 
and S. Wolski on “Experimental Assessment of Factors 
Controlling the Production of High-Basicity Sinter”. 


South African Prehistory 


AN interesting pamphlet entitled Bowmen, Spears and 
Shields in Southern Rhodesian Rock Art, concerned 


with the types of shield depicted by the artists and the - 
distribution of the bowmen and the spears, has recently - 


been, published (Cimbebasia—SWA Research. No. 10. 
Pp. 8. Windhoek, S.W.A.: State Museum, 1964). The 
author, C. K. Cooke, has personally visited more than a 
thousand rock shelter and cave sites and has, of course, 
drawn on the works of other authorities. The important 
fact which emerges is that the shields figured are of 
definitely Bantu type, and this would suggest that many 
of the painted rock shelters must be A.D. in date. It has 
been the custom to ascribe a great antiquity to the rock 
paintings of Southern Rhodesia and South Africa. How- 
ever, it has constantly been forgotten that paintings in 
open rock shelters could scarcely have survived serious 
climatic changes, such as have occurred in the distant past 


- 


——conditions which permitted much precipitation and sub 
sequent evaporation of water vapour on the rock shelte» 
walls. It is therefore very interesting that research intc 
the types of shield figured in this late phase of Southerr 
Rhodesian rock art points to a comparatively late date 
for its creation. The late C. van Riet Lowe once remarked 
that the celebrated ‘White Lady” of Brandberg coulo» 
as well have been painted in a.D. 1500 as in 1500 B.o. $ 
The June issue of the South African Journal of Science 
contains an interesting article by R. R. Inskeep. Not 
far from Port Elizabeth a series of springs on the hillside 
behind the homestead on the Amanzi Estates has depositedm 
thick sediments which contain many lower palaeolithic 
implements. The author has undertaken some consider- 
able excavation and gives us geological sections and a 
determined stratigraphy. The implements are almost 
all of the core type, though some worked flakes do oceur. 
Hand-axes, cleavers and choppers have been collected, 
and the author dates the finds to an early stage in the 
Old Stone Age. Some samples of pollen were noted, and 
tentative identifications indicate the presence of members 
of the Cyperaceae, Gramineae, Compositae and Legumin- 
osae (including an acacia) families. Mr. Inskeep is to be 
congratulated on a useful piece of work. 


Bark Canoes and Skin Boats of North America 


Lix many traditional crafts, the building of bark 
canoes is dying out and much information about it has 
already been lost. E. T. Adney, who died in 1950, was a 
skilled artist, who devoted a good deal of his life to the 
study of these canoes and acquired practical experience 
of building them. He left a lot of models, now in the 
Mariner’s Museum at Newport News, Virginia, as well as 
numerous papers “in a highly chaotic state’. H. I. 
Chapelle, who is curator of transportation in the Museum 
of History and Technology, a constituent of the U.S. 
National Museum, has carried out the arduous task of 
compiling the relevant information from these papers 
and the models (Smithsonian Institution, Washington. 
Museum of History and Technology. Bulletin No. 230: 
The Bark Canoes and Skin Boats of North America. 
Pp. xiv+242. Washington, D.C.: Government Printing 
Office, 1964. 3.25 dollars). He has added a chapter on 
Arctic skin boats and one on temporary craft—canoes of 
bark other than birch, moose-hide boats and the coracle- 
like bull boats. There is an appendix on rolling kayaks by 
J. D. Heath. Information derived from Adney makes up 
the main part of the book. It consists of three chapters 
on early history, materials and tools, and form and 
methods of construction, followed by three chapters treat- 
ing in detail the canoes of the Eastern Maritime Region, 
Central Canada, and North-West Canada, of which the’ 
first is the fullest. The work is fully illustrated with 
photographs from many sources and excellent drawings, 
mostly redrawn from Adney’s by Chappelle. Amid a 
wealth of detailed information a fact of general interest 
emerges. There is a fundamental difference between bark 
canoes and Eskimo skin boats, namely that the frame of 
the bark canoe (and this includes ‘temporary’ Indian 
skin boats) is built up within the cover and would collapse 
without it, whereas the Eskimo boats have a rigid frame 
over which the skin cover is afterwards stretched. As is 
well known, bark canoes are so suitable for their purpose 
that they were at once adopted by Europeans on arrival, 
and used on a large scale in the fur trade. This suggests 
that this valuable publication may find a practical use 
in addition to its great historical importance. 


Production Ecology in Tropical High Forest 


Not much work has been carried out on production 
ecology in tropical high forest although it is estimated 
that 38 per cent of the forests of the world belong to this 
type. However, a very useful investigation has been 
carried out in the southern Ivory Coast (Production 
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Srute, Pertes par Respiration et Production Nette dans la 
«Forêt Ombrophile Tropicale. Par D. Müller et Jorgen 
Nielsen. Pp. 69-160, illus. Det. Forstlige Forsogsvaesen 
=., Danmark, 1965). Field measurements were made in 
m 955, 1957 and 1960, in two sample plots measuring 
30 m x 30 m and 40m x 40 m. Altogether there were 
209 trees of more than 3 cm diameter breast height but 
58 per cent belonged to 5 of the 45 species represented. 
All the trees in the smaller plot were felled after the 
m955 measurements, care being taken first to clean a 
sufficient area so that the entire crowns fell on places 
where it was possible to collect all the leaves from the sample 
srees. In the larger plot basal areas, form factors, volumes 
and current annual increments were calculated from 
jiameter and height measurements. Other data provided 
statistics for the branch percentage, loss of dry matter 
Eby respiration, surface area and weight of leaves, leaf-fall 
and photosynthetic efficiency. Special attention is given 
mo the occurrence of ‘light’ leaves and ‘shade’ leaves 
which is a characteristic shared by deciduous trees of 
«temperate and tropical forests, but dominants in the latter 
«tend to have ‘light’ leaves only and it is suggested that 
this is why their crowns are usually small. In this particu- 
lar example the net production of dry matter came to 
9-0 metric tons per hectare per annum (roots, stems and 
branches) but the gross production was 52-5 metric tons 
per hectare per annum. It is interesting to note that 
although the production of dry matter is only very 
slightly less than for an even-aged beech forest in Denmark, 
the gross production is more than twice. Indeed, it is a 
characteristic of lowland tropical high forest that there 
is & large gross production and a great loss of dry matter 
by respiration in the stem, branches and leaves. This is 
a most welcome contribution to the subject of production 
ecology and the authors have provided useful data. Per- 
haps the exercise also demonstrates the difficulty of taking 
an adequate sample in tropical high forest and yet keeping 
the work within the realm of practical possibility. For 
example, familiar dominants of the tropical high forest 
of West Africa are absent from the tree lists given. In 
the smaller plot, the second largest tree by diameter 
(63-6 cm) and in height (27 m) is Turraeanthus africanus, 
which is not a typical emergent of this forest. The 
tallest tree recorded from both plots is 50:2 m and only 
two others reach 40 m or more. 
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Elementary Particle Physics 


Fouttowine the review of Group Theoretical Concepts 
and Methods in Elementary Particle Physics (Nature, 207, 
118; 1965), Messrs. Gordon and Breach, Science Publishers, 

_iInc., have written to the Editor, stating that two prices 
are available for this book. There is a professional edition 
published at 14.50 dollars, and a reference edition pub- 
lished at 21.50 dollars. 


Announcements 


Tue Wellcome Laboratories of Tropical Medicine which 
since 1934 have been housed in the Wellcome Building, 
Euston Road, London, have moved to new laboratories 
on the site of the Wellcome Research Laboratories at 
Langley Court, Beckenham, Kent. 


Wire the July 1965 issue, the Bulletin of the Libraries 
of Commerce, Science and Technology of the Sheffield City 
Libraries takes a new style and arrangement (No. 1, July 
1965. Pp. 18. Sheffield: Sheffield City Libraries, 1965). 
While continuing to notify accessions, with the exception 
of some pamphlets and miscellaneous material, the 
Bulletin will now announce any developments within the 

_ libraries affecting readers and users of their services. The 
present issue includes a list of directories and also a list 
of recent metallurgical reports. 


OvEn days will be held at the Tropical Products Insti- 
tute during October 14-15. Further information can be 
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obtained from the Director, Tropical Products Institute, 
56-62 Gray’s Inn Road, London, W.C.1. 


A CONFERENCE on ‘Technology and Society”? will be 
held in Bath during Oczsober 14-16. Further information 
can be obtained from Mr. J. H. Lamble, Bristol College 
of Science and Technobgy, Ashley Down, Bristol 7. 


Tue third INTERKAMA Exhibition and Congress will 
be held in Diisseldorf during October 13-19. Further 
information can be cbtained from Nordwestdeutsche 
Ausstellungsund Messe-Gesellschaft m.b.H., 4 Düsseldorf 
10, Postfach 10203. 


Tue Arthur Stanley Eddington Memorial Lecture for 
1965, entitled “The Brain and the Unity of Conscious 
Experience”, will be delivered by Sir John Eccles in 
Cambridge on October 15. Further information can be 
obtained from W. B. Harland, Sedgwick Museum, Cam- 
bridge. 


A symposium on “The Future Pattern of Research in 
Instrument Technology”, arranged by the Tees-Side 
Section of the Society of Instrument Technology, will be 
held at Middlesbrough cm October 14. Further information 
ean be obtained from Mr. G. F. Shute, 10 Mayberry 
Grove, Linthorpe, Middlesbrough, Yorkshire. 


THE ninth conferenze on “Analytical Chemistry in 
Nuclear Technology”, sponsored by the Analytical Chem- 
istry Division of the Osk Ridge National Laboratory, will 
be held in Gatlinburg, Tennessee, during October 12—14. 
Further information can be obtained from C. D. Susano, 
Oak Ridge National Laboratory, P.O. Box X, Oak Ridge, 
Tennessee 37831. 


AN international conference on “Dynamic Stability of 
Structures”, sponsorec jointly by the U.S. Au Force 
Office of Scientific Research and Northwestern University, 
will be held in Evanston, Ulinois, during October 18-20. 
Further information cen be obtained from Prof. George 
Herrmann, Technological Institute, Northwestern Univer- 
sity, Evanston, Ilinois. 


THE annual meeting of the Conference on Electrical 
Insulation of the Natianal Academy of Sciences—National 
Research Council will 2e held at Buck Hill Falls, Penn- 
sylvania, during October 25-27. Further information can 
be obtained from Mr. D. W. Thornhill, Conference on 
Electrical Insulation, National Academy of Sciences, 
2101 Constitution Avenue, N.W., Washington, D.C. 


CORRIGENDUM. In tne article entitled “Environmental 
Determination of Insular Variation in Bird Species 
Abundance in the Gulf of Guinea” by Prof. T. H. Hamil- 
ton and N. E. Armstzong, which appeared on p. 148 of 
the July 10, 1965, issue of Nature, the following corrections 
should be made: (1) Sezond paragraph, line after equation 
(4) should read: ‘‘where z Æ 1” (not ‘s Æ 1°). (2) Third 
paragraph, thirteenth line, should read: “estimate the 
radius ...as 7:25 miles” (not ‘...as7...’). (3) Third 
paragraph, seventeentL line, should read: 


“oe TAT? + he” (not ‘ara/r? — k ’). 


CORRIGENDUM. In the communication entitled “‘“Radio- 
chemical Determination of the Endogenous and Exogenous 
Respiration of Bacterial Spores” by H. Desser and Prof. 
E. Broda, which appeared on p. 1270 of the June 19, 1965, 
issue of Nature, line 33 should read “‘. . . The specific act- 
ivities were up to 6-6 < 103”. Also, H. Desser and Prof. 
E. Broda thank Prof. H. O. Halvorson, Madison, for the 
gift of Bacillus cereus end for advice on its cultivation. 


ERRATUM. In the communication entitled ‘‘Benzene- 
sulphonylcarbamates: New Herbicides” by Helen J. 
Cottrell and Dr. B. J. Heywood, which was published on 
p. 655 of the August 7, 1965, issue of Nature, the first 
reference should read as follows: 


1 Carpenter, K., Heywood, B. <., Parnell, E. W., Boesch, R., and Metivier, J., 
Brit. Pat. Appin. 82407/6_, and Brit. Pat. ApplIn. 8805/63. 
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FUEL POLICY 


N January 22, 1965, Mr. F. Lee, the Minister of 
Power, told the House of Commons that he was 
undertaking a general review of fuel policy and had 
already initiated discussions with the chairman of the 
nationalized fuel industries. To assist consultation on a 
wider basis he was setting up an Energy Advisory Council. 
This Council would consider and advise him about the 
energy situation and outlook, and about plans and policies 
of the fuel and power industries in relation to national 
objectives for economic growth. At the end of June he 
told the British Electrical Power Convention at Brighton 
that he expected the results of this review of fuel policy 
to be ready soon. At the same time, he asked the industry 
to increase capacity to the point where reasonable, but 
not excessive margins, were secured. Moreover, he asked 
the industry to do this for the lowest practical demands 
on real resources and a very substantial use of self- 
generated funds, absorbing wherever possible the increases 
in operating costs so that prices to consumers remained 
stable. Concerning co-operation between the nationalized 
fuel and power industries in research and development, 
Mr. Lee said in the House of Commons on July 13 that 
he had already approached the industries; the National 
Coal Board and the Central Electricity Generating Board 
had for some time had a research liaison committee. 
The Gas Council had now joined with them to form a 
joint Liaison Committee for research and development so 
that their scientific potential might be used to the fullest 
advantage. The primary, though not the exclusive, 
objective was to improve the technology of utilizing 
coal. Mr. Lee said that the research programmes of the 
three industries were extensive, but he was bringing 
them into closer co-operation. 

In view of all this a Broadsheet, Questions of Fuel 
Policy, issued by Political and Economic Planning *, is 
of some special interest. ‘The Broadsheet starts by 
comparing the terms of reference of the Energy Advisory 
Council with the instructions given to the Ridley Com- 
mittee on National Policy for the Use of Fuel and Power 
Resources when it was established in 1951. It points 
out that any recommendations the new Council may be 
able to agree on as to national policy are likely to represent, 
at the best, the highest common factor of agreement 
between existing vested interests. The Ridley Committee, 
on the other hand, was an independent group of public 
men, economists and technologists, examining the fuel 
industries ‘rather than representing them, and was more 
likely to be free to formulate fresh policy in a way that 
the new Energy Advisory Council could not be expected 
to do. ‘This in itself makes the independent review in 
this Broadsheet of the greater interest, although it must 
be admitted that in practice the advice of the Ridley 
Committee was not taken very seriously. 

The Broadsheet notes that in 1964 Britain used primary 
energy equivalent to about 285 million tons of coal. Of 
this total about 187 million tons was actually coal; 
petroleum products accounted for about 93 million tons 
of coal equivalent, of which some 30 million tons was 
road- or air-transport fuel or used in refineries. Of the 
remaining general fuel used, coal accounted for nearly 
three-quarters compared with nearly 90 per cent in 1951. 
In absolute terms, coal consumption in 1964 was 20 
million tons less than in 1951. Over the same period, 
the consumption of oil as a general fuel rose about five 
times to some 55 million tons. So far as total fuel con- 
sumption is concerned, the forecasts of the Ridley 
Committee in 1952 for fuel consumption during the 


* Planning, 31, No 489 (June 1965): Questions of Fuel Policy. Pp. 183- 
218 (London: Political and Economic Planning, 1965 ) 63. 
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period 1959-63 were fairly well confirmed (coal providing 
however, only some 70 per cent of the total instead oi 
95 per cent, as forecast). Apart from the switch to oi 
there has been a further decline ın the direct use of coal 
and more and more of the final consumption of this fue! 
is now in the form of electricity. 

On. the framework of present-day policy, P.E.P. points 
out that imports of coal are subject to licensing and in 
practice no licences are granted; moreover, import 
licences have not been granted for any increased imports 
of Russian oil. Since 1961 a fairly high excise duty om 
almost £2 a ton has been imposed on fuel oil and other 
oil products sold in the general energy market, while 
some restraint has at times been placed on the develop- 
ment of electricity generation from oil. Nuclear energy 
constitutes another factor and the Government has also» 
abolished the customs duty on methane, which has slightly 
Improved the economics of the scheme for importing 
liquefied natural gas from Algeria. 

Considering new factors in the forecasts for the con- 
sumption of fuel, the Broadsheet points out that the 
forecasts and investment programmes of the major fuel 
industries represent, even over the short term, a higher 
total fuel consumption than is generally forecast—as 
has been pointed out by the National Economic Develop- 
ment Council. Forecasting demand for fuels is fairly 
hazardous in the commercial or technical sense beyond 
the 7-10 year period affected by decisions regarding 
investment that must be taken in the next 2-3 years. 
Petroleum exploration in the North Sea is particularly 
hazardous, and however welcome might be the impact 
of North Sea gas to upset established forecasts, it may 
not be an economic proposition. A more practical 
factor in present calculations is the firmer offer of cheap 
nuclear power. The rapid downward revision of nuclear 
costs could mean a much higher rate of commussion- 
ing of nuclear plant in the construction programmes 
of the supply industry by 1975 than has so far been 
envisaged, and in consequence an, earlier levelling off in 
the demand for coal by power stations. 

A working group of P.E.P. which is considering the 
energy situation and the kind of national fuel policy 
most suitable for Britain in the ’sixties expects to publish 
a full-scale report by the autumn of 1965. In the mean- 
time, the Broadsheet indicates some of the problems 
which must face those responsible for formulating policy: 
in this field. First, it points out there is the question of 
whether fiscal policies, such as the levying of a fuel tax 
on o1l used in power but not on oil used in gas manufacture, 
should be altered so as to favom gas less. Alternatively, 
should gas be assisted to take over more of the demand 
for space heating and electricity discouraged in this 
sector of the domestic market? Again, there is the 
question of whether Ministerial policy should attempt to 
settle the constantly vexed arguments between the two 
industries and their cross-accusations about the special 
financial incentives alleged to be offered to local authorities 
and other housing developers. Again, is the right balance 
between amenity and efficiency being struck at present 
in the lengthy procedure of licensing, public enquiry and 
the like required for the construction of electricity 
production and transmission equipment? Some might 
also be disposed to ask whether the present structure 
of Government is such as to enable amenity issues to 
be raised at a sufficiently early stage for full effect to be 
given to their arguments before the electricity authorities 
are committed to particular schemes. Another important 
question is whether research and development are 
adequately and properly organized in these industries, 
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and in particular whether the balance of activity and 
initiative in nuclear development between the Central 
Electricity Generating Board and the Atomic Energy 
Authority is correct. Here again questions of Government 
structure may also arise, particularly in respect of the 
position of the Ministry of Technology. 

Other questions suggested for consideration in the 
Broadsheet are the structural division of electricity supply 
for England and Wales and for Scotland, and whether 
there is scope for forms of combined technical development 
between the industries, and possibly coal or oul also, that 
are being ignored at present because of the structural 
separation and competition. The Broadsheet also 
questions whether limits should be put to commercially 
competitive promotion between the nationalized fuel 
industries, and how far they should be obliged to keep 
their investment policies with the Government’s forecasts 
of solid and other smokeless fuel requirements arising 
from application of the Clean Air Policy. The principles 
to be followed in permitting these nationalized industries 
to diversify their activities in the fields outside those in 
which they now operate also require definition. The 
Broadsheet hints plainly that the consumer is not at 
present adequately informed of the price trends in the 
various fuels. The present structure of the Ministry of 
Power also requires consideration in the context of 
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how far it conducee to a sensible co-ordination of 
national energy policy and to objective assessments 
of conflicts of policy between the nationalized fuel 
industries. 

It should also be remembered that some of the tech- 
nological changes thst could occur in the supply of 
energy would bring with them new questions about the 
structure of the Britich fuel industries. For example, if 
large-scale natural gas-fields were in fact found in the 
North Sea, the present gas industry, with its virtual 
monopoly and its commitment to manufacture gas at 
lower calorific values, might not be the ideal instrument to 
introduce the naturel gas into the British market. 
Possibly a measure of competition should be introduced 
when gas supply beccmes more and more based on the 
end-products of oil refining. Nor should it be without 
due consideration whether the economies of scale in 
supply or in transmission are as compelling, or whether 
monopoly is as appropriate a form of organization for gas 
as for electricity sudply. The Broadsheet offers no 
answers to these probl2ms, but it does suggest that urgent 
public consideration should be given to them and particu- 
larly to the determination of the right order of priorities. 
This is especially so ic regard to what protection the fuel 
industry should recerve, particularly British coal, and 
in what form. 


U.S. STANDARD FREQUENCY AND TIME SERVICES 


REVISED (1965) publication of the United States 
National Bureau of Standards * gives a detailed and 
illustrated description of the services provided by the 
Standard Frequency Stations now operating in Washing- 
ton, Hawaii and Colorado. The first is the well-known 
station, WW V, at Greenbelt, Maryland, which has been 
in operation since 1933, and now provides services of 
radio and audio frequencies, musical pitch, time signals 
and the departure of these from astronomical time; 
propagation forecasts and geophysical alerts are also 
issued from WWV. An additional service was started 
from Hawaii in 1948; but this is confined to radio fre- 
quencies, time signals and their corrections. Jn 1963, two 
low-frequency transmissions were added from stations at 
Fort Collins, Colorado. One, WW VB, broadcasts con- 
tinuously on the standard frequency of 60 ke/s, and 
provides time signals and corrections, while the other, 
WWVUL, broadcasts continuously on the standard fre- 
quency of 20 ke/s. The frequencies of all these services are 
_ held stable in general to a few parts in 10", and they are 
ultimately referred to the resonance frequency of caesium, 
which 1s measured in terms of ephemeris time. 
All the carrier and modulation frequencies at WW V and 
WWVH8H are derived from precision quartz oscillators of 


* United States Department of Commerce: National Bureau of Standards. 
Miscellaneous Publication 236° Standard Frequencies and Time Services of the 
National Bureau of Standards. Pp. 8. (Washington, D.C.: Government 
Printing Office, 1965.) 15 cents. 


high stability. These are offset from the standard by a 
small but precisely known amount to reduce departure 
between the time signals as broadcast and astronomical 
time, U.T.2. Although the latter is subject to unpredictable 
changes readily noted at this level of precision, it is 
expected that the present offset—150 parts in 101°— 
established in 1964, vill remain in effect for the present 
calendar year (1965). For the benefit of users who wish to 
make direct comparisons of absolute frequencies, WW VB 
has been transmitting on 60 ke/s with no offset since 
January 1, 1965. 

A comprehensive description, with diagrams, of all 
these services is given in the report, together with details 
of the propagation forecasts and geophysical alerts which 
are disseminated at hourly intervals. The forecast 
announcement tells users, in a simple code form, the con- 
dition of the ionosphere at the regular time of issue, and 
the quality of radio se-vices due to propagation conditions 
to be expected during the next 6 h. A series of letter 
symbols is used to indicate the current geophysical con- 
ditions and give notice of any outstanding solar or 
geophysical events which are expected or which have 
occurred in the preceding 24 h. 

The revised issue of this publication will be welcomed 
by all users of frequencies and time signals, as well as by 
research workers in tke fields of radio and the geophysical 
and solar sciences. R. L. Smurra-Rosse 


COMMERCIAL NUCLEAR POWER STATIONS IN BRITAIN 


HE principal contents of the July number of the 
Journal of the British Nuclear Energy Society (4, No. 3; 
1965) consists of the texts of the six papers contributed 
by members of the Central Electricity Generating Board 
and the South of Scotland Electricity Board and presented 
tothe symposium on the performanceof commercial nuclear 
power stations in the United Kingdom, which was held at 
the University of Leicester on June 30. 
H. M. Carruthers, in his discussion of the evolution of 
magnox station design, points out that, in the nine years 
since the first Calder Hall reactor went critical, some 


thirty-five reactors of this basic type have been built, 
of which twenty-six arc in Great Britain. The reactors 
during this period heve developed from a small unit of 
about 40 MW(e) output to one of nearly 600 MW (e) with 
at the same time reduced capital and generating costs. 
The main technical -mprovements in layout, shielding, 
refuelling methods, pressure circuit technology and fuel 
element design since she start of the commercial magnox 
programme are described in some detail. 

The commissioning of a nuclear power station requires 
not only the setting of the plant to work safely and 
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reliably, but also at the mmimum cost computed over the 
total life of the station. The history of the commissioning 
of the Berkeley and Bradwell stations is reviewed by C. D. 
Heath and D. J. Silverlead, and in their assessment they 
direct attention to the need for greater flexibility in the 
timing of the various tests and measurements, improve- 
ments in the planning of construction and plant installa- 
tion, and some simpler form of commissioning organization. 

Two papers deal with the performance of reactor cores 
and materials and of power station plant, and a third with 
power station maintenance. Of the nine civil nuclear 
stations, Berkeley and Bradwell have had more than two 
years’ full-power operation and Hunterson one year. 
Serious defects have been experienced at all three stations 
and the extra fuel costs have amounted to about six and a 
half million pounds. The major defects were in the fuelling 
routes, turbines and boilers. Experience suggests that 
more reliable operation in the future will occur. With 
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regard to maintenance, it is emphasized that health physics 
requirements are an important factor in maintenance 
planning and that future stations should be better planned 
and equipped for the maintenance of radioactive equip- 
ment. 

The final paper in the symposium, by P. H. G. Holbrook 
and A. C. Horne, deals with some of the special problems, 
not necessarily technical, which arise in the operation of a 
nuclear power station. The provisions of the Nuclear 
Installations Licensing and Insurance Act, 1959, the 
Radioactive Substances Act, 1960, and the Generating 
Board’s safety regulations have to be enforced and accord- 
ingly appropriate inspectorates and organizations have to 
be established. The increased automation of future 
stations, with centralized control and computational 
operation, may lead to a change in the pattern of station 
organization with economies in technical man-power and 
less risk to personnel. S. WEINTROUB 
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PHYSICS EDUCATION 


| eer and iconoclasm were offered in equal pro- 
portions by speakers at the International Conference 
on the Education of Professional Physicists, held in 
London during July 15-21. The meeting was arranged 
by the Institute of Physics and the Physical Society for 
the International Union of Pure and Applied Physics, and 
attracted participants from twenty-five countries. 

Lord Beeching (Imperial Chemical Industries, Ltd.), in 
a forthright introductory speech, deplored the attitude of 
university departments which, while disclaiming interest 
in vocational training, were in fact preparing students 
exclusively for the vocation of fundamental research. It 
was, he asserted, not in the public interest that academic 
research should be presented as the best career for 
physicists at a time when the industrial, economic and 
political problems of the community were increasingly 
dependent on the widespread use of science and tech- 
nology. Though the Government had great responsi- 
bilities in the deployment of scientific and technical 
resources, only a handful of Junior Ministers had any 
scientific training. The cause of this deficiency was in the 
attitude which asked: “Why should we train a good 
physicist, only to have him wasted as a politician ?”’ 

Students of physics must learn that they were not 
going to be employed exclusively in the narrow practice 
of their specialty, Lord Beeching continued. Many 
graduates would find careers in which knowledge of 
physics was only a small part of the requirement. His 
own company employed 290 physicists, of whom half held 
posts not necessarily filled by physicists and about 10 per 
cent were doing work for which scientific qualrfications 
were not essential. The object of the Government and 
the universities should be to create an apparent surplus 
of scientists, many of whom would move into manage- 
ment, administration and politics. 

Most of the subsequent contributors were concerned 
with the scope and content of the undergraduate cur- 
riculum, but there was lively discussion’ also on the 
extent to which industry’s needs were fulfilled by the 
products of the universities. 

A discussion of the young physicist’s training and 
progress in industry, offered by G. S. Bosworth (English 
Electric Co., Ltd.), was strongly criticized by A. B. 
Pippard (Cavendish Laboratory, Cambridge) as showmg 
how second- or third-class people could be turned into 
useful members of an industrial team, while offering 
nothing to attract the first-class scientists who were 
badly needed in British industry but were repelled by 
the Philistine attitude of prospective employers. 

Extreme differences of opinion such as this were in- 
frequent. It was generally recognized that the primary 


purpose of a university was the advancement of learning 
and that an mdustrial concern would fail unless it was 
conducted to make a profit. Efforts to secure closer col- 
laboration between the university and the mdustrial 
community in undergraduate and postgraduate work were 
reported from several parts of the world; it was agreed 
that physicists were somewhat better prepared for a 
practical career in countries such as Holland, where 
industrial scientists and engineers had a substantial role 
in academic research and teaching. 

Discussion of the content of the curriculum embraced 
three main topics: (a) mathematics, (b) laboratory work, 
and (c) lectures. Commentmg on the importance of 
adequate mathematical training, M. Y. Bernard (Con- 
servatoire National des Arts et Métiers, Paris) proposed, 
not entirely in jest, that special courses should be pro- 
vided for university teachers of physics, who might 
otherwise be embarrassed by the superior mathematical 
ability of their students. The consensus of opinion m 
France, he reported, called for three kinds of instruction. 
Professional mathematicians should be responsible for 
about 25 per cent of the undergraduate’s course, dealing 
with topics where a rigidly logical approach was valid. 
A. physicist should have about 40 per cent of the avail- 
able time, to cover inductive methods and the development 
of general laws. The rest of the course should be devoted 
to exercise classes. 

More radical views were asserted by Bernard Friedman 
(University of California), who condemned the “per- 
nicious influence of sound old-fashioned courses in 
classical mathematical physics”. Up to the end of the 
nineteenth century, he said, important problems giving 


-insight into the physical world were tackled and solved 


by the use of special functions, separation of variables 
and often complicated techniques of integration. These 
methods were now out of date, partly because of the 
increasing mathematical sophistication of modern physics 
and partly because of the rapid advance in electronic 
computing. When numerical results were required, the 
computer would generally give more accurate results with 
less effort. If, on the other hand, a qualitative approach 
was attempted, mathematical techniques of a more 
abstract kind were now available. 

To understand the mathematical content of present-day 
physics, the student must be trained in linear algebra, 
probability and Markoff processes, functional analysis, 
group representations and Lie algebras. Time does not 
allow the prospective physicist to follow the standard 
mathematical courses on these topics, but a briefer cur- 
riculum must not be allowed to degenerate into a collection 
of recipes for solving standard types of problem. Emphasis 
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should be put on the teaching of abstract concepts such 
as linear spaces, lmear operators, convergence in metric 
Spaces and group invariances and symmetries, even if 
the immediate practical applications were not fully 
described. 

Comments on practical work were remarkable for the 
diversity of ideas revealed. S. C. Brown (Massachusetts 
Institute of Technology) claimed that the mam object 
was to teach what a physicist does. Systematic experi- 
ments and laboratory reports should therefore be aban- 
doned in favour of project work, closely linked with the 
research programme of the department. It was suggested 
that only the 2,000 physics students at Massachusetts 
Institute of Technology could ever enjoy such lavish 
attention, but Brown reported that most of the forward- 
looking universities in the United States used the same 
method. Some speakers thought that practical physics 
could be taught m lectures, though manipulative skill 
could only be acquired by experience at the bench. E. 
Mendoza (University of Wales) and F. H. Read (University 
of Manchester) favoured seminars in which a class (of up 
to fifty students) conducted one experiment under the 
guidance of a lecturer. 

However great the importance of mathematical and 
practical instruction, the core of the undergraduate cur- 
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riculum is in the systematic lectures by which the prin- 
cıples and applications of the subject are uncovered. The 
burdens laid on the andergraduate’s knowledge and on 
his maturity of understanding are augmented every year. 
A. B. Pippard showad, from a study of examination 
papers, how to-day’s etudent is expected to know just as 
much about electricity, thermodynamics and other long- 
established divisions af physics as his counterpart of 1940 
—and in addition, to be conversant with many newer 
topics of a substantia. kind. His solution was to reduce 
the first-degree courss to two years and to provide a 
more comprehensive training for a proportion of the 
student body. 

The conference passed a number of resolutions of an 
unexciting character, but its real significance was based 
on divergence rather than unanimity. Physicists are 
produced with evident success in educational systems 
sufficiently varied to include strict Government control 
of priorities and syllebuses in the U.S.S.R., unfettered 
academic enterprise inthe United States and the amalgam 
of tradition and inncvation characteristic of both the 
older and newer British universities. The competence 
and enthusiasm of the finished products encourage the 
belief that the confusien over aims and methods is super- 
ficial. J. M. A. LENIHAN 


PLANT PHYSIOLOGY IN CANADA 


HE annual scientific and business meeting of the 

Canadian Society of Plant Physiologists—La Société 
Canadienne de Physiologie Végétale—was held at the 
University of New Brunswick, Fredericton, during June 
2-5. 

The programme commenced with a symposium en- 
titled “‘Problems in Marine Algal Physiology”. J. 5S. 
Craigie (N.R.C., Halifax) discussed the problems of isolat- 
ing and identifying marine algal excretory products 
from sea-water. Compounds excreted by several brown 
and red algae were identified as condensed polyphenolic 
substances with distinct growth-promoting properties. 
A brominated benzyl alcohol derivative excreted by 
Polysiphonia lanosa was isolated and crystallized. A pure 
crystalline extracellular chitin excreted by the diatom 
Thalassiosira fluviatilis was isolated and characterized 
and was claimed to be the first recorded evidence for the 
occurrence of poly-N-acetyl glucosamine in the algae. 
L. Provasoli (Haskins Laboratories, New York) discussed 
. the nutritional requirements of marine algae grown 
aseptically. Unlike unicellular algae, seaweeds grown 
autotrophically require a range of vitamins in specific 
concentrations and ratios for normal morphological 
development. The growth of Ulva and Monostroma in 
aseptic culture was maintained only in the presence of 
plant hormones, phenolic compounds, and by the addition 
of supernatants contaming active substances from a 
variety of red and brown seaweeds and from several 
unicellular algae grown aseptically on artificial media. 
These unidentified active substances are ethanol extract- 
able and heat resistant and their ubiquitous production 
ın the sea underlies the significance of external metabolites 
in the water environment. R. T. Wilce (Amherst, Massa- 
chusetts) discussed algal survival in the Arctic Sea. 
Reproductive activity at the end of the winter period 
and an abundant spring and summer growth were found 
to depths of 30 metres. The greatest concentration of 
algal biomass occurred at 15-20 metres, where extremely 
low light intensities were recorded. Survival under these 
conditions requires either the possession of a highly 
efficient photosynthetic apparatus or the facility to exist 
heterotrophically. Evidence for the heterotrophic growth 
of pigmented algae in deep lakes and unlit caves suggested 


that these arctic populations also thrived by the hetero- 
trophic utilization of organics from the sea. 

Several scientific sessions followed the symposium. 
Continuing their work on plant photorespiration, G. 
Krotkov et al. (Queers, Kingston) showed a distinction 
in spruce tissue between photo- and dark-respiration with 
the latter inhibited by light. W. Turner and R. G. S. 
Bidwell (Toronto) presented evidence for the enhance- 
ment of assimilation of carbon dioxide by leaf blades with 
application of IAA. E. R. Waygood et al. (Manitoba), 
working with detachec wheat leaves, showed that photo- 
phosphorylation could be both restored and enhanced by 
benzimidazole treatment and that the synthetic pathway 
of NAD and NADP fom “C-carbonyl-nicotinic acid was 
essentially the same a3 that reported for animal tissues 
and micro-organisms. The permanent bleaching of 
Euglena gracilis by nisrofuran derivatives was discussed 
by D. R. McCalla (McMaster, Hamilton). Other mutagens 
and radio-mimetic agents were used as bleaching agents, 
but only N-methyl-x-nitroso guanidine proved non- 
lethal. It was suggested that these bleaching agents 
damaged chloroplast DNA. Continued interest in the 
biosynthesis of aromatic compounds and _ phenolase 
enzyme systems was reported by A. C. Neish et al. from 
the Atlantic Regional Laboratory (N.R.C., Halifax). 
In particular the bisynthesis of the cinnamic acid 
derivatives as the C,—C, intermediates in lignin formation 
was discussed. Other Liochemical contributions of interest 
dealt with the in vitro synthesis of glycine and the meta- 
bolic utilization of 4-C-ethanol (E. A. Cossins et al., 
Alberta). N. E. Good (Michigan) discussed the prepara- 
tion of several new H ion buffer systems. They were 
mostly substituted derivatives of trzs(hydroxymethyl)- 
amino methane coverirg the pH range from 6 to 8 and were 
claimed to be superior to both tris and phosphate buffers. 

Several contributions described studies of the structure 
and the effects of environment on plant cells by electron 
microscope and light nncroscope. A.J. Mia and G. Setter- 
field (Carleton, Ottawa) reported the synthesis of cell 
wall material by appcsition in Rauwolfia sclereids using 
sH-glucose pulse labeling. In a session on translocation 
in, the higher plants, zontributions from the Biosciences 
Division (N.R.C., Ottawa) described the experimental 
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control of “C-sugar movement by changing the node 
temperature (J. A. Webb and P. R. Gorham), and dis- 
cussed the distinct lack of evidence demonstrating sugar 
conduction in the sieve tubes (D. C. Mortimer and M. 
Suzuki). D. S. Fensom and D. C. Spanner (London, 
England) reported their measurements of microelectrode 
potentials in the conducting tissue of Nymphoides and 
Heracleum and calculated that the electro-osmotie 
efficiency was sufficient to maintain sugar flow through 
partially blocked sieve plate pores. 

In a final session on plant growth substances, several 
contributions were concerned with the influence of exo- 
genously supplied gibberellins and IAA on plant develop- 
ment. Three reports discussed the interesting problems 
of IAA conjugation in plant tissues. E. Schneider and 
F. Wightman (Carleton, Ottawa) showed IAA~—2-4C 
to be metabolized mainly through conjugation to indole- 
acetyl aspartic acid, indoleacetyl glucose and 2-OH 
indoleacetylglucose in barley seedlings over a 24-h 
period. A. Winter and K. V. Thimann (Harvard Univer- 
sity), however, could find no evidence for conjugate com- 
pounds over a 2-h period in Avena coleoptiles and con- 
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sidered fed 14C-IAA to be physically bound to a protein 
fraction. N. A. Andreae (Department of Agriculture 
London) showed that conjugate products were formed 
with IAA inactivation, when pea roots were pretreated 
with an excess of IAA and NAA. An adaptive period of 
2-4 h was necessary before the conjugate products were 
discerned. 2,4-D was not conjugated and remained inhibit- 
ory regardless of the pretreatment time. J. I. Toohey and 
C. D. Nelson (Queens, Kingston) reported two new herbi- 
cides derived from a soil bacterium inhabiting old pastures. 
The compounds were toxic to algae and higher plants 
but not to insects, fish or mammals. They were isolated 
and identified as phenazine-1l-carboxylic acid (most toxic 
to higher plants) and the 2-OH derivative (most toxic 
to the algae). 

Officers of the society elected for 1965-66 were: Presid- 
ent, Dr. G. H. N. Towers (University of British Columbia) ; 
Vice-president, Dr. D. Simminovitch (Department of 
Agriculture, Ottawa); Secretary-treasurer, Dr. D. Canvin 
(Queens, Kingston); Eastern director, Dr. A. R. A. Taylor 
(University of New Brunswick); Western director, Dr. 
M. S. Spencer (University of Alberta). J. A. WEBB 
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A REGISTER OF SCIENTIFIC RESEARCH IN THE 
; NETHERLANDS 


B 1964 the Netherlands Organization for the Advance- 
ment of Pure Research (Z.W.O.) began a register of 
scientific research in the Netherlands. The results of this 
work are to be published in the form of a periodical guide 
giving details of current scientific investigations. The 
purpose of this guide is to foster contact between research 
scientists. It supplies both Dutch and foreign scientists 
with information on the research being carried out in the 
Netherlands. With the view of foreign readership it 
appears in English. 

For recent scientific information the research scientist 
must depend either on personal contacts or on articles 
in journals, reports, etc. In the case of leading scientists 
such as university professors working in small and highly 
specialized fields, personal contact often provides suffi- 
cient communication; however, this is much less true 
of their staff. As regards research scientists in larger and 
above all multi-disciplinary fields, personal contact usually 
satisfies only a small part of the neea for communication. 

So far as journals, reports, etc., are concerned, not only 
does it take a long time until the original publications are 
reported in abstracting journals, but also there is a con- 
siderable interval before the results of a research project 
are published. Moreover, the research scientists concerned 
may have information available long before then. It may 
also be remarked that a great deal of research is never 
published, for a variety of reasons, for example in the 
event of discontinuance of the project; valuable informa- 
tion may be lost in this way. 

The marked expansion of research at the universities 
makes it still more desirable that the need for recent 
scientific information be satisfied. The guide contributes 
towards this by presenting research scientists with a 
basis on which further contacts can be established. 

The guide has been inspired by the British publication 
Scientific Research in British Universities and Colleges, 
published by the Department of Scientific and Industrial 
Research and the British Council; this gives concise 
information, on scientific research in Great Britain *. 

At first there was some doubt about the value of this 
publication in Britain, but in the course of the years its 
utility has been clearly proved. Consequently, Z.W.QO. 
decided to build up experience by starting in one field and 


* Now published by the Department of Education and Science and the 
British Council (Nature, 207, 691; 1965). 


submitting the result to scientists for discussion; physics 
was chosen as this first field. 

Jn, principle the guide only mentions research projects 
by or under the direct control of professors, lecturers 
and scientific staff. 

Taking into account the purpose of the guide, preference 
was given to a main grouping by subject rather than by 
university department. As research scientists are best 
served by a classification that they already know, it was 
decided to follow the leading abstracting journal for each 
field of science. As the register is extended to more 
fields the disadvantage will have to be accepted of a certain 
lack of balance as compared with a general classification, 
such as the Universal Decimal Classification, which was 
devised as a whole. 

For physics, Physics Abstracts, published by the Insti- 
tution of Electrical Engineers, London, has been chosen. 
The research scientist was asked to classify his research 
project under one of the eighteen headings of Physics 
Abstracts. In order to reduce discrepancies to a minimum, 
a copy of the classification followed by this journal was 
attached to the questionnaire. 

In the guide the research projects are arranged under 
the afore-mentioned headings of Physics Abstracts. 
Within these groups there is a sub-division according to 
the institution where the research is being carried out. 
Besides a name index and a subject index, a list of co- 
operating research institutes, with their addresses, is 
given. 

Before questionnaires were sent out, the arrangement 
was submitted to the chairmen of the physics departments 
of the various universities. The idea of this was to obtain 
their criticism in good time, so that allowance could be 
made for it in the questionnaire; most of them also proved 
ready to call on the co-operation of the professors and 
lecturers to be covered by the survey. 

The questionnaire was kept simple so that filling it in 
would not take up too much of the scientist’s time. Only 
those questions were asked which are directly connected 
with the three questions which the guide tries to answer, 
namely: (1) What kind of research is being done? (2) 
Who is doing it? (3) Where is it being done ? 

To every professor and lecturer of physics were sent 
5-10 questionnaires on which to report the relevant 
research; in most cases they were sent direct, though in 
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& few cases they went to a contact person for distribution 
to all the research scientists at a certain institution. 

Although for practical reasons the first survey had to 
be confined to the universities, a small number of other 
bodies doing important physical research were also 
included in this first trial. Owing to the fact that investiga- 
tions in borderline fields, such as physical chemistry and 
biophysics, are likewise done in non-physical laboratories, 
complete coverage was not entirely possible even within 
the universities; it will, however, be approached as the 
registration progresses. 

For rapid processing of the data received—particularly 
with the view of future expansion to more fields—mech- 
anization is desirable. In the case of the first guide the 
procedure was as follows : The copy is typed in the order 
in which it is received on a ‘Flexowriter’ which produces 
a punched tape as well as a typescript. After the copy 
has been completed the punched tape is read by a 
- computer. This arranges the data for text and indexes 
in the desired order and records these on a new punched 
tape. The latter is then run through a ‘Flexowriter’ 
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which types the manuscript for the printer without 
manual intervention. The pages are made up and repro- 
duced in photo-offset. - 

In the preparation of the guide, Z.W.O. has received 
the assistance of the Statistics Department TNO for the 
mechanical processing of the copy and of the State 
Printing Department for printing. The title of the first 
publication, which has just appeared, is Current Research 
im the Netherlands, Physics, 1965 (Pp. 66. The Hague: 
Netherlands Organization for the Advancement of Pure 
Research (Z.W.O.), 1965). The guide for physics covers 
about 500 current research projects on which about 750 
scientists are engaged. Institutions and research scientists 
can obtain this publication free of charge from the Dutch 
Embassy in their country, or direct from the Netherlands 
Organization for the Advancement of Pure Research 
(Z.W.O.), P.O. Box 2138, The Hague. 

For the following issue of the register the choice has 
fallen on biology; this will be registered in co-operation ~ 
with the Royal Netherlands Academy of Sciences. Other 
sciences will follow. S. T. GRoENMAN 


OBSERVATIONS OF A STRONG UNIDENTIFIED MICROWAVE LINE AND 
OF EMISSION FROM THE OH MOLECULE 


By Pror. HAROLD WEAVER, Dr. DAVID R. W. WILLIAMS, Dr. N: H. DIETER and W. T. LUM 


Radio Astronomy Laboratory, University of California, Berkeley 


N investigation of the galactic distribution of the 
OH molecule as shown by the microwave lines 
arising from transitions between the hyperfine levels of 
the ground state has led us to the following general 
conclusions: (1) The OH molecule is sharply confined 
to the galactic plane. In the plane, however, we detect 
OH in absorption in virtually every source brighter than 
a specifiable limit. (2) The OH molecule is in emission in 
some sources. (3) A strong unidentified emission line 
is present at frequency 1,665 Mc/s in a number of 
sources. 
' This discussion deals with the last two of these topics. 
We shall consider the galactic distribution of OH 
elsewhere. 

Our observations were made with the 85-ft. antenna 
and the 100-channel switched-frequency double-comparison 
receiver and digital data system recently installed at the 
Hat Creek Radio Observatory. This system, which will 
be described elsewhere in detail by one of us!, provides a 
spectrum consisting of 100 contiguous spectral elements 
which are either 10 ke/s or 2 kc/s wide. The band-width 
of the spectral elements is fixed by interchangeable crystal 
filters. The receiver includes a tunable parametric 
amplifier having a band-width of about 20 Mejs. The 
total system noise temperature (including instrumental 
effects such as spill-over and the lke) is approximately 
130° K. 

An ‘observation’, as the term will be used in this discus- 
sion, consists of the difference between the spectrum as 
observed for a specified source (integration time 1,600 sec) 
and the spectrum of a comparison region (integration time 
1,600 sec) near the source but sufficiently far away so 
that the source is out of the antenna beam. 

Observations of a strong unidentified microwave emission 
line. The Orion Nebula has been thoroughly searched 
for OH at 1,667 Mc/s by Robinson, Gardner, van Damme 
and Bolton?. They found no line and set an upper limit 
of 0:005 to the optical depth of OH in the direction of 
Orion. We concur with Robinson et al. that there is no 
observable line at 1,667 Mc/s. However, our observations 
of Ori A at 1,665 Mc/s show several emission components 


with a maximum antenna temperature of 3° K when the 
spectral resolution is 1) ke/s (Fig. 1). 

W3, @ bright extenced H II region which we have also 
observed, shows, at 1,367 Mc/s, an absorption component 
of OH with a depth of approximately 1° K (Fig. 1). At 
1,665 Mc/s we find, as would be predictable, the second 
strongest OH microwave line arising from the ground 
state. The depth of the 1,665 line, again as predicted, 
is about 05° K. At 1,612 Me/s there is no absorption 
feature visible (Fig. 1) in the one observation we were 
able to make before this investigation ended. Our single 
observation is inadequate to show the expected OH 
feature at 1,612 Mc/s (predicted depth ~0-1° K), but it is 
adequate to demonstrste that there are no large anomalies 
at 1,612 Mc/s. The outstanding feature of these three 
spectral regions is the intense emission feature (maximum 
antenna temperature &2° K for 10-ke/s spectral resolution) 
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Fig.1. Spectra of Ori 4 and W3 with a resolution of 10 ke/s (1-8 km/sec). 
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upward in frequency from the 1,665 line of OH. In 
Fig. 2 we exhibit this strong emission line in W3 (and the 
OH absorption feature downward in frequency from it) 
with spectral resolution 2 ke/s. With this high spectral 
resolution we observe a maximum antenna temperature 
of 31° K. 

There is no known identification of the strong emission 
line at 1,665 Mc/s shown in Fig. 1. In what follows, for 
brevity in writmg and to emphasize the surprising nature 
of the observation just presented, we shall speak of this 
unidentified line as arising from ‘mysterium’. 

We have observed ‘mysterium’ ın two other thermal 
radio sources also: W651 and W75. In each of these we 
find OH weakly in absorption and of normal intensity 
ratio for the lines at frequencies 1.667/1,665 Mc/s. Addi- 
tionally, for each of the sources W51 and W75 we find a 
weak emission feature at 1,665 Mc/s that has no counter- 
part at 1,667 Mc/s. In general, in behaviour, these 
sources resemble the more extreme case W3. 

Observations of OH in emission. In two sources, W49 
and NGO 6334, we find OH in emission. Spectra of these 
objects at 1,667 Mc/s and 1,665 Mc/s, spectral resolution 
2 ke/s, are illustrated in Fig. 3. 

W49, reported as a point source by Westerhout’, is a 
heavily obscured H II region recently investigated by 
Akabane and Kerr*. On the basis of their hydrogen 
absorption observations they point out that W49 is at a 
probable distance of 15 kpc, and that its intrinsic energy 
output at 1,420 Mc/s is 300 times as great as that of the 
Orion Nebula and one-fourth as great as that of 30 
Doradus. 

NGC 6334 has been less well investigated than W49. 
The NGC object is. one of a compact group of emission 
nebulae which are probably optically visible parts of one 
object which is crossed by dense variable obscuration. 
Photographs of NGC 6334 have been published by Dun- 
ean’. Clark, Radhakrishnan, and Wilson‘ report a hydro- 
gen absorption feature at + 27 km/sec and infer a distance 
to NGC 6334 > 0:8 kpc. It thus appears that in the 
1 Gc/s range the intrinsic energy output of NGC 
6334 is greater than that of Orion but less than that of 
W49. 

The spectra of W49 and NGC 6334 are complex, con- 
sisting of numerous narrow emission maxima, some of 
these (as exemplified in the 1,667 line illustrated in 
Fig. 3) being as sharp as 5 ke/s (1 km/sec) at half-intensity. 
In the spectrum of NGC 6334 there is present OH absorp- 
tion as well as OH emission. 

These spectra are unusual not only because they show 
OH emission; they are also unusual because the intensity 
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ratios of the emission lines appear to depart greatly from 
the theoretical OH intensity ratios predicted for normal 
thermal emission or absorption. 

The theoretical intensity ratios of the OH microwave 
lines from the ground state, 1,667/1,665/1,612/1,720 are 
9:5:1:1 for an optically thin gas; the ratios approach 
1:1:1:1 as the optical thickness approaches infinity. 
The observed ratios of 1,667/1,665 deduced from the data 
in Fig. 3 are completely at variance with these theoretical 
values. In Fig. 3 the intensity of 1,665 exceeds the 
intensity of 1,667, a situation impossible in thermo- 
dynamic equilibrium. 

The contour of the 1,665 line is not just the contour 
of the 1,667 lines scaled to great intensity. The contours 
of 1,665 and 1,667 are different; more numerous and more 
intense narrow emission Maxima are present in 1,665 
than in 1,667. Preliminary observations of the 1,612 
Mc/s line of OH in W49 indicate that the 1,665 contour is 
not reproduced in the 1,612 line. 

The ‘abnormal’ intensities of the 1,665 lines in W49 
and NGC 6334 arise, we believe, from blends of the OH. 
line at 1,665 Mc/s and the line of ‘mysterium’ which 
occurs at approximately the same frequency. 

We have observed ‘myster1um’ where there is no OH, 
where there is OH in absorption, and, we believe, where 
there is OH in emission. We have not observed ‘myster- 
ium’ in absorption. 

Our observations indicate that ‘mysterium’ is found in 
strong H II regions, but not in all strong H IT regions. 
We found no ‘mysterium’ in the Rosette Nebula, M8, 
M16 or M17. 

In the case of the Orion Nebula the ‘mysterium’ emis- 
sion appears as a very small (possibly a point) source 
(the 85-ft. antenna has a beam-width of 30’) and occurs 
at the position of Orion A. In NGC 6334 the emission 
appears to come from the centre of the group of bright 
condensations (see the photograph taken by Duncan), 
not from the condensations themselves. At this centre, 
which 1s optically faint (presumably because of obscura- 
tion) we suppose the radio source to be located. 

The form of the spectral lines and extreme narrowness 
of the emission features is striking. In the ‘mysterium’ 
emission there is at least one feature unresolved in the 
2 ke/s band-width observations, and therefore not broader 
than 0-4 km/sec. This 1s the narrowest line so far observed 
in the interstellar medium. In a single observing period 
of a few hours we can see some components of ‘mysterium’ 
move from one 2 kejs channel to another because 
of the doppler shift caused by the daily rotation of the 
Earth. 
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‘The narrowness of the features is the more surprising 
: A Toae the emission appears to be associated with the 
= central regions of bright diffuse nebulae, where mass 
motions are typically 5 or more km/s, and temperatures 
are. 104 °K. We do not know the atomie or molecular 
weight of ‘mysterium’. We can, however, assume various 
. weights, attribute the entire width (0-4 km/sec) to thermal 
~ broadening and compute an upper limit to the kinetie 
_. temperature of ‘mysterium’. If the weight of ‘mysterium’ 
ae |e equal to the atomic weight of He, Trin < 14° K; 
if it is equal to OH, Trin < 50° K; if it is equal to Ca, 
K The kinetic temperature of ‘mysterium’ 

p Jow; turbulence must be negligible. 
inary sharpness of the ‘mysterium’ features 
hat the transition probability for the 1,665 
‘transition must be quite low and that the 
ipal energy-level involved must either be the ground 

te or have a long half-life. 

indications are that the rest frequency of the ‘myster- 
ium? line is higher than the 1,665-402 Mejs line of OH. 
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In those sources in which the two lines can be conveni- 
ently compared, the ‘mysterium’ line appears at a slightly 
higher frequency thar the 1,665 Me/s of OH in the same. 
source. 

We thank Mr. David Lesh and the staff at the Hat Creek 
Observatory for their assistance in making the observa- 
tions and Mr. A. F. setteducati for his help in making 
the reductions. 

The 100-channel reeeiver was constructed with the aid 
of a grant from the U.S. National Science Foundation. 
The Hat Creek Observatory is operated ‘under contract. 
Nonr 222(66) with the U.S. Office of Naval Research. 
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PRESSURE DISTRIBUTION IN THE TETRAHEDRAL ANVIL APPARATUS 
By J. LEES 


Standard Telecommunication Laboratories, Ltd., Harlow, Essex 


RESSURES above 20 kbars cause most conventional 
fluids to solidify at room temperature, so that appara- 
tus for generating pressures in this range relies mainly 
on solid pressure transmitting media. The use of pyro- 
phyllite, a natural aluminium silicate, is widespread, 
particularly in apparatus of the ‘belt’ or ‘anvil’ types! 
where its high shear strength at pressure allows the 
formation of pressure-retaining gaskets (see, for example, 
Bundy, ref. 3). At the same time, its low compressibility 
allows pressure generation within the test cell. Since the 
shear strength is high, the stress system within the test 
‘cell at pressure would be expected to be neither hydro- 
static nor uniform, and this is especially the case in anvil 
apparatus where relatively large movements of material 
occur during gasket formation‘. Such variations in stress 
could be large, and so introduce uncertainties in pressure 
- Measurement in physical and chemical experiments at 
5 ultra- high pressure. 
= Stress inhomogeneities have been demonstrated in both 
Al and cylindrical ultra-high- -pressure apparatus, by 
ion of the ‘smearing out’ effect>.6 produced on 
ally rapid III resistance transition in bismuth 
bars (ref. 7). To minimize this effect, pressure 
specimens are usually surrounded by a ‘pres- 
» equalizing’ sleeve made from a low shear strength 
€ ypically silver chloride. Pressure within such 
ve 3 expected to be reasonably hydrostatic and 
ly related to the mean hydrostatic stress in the 
anding pyrophyllite. By using sleeved calibration 
ens at various positions within the cell (following 
rk of Deaton and Graf*), the variation of this 
has been determined for an N.B.S.-type tetrahedral 
us’, at pressures around the 25-4-kbar bismuth 








































apparatus used had steel anvils of 3-81 em edge, 
En2ő specification, with a hardness of 530 d.p.n.; 
se were coated with jeweller’s rouge prior to each 
eriment. Pyrophyllite for the tetrahedra was obtained 
ler the trade name of ‘Alsil’: we have found this 
‘ticular grade to be of excellent quality, machining 
ly, and quite free of the foreign inclusions sometimes 
encountered. The. calibration samples in these experi- 
nts consisted of bismuth wires 1 mm diameter x 5 mm 
ong. These were mounted in silver chloride sleeves of 
mm outside diameter. Electrical contact was made 











directly to the anvil faces by suitably shaped soft copper 
plugs; by using all cour anvils, the resistance of three 
samples could be followed simultaneously as the anvil 
load was increased. 

Two sets of experiments were performed. In the first, 
the samples were located as in Fig. la: No. 1 was at the 
centroid; No. 2 with its centre on the line joining the 
centroid to a mid-point (half-way along an altitude) of a 
face; No. 3 on the nermal from the centroid to an edge. 
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Fig. 1. Sample positions in tetrahedron. a, No. 1, at centroid: Ne. 2, 

between centroid and mic-point of face; No. 3,. Poe centroid and 

edge. b, Na, 4, at face ceatroid; No. 5, at mid-point of altitude: No. 6, 

fomatae apex (see text), Fhe arrangement of Nos. 5 and 6 corresponds to 
ceformed tetrahedron 
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Distances from the centres of samples No. 1 to No. 2 and 
No. 1 to No. 3 wore 6 mm and 7 mm respectively. Fig. 2 
shows the loads at which the 25-4 kbar transition was 
observed to begin at each of the sample positions, and 
for various degrees of tetrahedron oversize. (The variables 
P and V are, respectively, the transition load divided by 
the load necessary to produce the transition pressure over 
an ares equal to an anvil end-face, and the precompression 
tetrahedron volume divided by the tetrahedron volume 
defined by the anvil end faces.) Maximum variation in 
load in repeated experiments is estimated at +4 per 
cent: I believe that this is mainly dus to small differences 
in the mechanical properties of pyrophyllite in a given 
batch of tetrahedra. 

It will be seen that the differing values of P in Fig. 2 
imply quite appreciable pressure gradients in all cases; 
also that the optimum value of V (based on the minimum 
load to reach the transition) is much the same for all 
three specimen positions. Values of P and V at the 
minimum for sample 1 are 1-00 anc 1-95, agreeing well 
with the corresponding results of Houck and Hutton’ for 
}-in. and l-in. tetrahedral units with carbide anvils. 

In the second set of three experiments 4:76-cm tetra- 
hedra (V =1-95) were used. Samples were arranged on 
an altitude of a face as shown in Fig. 1b. Sample No. 4 
was at the face centroid, No. 5 half-way along the altitude 
from the vertex to the base, and No. 6 towards the vertex 
the same distance from No. 5 as the latter was from 
No. 4, that is ~5-5mm. Reasonably consistent transition 
loads on increasing pressure were found for samples 
Nos. 4 and 5, typical values of P being 1-07 and 1-13 
respectively. Values of P for No. 6, however, varied 
considerably, two samples giving 1-27 and 1-36 respec- 
tively; the third had not transformed at P=1-4 which 
was the maximum load applied in these experiments. 

If the two sets of experiments on 4-76-cm tetrahedra 
are now combined, a rough picture emerges of pressure 
falling off fairly slowly from the centroid towards the 
faces, and rather more rapidly towards the edges. It is 
difficult to relate the values of P at each sample to 
corresponding pressures at each of the other samples, 
since we do not have a load/pressure relation for each 
sample position. However, an approximate relation may be 
derived by assuming it is of the same general shape 
normally observed'®, and differs only by a proportional 
factor in load (determined by the value of P) at each sample 
position. This assumption is probably not very greatly 
in error since the actual pressure range involved around 
25-4 kbars is small. Pressures derived on this basis when 
sample 6 is at 25-4 kbars (the minimum observed value 
of P of 1-27 is used) are shown in Fig. 3 displayed with 
a cross-section of the deformed tetrahedron. It should 
be noted that the actual physical displacement of the 





Loads to produce Binu 26-4-kbar resistance transition at three 
sample positions for various tetrahedron sizes. O, Sample No. 1; 
A, sample No. 2; C), sample No. 3 


Fig. 2. 
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Fig. 3. Sample positions on a mid-section of the deformed tetrahedron, 
with corresponding pressures on loading (figures in parentheses for sample 
Nos. 1 and 6 are for unloading) 
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Fig. 4. Tetrahedron after compression, showing dark area on face 


samples due to compression of the tetrahedron was found 
to be small, except in the case of sample No. 6 as shown. 
This would be expected if, as seems very reasonable, the 
flow pattern of pyrophyllite during compression is similar 
to that previously derived for a 1-90-em edge tetrahedral 
apparatus*. 

The reverse transition loads on unloading were also 
determined, and with the exception of sample No. 1, 
were found to be somewhat unrepeatable. Generally, 
however, pressure gradients were greater during unloading. 
Thus, for sample No. 6, the minimum value of P for the 
II—I transition obtained was 1-10, compared with 0-72 
for sample No. 1; the corresponding pressures are shown 
in Fig. 3 in parenthesis. It will be noted that, on loading, 
the pressure difference between No. 1 and No. 6 corre- 
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sponds to 4 per cont of the pressure at No. 1; on unload- 
- ing the minimum difference is increased to 24 per cent. 
Fig. 3 shows that in the experiments with 4:76-cm 
tetrahedra (a) there is a small but definite pressure gradient 
in the central regions with a larger gradient towards the 
=. edges and apices, and (b) gradients appear to be increased 
on unloading. Maximum pressure is generated at the 
: -tetrahedron centroid, thus confirming the suspected 
<. Intensification effect noted by Houck and Hutton*; a 
= ‘similar effect has been observed in a cylindrical high- 
- pressure apparatus by Tydings and Giardini’. Both 
E groups of research workers ascribed the effect to possible 
¿o ‘eones’ of undeformed pyrophyllite which act as anvil 
- (or piston) extensions of small area, so increasing pressure 
in the central: regions. Further evidence for ‘cones’ of 
pyrophyllite is provided by flow patterns in deformed 
tetrahedra’, and by the appearance of tetrahedron after 
- compression. The dark marks (Fig. 4) on each face are 
---due to material which has not sheared during com- 
pression: these marks very probably represent the bases 
of such cones. Actual pressure differences inferred for 
the central regions of the tetrahedron ars ~7 per cent 
between centroid and face. These would account for 
<c the changes previously observed in the load/pressure 
<= velation when different lengths of calibration sample are 
~~ used, 
“The present results thus show gradients considerably 
greater in the central regions than the | per cent found 
“by Deaton and Graf in their experiments at various 
pressures with a 1-98-em edge tetrahedral apparatus. 
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This could be asscciated with the relatively smaller 
pressure-sensing samples in. the experiments described 
here (the dotted line in Fig. 3 shows Deaton and Graf's _ 
sample size on the same scale), but it could also be due 
to the differing absclute tetrahedron size or even to the 
use of steel anvils. Another possibility lies in variations 
in the properties of pyrophyllite: small differences which | 
are found in the grein of machined surfaces, and in the 
machining properties, could well point. to such an effect. 
Generally the pressure variations observed in the par- 
ticular experiments described here indicate the need for 
caution in pressure calibration work, even when a pressure 
calibrating sample is included with the specimen under 
inv estigation : this is particularly so when the calibration 
sample is situated some distance away from the specimen. 
I thank my colleagues K. Asheroft and C. H., L. 
Goodman for discuss:ons; also D. G. Ingham, who carried 
out many of the experiments. 
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ELECTRIC POTENTIALS GENERATED BY FREEZING DILUTE 
AQUEOUS SOLUTIONS 


By H. C. PARREIRA® and A. J. EYDT 


Stanley-Thompson Laboratories, School of Engineering and Applied Science, Co umbiaj University, New York 


HE purpose of this article is to describe an investiga- 

tion of the large electric potentials which occur when 

very dilute solutions freeze under the influence of a temper- 

‘ature gradient. This phenomenon is identical to the 

.~thermodielectric effect discovered by Costa Ribeiro}. 

=- Since the discovery of electrical potentials associated 

e with freezing of aqueous solutions of inorganic compounds 

Was first announced, little systematic investigation has 
been reported’. 

When water is frozen under the influence of a tempera- 
€ gradient, ‘if certain precautions are taken, a potential 
. be measured between the ice and the water phases. 
vas established by the work of previous investigators?-4 
t the freezing potential does not depend on the tempera- 
e of freezing alone; it depends on the rate of freezing 
| also on the concentration of the impurities present 
he system. Most of the work published on the influence 
electrolytes on freezing potentials of aqaeous solutions 
eals with concentrations above 10-5 M. The few data 
ilable for solutions below that concentration show 
‘ically. no electrical effects. 
was found in the course of the present work that the 
entration range between 10-7 and 10-5 M presents poten- 
values which are even larger (but of opposite sign) 
‘those reported for concentrations above 10-5 M. 
ese. findings are at variance with previous works pub- 
ed on the influence of electrolytes’. The treatment 
the conductivity water is probably one of the causes 
f this disagreement. 

‘The phenomenon set up by the temperature gradient 
nposed on the system is easy to reproduce if the many 
arameters involved are carefully controlled. Devices 
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used in earlier work? for that specific purpose probably 
failed to control accarately the experimental parameters 
on which the electrical phenomena are dependent, thus 
the failure to reproduce the potentials. 

The results reported here were obtained with an appara- 
tus which ensured good temperature control. The main 
part of the apparatus is composed of a freezing cell which 
consists essentially of a cup (about I em‘) made of a 
‘Teflon’ sleeve that “its snugly in a brass cylinder. The 
top of the brass cylinder (the bottom of the freezing cell 
cavity) is covered with a gold plate to prevent direct 
contact between the brass cylinder and the solution. The 
cell is depicted in Fig. 1. An alumel-‘Chromel’ thermo- 


couple is placed just under the gold plate, ensuring. 


accurate temperature measurements. The cell is next 
placed in a cylindrical copper well (diam. 1-6 cm, depth 
2 cem). The copper well is part of a thermoelectric heat . 
pump and can be coeled down to — 30° C with the loaded - 
cell in place; the ccoling unit is represented in Fig. 2. 
The temperature in the well (and cell) is dependent on the 
current flowing through the thermoelectrie modulus, and 
the power unit supplying the modulus current is fitted 
with a current read eut. The temperature at the bottom 
of the copper well is also determined with the help of a 
thermocouple attached to the bottom of the well; the 
power unit read out is then used for temperature control. 
The freezing potentials were measured with the help of a 
Keithley electrometer model (610 amp) the output of 
which was fed into a Varian recorder. A potential divider 
built with precision resistors had to be made because the 
potentials often exceeded the useful range of the electro- 
meter, 

A platinum w wire immersed in the water phase was con- 
nected to the electremeter; the ice phase was grounded 
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through the bottom of the cell (Fig. 1). In this article 
the maximum potential values are given, that is, the high- 
est potential value attained in the potential versus time 


curve. The time of occurrence of the maximum potential 


seems to depend on concentration, the other parameters 
being kept constant. For example, for 2 x 10-*M solution 
of ammonium chloride the maximum potential value was 
observed to occur 2 min after the beginning of the experi- 
ment, whereas pure water developed the maximum value 
nearly 10 min after the solution was placed in the cell. 
The time corresponding to the maximum potential 
appears to increase with the decreasing concentration of 
ammonium chloride; no trend was observed, however, 
for other electrolytes such as hydrochloric acid and 


sodium chloride. In all cases the freezing potential value = 
drops practically to zero at the moment of complete & 


solidification of the water phase. In the device used in the 
study described here complete freezing occurs between 
14 and 16 min after starting the experiment. The results 
reported here were obtained under the following experi- 
mental conditions: Room temperature, 24 + 1° C; 
brass cylinder, ~ 25 + 1° ©; initial volume of liquid 
phase, 0-8 emë; height of cell, 1:5 em; cross-section, 
64cm. The solution was pipetted into the cell once the 
temperature of the brass cylinder reached — 25° ©. The 
platinum electrode was lowered into the water phase. 
The potential, which appeared immediately after the 
solution was placed in the cup, was then measured. The 
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details of the construction of the whole experimental — 
apparatus were given elsewhere®. oe 
The effect of temperature on the freezing potentials of 


water and dilute aqueous solutions of electrolytes was 


examined earlier’. = 


The effect of the addition of both organic and inorganic 


substances has been investigated and is briefly reported 
here. No effort was made to eliminate carbon dioxide, 
although fresh solutions were made up with recently 
distilled water. Bidistilled water from an all- Pyrex’. = 
water still was used (conductivity 1-2 x 10- mho em“) = 


This water gave freezing potentials of +75 V (mean of = 
The freezing potential = 
dropped to +40 V for once-distilled water (conductivity > 
1-8 x 10-* mho em-1) and decreased to zero for distilled —- 
water of conductivity around 4 x 10- mho em Gener- > 


18 independent determinations). 


ally no relationship could be found between the water 


conductivity and the freezing potential; however, the Em à — 
versus conductivity plot for sodium chloride gave an 
excellent straight line up to 10-5 M (conductivity range: > 
The Hm for dilute solu-. + 
tions was plotted against the logarithm for the molar = 
Very dilute solutions of organic and in- = 


I x 10-%3 x 10 mho cem). 


concentration. 
organic substances showed a similar behaviour except 
solutions containing the NH,* ion. The freezing potential 
for aqueous solutions drops to zero in the concentration 
range between 10-7 and 10-° M. The potential often 
reverses its sign, in the case of many morganic salt 
solutions, beyond c= 10- M and drops to zero at a 
concentration around 10-* M; however, the magnitude 
of the maximum potential is much smaller than that 
observed for the potentials measured in the dilute region 
(10-7-10-5 M). The freezing potential of solutions of 
inorganic acids drops to zero at c = 10 M and remains at 
zero beyond that concentration value. All organic sub- 
stances investigated (sucrose, glucose, urea, etc.) also 
cause a drop in the potential, which is eliminated alto- 
gether at concentrations around 10-9 M; however, the 
potential sign is never reversed. The Em versus log ¢ 
plots for ammonium chloride and sodium chloride are 
presented in Fig. 3. Two regions can be observed in the 
sodium chloride curve: (a) a very dilute region I showing 
large potentials and a positive ice phase; (b) a region IT 
where the ice is negatively charged with respect to the 
water phase but never shows the large potential differences 
which occur in region I. Between the two regions there 
is a narrow concentration range where the potential shows 
an erratic behaviour and very low values. The behaviour 
of ammonium chloride is quite different, as is shown in 
Fig. 3. A maximum is found at c = 2-5 x 10-* M for 
which Hm = + 115 V; the potential, however, drops to 
zero at c ~ 10-3 M. The chlorides of Ca*t, Batt, Sr++ 
and Mgtt also reverse the sign of the freezing potential, 

120 
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Fig. 3. Influence of electrolytes on freezing potential of water. Em 
versus log e; block temperature -25° C, ©, NaCl; x, NH,Cl 
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Fig. 4. Influence of aliphatic alcohols on freezing pons of water 


Em versus log c; block temperature — 25° C. x, Methanol; @, ethanol, 
O, propanol; +, butanol; A, pentanol; [], hexanol 


but do not show potential values as high as those pro- 
duced by metallic uni-univalent electrolytes. The 
chlorides of Fet++, Al+++ and Crt++ show only a region I; 
beyond 2 x 10-* M the freezing potential is zero. The 
‘charge reversal’ appears to be a property of uni-univalent 
and uni-divalent metallic salts, with the exception of 
those containing the NH,* ion. 

The large freezing potentials obtained for conductivity 
water are in agreement with the findings of Workman 
and Reynolds* but are at variance with the results 
obtained by Lodge et al.5, who could not measure any 
potential for conductivity water passed through an ionic 
exchange resin column. The influence of a series of organic 
compounds such as sugars, glycols, alcohols, ketones and 
urea has also been investigated. The behaviour of 
aliphatic alcohols from methanol to hexanol is remarkably 
similar, as is shown in Fig. 4. 

A theoretical interpretation of the electrical phenomena 
which appear during the course of a phase transition is 
not easy!’, If all macroscopic parameters (temperature 
gradient, rate of freezing, orientation of the crystallo- 
graphic axis of the ice formed) are kept invariant, then ıt is 
possible to ascribe the phenomenon to the following 
processes: (1) proton conductance; (2) dipole orientation 
of water molecules at the ice/water interface; (3) ionic 
entrapment in the ice lattice; (4) ionic diffusion. 

The proton conduction process, whether taking place 
by quantum mechanical tunnel effect, rotation of water 
molecules or any other rate-determining mechanism, 
could be the predominant factor in the production of the 
freezing current, although process IV may be at play when 
ionic impurities are present (Fig. 3). In fact the tunnel 
effect has been suggested (from theoretical considerations) 
by others as a possible rate-determining mechanism for 
the proton gumping process?’?®. 

Mechanism (2) may be largely responsible for the exist- 
ence of the high potential values between the ice and the 
water phases in region I, although mechanism (1) may be 
operating throughout the whole concentration range 
investigated. Furthermore, because 1t is impossible to 
rule out completely the presence of ionic entrapment in 
the ice lattice, it is also possible that mechanisms (3) and 
(4) are also at play even at very low ionic concentrations 
(region I); their contribution, however, would be small m 
region I. The process of ionic entrapment alone does not 
seem to explain clearly the presence of a freezing current, 
as it does not explain the large potentials in conductivity 
water. It is possible that all processes are at play in 
region II, although dipole contribution would be smaller 
than the others. In region I the proton conduction 
mechanism may originate the freezing current, whereas 
the dipole orientation contribution at the ice/water 
interface may build up the large freezing potentials. 

The following results were obtained for a 6-25 x 10-*M 
ammonium chloride solution: Em = + 110 V (maximum 
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potential, ice positive), îm = 1:0 x 10-° amp (maximum 
current) and g = &7 x 10-7? coulombs (1,700 e.s.u. 
C.G.S., total charge transferred per gram of water). The 
value given here for the charge is the maximum value 
obtained in the concentration range between 10-* and 
2x 10-2 M. The vaLies obtained by other investigators? 
(for the same substance and same concentration range) 
exceed by orders of magnitude the values reported here, 
a fact which could nos be explained at the time. The use 
of dipole orientation to explain the appearance of the 
phase transition potentials is m agreement with the 
findings of Costa Rideiro’, who suggested that the ice/ 
water interface is the site of the electrical phenomena 
reported here. This view was also the basis of the theoreti- 
cal treatment of B. Gross’, confirmed experimentally by 
Gill and Alfrey1, Cobb!? and by ourselves’. Moreover, 
because of chemical bond requirements between the 
molecules at the interface and those present in the liquid 
bulk phase, it is to be expected that the preferential 
dipole orientation of the water molecules may extend to 
a considerable deptk. ‘This interfacial region is thick 
enough to accommodate a number of layers of water 
dipoles. The dipole orientation occurs at both the air/ 
water and the ice/water interface. However, the contribu- 
tion of the dipoles at tie air/water interface is much smaller 
than that of the several dipole layers at the ice/water 
interface because of zhe more random nature of the air/ 
water interface. No surface orientation. is likely to occur 
inside the ice phase ss a consequence of the loss in con- 
figurational entropy of the ice lattice. Experiments 
carried out in these Exboratories indicate that the dipole 
orientation contributions at both interfaces are being 
determined while the-zmeasurements of freezing potentials 
are made. Assuming that the surface phase (in the water) 
near the ice can accommodate a few layers of oriented 
dipoles (say, 5 layers) and that there are c. 10” 
dipoles per sq. cm, a value of 22 V is calculated; an 
array of 15-20 dipob layers would account completely 
for the large potential values obtained for conductivity 
water. Fletcher’, usng a thermodynamic approach and 
elementary electrostatics, found a value of 30 V for the 
potential in the ice. In conclusion it seems possible that 
the electric potentials caused by the freezing of conductiv- 
ity water and very dilute solutions are largely due to 
orientation of water dipoles at the ice/water interface. 
The predominant processes occurring in region IT could be, 
in the decreasing order of importance: proton conduction, 
ionic entrapment and ionic diffusion. In region I the 
dipole orientation contribution would be small. The 
elimination of the freszing potential by organic molecules 
could be explained, st least qualitatively, if one accepts 
the presence of the proton conductance mechanism and the 
surface orientation cf the water dipoles. ‘The organic 
molecules behave as a proton trap, thereby eliminating 
the freezing current, aad also as a disorganizing agent of the 
dipole arrays at ths interface causing the complete 
annihilation of the freezing potential. 

We thank Prof. cack H. Schulman for his advice. 
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RELATIONSHIP OF THE VELOCITY OF A CHARGED PARTICLE TO ITS 
RELATIVE BIOLOGICAL EFFECTIVENESS 


By Dr. J. E. TURNER 
Health Physics Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee 
AND 


HAL HOLLISTER 


Division of Biology and Medicine, U.S. Atomic Energy Commission, Washington, D.C. 


HE relative biological effectiveness (RBE) of an 

incident charged particle is often discussed in terms 
of its rate of linear energy transfer (LET). When most 
of the energy transferred is absorbed locally in a small 
target (for example, a single cell), RBE is described as a 
function of LET œ, which is the stopping power — d#/dx of 
the target for the particles'. Because stopping power 
depends only on the two properties, charge and velocity, 
of the incident radiation?, RBE thus described for a 
particle is a function of its charge and velocity. In what 
follows, the ‘LET dependence’ of RBE will imply a de- 
pendence on both these quantities. We shall restrict 
the discussion to small targets in which the spatial dose 
distribution is uniform. 

The ratio of RBE values of two radiations, RBE, and 
RBE,, is given in terms of absorbed doses, D, and D, 
(energy absorbed per unit mass), by the relation: 

RBE, OD, 
RBE, ~ D, (1) 
In comparing the two radiations, the absorbed doses are 
adjusted experimentally to produce the same degree of 
biological effect, or end-point; other factors in the experi- 
ment, such as dose rate and species, are held constant. 
When a mono-energetic beam of charged particles passes 
normally through the face of a thin slice of tissue, the 
absorbed dose in the tissue can be expressed by writing 
D = o(—dEjfdx)Av/100Am. Here ọ denotes the flux of 
particles in cm, —dH/da is the stopping power of tissue 
for the radiation in ergs/em, Az is the thickness of the 
tissue slice in cm and Am its mass in grams, and the factor 
100 converts ergs/eram into rads (1 rad = 100 ergs/g). 
The ratio of RBE values of two kinds of charged particles, 
therefore, is given by: - 
RBE, _ Ps (dE/dx), (2) 
RBE,  ọı` (d#/d2), 

In recent years a number of investigations have extended 
and generalized dosimetric concepts to cover a wider range 
of phenomena than before*. One group of investigations 
has led to a quantitative description of RBE in terms of 
the physical properties of radiation for certain biological 
end-points. This theory, which appears to describe the 
RBE of neutrons, photons, electrons and singly charged 
ions, and to give reasonable results for «-particles, implies 
that RBE depends only on the velocity of a charged 
particle rather than LET’. The theory thus implies that 
the RBE of a charged particle is independent of the 
particle’s charge. This finding differs from the conven- 
tional description of RBE?. 

The present article attempts to clarify the question of 
charge dependence of RBE by the application of general 
principles of collision theory. Although the interactions 
and mechanisms that lead from an initial physical event 
between radiation and matter to biological damage are 
doubtlessly complex, the way in which charge enters the 
picture is given explicitly in the formalism of quantum 
mechanics. (The same is also true, of course, in classical 
mechanics.) In particular, the formalism of successive 
Born approximations gives an expansion of exact scatter- 
ing amplitudes in powers of charge. This permits making 





a definite choice between velocity dependence and LET 
dependence on theoretical grounds within well-defined 
limits known from quantum mechanics. As the following 
analysis shows, the validity of the limits of charge inde- 
pendence of RBE appears to be identical to the hmits of 
the validity of the first Born approximation in collision 
theory. 

Non-relativistically, an incident particle having a 
charge + ze interacts with an atom consisting of electrons 
of charge —e and a nucleus of charge + Ze by means of 
the Coulomb energy operator: 


Ze? Z 
2Li€ > 


lr — Rl 94 [rv — 45! 


zg? 





Y= — 





(3) 


Here r denotes the position vector of the incident particle, 


R that of the nucleus, and r; that of the 7 electron. 
The sum is taken over all electrons (j= 1,... Z) in the 
atom. The transition probability, wo, for excitation of 
the atom from one state o to another state n with the 
simultaneous transfer of momentum (and energy) from 
the incident particle is, in the first Born approximation, 
proportional to the square of the matrix element of V 
taken between the initial- and final-state wave functions, 
Yo and ta, of the system, atom-plus-particle. The operator 


L/jr — R| has zero matrix element between different 


(orthogonal) states depending on rz, and so only the second 
term in equation (3) contributes to wro. The transition 
probability is proportional to the square of the charge of 
incident particle: 


(4) 
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where the symbol < [|> denotes the matrix element for 
the operators and wave functions shown. The total 
cross-section o; for the interaction of a single incident 
particle per cm? with one atom of type 7 per cm is cal- 
culated by integrating wre over all possible scattering 
directions and then taking the proper average over initial 
states and sum over final states of the system. The 
charge dependence shown in equation (4) is not affected 
by these operations and so we may write: 


"on = Bet flv) (5) 


where f(v) is a function depending on the velocity, but 
not the charge, of the incident particle. 

The stopping power of the medium is closely related to 
ci. It is calculated by first multiplying wa, by the excita- 
tion energy of the transition from state o to state n and 
then carrying out the foregoing operations, after which 
the result is weighted by the number of atoms N: of type 
i per cm? in the medium and summed over ê. Explicit 
evaluation of the stopping power? gives an equation of 
the form: . g 


dE 
= Jr = egl) (6) 
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where g(v) is, for a given stopping medium, a universal 
function of velocity v for all charged particles. (The 
function g(v) is given explicitly, for example, by equation 
(38) of ref. 2.) The expressions (5) and (6) also hold rela- 
tivistically in the first Born approximation. The inclusion 
of the second and higher approximations destroys the 
homogeneity of these expressions in the incident particle’s 
charge ze. 

In order to relate the discussion to RBE, a connexion 
has to be made between the occurrence of a physical 
collision on a microscopic scale and the occurrence of 
observable biological damage. We assume that the 
amount of damage done to a biological system is related 
to the number of primary quantum transitions or ‘hits’ 
which occur between the incident radiation and the 
target. In keeping with the definition of RBE, we shall 
assume only that the same extent of damage is produced 
by two charged radiations (other conditions being the 
same) when the number of primary quantum transitions 
per unit volume in the systems is the same. (Since we are 
considering small targets with uniform dosp distribution, 
this approach is equivalent to relating biological damage 
to the total number of primary transitions in the system. 
The volume of the system would then appear explicitly 
in this description, but would cancel later from both sides 
of equation (7).) This assumption does not imply a 
quantitative relationship between degree af damage and 
number of transitions, but states merely the biological 
equivalence of two radiations producing the same end- 
point. This criterion for damage need hold only statistic- 
ally, because the number of primary quantum transitions 
leading to observable damage is large. 

Since the number of primary transitions per unit 
volume in a system due to a flux 9 is pdL4Nisi, we describe 
equal biological damage from two radiations by writing: 


i PrN iai = PEN oat (7) 
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where o,; and Sat are R values of c; for the two radiations. 
The resulting flux ratio, when substituted into equation 
(2) for RBE, gives: 


ZNO 
i 
UN ise 18st 
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RBE, _ 
RBE, ~ 


| (dE/dx), 
The charge dependence of this ratio can be written at 
once from equations (5) and (6): 


2° ar Nif (vy) 
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The explicit dependence on the charges of the incident 
particles cancels, and it follows that the ratio of RBE 
values can be expressed as a function /'(v,,v,) depending 
only on the velocities of the particles. This is the principal 
result of the work described here. 

While it is true that a highly charged ion causes more 
damage (that is, a larger number of primary quantum 
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transitions) than a sicgly charged one at the same Velocity 
(lower LET), it does 20t follow that more damage results 
per unit absarbed dose. Whereas the stopping power of 
an ion is proportiona_ to 2%, the flux needed to produce a 
given number of trarsitions is proportional to 1/z?. The 
magnitude of the cherge acts as a coupling constant for 
the strength or intensity of the interaction between radia- 
tion and matter. Ite effect cancels when different radia- 
tions are compared or the basis of their absorbed doses, as 
equation (2) for RBE specifies. 

The foregoing resulss also hold relativistically in the first 
Born approximation, which coincides with the limits of 
accuracy of Bethe’s onginal stopping power theory® includ- 
ing various corrections?. Physically this means that the 
theory is valid so long as the speed of the incident particle 
is much greater than the speed of atomic electrons. For 
light elements, whic. are the chief constituent of soft 
tissue, the first Born approximation, particularly when it 
includes shell corrections, is known experimentally to give 
an adequate description of charged particle slowing 
down for radiation cf practical interest in radiobiology. 
For protons in water, for example, the theory is adequate 
down to energies of less than 1 MeV (ref. 7). Direct 
experimental evidence for the possible failure of the first 
Born approximation appears to have been found only 
recently, in connexion with the &+ hyperon mass anomaly®, 
The second Born approximation. introduces a difference 
in the stopping powers of positive and negative particles 
that are otherwise icentical. The observed difference is 
of the order of a few per cent. 

In summary, it appears that the validity of charge 
independence for RB= is equivalent to the validity of the 
first Born approximasion in quantum mechanics. Within 
the framework of tùis approximation, the concept of 
‘LET’ dependence fœ RBE should be replaced by the 
more precise ‘velocity’ dependence. Higher-order approxi- 
mations are needed t> describe particles at lower speeds, 
and charge cannot bs factored out and cancelled from 
the resulting expressions. Experiment indicates, however, 
that corrections resu_ting from inclusion of higher-order 
approximations-may 2mount to only a few per cent. 

This work was spcnsored by the U.S. Atomic Energy 
Commission in part ander contract with Union Carbide 
Corporation. 
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ATECHOLS and ethanolamines have been shown 
to form relatively stable chelate bonds'-, and metals 
have frequently been associated with catecholamine 
activity*—* so that a reasonable approach to the study of 


aoum binding would seem to be from the 
point of view of œ-ordination chemistry. With the 
catecholamines a w-de variety of chelate species are 
possible and the diffrent structures would have varied 
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electrostatic charges and solubilities. Some of these 
species have recently been elucidated by Walaas et al.? 
in work on Cu(II) chelates of norepinephrine (NE) and 
epinephrine in connexion with ceruloplasmin. In anaerobic 
systems the Cu(II) NE chelate was found stable whereas 
under aerobic conditions oxidation occurred at a moderate 
rate, which was in agreement with the findings of Chaix 
et al.™. 

In this article results are presented which suggest that 
co-ordination complexes may be of major importance in 
the understanding of the biological phenomenon of 
binding of the catecholamines. This possibility was 
independently derived by Carlsson et al.*, but set aside 
when by paper chromatographic methods sufficient 
quantities of metals were not found in adrenal medullary 
particles. 

In the work recorded here the levels of metals were 
determined in sub-cellular fractions of brain known to 
have high concentrations of the catecholamines. Adult 
male mice were killed by decapitation, the brains quickly 
removed, the cerebellum and cerebral mantle dissected 
away and the remaining brain tissue (the medulla, pons, 
mesencephalon, diencephalon, hippocampii, and pyriform 
cortices) was homogenized in 0:32 M sucrose; the 
technique of Gray and Whittaker!! was used to obtain 
synaptosomes, and the method of DeRobertis et al.12 was 
used to obtain synaptic vesicles. In the sub-cellular 
fractionation the method was slightly modified in that the 
sucrose (Baker and Adamson reagent grade) was washed 
with glass-distilled water on a Buchner funnel, dried, 
dissolved with water to 1-2 molar, and passed over a 
washed “Dowex 50’ column in the hydrogen form. 
Succinic acid dehydrogenase (SDH)! and NE levels" were 
determined for the myelin, synaptosome, and mito- 
chondrial fractions to determine the degree of separation 
of the mitochondria from the synaptosomes. The metals 
quantitatively measured were magnesium, iron, copper 
and zinc. For the metal analyses the sub-cellular fractions 
were dried under vacuum, ashed at 600° C, dissolved in 
N hydrochloric acid, and measured agamst standards 
in an atomic absorption spectrometer (Perkin-Elmer 
model 303). From the results of these analyses, shown in 
Fig. 1, 1t may be seen that in general a good share of the 
metals in brain are present in the nerve endings. Moreover, 
while the metals present in this fraction tend to be in 
proportions similar to the proportions found in brain, 
copper seems to be concentrated several-fold relative to the 
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Fig. 1. Metal, SDH and NE levels in sub-cellular fractions of dissected mouse brain 
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other metals. These findings indicate that the metals mag- 
hesium, copper, iron and zinc are present in synaptosomes 
in sufficient quantities for chelation to be of biological 
significance. 

Metal levels for the synaptic vesicles were determined, 
in addition, as described above. In this case the metals 
were again found present in good yield and the level of 
copper was again noted to be increased relative to 
the amounts of other metals (Table 1). These findings 
suggest that metals are present in structures associated 
with NE rather than with unrelated proteins in the synap- 
tosomes. 

Table 1. METAL VALUES FOR SYNAPTIO VESIOLES ARE EXPRESSED AS ug PER 
SYNAPTIO VESICLES OBTAINED FROM 1 Q WHOLE BRAIN + S.E.M. 
Whole mouse brain Synaptic vesicles 
g 


Metal 
Mg 116 +1°7 14 05+0-29 
Fe 51 7+3-9 1-7 +0-56 
Zn 187+Ł+08 1-05 + 0-05 
Cu 1077+05 20 +016 


In summary, both quantities and intracellular location 
of metals support the hypothesis that co-ordination 
between metal and NE in the synapse is of biological 
significance. It therefore seemed of interest to test the 
effects of a chelating agent on the uptake of exogenous NE. 
The test materials used were synaptic vesicles rather than 
synaptosomes and the chelating agent used was ethylene- 
diamine hydrochloride. The control system contained 
ethylamme hydrochloride at twice equimolar concentra- 
tion to standardize for ionic effects*5 and possible re- 
actions between amines and quinones even to a limited 
degree’*. The results obtained in this experiment are 
shown in Table 2 and the data clearly indicate that the 
uptake of the exogenous NE was inhibited by this 
chelating agent. These findings represent’ additional sup- 
port, therefore, for chelation as a mechanism for the 
binding of catecholamines. 


Table 2 
06 M d, l- 06 mM d,I-NE 
No 0 6 mM NE plus 3 2 plus 1-6 uM 
addition d, -NE uM ethylamıne ethylenediamine 
, hydrochloride hydrochloride 
mug NE insynaptic 
vesicles after in- 
cubation at 0° C 
for 30 min 14:-4* 39614 340411 176+40 


Synaptic vesicles were prepared from 4 g whole mouse brain, divided 
into 4 equal aliquots, and brought to 1 ml. with 0 32 M sucrose + additions as 
noted. No.=5 each value Values are expressed as mug NE+S EM 

* To obtain this value the NE released from synaptic vesicles during the 
incubation (3 4+ 0-2 mug) was subtracted from the endogenous level without 
incubation (17:8 +0 8 mug). 


MITOCHONDRIA 





CI Supernatant 
ZA Pellet 
I Standard Deviation 


Synapto- Mitochondria 
somes 


NE was determined by a modification of the method of 


Metal values are expressed as ug sub-cellular fraction obtained from 1 g of original tissue SDH and NE values as 


Hl O,/sub-cellular fraction from 1 g onginal tissue/h and myg/sub-cellular fraction from 1 g original tissue respectively 


» 


October 2, 1965 


No 5005 


11 


O Mg 


10 





9 
8 
T gr 
H Fa 
bp TH 
E F 
Lan 
I uf 
ji 
o W 
5 
4 
05 1 1:5 2 2°5 
Equivalents of base 
Fig. 2. Potentiometric titration of NE (0-1 mmoles in 10 ml. aqueous 


solution of 0-1 M KCI, 0-02 M NaCl) with Increasing molar ratios of Mg(IT) 
and Ca(II) with carbonate-free 0 1 N KOH 


To study the co-ordination chemistry of the metals, 
magnesium, copper and iron with NE, the method used 
was potentiometry. This technique was thought best for 
this survey since it is generally applicable with this class of 
compounds and since the degree of chelation may be 
estimated directly from the titration curves. When 
NE was titrated with and without magnesium in increasing 
molar ratios it was found that with equimolar magnesium 
the chelation was negligible at physiological pH, but that 
with increased molar ratios of magnesium the chelation 
increased to levels easily of biological significance (Fig. 
2). The titration curves for NE with Ca(II) at a molar 
ratio of 100, shown in addition in Fig. 2, indicate that NE 
forms somewhat less stable chelates with Ca(II) than 
with Mg(II). It would be of interest to determine stability 
constants for NE from the above titration curves, but since 
chelation may occur at either the catechol moiety or 
ethanolamine side-chains, additional data are required for 
such calculations. 

For the titration of NE with Cu(II) and Fe(II) it was 
found necessary to use an organic solvent since the 
chelates formed were insoluble in water over the pH 
range examined. The solvent found suitable was water : 
propanol: butanol 2:3:2, and the electrodes were 
standardized with ¿ris buffer in this solvent. The titration 
curves obtained in this case with NE and Cu(II) and Fe(IT) 
indicate that at physiological pH, NE essentially com- 
pletely chelates the metal present even at equimolar 
metal concentrations (Fig. 3). 

In addition it seemed of interest to titrate ATP plus 
metals with and without NE present, since ATP has 
recently been found concentrated in synaptosomes?’ 
and since ATP has been associated with NE storage in 
many studies**, A reasonable hypothesis in this case 
seemed to be that ATP, metal, and NE might form an 
ATP-metal-NE ternary complex and that such complexes 
might be of particular importance in the reaction mech- 
anisms of catecholamines. During the titration of the 
samples containing Cu(II) and Fe(II) with NE present, 
it was found that additional protons were released through 
the pH range 6-8 (Fig. 4). Since NE normally releases 
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protons only at pH values > 7 5, this, and the fo®mation 
of an intense blue colsur in the case of Fe(II), indicated 
that a good proportior of the NE was chelated at pH 7-4. 
The question remaining was whether NE displaced the 
ATP or chelated witk additional co-ordination positions 
of the metal. It was therefore of interest to note that 
no precipitate was observed in the samples containing 
either iron or coppe> with NE and ATP, whereas a 
precipitate forms when NE alone is in solution with 
copper or iron (see foregoing). This finding, in conjunction 
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Fig. 3. Potentiometric titration of NE in the presence of Mg(II), Fe(I1) 
and Cu(II) (equimolar, 0 05ammoles ın 100 ml. of solvent) with carbonate- 


free 0-1 N KOH. Solvent system, water ' propanol ' butanol, 2.3: 2 
10 
NE 
9 Fe (II) 
ATP ™ Í 
S 
we 
~/@Cu(II} ATP 
8 WE 
f hom 
4 ATPNE 
DT 
5 ~-Cu( IATP, NE 
Se W 
Moil) 
l ATP ATF 
5 
4 
3 


05 1:0 =5 2-0 2-5 3-0 3°5 
Equivalents of base 
Fig. 4 Potentiometric tit-ation of NE in the presence of various com- 


binations of ATP, Mg(11), Cu(II) and Fe(II) (equimolar, 0-1 mmoles in 
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with t]@ ‘colour formation and the titration curves, is 
good evidence for ternary complex formation. 

If ternary complexes of the type ATP-metal-NE 
structures form in vivo, a reasonable hypothesis would 
seem to be that such complexes represent a mechanism 
for storage or binding.of catecholamine molecules. This 
general hypothesis will be considered further in the 
remainder of this article in terms of possible structures 
for the complexes and explanations of a variety of 
reported findings regarding catecholamine storage. 

In, recent studies of metal ATP complexes, Cohn and 
Hughes!* presented evidence that copper co-ordinates 
with ATP at either the «- or B-phosphate groups and to 
some, as yet uncertain, degree with the adenine ring. 
Magnesium was found to chelate with the «- and B-phos- 
phate groups while zinc apparently chelates with the 
adenine ring. This, therefore, allows for an even greater 
variety of possible chelate species which may be significant 
in catecholamine binding. Structures representing typical 
ternary complexes might involve either the catechol 
moiety (I) or the ethanolamine side-chain (II). In the 
structures shown, negative and positive charges are 
indicated, but with co-ordination, and hence covalent bond 
formation, the charge distributions of the complex will be 
altered and at some co-ordination positions the positive 
and negative charges would be essentially cancelled. 
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The structure of these complexes should be considered 
briefly in terms of possible oxidation of the NE in the 
presence of the metals'®. Since the oxidation of catechols 
in the case of copper depends on the formation of the 
percupryl complex Cu OO-, which in turn depends on 
hybridization of the copper orbitals to form a tetrahedral 
structure!*, a reasonable hypothesis seems to be that in the 
ternary complex the ATP either competitively blocks 
the co-ordination of oxygen or that it does not promote 
formation of the tetrahedral structures. In our experience 
so far, norepinephrine at physiological pH in the ATP- 
Fe-NE complex in 0:1 molar potassium chloride and 0-02 
molar sodium chloride does not oxidize for several hours. 

Several reported experimental findings dealing with the 
storage of the catecholamines may be explained in terms 
of binding through complexes of the ATP-—metal-catechol- 
amine type. During investigations with rat heart, for 
example, Musacchio, Kopin and Weisse found that the 
binding strength of amines was in the order NE > dop- 
amine > octopamine > tyramine**. That is, with increased 
hydroxylation there is mcreased binding. Moreover, 
O-methylated compounds were much weaker binding 
agents than the analogous hydroxy amines. Similar 
findings have been made with rat brain?!. This order of 
binding follows directly the order of the stability constants 
which may be estimated in general for such compounds’. 

Tyramine displacement of NE”? at first seemed contra- 
dictory to a chelation hypothesis for binding, but 
Musacchio, Kopin and Weisse? have shown that tyramine 
is metabolized to octopamine which has the ethanolamine 
side-chain before it becomes an effective competitor 
for the storage sites. 

A further interesting finding which is consistent with 
the foregoing hypothesis has been reported by Von Euler 
et al.*8, The uptake of exogenous NE by splenic nerve 
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granules was found to increase essentially linearly between 
pH levels 6 and 8-5. This apparently is the precise pH 
range already shown here (Fig. 4) over which NE chelates 
with Fe(II)-ATP and Cu(II)-ATP. 

Tissues rich in NE have the capacity to take up this 
amine from exogenous sources against a concentration 
gradient*»*4, This finding may be explained in terms of a 
chelation hypothesis as follows. Calculating from data 
in Table 1 using only zinc, copper and iron (excluding 
magnesium), one may estimate that the synaptic vesicles 
from a gram of brain have enough metal to co-ordinate 
with approximately 0-08 uM of NE (assuming one NE 
per metal and essentially complete chelation). Even though 
this calculation is a rough one, it does indicate that metals 
are present far in excess of the NE. As such, many 
storage sites (co-ordination positions of metal occupied 
by water or other molecules which can be displaced by 
NE) are available for chelation with NE. Owing to the 
loss of NE from vesicles during preparation, even more 
positions would become available for NE. As a conse- 
quence of this, NE which enters a vesicle would be expected 
to complex with metal or metal-ATP. The excess of 
metal compared to NE, by the law of mass action, would 
favour the development of the chelate species which, 
assuming the chelate remains intravesicular, would 
produce a concentration against a gradient. In this 
formulation the concentrations of metal, NE, and the 
stability constants will determine the point at which 
apparent ‘saturation’ of binding sites appears. Schematic- 
ally the binding of NE may be represented as follows 
(M =metal): 
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A role for magnesium and ATP in the uptake of NE#:6 
has so far been ignored but will be considered in the 
following article. However, it should be noted here that 
Kirshner‘ found that in the presence of zine + ATP and 
aluminium + ATP the uptake of isotopically labelled NE 
was inhibited. This may be explained in terms of a 
chelation hypothesis, as these metals would be expected 
to form ternary complexes (ATP-M-NE) which would 
compete for free NE, hence reducing the amount of 
uptake by the granules. 

In summary, evidence has been presented indicating 
that metals, copper in particular, are concentrated in 
nerve endings and synaptic vesicles in quantities easily 
sufficient to form chelates with catecholamines. In 
addition, the chelating agent ethylenediamine hydro- 
chloride was shown to effectively block the uptake of 
exogenous norepinephrine. Potentiometric evidence has 
been given which indicates that norepinephrine chelates 
with metal-ATP complexes to form a ternary metal— 
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ATP-NE complex. A unifying concept was then con- 
structed with metal or metal-ATP complexes representing 
whe intravesicular binding sites for catecholamines. The 
‘way in which such a hypothesis might explain a variety 
of reported experimental findings was outlined. - 
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N an earlier investigation results were presented which 
indicated that a fraction of pinched-off nerve ending 
particles (synaptosomes) and synaptic vesicles from brain 
tissue contained appreciable quantities of copper, iron, 
and magnesium. The significance of this finding, viewed 
from the perspective of co-ordination chemistry, for the 
‘mechanism of binding of norepinephrine (NE) was dis- 
cussed. It was also noted that these metals were not freely 
soluble but tended to be associated with the particulate 
fraction. This finding suggested that these metals might be 
co-ordinating with membrane constituents and hence be 
importantly related to membrane structure and function. 
Data and theory bearing on this possibility are presented 
and discussed in this article. In addition, the manner in 
which such co-ordination structures might be related to 
the binding and transport of NE is further explored. 
Phosphatidyl-1-serine (PS) was obtained from Nutritional 
Biochemical Corporation, phosphatidyl inositide (PI or 
fraction I of Folch) and adenosine triphosphate (ATP) as the 
disodium salt from Sigma Chemical Co. The phospholipids 
used are constituents of cell membranes in general and have 
~ been reported to be present in the membranes of synapto- 
somes and synaptic vesicles?. Sub-cellular fractionation of 
brain tissue was done as follows: Male rats of approxim- 
ately 90 days of age were killed, the brains quickly removed, 
the cerebellum and cerebral mantle dissected away and the 
remaining brain tissue homogenized in 0:32M sucrose 
cleaned of metals as previously noted’. The technique 
of Whittaker?4 was used to prepare a fraction of synapto- 
somes. Evidence that this fraction was composed of 
synaptosomes was obtained by a spot check of succinic 
acid dehydrogenase activity (SDH)*> and NE content® of 
the myelin, synaptosome, and mitochondrial fractions. The 
SDH activity in u10,/g original tissue/h was 18, 60 and 
793 respectively. NE values in mug/g original tissue were 
found to be myelin: 7:5; synaptosomes, 52; and mito- 
chondria, 41:5. It is assumed that the NE levels for the 
mitochondrial fraction represent a contamination by 
synaptosomes. Lipid extracts of pellets of synaptosomes 
were prepared by the method of Folch, Lees, and Sloane- 
Stanley’. An upper phase non-lipid fraction was also 
obtained by this method. This fraction is hereafter 
referred to as ‘upper phase extract of synaptosomes’. 
The fractions were evaporated to dryness and resuspended 


in water. Titrations and metal determinations were 
carried out as previously noted!. The solubility charac- 
teristics of various metal complexes in aqueous-ether 
phospholipid dispersiens were obtained as follows: 
The combination of compounds to be examined were 
added in noted amounis to glass-distilled water and then 
the particular metal being used was added and the total 
volume brought to 1 mi. The pH was then adjusted to 7:3 
with sodium hydroxide. This aqueous phase was then 
overlain with 3 c.c. of diethyl ether, the tubes capped, 
shaken for 15 min, ard centrifuged at 2,500 r.p.m. for 
15 min. At this point the colour of the ether phase was 
noted and 0:4 c.c. of the ether phase was removed for 
metal assay. If NE values were to be determined, tritiated 
d,l-NE (New England Nuclear Corp.) was mixed in tracer 
amounts with cold d,-NE in noted quantities. C.p.m. 
were determined from both aqueous and ether phases 
using a Packard liquid scintillation spectrometer, and 
partition coefficients calculated as- 


c.p.m./c.c. ether phase 
c.p.m./c.c. aqueous phase 


The results obtained may be summarized as follows. 
When phosphatidyl-1-serine is titrated in the presence of 
Mg(II), Cu(II) or Fe(III) the curves obtained indicate 
co-ordination of these metals with the phospholipid 
(Fig. 1). Moreover, evidence for complex formations 
between metal and phosphatidyl-l-serine altering the 
physical characteristics of the components is indicated 
in Table 1, ın which it is noted that the metal content of 
the ether phase increases. If ATP is added to the phos- 
phatidyl-1-serme metal complex it ıs found that: (a) 
precipitation does not occur; (b) the metal is not found 
in the ether phase (Table 1). The ATP effect might occur 
owing to the formation Df co-ordination complexes between 
metal and ATP with no metal being available for the 
phospholipid. However, titration data as shown in 
Fig. 1, taken in conjunction with solubility characteristics 
(Table 1), suggest that a ternary metal-ATP-PS co- 
ordination complex forms. More explicitly, when PS is 
added to Fe(III) ATP solutions, Cu(II) ATP solutions or 
additional protons arereleased. This could occur owing to 
the formation of a ternary complex or the displacement 
of ATP by the phospholipid. If the latter were the case, 


T 
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however, due to alterations in solubility, one would expect 
to find significant quantities of Fe(II) in the ether phase 
(Table 1). That this does not occur supports the argument 
for ternary complex formation between Fe(III), ATP and 
phospholipids. Moreover, in titrations (not shown) of 
metal, PS, and ATP in aqueous solutions (0-1 N KCl, 
0-05 N NaCl) a precipitate did not form whereas precipi- 
tation did occur if only metal and the phospholipid were 
present. Owing to the physical characteristics of 
Mg(II), evidence for ternary complex formation from 
Meg(IT) titration data is less firm than in the case of Fe(III) 
and Cu (II). However, if magnesium were present in 
greater than equimolar concentrations, as might occur 
in biological systems, then by the law of mass action 
increased complex formation would occur, as was shown 
for the case of Mg (II) and NE in an earlier report?. The 
insreased solubility of the metal-phosphatidyl-1-serine- 
ATP complex in water and decreased solubility in ether 
is thought to be a function of the quadrivalent ATP. 
The presence of a ternary complex is not too surprising 
as ATP is known to form a chelate structure M(ATP)*-22 
and the serine group could easily form a 5-membered 
chelate ring utilizing the remaining co-ordination posi- 
tions of the metal. In terms of overall electrostatic 
charge, alterations in solubility may be understood. 


Table 1 
5 00 uM 5 00 uM No 
phosphatidyl-1- Phosphatidyl phospho- 
serine Inositide lipid 
Without 6°25 i Without 6 25 uM 
Metal ATP ATP ATP ATP 
arcs 232+0°64 001640002 166+0-021 007140005 0 
UUl 
6'25 uu 068+032 0025+0002 0884+076 0 0 
Cul, 
6 25 uM 0 594018 0030 1:16+029 0-087+0 005 0 
MgCl, 


Values refer to uM metal/3 ml. of ether + S.E.M. The No. for all metals + 
Phospholipid 1s 3 and for all metals + phospholipid + ATP 1s 2. 


As can be seen from Table 1, ın the presence of phos- 
phatidyl inositide metal is found in the ether phase in 
increased amounts. Titration results (Fig. 2) suggest the 
presence of a metal-phosphatidyl inositide co-ordination 
complex. It ıs also noted that, as before, metal incor- 
poration into the ether phase is essentially reduced to 
zero in the presence of ATP. Evidence from titration data 
(Fig. 2) and solubility characteristics (Table 1) suggest 
the formation of a ternary co-ordination structure between 
metal, ATP, and phosphatidyl inositide. The dissociation 
characteristics of phosphatidyl inositide are such that the 
titration data with this phospholipid more clearly suggest 
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Fig. 1. Potentiometric titration of phosphatidy]-1-serine in the resence 

of various combinations of ATP, Mg(II) and Cu(II) (equimolar, 0 01 

mmoles in 100 ml water isopropanol: n-butanol, 2:3. 2) with carbonate- 

free 01 N KOH. Samples containing Fe(III) were equimolar with the 
other components at 0-01 mmoles 
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Fig. 2. Potentiometric titration of phosphatidyl inositide in the presence 

of various combinations of ATP, Mg(II), Ou(IL) and Fe(III) (equrmolar, 

0 01 mmoles in 100 ml water .isopropanol n-butanol, 2.3 2) with car- 
bonate-free 0:1 N KOH 


ternary complex formation for Cu(II) and Mg(II) as well 
as Fe(III). 

Although the co-ordination structures of these phospho- 
hpid-metal complexes are not clear it does seem that the 
structures are sufficiently stable in the presence of water 
to alter the solubility characteristics of the metal-phos- 
pholipid complex. 

The two phospholipids thus far mentioned were chosen 
because of differences ın their polar groups as well as being 
naturally occurring membrane constituents. It is not 
felt, however, that the change ın solubility characteristics 
induced by metal complexes need be limited to these two. 
Any molecule which can co-ordinate stably with metal 
with an alteration in overall electronic structure would 
be expected to exhibit the characteristics shown by the 
two phospholipids examined. This phenomenon is well 
known, namely, precipitation of amino-acids by Cu(II), 
the inner complex salt of Werner?®. 

To be certain that the results and theory constructed 
from them would be applicable to the central nervous 
system, lipids were extracted from a pellet of the synaptic 
fraction of an ultra-centrifugate of dissected brain. As a 
control the upper phase as defined by Folch, Lees and 
Sloane-Stanley’, which contains predominantly water- 
soluble material, was used. The ability of this lipid 
extract to increase the incorporation of metals into the 
ether phase and a prevention of this by the presence of 
ATP are shown in Table 2. This was not found with upper 
phase material, which is taken as suggesting that lipids 
from biological material, synapses, will co-ordinate with 
metals and alter their electronic structure. Further, in 
the light of preceding data 1t seems reasonable to assume 
that ternary complexes form between synaptic lipids, 
metal, and ATP. 

It is of interest that Folch, Lees, and Sloane-Stanley’ 
find that MgCl, 0-003 N, CaCl, 0-003 N, NaCl 0-05 N, 
KCl 0:05 N are able to alter the distribution of lipids 
between the upper and lower phases, that is, the metals 
increase the yield of hpids in the lower, chloroform 
phase. Wolman and Wiener! report that when myelins 


Table 2 
Lipid extract of synaptosomes Upper phase 
Without 6-25 uM extract of No. 
ATP ATP Synaptosomes extract 
25 uM CuCl, 117 +0126 0 012+0 001 0 0 
25 uM FeCl, 061 +0022 0 035 0 023 + 0-0071 0 
25 uM MgCl: 0 086 + 0 013 0 025 + 0:005 0 0 


Values are expressed as uM metal/3 cc. ether/mg extract (dry weight) + 
E.M.; No.=4 (approximately 1 mg dry wt of lipid extract was used per 
tube, approximately 4 mg dry wt. of ‘upper phase’ extract was used per 
tube) 11 mg of the lipid extract of synaptosome before addition of metals 
was found to contain 0 005 uM Cu, 0 0048 uM Fe, and 0 037 uM Mg. 
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are homogenized in 0-5 M calcium chloride an aqueous 
extraction yields only small amounts of lipid. They 
interpret this as indicating that the Ca++ has induced 
a transition of phospholipids to a water-m-oil pattern 
(Fig. 3). West?® also notes the ability of metals to induce 
this transition. Others have suggested a role for mem- 
brane phospholipids in ion transport!®17, These investi- 
gators, however, have used the concept of electrostatic, 
attractive forces to explain the effect of metals on 
polar lipids. It is suggested here that the use of the 
theory and facts of co-ordmation chemistry is more 
appropriate for the understanding of interactions be- 
tween membrane phospholipids and metals as this body 
of knowledge: (a) aids in the understanding of differences 
in behaviour of various cations; (b) allows the introduction 
of steric considerations; (c) suggests that relatively stable 
complex formation (such as chelation) may occur between 
membranes and metals with an alteration in their solu- 
bility characteristics; (d) raises the possibility of ternary 
complex formation between a membrane constituent, 
metal, and biologically active molecules, namely, ATP 
amino-acids, metal activated enzymes. This latter pomt is 
of particular importance because of the well-known 
relationship between, ATP enzymes and the mamtenance 
of membrane function. 

The results so far presented may be interpreted as 
follows. Phospholipids alone dispersed in aqueous systems 
are oriented with their polar heads towards the aqueous 
phase (in either lamellar sheets or globular arrays). In 
the presence of metals co-ordination complexes between 
the metal and phospholipids form which alter the elec- 
tronic structure of the complex in such a way that a 
portion of the phospholipid dispersion assumes a water-1n- 
ou configuration (Fig. 3) and hence the increase in ether 
solubility of the metal—phospholipid complex. If one adds 
ATP, however, the situation is quite different. Owing to 
either the formation of ternary complexes or the functional 
removal of metal by ATP the phospholipid dispersions 
are shifted towards a predominantly oil-in-water pattern. 
In this system metals and ATP have a role as important 
modulators of the configurational array assumed by 
phospholipids in aqueous systems. 

The significance of this for biological membranes is 
suggested to be as follows. Metal-ATP-—phospholipid 
complexes can be seen as forming lamellar sheets in agree- 
ment with the most generally accepted model depicting 
the cellular membrane'§-?? as composed of two uni- 
molecular lipoprotein leaflets having the phospholipid 
molecules so oriented that the hydrocarbon tails point 
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® 
toward each other. Hpwever, if the ATP is removed, by 
ATPase, for example, the electronic structure of the metal— 
phospholipid complex will favour the development of a 
quite different configuration. Replacement of the ATP, 
by a metabolic source, will lead to a resumption of the 
usually depicted lamellar configuration. In the under- 
standing of membrane function m nerve, some mech- 
anism, whereby rapid reversible alterations in membrane 
structure occur, is necessary. How such a mechanism 
might operate in a bio-ogical system, such as a synapse, is 
presented in Fig. 4. `f such a model ıs correct, the fol- 
lowing can be predicted. 

(1) Whether on tke mner‘or outer surface of the 
cellular membrane, metals will tend to induce configura- 
tions of the water-in-o-l type, that is, to produce a mosaic 
of water-filled channeB or pores lined with charges. ‘The 
dimensions of these pares may easily*® be of sufficient size 
to permit the passage of ions and small molecules across 
the membranes. Larg=r molecules which can co-ordinate 
with the sterically available metals may cross the mem- 
brane in an exchange reaction. 

(2) The pores in this model have fixed charges and 
varying dimensions of a type dependent on the particular 
phospholipid and metad involved. They could thus assume 
the properties of permselective membranes**. In this 
respect it is of interest that copper converts the frog skin 
membrane into a structure which becomes selectively 
impermeable to chlor:de ions”. 

(3) It is generally azreed that ATP is quite important 
in membrane functior and is known to be present in the 
milieu interieur of th> cell and synapse; for example, 
Nyman and Whittaker®* have shown that a stable ATP 
fraction which is probably only about 10 per cent of that 
found in vivo is present in synapses in a molar concen- 
tration some 200 times greater than serotonin. From our 
results it is suggested that complexes between ATP- 
metal—phospholipids would tend to maintain the lamellar 
arrangement, and as she metabolic source of ATP 1s in 
the interior of the cell this will lead to different structural 
configurations between the inner and outer surfaces of 
the membrane, that 5, there are many less water-in-oil 
configurations on the inner surface. This would mean 
that in the presence or ATP the energy barrier to passage 
of small ions such as sodium or potassium and larger 
molecules in either direction across the internal interface 
would be relatively large, that is, selective ion concen- 
trations and hence pctential gradients would tend to be 
maintained as well as there being a barrier to the passage 
of polar molecules. 
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Fig. 3. Schematic representation of oil-in-water and water-1n-oll petterns 
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(4) Removal of ATP from the ATP-—metal phospholipid 
complex as by ATPase, which may be intimately associ- 
ated with membrane function in nerve*’, would result in 
the internal surface of the membrane spontaneously 
assuming a water-in-oil configuration, that is, one would 
now have a mosaic of charged pores both on the mner 
and outer surfaces of the membrane with consequent 
fluxes of water and ions across the membrane in both 
directions. Two especially interesting features predicted 
from this are: (a) the loss of the membrane potential due 
to Nat and Kt exchange; (b) a change in membrane 
resistance. 

(5) Replacement of ATP on the metal—phospholipid 
groups would result in a resumption of the resting struc- 
ture, that is, one without pores on the inner surface and 
an energy barrier to movement of ions and larger mole- 
cules across it. Without a steady supply of ATP this 
resumption would not occur and the membrane would 
progressively, functionally deteriorate. 

(6) Some miscellaneous features of the model to be 
noted are as follows: Luzzati and Husson?’ have shown 
that the phospholipids extracted from brain, at body 
temperature, are not in a coagel but a liquid crystalline 
state, that is, at 37° the hydrocarbon tails have melted. 
As such the energy barrier of the hydrocarbon tails to 
transitions between the two configurations would be less 
than with a coagel. Furthermore, they have found by 
X-ray diffraction data that such water-in-oil to oil-in- 
water transitions can spontaneously occur in phospho- 
liprd—aqueous dispersions depending on concentration. As 
such, counter forces ın either direction could be quite 
determinant as to the configuration assumed. 

It is of interest that Baker, Hodgkins and Meves?* have 
raised the possibility of there being fixed negative charges 
on the inner surface of the membrane which they relate to 
ionized phospholipid and carboxyl groups. Quadrivalent 
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ATP might significantly contribute to such fixed negative 
groups. 

Other, less metabolically active, molecules might also 
function as ATP in the maintenance of the oil-m-water 
configuration and would tend to stabilize the membrane 
in this form. Attention has been focused on ATP because 
of the importance of its production and dephosphorylation 
for normal membrane function. 

Data and theory bearing on a mechanism whereby a 
neurotransmitter, norepinephrine, might be released from 
the pre-synaptic terminal are now presented. In the pre- 
ceding article it was noted that metals found in the 
synaptosomes and synaptic vesicles tended to remam 
with the particulate fractions and not enter the super- 
natant. Further, evidence for the formation of metal -NE 
chelate structures and their importance in storage pools 
within synaptic vesicles and synaptosomes was discussed. 
In the light of results presented in the earlier portion of 
this article, it seems possible that ternary complexes 
might form between membrane phospholipids, metals, 
and NE or even quaternary complexes with ATP where 
the co-ordination number of the metal is 6 or more. 

Titration curves (Fig. 5) suggest that such ternary 
complexes do occur between phosphatidyl-1-serine, metals 
and d,l-norepinephrine. 

Solubility characteristics of metals and NE in the 
presence of two phospholipids are presented in Table 3. 
It is noted that in the presence of metals and phospho- 
lipids the quantities of metal in the ether phase and the 
partition coefficients of NE are markedly altered. A NE- 
metal—phospholipid complex is thus seen to have altered 
solubility characteristics such that a polar NE molecule 
becomes more soluble in an organic solvent. Phrased 
differently, the energy barrier to the movement of NE 
into an organic solvent 1s reduced by complexing. This 
might be of significance in understanding a mechanism 
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Fig. 4. Schematic representation of suggested cell membrane transitions as outlined in the text. (The letter M represents metals. Filled black 
circles indicate membrane components which form relatively unstable co-ordination complexes) 
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Fig 5. Potentiometric titration of phosphatidyl-1-serine in the presence 
of NE, Mg(II), Cu(II) Fea 4 Pr00 n 





o 
cause differential effects. The changes noted are felt to 


E Ma) be -a function of the salts increasing the ‘polarity of the 
PS 


NE Cut aqueous phase with a consequent accentuation of solubility 
NE characteristics. This raises the possibility that in bio- 
l logical systems the solubility changes reported throughout 
this article would be accentuated. 

Fea). In Table 5 it is noted that increasing concentrations of 
| NE ATP progressively diminish the amount of metals found 
in ether as well as decreasing the partition coefficients of 
ie A NE. Possible co-ordination complexes by which this 
PS might occur are several, but the important point is that 
the presence of ATP could serve as an important modu- 
lator of the amount of NE which is able to surmount the 

energy barrier represented by the membrane. 

Finally, similar effeczs of lipid extracts of synaptosomes 
and upper phase extrasts are presented in Table 6. It is 
noted again that the presence of the lipids increases both 
partition coefficients and metal content of the ether phase 


1 9 3 4 and that this is inhibited by ATP. 
Equivalents of base From these results the following hypothesis regarding 
synaptic membrane frnction and NE is suggested. In 


and Fe(III) (equimolar, 0-01 mmoles in 100 ml. the resting membrane the presence of ATP increases the 


water : isopropanol : n-butanol, 2:3: 2) with carbonate-free 0-1 N KOH energy barrier to the movement of NE across the internal 


surface of the membrene. If ATP is removed, as by an 


whereby a polar molecule such as NE moves across the ATPase, either (a) unfilled co-ordination positions on the 
potential energy barrier of the lipid membrane. metal—phospholipid become available to NE, or (b) the 

In Table 4 data on the effects of salt concentrations on removal of ATP from a quaternary complex occurs and 
metal concentrations in the ether phase and NE partition a ternary phospholipid—metal-NE complex remains. In 
coefficients are presented. It is noted that there is a either case, the electrcnic structure of this ternary com- 
marked effect in general but that this is independent of plex is such that its solubility in the aqueous phase is 
the ion species, that is, sodium and potassium do not decreased, whereas in the lipid phase (the cell membrane) 


Metal concentration 


6 25 aM CuCl, 


6°25 4M MgC), 







~ a S 


NE 6-25 uM 
(No. = 4) 


NE 6°25 uM 
(No. = 4) 


NE 6°25 uM 
PS 5:0 pM : 
(No, =2) 


NE 6°25 uM 

MgCl, 6°25 uM 

PS 5-0 uM 
(No. =6) 


5-0 uM phosphatidyl-1-serine 
+6°25 uM NE+6-°25 uM 


MgCl, 


F Table 3 
Metal content is expressed as uM/3 c.c. ether + S.E M. (No.=8 to 5; N.D. means not done) 


No phospholipid; | 5:00 uM phosphatidyl-1- 5:00 uM phosphatidyl 
no NE serine + 6'25 uM NE inositide+ 6 25 uM NE . 6-25 uM NE 


NE partition coefficient 0 0037 + 0 0003 0 007 + 0:0001 0-0103 + 0 0016 
Metal content — 


NE partition coefficient 011+0 030 0-141 + 0-041 
Metal content 16+0161 2 27 + 0-276 


NE partition coefficient 0 035 + 0 004 D. 0 0127 + 0 0001 


Metal content ~ 0-879 +0 080 i 0 0264 + 0-0072 





Table 4 

















NaCl = 20 m molar 
KC = 100 m molar 





NaCl=100 m molar 


Nacl=0 NaCl =100 m molar 
K KCI1=100 m nolar 


Cl=0 KCl=20 m molar 










































Partition Partition Partition Partition 
coefficient Mg coefficient Mg coefficient Mg coefficient Mg 
(NE) (uM/3 ml.) (uM/3 ml ) (NE) (NE) (uM/3 ml.) 
0-0111 0-014 +0 022 0 0137 0 0-0138 0 012+ 0:03 0-014 0 031 +0 013 
+0 0017 +0-0024 + 0-0024 +0-0009 


i | | | | 


0 0159 0-021 + 0-002 0 0135 
+0-0001 + 0:0024 
























0-015 0 021+ 0 003 0:023 + 0 003 


0:023 + 0-002 + 0:0002 


0 0106 
- +0 0003 



















0:021 + 0 025 0-01 0-009 + 0 005 
+0°0084 + 0:0007 


0 0036 0 083 +0 011 
+0 0007 +0 0036 


0 0764 
+0 0071 



























0-041 0 762 +0 033 0:906 + 0:063 


+0 002 +0011 


0-064" 
+ 0:0033 


0-0596 


0 849 + 0:027. 
+0 0037 - : 





0-888 + 0:057 





Table 5 
Magnesium content is expressed as uM/3 ml. ether + S.E.M. The No. in all cases is 5 





















ATP 0 ATP 1:25 pM ATP 2°5 uM ATP 5°0 uM ATP 100 M 
Partition coefficient NE 0 042 + 0 002 0 0351 +0 0018 | 0:0251 +00035 | 0:0107 + 0-002 0:0036 + 0-0005 
Magnesium content 0 639 + 0-051 0 537 +0018 0-411490 09 0-156 + 0-036 0 021 + 0 0033 
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e 
its solubility is increased. The net result is an increase in 
movement of NE across the cell membrane. The mech- 
anism of movement of the NE molecule is not clear, that 
is, it might occur simply as an exchange reaction or be a 
function of the development of a water-in-oil pattern 
which sterically would place the NE molecule in the 
membrane pore as outlined in an earlier part of this article. 
Displacement of NE by ATP (from a metabolic source in 
vivo or an exogenous source in vitro) would bring about 
a resumption of the usual resting structure. Note that by 
this mechanism the membrane ATP will tend to prevent 
loss of NE from the vesicle and that a steady supply of 
ATP is necessary to preveni the vesicle from functionally 
deteriorating. 


Table 6 
Lipid extract of synaptosomes Upper phase 
+6 25 uM synaptosomes 
Without 6 25 uM + 
ATP ATP 6 25 uM NE 
6 25 uM Partition coeff- 0:046 +0017 0:003 + 0 001 All values 
CuCl, clent NE ‘00 
Copper content 08320+0113 0-0155+0 0027 


No copper Partition coeffi- 0 0027 +0 0014 All values 
cient NE < 0-001 


Metal content is expressed as uM sue c.c ether/mg extract (dry wt )+ 
S.E.M. with No.=5 or 6. Approximately 1 mg (dry wt.) of lipid extract was 
Fee tube; approximately 4 mg (dry wt.) of upper phase extract was 
used/tube, 


The report?® that cold NE can be taken up against a 
gradient by granules known to be rich in this amie can 
be satisfactorily explained by the presence of metals 
within the granules'. In addition, reports?®3° suggest 
magnesium and ATP are necessary for uptake of NE or 
E by chromaffin granules. The great bulk of the data 
reported by these investigators involved rate curves for 
the appearance of radioisotopically labelled catechol- 
amines within the granules. As such, any factor causing 
an increase In endogenous pool size would lead to a less 
rapid exit of the isotopically labelled molecule and hence 
higher c.p.m. As noted before1, we feel that there is a 
true uptake, against a gradient, owing to the presence of 
metals within the granules, but that in addition the 
presence of magnesium and ATP diminishes the rate of 
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outflow of NE from the interior of the vesicle for reason: 
which follow from the suggested role of ATP and metal ir 
membrane function and NE transport. The combinatior 
of true uptake against a gradient due to metal within the 
vesicle and diminished outflow due to magnesium—ATT 
then leads to greater amounts of radioactivity being founc 
within the granule. 
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ACETOHYDROXAMATE: BACTERIAL UREASE INHIBITOR WITH 
THERAPEUTIC POTENTIAL IN HYPERAMMONAEMIC STATES 


By Dr. WILLIAM N. FISHBEIN and PAUL P. CARBONE 


Medicine Branch, National Cancer Institute 


AND 


H. DONALD HOCHSTEIN 


Clinical Pathology Department, Clinical Center, National Institutes of Health, Bethesda, Maryland 


URING investigations demonstrating that the anti- 
leukaemic agent, hydroxyurea, 1s both a substrate 

and an inhibitor of jackbean urease!-°, acetohydroxamic 
acid (AHA) was used as an analogue of hydroxyurea. AHA 
was found to be an irreversible, non-competitive urease 
inhibitor with a rate constant of 103 M-! min- at 25° C, 
that is, 1 mmole AHA produced complete urease inactiva- 
tion in 3-4 min’. Since the compound has little toxicity 
for animals? and has been shown to exert no inhibitory 
effects on a variety of other enzyme systems', it was 
examined for possible clinical application in treating 
hyperammonaemic states by reducing the contribution 
to blood ammonia by intestinal urease activity. The 
need for such an agent has been expressed elsewhere’. 
The work described here establishes the inhibitory effect 
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of AHA on bacterial urease in vitro and in vivo, and reports 
the effect of the compound in a single patient with liver 
disease. 
Following preparation and purification of AHA*, a 
preliminary assessment of excretion and acute toxicity 
was made. Intraperitoneal administration of a single 
dose of 900 mg/kg to each of three adult rats resulted 
in no gross clinical disturbances over a one-month ` 
observation period, and the full dose was recovered 
(98, 100 and 110 per cent) in the urine excreted during 
the first 24 h, as determined by ferric chloride assay’. 
Although this assay method is not definitive (it would 
not, for example, discriminate AHA from other hydrox- 
amic acids that might occur as biological derivatives), 
the results suggest that AHA is rapidly and, in contrast 
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«a hydroxyurea*, completely excreted. Five mmoles 
HA (375 ug/ml.) in trypticase soy broth produced no 
‘owth inhibition in tetracycline-sensitive strains (0-2— 
5j ug/ml.) of Staphylococcus aureus, B-haemolytic Strepto- 
iccus Group A, Escherichia coli, Klebsiella sp., Pseudo- 
onas aeruginosa, Proteus mirabilis, Brucella sp., and 
ordetella sp. Unlike hydroxyurea, which regularly 
hibits the growth of Pseudomonas organisms’, AHA 
1us appears to be devoid of antibacterial activity despite 
3 very similar chemical structure. ` 
Urease inhibition by AHA was evaluated for the same 

«ganisms (excepting the Streptococcus and E. coli) in 
andard bacteriological media!®, which contain a highly 
uffered solution of urea at a concentration approximating 
aat of urine. Gradation of the colour change of the 
henol red indicator produced by the alkaline ammonium 
arbonate liberated from urea serves as a convenient 
idex of the degree of urea decomposition. In all six 
xecies, AHA, at concentrations of 1 mmole or less, 
gnificantly inhibited the ureolytic activity. Fig. 1 
lustrates the data for Klebsiella sp. and Proteus mirabilis. 
Tn one experiment a duplicate set of cultures was used, 
mitting the indicator; aliquots were acidified, Seitz- 
ltered, diluted and analysed directly for ureat!. The 
hibition is more impressively demonstrated by this 
xethod, and the correlation of urea decline with indicator 
hanges is evident (Fig. 1). Since saturating levels of urea 

re present in these experiments, the non-competitive 
ature of AHA inhibition is further substantiated, and 

uggests that the action of the drug would not be com- 

«romised by even the high urea concentrations of urine. 

che ultimate appearance of ureolytic activity ın the 

nedia containing AHA may simply reflect the unchecked 
vacterial growth. 

AHA inhibition of bacterial urease activity in vivo was 
assessed in adult rats by the use of 4C-urea’?. Twenty-five 
sc. of the isotope was injected subcutaneously imme- 
liately after intraperitoneal injection of AHA. The 
unimal was placed at once in a metabolic chamber’ and 
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Fig. 1. Inhibition of bacteriol ureolytic activity by AHA in urea broth 

cultures The colour changes of phenol red indicated produced by 

alkaline ammonium carbonate liberated from urea are graded 1 to 4+. 
Direct measurement of urea was also performed. See text for details 
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TE 1. PERCENTAGE OF C-JREA EXPIRED AT CO, IN RATS GIVEN A 
HC. DOSE SUBCUTANEOUSL—= IMMEDIATELY AFTER INTRAPERITONEAL 


ADMINBTRATION OF AHA 


The figures in parentheses denote percentage inhibition during the individual 
collection periods—relative to the control values 


Cumulative % administered 4C-urea 


Expt. Ratwt. AHA expired as 1 
sequence (g) (mg/kgIP) 1 ii 2 j A 
Controls- 
4 295 0 2-6 6°7 103 126 
6 230 Normal 6-6 
saline 
1 240 0 9-0 
Treated: 
2 260 100 4 7 (51) 
5 307 50 0 & (695) 19 (72-5) 3-2 (63) 4-2 (58) 
3 220 20 27 (72) 
7 280 5 4°26 (36) 
8 260 10 3°6 (45) 
Tetra- 
cycline 


the expired carbon dioxide was collected in 4 N NaOH, 
aliquots of which were counted directly in a liquid 
scintillation spectrometer by the two-phase anthracene 
method of Steinberg!4. The radioactivity of expired 
carbon dioxide amountad to about 3 per cent of the 
administered dose of ua per h in the control animals 
(Table 1); it was reproducible, and was consistent with 
the values obtained by-others in mice-!7, AHA, at 
doses of 20-50 mg/kg, resulted in a 70 per cent inhibition 
of urea decomposition during the first 3h. In the experi- 
ment involving hourly zollections, the inhibition seems 
to begin to decline in tae third and fourth hours. The 
lesser degree of inhibition occurring when a large dose of 
tetracycline is substitutad for AHA may be reasonably 
presumed to be due tc the different modes of action 
of the two drugs. AHA directly inhibits urease without 
any demonstrable concomitant antibacterial activity 
(which, incidentally, suggests that under the particular 
conditions involved, uresse 1s functioning as a ‘scavenger’ 
enzyme rather than in any essential metabolic sequence). 
On the other hand, the antibiotics, although capable of 
completely suppressing mm vivo urease activity, do so not 
by any direct action on the enzyme, but by suppressing 
bacterial growth!’:18, The short time-interval used in 
these experiments, therecore, does not permit the indirect 
action of tetracycline to reach maximum effect. Interest- 
ingly, complete suppression of ureolysis by AHA was 
not attained even at high dose levels. While the reason 
for this 1s not clear, it may possibly represent persistent 
gastric urease activity cwing to failure of the enzyme- 
inhibitor complex to form under acid conditions‘. 

Although urine colleczions over these brief periods are 
subject to considerable error, urinary radioactivity in 
these experiments approximated 13 per cent of the 
injected dose per hour. The fraction of acid-labile 
radioactivity was within the error of determination for 
both the **C-urea reagent (1 per cent) and all urine 
specimens (5 per cent). 

While AHA seems clearly to be an effective inhibitor 
of bacterial urease, a more critical question concerns the 
feasibility of using this »gent as a drug to lower elevated 
blood ammonia-levels. Since the compound is not gener- 
ally available, and chronic toxicity examinations will 
probably consume large quantities of it, a preliminary 
trial of the compound was made in a single patient to 
assist in deciding whether a full-scale investigation should 
be undertaken’®. The datient, a 60-year-old male with 
chronic myelogenous leuxaemia and leukaemic infiltration 
of the liver, had received an end-to-side portocaval shunt 
nine months before to ralieve jaundice and hepatic coma 
consequent to portal vein thrombosis. At the time of 
this investigation, his Faematological status was stable, 
despite elevated platelet and white cell counts; his liver 
functions were entirely normal save for elevated blood 
ammonia-levels. The patient was maintained at bed-rest 
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and fasting until 2'p.m. each examination day and received 
the drug orally in capsule form, with half of each dose 
being enteric-coated. Antecubital vein blood was with- 
drawn without stasis via an indwelling Cournand needle, 
and blood ammonia determinations were performed imme- 
diately, in. duplicate, by the method of Seligson and 
Hirahara*®, The results are shown in Fig. 2; the decline 
and return of blood ammonia-level following the larger 
dose of AHA, while certainly suggestive, are not definitive 
because of the wide physiological and/or measurement 
fluctuation apparent during the control day. It would 
seem unlikely that the absence of a striking decline in 
ammonia-level is due to inactivity of oral AHA in man, 
since the drug, in this instance, is acting, not on host 
enzymes, but on those of bacteria in the alimentary canal. 
It seems more reasonable to presume that, at least in this 
particular case, bacterial urease is not playing a decisive 
role in maintaining elevated blood ammonis-levels. While 
it is clear that urea nitrogen can be used in anabolic 
processes?! ?? and that the administration of urease and/or 
urea can produce ammonia intoxication’-*3-4, the fraction 
of total blood ammonia-levels in man attributable to 
urease, as compared to other bacterial and host ammonia- 
generating enzyme systems, has never been evaluated. 
A combination investigation using “C-urea, a specific 
urease inhibitor such as AHA, and antibiotics might 
provide an answer to this question. The limiting factor 
in such an approach, at present, is the variability in 
blood ammonia determinations*®. In the patient 
examined, for example, if the maximum decline in blood 
ammonia on day five was taken literally as due to AHA, 
then, assuming 70 per cent urease inhibition at this dose, 
the fraction of the stable blood ammonia contributed 
by this ‘exogenous’ enzyme would be an impressive 35 per 
cent. Yet this degree of decline in blood ammonia is 
still not a conclusive change. j 

No symptoms attended the administration of AHA to 
this patient, and no effects on the haemogram or hepato- 
renal function tests were observed during a five-day 
hospital observation period. Since the toxice effects of 
chemically related compounds occur and subside quickly 
in relation to drug administration and withdrawal?*?7, 
more extensive trials of AHA in man would appear 
practicable. 

The present data indicate that further investigation of 
AHA to define its clinical potential is warranted. Since 
urease inhibition is a general feature of hydroxamic acids, 
it is, of course, possible that another of these compounds 
may ultimately be found to be more suitable. AHA was 
selected by us because of information available regarding 
its specificity and low toxicity. Like AHA, hydroxyurea 
is also an irreversible urease inhibitor, but, unlike AHA, a 
residual fraction of enzyme activity does persist in its 
presence®. Hydroxyurea is decomposed by urease with 
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Fig. 2. Venous blood ammonia-levels in a human patient during a control 

day and onowini two oral (dose) trials of AHA. The patient was main- 

tained fasting and at bed-rest during each study period. Normal venous ` 
values with this method are 0-7-2:0 ug NH;/ml. blood 
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the liberation of ammonia, while AHA is inactive as 
substrate!?. Hydroxyurea, produces extensive chromc 
somal breakage in cultures of hamster and mouse embry 
cells?* and of normal human leucocytes®®, while AHA i» 
inactive in this regard?®. The problem of megaloblastosym 
attending hydroxyurea treatment**:*.3* may yet turn u; 
on extensive toxicity investigations with AHA, but o 
the basis of available knowledge, the latter compoun: 
would seem to offer a definite superiority as a ureas 
inhibitor in man. 

- AHA appears to possess most of the characteristic 
desirable in an ideal anti-urease drug. (a) Its inhibitio: 
is specific, complete, and irreversible and occurs vi: 
complex formation rather than by oxidative phenomena? 
(b) It can be expected to be free of allergenic danger 
attending the use of urease antibodies®. (c) Its actio» 
would complement, rather than mimic, that of antibiotics 
In addition to the most evident applicable clinical situa 
tion, hepatic failure, it is possible that hyperammonaemii 
may play a part in the acute morbidity of certain septi 
caemias, consequent to the urease activity present i 
many bacterial pathogens®? in combination with hepati 
anoxaemia. If so, a urease inhibitor might be of value 
in the initial critical phase of treatment, until antibiotic 
control of bacterial growth has been attained. 
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‘APIDLY LABELLED SYNTHESIS OF RIBONUCLEIC ACID IN EHRLICH ASCITES 
C-2 TUMOUR CELLS TREATED WITH ACTINOMYCIN D 


By DUSAN A. POPOVIC 


Institute for Medical Research, Novi Sad, Yugoslavia 


CTINOMYCIN D markedly inhibits DNA-dependent 
RNA polymerase, and inhibits DNA-primed RNA. 
—ynthesis in vitro and in vivo. This biological activity 
; correlated with its ability to form complexes with 
JNA-guanin residues*. There are more types of DNA- 
ctinomycin D binding sites n vitro‘, and the synthesis of 
ibosomal and s-RNA in vivo is more sensitive’ than the 
ynthesis of DNA-like RNA®. A rapid turnover of mes- 
enger RNA’ was originally thought to be a characteristic 
of this class of material, and may be defined, so far as is 
«nown at present, as a sequence-determining template in 
‘ibosomes for catalytic function in protein synthesis’. 
3ut in mammalian cells it is not clear how the transfer 
messenger’ RNA of the labelled nuclear RNA is related 
œ the stable cytoplasmic RNA®. When cells were in- 
subated for 10 min with “C-adenine, then transferred to 
y non-radioactive medium containing actinomycin D, the 
oulse-labelled nuclear RNA underwent breakdown to 
acid-soluble end-products in the nucleus, no transfer of 
«he pulse-labelled RNA from nucleus to cytoplasm could 
he detected}°-4, On the other hand, when the cells were 
əxposed to 4C-adenine for 20 min and the radioactive 
gerecursor remained in the medium, after adding actino- 
mycin D, experiments demonstrated the transfer of the 
Mabelled nuclear RNA to the cytoplasma**. The radio- 
«activity may continue to be incorporated into both 
nuclear and cytoplasmic RNA at the highest rate 
3-4 h after addition of the actinomycin D (ref. 14). In 
our work we found the same difference between ‘normal’ 
pulse-labelled RNA and the ‘second’ pulse-labelled RNA 
when the cells were treated for 4:5 h with actinomycin D. 
In contrast to the ‘normal’ pulse-labelled, the ‘second’ 
pulse-labelled RNA passed quickly into the cytoplasmic 
compartment, and also exhibited other differences. 

Ehrlich ascites mouse tumour cells C-2 were grown as 
described previously’. A suspension of cells (500 mg dry 
weight) in Oerle medium (95 per cent O,-5 per cent CO, 
at 37° C) were exposed for 10 min to uracil 2—4C, 1 pe./ml. 
After labelling, the cells were washed with physiological 
saline and re-incubated in non-radioactive Oerle medium 
(5 pg/ml.) actinomycin D. Cells were taken after 15 min, 
and at intervals thereafter for 5 h. The respective frac- 
tions were denatured by acidification to 0-5 N PCA, 
washed once more with 0-4 N PCA, and neutralized with 
1 N KOH using phenol red as an internal indicator. RNA 
was isolated with 10 per cent NaCl and subsequent 
ethanolic precipitation!?. Following alkaline digestion 
with 0-4 N KOH for 17 h at 37° C the resulting ribomono- 
nucleotides were separated by column procedure on 
‘Dowex-l? HCOO- x-10 200-400 mesh!*. The specific 
activities of RNA pyrimidines were determined in peak 
portions (0-1-0-2 pM) in a Nuclear Chicago assembly 
operating with a thin-window counter. The specific 
activities were expressed as c.p.m./umole, based on the 
extinction coefficients given by Cohn!®. The total error 
of the measurements by the parallel samples never exceeds 
+ 5 per cent. 

During the 5 h more than 90 per cent of the radioactive 
pyrimidines is released from the total RNA to the acid- 
soluble end-products!?-13. Residual radioactivity seems 
to come from heterogenous RNA in & stable form. In 
this system we have studied various nucleic acids after 
‘normal’ pulse-labelling and ‘second’ pulse-labelling 4:5 h 
later. Aliquots of cells were enucleated by controlled 
stirring in a solution of “Tween 80’ (ref. 20) and the 
nuclear nucleic acids were separated with 1 M NaCl (ref. 
21). These cytoplasmic fractions, 1 M NaCl nuclear 


extractable, and 1 M NaCl residual nuclear RNA, were 
treated for the specific activity of pyrimidines as de- 


scribed previously. 
After the first pulse-labelling the earliest labelled RNA 
is extractable from nuclzar RNAs with 1 M NaCl. In the 
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Fig. 1. Ehrlich ascites tumour cells C-2 were exposed to 'C-uracil for 

10 min. They were then wached and transferred at zero time to non- 

radioactive medium containing actinomycin D at a concentration of 

5 ugjml. Specific activities >f total RNA pyrimidines (Cp Up) were 
determined for 6 h 
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Fig. 2. Ehrlich aseites tumotr cells C-2 were exposed to “C-uracil for 

10 min. They were then wasned and transferred at zero time to non- 

radioactive medium containirg actinomycin D at a concentration of 

5 we/ml. for 45h. The cells were washed and re-incubated for 10 min in 

uÇ-uracil. Specific activities of Cp Up were determined for .... cyto- 

plasmic RNA, —— nuclear 1 M NaCl extractable RNA, —-— — -— nuclear 
1 M NaCl non-extractable RNA 
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nucléar residual and cytoplasmic RNAs no radioactivity 
was determined. After the second pulse-labelling (DNA 
primed and dependent RNA synthesis was abolished with 
actinomycin D and ‘normal’ pulse-labelled RNA was 
degraded to an acid-soluble end-product), both the residual 
nuclear and cytoplasmic RNA were labelled. No radio- 
eC was found in the nuclear 1 M NaCl-extractable 

NA. 

Our results suggest the possible role of the ‘normal’ 
pulse-labelled RNA ‘on, the other biosynthetic routes. 
There is some difference between ‘normal’ pulse-labelled 
and ‘second’ pulse-labelled RNAs: ‘normal’ 10-min- 
labelled RNA is nuclear 1 M N aCl-extractable; ‘second’ 
10-min-labelled RNA is not, and a possible interpretation 
is that ıt more quickly passed into the cytoplasmic 
compartment. 

The ‘second’ pulse-labelled RNA'seems to be of chromo- 
somal origin; the nuclei treated with “Tween 80’ have no 
nucleoli**. These results point to an RNA-dependent 
biosynthetic route in Ehrlich ascites cells23. : 

The present investigations demonstrate that there are 
more ‘pulse’-labelled RNAs and demonstrate the transfer 
of messenger RNA from the nucleus to the cytoplasm. 


October 2, 1965 


I thank Prof. H. Harris for his advice, and Merc 
Sharpe and Dohme, Inc., for the gift of actinomycin D. 


1 Goldberg. I. H., and Rabinowitz, M., Science, 186, 315 (1962). 

* Hurwitz, J , J Bol Chem., 284, 2851 (1959) 

* Hamilton, L. D , Fuller, W., and Reich, E , Nature, 198, 538 (1963). 

? Hamilton, L. D , Fuller, W., Reich, E., Nature, 198, 538 (1963). 

1 Cavalieri, L. F., and Nemchin, R. G., Biochim. Biophys Acta, 87, 641 (196¢ 

* Franklin, R. M , Biochim. Buphys Acta, 72, 555 (1963). 

* Harel, L, Harel, J, Boer, A., Imbenotte, J., and Capreni, N , Broch 
Biophys. Acta, 87, 212 (1964). 

* Jacob F., and Monod, J, J ‘Mol. Biol , 8, 318 (1961). 

*Lipmann, F , in Progress ın Nucleic Acid Research, edit by Davidso 
J N., and Cohn, W. E , 185 (Academic Press, 1963). 

* Harris, H., Nature, 202, 249 (1964). 

1° Harris, H., Nature, 198, 184 (1963) i 

11 Levy, H. B., Proc. Soc. Exp. Biol. and Med , 113, 886 (1963) 

1? Paul, J., and Struters, M. G , Beochim. Biophys. Res. Comm ,11, 135 (1963) 

1 Liebermann, I , Abrams, R , and Ove, P , J. Biol Chem , 288, 2141 (196: 

“4 Girard, M., Penman, S , and Darnell, J. E., Proc. U.S. Nat Acad Ser., 5 
205 (1964). 

1: Popović, D. (in preparation). 

18 Harns, H., Nature, 202, 1801 (1964). =e 

1 Scholtissek, C., Biochim. Ztsch., 382, 458 (1960). ta 

** Petrovic, S., and Jankovic, V., Bull Inst. “Borns Kidrie’’,1, 3282 (1962)., 

19 Cohn, W E, 1m Methods in Enzymology, V.III, 224 (Academic Press, 195% 

2 Fisher, H. W., and Harris, H , Proc. Roy. Soc., B, 156, 521 (1962). 

*1 Wang, T , Beochim Biophys. Acta, 68, 52 (1963). 

= La Cour, L. F , Exp Cell Res , 34, 239 (1964). 

*2 Burdon, R. H., and Smellie, R. M., Brochum. Biophys. Acta, 61, 633 (1962). 


Cd 


VoL 208 


MICROMETHOD FOR MEASURING MICROBIAL SENSITIVITY TO DRUGS 


By Dr. WALTER KOCH and Dr. DEBORAH KAPLAN 
Department of Microbiology and Public Health, Chicago Medical School, Chicago, illinois 


To methods are in use for testing sensitivity to 
drugs: (æ) the accurate but laborious tube dilution 
method; (b) a method in which drugs are incorporated 
into ditch plates; (c) a method ın which disks are impreg- 
nated with drugs. The last method, for its simplicity, is 
commonly used in clinical laboratories. In this method, 
the disk is placed on the surface of a sown, solid medium. 
The drug diffuses, and the presence of a zone, in which 
growth is inhibited, and the diameter of this zone, are 
considered to be indicative of the sensitivity of the 
organism towards the drug. However, it is difficult to 
relate the diameter of such a zone to results obtained in 
tube dilution tests. The diameter of a zone also represents 
æ measure of the diffusibility of the drug. Penicillin, for 
example, has a much higher diffusibility than polymyxin, 
for which much higher disk contents are used?. Another 
shortcoming of the disk method 1s that no estimate of 
combined activity can be given. The zone reading indicates 
mhibition of organisms by the drug which diffuses through. 
agar most rapidly?. 

In order to obtain a faster and more uniform diffusion, 
impregnated paper disks were placed at the bottom of 
10-mm x 75-mm test tubes, and 0-5-ml. Baltimore 
Biological Laboratory soy agar was poured on them. 
Hereby the path which the drug had to travel was kept 
extremely short. After 1 h the agar was inoculated with 
0:05 ml. of an 18-h-old culture of Staphylococcus aureus, 
type 81, standardized to contain 10° organisms/ml. (ref. 3). 
The results, however, were not consistent. When pouring 
the agar over the disk, a shghtly raised agar rim forms. 
This rim apparently contains less drug than the plane 
surface of the agar. Colonies often developed on the rm, 
while growth was absent from the plane part of the agar. 

Further experiments were carried out with streptomycin 
disks, containing 2, 5 and 10 ug, cut into halves and 
quarters. It was found that the degree of elution depends 
on the size of the exposed area. For example, one half of 
a 2 ug disk did not hibit growth, while another half, cut 
into two quarters, did inhibit growth; one-half of a 5 yg 
disk did not inhibit growth, while growth was inhibited by 
a whole 2 ug disk. 

We then went over to flat-bottomed, cylindrical ‘Lucite’ 
cups, Which could stand in a closed Petri dish. Their 
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inner height was 8 mm, and their mner diameter 7 mm» 
Drugs were dissolved in distilled water, and the sam: 
volume of different drug concentrations dispensed int- 
these cups. The cups were then dried in vacuo ove 
‘Drierite’, and stored in the refrigerator. Into the drie¢ 
cups 0-3 ml. agar was dispensed and, after 1 h, they wer: 
inoculated. 

Parallel experiments were carried out in tubes containing 
10 ml. broth. Agreement was good for streptomycin 
Whenever in, the 10-ml. broth tubes growth was slight, ir, 
agar cups, at similar concentrations of streptomycin 
only a few colonies appeared on the surface. 

Unexplained inconsistencies occurred with penicillin. 
We suspected a loss of penicillin while drying. In order to 
avoid this loss, different substances were added to penicil 
lin before drying. The following substances proved not to 
interfere with penicillin activity: glycerol, egg albumen» 
and nutrient broth. Despite these additions, the differences 
in @pparent penicillin resistance between reconstituted™ 
cups and 10-ml. broth tubes remained. 

At this time 1t was found that, in tube dilution tests, 
using 10 ml. total volume of broth, inoculum size influences 
the results ın penicillin-resistant strains‘. In order to test 
whether size of inoculum is the only cause of the dis- 
crepancies, the dried penicillin was reconstituted not in 
agar but in 0-2 ml. nutrient broth, which already contained 
the inoculum. It was confirmed that inoculum size 
also influences the results in 0-2 ml. total volume of broth. 
However, results were not the same when tests were 
carried out in different broth volumina with the same size 
of inoculum. 

Tests were carried out in which inoculum size (10%, 104, 
10° and 10°) as well as total broth volume (0:2, 1, 2-5, 5 
end 10 ml.) were varied. The following resistant strains 
were tested for penicillin sensitivity: Staphylococcus 


Table 1. MEAN INHIBITION DOSES OF PENICILLIN PER ML. FOR DIFFERENT 
INOCULUM SIZES AND FOR DIFFERENT TOTAL VOLUMES OF BROTH a 


Strain 81 

Total volume Total inoculum 
of broth (ml.) 10° 104 105 10° 
02 1°18 3°75 100 1,250 
1:0 1°33 2°17 68 1,166 
25 1-90 3°07 21 300 
50 170 2°20 9 110 
10 0 1-20 137 4 50 
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Table 2. THE THREE RECOMMENDED DOSES PER ML. FOR PENICILLIN (A), (B), (C), STREPTOMYOIN (E), (F), (G), AND COMBINATIONS THEREOF ®), (K), (L) 


Inhibiting dose of penicillin (D) and streptomycin (H). Total inoculum: 10*. Total volume of broth: 0-2 ml. Pl . 
of growth. Penicillin in units, streptomycin in ug Plus sign indicates growth; minus sign absence 











Strain (A) (B) (C) (E) 
, 1 3°16 10 2 

80 + + + + 
MGa ro + + + 
45162 + + + + 
65126 + + + + 


aureus 80, 81, MG: and three ‘Oxford’ strains: 45162, 
46422 and 65126. As all these strains gave similar results, 
81 is chosen to represent the group. Results are sum- 
marized in Table 1; figures listed are averages of at least 
five experiments. 

From Table 1 it can be seen that the volume of broth 
does not play a relevant part with small (10° and 104) 
inocula; with larger (10° and 10°) inocula, results become 
dependent on total volume of broth. -By choosing an 
inoculum of 10° micro-organisms for a total volume of 
0-2-ml. broth, the results, in all instances tested, are 
rendered comparable to those obtained in 10-ml. broth in 
the tube dilution method.. 

In contrast to the foregoing, penicillin-sensitive strains 
tested (Staphylococcus epidermidis, aureus, 52A, 79, and 
three ‘Oxford’ strains: 46407, 46426 and 46479) show 
little dependence on broth volume. 

The single ‘Lucite’ cups were now replaced by a plastic 
slab, which fits into a Petri dish. Twenty-five cavities were 
drilled into the slab. Eight radii of three cavities each 
radiate from a central cavity, which serves as control 
(Figs. la and b). 

Into these cavities 0-05-ml. drug solutions were dried 
in vacuo over ‘Drierite’. Different drugs, in different con- 
centrations, singly or in combination, with or without 
glycerol, were dried into the cavities. Glycerol, in & con- 
centration of 0-5 per cent of the fluid to be dried, facilitates 
reconstitution, and imparts to the dried drugs in the 
cavities a glossy sheen. 

The dried slabs were tested immediately after drying, 
and after varying storage times; after two months’ 
storage the same results were obtained. 
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Fig. 1. a, Plan of slab. Twenty-four cavities are arranged in 8 radii. - 
Each radius is formed by three cavities. The cavity in the centre 
accommodates the growth control. The small circles within each cavity: 
are filled in, where growth occurs. b, Slab in Petri dish, cut through 
eavity 7 to cavity 19. Growth settles in the tip of the cavity 
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Streptomycin Peniciliin + streptomycin 
(F) (G) (H) (J) 
6:32 20 1+2 3-16 + 6°32 10+ 20 
+ + 913 + + + 
+ — 8-1 + - - 
+ + 175 + + - 
+ + 750 + + + 
+ + 3,125 + + - 
+ + 542 + + + 


Slabs with dried drugs were subjected to shaking for 2 h 
in an inverted position; no loss in potency was observed. 

For practical purposes, only three concentrations of a 
drug, or combinatiors of drugs, are needed to arrive at a 
valid estimate. The three concentyations are accom- 
modated in the three cavities of a radius. One cavity 
contains the maximum attainable concentration of the 
drug in the blood; penicillin, for example, 10 units/ml. 
The third cavity consains one-tenth of this concentration ; 
penicillin, for example, 1 unit/ml. The intermediate cavity 
of the radius contsins the geometric mean, namely: 
V10 x 1 = 3-16 units/ml. 

An organism which grows in the presence of the highest 
concentration of the drug is considered resistant. An 
organism which grows ın the presence of the intermediate 
concentration is considered moderately sensitive. An 
organism which grows in, the presence of the lowest con- 
centration only is considered sensitive. If no growth 
occurs at any concentration the organism is considered 
highly sensitive. 

For combinations of drugs also, the highest concentra- 
tions are the maximum levels attainable in blood; for 
example, penicillin 10 units/ml. plus streptomycin 
20 pg/ml. The lowest concentrations of drugs are one- 
tenth of the highest; penicillin 1 unit/ml. plus strepto- 
mycin 2 ug/ml. The intermediate concentrations are the 
geometric means: penicillin 3-16 units/ml. plus strepto- 
mycin 6-32 ug/ml. The interpretation of results is the 
same as for single drugs. 

Table 2 illustrates results obtained from several strains. 

From Table 2 it can be seen that Staphylococcus type 81 
is penicillin-resistant (inhibitive dose 108 units/ml.), and 
moderately sensitive to streptomycin (inhibitive dose 
8:1 ug/ml.). This organism, however, is sensitive to a 
combination, of penicillin and streptomycin (inhibitive 
doses: penicillin 2 units/ml. plus streptomycin 4 ug/ml.). 
Staphylococcus 46422 is penicillin-resistant (inhibitive dose 
22-5 units/ml.), streptomycin highly resistant (6,125 ug/ 
ml.), and is moderately sensitive to the combination of 
both (inhibitive doses: penicillin 10 units/ml. plus 
streptomycin 20 ug/ml.). 

On the other hand, Staphylococcus 65126, which is 
penicillin-resistant (inhibitive dose 100 units/ml.), and 
streptomycin-resistant (inhibitive dose 542 wug/ml.), 
remains resistant to the combination of both drugs. 

In the proposed method all one has to do with the 
prepared slab is to adjust an 18-h-old culture of micro- 
organisms in broth sa as to contain 5 x 10° bacteria/ml., 
and to dispense 0-2 ml. into each cavity, starting with the 
cavity in the centre, the control. Results are clearly read 
with the naked eye; even the slightest growth can be 
detected. A sediment mostly forms in the tip of the 
cavity. Results are comparable with those from the tube 
dilution method in 10 ml. An estimate of combined drug 
activity is obtamed. 

We thank Dr. R. L. Vollum, director, Bacteriology 
Laboratory, Radcliffe Infirmary, Oxford, for kindly 
sending us the strais. 

1 Expert Committee on Antibiciics, WHO Org. Tech. Rep., Ser. No. 210 (1961). 

* Report on Antibiotic Sensitivity Test Trial organized by the Bacteriology 
ec i of the Association of Clinical Pathologists (J. Clin. Path., 18, 

2 Koch, W., and Kaplan, D., Nature, 203, 806 (1964). 

t Kaplan, D., and Koch, W., Nature, 203, 1091 (1964). 
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Sargassum TANNIN, AN ANTIBIOTIC WHICH RETARDS FOULING 


By Pror. JOHN McN. SIEBURTH and Pror. JOHN T. CONOVER | 
Graduate School of Oceanography, University of Rhode Island, Kingston, Rhode Island 


HE pelagic gulfweeds, Sargassum natans and S. 

fiutans, which belong to the Phaeophyta, have 
branch tips which are virtually free of an epibiota when 
they are at the centre of their distribution in the Sargasso 
Sea gyre. These tissues possess antibacterial activity}. 
During filter-pad antibacterial assays the colour of active 
young tissues turned from yellow-green to black on 
incubation, while older and inactive preparations remained 
brownish in colour. This observation brought to mind 
the black pigment phycophaein formed by the oxidation 
of phaeophyte tannins? and the use of Sargassum ring- 
goldianum extracts in the tanning industry*. Extracts 
of actively growing branch tips were astringent, precipi- 
tated gelatin, and blackened ferric chloride solutions. 
These properties are characteristic of tannins, further 
suggesting that tannins were present in appreciable 
quantities in these tissues. Further observations were 
made during R.V. Trident cruise 10 (September 7-20, 
1963) to the Sargasso Sea. 

From samples of fouled weed a sensitive Pseudomonas 
strain was isolated and used as a test organism. This 
organism was more sensitive and had a shorter incubation 
period than the Vibrio isolate used previously?. Only in 
material south-east of Bermuda in the Sargasso Sea gyre 
was there marked antibacterial activity and the presence 
of tannin-like substances in the branch tips. A comparison 
was made of the antibacterial activity of tannic acid 
(U.S.P., ‘Mallinckrodt’) and that of S. natans extracts 
(Fig. 1). Inhibition by tannic acid was detectable at 
concentrations greater than 0-01 per cent and was linear 
above 0-1 per cent. The more active S. natane prepara- 
tions showed inhibition equal to that of a 0-2 per cent 
tannic acid solution. Although the inhibitory tannic acid 
and algal extracts were acidic, a hydrochloric acid solution 
diluted to pH 3-85 failed to inhibit the test organism. 
Inhibition by tannic acid and the phaeophyte tannin 
may be due to their protein precipitating activity. 

Since tannins by definition precipitate protein, an 
attempt was made to observe the effect of adding extracts 
of young branch tips to the epifauna of fouled weeds. 
Hydroids (such as Plumaria and Clytia) were ideal test 
organisms as their tentacles remained active even after 
being poked by a glass rod or being hit by drops of 
sea-water. Initial observations with drops of a 1:4 w/v 
suspension in 25 ml. of sea-water ‘froze’ the active 
tentacles, which became deformed and exuded strings of 
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Tannic acid (per cent) 
Fig 1. Comparison of antibacterial activity and pH of tannic acid solu- 
tions with these obtained from young and old tissue suspensions (1 : 4 
w/v) of Sargassum natans. A hydrochloric acid control of pH 3 86 did 
not inhibit the pseudomonad test organism 
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precipitated protein. The results wıth hydroids were so 
marked that a series of observations with different 
dilutions were made on a number of members of the 
epifauna; the results are summarized in Table 1. Dilutions 
of 1:125 affected most of the fouling organisms, while 
the hydroids were sensitive to dilutions as great as 
1 : 1,000. Tannic acid solutions had a similar spectrum 
of activity with 0-0008 per cent solutions immobilizing 
50 per cent of the hydroids. The tissue content of the 
‘tannins’ appears to be sufficiently high to retard fouling. 


Table 1. IMMOBILIZATION OF EPIFAUNA ON OLDER EPISIOTA-ENRICHED 
GULF WEEDS BY SEA-WATER EXTRACTS OF YOUNG EPIBIOTA-FREE BRANCH 
Tres OF Sargassum natans . = 


Dilution of S, natans slurry in sea-water 
Test organisms * 1:125 1:250 1.500 1:1,000 1: 2,000 
Hydroidss 

Clytia nolrformis +% 

Other spp. 
Bacteria‘ 
Worms 

Planaried 

Round (nematode) + 
Nereid —é 

+ 


++ 
Heb + 
++ 
A 

1+4 


Round (others) 

Spirorbis 
Pycnogonids 
Copepods 


* Observations on a number of actıve members of the community. 

a Immobilization accompanied by loss of cell structure and precipitation. 
b Complete loss of motility. 

¢ An enrichment culture predominantly of Vibrio spp. 

€ Temporary inactivity only. 

¢ Violent motions. 
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Several attempts were made to concentrate and purify 
the ‘tannins’. Only young branch tips free of fouling 
were suitable. Extraction was made difficult by the 
marked decrease in antibacterial activity following 
collection. Even when the tissue was preserved by 
freezing in packed plastic bags the activity was minimal 
after two to three weeks. The most successful extraction 
was conducted aboard ship on fresh material. Young 
branch tips triturated in a Waring blender with sufficient 
distilled water to make a slurry were extracted at 50° C 
for 15 min, and coarse-filtered through a clean towel to 
yield an opalescent suspension. Most of the chlorophyll 
was removed by repeated ether extraction. A red-brown 
fraction was brought into an iso-amyl alcohol phase with 
sodium sulphate. The iso-amyl alcohol fraction was 
evaporated to dryness in a rotary evaporator, and the 
residue was extracted with acetone. The acetone-soluble 
fraction was also evaporated to dryness, and the residue 
was taken up in a minimal amount of water to yield a 
deep amber-coloured liquid. This procedure extracted 
half the antibacterial activity as shown by assays while 
reducing the volume a hundred-fold. The dried extract 
had the solubility characteristics of Sargassum tannin?, 
darkened a ferric chloride solution, precipitated gelatine, 
and was highly astringent. The insolubility of the active 
material in ethyl ether separates this material from the 
ether-extractable antibacterial, sarganin, reported for 
S. natans‘. 

The presence of tannic substances in brown algae is 
associated with refractile, acidic vesicles called physodes, 
fucosan vesicles or metachromatin granules?:5. The excre- 
tion of phenolic substances from the physodes of living 
algae has been recently reported*®. Accumulation of these 
tannins was greatest in the distal tips of-the thalli. Anti- 
bacterial activity in extracts of epibiont-free branch tips 
of S. natans from the Sargasso Sea was observed in early 
October 1962 and September 1963 (R.V. Trident cruises 
1 and 10), as well as in week-old frozen material brought 
back from other summer and autumn cruises. In contrast, 
observations made in January 1964 (R.V. Trident cruise 
14) indicated that even the branch tips were fouled by 
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hydroids and that antibacterial activity was not detect- 
able. Both dried and preserved specimens were examined 
critically for physodes, which occur as yellow-refractive 
spherules lu. in diameter. The active distal tissue of algae 
collected during cruise 10 possessed 40-68 physodes per 
cell in contrast to 2-12 physodes from similar but inactive 
tissues from cruise 14. The presence of physodes appears 
to be coupled with antifouling in brown algae. This is 
further substantiated by reports on the absence of phy- 
sodes in the cells of host brown algae adjacent to the 
invading filaments of parasitic epiphytes’. The antibiotic 
activity of marine algae in temperate zones has been shown 
to vary seasonally, peaks in activity occurring during 
active growth and being dependent on the boreal or 
tropical nature of the plant®. A drop of 3° C in the 
temperature of surface waters between cruises 10 and 14 
was apparently sufficient to alter the physiology and anti- 
fouling activities of these plants. These observations on 
the seasonal change in the number of physodes per cell, in 
addition to those on tannin activity and antifouling in 
branch tips, further indicate the excretory function of 
these vesicles. - 

The recent work of Craigie and McLachlan! has shown 
that a number of phaeophycean algae produce yellow, 
ultra-violet-absorbing materials which appear to be 
flavenols or catechin-type tannins. These substances were 
found to be toxic to unicellular algae at concentrations of 
0-025-0-15 per cent. Concentrations of natural tannins 
similar to those inhibitory for our pseudomonad were also 
inhibitory for cellulolytic but not saprophytic bacteria’. 
The phaeophyte tannins should be included among the 
known algal antimicrobials?°. 

These observations indicated that tissues of algae con- 
taining tannins equal in activity to 0-1—0-8 per cent tannic 
acid (dry weight) retard fouling in S. natans and that 
unprotected tissues such as the tentacles of hydroids are 
sensitive to tannic acid solutions as dilute as 0-0008 per 
cent. Since fouling is one of the outstanding economic 
problems facing marine biology, an attempt was made to 
see if tannic acid in vitro would also retard fouling. Tannic 
acid (U.8.P., ‘Mallinckrodt’) dissolved in acetone at a 
15 per cent (w/v) concentration. This solution was added 
to varnish and lacquers in equal volumes. Control pre- 
parations were diluted with acetone alone. Similar 
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preparations were made with paints using tHe cheaper 
grade of ‘fluffy’ tannic acid (N.F., ‘Mallinckrodt’), but these 
were prone to peelimg. Test panels were immersed both in 
Narragansett Bay, Rhode Island, and in Biscayne Bay, 
Florida. Although the tannic acid preparations were 
inferior to commerdal antifouling paints, they did inhibit 
fouling by both barnacles and algae under both temperate 
and tropical conditions. 

The antifouling properties of tannins were claimed as 
early as 1881 and paints containing tanner’s bark, poke- 
root bark, pine bark, kelp and mangrove tree extracts have 
been granted U.S. Letters Patents as antifouling composi- 
tions of matter. Although tannins may be effective 
inhibitors to bactersal, algal and animal fouling organisms 
in young and active_y growing tissues of at least the brown 
algae, their econom_c application is undoubtedly limited. 

I thank colleagues and students, 8. P. Meyers, Institute 
of Marine Science, Miami, Florida, and James H. Ware, 
International Minerals and Chemical Corporation, Skokie, 
Illinois, for their assistance. This work was supported 
in part by a grant from the U.S. Public Health Service 
( W P—00100-02) and a contract with the U.S. Office of 
Naval Research (Ncenr 396-08). 

Note added in proof. Subsequent investigationshave 
shown that tannins from Ralfsia verrucosa affect the 
survival of planktonic animals in tide-pools (Proc. Fifth 
Intern. Seaweed Syrvp., Halifax, August 1965). 
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COMPARISON OF THE CHORIOALLANTOIC MEMBRANE AND SPLENO- 
MEGALY SYSTEMS OF GRAFT-VERSUS-HOST ASSAY IN THE CHICK EMBRYO 
By L. W. COPPLESON* and Dr. DONALD MICHIEt 


Medical Research Council, Research Group on Clinical and Experimental Problems of Transplantation, Department of Surgical 
Science, University of Edinburgh 


HE chick embryo can be used as the arena of graft- 

versus-host reactions in two ways that are convenient 
to measure. Intravenous injection of immunologically 
competent cells results in an enlarged spleen which may 
be weighed!. If a suspension of adult chick leucocytes is 
placed on the dropped chorioallantoic membrane (CAM) 
of a developing chick embryo, small white foci appear 
which may be counted?4, This article describes the bio- 
metrical properties of the two systems as assays of im- 
munological activity, and compares their efficiencies. 
The materials and methods used have been described 
elsewhere®)®, 


Assay systems : 

The essential feature of an assay is the expression of the 
concentration of some biologically active principle in a 
test preparation in terms of a standard preparation. 

* Present address McIndoe Memorial Research Unit, Blond Laboratories, 
Queen Victoria Hospital, East Grinstead, Sussex. , 

i t en address: Experimental Programming Unit, University of Edin- 
urgi. 


Estimates obtained -herefore take the form of a relative 
potency. In illustration, we present a single assay more 
fully, in which the CAM reaction was used. 

The material to ke assayed consisted of frozen adult 
chick buffy coat cells*. The cell concentration of the test 
suspension was 4/3 times greater than that of the standard 
(unfrozen) suspension in order that the same part of the 
dose-response curve should be used as nearly as possible 
The test cells, suspended in a solution containing 15 per 
cent dimethylsulphoxide and 30 per cent chick plasma, 
were frozen to —198° C and kept there for 0-5 h. The 
standard and test were each applied at three dose-levels, 
lin 1, 1in3 and 1 in 9; making 6 batches (that is, a 6-point 
assay”). A seventh batch of saline-treated eggs was 
included as a check fcr non-specific lesions, which occurred 
sufficiently rarely to be ignored. Six eggs were assigned 
to each batch. 

The estimation of relative potency (relative immuno- 
logical reactivity per cell) is illustrated in Fig. 1, using 
data, from the first veek of a series of seven replicates. 
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Fig 1 Illustrative assay of the immunological potency of a suspension of 

adult chick leucocytes using the CAM reaction. Serial three-fold 

dilutions were used. all doses are expressed as log cell concentration. The 
response is expressed as log (No. of foci+ +). @, Standard; O, test 


The two parallel lines are the calculated lines of best fit, 
and the relative potency can be read off by taking the 
antilog of 0-544 which is 3-5 approximately, that ıs, the 
standard preparation has 3-5 times the potency of the test. 
Actually it is conventional to express the test in terms of 
the standard, so that we would say that the relative 
potency is ]-0/3-5, that is, 0-29. 


Parameters of the CAM system 


Choice of interval. Inoculations were made on day 12 to 
conform with the practice of the Burnet group?)3.8. Day 
13 was tried but produced no appreciable difference from 
day 12. The membranes were collected 4 days after 
inoculation. Examination of day 5 and isolated trials of 
longer periods revealed such problems in the identification 
and counting of individual foci that the counts were con- 
sidered less reliable than those obtained with a 4-day 
interval. 

Numerical expression of response. In the CAM response, 
as has been shown elsewhere’, the scatter around the mean 
is grossly dependent on the mean itself, and hence on dose- 
level. Logarithmic transformation was found adequately 
to correct this feature. Since the counts occasionally 
contained zero values and the logarithm of zero is an 
infinite negative quantity, the transformation used was 
log; (No. of foci + 4) rather than logio (No. of foci). 


Parameters of the splenomegaly system 


Chotce of interval. Day 13 was chosen for intravenous 
injections as being technically extremely convenient and 
also because Solomon and Tucker’s results? indicate that 
maximum reactivity is developed at about this stage. 
Intervals of 3, 4 and 5 days were tested in two batches of 
Stirling eggs and one of inbred eggs (C-Line, Poultry 
Research Centre, Edinburgh). Using as the criterion of 
efficiency the ratio of the observed spleen enlargement 
to its standard deviation, the indicated order of preference 
in each case was 4 days, 5 days, 3 days. Four days was 
chosen as the interval for all subsequent work. 

Numerical expression of response. The classical index 
of splenomegaly used by Simonsen was the ratio of the 
spleen weight in treated animals (mice) to that in litter- 
mate controls. In more recent work it has been customary 
to work with the logarithm of this ratio. In the chick the 
need for controlling inter-litter variation does not arise, 
so that the single measure log,, (spleen weight) has been 
used throughout. Before standardizing on this measure 
one other possibility was investigated, namely, log,, 
(spleen weight of treated embryos—mean spleen weight 
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of untreated embryos). The expression inside the brackets 
measures the extra tissue present ın the organ as a conse- 
quence of treatment. This transformation, while resulting 
in an improved slope, caused a deterioration in variance 
sufficient to counterbalance the gain. 
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Comparison of the CAM and splenomegaly systems 


It was first pointed out by Gaddum?° that an objective 
measure of the efficiency of an assay system can be cal- 
culated from the dose-response slope, b, and the within- 
batch standard deviation, s. The quantity s/b is usually 
regarded as a convenient inverse measure of efficiency, 
having the property that its square, s*/b?, is directly pro- 
portional to the number of animals which need to be used 
to attam a given precision in the estimate of relative 
potency". In an examination of 45 parallel-line assays 
for various drugs, Bliss and Cattell}? found values of s/b 
ranging from 0-03 to 0°50. 


Table 1. RELATIVE EFFICIENCY OF CAM AND SPLEEN ASSAYS IN STIRLING 
(S) AND RIRx LS MATERIAL 


Stirling (S) RIRx LS 
CAM assays * Spleen assays * CAM assays f Spleen assays 
0 56 (17) 0 37 (3) 0 30 (5) 0-47 (4) 


Figures represent the mean of s/b which is an inverse measure of the 
efficiency of the assay. Figures in parentheses denote the number of replicate 
assays performed. 


* Includes data from ref. 6. 
t From ref. 5. 


In Table 1 we have set out some measures of efficiency 
obtained from 29 separate assays. It appears that in 
the Stirling embryos the splenomegaly system is more 
efficient whereas in the RIR x LS cross-breds the CAM 
system is more efficient. This interaction between geno- 
type and test system is a real effect. If we compare the 
S — (RIR x LS) difference on the CAM test with that 
obtained on the splenomegaly test, the difference is 
significant at the 1 per cent level. 

On the grounds of efficiency alone there is thus little to 
choose between the two methods of assay, the most 
important consideration being to fit the choice of recipient 
material to the assay system. Given suitable strain 
combinations, the choice between the two systems becomes 
primarily a matter of technical convenience. In the spleen 
assay it takes longer to administer the doses, but the 
response is less tedious and more objective to read. 
Therefore, for simple relative potency estimations the 
splenomegaly system is to be preferred. In the CAM 
system, on the other hand, inoculations are quick and 
easy,. but the response is laborious and difficult to read. 
Consequently, the circumstances under which the CAM 
system is lhkely to be preferred are those in which it is 
desired to take advantage of the ‘one focus, one competent 
cell’ relation postulated by Burnet and supported by our 
own investigations. 

We thank Prof. M. F. A. Woodruff, Department of 
Surgical Science, University of Edinburgh, and Prof. M. 
Simonsen, Blond Laboratories, Queen Victoria Hospital, 
East Grinstead, for encouragement and provision of 
laboratory facilities. 
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FINE STRUCTURE OF WOOD 
By Dr. P. RUDMAN* 


Leverhulme Visiting Fellow, Astbury Department of Biophysics, University of Leeds 


L LTHOUGH the advent of electron microscopy, and 
d in particular the replica and shadowing techniques, 
as revealed the microfibrillar orientation in the lamellae 
he primary wall (P) and the secondary wall layers 
S, and S;), it has contributed little to our knowledge of 
mall capillaries or of intermicrofibrillar spaces. For 
ral physiological reasons it is believed that cell wall 
aries exist; but until recently this belief was based on 
direct evidence such as the weight/weight uptake of 
liquids by wood, or the encrustation of tracheid fragments 
_ owith iodine! and the X-ray scattering of untreated and 
gold impregnated wood before and after delignification’. 
More recently it was shown that electron diffraction 
>> diagrams of Pseudotsuga menziesii treated with inorganic 
solutions were consistent with cell wall penetration; the 
walls stained with dithio-oxamide throughout (but 
— patchily), the middle lamella being heavily stained- 
— It was noted that the resulting complex was dichroic and 
similar dichroism has been found by other workers using 
different. inorganic solutions in other softwood species’ *. 
Such findings have been taken to indicate** that the 
complexes are oriented parallel to the microfibrils of the 
cellulose fraction in these walls. 
It has been found by Wardrop and Davies’ that when 
Pinus radiata is stained with congo red the layers $, and 
S, stain strongly, whereas the S, stained less strongly 
with the middie lamella barely staining. The authors 
suggested that if it were accepted that the degree of 
staining was indicative of the presence of capillaries of a 
particular minimum size, the observation would indicate 
that the capillaries in the true middle lamella were smaller 
than those of other regions; furthermore, the number of 
capillaries into which the dye could penetrate was greater 
in the layers S, and S, than in the layer Sa Optical 
microscopy and low-magnification electron microscopy 
have shown that copper-treated P. radiata contains 
-tracheids in which the copper is in or is external to the 
“layer S, (ref. 9); no fine structure was revealed in this 
work. Mention must be made of the pioneering work of 

































vood-preservative may be seen in the cell wall of a tracheid 
Other plant fibres are known to contain intermicro- 
brillar spaces; but again it cannot be said that these are 
rue capillaries because of the techniques adopted to 
zeal them. Wardrop? has shown that in sections of 
gments of delignified flax fibres treated with gold 
loride solutions it was possible to see an irregular 
position of the salt. It was assumed that surface crystal- 
ation had commenced and that aggregates had formed 
1 the ‘grooves’ between adjacent microfibrils. More 
recently, macerated ramie fibres treated with inorganic 
salts solutions have yielded excellent electron miero- 








co _ * Permanent address: C.S.1-R.0. Division of Forest Products, South 
<.: Melbourne, Australia. 


_ + Note added in proof. See also Preston in Cellular Ultrastructure of Woody 
Plants, ed. Cdté (Syracuse Univ, Press, 1965). 





graphs showing oriented deposition of metal in the cell 
wall, 

A study of the cc wall capillaries and pit membranes 
in wood has now been undertaken because of its wider 
implications in the field of wood-preservation. It was 
assumed that interstaces could occur between and parallel 
to the microfibril, ard that interstices in adjacent lamella 
would sometimes be linked, probably randomly, so that in 
effect a capillary system across and along the cell walls 
could exist. In theory it was thought that such a capillary 
system would allow the passage of polar liquids (but 
probably not non-polar liquids) from cell lumen to middle 
lamella, and, if this were also permeable, to the cell wall 
of the adjacent cell. Cutting of ultra-thin sections parallel 
to the miercfibrillar orientation in metal-containing wood 
should then reveal she capillaries as elongated electron- 
dense zones, with more isodiametric zones indicating 
interstices linking lamellae. 

Sapwood samples {3 in. long. x Lin. tang. x Lin. rad.) 
from two species of the hardwood genus Eucalyptus were 
placed under vacuum to remove air and then pressure- 
treated at 70 lb,/in.* with aqueous solutions, either 10 per 
cent aqueous silver nitrate followed by 10 per cent aqueous 
hydrazine hydrate, or with a 10 per cent aqueous copper- 
chrome—arsenic wocd-preservative (“Tanalith C°). After 
air drying, thick seetions (30u) were cut at a small angle 
to the cell axis and portions of these embedded in meth- 
acrylate, ‘Araldite’ or ‘Epon’. Thin sections (500 A) were 
cut and examined in the electron microscope. Fig. 1 
illustrates silver deposition in the capillaries in the S, and 
S, layers of a fibre tracheid from Æ. obliqua sapwood 
sections cut approximately tangentially to the S, miero- 
fibrillar direction. From this and similar electron miero- 
graphs it has been found that the average diameter of the 
deposits, and therefore approximately of the capillaries, is 
about 300-350 A, no corrections being made for deforma- 
tion due to crysta. expansion during its growth. This 
same electron micrograph also shows limited evidence of 
the orientation in the S, layer. 

The appearance of the tracheid wall of E. maculata 
sapwood impregnated with “Tanalith O’ (Fig. 2) and silver 
(Fig. 3) is somewhat different. Here, capillaries appear 
much smaller (approx. 100 A) though, again, they can be. 
seen to be oriented in relation to the microfibrils, but only 
certain areas are readily penetrated by the aqueous 


solutions. In Figs. 1, 2 and 3 small isodiametric electron- - 


dense zones are also to be seen, indicating capillaries: 
connecting adjacent lamellae. | 

Because of the importance of pits in any examination 
of liquid flew in wend, the structure of these has also been. 
investigated. No evidence of large pit membrane pores — 
has been found in Æ. obliqua and E. maculata; but the 
membranes exhibit a random pattern of interstices filled 
with the appropriate inorganic constituent (Fig. 4). In a 
few instances the >it membranes have been found to be 
torn (presumably Curing the initial sectioning) so that two 
thin membranes appear to be present. These findings are 
consistent with the belief that the membrane is composed 
of two primary wells without lignification and without a 
middle lamella. 

No evidence has been found to indicate that the middle 
lamella is preferentially penetrated such as has been 
found previously’ * with softwoods. However, other 
workers? found thet no copper was present in the middle 
lamella when sections of P. radiata were cut from copper- 
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Fig. 1. Electron micrograph of a fibre tracheid of E. obliqua age i a thal in the cell wall capillaries (unshadowed longitudinal section 
x , 


Fig. 2. Electron micrograph showing the deposition of a copper-chrome~arsenic wood-preservative in the tracheid wall capillaries of E. maculata 
(unshadowed longitudinal section, x 15,000) 


' Fig. 3. Electron micrograph of FE. maculata showing silver deposited in the tracheid wall capillaries (unshadowed longitudinal section, x 23,900) 





4. Electron pg of E. maculata in which the structure of 
pit membrane of a t is illustrated by the deposition of 
silver (unshadowed longitudinal section, x 10,860) 





Fig. 5. Electron mi ph of E. maculata showing silver deposited in 
the end wall of a vertical parenchyma = anaes longitudinal sec- 
on, x 5,7 


treated blocks, but could be detected if sections were 
soaked in copper solutions. 

Electron microscopy carried out in the work recorded 
here has revealed that after pressure impregnation with 
inorganic solutions the cell lumina are lined with inorganic 
salts, and it is usual to find that the S, layer has been 


~ 


penetrated fairly frequently. An examination of the 
figures will show that the S, layer is quite an open net- 
work, with large capillaries. The rest of the wall is much 
less frequently penetrated and this could be due, for 
example, to hydrophobie cytoplasmic debris blocking the 
capillaries in the S, layer. The rather unusual silver 
deposition in a parenchyma cell of E. maculata which is 
shown in Fig. 5 provides an interesting illustration of 
relative penetrabilities of the various cell wall layers. It 
will be seen that, once the initial barrier is penetrated, 
movement through capillaries occurs and liquids may 
cross the middle lamella. Significantly, and in general 
agreement with the findings based on indirect staining 
investigations*, many of the capillaries in the middle 
lamella are smaller than those in other regions of the 
cell wall. 

This work has illustrated that the cell walls in eucalyptus 
contain fine capillaries up to 450 A in diameter, that these 
may be traversed by aqueous solutions which gain access 
from the cell lumen, that the middle lamella offers no 
resistance to flow and that direct access to the middle 
lamella from the pit chamber (Fig. 4) is not possible. 
Though the pit membrane contains no large pores, aqueous 
solutions can pass through it. 

When this work is more fully reported elsewhere and the 
practical implications for the wood-preserving industry 
discussed, photomicrographie evidence will be presented 
to illustrate that the pits in eucalypts form the major 
pathway by which aqueous solutions travel from cell to 
cell, with the cell wall capillaries serving mainly to 
distribute the solution to the walls. 
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‘established that the penicilloyl group 
ier protein structures in vivo is ® main 
inant in penicillin allergy'*. On the 
hemical basis for the formation of these 
xrotein conjugates has not yet been satis- 
Iy e ide ted. Earlier views on the formation of 

cillo 1 haptenic structure have held that a highly 
ctive degradation product of penicillin, penicillenic 
acid, might. be the only form in which penicillin reacts 
rreversibly. with proteins. Penicillenie acid is, in fact, 
spontancously formed from penicillin in neutral solution 
nd is able to react with free amino-groups, thereby 
orming a penicilloyl-amidet. The possibility that peni- 
illins could react directly with c-amino-groups by an 
pening of the §-lactam ring has been neglected mainly 
secause. am experimental demonstration of the reaction 
between penicillins and such amino- -groups on proteins, 
_ peptides or low molecular weight amines in neutral 
coe aqueous. solution was lacking’. 
‘Two facts have been known for some time to throw 
= "some doubt on the concept of penicillenic acid being a 
_ main intermediate in the formation of the penicilloyl 
> haptenic structure: (a) There is no correlation between 
the in vitro rate of formation of penicillenic acid from 
Various penicillins bearing different. acy] side-chains and 
the immunogenicity of these penicillins; (b) 6-amino- 
-penicillanic. acid (6-APA), being structurally incapable of 
rearrangement to a penicillenic acid intermediate, was 
- shown to be a strong inducer of the allergic state in rabbits‘. 
In experiments initiated by these considerations, the 
Incubation: of penicillins with amines in neutral aqueous 
solution was examined. It was established that peni- 
- eillins do react with amines under such conditions to yield 
- penicilloyl-amides. In this article we report in a pre- 
<- liminary form some of our results together with findings 
obtained with dinitrophenyl-6-aminopenicillanie acid, 
_ demonstrating that the direct reaction of the B-lactam of 
-= penicillins with amines is an important general route to 
- the penicilloyl-amide antigenic determinant. (A full 
_ pecount of this work will be published in Helv. Chim. Acta.) 
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i lin {05 M) was incubated at 37° with 
cid (molar ratio, 1 : 4-25) in 0-5 M phos- 
+4, and also in 0-1 M sodium bicarbonate 
ditions of small amounts of sodium 
he pH at the desired value. After one 
gum was precipitated from the reaction 
re by acidification. From the precipitate, crystalline 
peni illoyl-c-aminocaproic acid (I) in the form of 
amonium salt was obtained. The products 
ained in the two runs agreed in properties (m.p. 

) wy 13° and 111-5°-113°. Canale] eapillary melting 
ints are reported ; [aj2¢ = +69: ‘T° and +69-2° (c=1, 

rater); A “Penamaldate assay?: Em = 24,000) with an 
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L ASPECT OF PENICILLIN ALLE RGY: THE DIRECT 
- REACTION OF PENICILLIN WITH £-AMINO-GROUPS 


By Dr. C. H. SCHNEIDER and Dr. A. L. DE WECK | 


Allergy Research Unit, Department of Dermatology, University of Berne, Inselspital, Berne, Switzerland 






authentical sample of peniylpeaicilloyts £ 
acid dibenzylammomum salt prepared in alkaline s¢ 
Mixed melting poirts were not depressed. The 
were 20-30 per cenz. In addition, benzy ici 
similarly incubated et physiological pH w i ne. 
of mean molecular veight about 1,000, the molar ratio of 
penicillin to c-aminc-groups being 1: 0-4. Passage ‘of the 
incubation mixture through a ‘Sephadex G-25’ column 
neatly separated the polylysine material (peak I) from 
the residual materiel (peaks IT and ITT) (Fig. Ll). Peni- 
cilloyl groups attached to the polylysine were measured 
by a modified penamaldate assay’. In accordance with 
the behaviour expec:ed for a benzylpenicilloy] polylysine’, 
the material from the column (peak I) specifically 
precipitated antisera from rabbits which had: been im- 
munized with benzyipenicilloyl-bovine y-globulin. 

Other penicillins were incubated for 4 h at 37° with 
polylysine in 0-05 M phosphate buffer pH 7-4 at a con- 
centration of 75 mM, the molar ratio of penicillin to 
e-amino-groups being 1:1. Polylysine material was 
isolated from the incubation mixture through ‘Sephadex 
G-25 gel-filtration aad the amount of penicilloyl-amide on 
the polylysine was established by penamaldate analysis. 





That no other material developing under the conditions © ~ 


of the incubation amd detectable by penamaidate assay, 
was carried with the polylysine peak, was verified in each 
case by a run in which polylysine was added only at the 
end of the incubation period. The polylysine peaks 





2-mi. fractions 


Fig. 1. Gel-filtration of 4 mi. of a solution of benzylpenicillin (250 mg) 
and polylysine (40 mg) ir 4-0 ml. of Mclivaine’s-citrate-phosphate buffer 
incubated for 24 h at 37°. pH 7-4. The column (1-8 em x 30 cm) contain- 
ing ‘Sephadex @-25’ was equilibrated and eluted with Mclivaine’s citrate- 
phosphate buffer. Analrsis of eluate: O, penamaldate assay (P.A.) as 
increase in optical density at 282 mu after HeCl, treatment: A, optical 
density at 257 mea; ~m 8 ‘olin- Lowry colour (ref. 8) as optical density at 
750 mu. Optical measurements were made in 1 cm cells 


ai 


Table 1, AMINOLYSIS PE ECUN AND DEGRADATION TO PENICILLENIC 
2 oS ALGER 
ue Degradation to 
‘Penicilloyl groups on. — penicillenic acid at 
polylysine after incu- 37°, from (ref. 6) - 
bation of 300 pmoles Mole Mole 
Penicillins of penicillins with parts per parts per 
excess polylysine for thousand thousand 
4hat pH 7:4, at37° per min at per h at 
pmoles * pH 4-0 pH TA 
- Benzylpenicillin 19-3 20 0-26 
_Phenoxymethyipenicillin 21-1 0:06 0-008 
Allyithiomethy! penicillin 22-7 O5 0-06 
-Phenoxyethylpenicillin 22-6 +08 0-0 1 
.. Dimethoxyphenylpenicillin 12:3 2-5 0-29 


` = Calculated from the penamaldate assay with a mean molar extinction of 
24,000. 
obtained in these control runs did not contain significant 
amounts of material detectable by penamaldate analysis. 
The results are shown in Table 1. 
. These experiments demonstrate the formation of the 
‘penicilloyl-amide bond in aqueous solutions at physio- 
logical pH. They make it unlikely that the route to peni- 
-gilloyl-amides proceeds in general through penicillenic 
acid as a main intermediate, since no correlation between 
conversion to penicillenic acid of the various penicillins 
and the formation of penicilloyl polylysime is found 
(Table 1). 
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However, the use of a penicillin-like molecule unable to 
undergo the penicillenic acid rearrangement, but capable 
of acylating amines in neutral aqueous solution and of 
inducing the formation of specific antibodies in vivo, is 
required in order to demonstrate unambiguously that the 
direct. acylation. of amino-groups by the penicillin mole- 
gule through opening of the §-lactam ring, without 
involvement of a penicillenic acid type intermediate, 
-oceurs and constitutes an important route in vivo to the 
penicilloyl-amide antigenic determinant. 6-APA would 
seem to be a good choice in this respect. However, this 
compound is peculiar as it reacts easily with carbon 
dioxide, thereby yielding 8-hydroxypenillie acid®-). 
The reaction probably involves a CO,-6-APA adduct (IT) 
(ref. 9) as an intermediate which conceivably could react 
with amines. Furthermore, 6-APA is capable of inter- 

molecular acylation by reaction of the amino-group of 

one 6-APA molecule with the 8-lactam ring of another. 
On repetition of this process, polymers of 6-APA are 
formed for which evidence has been reported!?4, Since 
the dimer penicillanyl-aminopenicillanic acid as well as 
the higher polymers are, in fact, penicillins, they are in 
principle capable of the penicillenic acid rearrangement. 
Therefore, the occurrence of a reaction between 6-APA 
and amines at neutrality could be considered as proof of 
a direct reaction of the 6-lactam with amines only if the 
reaction products were identified as penicillanyl amides, 
or if additional information indicated that the contribu- 
tion of the polymerization under the conditions used is 
negligible. On the other hand, the first step of the 6-APA 
polymerization, the N-acylation of a 6-APA molecule by 
a second one, obviously cannot proceed via a penicillenic 
acid intermediate and constitutes a demonstration of the 
direct attack of an amino-group on the §-lactam. How- 
ever, the equivalence in this respect of the reacting amino- 
group of 6-APA and ¢-amino-groups could not be taken 
for granted. 

We have obtained preliminary evidence that 6-APA 
reacts with polylysine in neutral aqueous solution in a 
nitrogen atmosphere free of carbon dioxide to yield a 
conjugate which specifically precipitated a rabbit anti- 
benzylpenicilloyl antiserum. The reaction was followed 


=~ 


ss p pa N | ATURE - 


able increase of material showing a penamaldate assay 


e F 
by penamaldate assay. It seemed diminished in sodium 


bicarbonate solution. We have further observed that, 
the absence of polylysine and carbon dioxide, a consider- 











results on incubation of 6-APA alone in neutral solution. — 
This could be due to hydrolysis but in part also to poly- | 
merization of 6-APA. = 
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In view of the complications connected with 6-APA work, 
we proceeded with dinitrophenyl-6-aminopenicillanie acid 
(DNP-APA} (ITI). This substituted 6-APA contains all 
the features of penicillins required for the demonstration 
of a direct aminolysis of the 6-lactam since a penicillenic 
acid rearrangement cannot occur and potential side- 
reactions of 6-APA are avoided by the blocking of the | 
6-amino-group. The compound was prepared by reacting 
6-APA. with dinitrofluorobenzene in a mixture of acetone ` 
and sodium bicarbonate solution. The DNP-APA could” 
be well erystallized as the free acid from ether and- 
from acetone-water (m.p. 164°. Analysis, cale for — 
C,4H,,0,N,8: C, 43-98; H, 3°69; N, 14-65; found: $ 
C, 44:23; H, 3-90; N, 14:58; neutralization equivalent, — 
cale. 382-3; found: 383). aa 

This compound (2-5 g) was incubated with ¢-amino- 
caproic acid (3-8 g) in 0-1 M phosphate buffer (8 ml.) at- 
37° for one day. The incubation solution was kept. at 
pH 7-2 with the aid of a pH-stat, delivering 1 N sodium. | 
hydroxide to the reaction vessel. Dinitrophenyl-6-amino- °’ 
penicillanyl-z-ammocaproic acid was isolated in the form of 
its crystalline dibenzylammonium salt in nearly 40 per cent - 
yield (m.p. 135°-137°. Analysis, cale. for C,,H,;O,N.8: 
C, 56-10; H, 6-23; N, 13-47; found: ©, 55-84; H, 6-71; 
N, 12-93; penamaldate assay: Hm = 25,000). Manipu- 
lations were performed in subdued light, since the desired 
product as well as DNP-APA itself are light-sensitive in 
neutral solution. 

The formation of dinitrophenyl-6-aminopenicillanyl-s- 
aminocaproic acid from DNP-APA and ¢-aminocaproic 
acid in 0:05 M phosphate buffer at pH 7-4 was compared 
to the formation of benzylpenicilloyl-e-aminocaproic acid 
from benzylpenicillin and ¢-aminocaproie acid under the ~ 
same conditions. To this end, solutions (0-36 M) of © 
DNP-APA and benzylpenicillin in 0-05 M phosphate - 
buffer were incubated in a pH-stat at pH 7-4 at 37° alone 
and in the presence of 1:45 M ¢-aminocaproic acid. The © 
opening of the 8-lactam ring was followed by penamaldate ` 


assay!?. Figs. 2 and 3 show the very similar rates of © 
3,000 es 
< 2,000 eo 
a ° 
a 
1,000 
0 2 4 6 
Hours 


Fig. 2. Incubation of DNP-APA at pH 7-4, at 37°, W, Alone; O, in the 
presence of ¢-aminocaproic acid. Penamaldate assay (P.A.) as Increase in 
optical density at 282 mu after HgCl, treatment (1=1 em) 
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icubation of benzylpenicillin at pH 7-4 at 37°. W, Alone; 
inthe presence of e-aminocaproic acid. Penamaldate assay (P.A.) as 
crease In optical density at 282 my after HgCl, treatment (1 =1 em) 







rmation of the dinitrophenyl-6-aminopenicillanyl group 
andthe benzylpenicilloyl group in the presence of 
_ &aminocaproic acid. The rate of hydrolysis of both 
_ DNP-APA and benzylpenicillin appears negligible under 
_ the conditions used. This result indicates similar rates of 
_ aminolysis for DNP-APA and benzylpenicillin and implies 
_ that the contribution of the penicillenic acid route to the 
_ aminolysis of benzylpenicillin could only be small under 
_ the im vitro conditions used. 
The immunogenicity of DNP-APA was tested in 
rabbits. Animals were injected with DNP-APA and 
_ complete Freund’s adjuvant (Difco) according to a pro- 
eedure described previously!. Antibodies specific for 
the dinitrophenyl-6-aminopenicillanyl determinant were 
demonstrated in the rabbit sera by haemagglutination!. 
“For the haemagglutination reaction, rabbit antisera 
absorbed with normal sheep erythrocytes were incubated 
with sheep erythrocytes previously treated with DNP- 
APA or benzylpenicillin in 0-1 M veronal buffer at pH 9-0. 
The haemagglutination titres of anti-DNP-APA sera with 
DNP-APA treated cells were comparable to those obtained 
with anti-benzylpenicillin rabbit sera and benzylpenicillin 
treated cells. The haemagglutination reaction was speci- 
fically inhibited by dinitropheny!-6-aminopenicillanyl-s- 
aminocaproie acid and by benzylpenicilloyl-c-amino- 
eaproic acid. The former compound was a more effective 
inhibitor. Only 1 x 10-4 M dinitropheny!-6-aminopeni- 
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cillanyl-e-aminocaproic acid was required in ofder to 
achieve the same degree of haemagglutination inhibition 
as obtained with 6 < 10-3 M benzylpenicilloyl-z-amino- 
caproic acid. | 

The experiments described here demonstrate the 
reaction of penicillizs with ¢-amino-groups at physio- 
logical pH. It is shown that the resulting penicilloyl- 
amides are formed ‘by direct penicilloylation without 
necessarily involving a penicillenic acid intermediate. 
Even in the case of senzylpenicillin, the contribution of 
the penicillenic acid route appears small under certain 
tn vitro conditions. BNP-APA, which has no possibility 
of reacting via a penicillenic acid intermediate, was shown 
to be immunogenic im rabbits. It is therefore suggested 
that the direct penicilloylation of carrier protein structures 
is a general route to the penicilloyl antigenic determinant 
bb ULVO, 

While this article was being prepared, the paper by 
Batchelor, Dewdney and Gazzard™ came to our notice. 
It is remarkable that. some of the lines of thought were 
quite similar in the two laboratories. 

This work was supported in part by grants of the U.S. 
Public Health Service. of the Swiss National Foundation 
for Scientific Researchsand of the Emil Barrell Foundation. 

I thank Mrs. E. Stiuble for assistance. 
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FACTORY orientation in inseets can follow two 
different paths: (a) Sampling of the scented area 
movable antennae in temporal sequence makes it 

ible to perceive differences in the concentration of the 
nt and to make adjustments in a klinotactic orienta- 
This alone can be carried out with a single sensory 
‘on one side. (b) Simultaneous spatial perception 
e scent. gradient by both antennae: the animals 
eed in orienting themselves tropotactically to the 
source. That two sense organs lie symmetrically 
body must be assumed (theoretically receptor can 
e the word sense organ). 
yy authors believe that osmotropotactie orientation 
e shown in one-antenna animals. One-antenna 
ais. move in circles toward the antenna side in a 
t. current, in a different scent area, and also in a scent 
ient, Geotrupes silvaticus Panz. and Geotrupes vernalis 
-L2 Calliphora erythrocephala’, Leptinotarsa decemlineata 

ayt, meal-worm beetle’, Drosophila melanogaster®?, 



















Habrobracon juglandis Ashmead’, Ips curvidens*, and silk 
worm’, an se a a 
Ou the other hand, experiments have been performed 
with one-antenna animals as proof of a. klinetactic - 
olfactory orientation. The animals with one antenna — 
still show a fully devesoped olfactory orientation; some- 
times they show only a slight deviation towards the 
antenna side. Attaining the goal results from klnotaxis, 
and for this one antenna suffices for Rhodnius prolixus"™, 
Nemeritis canescens’ and Geotrupes silvaticus Panz'. 
Other authors discuss olfactory orientation as quite a 
different mechanism. The scent acts only as a stimulant 
Actual finding of the ebjective is only possible when 
air current gives the anznal the chance to fly rheotactie 
against the scent gradzent®4-!?, E 
For the first time we kave succeeded in showing osmotro- 
potactic orientation in a scent area for bees?®1°, The way | 
it works, its quantitatee effect, and its interaction with 
osmoklinotaxis are deseribed in this article. 

















he food. The experim 
3. The Y-tube was placed 








Bees with one movable antenna and with fixed antennae. 
th the scent source on one side (0-002 ml. oil of anise), 
rmal bees run straight to the scented box (Fig. 2). 

sec. were required to run a distance of 11-5 em; 
0 per cent positive choices were made. If one antenna 
r cut off the orientation towards the scent is scarcely 
-impaired {78-8 per cent positive runs). Only occasionally 
 & slight. ‘zig-zagging’ can be observed. A tendency to 
= move sideways**-!> does not occur: time per run, 2-9 sec. 

If both antennae were fixed in their normal position 
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Fig. 1. a, Experimental arrangement for the Y-tube tests; FmD, filter 
paper with scent; FoD, filter paper without scent; Kt, cardboard box 
with lid removed; Kr, framework of the cardboard box (support for the 
ruby glass plate); Ast, box top (dark box); Rop, ruby glass plate; ¥@r, 
Y-giass tube. 6, Cross-section: Hp, Rbreboard: Kk, cardboard box with 


lid; YGr, Y-glass tube; Kr, framework of the cardboard box; Kst, box 
top; Rgp, ruby glass plate 





: st bee in the ¥-tube (No. 157): without zig-zag movements 
na straight line towards the scented box. DK, scented 
box; DO, box without scent 
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Fig. 3. Run of bee No. 108, Right antenna amputated, left antenna fixed 
on the morphologically correct side of the body. Zig-zagging run as 
indicator of klinotactic orientation 
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Fig. 4. Alternative choice of differently handled bees when different 

quantities of scent are offered siraultaneously from the left and from the 

right. æ, Bees with one fixed antenna (left antenna cut off); 6, normal 

bees; ¢, bees with one movable antenna (right antenna cut off); d, bees 
with both antennae fixed in normal position 


(distance between the tips of the antennae, 7-8 mm), 
then still 83 per cent positive choices were recorded. 
The run itself is a straight line; once in a while a slight 
zig-zagging appears: time per run, 3:4 sec. 
Bees which have one antenna fixed and the other 
cut off tend to show a bias toward the intact side. The 
results in finding the objective vary from one condition to 
another: if the scent is given on the antenna side, then 
76-9 per cent of these bees run into the tube branch with 
the scent. On the contrary, if the scent is offered on the 
amputated side, only 39-9 per cent of these bees run into 
the scented branch. The run to the scent source is a dis- 
tinct zig-zag run (Fig. 3). Furthermore, the runs are appre- 
ciably slower (4-6 sec running time). One can show that | 
the side tendency, which is frequently explained as an ` 
osmotropotactic reaction, is superimposed by a klinotactic 
orientation component. There is, therefore, a tendency _ 
toward the intact side. If scent is offered simultaneously ` 
and at different concentrations in the left and 
tube branches, then normal bees, bees with fixed ante 
and bees with one movable antenna all choos : 
higher concentration (Fig. 4). The different scent ratios, > 
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t ced in normal position; d, Bess with one fixed 
an nian “tees Hear "antenna } is cutoff). @, Bees with one fixed antenna: 
scent is: offered on the side without an antenna. ©, bees with one fixed 
: antenna: scent offered on the antenna side 


_ however, are analysed with varying success by the dif- 
_ ferent bee groups (Fig. 4). Bees with one fixed antenna 
and the other antenna cut off compensate for the side 
tendency only, if the scent ratio is 1:4 and when the 
_ greater concentration is given on the side without antenna 
(Fig. 4, curve a). 

This method allows one not only to separate the side 
tendency and its connected klinotactic orientation com- 


ponent from one another, it also gives the first hint of 


the integration process in the central nervous system. 
The scent gradient between the left and the right side 
must be 1: 4, so that a difference in the information from 
-two sides will be recorded in the central nervous system. 
This. is effective for cases in which the klinotactic com- 
‘ponent is experimentally removed from the orientation 
act and only the tropotactic adjustment is allowed 
(experiments on bees with both antennae fixed in normal 
position). The same holds also for the information from 
one side when the tropotactic component is eliminated 
and only klmotactic adjustment is allowed (experiments 
z on bees with one antenna free). By a combination of 
= tropotactic and klinotactic adjustment the central 
= nervous system can detect smaller concentration differ- 
ge noe ie enced on normal bees being about a ratio of 












ints. ‘of two oon A perception of the concen- 
no gradient simultaneously in space and successive 
prioni in time. The simultaneous component demands 
mmmetrically arranged receptors—at least two; 

ee fe be movable. hps SUCCESSIVE cise east 







"per a OKNE er, tho individual 
1 the goal with dierent velocity { P ‘ 












is time fator gives the adia saha of or ienta- 
: ; shows us quite clearly the true grade of 
i olfactory orientation. 

the antennae. The antennae of bees which 
odorants are crossed at the. scapus and 
portion (Fig. 6). 
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instinctive, natural side-correct evaluation of information — 
is no longer given. Bees with crossed, fixed antennae turn 
spontaneously and without hesitation at the point of. 
decision into the scentless tube branch. This ‘changing - 
of polarity’ of the antennae causes the olfactory informa- 
tion in the central nervous system to be recorded as 
reversed. 
reversed. This way brings about the ‘spontaneous turning’ — 
into the tube branch without scent. Their behaviour 
shows that they perceive the scent gradient spatially 
simultaneously between the antennae. 

If the tips of the symmetrically crossed antennae 
are placed closer together, step by step. along the median 
line, then a change from osmotropotaxis. to klinotaxis 
occurs when the distance between the tips of the. antennae 
is 20 mm (Table 1). This reaction is quite. definite. If 
the distance is smaller than 2-0 mm, then the bees. turn 
into the tube branch with the scent and make a zig-zag 
run to the scented box. This means, therefore, that. 









simultaneous-spatial distinctions are no longer made, and -= 


only temporal sequences can be evaluated. Quite astound- 
ingly, in antenna positions I-V, almost the same number 

of ‘side-reversed correct’ choices are made {see Table 1). 
The change from one orientation type to the other does 
not happen gradually, but rather suddenly. With asym- 
metrical crossing of the antennae (Fig. 7) the ‘effective’ 
boundary distance totals 2-7 mm. 





Fig. 6. Bee head with synenetrically crossed and fixed antennae. The 

sections. I, 11, 111, IV, V and VI give the possible position of the antennac 

during the experimental series. Jf the antennae are in position V1, then 

the bees orient themselves: klinotactically; in all the other positions, 
osnotropotactically 





Fig. 7. Schermatie representation of a. bee head. with asymmetrically 
crossed, antennae, Both antennae are fixed on one morphological etde of 
the body. s, ‘Effective’ distance between the antennes fips 


It also causes efferences to be sent out side- : 








3 HE BRANCHES OF THR Y¥-TUBE FROM BEES THE 
ANTENNAE OF WHICH ARE GLUED AND SWITCHED TO THE OPPOSITE SIDE 
O AT VARIOUS DIFFERENT ANGLES a 
9 Seent from the right (0-002 ml. anise oil 
Position of the crossed antennas = I H Wi. Iv v VI 
“Correct’, side-reversed choices (%) 790 76-6 724 77:5 743 23-4 
- Total number of choices {04 -205 «181111 202 124 
_. Distance between the antenna tips 


Table 1, “Cuorees YÒR T 
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© Osmoklinotactic orientation behaviour appears also 
when one antenna is fixed and the second antenna is left 


. free, provided that the ‘median distance’ of the fixed 
 @ntenna (Fig. 8) is smaller than 2-5 mm. The movable 
antenna can compensate for the false report of the 


_-erossed, fixed antenna only so long as the ‘median 
> distance’ of the second antenna does not exceed 2:5 mm 
(Big. 9). 

_. (3) Quantitative effect of osmotropotaxis. How great 
-must the difference of concentration between the left and 


the right antenna be in order to be perceived osmo- 


-tropotactically? 
~ Fine glass capillaries of a certain weight and diameter 
-are slipped over the antennae and are glued on the scapus 
(Fig. 10). (The bees are previously trained to the 
scent.) 

Liquid paraffin with scent of different concentrations 
is placed in the capillaries to produce different scent 





Fig. 8. Schematic representation of a bee head with one fixed and one 
movable antenna. Left antenna fixed on the right side of the head. 
Right antenna movable. 3, Median distance (equals the projected, 


perpendicular distance in the horizontal plane between the stirnocellus 
and the tip of the fixed antenna 
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Fig. 9. Reaction curve of bees with one antenna fixed on the opposite side (with different- 
| mex i nten Scent from one side 
(0-002 mi. oil of anise), Distance of the fixed antenna from the median line is given in mm. 
©, Values for those which received the secant on the side without antenna; ©, values for 


sized median distances) while the other antenna remains movable. 


those which received the scent on the antenna side 
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Fig. 10. Bee head with glass tubes slipped over the antennae. The 
scapus-head joint is blocked. DPg, Mixture of liquid paraffin with scent 
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Fig. 11. Experimental bee stuck on to the cork hemisphere. Only a part 

of the cork hemisphere, the ‘running area’, is illustrated. DPg, Mixture of 

liquidiparatfin with scent; Gk, glass capillaries; KA, cork half-sphere ; 
l Kp, pieces of cardboard; Ks, glue; P, pincers 


recognition reactions by the two antennae. The insect in 
the experiment is placed on a movable cork hemisphere 
(diameter, 4 cm) and is held down by means of a small 
plate on its thorax (Fig. 11). Direction and strength of 
the reaction are read off by means of a 
pointer and a scale (Fig. 12). So long as a 
difference between scent concentrations in 
the right and the left capillaries can be 
perceived, a directed run towards the more 
strongly scented side occurs. ! 
that the hemisphere turns exactly opposite 
to the direction in which the animal would 
turn if it were not glued down. Therefore, 
if the higher concentration is found in the 
right capillary, then the animal tries to 
compensate for the difference of concentra- 
tion by turning to the right; that results 
in the cork hemisphere being turned to 
the left. 

The lower concentration, ‘initial’ concen- 
tration, is held constant in all experiments. 
The ‘test’? concentration is varied for each 
test (a turn of 90° is given the absolute 
value of 1). 

With high initial concentrations (1/ 
10,000) the osmotropotactic ability to 
discriminate different scent concentrations 
is of the ratio 1 : 10 (Fig. 13). The change to 
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is- occurs gradually at this concentration 
"ig. urve a). With low initial concentrations 
J00), the ability to analyse different scent concen- 
tions is at-a ratio of 1:25 (Fig. 14). Here the change 
-klinotactic orientation occurs suddenly (Fig. 13, 
irve a). Therefore the osmotropotactic threshold is not 
abaclate value, but rather it is a variable depending 
the initial concentration. This is biologically significant 
© the evaluation of different scent zones through which 
ee moves when it is approaching a scent source. It is 
cially shown in these experiments that the olfactory 
‘ception of scent differences can operate basically 
hout- anemotaxis. In Nature, of course, anemotaxis 
cs along with osmotropotaxis. 
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Fig. 12, Representation of the experimental arrangement for determining 
the. osmotropotactic threshold in the scent field. The cork hemi- 
sphere (3-1 g weight) can be turned almost without résistance. With the 
help of the attached pointer, the direction and the strength of the turning 
tendency per unit. of time can be read off. A turn of 90° of the cork 
hemisphere—-the direction does not matter——pgives the relative valuc of 1 
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13 The determination of the osmotropotactic threshold with high 
nitial concentration (1/10,000). Scent oil: methylheptenone. The black 
columns give the concentration ratios in both capillaries, oa, Values from 
min calculated: fromthe beginning of the experiment; b, corre- 

ng the 5-10 min period; e, A, values of 3-5 min. In the 
i nun: aoa the osmotropotactic reaction. ends. The osmotropotactic. 

"threshold with high in 







h initial concentrations is ata concentration ratio of 
: 10 between both antennae. Dg, Scent gradient quotient 
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Fig. 14. 
initial concentration (1/10000). 
osmotropotactic threshold with lower initial concentrations is at a con- 


Determination co: the osmotropotactic threshold with Jow 
Scent. oil: methylheptenone. The 


centration ratio of 1:24 bet: ween the antennae, The remaining explana- 


tion is the same as for Fig. 13 


Noted also was tha; the determination of thresholds 
can be carried out very well on the basis of the osmnotropo- 
taxis (Table 2). 

Table 2. OF METHYLHEPTENONE AND 


DETERMINATION Of THE LEVEL 


BROMSTYROL 
For both substances the threshold is at a concentration of 1 : 200,000 
Methyhheptenone Bromstyrol 
Scent 0-5 min after went 0-5 min after 
Concentration choices releasing the choices releasing the 
(%) stent (No.) (%} seent ONO.) 
1: 50,000 83-0 697 90-5 154 
7: 108,600 RAS 637 85-5 513 
1 : 200,000 T4 672 7L 885 
1 : 306,600 50°8 859 Hei 931 


These experiments heve demonstrated that osmotropo- 
taxis together with osmoklinotaxis are of vital importance. 
in the rich mosaic of orientation behaviour of bees, 

I thank Springer-Ver-ag (Heidelberg) for permission to. > 
reproduce the illustracions which were published in | _ o 
Naturwissenschaften (50; 1963) and Z. Vergl.. Physiol. 
(48 ; 1964). This work was supported by Deutse 
Forschungegemeinschaf: and the Rockefeller . Founda 
tion. 
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RADIO ASTRONOMY 
Sky Brightness at 14°] Mc/s 


-o Kwywowzrepce of the intensity-frequency relation of 
extraterrestrial radio emission has been obtained from 


E sealed aerial experiments at frequencies higher than 
20 Mojs (refs. 1 and 2) and from ground-based or satelite- 
borne radiometers operating below 10 Me/s (refs. 3, 4 


and 5). The low-frequency observations, whether ground- 


~~ based or satellite-borne, are affected by the ionosphere. 


‘fhe consequence of these ionospheric effects has resulted 


in difficulties being experienced when reconciling the 


‘observations in frequency regions below 10 Me/s with 
those above 20, Me/s. 

O It has now been possible to extend the scaled aerial 
measurements of sky temperature down to a frequency 
- of 14:1 Mejs. The present sunspot minimum resulted in 
low. values of the ionospheric critical frequencies, allowing 
unhampered night-time observations at this frequency. 
The frequency of the present observations is close to those 
used in gatellite experiments of Hartz‘ and Smith®, which 
provide good values of relative intensities below 10 Me/s. 
No highly reliable absolute values of sky temperature 
were provided in these experiments. By joining the 
satellite results with our present 14 Mc/s results and our 
previous scaled acrial measurements, a curve of the 
sky brightnoss—frequency dependence is obtained for the 
frequency region 1-100 Me/s. 

The. 14-1 Mc/s observations were made with a low- 
resolution aerial directed at the zenith (8 = — 34°) which 
contains, at different times, the galactic centre, the disk 
and the south galactic pole. At 0800 and 1700 h R.A. 
60 per cent of the radiation received originated from 
galactic latitudes — 20° < b < 20°, while no radiation was 
received from this belt between 2130 and 0400 h R.A. 
The south galactic pole was in the centre of the beam at 
0040 h R.A. 

The aerial used was scaled from those previously used 
by us at frequencies 20, 30 and 85 Me/s. An additional 
result was obtained at the frequency of 48-5 Mc/s. 

The aerial consisted of a single half wave-length folded 
dipole suspended 0-25 4 above a continuous mesh screen 
-a wave-length square in area. The receiver was a switched 
radiometer using a B40B communications receiver pre- 
ceded by a low-noise pre-amplifier of 75 Q characteristic 
impedance. Calibration, which consisted of rematching 
the aerial and replacing it by a noise generator, was per- 
formed each hour. The noise generator used consisted of 
two C V2398 noise diodes in parallel, working into a 75 Q 
load. The maximum temperature available from this 
generator was 80,000° K. This is well below the sky 
brightness temperature ab 14-1 Mc/s. It was thus neces- 
sary either to amplify the noise signal or else attenuate 
the sky signal. Both methods were tried and found satis- 
factory. In practice, a 9 dB calibrated attenuator was 
jnserted between the aerial and the receiver. The accuracy 


- of the noise calibration was checked by comparing two 


different generators. The two systems reproduced cali- 
brations to within 2 per cent. 

Tonospheric effects are serious obstacles to reliable 
absolute measurements at this frequency. The two 
separate effects that need to be considered are absorption 
in the F layers and the ‘iris’ effect. All observations were 
carried out at night, thus avoiding D layer absorption. 
Absorption in the F layers has been theoretically investi- 


gated by Ellis‘, using a model based on thermal loss by 


collision of electrons with ions and neutral atoms. The 
theoretical results obtained agreed with extinction curves 


acs 
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determined by Mitra and Shain’ and Steiger? at 18 Me/s. 
From our own results and ionospheric data from Camden, | 
15 km distant, it was possible to plot an extinction curv 
for each hour of R.A. At least five calibrated measure-- 
ments were available for each hour spaced over 6 h: 
local time. During the observing period, December 1964 — 
to July 1965, the night-time values of fef, were almost- 
always less than 4 Me/s. This limited the extent of the- 
extinction curves. For fF, = 4 Mejs, absorption was _ 
observed to be less than 0-1 dB, agreeing with theory. 
The ‘iris’ effect produces total reflexion of galactic 
emission for zenith angles: 








hF, 
sre EAE e T leet 
x > Cos IEI Mef 


At such angles the Earth temperature of 300° K iso 
reflected into the aerial beam. A calculation was made of 
the attenuation due to the iris effect and it was found to 
be negligible for f,2",, less than 6 Me/s. 

In addition to correcting for the ionosphere an allowance 
was made for losses in the aerial system which amounted 
to 0-1 dB in the matching transformer and 0-1 dB in the 
balun. The mesh reflecting screen was assumed to be 
perfect. Z 

Fig. 1 shows the observed sky temperatures as a fune- 
tion of right ascension for è = — 34°, after the foregoing 
corrections had been made. We note that the minimum. 
occurs at 0400 with Tp = 110,000° K. At 0040 b R.A,- 
when the south galactic pole is in the main beam, Tg = 
125,300° K. Because of the low resolution of the aerial, 
temperatures observed when there is a sharp gradient of 
sky temperature in the main beam have little meaning 
and thus we have omitted results from 1600 h to 2000 h 
R.A. Overall accuracy is better than + 7 per cent. 

Fig. 2 shows the present flux measurement for the south 
polar region, together with other scaled aerial values and. 
the two satellite observations. Absorption in ionized 
hydrogen regions is a minimum in the direction of the 
galactic poles, and thus Fig. 2 gives a good estimate of. 
the synchrotron emission spectrum. We note that at 
16 Mejs the temperature spectral index 8, (T a 4), has: 
fallen from its high frequency value of 2-65 to 2-55 + 0-15. - 

Some caution needs to be observed when interpreting | 
these results, since the observed sky temperatures include ` 
an isotropic extragalactic component superimposed on the ` 
galactic emission. The spectrum of this extragalactic — 
component is thought to be steeper and thus would ` 
dominate. at low frequencies. Using the scaled aerial: 
results it should be possible to separate the galactic | 
and extragalactic components if the two components: 
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Fig. 1. Observed sky temperatures at 14-1 Mejs, ó= 349 000o 
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"e 2. adhna uency relation. Sealed aerial results above 16 
'.. Mes, satellite results below 10 Me/s 


tave differing spectra. 
z by us elsewhere. 

_ We are now making a new series of observations with 
sealed aerials of medium resolution. 


The separation will be discussed 
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ASTROPHYSICS 


Pulsation Periods of General Relativistic 
r Objects 


Isation period of the lowest radial mode for a 
homogeneous object in Newtonian theory is! 
onst): 

= 2n[4nG e, — 4/3) 


0, the period may vary over a wide 
the density. 

‘ically symmetric homogeneous object 
an approximation has a period of?: 


- m [1 = omen 2-1) 


otal energy density. From this equation 
at there will be a minimum period even 
ways positive and finite. Substituting: 


SS e= 3Mct/4nR3 


-1/2 


[R or, a[i- amer (7 Pes 1)]| 


. star. (superstar) has a r, which is a 
5 and is approximately 4/3. The 


vill therefore occur rat a radius of: 
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momentum. The parameter that measures: the © 
rotation is: a g 


centre of the star, 


[3 = «(M/Mo)-? (rofs: 3 and 4). The 


and: 


Tmin = 


i 





or: 
tmin = 150x 10- 2q-(M/Mo)* yr 


A superstar of 10° M > would therefore have a period. of : 
(for a = 14) 0-77 yr. If quasi-stellar sources are very 
ee massive i gaa with nigger ad ‘of ee hie of 









than 108 Mo LOCUS ol the. quadratie. ma 
of the periods. W. a. Fowler has recently poin 
that rotation may eneble one to have smaller r porie 
therefore smaller radi:*, 

This general relativ stic effect of a minimum perio 
manifests itself in reutron stars? and white d 
although in these casas the models are not homoge 
and I, is not constant. eae 

I thank A. D. Code for his advice, os 
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Angular Momenta of Eclipsing Binaries 
and the Fissian Theory of their Origin 


In a new development of the fission theory of the origin 
of close binary stars!:*, I showed that rotational instability 
would occur during the pre-main sequence contraction of 
rotating stars with no internal magnetic field. The theory 
predicted the observed mass range for contact. binaries of 
W-Ursae Majoris type with satisfactory accuracy, and 
also gave the observed variation of angular momentum 
with mass for these systems. I now wish to show that 
the theory also predicts the observed relation between 
angular momentum and mass for all the close binary 
systems. 

The rotational instability which gave rise to the forma- 
tion of binary systems was due to the different behaviour 
of convective and raciative regions of stars. When the 
star is fully convective, as it is during early stages. of 


contraction’, it rotates uniformly, and as the. angular. - e 


velocity increases the star spins of mass. at. the equator, 
and the effect of rotetion is small over the. bulk. ‘of: the 
star. When the star begins to develop a radiat : 
the rotation is no longer uniform as each 
the radiative core «eontracts, conserving © 





on ie 
we S a 
where Q is the angula” ite and pe the density at the 


When the star was fully convective, 
then with uniform rotetion and centrifugal force balancing 


gravity at the surface, x = 0-04 (ref. 4). With the develop- 


ment of the radiative core « varies like e¢!/* and so it will 
reach the critical value for instability, 0-187 (ref. 5), when 
pe has increased by a factor 100. 

The increase in pe is due to two effects : the changing 
degree in central condensation due to the transition from 
convective energy transport, Pe/P p= 6, to radiative energy 
transport, p/p œ~ 24 for massive stars and 54 for small 
stars, and the increase in the mean density p due to the 
decrease in radius. As the: ‘readjustment: in internal 


a 
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structure takes place during a small change in radius, the 
central density will have increased to its critical value 
when the radius of the star has decreased by a factor of 
2-3 for small stars and 3 for large stars. 

The angular momentum of the star at the onset of 
rotational instability can be estimated. With centrifugal 
force balancing gravity, at the end of the fully convective 
stage the angular momentum is: 


Hy = K @ M?’ Ry? (2) 


where Ry is the radius of the star and K+”? Ry its radius 
of gyration. For a fully convective star K ~ 0-13 (ref. 4). 
During the fully convective phase it is known that the 
star has an approximately constant surface temperature 
~4,000° K. The radius Ry at which convection begins 
to die away can then be computed by equating the 
energy carried by radiation to the release of internal 
energy during the collapse of a fully convective star. 
This gives: 





Lt -4 T* =] — LP, (3) 
r—0 3 xọr dr 6 GM? 

where T is the temperature, x the opacity, Pe the value 
of the pressure at the centre, a the radiation constant, c 
the velocity of light, L the luminosity = zacR*7',* (where 
Te =~ 4,000° K). With the opacity x known as a function 
of pressure and density, and the temperature and pressure 
known in terms of the mass and radius for a fully con- 
vective star (a polytrope n= 1-5) this is an equation to 
determine R;;, and hence from equation (2) Hy is known. 
Knowing the decrease in radius to the onset of instability 
we can get a lower bound on the angular momentum at 
the onset of instability, Hr, by neglecting the growing 
radiative core; an upper bound is obtained by assuming 
all the star is radiative. The actual value Hr must be 
somewhere between these limits, and we take the arith- 
metic mean':*, Since the decrease in radius to the onset 
of instability is at most by a factor of 3, and as the angular 
momentum varies like R!’? (equation 2) the lower bound 
on Hz is only less than Hy by at most 0-23 in the logarithm. 

In Fig. 1 the predicted relation between angular 
momentum and mass of rotating stars at the onset of 
fissional instability is plotted, and also the observational 
values for all the close binary systems with spectroscopic- 
ally determined mass ratios that are given in Kopal and 
Shapley’s catalogue’, except for the few that are too 
massive to fit on our diagram. The agreement is very 
satisfactory. 

The alternative theory of binary star formation, the 
capture theory, is unable to explain the observed corre- 
lation between mass and angular momentum, since the 
capture process is a chance phenomenon due to the close 
approach of two bodies in the presence of a third. There 
is no reason to suppose that this would give anything 
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other than a random distribution of masses and angular 
moments. The observed relation between mass and 
angular momentum lends support to the fission theory 
and it is very satisfactory that the observations an 
predictions agree so well. 
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PHYSICS 


Laser-induced Damage in Natural White 
Diamond 


A PREVIOUS report! has described laser-induced damage 
in optically transparent materials such as glass, alkali 
halides, CaF,, MgO, sapphire and quartz; we wish to 
report the observation of this effect in natural white 
diamond. Intense, 0-3 joule, 10 MW pulses of 6943 A 
radiation from a kryptocyanine Q-switched ruby were 
focused with a 5-cm focal-length lens on to the polished 
surfaces of the specimens. The dimensions of the speci- 
mens were very much smaller than the focal length of 
lens, thus ensuring that the power density of 10® W/cm? 
incident on the surface was constant throughout the 
specimen. The damage on the front surface was charac- 
terized by a seared mark apparently consisting of black 
carbon (Fig. 1), which indicated that a high surface 
temperature was attained. The rear surface damage was 
characterized by extensive fractures and cracking (Fig. 2). 
Because of the difficulty in sectioning diamond, it was not 
possible to determine the depth of the physical damage; 
however, as this was not observed on the front surface 
of the specimens it seems apparent that it is characteristic 
of the rear surface only. This is consistent with the 
observed damage in other optically transparent materials’. 

It has been proposed! that this damage is a result of 
acoustic phonons which travel in the forward direction 
through the material. These phonons are generated by 
stimulated Brillouin scattering of the laser light, and this 
process is similar to Raman laser action with the mole- 
cular vibration replaced by an acoustic wave. Other 
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Fig. 2. 


Rear surface ( x 16) 


damage mechanisms, such as direct heating from optical 
mbsorption and the interaction of light with material 
"oundaries, were eliminated by detailed experiment. The 
acoustic phonon damage mechanism is supported by 
«lirect measurements of the frequency of the scattered 
wadiation from the stimulated Raman process for quartz 
and sapphire*. 

The frequency of the acoustic phonon wave f is’ 
f= Swn 

Ps 
which is about 4 x 10 e/s for ruby light, v is the 
velocity of sound in the material of refractive index n, 
and ¢ is the velocity of light. For diamond, n is 2-4, and 
from measurements of the compressibility? v is calculated 
as 1-8 x 10* cm/sec, whence f is about 120 Ge/s. This 
compares with 60 Ge/s for sapphire and 12 Ge/s for glass. 
The power in the acoustic wave is found from the ratio 
of the phonon to photon energies and is about 10-* of 
the incident power or about 100 kW/em?* in these 
experiments. 

These experiments were performed in an attempt to 
use a pulsed solid-state laser for the drilling of small holes 
in diamond. The results which we obtained show that 
the desired holes were not obtained because of the nature 
of damage mechanism. 

We thank the directors of International Research and 
Development Co., Ltd., and the manager of the NELAS 
Division of the International Research and Development 
Co., Ltd., and Thermal Syndicate, Ltd., for their support 
of this work. 
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Re-entrant Hysteresis Loop and Multistable 
Ferrites 


It is well known that certain ferrites, especially Coke 
ferrite’, become magnetically anisotropic when heated in 
a magnetic field. This treatment results in an increased 
remanence ratio (Jrem/Jsat) and a square hysteresis loop. 
The explanation in terms of an ionic diffusion ordering 
process has been well developed*. It is also well known’ 
that annealing in a unidirectional field results in a loop 
which appears displaced along the H-axis, but no adequate 
explanation has been given for the phenomenon in these 
materials. Glaister and Viney* have reported re-entrant 
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hysteresis loops in these materials, and offered a tentative 
explanation for this paenomenon. 

We have now prepared ferrite toroids with multistable 
remanent states in addition to re-entrant loops, and pro- 
pose an explanation 20th for these effects and for the 
asymmetry resulting from a unidirectional field anneal, The 
material comprises Co*y.;; Fe**.3; Fe**,O, and is sintered 
under conditions that result in slight oxidation of Fe** 
content; this deficieney yields cation vacancies and thus 
greatly increased mobility for the Co*+ ions responsible 
for anisotropy. On cocling, these ferrites show constricted 
or ‘perminvar’ loops. The samples are annealed in 
alternating fields of amplitude just sufficient to achieve 
technical saturation at 200° C and slowly cooled with the 
field applied. A very square re-entrant loop may then be 
observed (Fig. la) with a display system in which the 
magnetizing field is sensitive to the rate of change of 
flux’, 

The flux reversal @witching) time of a square loop 
ferrite is equal to the quotient of the average distance 
traversed by the domain walls and the wall velocity. 
Thus the number of demain walls that participate in flux 
reversal is proportional to the reciprocal product of the 
domain wall velocity and the switching time (or wall 
mobility and switching constant). An estimate of this 
wall mobility using the treatment of Menyuk and Good- 
enough® (3,400 cm sec-! Oe-') and measurement of the 
switching constant (500 us Oe) for a toroid with 4-mm 
wall section suggests shat it is unlikely that more than 
one wall is involved in the flux reversal. Pulse measure- 
ments confirm that the rate of change of flux reversal is 
almost constant so that the comparison is valid. 

Although samples with pronounced re-entrance are 
bistable and with slowly varying fields switch directly 
from one near-saturation state to the other, it is possible 
by applying single-shot pulses of about 2 us duration to 
bring the domain wall to a central position giving zero 
net remanence. If the sample is then annealed in this 
state’ at 200° C a loop of the form shown in Fig. 2a is 
obtained; the zero-magnetization state has become 
stabilized and a field of 26 Oe in excess of the wall coercive 
field (20 Oe) is required to free the domain wall. Such 
cores have three stable states. Evidently the component 
of the field within the Bloch domain wall directed along 
the toroid axis has resulted in localized anisotropy with 
an easy axis perpendicular to the general circumferential 
direction. 
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(a) Annealed with alternating feld giving 


Cobalt-ferrous ferrite. i 
re-entrant loop; (b) anneased with unidirectional field giving loop re- 


Fig. 1. 


entrant in one sense only. Applied 50 c/s fleld 35 Oe pk 
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Annealed in zero net remanence state 


Cobalt-ferrous ferrite, (a 
giving tristable loop, and (4) annealed in intermediate remanence state, 
Applied 50 c/s field 17 Oè pk 


Fig. 2. 


By annealing a wall in an off-centre position, that is, 
with remanent magnetization between zero and full 
remanence, the relative position of the spikes on the two 
sides of the loop indicates whether the domain wall always 
moves in the same direction or oscillates to and fro. With 
the core geometry used (height greater than radial width) 
the spikes occur at the same flux-lovel (Fig. 26) so that the 
wall evidently oscillates to and fro. Since cylindrical walls 
tend to move radially outwards, the field being strongest 
at the inner edge of the toroid, the movement is probably 
axial. Fig. 2b shows the loop resulting from the accidental 
annealing of two walls near one surface. 

The same explanation holds for re-entrance; the wall 
is evidently not eliminated in the ‘saturation’ state and 
merely comes to rest near the sample surface. This is 
confirmed by the fact that excessive annealing fields 
which would tend to drive the wall out of the sample are 
found to reduce the re-entrance. The re-entrance of a 
partially annealed sample may be quite effectively 
increased by alternately switching from one remanent 
state to the other by the application of short pulses of 
alternate polarity (for example, l-ms pulses with a pulse 
repetition frequency of 50 c/s). Thus annealing takes place 
substantially in the absence of an externally applied field. 
Further, when a unidirectional field is used for annealing, 
the loop is re-entrant on one side only (Fig. 1b). This 
would explain the asymmetry observed by previous 
workers using conventional display systems, for example, 
a ballistic galvanometer. 

We thank G. W. Edwards for help with the experi- 
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measurements, 
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A Numerical Model of Random Packing of 
Spheres 


A NUMERICAL approach using a digital computer has 
been used to construct a simple model of the unit cell ir 
a randomly packed bed of identical hard spheres. The 
cell is built up by introducing spheres tangent to a centra 
one at random positions around it. Each added sphere 
is accepted and its position recorded only if it does noi 
overlap with any of the ones previously accepted. Wher 
there is no room for additional spheres, the cluster is 
complete and the volume of the unit cell is found. This 
unit is defined as the polyhedron formed by the perpendi 
cular bisectors of the lines connecting the centre of the 
original sphere with its neighbours. There is some ambi 
guity in defining a unit cell in a random packing. The 
prescription used here has the justification that it is 
correct for the regular lattices with one sphere per unit 
cell such as the simple cubic, face centred cubic, an 
hexagonal close-packed arrangements. 

Number of neighbours and cell volumes. An ensemble 
of about 3,000 of the clusters already described here was 
constructed. 
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Table 1. PACKING STATISTICS 


Probability of n neighbours Average cell volumes 








n Within for n nearest 
Touching 1-35 diam. neighbours 
6 0:0054 0:0000 1-0349 
7 0:0970 00026 0:9670 
8 03878 0:1332 0-8924 
9 0:3931 04316 0:8255 
10 0-1137 0:3622 078688 
11 0-0030 0:0638 0:7451 
12 0:0000 0:0065 — 
n=8 52 9°37 v = 0-860 
Vain 0-84 Via 


Table 1 gives the calculated frequency distributions of 
numbers of neighbours. In addition the average cell 
volume for each configuration is given, based on a unit 
ball diameter. Since just one ball is enclosed in the unit 
cell as defined here, the average solid fraction is given by: 


f = (4/3)x(1/2)9/0-860 = 0-609. 


With the definition of the unit cell used here the proper 
solid fractions are obtained for the regular lattices as 
already mentioned. 

Since packing densities between 0-61 and 0-64 have 
been found! depending on how well the bed of spheres 
has been shaken down, it appears that this model is 
describing a loose packing. This appears to be reasonable 
in view of the fact that no shaking down is allowed for 
in the process by which the ensemble of cells was 
constructed here. 

In an experiment Bernal and Mason* found the mean 
number of contact points to be 8-5 counting only points 
in what they called total contact in a random close-packed 
assembly. Although this agrees superficially with the 
results obtained here, their distributions of numbers of 
contact points for both tight and loose packings were not 
the same as the present one. Fig. 1 shows the frequencies 
of various numbers of neighbours. Indeed, they observed 
cases with as few as four contact points. It is difficult 
to make a direct comparison with Bernal and Mason’s 
results since their ‘total include not only 
neighbours which touch the central ball but also neigh- 
bours somewhat farther out. 

An attempt was made to include second neighbours in 
the cluster. This was done by filling in all the additional 
spheres that could rest without any overlapping on the 
stable positions determined by the nearest neighbours 
already found as described above. These positions were 
filled in random order. 

Fig. 2 shows the density of ball centres as a function 
of distance from the centre of the cluster, both as found 
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aere and as measured by Scott®. The peak describing the 
First neighbours determined in the present calculation, 
«which should actually be a delta function of area 8-52, 
8 broadened in the plot to match the class width used by 
Scott in his measurement. It is clear from the plot that 
«he second neighbours obtained by the process described 
there do not exhaust all the possibilities of nearby spheres. 

Angular distribution. The angular distribution of 

neighbours around any given neighbour taken as a pole 

Ks shown in Fig.3. Distributions are given for neighbours 
‘within 1:35 ball diameters as calculated here and as 
measured by Scott and Mader‘. There is qualitative 
eagreement between calculation and measurement, but the 
«detailed shapes are not the same. 

Method of calculation. The process of building up the 
ecluster by introducing spheres at random positions 
«around the central sphere becomes very inefficient when 

the cluster is nearly complete. This is because the 
remaining regions where neighbours can fit into the 
cluster become extremely narrow when the cluster is 
nearly complete. To speed up the calculation the actual 
computational scheme was modified as follows. After 
250 possible neighbours were examined it was ascertained 
analytically whether and where there were gaps into 
which additional spheres could be fitted as neighbours. 
Each such gap was filled by inserting a ball at the centre 
of the gap. This introduced no discernible error since 
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Fig. 3. Angular distribution of neighbours 


after 250 tries the latitude in placement of any additional 
sphere or spheres is extremely small. 

This work was carried out under the auspices of the 
U.S. Atomic Energy Commission. 
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METALLURGY 
Slow-bend Testing of Hydrided Zirconium 


Tur embrittlement of zirconium by hydrogen is gener- 
ally reflected by a Gecrease in the energy absorbed in 
fracture in an impact test, with a notched or unnotched 
specimen. Only in certain circumstances is a simul- 
taneous reduction in ductility observed in a tensile test, 
and therefore the embrittlement has generally been 
considered attributable to high strain rates. However, 
some recent work we_have carried out indicates that ıt is 
the actual mode of stressing—by bending—rather than 
the strain rate which Dromotes brittle fracture of hydrided 
zirconium in an impact test. Afterwards, slow-bend tests, 
both notched and unnotched, have proved useful in 
elucidating several of the factors which contribute to 
brittle fracture of zirconium. The relative unimportance 
of strain rate has been demonstrated by the occurrence 
of a brittle crack in a. notched slow-bend test in which the 
bending to promote fracture took 48 h. 

The slow-bend tess also readily distinguishes between 
low-energy ductile failures and brittle cracks whereas the 
normal impact test does not. The three basic types of 
deformation curve pbtained in slow-bend testing of 
hydrided zirconium sre shown in Fig. 1, the deformation 
being taken simply as the movement of the straining head 
on the machine. The completely brittle specimen is 
typified by A which shows an elastic region I, and a plastic 
region II which varies slightly in extent. Once started, 
the crack is self-propagating, at a speed in the region of 
25 m/sec, and needs no further deformation. 
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Fig. 1. Typical load-deformation curves for slow-bend tests on hydrided 


zirconium A, Brittle fracture; B, low-energy ductile failure; C, high- 


energy ductile failure 


On the other hand, a ductile specimen, as typified by C, 
requires continuous application of load throughout to 
promote propagation of a crack through the specimen, and 
therefore the rate of propagation is dependent on the rate 
of application of load. An additional region III in 
the curve represents the energy required for propaga- 
tion. 

Certain specimens give an intermediate type of curve, 
such as B, but the actual cracking is still ductile and 
requires a certain amount of further bending to cause 
propagation, but is preceded by a ‘yield drop’, during 
which ‘ears’ of plastic flow suddenly extend right across 
the sides of the specimen from the root of the notch, 
which has the effect of reducing the area of region III. 
Since the area under the deformation curve represents 
the energy required to fracture the specimen, as measured 
in a standard impact test, the usual impact test would 
not readily distinguish between a brittle specimen and a 
ductile one having a deformation curve of type B with 
an appreciable ‘yield drop’. 

It is interesting to note that the general shape of the 
load-deformation curves is similar to that of the load-time 
curves dynamically recorded by Fearnehough and Hoy? 
during the Charpy impact testing of steels. Load-deforma- 
tion curves for slow-bend tests are, however, much more 
readily obtained than load-time curves in a high-speed 
test. 
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Using a standard Hounsfield slow-bend specimen n 
the usual slow-bend jig, but attaching the latter to a hard 
beam testing machine, the effect of various variables or 
the hydrogen embrittlement of zirconium has beer 
studied more effectively than could be accomplished by 
standard impact tests. The results indicate the mportancc 
of the ‘yield drop’ and its dependence on temperature 
hydrogen content and inter-hydride spacing. The latte» 
is a very important factor which may vary considerably 
with grain size and heat treatment even with a constant 
hydrogen content. 
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MINERALOGY 


Structure of Interstratified (Mixed-layer) 
Minerals 


Many papers dealing with the structure of interstratified 
minerals such as ilite-montmorillonite, chlorite-mont- 
morillonite, chlorite-vermiculite, ete., have been published 
up to the present. In describing the structure of these 
minerals, the terms ‘random’ and ‘regular’ have been often 
used, but their definition is not very clear, since the term 
‘regular’ has been applied mostly to ‘1:1 regular struc- 
ture’, whereas the term ‘random’ has been used for 
structures other than regular. It is necessary to investi- 
gate in detail the structure of interstratified minerals. 

Suppose two kinds of layers, A and B, their number, 
Na and Ng (Na+ Nzg=N), and the potential energy 
between two layers, — 944, — AB, — PBA) — PBR, assuming 
the nearest-neighbour interactions, that are equivalent to 
Reichweite g =1. Then the total interaction energy (E) in 
a one-dimensional polar structure can be expressed by 
statistical mechanics as follows: 


E = — o4aNa— ọBBN pB + {94a + Pee — (Pan + B4) } Nag 


Nan: the number of A-B pairs. 

In the foregoing expression, paa + ẸỌBB < 948 + Opa iS 
a condition necessary for the formation of the interstrati- 
fied structure. For definite values of N4 and Np, E is 
determined by the value of Nag. This suggests that the 
stability of the structure increases energetically in pro- 
portion to the number of A-B pairs. We define here Ws 
as the probability of finding S layer at any position and 
Psy as the probability of finding T layer succeeding S 
layer. 

Then Nar is shown as Nap = Wag *N = WaPas:N, 
where Was is the probability of finding an A-B pair at 
any position. 

Thus we can calculate the maximum value of W 4p for 
two cases, g =0 and g=1. 

(a) For g=0 (random), which is a special case of g = 1, 
the following relation holds: Pas = Pag = We, Pga = 
P4a = Wa. 

In this case, Wag equals W4 Wp, and this is the only 
one result given for g =0. 

(b) For g=1, the maximum value of Wag can be 
mathematically shown as follows: 


(1) Wa=We Wan=2 Wa-We> Wa-We (g=0) 
(2) Wat Wa (Wa> Wa) Was= Wr > WaWe 
In case (l), the relation of Pag=Pgs=0, Paa= 


Pazg=1 is held. This implies a 1:1 regular interstratified 
structure, ABABABAB... In case (2), the relation 
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Æ Pgpx=0, Psaa=1 is held. This implies a structure 
naving no B-B pairs, being neither ‘regular’ nor ‘random’. 
IMn this case two arrangements, ABAAABA and 
ABAABAA, are equivalent in the total interaction 
nergy, having equal numbers of A-B pairs, so it is 
expected that all such possible arrangements would 
occur with equal probability for g=1. 

Next we put Pag=e, Pap=l—«, Pas=8, Pra=1—- 6, 
then an equation B =Ka + (1— K), where K =W 4/W gB, can 
be derived from the relation 2Ws Psr =W r. Using this 

S 
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equation all the interstratified structures consisting of two 
‘kinds of layers can be plotted on the graph shown in Fig. 1. 
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Fig. 1. The interstratified structure and some examples of illite-mont- 


morulonite interstratified minerals examined 


For example, the structure consisting of _W4=—0:6, 
Ws,=0-4, that is, K =3/2, is plotted on line (1), and W4 
=0:5, Wg=0:5, on line (2). The random structures are 
on the diagonal dotted line (3). From the above view of 
interaction energy, it ıs expected that many inter- 
stratified minerals are distributed along or near the 
axes of co-ordinates. 

In order to confirm this hypothesis, it is necessary to 
determine the values of Ws, Wes, « and B in a given 
specimen. Observed (00C) reflexions of X-rays, where ¢ 
is not an integer, were compared with mathematical 
intensity distribution due to one-dimensionally disordered 
structure. The equation used, which was presented by 
Kakinoki and Komura??, is as follows: 


I (Ent) =N y? +5 TN — m) Spur V F Qm +conj. 


m=1 


V is a matrix of layer-form factors Vs, F is a matrix of 
Ws, Q a matrix of Pgp multiplied by phase shift. N is 
the total number of layers. I programmed the equation for 
an electronic computer ‘HIPAC 103’, and the calculation 
for various combinations of Wa, Ws, « and fB of illite- 
montmorillonite, chlorite-montmorillonite, etc., is now in 
progress. Results of some of the illite-montmorillonite 
interstratified minerals examined are plotted in Fig. 1. 
(A) and (B) are from Kamisunagawa in Hokkaido’, (C) 
Honami mine in Nagano Pref.‘, and (D) Kamikita mine in 
Aomori Pref. 
(E), (F), (@) and (H) are the specimens investigated by 
MacEwan! using the Fourier transform method. (J) is the 
“1:1 regular structures reported by other investigators*:®)’. 
The result seems to support the foregoing view, and sug- 
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gests that it is necessary to treat the interstratified 
structures for g>1, nos g=0 (random). 
I thank Prof. T. Sud for his advice. 
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CHEMISTRY 


Resolution of the Optical Isomers of 
DL-Tryptophan, 5-Hydroxy-DL-tryptophan and 
6-Hydroxy-DL-try>tophan by Paper and Thin- 

layer Chromatography 


Ir is known that tke optical isomers of many amino- 
acids can be metabolized by different pathways although 
it is often difficult tc obtain suitable preparations for 
investigation. Several methods, both biological and 
chemical, are availabl> for obtaining individual isomers 
in & pure state’»*, but many of these tend to be practicable 
only if a large amoun; of the racemic form is avauable; 
yields obtained by classical chemical separation methods 
are low, while biological procedures usually lead to the 
destruction of one of she isomers. Separation has been 
achieved, however, br paper chromatography®-*. This 
approach seemed to ke best suited to our requirement, 
the isolation of pure odtical isomers of 14C-5-hydroxy-DL- 
tryptophan, a comparasively expensive compound. During 
our investigation, we nated that 5-hydroxy-pt-tryptophan 
(pL-5HTP), 6-hydroxy-pL-tryptophan (puL-6HTP) and 
DL-tryptophan (pL-TE) separated into two diffuse but 
distinct spots when chromatographed on Whatman No. 1 
paper with butanol—prridine—water (1: 1:1, by vol.) as 
solvent system. The possibility of improving this separa- 
tion by thin-layer chromatography was therefore explored. 

Thin-layer plates (20 cm x 20cm) were coated with a 
mixture obtained by homogenizing cellulose powder CC41 
(Whatman, Ltd.) and water (1: 2-3, w/v) for 30 sec at 
maximum. speed in an M.S.E. blade homogenizer. A thin 
layer, 0-3 or 0-4 mm in thickness, was obtained by using 
a Camag appheator. Plates were air-dried overnight at 
room temperature, or oven-dried at 105° for 10 min. The 
compounds, dissolved m methanol! or water, were applied 
to the thin layer and developed in the same solvent 
system as that used for paper chromatography. The 
solvent front was allowed to run for a distance of 10 cm 
which normally took about 1 h at room temperature. 
Plates were dried in a 2urrent of air at room temperature 
and sprayed with Ehrich’s reagent. The lowest concen- 
tration of pL-5HTP dsatected by this reagent was 0:05- 
0-1 ug. Table 1 shows the separation of isomers of the 
three amino-acids obteined by this technique. 

It will be seen tha= the D-isomers of all three com- 
pounds have a greater Rr value than the corresponding 
L-isomers. D-5HTP used as a chromatographic marker 
was obtained by the action of L-amino-acid oxidase on 
DL-5HTP (ref. 7). L-ÆHTP was identified by incubation 
with guinea-pig kidney -aromatic amino-acid decarboxyl- 
ase’, followed by chromatography of the reaction products, 
which showed a disappearance of the t-5HTP and the 
Table 1. Ry VALUES OF THE OPTICAL ISOMERS OF DI-TP, DI-5HTP, AND 


DL-6HTP CHROMATOGRAPHED ON CELLULOSE THIN LAYER IN BUTANOL- 
PYRIDINE-WATER (1 1 1) SOLVENT SYSTEM 


DI-EP DL-5HTP DL-6HTP 
L-Isomer 052 0:47 0 36 
D-Jsomer 032 0:54 0'41 
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appearance of another spot, identified as 5-hydroxy- 
tryptamine. 6HTP was obtained presumably in the 
L-form from the hydroxylation of L-IP by Chromo- 
bacterium violaceum®. 

To separate the isomers of DL-5HTP on a preparative 
scale, the compound was dissolved in methanol—0-1 N 
hydrochloric acid (5:1, by vol.) at a concentration of 
25 mg/ml. and applied as a fine streak, 15 cm long, to a 
thin-layer plate. Using an applicator!®, it is possible to 
apply several streaks on the same position after drying 
between each application. The application of two streaks 
was generally convenient, as this allowed the separation 
of about 1 mg of pi-5HTP. The chromatogram was 
developed in the solvent and, after drying, was sprayed 
with a 0-1 N solution of methanolic hydrochloric acid. 
The plate was viewed under ultra-violet light at 254 mu 
(Camag “Universal UV’ lamp) and the outline of the two 
isomers delineated by their pink fluorescence. The C041 
powder corresponding to these areas was sucked into 
two tubes, each representing a different isomer. The 
powder was extracted with methanol and extracts were 
re-streaked and run on separate chromatograms. On 
viewing the two chromatograms under ultra-violet light, 
any contaminating isomer was seen to be well separated. 
Isomers were extracted with methanol as before and 
chromatographed, when each ran as a single spot. 

When up to l mg of DL-5HTP is chromatographed, we 
have found that there is a certain amount of overlapping 
of the two isomers. By selecting the area of each isomer 
in such a way as to exclude this area of overlap, it is 
possible to obtain a fairly pure sample of each isomer in 
approximately 50 per cent yield. The area containing the 
mixed isomers could be kept separate and pooled with 
similar areas of other chromatograms. The pooled isomers 
could then be re-chromatographed to increase the overall 
recovery of the individual isomers. 

E.quilibration of the chromatogram for periods of up to 
one hour did not result in a better separation of the 
isomers; separation is, however, slightly improved if 
chromatography is carried out at 4°; this is presumably 
due to the increased developing time of the chromatogram. 

We now hope to use this technique for separating the 
D- and L-isomers of “C-5-hydroxy-pi-tryptophan for 
metabolic investigations. 

We thank Dr. R. A. Ellis, of Sandoz, Ltd., for a gift 
of 6-hydroxy-pL-tryptophan. 

This work was supported by grants from the Medical 
Research Council and the Peel Trust to each of us. We 
also thank Dr. M. Sandler for his advice. 
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Mechanism of Radical Decay in Irradiated 
Polyethylene 
INVESTIGATIONS of the decay of free radicals in irradiated 
polyethylene demonstrate that the sec-alkyl radicals, 
formed with a G-value of about 3, decay at a significant 
rate at room temperature to leave a much smaller number 


of allyl-type radicals that decay at a very much slowo» 
rate. 

Although there is no direct proof that the cross-linking» 
process involves combination of these free radicals, the 
correspondence in G-value between radical formation andi 
cross-linking, and the fact that cross-linking results fromm 
ultra-violet irradiation in the presence of sensitizers}, 
constitute strong evidence that cross-linking is a radicale 
combination process. 

There has been much discussion in the literature as to 
whether the alkyl radicals decay by first-order or second- 
order kinetics. Lawton, Balwit and Powell? believed the 
decay to fit four first-order reactions with different decay 
constants. Cracco, Arvia and Dole? fit their data with two 
first-order decay constants. | Charlesby, Libby and 
Ormerod’, and Ormerod’, found their data to be consistent 
with a single decay constant of second order. 

Thore is fairly general agreement that a very fast decay 
occurs in the initial stages, caused by a non-random 
distribution of radicals occasioned by their presence as 
near-neighbours. Since the initial deposition of energy in 
spurs would produce this distribution, it is not really 
necessary for this argument to postulate invariable 
production of radicals as near-neighbour pairs’. 

Since radical decay occurs even in the crystal’, where 
physical diffusion of the polymeric radicals and even 
significant segmental motion are prevented, it is necessary 
to postulate that either radicals are produced in very close 
proximity, or there is a chemical mode of radical migra- 
tion. If the radicals ‘are in groups in very close proximity, 
rate of decay should be first order, but there should be a 
continuous gradation of first-order rate constants, cor- 
responding to near neighbours, more distant neighbours, 
and still more distant neighbour pairs reacting by limited 
segmental motion. If the radicals are not all in such close 
groups, @ chemical mechanism for mobility must be 
present and the reaction will be second order after the 
initial combination of nearest neighbours. 

Dole, Keeling and Rose! first proposed that radical 
sites could migrate by what might be formulated as a 
succession of radical abstraction reactions: 


RÈ + RFH — RH + R 


in which the alkyl radicals are of the secondary type. 
Koritskii e¢ al.” supported this hypothesis. It is of interest 
to see whether known reaction rates for this reaction could 
provide a free radical diffusion constant that would give a 
second-order rate constant for radical decay that is of the 
right magnitude. 

With each abstraction reaction the radical site moves an 
estimated 2-3 A (average distance between hydrogens in 
the system). According to three-dimensional random 
walk theory, a radical which makes n jumps each of 
length J in random directions will travel a mean distance r 
from its starting point, given by: 

72? = Pn 

In particle theory the relationship of the diffusion con- 
stant to this mean square distance per unit time is given 
by: 

_ 1 dr 
6 dt i 
and we see no reason that this cannot be applied here as 
representing the constant for diffusion of the radical sites. 

The relationship of a second-order rate constant to the 
diffusion constants of the reactants in a diffusion-controlled 
reaction is given by: ` 

K = 4nr,(D, + Da) 


where 7, is the distance at which reaction will occur. In 
this instance, K is the diffusion-controlled rate constant 
for radical combination in this system. 

From these expressions: 
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The reaction frequency, dn/dt, is the number of hydrogen 
abstractions per second undergone by each radical. This 
squals KaCy, where Ka is the rate constant for the 
abstraction reaction and Cy is the concentration of hydro- 
zen atoms attached to secondary carbon atoms. The latter 

ms equal to /-°. We also assume r, is also approximately 
equal to J, the average distance between hydrogen atoms. 
From this: 
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K= 57K — 42K, 


‘The diffusion-controlled rate constant for radical combina- 
«tion K can be calculated if we can determine the value of 
Ka. The rate constant Ka is not known for condensed 
phase and large molecules, and can only be estimated 
indirectly. 

For gas phase, James and Steacie!® have determined 
the rate constant for abstractions of secondary hydrogens 
from n-heptane by ethyl radicals. If we consider the 
secondary hydrogens as one reactant, the rate constant at 
25° is 120 x 10-23 c.c. molecule sec-1. 

No direct data are available on rate constants for such 
abstraction by secondary alkyl radicals. However, Kerr 
and Trotman-Dickenson™ have tabulated such data for 
abstractions from aldehydes, and show that the rate 
constants for abstraction by isopropyl and n-propyl 
radicals are very nearly the same. Hoey and LeRoy” and 
Wijnen end Steacie!® provide data from which it can be 
concluded that the ratio of rate constants for the reactions 
iPr: + H, —> iPrH + H and Et + H, — EtH + H: is 
about 0-2. On this basis we estimate the rate constant for 
abstraction of secondary hydrogens by secondary alkyl 
radicals to be roughly 40 x 10-78 e.c. molecule sec-1. 

If we can assume that this rate constant is applicable to 
segments of the polymer molecule in the amorphous 
phase above the glass transition temperature, we have as a 
diffusion-controlled rate constant for radical combination 
at 25°: i 

K = 4:2 Ka = 170 x 10- c.c. radical-! sec- 


The second-order rate constants for free radical dis- 
appearance in irradiated polyethylene measured by 
Charlesby et al.5 have values ranging from 1 x 10- c.c. 
radical-1 sec-! to 200 x 10-23 c.c. radical“? see-t. The 
higher value, obtained with high-pressure polyethylene, 
is in reasonable agreement with that calculated above. 


The low values were obtained with high-density, rather - 


crystalline polyethylene. For these, the chains are held 
relatively immobile, and the gas-phase rate constant 
would be inapplicable on both steric and energetic grounds. 
While the foregoing considerations seem of value for the 
bulk of the decay, the importance of the initial spur 
reaction must still be considered. The question involves 
the fraction of radicals that must react before the re- 
mainder can be assumed to have random distribution. 
Ohnishi’s" results have special significance here. He found 
that irradiation of linear polyethylene at —196° gave a 
steady-state radical concentration of 2-6 x 10-4 moles/g. 
At this concentration, the average separation of radicals 
is 18 A, or, assuming grouping of four to a spur, the 
average separation of spurs is 30 A. With this spacing, 
added ionization and excitation destroys as many radicals 
as it creates. Thus, at 50 Mrads, at which 90 per cent of 
the steady-state value is reached, spur overlap is already 
very serious, and the validity of any influence of non- 
random distribution is questionable at such high doses. 
There has been much speculation about the role of 
hydrogen in enhancing mobility by the reactions: 
R: + H,—> RH + H- 
H: + RH—>H,+ BR: 


Dole and Cracco! demonstrated its occurrence at a rate 
paralleling the rate of decay of radicals; they found the 
exchange ceased when the alkyl radicals had disappeared. 
However, they calculated that an average of only one or 
two exchanges of this type occurred per alkyl radical. It 
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is of interest to calculste.the rate expected from gas-phase 
rate constants. j 
Hoey and LeRoy!? determined the activation energy 
for the reaction: 
; iPr — H, > C,H, + H 
to be 12:5 kcal/mole. This is 1-2 kcal/mole larger than the 
similar quantity for tke reaction of ethyl radical. Wijnen 
and Steacie!3 determined the activation energy for 
ethyl + deuterium to be 13-3 kcal. If we, therefore, 
take 14:5 kcal/mole zor the activation energy for the 
reaction : 
iPr + D: — CHD + D- 
and a steric factor of 10-8, we obtain a rate constant at 
room temperature of about 1:3 x 10-23 c.c. molecule-* 
sec-!, In the system o£ Dole and Cracco, assuming radicals 
in chain segments have a similar rate constant for reaction 
with D, and using thir value for the concentration of 
deuterium in the solid, we calculate the frequency of 
reaction of a radical w-th D, should be: 
1-3(10-23) (Cp,) = 1:3(10-) (1-2) (10-1) = 
1:6 x 10-* reactions/sec 
and a radical should react on the average once in 170 h. 
This is about a factor of ten longer than observed; but 
the agreement is reasonable for the approximations 
involved. 

This reaction is aboat a million times slower than the 
abstraction from alkars, which occurs about thirty times 
per second with each radical. Thus, it is difficult to 
understand how the presence of hydrogen enhances 
radical combination by a significant extent. Yet Smith 
and Jacobs‘, Cracco, Arvia and Dole’, and especially 
Ormerod’, noted thas presence of an atmosphere of 
hydrogen enhances the rate constant for radical combina- 
tion by a factor of about ten. Thus, there is still no 
adequate explanation for this effect. 

D. O. GEYMER 
C. D. WAGNER 

Shell Development Go., 

Emeryville, California. 
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Irradiation Embrittlement of Low-boron 
Type 304 Stainless Steel 

THERE is a growing amount of literature!~’ that describes 
the magnitude and characteristics of the irradiation- 
induced embrittlement of alloys at high temperatures. 
These data appear to 2e consistent with the hypothesis 
that the grain boundary embrittlement is due to the helium 
generated by the "B (n,a) (ref. 7) Li thermal neutron 
capture reaction!®®, 

This communicatiom describes the effect of very small 
concentrations of boron on the irradiation embrittlement 
of ‘type 304’ stainless steel irradiated to a high exposure 
in a thermal neutron test reactor. These steels generally 
contain more than 1 p.p.m. B and it was necessary to 
electron-beam re-melt a commercial stainless steel to 
reduce the concentrat-on of this element to very low 
values. 
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Five charges of approximately 650 g were prepared by 
cutting 1/4-in.-diameter rod mto 2-in. lengths. The 
charges were melted using an 18-kW power-level and 
melting times of 4, 8, 12, 16 and 20 min. The resulting 
‘pancakes’ were 4 in. in diameter and 7/16 in. thick. The 
chemistry of these pancakes is representative of the 
austenitic stainless steel class. 

The boron concentration was determined using the 
spark source mass spectrograph of the Mattauch-Herzog 
geometry, which utilizes a radio frequency spark to pro- 
duce ionization of the sample. The resulting ions are 
focused according to energy and direction and collected 
on an Ilford ‘Q IP photographic plate. Elements are 
identified by position on the plate and concentrations are 
estimated from the density of the line as compared with 
an internal standard. In all samples of this series ®°Cr 
was used as an internal standard. Chromium-53 is a 
minor isotope and was free of any interference from other 
constituents of the sample. The samples were sparked 
so that a maximum-exposure of 0-3 microcoulomb was 
obtained. For samples suspected, or known, to have high 
boron content, a 0-1-microcoulomb exposure was obtained. 
Detection limit varied from 5 x 10-* to 8 x 10-8 atom 
fraction depending on exposure, plate and sample. In 
no case was the boron concentration lower than the 
detection limit for that sample. Results are summarized 
in Table 1. These data are believed to be accurate to 
within +50 per cent. 


Table 1. BORON CONCENTRATION BY WEIGHT 


Re-melting time in Natural Detection 
Alloy furnace (min) boron (p p m.) lmit (p p.m.) 
18141BC 0 3 DO 0 016 
EBM706 8 0 180 0 003 
EBM707 12 0 015 0-003 
EBM709 16 0-107 0 003 
EBM710 20 0-023 0 001 


After the various heats had been analysed, the electron- 
beam melted alloys and the commercial heat (in the as- 
received condition) were machined into subsize tensile 
specimens which were then irradiated in the core of the 
Oak Ridge Research Reactor at a temperature of 700° C. 
The samples were then removed from the reactor and 
tension-tested in a hot cell using an Instron machine. 
The post-irradiation ductilities, as given by the true 
uniform strain and total elongation, are listed in Table 2 
for deformation at 704° and 842° C. 


Table 2, EsIBRITTLEMENT OF STAINLESS STEEL IRRADIATED AT 700° C 
Ductilivy * 

Tensile Natural True uniform straint Total elongation 
test temp- boron con- Irrad- Unirrad- Irrad- nirrad- 
erature centration 1ated iated iated lated 
(° C) (p p m.) (%) (%) (%) (%) 

704 0015 13°7 191 
0 023 12°7 309 23-3 56:2 
0:107 13 1 21-6 
0:130 127 196 196 604 
3:9 11:2 18 13'1 40-2 
842 0 015 31 61 
0 023 29 6-1 
0107 2-9 138 5-6 46 6 
0-130 33 18 2 61 57-2 
3:9 15 16 0 80 43 0 


* Irradiated at B-8 position of the Oak Ridge Research Reactor to a 
neutron ane of 4 5 x 107° neutrons/em? (thermal) and 3-5 x 102° neutrons/cem?* 
: t Specimens strained at a rate of 0-2 per cent/min 

Only small variations are found in the ductilities of all 
the electron-beam melted heats, although an order of 
magnitude exists between the concentrations of boron. 
The largest difference in ductility exists between the 
commercial alloy and the electron-beam re-melted 
alloys. The concentrations of helium were calculated 
for the B reaction for each of the alloys and are given in 
Table 3. If one considers only the (n,«) reactions due to 
thermal neutrons, these data suggest that helium 1s not 
responsible for the embrittlement or that the embrittie- 
ment is quite independent of helium concentrations in the 
range of 0:13 — 1-1 x 10-7 atom fraction. However, if 
one computes the concentration of helium due to fast 
neutron (n,«) reactions for all the elements present in 
stainlnss steel, then these data appear more compatible 
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Table 3. APPROXIMATE HELIUM CONCENTRATION FROM ALL (n,a) REACTION: 
Helium concentration (atom fraction) 
Natural boron Due to B Due to fas 
Alloy concentration and peu neutron (n,a) Total 
: : neutrons reactions 
os (p p m.) x 10 x 10- x 10-* 
EBM707 0 015 0013 0-3 0 313 
EBM710 0 023 0 020 03 320 
EBM709 0 107 0 O91 03 0-391 
EBM706 0 130 0110 03 0 410 
18141 BC 39 33 03 36 


with an irradiation embrittlement mechanism based on 
hehum. The concentration of hellum due to the (n,«) 
reactions with fast neutrons is also given in Table 3; these 
data were taken from the work of Bush, Moteff and Weir?°. 
Considering the helium from all sources, the lack of 
variation in ductility of the electron-beam melted heats 
is more easily explained since the drfference in total 
hellum concentration is less than a factor of 2. This 
suggests that the irradiation of these electron-beam 
melted alloys in a more thermal neutron environment or 
to a lower fast neutron dose would result in a greater 
variation in the ductilities. 

It ıs concluded that removing the !°B from the alloy 
is not the ultimate solution for improving the ductility of 
irradiated alloys because, even in thermal neutron reactors, 
(n,a) reactions with fast neutrons are important, particu- 
larly for materials containing low boron. 

We thank G. E. Angel for help in the preparation of 
the alloys, J. W. Woods for irradiation of the alloys, 
and K. W. Boling for the mechanical property tests. We 
also thank W. D. Harman and E. B. Griffen, of the Special 
Mass Spectrometry Laboratory, for their help. This 
work was supported by the U.S. Atomic Energy Commis- 
sion under contract with Union Carbide Corporation. 
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Boron-Nitrogen Bond Strengths in Borazoles 


THE bond order of boron—nitrogen compounds and the 
aromatic character of borazoles have been subjects of 
interest for many years (see, for example, ref. 1). It is 
shown here that bond energy terms and bond length 
measurements give apparently conflictimg information 
about the relative strengths of some boron—nitrogen 
bonds. 

The heats of hydrolysis in water at 25° C of N-tri- 
methylborazole, borazole and B-trichloroborazole are 
— 07 + Ol, — 19-7 + 0-3, and — 113-6 + 0-2 kcal/ 
mole respectively. The value for B-trichloroborazole 
agrees with the previously reported? value of — 113-8 + 
0-7 kcal/mole. The standard heats of formation of the 
compounds are — 232:3 + 0-1, — 204:9 + 0-3, and 
— 256:1 + 0-2 kcal/mole respectively. This value for 
borazole differs significantly from — 131-1 + 3-2 keal/ 
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Table 1 BORON-NITROGEN BONDS 

Compound E (kcal/mole) r (A) Ref. 
BHIN Mez 121-4 1:42 + 0 02* 6 

aH NHs 117 0 Tarto 07* 7 

4+0 02* 8 

B,;Cl,N3H; 106 5t 141+002* 6 
1-413 +0 01t 9 

1 4157 10 


* Electron diffraction 
t X-ray diffiaction 
Compare with ref. 5. 


mole deduced from the heat of combustion’. The boron- 
nitrogen bond energy terms, calculated from the standard 
heats of formation, the heats of vaporization or sublima- 
tion’, the heats of atomization of the elements®, and bond 
energy terms characteristic of other bonds in the mole- 
cules’, decrease in the order: 


Bond energy terms, E, and internuclear distances, 1, 
of the boron—nitrogen bonds in the three compounds are 
compared in Table 1. The differences between the bond 
length measurements are small compared with the experi- 
mental errors, but both series of measurements indicate 
that the boron—nitrogen bond order is greater in N- 
trimethylborazole than in borazole. The thermochemical 
data suggest that the bond order is least in the case of 
B-trichloroborazole. This is in qualitative agreement 
with the original interpretation of the ultra-violet spectra** 
and with the relative values of the diamagnetic aniso- 
tropy of borazole and B-trichloroborazole!*. 
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Determination of p.p.m. Concentrations of 
Carbon Disulphide in Benzene by Electron 
Capture Gas Chromatography 


TuE highly specific response of the Lovelock electron 
capture detector toward certain functional groups has 
been exploited ın various ways, notably in the detection 
of trace amounts of halogenated compounds?. 

Tn this laboratory the electron capture detector has been 
found to be extremely sensitive to carbon disulphide, and 
the presence of low concentrations of this compound is 
readily detected in hydrocarbon solvents. In the case of 
benzene, the S.T.P.T.C. standard colorimetric method? 
already exists, but the use of electron capture gas-liquid 
chromatography would appear to offer the advantages of 
increased analysis speed and improved accuracy. 

A 10-ft. gas-hquid chromatography column ıs used to 
separate the CS, from other compounds. This is packed 
with 5 per cent w/w trixylenyl phosphate on 60/72 B.S.8. 
‘Celite’ and operated at 70° C with nitrogen as carrier gas. 
The electron capture detector is of conventional construc- 
tion with an internal volume of 1 ml. Tritium is used 
in the cell as a source of electrons and the cell is operated 
at a constant potential difference of 60 volts. A conven- 
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tional electrometer amplifier 1s connected to the detector 
and the output is measured on a 1-mV high-speed recorder 
after appropriate attenuation. A typical chromatogram 
of a 10-ul. sample of benzene contaming 1-0 p.p.m. by 
weight sulphur as OS, is shown in Fig. 1. 

Fig. 2 shows the relationship between CS, peak height 
and concentration. The graphs were obtained from stan- 
dard solutions of CS, ın benzene prepared by the 8.T.P.T.C. 
procedure (ref. 2). A sample volume of 10 ul. was used for 
the range 0-1-1-0 p.p.m. and a volume of 10 ul. for the 
range 1:0-10:(0 pp.m., precision microsyringes being 
used in each case. 

The results are linear over both ranges, although the 
lower concentration range shows a slight deviation from 
the origin. The lowest concentration of CS, used in the 
calibration, namely 01 p.p.m., corresponds to a peak 
height of 0-5 cm and this was clearly seen against the 
background noise. The minimum limit detectable would. 
be about 0-05 p.p.m. which would correspond to a signal- 
to-noise ratio of 2:1. 

Parallel calibrations were also made of the 8.T.P.T.C. 
standard method. This involves measuring the optical 


Fig. 1. Electron capture chromatogram of benzene containing 1 0p p.m. 
CSa. a, Paraffins; b, CSa; c, cyclohexane; d, benzene, e, toluene 
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Fig. 2. Relationship between CS, peak height and electron capture 
response 
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density of the colour formed, after the addition of copper 
acetate and diethylamine, by means of a photoelectric 
absorptiometer. The graphs showed considerable devia- 
tions from linearity outside the range 0-5-5:0 p.p.m. 
CS.. 

Table 1 shows a comparison of the two methods when 
used for the analysis of three benzene samples. 


Table 1. SULPHUR AS CARBON DISULPHIDE (P.P.M. BY WEIGHT) 
S.T.P.T.C. standard method G.L.C. method 


Sample 1 63 6:4 
Sample 2 04 <O-1 
Sample 3 03 <01 


A good agreement is obtained in the case of sample 1 
having a relatively high CS, content. 

The gas-liquid chromatography (G.L.C.) method is 
probably more accurate than the S.T.P.T.C. method with 
samples 2 and 3, since these 1esults were based on the 
absence of any CS, peak, in contrast with & calibration 
sample containing 0-1 p.p.m. of this compound. 


Table 2 
Injection 
number 1 2 8 4 5 6 7 8 9 10 
Peak ht. : 
(em) 10-50 10-76 11-21 10 95 10 65 10-95 oo 11:15 11-35 11-15 
9ic 


Mean peak height = 10-94 om 
Standard deviation = 0-274 om 
Per cent standard deviation = 2:5 
Table 2 gives the results of ten repeat injections of a 
10-ul. sample of benzene containing 1-0 p.p.m. sulphur as 
CS,. 
The results indicate a relatively high degree of repeata- 
bility for this type of analysis. 
D. W. GRANT 
G. A. VAUGHAN 
The Coal Tar Research Association, 
Oxford Road, Gomersal, Leeds. 
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Separation of Coumarins 


By sorption on ion exchange resins!-° it is possible to 
separate some coumarins in dilute solution. A column 
of the strongly basic anion exchange resin, ‘Amberlite 
IRA-400’ (—40, +60 mesh; Rohm and Haas Co.), in 
the chloride form (bed length, 50 ecm; bed volume, 
25:8 c.c.) has been used for this purpose. 

The coumarins studied were of three groups. Group A 
includes coumarin (I), 3-Me(I), 7-Me(I), 3,4-di Me(I), 
6,7-di MeO-4-Me(I) and 7,8-di MeO(I); group B includes 
7-OH(I) and 8-OH(I); group C includes 6,7-di OH-4- 
Me(I) and 7,8-di OH-4-Me(I). 

In a run, 50 ml. 5-636 x 10-4 M solution of one of the 
above coumarins in 10 per cent methanol (by volume) 
was passed through the column at 5 ml./min and the 
sorbed solute on the column was eluted. The effluent 
was collected in samples and estimated for the solute 
content by ultra-violet absorption’. Group A compounds 
were eluted by 10 per cent methanol. Group B com- 
pounds were not eluted by 10 per cent methanol, but 
were slowly eluted by N/10 HCl in 10 per cent methanol. 
Group C compounds were not eluted by 10 per cent 
methanol or by N/10 HCl in 10 per cent methanol, but 
were eluted by N/100 HCl in methanol. It is therefore 
possible to separate binary and ternary mixtures con- 
taining not more than one compound from each group. 
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Altered Electrophoretic Mobilities of some 
Erythrocytic Enzymes as a Function of their 
Age 
A NUMBER of recent reportst:? have indicated that the 
in vitro storage of human red blood cells leads to an 
increased electrophoretic mobility of some enzymes (for 
example, glucose-6-phosphate dehydrogenase, acid phos- 
phatases) when compared with the mobility of the same 
enzyme obtained from fresh blood. This finding parallels 
that previously reported for haemoglobin derived from 

fresh or stored red cells. 

The availability of several methods for the separation 
of young and old red blood cells or of their lysates from a 
red blood cell population’-* prompted us to investigate 
the electrophoretic behaviour of some enzymes derived 
from erythrocytes of different ages. This communication 
presents results of preliminary experiments indicating an 
altered electrophoretic mobility of some erythrocytic 
enzymes as a function of the age of the red cell from 
which they are derived. 

It was also found that this altered electrophoretic 
behaviour is not shared by all erythrocytic enzymes, nor 
even necessarily by enzymes having the same substrate 
specificities but originating in different aged erythrocytes 
of other species. The implications of these experiments 
are briefly discussed. 

100 ml. of human blood, collected in EDTA or acid— 
citrate—dextrose solutions, were washed six times with 
isotonic saline, great care being taken to remove the 
buffy white blood cell layer. The washed red cells were 
then subjected to the serial osmotic haemolysis procedure 
of Simon and Topper! in which lysates from young and 
old erythrocytes are obtained separately. The smallest 
possible lysing volumes were used so as to have a high 
enzyme content per unit volume. Lysates were centri- 
fuged at high speed (13,000g for 10 min) to remove the 
stroma. The haemolysates corresponding to the reticulo- 
cytes were not examined. 

Control experiments on, the behaviour of white blood 
cells in the serial osmotic haemolysis procedure indicated 
that the contribution, of enzymes by residual, contamin- 
ating white blood cells in the red blood cells fractionated 
was small and most probably did not affect the results 
described here. Further experiments, however, using 
other separation, procedures for young and old erythro- 
cytes® are in progress to confirm our results by another, 
independent method. 

Glucose-6-phosphate dehydrogenase (G-6-PD) and 
glutamic-oxaloacetic transaminase (GOT) activities were 
assayed by standard spectrophotometric methods’-* on 
the lysates of the youngest and older human erythrocytes. 
One unit of enzyme is defined as that amount required 
for a AO.D.349 my Of 0-001/min/ml. of lysate. For com- 
parative purposes samples of blood were stored at 4°—5° C 
for up to four weeks. The latter samples were washed 
with saline after storage, lysed and enzyme activities 
determined as indicated above. 

Starch-gel electrophoresis of G-6-PD was carried out 
according to the method of Fildes and Parr} except that, 
at these authors’ suggestion, a 0-01 M phosphate buffer 
at pH 7-5 was substituted for the tris buffer described in 
their paper. GOT was electrophoresed following the 
method of Schwartz et al.1°, but using a 0-01 M phosphate 
buffer at pH 7:3. 

In all the electrophoretic runs the number of enzyme 
units of each lysate applied was identical to that of the 
fraction to which it was compared. About 10 units (as 
defined here) were applied for both G-6-PD and GOT. 

Fildes and Parr? reported that G-6-PD has an increased 
electrophoretic mobility when the red blood cells from 
which it is derived have been stored. We have repeated 
these experiments and confirm their findings. The 
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difference in electrophoretic mobilities between fresh and 
stored G-6-PD is of the order of 10 per cent, although ın 
some cases the difference has been appreciably greater. 
Our examination of GOT, obtained from fresh and stored 
red cells, revealed a smaller alteration in the electro- 
phoretic mobility of this enzyme. These results, together 
with the described increase in electrophoretic mobilities 
of erythrocyte acid phosphatases’, lead to the question 
of whether all erythrocytic enzymes manifest this beha- 
viour. Examination of the electrophoretic behaviour of 
lactic acid dehydrogenase (LDH) isozymes"! reveals that 
there is no alteration in the electrophoretic mobilities of 
these isozymes as a function of red blood cell storage in 
vitro. ‘Thus, apparently, only certain enzymes display 
this behaviour. 

Visualization after electrophoresis of G-6-PD and 
GOT derived from young or old erythrocytes reveals that 
the alteration in mobilities of these enzymes is not solely 
a function of their storage in vitro. These enzymes show 
a similar alteration in electrophoretic mobility on ageing 
an vivo (Figs. 1A and B). This may be analogous to 
results reported for haemoglobin in which haemoglobin 
A, (the old haemoglobin) displays an increased electro- 
phoretic mobility’? when compared with its younger 
counterpart (Hb A). 

A number of suggestions have been made as to tho 
possible cause of this increased mobility of haemoglobin 
on in vivo or m vitro ageing, one of which is that a mixed 
disulphide with glutathione is formed}? as a consequence 
of the diminished enzyme activities (for example, gluta- 
thione reductase) in older red cells. A number of other 
possibilities have also been discussed! in view of the fact 
that a mixed disulphide formed between haemoglobin 
and glutathione n vitro has some properties that differ 
from those of Hb A, (ref. 3). In any event, whichever of 
the suggested reactions accounts for the alteration of the 
electrophoretic mobility of haemoglobin as a function of 
the age of the cell from which it is derived may well be 
similarly responsible for the altered mobilities of the 
G-6-PD and GOT, since all these proteins are contained 
in the same changing cellular environment. 

That the reaction leading to the increased electro- 
phoretic mobilities of erythrocytic enzymes is not one 
that occurs with all these enzymes is shown by the 
fact that LDH isozymes display neither a storage effect 
nor do they have altered mobilities as a function of the 
age of the red cell from which they are obtamed??. 

Finally, investigation of the behaviour of G-6-PD 
from horse erythrocytes indicates that this enzyme (which 
in the horse consists of two isozymes) shows neither a 
storage effect nor an altered electrophoretic mobility as a 
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Wig. 1. Electrophoretic mobilities, on horizontal starch-gel, of enzymes 

derived from young or old human erythrocytes A, Glucose-6-phosphate 

dehydrogenase, 0-01 M phosphate buffer, 5 V/cm, 16h. B, Glutamic- 

oxaloacetic transaminase, 0:01 M phosphate buffer, 6 Vicm, 16 h. 
Distance of migration mcm 
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function of the age of the red blood cell from which it is 
derived. 

It may well be that those enzymes which have certain 
reactive groups on their surface (for example, sulphydry]) 
react with some reagent (for example, glutathione) as the 
cell ages and display the altered mobility observed on 
electrophoresis. Conversely, those enzymes not possessing 
such groups in readily accessible positions do not. If this 
is so, it might also serve as an indicator of this type of 
different molecular structure of some enzymes having 
similar substrate specificities but derived from different 
species (for example, G-6-PD from human and from 
horse). We are at dresent investigating some of these 
possibilities. 

In conclusion: the examination of the electrophoretic 
mobilities of G-6-PD, GOT and LDH from young or old 
human erythrocytes reveals that G-6-PD and GOT 
derived from the older cells have increased electrophoretia 
mobilities while the LDH isozymes do not. 

This work was supported in part by a grant (HE-08304) 
from the National Heart Institute, U.S. Public Health 
Service. 

Note added in proof. Experiments conducted since this 
communication was submitted for publication in which 
human and horse haemolysates were reacted with oxidized 
glutathione and the resulting electrophoretic mobilities of 
the aforementioned 2nzymes compared to those from 
unreacted lysates indicate that human G-6-PD and GOT 
have increased electraphoretic mobilities after reacting 
with glutathione while human LDH and horse G-6-PD 
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Deterioration >f Stored Inulin Solutions 


WHILE using a batch of inulin for determination of 
glomerular filtration rate in man, we found that some 
ampoules were giving much lower serum inulin-levels 
than were expected irom the dose given. The inulin 
had been stored in zhe dark at 20°~25° C, in sealed. 
ampoules, and from the batch number it was established 
that it had been menufactured thirteen years ago by 
Thomas Kerfoot and Co., Barnsley. We investigated the 
deterioration of inulin with time by determining the. 
inulin content by the acid hydrolysis and resorcinol 
technique? in fifteen ampoules of the thirteen-year-old 
batch of inulin, in seven ampoules of inulin one year old 
and in inulin recrystallized from the one-year-old batch, 
after washing with distilled water at 20° C. The ages of- 
the inulin batches were kindly provided by the manu- 
facturers. 

Table 1 shows the results of total inulin content; taking 
recrystallized inulin as 100 per cent, the thirteen-year-old _ 
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‘INULIN’? CONTENT OF STORED INULIN AMPOULES 
Per cent inulin determined by 


Inulin sample acid hydrolysıs-resorcinol 
technique! 
Recrystallized inulin 100 
18-year-old inulin: 
Ampoule 1 548 
2 758 
3 80-6 
4 69-5 
5 74-1 
6 64:0 
7 83-0 
8 64:0 
9 78-2 
10 92-0 
1i 81-0 
12 75-6 
13 74-5 
14 75:3 
15 72°6 
Mean 73-0 S.D. 907 
1-year-old inulin. 
Ampoule 1 83:9 
2 87-1 
3 89°2 
4 88-7 
5 90°3 
6 92°8 
7 89-2 
Mean 88:9 S.D. 2:36 


AMOUNT OF REDUCING SUBSTANOES IN 10 PER OENT INULIN 
SOLUTIONS EXPRESSED AS FRUOTOSE (ref. 2) 


Fructose g/100 ml. in a10 


Table 2. 


Type of inulin per cent solution of inulin 
(3 13-year-old batch. First ampoule 5 05 
2) 18-year-old batch. Second ampoule 4-83 
(3) 1-year-old batch. First ampoule 0:97 
(4) 1-year-old batch. Second ampoule 1:42 
(5) Recrystallized inulin 0 32 


batch had a mean inulin content of 73-0 per cent S.D. 9:07, 
and the one-year-old batch had a mean inulin content of 
88-9 per cent S.D. 2-36. Because the acid hydrolysis— 
resorcinol technique measures fructose and non-inulin 
fructose polymers, there must be considerable degradation 
of inulin to products other than fructose during prolonged 
storage. The true picture of how much inulin remains 
unaltered can be seen indirectly from Table 2, in which 
reducing substances were estimated by Benedict’s quanti- 
tative method? in samples of thirteen-year-old inulin, 
one-year-old inulin and recrystallized inulin. It will be 
seen that about 5 g per cent of reducing substances (ex- 
pressed as fructose) was present in 10 per cent inulin 
solutions thirteen years old, whereas 10 per cent inulin 
solutions one year old have between 1 and 1:5 g per cent 
reducing substances (as fructose) and 10 per cent solutions 
of recrystallized material contain 0-3 g per cent of reducing 
substances. 

This work suggests that even one-year-old inulin 
contains appreciable amounts of non-inulin reducing 
substances, presumably fructose or fructose polymers; 
these may give falsely high values for plasma inulin 
re-absorption by the tubules’; a considerable error may be 
introduced into the measurement of glomerular filtration 
rate. It is concluded that for inulin-clearance measure- 
ments, solutions of inulin freshly prepared from recrystal- 
lized inulin should be used, and that inulin samples more 
than one year old should be discarded. 

We thank Thomas Kerfoot and Co. for their help, and 
H. Varley for advice. & “NinweniNerut 

G. M. BERLYNE 
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Interaction between Chlorophyll and 
Hydroquinone 
CHLOROPHYLE has a unique characteristic in being 
photo-oxidized or photo-reduced by reactants which can 
serve as electron acceptors or donors to light-activated 
echlorophylis:. The photo-reduction of chlorophyll occurs 


e 
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when ascorbic acid is the reductant?. Quinones act as 
electron acceptors for the photo-oxidation of chlorophyll’, 
but hydroquinones have not been shown to function as 
electron donors to the excited chlorophyll. It is known 
that hydroquinones are photo-oxidized by oxygen in 
chlorophyll a and b solutions’. The work recorded here 
consists of an experimental investigation of the direct 
interaction between excited chlorophyll and hydro- 
quinone. The effect of oxygen on this system is also 
shown. in this communication. 

Chlorophyll a was prepared and purified by Zscheule’s 
method’. Hydroquinone (Merck) was recrystallized four 
times from methanol solution. Photovoltaic changes of 
chlorophyll a with and without hydroquinone in methanol 
were measured by means of a Kintel digital voltmeter, 
model 456 B, with read-out, model 473 A. The photo- 
voltaic cell consisted of a platinum electrode with a 
saturated calomel electrode as reference. The cell was 
irradiated through a collimating lens at a distance of 
25 cm by a 1 kW-tungsten projection lamp. A Corning 
red filter CS-2-61 was used together with a 2 per cent 
copper sulphate solution. The solutions were flushed 
before and during measurements with nitrogen gas pre- 
treated with a chromous chloride solution. Electron spin 
resonance absorptions were determined by a Varian 
V-4502 equipped with 100-kc/s field modulation. The 
cavity of the EPR spectrometer was irradiated in the same 
way as in the measurement of photovoltaic changes. The 
solutions prior to irradiation were degassed on a vacuum 
line as described in the studies of the triplet state of 
chlorophyll’. 

Fig. 1 shows the small photovoltaic change with chloro- 
phyll a (7-4 x 10- M) in de-aerated methanol. Addition 
of hydroquinone to the same solution at a concentration 
of 10-4 M greatly enhances the photovoltaic change. The 
redox-potential of this system decreases in light and re- 
converts to approximately the initial value when the light 
is turned off. This reversible change indicates an electron 
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Photovoltaic change (V) 


— 0:02 
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0 2 4 6 8 0 12 14 
Time (min) 
Fig. 1. Photovoltaic change of chlorophyll a (a) and chlorophyll a- 


hydroquinone (b) in methanol: 7-4 10-* M chlorophyll a and 10+ M 
hydroquinone. Downward-pointing arrows show light on and upward- 
pointing arrows light off. Photovoltaic change is pcueeeonted by Ær- 
Eal, where Ea and £eat are the redox-potential of the system and the 
electrode-potential of saturated calomel electrode, respectively 
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exchange between excited chlorophyll and hydroquinone. 
The negative change of the redox-potential on irradiation 
suggests that chlorophyll undergoes photo-reduction and 
its couple is responsible for the photovoltaic effect. The 
electron spin resonance measurements exhibited a greater 
rate of electron transfer than that found in the photo- 
voltaic study. This difference is attributed to the slow 
electrochemical process at the electrode responding to 
the redox-reaction involving excited molecules in solution. 

Electron spin resonance investigations showed that this 
photo-reversible change is due to one-electron transfer 
from hydroquinone to chlorophyll. Degassed solutions 
of chlorophyll a (4:5-4-9-4 M) with hydroquinone (10-2 M) 
in methanol exhibit two types of electron spin resonance 
signal when irradiated with red light as shown in Fig. 2a. 
One shows a hyperfine structure, which is characteristic 
of p-benzosemiquinone free radical, and the other is a 
broader signal probably from reduced chlarophyll. Fig. 
3a illustrates a characteristic rapid rise and a quick decay 
of the signals. 

In the presence of air, two similar types of signal were 
obtained and both were greatly enhanced (Fig. 2b). 
One, a single absorption, is a little broader than that in 
the ait-free system. The other is the same as the afore- 
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way 
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Wig. 2. Light-induced electron spin resonance spectra of chlorophyll a- 

hydroquinone system in methanol in the absence of oxygen, taken 

immediately after irradiation ‘(modulation amplitude: 2-4 gauss) (a) and 

in the presence of oxygen, taken after irradiation for 7 min (modulation 

amplitude: 0-6 gauss) (b): 4:6 x E M chlorophyll and 10-? M hydro- 
quinone 


Electron spin resonance signal 





Time (min) 


aE 3. Rise and decay curves of electron spin resonance signals of 
chlor 


ophyll a (4:9 x 10+ 

chlorophyll a (4:5 x 10+ M) in air (b), and chlorophyll a (4 5 x104 M} 

hydroquinone in air (c), in methanol: 10 M hydroquinone (modulation 

amplitude: 4 8 gauss). Downward-pointing arrows show light off after 
irradiation for 15 sec 


hydroquinone in the absence of oxygen (a), 
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mentioned signal having the hyperfine structure. The 
time to attain saturation of the signals was slower in the 
aerated solution than that found for the de-aerated solution 
as shown in Fig. 3c, especially the signal with the hyperfine 
structure which grew slowly during irradiation even after 
the broad signal had reached its saturation. The hyper- 
fine signal decayed ranidly, while the decay of the broader 
signal was slower. Vith aerated chlorophyll a—methanol 
solution without hydroquinone, a smaller broad electron 
spin resonance signal is observed which is similar to the 
broad signal of the serated chlorophyll a—-hydroquinone 
solution. This indicazes that these broad signals originate 
from an interaction between excited chlorophyll and. 
oxygen. Chlorophyl- a in methanol solution in air under- 
goes a permanent oxidation as evidenced by the decrease. 
in electron spin resonance signal with continuous irradia- 
tion. The electron spin resonance decay of this solution, 
was intermediate between that of chlorophyll a with hydro- 
quinone and that witk hydroquinone and oxygen (Fig. 3b). 
Calvin also showed tais kind of electron spin resonance 
absorption in aerated methanol extract from Chlorella’. 

Small photovoltaic changes obtained in anaerobic 
solutions of chlorophyll a in methanol are attributed to a. 
reversible photo-bleaching of chlorophyll. This is con- 
sistent with a mechanism proposed by Livingston and 
Stockman’, where a very small amount of chlorophyll is 
reversibly photo-recuced by complexed methanol 
molecules. 

The interaction between excited chlorophyll and 
hydroquinone shown in anaerobic solutions is significant 
for specific aspects of chlorophyll photochemistry. Very 
recently chlorophyll-photosensitized reduction of cyto- 
chrome c has been shown by chloroplasts or isolated, 
chlorophyll a in the presence of hydroquinones. These 
reactions have been assumed to proceed via an initial, 
photochemical reducsion of quinore present as an 
impurity in hydroquirone®. Flash-illumination of chloro- 
phyll solution containing reduced ubiquinone induced a, 
rapid absorption charge at 430 my, followed by a rapid 
decay which is slower than a decay of triplet state*®. The 
work recorded here shows that the direct reaction of 
excited chlorophyll with hydroquinone is possible. Our 
investigation on the role of hydroquinone in the photo- 
reactions occurring in chloroplasts is now in progress. 

The excited chlorovhyll molecule undergoes reactions. 
with oxygen to form an unstable, reactive complex’**. 
This occurs with the formation of free radicals and the. 
subsequent permanert oxidation of chlorophyll*®. In 
the presence of hydrcquinone, the free radicals that are- 
formed in the quick reaction of excited chlorophyll with. 
oxygen probably undargo further reactions with hydro~ 
quinone to produce ¢-benzosemiquinone-free radicals in_ 
the oxidation. of hydroquinone. 
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Biosynthesis of Triiodothyronine Sulphate by 
Beef Thyroid in vitro 


Ir is well recognized that the thyroid gland contains the 
L-amino acids, triiodothyronine (T;), thyroxine (T,), 
monoiodotyrosine (MIT), diiodotyrosine (DIT) and iodi- 
nated thyronines which are free (unconjugated) but are 
bound to thyroglobulin. The release of these iodinated 
amino-acids occurs after digestion by protem-hydrolysing 
enzymes or chemicals, but the possibility of observing any 
T, and/or T, sulphate conjugates per se in thyroid tissues 
seems unlikely since hydrolytic procedures would have 
precluded their isolation. 

The conversion of triiodothyronine (T;) to truodothy- 
ronine sulphate (T,S) presumably occurs in the liver? 
since Roche, Michel, Closon, and Michel demonstrated the 
presence of T,S in the bile and plasma of thyroidectomized 
rats. However, the well-established evidence for extra- 
hepatic mammalian steroid sulphokinase activity in endo- 
crine glands such as adrenal? and ovary‘ stimulated 
an investigation of T, sulphokiasoe activity in mammalian 
thyroid tissues. 

Fresh beef thyroid glands were homogenized at 4° C in 
0-25 M sucrose, containing 0:05 M tris (tris hydroxy- 
methyl aminomethane) and 0:002 M EDTA (ethylene- 
diammetetraacetate) at pH 7:5. The crude homogenate 
was filtered through cheese cloth and fractionated by 
ultracentrifugation according to the method of Fischer, 
Schultz and Oliner®. The fractions I-IV (see Table 1) 
were stored frozen until assayed. 

The assay mixture included 100 umol imidazole HCl 
buffer, pH 7:0, 12-5 umol MgCl, 1:0 pmol truodothy- 
ronine (Sigma), 10 pmol cysteine (neutralized), 10 umol 
K,ATP, 10 umol K,SO,, 0-2 ml. yeast sulphate-activating 
enzyme* and 0-2 ml. thyroid sulphokinase fraction in a 
final volume of 1:0 ml. Incubation was carried out for 35 
min in air at 37° C in the Dubnoff metabolic shaker. 

Control flasks included zero time, and mixtures incu- 
bated without various components including enzymes. 
The T,S was determined by the methylene blue method of 
Nose and Lipmann’. A standard curve was prepared by 
the use of the ammonium T,S which was synthesized by 
the method of Fieser*. Protein was measured spectro- 
photometrically by the method of Gornall and colleagues’. 


Table 1. T, SULPHOKINASE ACTIVITY OF BEEF THYROID 


Fractional ultracentrfugation mymol T,8 formed per mg 
of protein 
Fraction I Filtered crude homogenate 92 
Fraction II 700g for 10 min supernatant 161 
Fraction III 12,000g for 10 min supernatant 182 
Fraction IV 105,000g for 60 min supernatant 216 


The results of a typical incubation are listed in Table 1. 
The identification of ammonium T,S sulphate in the incu- 
bation mixture followed the addition of concentrated 
ammonium hydroxide and extraction with n-butyl alcohol. 
Identical mobilities of the unknown and standard were 
observed after descending paper chromatography in the 
n-butyl alcohol, 2 N, NH,OH system and paper electro- 
phoresis in the (NH,), CO;, 0:05 M, pH. 9 according to the 
methods of Roche et al.1. The T;S was located by posi- 
tive ninhydrin stain and Schneider, Lewbart modification 
of the rhodizonic acid tast for sulphate ions?°. 

The data indicate that T, sulphokinase activity is present 
in beef thyroid tissue and that the highest enzymatic 
activity is in the microsome-free supernatant. It is of 
interest that sulphokinase activity is also highest in the 
hepatic and adrenal microsome-free fraction, that is 
105,000g supernatant. The thyroid T, sulphokinase activity 
remained constant for at least 3 months despite frequent 
freezing and thawing. 

Preliminary studies suggest that beef thyroid microsome- 
free supernatant synthesizes T, sulphate (T,S) in the same 
order of magnitude as T,S (210 mymol per mg of protein 
per 35 min). Additional studies are in progress to purify 
T, and T, sulphokinase(s) and to study the enzyme kinetics 
involved. 


October 2, 1965 


I thank Drs. Arthur Schultz and Leo Oliner for supply- 
ing the initial frozen beef thyroid preparations. This work 
was supported by grant A-4783, National Institutes of 
Health, Division of Arthritis and Metabolism, Bethesda, 


Maryland. GEORGE L. COHN 


VoL. 208 


Department of Internal Medicine, 
Yale University School of Medicine, 
New Haven 11, Connecticut. 

1 Roche, J , Michel, R., Closon, J., and Michel, O., Biochim. Biophys. Acta, 
83, 461 (1959). 

2 Wallace, E , and Lieberman, S., J. Clin. Endocrinol. Metab., 23, 90 (1963). 

3 Cohn, G. L., Mulrow, P. J., and Dunne, V. C., J. Clin. Endocrinol. Metab., 
23, 671 (1963). 

4 Wallace, E., and Silberman, N., J. Biol Chem., 239, 2809 (1964) 


5 Fischer, A. G., Schultz, A. R., and Olmer, L., Brochem. Biophys. Res. Comm., 
14, 89 (1964). 


8 Robbins, P. W., and Lipmann, F , J. Amer. Chem. Soc., 78, 6409 (1956). 
7 Nose, Y., and Lipmann, FE., J. Biol. Chem., 238, 1348 (1958). 
8 Fieser, L. F , J. Amer. Chem. Soc., 70, 3232 (1948). 


9 Gorai A. G., Bardawill, C. J., and David, M. M., J. Brol Chem., 177, 751 
10 Schneider, J. J , and Lenbart, M. L., J. Biol. Chem.,222, 787 (1958). 


PHYSIOLOGY 


Effect of ‘Furosemid’ on Chloride and Water 
‘ Excretion in Single Nephrons of the Kidney 
of the Rat 


Ir has been shown by Muschaweck and Hajdú! that in 
the dog, at doses of 10 mg/kg body-wt. and more, ‘Furo- 
semid’? (4-chloro-N(2-furylmethyl)-5-sulphamoyl-anthra- 
nylic acid) markedly increases the excretion of water, 
sodium and chloride. These authors also showed that the 
increase in chloride excretion was proportionally greater 
than that of sodium and water. On the other hand, 
Karger and Nagel? found a reduced permeability to anions, 
especially chloride, in the frog skin after addition of 
‘Furosemid’ at concentrations of 25-500 mg/l. to the 
bathing solution, as evidenced by increased transmem- 
brane potential differences without change in the short 
circuit current. Deetjen? obtained proximal and distal 
tubular fluid samples in rats with an intravenous infusion 
of 2 mg/kg/min and observed significantly decreased 
proximal fluid/plasma (F/P) inulin ratios, as well as ratios 
below 2 in the distal tubule, concluding that ‘Furosemid’ 
depresses water and salt re-absorption in the proximal 
tubule and ascending limb of Henle’s loop. Clearance 
studies by Suki, Rector and Seldim* also indicated that 
‘Furosemid’ might have an effect on the activity of the 
re-absorptive mechanisms of the proximal tubule and the 
ascending limb of Henle’s loop. 

Having this evidence in mind, we decided to investigate 
the fate of chloride along the nephron of the rat kidney, 
using micropuncture methods as described by Windhager 
and Giebisch'. Extreme care was taken in the collection 
of distal tubular samples, using rather long oil blocks (at 
least four times the tubular diameter), and checking the 
direction of flow by subsequent microdissection. Chloride 
and inulin were measured simultaneously, the first by the 
second coulometric method of Ramsay et al.*, the second 
by a modification of the microanthrone method of Hilger 
et al.?.. ‘Furosemid’ was infused in saline (0-05 ml./min) 
at a rate of 0:8 to 1 mg/kg/min, sufficient to produce a 
marked diuresis. In parallel experiments the same 
measurements were done in control rats receiving saline 
infusion (0-05 ml./min) and in animals receiving a 4 per 
cent sodium chloride infusion at a rate of 0-1 ml./min. 

Mean glomerular filtration rate (GFR) was 3-21 ml./kg/ 
min in the ‘Furosemid’ group, 4:22 in the control group, 
and 5:77 in the 4 per cent sodium chloride group. Mean 
urinary pH. was 6-32 (range 5:95-6:71) in the control 
group, 6-50 (5:99-6-83) in the 4 per cent sodium chloride 
infused, and 5-26 (4:76-5:82) in the ‘Furosemid’ group. 

In Table la mean chloride F/P ratios in proximal and 
distal tubules, as well as chloride U/P ratios, are shown 
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Table 1 
f (æ) Chloride F/P ratios* 
| Proximal Distal Urine 
Mean Range No. Mean Range Range No. 
Control 1-29 1-07-1-43 , (12) 0:30 0-12-0 56 0 05-1:16 11 
NaCl 4% , 1:24 1:15-1:41 ti 0:46 0-25-0-78 2'01-2-80 GF 
Furosemid 1 29 1:20-1:41 (10 1:27 1-13-1-47 1-36-1-65 (15 
(b) Inulin F/P ratios 
Proximal First 1/2 distal | Urine 
Mean Range No. Mean Range No. Mean Range No. 
Control 2 08 1-15-3-78 (11 6-01 3°78-7 80 10 201:2 56-356 12 
NaCl 4% ; 1°39 1 04-1-85 a 2°28 1-87-83 28 ! 9? 17:5 8°8-32°4 Kg 
Furosemid 175 1:21-2 51 (7) 4:51 2-97-5-92 fo) T6 52—107 (15 


* Not corrected for an experimental ultrafiltrate/plasma ratio of 1:06. 


n the ‘Furosemid’ and in the control groups. It can be 
een that all three groups show similar proximal ratios, 
‚bove unity. In the distal tubule, however, there is a 
narked difference between the control groups, having 
‘atios significantly below unity, and the ‘Furosemid’ 
zoup, showing ratios consistently above one, similar to 
those observed in proximal tubules. There is a consider- 
able rise in chloride ratios between distal tubules and 
2ollecting duct urine in the group receiving 4 per cent 
sodium chloride, but only very little further increase in 
she “Furosemid’ group. In Table 1b the corresponding 
knulin concentration ratios are seen. The proximal tubular 
mulin ratios are somewhat reduced, though not so much 
as those in the experiments of Deetjen*, probably due to 
our lower rate of infusion of ‘Furosemid’. A larger 
reduction is observed in the early distal samples. On 
the other hand, it is noteworthy that there is little differ- 
ence between the distal and urine inulin ratios in the 
‘Furosemid’ group, as compared with the 4 per cent sodium 
chloride infused rats. The inulin ratios obtained in the 
latter group are similar to those obtained by Giebisch et 
al.8. Electrical potential difference measurements with 
glass microelectrodes in the ‘Furosemid’ infused rats 
showed proximal and distal transtubular potential 
differences within the range of controls (means — 19-0 
and — 50:6 mV, respectively). 

The results obtained in these experiments show that the 
mechanism of diuresis in rats undergoing 4 per cent sodium 
chloride infusion and during ‘Furosemid’ infusion is a 
quite different one, in spite of roughly similar overall 
chloride excretion rates (mean urinary Cl/inulin exere- 
tion rates of 0-13 in sodium chloride infused, and 0-19 in 
‘Furosemid’ infused rats). 

It appears that at our infusion rates of ‘Furosemid’ 
there is a relatively small inhibition of proximal and 
distal tubular fluid re-absorption. The major effect 
observed appears to be an impairment of the re-absorption 
of sodium chloride in excess of water in the ascending 
limb of Henle’s loop, a process which constitutes the 
‘single effect’ for the counter-current multiplier system 
of the renal medulla’. As shown by the high early distal 
chloride ratios in the ‘Furosemid’ group, the normally 
occurring hypotonicity of the tubular fluid at this site is 
absent, a further indication of impairment of the transport 
mechanisms in the ascending limb of Henle’s loop. From 
our results, it appears that, due to inhibition of chloride and 
fluid re-absorption at this site, the build-up of a medullary 
salt concentration gradient might be impaired, as evid- 
enced by the reduced further increase in the chloride and 
inulin F/P ratios between distal tubule and final urine. 
These experiments suggest, therefore, that ‘Furosemid’ 
in doses of 0-8-1 mg/kg body-wt./min acts preferentially 
on the sodium chloride transport system of the ascending 
limb of Henle’s loop and the early distal convolution, 
preventing the establishment of a considerable concentra- 
tion gradient for sodium chloride along these tubular 
segments. 
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Feeding and Reproduction of Rats fed 
Calcium Cyclamate 


Wire the increased production and consumption of 
calcium cyclamate as a sweetening agent in foods for 
dietary uses, a series of feeding trials on rats was initiated 
at the request of, and under contract with, the Sugar 
Research Foundation, Inc. 

Earlier work in this area was reported in 1951. Fitzhugh 
et al.) using rats as test subjects fed sodium cyclamate 
at levels up to 5 per cent in the diet for a two-year period. 
At levels below J] per cent sodium cyclamate displayed 
little if any effect in the rat. At a level of 5 per cent 
m the diet, weight loss accompanied by moderate diarrhoea 
was reported. Histopathological examination of the 
animals was normal. 

As this early work was performed with sodium cycla- 
mate, and as the human consumption of calcium cyclamate 
has greatly increased during the intervening years, 
additional feeding trials appeared in order. The use of 
calcium cyclamate in human dietaries where reduced 
calorie intake is important led to the inclusion of feeding 
trials where calorie intake was restricted. 

Weanling rats were placed on dietaries containing 5 
and 10 per cent calcium cyclamate. Growth, food and 
water intake, and biochemical parameters were observed. 
After eight weeks on test, half the animals from each 
group were placed on restricted intake of food. These 
latter animals were limised to 60 per cent of the calorie 
intake of the animals receiving ad lb. feeding. 

At eight weeks the females from each group were 
mated with males from their respective groups. Females 
were allowed to deliver their young and raise them to 
weanling stage (21 days). Following a rest period the 
females were mated a second time and allowed to raise 
their. young to weanling age. 

Haemoglobin and urine examinations were conducted 
at 6 and 8 months with selected animals. Selected 
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animals from the control group and the group receiving 
10 per cent calcium cyclamate were killed at 6 months 
and examined histophathologically. 

So far (9 months), body-weight and food consumption 
data have illustrated an effect of feeding calcium cyclamate 
in the diet, whether on full feed or on restricted feed intake. 
Animals receiving 10 per cent calcium cyclamate con- 
sumed approximately 10 per cent more diet than control 
animals. This increase in food intake compensated for 
the non-caloric cyelamate in the diet. Thus the 10 per 
cent calcium cyclamate rats’ calorie intake was equal to 
the control animals. Despite equal calorie intake animals 
receiving calcium cyclamate at the 10 per cent level grew at 
a rate 20-30 per cent less than control animals. This 
growth depression results from the inclusion of the calcium 
cyclamate in the ration, but whether this is due to toxicity 
per se or an interference with nutrient absorption in the 
gastro-intestinal tract is being determined. Possible 
effect on metabolic rate is being examined. The same 
growth depression was noted to a lesser degree in animals 
receiving 5 per cent calcium cyclamate in their diet. 

Animals in all groups were in good health. The faeces 
of animals receiving calcium cyclamate in the diet were 
soft and moist. Initial diarrhoea during the early weeks 
of the experiment disappeared after 8 weeks on test. 
No remarkable variation was noted among the rats during 
haematological or urine examination. Animals receiving 
calcium cyclamate consumed 25—40 per cent more water 
daily. 

Animals receiving ad lib. feed conceived and were able 
to raise their young to weaning (21 days) during both 
breeding trials. In the first litters the control young 
averaged 50 g in weight at 21 days of age, the 5 per cent 
calcium cyclamate young averaged 42 g, and the 10 per 
cent calcium cyclamate young averaged 32 g. 

In the second litter, control young averaged 52 g, 
5 per cent calcium cyclamate young 45 g, and 10 per cent 
calcium cyclamate young 32 g. 

Reproduction investigations using animals receiving 
restricted or limited food intake were carried out. These 
animals conceived, bore their young, but were unable to 
maintain them beyond 5 days of age. 

In an effort to understand the reduced growth rates in 
animals receiving calcium cyclamate in the diet despite 
equal calorie intake a balance study was set up. This 
investigation indicated complete utilization of the ration 
based on nitrogen retention and faecal and urinary 
nutrient excretion. 

Other parameters to understand these effects, including 
possible increased metabolic rates and ultimate fate of 
cyclamate, are being investigated. 

P. O. Nzxs 
P. H. DERSE 


Wisconsin Alumni Research Foundation, 
Madison, Wisconsin. 


1 Fitzhugh, O. G., Nelson, A. A., and Frawley, J. P., J. Amer. Pharm, Assoc., 
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-Carbon Dioxide Production of Whole Blood 
in vitro 

A RECENT publication! has shown the mean oxygen 
consumption of whole blood in vitro at 37° C to be 
8-5 x 10-° ml./ml./min, and the mean rate of increase of 
Poco, to be 0:11 mm mercury/min. The addition of sodium 
fluoride was found to reduce the oxygen consumption by 
26 per cent and to prevent completely the rise of Pco,. 
The authors commented that their findings were para- 
doxical “because oxygen could not be consumed without 
production of carbon dioxide”. 

We believe this statement to be incorrect. Working 
in separate centres, we have reached the conclusion that 
carbon dioxide production of whole blood în vitro at 
normal Po, is negligible compared with its oxygen con- 
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Table 1 
Rate of fall Rate of fam 
Temp. of O, Tem of CO, con 
(° ©) Method content (e C O Method tent ml l 
jml./min ml./mi 
Capeland 37 Modified Haldane 10-4x10-> 30 Modified 21x i 
Fletcher Haldane 

Nunn 38 Polarography at 105x10" 88 Van Slyke 56x10° 

100% saturation 

of haemoglobin 

sumption. We have, in fact, found the carbon dioxide 


content of blood to fall during storage, although ou» 
values for oxygen consumption are of the same order at 
those of Lenfant and Aucutt?: 

Our results suggest a negative respiratory quotient foy» 
whole blood at normal Po, although we agree closely 
with the rate of rise of Pco, reported by Lenfant anc 
Aucutt?. We believe that this rise cannot be due tc 
carbon dioxide production and suggest that it is due tc 
the production of non-gaseous acids. We have founc 
that blood stored at 37° C develops a metabolic aciddsis 
of the order of 0-03 m.equiv./l./mm, a figure which is ip 
close agreement with the rate of increase of lactic acid? 
It can easily be shown by the addition of lactic acid tc 
blood (in wro) that the production of lactic acid is 
sufficient to account for the rise in Pco, without invoking: 
the production of carbon dioxide. 

L. H. CAPEL 
E. C. FLETCHER 

London Chest Hospital. 

J. F. NUNN 
University of Leeds. 


1 Lenfant, C., and Aucutt, C., J. App. Physiol., 20, 508 (1965). 
2 Prankerd, T. A. J., The Red Cell (Blackwell, London, 1961). 


Transplantation Experiments on Placental 
Ageing 

KRroxun! has recently re-emphasized the role that trans- 
plantation studies can play in the elucidation of the pro- 
cess of ageing in organs and tissues. He has shown that 
skin and ovary have intrinsic life cycles, to a large extent 
independent of central mechanisms. These techniques 
have not been successfully used in the study of rapidly 
ageing transient tissues like the placenta. Earlier trans- 
plantation studies of placenta have always used allogeneic 
tissues, since the importance of genetic differences in such 
experiments was not appreciated?. The present experi- 
ments, to be described in detail elsewhere, were designed 
to demonstrate the evolution of syngeneic transplants of 
mouse trophoblast with age. 

Adult mice of the highly inbred strains C3H and C57 
were mated (C3H female x C3H male, C3H female x 
C57 male, C57 female x C3H male). The gestational 
age of each pregnancy was calculated from the day of the 
appearance of a copulation plug. The pregnancies were 
interrupted on gestational days 2, 7, 10, 15, 18 and 20. 
Recipient animals were adult male mice syngeneic to the 
donor tissue in all cases. At two and seven days, the 
fertilized ova and the ectoplacental cone were transplanted 
into the spleen or under the kidnsy capsule as previously 
described®. The placental rims of the older pregnancies 
were divided into l-mm fragments and implanted into 
the spleen and under the kidney capsule. The recipients 
were killed 5, 10. 15 and 20 days after transplantation, 
and the tissue fixed in formalin. Haematoxylin and eosin 
staining was routinely carried out. 

Trophoblast underwent active proliferation from the. 
implanted ova and ectoplacental cones of the 2- and 
7-day-old pregnancies and it was actively invasive of 
host tissue. A large amount of haemorrhage was present 
from eroded host vessels by five days after transplantation. 
Such transplanted trophoblast cells were of large size 
with long cytoplasmic processes, giant nuclei and promin- 
ent nucleoli. Living cells from such transplants could 
occasionally be found as long as 25 days after transplanta- 
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ion, but most frequently cells survived for only 15-20 
Mays. Host cellular reaction was minimal. No definite 
sytolysis or phagocytosis of host tissue as reported by 
“irby* was seen nor was there any ingrowth of host 
sapillaries into the graft. Trophoblast-free haemorrhagic 
‘ysts interspersed with shreds of eosinophilic hyaln 
naterial remained after cell death. 
In contrast, no proliferation or invasion of host tissue 
vas present in any of the transplants performed after 10 
lays gestation. Haemorrhage was elicited by the 10-day 
sestational placental transplant, but its appearance was 
lelayed until 10 days after transplantation. No haemor- 
rhage was present ın any transplant older than 15 days 
zestation. Vascularization of the transplant did not take 
olace. 
A. cell pattern similar to that of the original transplanted 
olacental fragments could be seen in the older implants 
wemoved 5 days after transplantation. Such patterns 
disappeared from specimens taken 10 days after implanta- 
sion. Generally the smaller trophoblastic cells peculiar 
to the labyrinth of the placenta disappeared with time and 
the proportion of giant cells increased. In the specimens 
kaken 10-15 days after transplantation, the vacuolized 
eosinophilic cytoplasm of the remaining cells tended to 
coalesce with the loss of cell boundaries. Soon afterwards, 
Khe giant cells became swollen or disintegrated. The 
‘cytoplasm then lost 1ts vacuoles and became hyalinized. 
In the 15-20-day specimens, viable cells were rare or 
‘absent and eosinophilic hyaline bands frequently occupied 
the entire implant. Extensive hyalinization was present 
as early as 5 and 10 days after transplantation in the 
18-day and 20-day gestational transplants. 
In conclusion, it would appear that the transplanted 
mouse trophoblast has an intrinsic life cycle which extends 
about 25-30 days after conception. Its ability to prolifer- 
ate and actively invade tissue is lost by mid-gestation 
and its ability to elicit haemorrhage by eroding host blood 
vessels is lost soon thereafter. ‘There is a suggestion that 
the -trophoblast nuclei may increase in size with age and 
that cellular degeneration may be accompanied by 
formation of a symplasma, which is not normally found 
in the rodent placenta’. These results are consistent with 
the early cessation of trophoblastic invasion and its 
pattern of ageing and hyalinization im utero®. Since 
proliferation and invasion are such prominent features of 
young transplants into the adult male, it is unlikely 
that the loss of trophoblastic vigour, and death, are due 
primarily to a changing or unfavourable endocrine 
environment. 
This work was supported by grant CA 07466-01 from 
the National Institutes of Health, U.S. Public Health 
Service. One of us (R. L. S.) is a recipient of the Mead- 
Johnson award from the American College of Surgeons. 
RICHARD L. Simmons 
JOEL WEINTRAUB 
Department of Surgery, 
Columbia University College of Physicians and Surgeons, 
New York. 
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PHARMACOLOGY 


Serotonin Depletion by Dietary Leucine 


MAPLE syrup disease (branched-chain ketonuria) is an 
apparently familial disease associated with mental 
retardation and biochemically characterized by enhanced 
urinary excretion of branched-chain amino-acids and 
their products. 


NATURE 83 


Few cases of this disease have been reported!- since 
its characterization Sy Menkes, Hurst and Craig in 
1954 (ref. 5), and little is known about its biochemical 
basis beyond suggest-ve evidence implicating impaired 
oxidative decarboxylasion of branch chain «-keto-acids®. 
Still less is known akout the relationship between bio- 
chemical features of the disease and the attendant mental 
retardation. 

Mental retardation is a prominent clinical feature both 
of maple syrup disease and the more familiar phenyl- 
ketonuria, and attemots have been made, with some 
success, to establish corresponding biochemical similarities 
between these diseases. Thus, branched-chain and 
aromatic amino-acids, and/or their metabolites, inhibit 
rat brain decarboxylase’, serotonin and 6-hydroxytrypto- 
phan uptake by rat brain slices*, and, when added as a 
dietary supplement, reduce liver tryptophan hydroxylase 
activity®. 

These similarities prompted us to determine whether 
the brain serotonin-level would be diminished by dietary 
leucine as it is by dietary phenylalanine’. 

At 17 days of age litzer-mate pairs of Sprague-Dawley 
rats’, matched for age, weight and sex, were divided into 
control and experimental groups, housed in individual 
cages and fed ad lib. either a control diet or the control 
diet supplemented wita 5 or 8 per cent by weight of 
L-loucine!?. After 30-40 days on the diet, animals were 
killed by decapitation, the brain removed immediately, 
sectioned between medulla and spinal cord, rinsed in 
saline, blotted dry, and analysed for serotonin!®. Statis- 
tical significance was determined using a ¢ test for paired 
differences. 

Brain, serotonin-levess were diminished by dietary 
leucine in a manner analogous to that observed using 
dietary phenylalanine (Table 1). Experimental animals 
significantly differed from controls in both instances 
(P < 0-05). 


Table 1, DEPLETION OF BLAIN SEROTONIN BY DIETARY LEUOINE 


Body-¥t. Brain-wt. Serotonin 
g (g) (ug/g brain) 
Mean + 3.D. Mean + S.D. Mean + S.D. 
Controls 187 +8 1:726 + 0-048 0:609 + 0:033 
5 per cent leucine 190 +13 1:741 + 0'054 0:518 + 0:036 
8 per cent leucine 170 +8 1-626 +0 024 0-473 +0 010 


Growth was impaired somewhat by 8 per cent but not 
5 per cent leucine sucplementation, although control 
animals did not significantly differ from those fed the 
5 or 8 per cent diets because of the large variance in 
body-weights. Brain-weights reflected these differences 
in, body-weight—animale on the 5 per cent diet having 
brains not significantly haavier than, controls and animals 
on the 8 per cent diet Laving ones significantly lighter. 
The ratio of brain- to Lody-weight was essentially the 
same for all three groups. 

Total brain serotonin was 1-084 ug for controls, 0-969 ug 
for the 5 per cent group and 0-863 ug for the 8 per cent 
group, again indicating diminished serotonin with increased 
dietary leucine. Because of ‘the differences in brain 
weight, however, the controls differed significantly only 
from the 8 per cent group (P<0-001); the difference 
from the 5 per cent group reached the 0:1 level of 
statistical significance. Correcting for body-weight 
differences by calculating ug serotonin/g brain/kg 
body-weight, the control value of 3-21 was significantly 
greater than 2-69 for the 5 per cent group (P < 0-05) but 
not significantly greater than the 2:78 for the 8 per cent 
group. 

Despite these complications resulting from altered 
growth rates, it seems clear that dietary leucine supple- 
mentation lowers brain serotonin. It has been suggested! 
that the decreased brain serotonin in the phenylalanine- 
fed animals is related to impairment in problem solving 
ability. The present findmg suggests a possible common 
basis for the mental deficiency accompanying phenyl- 
ketonuria and maple syru> disease. 
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IMMUNOLOGY 


Mathematical Model for the Process of 
Aggregation in Immune Agglutination 


Immune haemagglutination is the combination of 
bivalent antibody molecules with specific antigenic determ- 
inants on the surface of red cells and the coincident 
collision of red cells resulting in the formation of antibody 
cross-linkages between cells and visible aggregation??. 
As a means of characterizing immune haemagglutination, 
rates of red cell aggregation were examined with the aid 
of a Coulter electronic cell counter*. In the course of this 
examination it was empirically found that the initial 
decrease in free cell concentration followed an exponential 
decay curve. There was no basis, however, for considering 
aggregation to be a first-order reaction. Subsequent con- 
sideration suggested that aggregation involved an orderly 
sequence which might be expressed mathematically. 

The mathematical representation of the rate of red cell 
aggregation presented in this report was arrived at through 
several series of experiments m which theoretical and 
experimental curves were compared. The eventual close 
approximation achieved between these curves tends to 
substantiate the validity of the equations from which the 
theoretical rate curves were derived. 

The experimenta] curves were obtained by a procedure 
previously described in detail’. The rate of reduction in 
free cell concentration and total number of particles (total 
of free cells plus aggregates) was followed by means of the 
‘Model B’ Coulter electronic cell counter (Coulter Elec- 
tronics, Hialeah, Florida). Rates were determined under 
controlled conditions of antiserum concentration, cell con- 
centration, temperature and speed of mechanical mixing. 
The reaction vessel of 150 ml. capacity was secured in a 
temperature control jacket, which fits on the stand of the 
Coulter counter. Agitation was accomplished with a spiral 
stirrer attached to a constant speed motor, 300 r.p.m. 
The 100-u aperture tube had a sampling time of 15 sec. 
The temperature was maintained at 25° C. 

With the double thresholds arrangement of the Coulter 
counter it was possible to follow experimentally the con- 
centration of several different size aggregates, but because 
of practical limitations concerned with inhomogeneity in 
the size of red cells, and complications concerned with 
coincidence, only the total particle count was followed. 

An initial lag period in the rate curve, due to the time 
required for the primary union of antibody and cells, was 
eliminated by incubating antiserum and cells without 
mechanical mixing*. At the antiserum and cell concentra- 
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tions employed in these experiments, a sensitization perioc 
between 30 and 80 min was sufficient to eliminate the la, 
period. 

Several immune systems of different specificity wer. 
examined in these studies. Human A and B isoantibodie 
and human red cells of appropriate blood group were usec 
in early experiments. Variation in the degree of fit betweer 
theoretical and experimental rate curves obtained wit: 
different cell populations suggested a heterogeneity of th: 
red cell population with respect to their agglutinability* 
Tt was found that this heterogeneity could be minimizec 
with any of several antigens coupled to tanned red cells" 
The agglutination obtained with human anti-A sera anc 
purified hog A substance coupled to tanned group ( 
human red cells was most intensively examined. 

Immune aggregation can be defined as the change ir 
state from free cells to aggregates due to the randon 
collision of partially antibody-coated (sensitized) red cells: 
The random collision of sensitized cells leads to a progres 
sive decrease in the number of free cells with a concomitan 
increase in the number of aggregates of larger size witl 
time. Although the concentration of free cells wouk 
decrease throughout the process of aggregation, the con 
centration of progressively larger size aggregates woulc 
consecutively increase and then decrease as aggregatior 
proceeds. The combinations which lead to the formatior 
and subsequent decrease of different size aggregates art 
shown in Table 1. Based on these considerations ¢ 
mathematical model for red cell aggregation was progres 
sively developed. The present form of the model will be 
explained. 


Table 1. COMBINATIONS WHICH INCREASE AND DECREASE THE CONOEN 
TRATION OF DIFFERENT SIZE AGGREGATES 
Combinations which: 

Aggregate increase number decrease number 
size of aggregates of aggregates 
1 0 (1,1) (1,2) ...(1,N 
2 1,1) ae oO te 
3 1,2 8,1) (8,2)... (8,N 
4 13 (2,2) 4,1 7 (4,N) 
5 1,4 on et te . (5,N) 
6 1,5) (2,4) (3,3) 6,1) (6,2)... .(6, 
7 To 2,5) a a (7:2). (7, 
8 (1,7) (2,6) (3,5) (4,4) 8,1) (8,2). . (8,N 
9 tS) ou (30) 4,5) (9,1) (9,2)... (9,N 
10 1,9) (2,8) (8,7) (4,6) (5,5) (10,1)... ..(10,N) 
N (1,N-1) eecvcaeevuna (N,1) eeeoeeoane 


Tt is assumed that there may be aggregates of 1, 2,3... 
N cells. The number of aggregates consisting of 2 cells at 
time ~ can be denoted by X:(¢). 

To analyse the change in X;(t) with time, let Ai;(t) be 
the rate at which the number of aggregates of size è com 
bine with aggregates of size 7 at time t. Notice that if +=), 
then only A1i(t)/2 aggregates of size 27 are produced. To 
make this clear, consider the following two examples. If 
5 aggregates of size 3 combine with 5 of size 4, then 
A,,(t)=5 and 5 aggregates of size 7 are formed. But if 5» 
aggregates of size 3 combine with another 5 of size 3, then 
there are 10 aggregates of size 3 which each combine with 
an aggregate of size 3, so A,,(t)=10 whereas only 5 aggre- 
gates of size 6 are produced. 

The next consideration was those combinations of 
aggregates which increase the number of aggregates of 
size i. The combination of an aggregate of size 7 with one 
of size k will do so if j+k=%. Thus at each time #, X;(?) 
is increasing at the rate of the sum of Ay, with J -+k =4. 
If j=k, then the appropriate term is A;;(é)/2. In order 
that each combination be considered only once, the fol- 
lowing restriction is added: 7 < k; thus A,,(¢) and Aa,{é) 
are not both added to X,(é). 

The combinations of aggregates which decrease X;(?) 
are all those of the form A;;(t) subject only to the condi- 
tion that è +7 < N. 

Putting this information together, the following system 
of differential equations may be written, where X’;(?) is the 
rate change of X; at time é, that is, dX1(¢)/de. 
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f 4 is odd, then: 
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X(t) = Lyx Aml) — Ly Alé) (1) 
j<k tt+j<N 
j+k=i 


f i is even, then: 


Xi(t) = Ej Arli) + Air tp alt)/2 — Ly Ailt) (2) 
J <k t+j<N 
gtk=r 

To complete the model, Ai;(t) was derived. The rate of 
sxombination of aggregates of size 4 with aggregates of size 
‘ should be proportional, according to the law of mass 
action, to the product of the concentration of the inter- 
acting aggregates. Thus, A;;(t)=Ci; X(t) X(t), where 
Jı; represents the readiness of aggregates of size 4 to com- 
Kine with aggregates of size 7. It is assumed that C1; is 
proportional to the product of the average surface area of 
aggregates of sizo ¿ and of aggregates of size j, that is 0,4 = 
7 8: 834, where s; and s; are the average surface of aggregate 

of size 2 and j. We thus have: 


A(t) =C 8, 8; X(t) X(t) (3) 


Because the shape of the red cell is a non-rigid biconcave 
disk, a mathematical estimate of the effective surface area 
of aggregates would be a major undertaking. It was there- 
fore decided to use a physical model consisting of rigid 
spheres to obtain an approximation of aggregate surface 
area for small aggregates. Models of different aggregate 
size, with maximum contact among the spheres, were con- 
structed. The effective surface area of each aggregate was 
estimated by attempting to fit a free sphere into the aggre- 
gate and then tracing around it. The exposed traced 
areas were cut out and weighed for each model aggregate. 
Based on the weight of the fragments, the relative effective 
surface of single spheres and aggregates of sizes between 
one and nine were calculated (Table 2). For aggregates 
beyond nine, it was assumed that the aggregates were 
spherical and the increase in surface was calculated per 
unit increase in volume. Thus, for sizes greater than nine, 
surface area was obtained recursively. s= (ùi — 1)?/8s,_,. 


Table 2. THE RELATIVE EFFECTIVE SURFACE AREA OF DIFFERENT SIZE 
AGGREGATES (I-IX) BASED ON A RIGID SPHERE MODEL 
I II TIJ IV y VI VII VILI IX. 
1 00 1 48 181 2 07 2 32 2 59 2.88 3°14 3 41 


Having obtained values for the surface area of different 
size aggregates, C of equation (3) remains as a parameter 
which varies with the aggregating potential of the sensitized 
cells. This parameter would include any factor which 
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Fig. 1. A plot of curves representing the concentration of particles with 
time, substituting different values for C (aggregating potential of cells) 
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Fig. 2. A comparison of three different theoretical and experimental 


curves obtamed with huma2 anti-A sera and hog A substance coupled 
to tanned human O cells. The theoretical curves are sy aa by 


solid lines and the experimental curves indicated by poin 
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Values of 


affects either the quansitative or qualitative characteris- 
tics of the antigen-antibody reactions responsible for 
agglutination’. For example, at different antiserum con- 
centrations the red cells are sensitized to different degrees, 
altering the rate at which antibody cross-linkages are 
formed between cells and, therefore, the rate of aggre- 
gation. A fit of such difterent rate curves could be achieved 
by substituting an appropriate value for C. 

The computations rerjuired to solve the equations for a 
theoretical rate curve were performed on an IBM ‘7094’ 
computer and were okzained by the recursive formula: 
Xi(é+1) =X,(4) +X), t being in minutes with the 
boundary conditions that all X;(0)=0 except for X, 
which equals the initiel number of free cells. In these 
computations, aggregates up to 100 cells in size were 
allowed. Several theorexzical curves of total particle count 
with different values o` C are shown in Fig. 1. At low 
values of C a nearly linzar rate is obtained. With a pro- 
gressive increase in the value of C there is a decreasing 
effect on the rate curve. Theoretical curves and experi- 
mental curves obtamec with different concentrations of 
antiserum are compared in Fig. 2. It can be seen that the 
mathematical model does give a reasonably close approxi- 
mation to the rates of aggregation obtained experimentally. 

According to the foregoing considerations, the process of 
immune aggregation is Dictured as a sequence of second- 
order reactions which cin be mathematically expressed 
as a system of second-deg-ee first-order differential equations 
with consiant coefficients. 
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RADIOBIOLOGY 


Electron Spin Resonance Investigations of 
Ultra-violet and X-irradiated Homocysteine- 
thiolactone 


SOME time ago we discussed the formation of radicals 
in irradiated samples of methionine! and bovine serum 
albumin?. In the case of methionine, in which the bivalent 
sulphur is present in the form of a thioether, X-irradiation 
forms radicals of the alkyl-iype, but ultra-violet irradia- 
tion (254 mu) localizes them at the sulphur atom. More- 
over, ultra-violet light is able to quench the alkyl-type 
radicals. In the case of bovine serum albumin, X-irradia- 
tion as well as ultra-violet light forms a complex electron 
spin resonance spectrum consisting of a glycylglycine- and 
a sulphur-radical’. The portion of the sulphur radical 
part becomes bigger after ultra-violet irradiation. By 
ultra-violet irradiation of longer wave-length (à > 300 my) 
the X-ray conditioned radical state at the carbon atom is 
transferred to the SS- or SH-groups of the albumin 
molecule. In the following investigations we controlled 
the behaviour of the bivalent sulphur in the form of a 
thiolactone ring compound, that is, a thioester, homo- 
cystemethiolactone (HCT): 


S—CH,—CH,—CH—NH, 


| =0 


Polycrystalline, d,J-homocysteinethiolactone (HCT)-HCl 
(Degussa, Konstanz/Germany) with a bulk volume of 
about 220 em3/100 g was sealed under vacuum (< 10-3 
torr) and irradiated at room temperature. The electron 
spin resonance measurements were carried out under 
the same conditions as previously described!. The 
X-irradiation was carried out with a 200 kV source (half 
value layer: 0-64 mm copper, dose-rate 920 r./min, dose 
100 kr.). The irradiations with ultra-violet were per- 
formed with a mercury low-pressure lamp (NN 15/44, 
Quarzlampengesellschaft, Hanau, Germany) which emits 
mainly in the 254 my line. The intensity of the ultra- 
violet irradiation at the sample tube amounted to 9 x 108 
ergs cm~? sec-+. The other technical details have been 
reported in a former publication!. 

After X-irradiation a radical yield of 10-8/100 eV is 
obtained. The electron spin resonance signal of the 
X-irradiated HCT is demonstrated in Fig. 1 (solid line). 
Though it is not possible to differentiate the obtained 
spectrum of the polycrystalline material, it is possible to 
ascertain that there exists no sulphur radical state. The 
different behaviour of saturation effects of the micro-wave 
energy on the different parts of tha spectrum includes at 





Fig. 1. Electron spin resonance spectra of irradiated homocystelinethio- 
lactone. The spectra represent the first derivatives of the actual absorp- 
tion curves. ——, 100 kr; -~-—-, 100 kr+7 h ultra-violet (A= 254 my) 
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least two different radicals. We suppose that the unpaire 
electrons are localized at a carbon and/or nitrogen ator 
of the molecule. The radicals are very stable not only i 
vacuum but also in air. In vacuum and at room ter 
perature the decay of the radical concentration is onl 
about 1 per cent/h. 

In contrast to methionine and bovine serum albumir 
ultra-violet light of 254 mu has no influence on the X-ra, 
signal of homocysteinethiolactone. The dotted line i. 
Fig. 1 shows the change of the X-ray spectrum after a: 
ultra-violet irradiation of 7 h. This dotted hne spectrur 
demonstrates clearly that only one part of the forme 
spectrum is influenced by quenching. The same chang: 
1s obtained by warming up the X-irradiated sample o 
HCT. In comparison with the solid line spectrum (X-ray 
alone) the radical concentration was found to be dimin 
ished after ultra-violet irradiation to nearly 88 per cent 
It is very interesting that no sulphur radical is detectable 
although the lactone ring is opened by the ultra-viole 
irradiation. The latter process is certain because hydroger 
sulphide gas is liberated. Perhaps the yield is not big 
enough to detect the sulphur radicals by the sensitivity 
of the electron spin resonance spectrometer. 

If HCT is irradiated only with ultra-violet light of the 
wave-length of 254 my for 8 h, a radical concentration ofm 
only 5 per cent is obtained corresponding to that of an» 
X-irradiation with 100 kr. This ultra-violet signal is not 
decomposed, it might be a quintet and centred at 
g = 2:0046. In contrast to sulphydryl-, disulphid- and 
thioether-compounds, there is no sulphur radical to b 
found for the thiolactone. i 

The results we obtained from bivalent sulphur con- 
taining compounds demonstrate quite clearly that not 
only the primary formation of sulphur radicals but also 
the transfer of the radical state to the sulphur atom 
depends on the chemical binding of the bivalent sulphur. 
In our next publication we hope to describe the influence 
the whole molecule has on the character of the sulphur 
radical. 
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Use of Technetium-99m in Hepatic Scintillo- 
graphy 

HARPER et al.1 have recently pointed out the excellent 
possibilities of technetium—99m in medical scintillography. 

Te—99m is a nucleid with a period of semidisintegration 
time of 6 h, emitting y-radiation of 140 keV, obtained by 
acid elution of molybdenum-99 adsorbed on an aluminium 
column. It is obtamed as a pertechnetiate (TcO,-), which 
has a behaviour similar to the I- ion in the body. We have 
used it with very good results in thyroid seintillography?:3. 
Harper has also used this compound combined with a 
colloid which is retained by the reticulo-endothelium in 
liver scintillography!. The Production Department of the 
Comisión Nacional de Energia Atómica, Argentina’, has 
obtained a colloid of antimonium sulphide which has a 
molecular size of 100 to 400 mp, an adequate take-up of - 
#em'T'c, and appears to be very stable. We have been able 


- to obtain hepatic pictures of excellent resolution by 


intravenous injection of this substance (Fig. 1). Its 
concentration in the liver allows us to perform tracing 
only 10 min after injection and its activity is still at 
adequate levels after 180 min. 

After 24 h the activity eliminated by urine was 10- 
15 per cent. We have used activities of 0-4-1-0 mc. 
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Normal liver scanning (approximate dose 0-8 me.) 9™Te- 
labelled colloid 


Fig. 1. 


whieh are much smaller than those used by Harper et al. 
The equipment used was a ‘PHO-DOT’ (Nuclear Chicago). 
The pictures obtained could be compared satisfactorily 
with those obtained with rose bengal iodine-131 colloid 
albumin, the body radiation being several thousand times 
smaller with ®Tc. 
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BIOLOGY 


Multiple Thymus Grafts in Aged Mice 


One characteristic of the thymus which has not yet 
been explained completely is the weight loss (primarily 
lymphoid depletion) of the organ with increasing age. 
This process, known as thymus involution, is most marked 
immediately after puberty, but thymus involution con- 
tinues, albeit at a slower rate, throughout subsequent 
life. 

The recent data of Harris et al.‘ from parabiotic mice 
and Miller? and Metcalf and Wakonig-Vaartaja* from 
thymus have made it evident that the lymphoid 
population of the thymus is replaced continuously during 
life by precursor cells seeding in the organ from the blood. 
These precursor cells then proliferate to build up a large 
new population of primitive and mature thymic lympho- 
cytes. The most probable source of these thymus-seeding 
precursor cells is the bone marrow. 

Analysis of the growth patterns of thymus grafts has 
suggested that the growth of the lymphoid elements of 
the thymus is regulated by the non-lymphoid elements 
of the organ—the specialized thymic epithelial and reticu- 
lum cells‘. The strength of the proliferative stimulus 
exerted by these elements appears to decrease with advanc- 
ing age and, if so, this could be the basis for the decrease 
in size of the organ with advancing age. However, in 
view of the continuous replacement of the lymphoid 
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population of the orgaa throughout life by precursor cells 
of extrathymic origir, another possible basis for the 
decline in size of the organ is that, with advancing age, 
the supply of thymus-seeding precursor cells becomes 
restricted, leading to a limitation in the total amount 
of thymic lymphoid tissue which can be built up, and 
sustained, by the proliferative activity of these cells. 

To investigate the pessibility that the supply of thymus- 
seeding lymphoid presursor cells may be limited in old 
animals, use was made of an earlier observation that when 
more than one thymus is grafted to a young recipient, 
each graft behaves eutonomously, achieving the same 
size it would if grafted alone to a normal or even a thymec- 
tomized recipient’. This allows the possibility of growing 
unlimited amounts of thymus tissue in the same animal 
and thereby of testing whether the supply of thymus- 
seeding cells ever becames limiting for the growth of such 
grafts—particularly ir very old animals. In the present 
investigation, 20-morth-old C57 BL mice were each 
grafted subcutaneous y with 12 or 24 whole 1-day-old 
C57 BL thymus glands. One month after grafting the 
weights of thymus grafts and host lymphoid organs were 
determined. As consrols, C57 BL thymus glands were 
grafted to young adu t C57 BL mice (either 1, 12, 24 or 
48 per recipient) anc these grafts were also examined 
one month after grafting. The results obtained are 
summarized in Table 1. In agreement with previous 
investigations’, in the young hosts, a linear relationship 
was observed between the number of thymus glands 
grafted and the total weight of thymus graft tissue re- 
covered. In neither type of host did the multiple thymus 
grafts significantly affect the weights or the histological 
appearance of the host thymus or other lymphoid organs. 
It is evident that the total mass of thymus graft tissue 
achieved in 4 weeks in the old recipients was somewhat less 
than for the corresponding number of grafts in young 
adult recipients. Hewever, the mass of thymus graft 
tissue achieved far exceeded that of the maximum size 
of the normal C57 EL thymus in young mice (60 mg). 
Histologically no diffsrence between grafts in young and 
old hosts could be detected in the morphology, extensive- 
ness and mitotic activity of the cortical lymphoid regions 
of the thymus graft fissue. 


Table 1. THYMUS GRAFT "VEIGHTS ATTAINED BY MULTIPLE WHOLE C57 
BL Tayuu 


3 GRAFTS IN P AND OLD C57 BL MICE 
No. of thymus 
Age of No. of 
recipient at grafted per recipients 
grafting recipient * 


Mean weight Mean total 
hee of oben gy gir sen 


th 
weight Gna) gratta Gna) Tool toe) 
2 months 1 28 47 24 24 


12 41 42 22 262 
24 2 48 2 609 
48 2 36 24 1,160 
wow e ee 


* Mean weight of each doror thymus gland, 3 mg, 


Since the lymphoxd population of thymus grafts is 
derived from host cells, it is obvious from the present 
experiments that, alt 1ough there may be some restriction 
in the supply of thyrrus-seeding precursor cells in old age, 
the available supply is quite capable of supplying thymus- 
seeding precursor cels for a mass of thymus tissue far 
exceeding that of even the pre-involutional thymus. 
Therefore it may be soncluded that no significant limita- 
tion in the supply of thymus-seeding precursor cells 
exists in older mice and such a factor cannot be responsible 
for the decrease in size of the thymus with advancing age. 
Recently, Makinodar and Peterson* have demonstrated 
that in old mice the namber of cells in the spleen capable of 
being stimulated by sheep red cells does decline in old 
age, and we have obtained similar results in C57 BL mice. 
The cell population in the spleen is replaced continuously 
by cells entering from the blood in essentially the same 
manner as is that in she adult thymus. It appears there- 
fore that although the supply of some spleen-seeding cells 
may become restricted in old age, there is no significant 
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limitation in the supply of thymus-seeding cells in mice 
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Role of Sialic Acid in Potassium Transport 
of LI2I0 Leukaemia Cells 


THE cell membranes of various tumour strains possess 
large quantities of sialic acid and a strong, negative 
surface charge!->. This charge, which is partly due to the 
ionized carboxy] group of sialic acid®-+.5, may be important 
in influencing physiological properties such as transport 
of ions’. Since tumour cells seem to concentrate K+ ions 
better than normal cells’-*, we have begun to investigate 
the regulation of K+ fluxes by sialie acid. 

£1210 mouse leukaemia cells, which had been main- 
tamed in the ascitic form, were washed at 3° C with 
isotonic saline until free of red blood cells. The £1210 
cells were then incubated for 90 min at 37° C in the 
incubation media shown in Table 1. Sialic acid was 
removed from the leukaemia cells by the addition of 
neuraminidase (Vibrio cholerae), which was present at a 
final concentration of 50 units/ml. Under these conditions 
the sialic acid released is derived essentially from the 
cell membrane‘. Free sialic acid was determined by the 
method of Warren’. Nat and K+ ions were assayed by 
means of a flame spectrophotometer. The optimum 
wave-lengths were 589 my. for Na+ and 766-5 my for K+. 
4C-p-Glucose {52 x 108 e.p.m./umole) and “C-1-lysine 
(1-6 105 e¢.p.m./umole) were utilized in measuring 
glucose and lysine uptakes. 


Table 1. CONSTITUENTS OF THE INCUBATION MEDIA 


Conc. Incubation medium 
Substance (mM) K-free K-lowg K-freeg,, K-lowg,: 
i-Lysine 02 ~ ay $ 4 
b-Ghacose 4-9 — + + + 
KOI 100 ~ + — -+ 
Natl 180-2 ~ + ~ + 
Naçi 1402 + 7 + — 
NagliPo, 4-8 + + 4 + 
Xat PO, 52 h + + H 
Cath, 0-9 4- + + ae 
CH COONa 5-0 + oe + ne 


The amounts of sialic acid removed by neuraminidase 
in the K-free medium were 0-21 umole/100 mg dry wt of 
cells after 45 min of incubation and 0-23 umole/100 mg 
dry wt at 90 min. The quantities of sialic acid released 
were nearly the same in any of the incubation media 
listed in Table 1, and the values obtained approximated 
those determined for the Ehrlich ascites tumour cell‘, 

Different incubation media were utilized in the transport 
investigations, so that the direction of ion flow could be 
altered. In the K-free medium, K* release from the 
£1210 cells accompanied Nat uptake; with the K-low, 
medium, K+ uptake accompanied Nat release. Table 2 
includes the results of typical experiments, in which the 
removal of sialic acid inhibited Kt transport, regardless 
of direction of flow. When the results from a number of 
experiments were pooled, the differences between the 
control and the experimental groups were found to be 
statistically significant (P<0-05). Contrary to the 
relatively sharp response of K+ ions to the removal of 
sialic acid, Nat transport was only slightly inhibited 
when neuraminidase was present, and in this case the 
results did not yield significant differences. 
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Table 32, 
















i Substance Time  amoles/1090 mg dry wt. of cell 
Medium measured (min) Contral + Neuraminidase 
K-free Kt 45 ~ 2-56 ~ 1-97 (23) 
90 ~ 4-60 m 8-46 (26) 
Na+ 45 +151 +184 (11) 
7 90 +13°8 +1208) |. 
K-lowy Kt 45 + 25-0 +160 (386) — 
90 + 26-0 +170 (35) 
Nat $5 - 50-0 — 450 (10) 
K-lowg b-glucose 45 +313 + 3-09 (1) 
90 +631 +625 (1) | 
K-frees.; L-lysine 45 -+ 0-298 +0204 {2} 
K-lowg.; L-lysine 45 +0206 +0207 (0) 


(+) Indicates How inte the cells; (~) indicates flow out of the cells, Pe 
centage decreases from the control values are given in parentheses. 

Glucose uptake was determined for both the contré 
cells and the enzyme-treated cells and did not appear t 
differ between the two groups. This finding suggest 
that transport in general was not affeeted by sialic acic 
and that K* transport in particular was not regulate 
by the action of membrane-bound sialic acid on glucos 
utilization. Furthermore, although glucose was abser 
from the K-free medium, the removal of sialic acie 
inhibited K+ outflow. 

Finally, sialic acid was found not to affect lysin © 
uptake in the absence or presence of K* ions, thereb 
indicating that sialic acid does not influence transport o; 
positively charged substances in general. K 

Pardee! has postulated that altered surface propertie. 
of tumour cells may cause a loss of growth contre | 
mechanisms. The accumulation of K> ions in malignan - 
cells?-® may well be such a mechanism, which is partly 
responsible for the adaptation of these cells to a state o` 
uncontrolled growth. The presence of Kt ions ig 
necessary for optimal growth of certain bacteria strains? 
and plant tumours’). Lubin! has demonstrated ¢ 
control of protein synthesis by K* accumulation. The | 
work recorded here in turn indicates that sialic acic | 
apparently mediates both the inward and outwarc 
diffusion of K+ ions in a leukaemia cell. 

We thank Prof. Arthur B. Pardee for his advice. : 
work was supported by grants 1-~P2-CA-24245-01 anc 
Al-04409 from the U.S. Public Health Service. 
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Occurrence of Fructose-l-phosphate in Tissues 
of Higher Piants : 

THERE is considerable evidence for a role of fructose-1- 
phosphate in the metabolism of some animal tissues}. 
Relatively little is known about the occurrence of this 
compound in higher plants. Cardini? has shown that 
preparations of jack bean seeds can cleave fructose-1- 
phosphate to dihydroxyacetone phosphate and a com- 
pound which is probably glyceraldehyde. On the basis of 
electrophoretic separation, Schwimmer, Bevenue and 
Weston®t tentatively identified fructose-l1-phosphate in 
extracts of potatoes. We report here evidence for the 
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ence of. fructose- -l-phosphate in- aloras tissue of 
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for 17 n in’ distilled ws ‘and ro in 0- 1 mM 
22PO, for a further 24h. The tissue was rinsed and ex- 
fed successively with boiling 80 per cent ethanol. 20 
recent ethanol and water. The phosphate esters in the 
nbined extracts were fractionated by ion-exchange 
esin column chromatography using a technique’ similar 
that of Bartlett‘. The hexose monophosphates, free 
m hexose diphosphates, were located by their radio- 
ivity, by reaction with anthrone reagent (for hexoses)’ 
by a slightly modified cysteine-carbazole reaction (for 
tose)*®, Fractions containing mainly fructose phos- 
tes were subjected to one-dimensional paper chroma- 
aphy in each of two solvents. Solvent 1 was ethyl 
tate-glacial acetic acid-water, 3:3: 1 by volumet, and 
used with Whatman No. 1 paper. Solvent 2 was 
butyl alcohol-0:1 N hydrochloric acid, 80:20, v/v 
(ref. 9), and was used with Whatman No. 4 paper. These 
solvents separated glucose-l- and glucose-6-phosphates 
from fructose-1- and fructose-6-phosphates and also gave 
a partial separation of the two fructose phosphates. Al- 
though the separation of fructose phosphates on paper 
chromatograms was not complete, it was sufficient to 
ible the two compounds to be distinguished by their 
Characteristic ultra-violet fluorescent reactions as des- 
_eribed below. 

-- These procedures revealed the presence of a compound 
din carrot and turnip extracts which behaved similarly to 
authentic fructose-l-phosphate. The results in Table 1 
compare the P constants: 

x 100} 


of the extracted compounds with the P eonstants of 
authentic fructose-1- and fructose-6-phosphates and those 
of other sugar phosphates which could have been compo- 
nents. of the eluates obtained from ion-exchange resin 
column chromatography. 















distance travelled by compound _ 
distance travelled by orthophosphate 


Table 1. P CONSTANTS AND ULTRA-VIOLET FLUORESCENT REACTION WITH 
GLYCEROL/HCH ACETONE REAGENT OF SOME CARBOHYDRATE PHOSPHATES 
COMPARED WITH COMPOUNDS ISOLATED FROM CARROT AND WHITE TURNIP 


P constants Uiltra-violet fluorescent 
Solvent 1 Solvent 2 reactions in each solvent 
¥.1-P 68 73 yellow 
FE-8-P 68 gi red-brown 
fP 52 67 nene 
or 47 67 none 
+B P 7h 92 none 
100 100 Thome 
§2 75 yellow 
67 82 red-brown 
62 74 vellow 
67 82 red-brown 
















dence that the compound obtained from carrot and 
‘as fructose-1-phosphate was obtained by a modi- 
of the technique of Steinitz’. Under our conditions 
the reagent was sprayed onto the chromatogram, 
-fructose-i-phosphate gave an intense yellow 
nee and authentic fructose-6-phosphate a dull, 
uorescence which changed to yellow on heating 
ther 3-4 min. The ultra-violet fluorescent reac- 
the isolated compounds obtained under a ‘Chroma- 
lanovia Lamps, Slough, England) were compared 
hose of authentic samples of fructose phosphates 
ther sugar phosphates likely to be present in the 
1 eluate fractions (Table 1). Subsequent develop- 
the chromatograms with the reagent of Hanes and 
od, as modified by Bandurski and Axelrod", 
ned that. the isolated compounds contained phos- 











ditional evidence that the plant: extracts contained 
piel ~-phosphate was provided by the demonstration 
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that column eluate <ractions, suspected of containing 
fructose-1-phosphate, eontained a substrate for an aldolase 
preparation isolated rom rat liver by the method of 
Leuthardt and Wolf!?. This preparation, which is known 
to cleave both fructcse-1 ,6-diphosphate and fructose-1- 
phosphate, was used to assay the column eluate fractions 
for tructose-l-phosphate by linking the production of 
dihydroxyacetone phosphate to the oxidation of NADH, 
on the addition of purified a-glycerophosphate dehydro- 
genase. Values of 1-85 and 2-11 umoles of fructose-1- 
phosphate/100 g fresh weight were obtained for carrot and 
turnip tissue respectively. 
D. GRAHAM 
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Some Postulated Relationships among 
Autumn Phenemena in Woody Plants 


Most research on winter hardiness (cold acclimation) 
of plants has been concerned with changes in amounts of 
erganie compounds such as sugars, amino-acids and 
proteins. These autummal alterations in organie constitu- 
ents of the cell can only be brought about by changes in 
enzymes. The question as to what initial factor causes 
this change in the metabolism is still not solved. It is 
tempting to think of & hormone action which could in- 
fluence a great many enzyme systems, especially since cold 
acclimation and de-acclimation are closely associated 
with the growth-regulater controlled phenomenon of growth 
cessation in autumn, end growth resumption in spring. 
Recently, Levitt? has suggested that protein and gluta- 
thione sulphydryls bear a direct relationship to the state 
of winter hardiness of plants. Sulphydryil groups in cells 
are essential for the taree-dimensional structure of cell 
proteins? and for cell growth*. Glutathione is also an 
essential part of the ascorbic acid oxidase system which is 
involved in gr owth processes, that is, ascorbic acid oxidiz- 
ing capacity is low in growing plants and high in dormant 
plants. Marré and Arrigoni? presented evidence that 
auxins inhibited the ascorbic acid oxidase and thereby 
increased the ratio of reduced to oxidized glutathione. A 
postulated relationship between ascorbic acid oxidase and 
glutathione can be represented as follows: 


A TPNH, ,G-5-S-G AA uy 40, 
By 4 ` ⁄ PAN ascorbic acid oxidase 
AH,” œ TPN 26SH ‘DHA “\ H,O 


AH., metabolic substrate; G-S-S-G, oxidized glutathione; 
GSH, reduced glutathione; AA, ascorbic acid; DH,A 
dshydroascorbic acid. 

It has also been found? that there is a shift in wheat 
caryopses from the cytochrome oxidase system to the 
ascorbie acid oxidase system after cold treatment. An 
increase in glutathione oxidizing activity, along with an 
apparent rise in ascordic acid oxidizing activity, was 
observed in cold acclimating plants’. This high rate of 
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ascorbic acid oxidizing activity is contrary to the low 
capacity in vigorously growing tissue and thus must be 
due to an absence or inhibition of growth-promoting 
substances in cold treated tissue. 

It has been reported by several investigators®? that 
the biosynthesis of growth promoters in woody plants 
levels off during the growing season, and that the con- 
centration of growth inhibitors increases toward autumn. 
It has also been reported that there was a significant 
increase of tryptophan in dormant tissue after low-tempera- 
ture treatment. As tryptophan is considered to be the 
precursor of indolyl-3-acetic acid™ its accumulation would 
suggest an arrest of auxin synthesis. An actual decrease 
of auxin has been reported to occur in cold-acclimated 
plants! 

Changes in growth regulators may influence many 
processes. It has been reported that they are able to 
affect the bioelectric potential of the planti? and thereby 
may change the cell membrane permeability! which is a 
prerequisite for the cold acclimation process’. They 
may also affect the properties of proteins!® as well as the 
enzyme action already mentioned. 

Growth inhibitors may affect the hardiness process as 
the synthetic growth inhibitor maleic hydrazide does?’, 
via the sulphydryl groups of the mitotic cell’. Several 
natural growth inhibitors have been reported to occur!®; 
many are flavonoid-like structures**:*!; others, such as 
8-inhibitor®*, have only been tentatively identified. 
Flavonoids have been known to influence plant meta- 
bolism in several ways*4. 

The phenomena in red-osier dogwood during autumn 
occur in the following order*>: irreversible rest induce- 
ment, cold acclimation, and loss of rest. The sequence of 
this process could be in these steps. An inducement of 
rest is brought about by some kind of phytochrome 
system**, At this time, a hormone is produced which 
causes an increase in RNA content?’ and a subsequent 
increase of water-soluble proteins. Although the nature 
of these water-soluble proteins is obscure, some of them 
may represent an increase of enzymes which are respons- 
ible for the increase of carbohydrates and other organic 
products in cold acclimating plants. 
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Freeze-fixation, a New Method for Electron 
Microscopy 

FREEZE-FIXATION implies rapid freezing of small speci- 
mens followed by vapour fixation at a low temperature. 
This method differs from freeze-drying by not removing 
the water of the specimen before fixation, and from the 
freeze-substitution by not replacing the water during 
fixation. All these three methods work with frozen tissue 
but since the mode of fixation varies the ultrastructure ol 
the cellular constituents also varies. Therefore, further 
information of the cellular constituents might b 
obtained. 

For freezing, small specimens are rapidly frozen ine: 
liquid nitrogen according to the usual technique for 
freeze-drying. The frozen specimens are collected in a 
small weighing bottle with grounded stopper. The bottle 
contains a substance suitable for vapour fixation and 
serves as a fixation chamber after freezing. 

For fixation, the bottle containing specimens and 
fixation substance, and filled with liquid nitrogen, is 
placed in dry ice. At this temperature, the liquid nitrogen 
evaporates. The bottle is then firmly closed with its 
stopper and left in a freezer for 2—3 weeks for vapour 
fixation. The only fixation substance as yet tried in 
the experiment is crystalline osmium tetroxide. After the 
period in dry ice, the specimens are either left in the 
bottle for further fixation at room temperature or brought 
to the appropriate solution of the embedding chemicals 
used, In the present experiments, plastic embedding 
has been started in 70 per cent ethanol for the ‘Epon’ 
procedure or 25 per cent component ‘A’ of the ‘Durcopan’ 
procedure. 

The main drawbacks of freeze-fixation are the low 
vapour pressure of the fixation substance at — 30° C and 
the slow penetration of the fixative into the frozen tissue. 
The specimens therefore must be small, preferably single 
cells. The morphological quality of the tissue is inferior 
to that obtained after freeze-drying. Thus, the several 
artefacts impede investigations of the whole cell, but they 
do permit analysis of, for example, the cell membrane. 

This work was supported by “Riksföreningen mot 
Cancer”, Sweden. 
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MICROBIOLOGY 


Endogenous Bud Formation in the 
Hypotrichida 


As a general rule, ciliated protozoans reproduce ` 
asexually by transverse binary fission. Suctoria, however, © 
characteristically produce unequal endogenous buds which | 
develop into migratory ciliated larval forms. Endogenous © 
budding has not been reported in the remaining subclasses 
of the Ciliatea. Observations made by Kent suggest that 
one member of the Hypotrichida has a larval stage in its 
life-cycle!. He observed the development of an embryonic 
hypotrich, which closely resembled Glaucoma margari- 
taceum Ehr., into Aspidisca costata Ehr. In the same 
treatise Kent considers the holotrich genera Glaucoma 
and Muicrothorax to be embryonic or transitional phases 
in the life-eycles of higher hypotrichous forms. No other 
reference to such life-cycles in the Hypotrichida have been 
found. 

This communication presents preliminary observations 
made on monoxenic clonal cultures of the hypotrichous 
ciliate Histriculus vorax Corliss. Bacillus cereus was used 
as the sole food organism, and the ciliate culture was 
originally separated from activated sludge. 


No. 5005 


October 2, 1965 


Small adults 
ee 


Large adults 
—_— 


50 100 150 
Length (x) 


Fig. 1. Size uency curve showing the presence of two distinct adult 
cell po a well-fed clonal population of Histriculus vorax 
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Great variations in size have been noted in clonal popu- 
lations, but 70 per cent of the cells in such populations 
fall within two definite ranges of size (Fig. 1). Large adult 
cells (190-220u long, 80-100u wide) are bluntly shaped, 
whereas small adult cells (100-140. long, 50-60. wide) 
are streamlined in their appearance. Both adult forms are 
capable of normal transverse division resulting im the 
production of two daughter cells the dimensions of which, 
after a short period of growth, resemble those of the 
mother-cell. The large adult cells form 20-30 per cent of a 
well-fed clonal population, but under conditions of starva- 
tion they are absent. 

Observation has shown that the large adult cells (Fig. 2) 
develop endogenous bi-macronucleate buds (20-40u 
diameter) which, when mature, are extruded through the 
cell wall. After extrusion, the mother-cell may either 
then produce more buds endogenously or divide trans- 
versely. Newly deposited buds may either develop directly 
into a cirriated Jarval form or, if conditions are unfavour- 
able, the bud will encyst. 








RR RS ee 
Fig. 2. Formation of endogenous buds in Histriculus vorax Corliss. a, 
Large adult con 


two developing endogenous buds; b, large adult 
mother-cell containing a mature endogenous bud 
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Isolated encysted buds have been excysted by placing 
them into fresh culture media. Excystment takes approxi- 
mately 48 h to complete at room temperatures, and 
terminates when a non-trophic migratory larval form, 
which bears only caudal and frontal cirri, emerges (Fig. 3). 
Under favourable conditions newly deposited buds 
develop directly inte larval forms which cannot be 
distinguished from tne embryos which emerge from 
encysted buds. The non-trophic embryos rapidly develop 
feeding membranelles and a full adult complement of 
cirri. The trophic larval stage grows and quickly develops 
into a small adult capable of transverse binary fission. 





Fig. 3. Non-trophic em®ryonic stage of Histrieulus vorax Corliss 


This work was supperted by the Department of Scien- 
tific and Industrial Research while I was holding a 
research fellowship. 
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Variation of the X-ray Sensitivity of 
Serratia marcescens with Relative Humidity 


Ix a recent article? describing the effects of humidity 
on the inactivation of micro-organisms, the results of some 
preliminary experiments with X-rays were presented, 
The present communication reports an extension of this 
work in which the effec of atmospheric oxygen in modify- 
ing the radiation sens tivity at various humidities was 
investigated in addition to the protective effect of inositol. 
Inositol was of particular interest because of its apparent 
ability to replace water in biologically important macro- 
molecules? and in this way to protect cells against inactiva- 
tion by drying, ultra-violet and X-rays*’. 

The effect of inosito) appears to be similar to that of 
glycerol, which has beer the subject of a number of recent 
investigations". The role of water in the radiation inac- 
tivation of bacterial spores and vegetative bacteria has 
been extensively studied by Powers and his col- 
leagues®:7-11-42, 

For the experiments reported here, a sub-culture of 
Serratia marcescens was prepared by incubation in heart 
infusion broth for 48 h. Cells from the culture were centri- 
fuged, washed, and re-saspended in either distilled water or 
a 5 per cent (0-3 M) selution of meso-inositol. One ml. 
sumples from the foregoing suspensions containing about 
5x 10° cells were depesited on ‘Millipore’ filters. The 
filters were placed in an -rradiation chamber through which 
air or nitrogen of the desired relative humidity could be 
passed, The relative humidity of the gas which had passed 
over the filters was measured with a membrane-type 
meter (‘Serdex’). The meter reading was dependent not 
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carried out at room temperature (22° C—25° C}. In some 
experiments, cells were irradiated in suspension after 
-aeration of the suspension by bubbling air through it. 
_. After irradiation, the cells were plated on heart infusion 


: agar. Visible colonies were scored after 24 h incubation 
ab BBFC, 


The survival curves obtained under all experimental 


ee conditions appeared to be exponential and were fitted 


by an expression of the form N/N,=exp(—kD), where 
NV and Ñ, are the number of colony-producing cells in the 
irradiated samples and the unirradiated control, respec- 
tively, D is the absorbed dose and k is an inactivation 
constant, which was used as an index of radiation sen- 
sitivity under the various conditions. In the control 
samples it was found that 30-50 per cent of the cells 
deposited on the filter would later produce colonies even 
after storage at a relative humidity as low as 25 per cent 
for several hours. 

Values obtained for the inactivation constant for 
Serratia marcescens irradiated in air are shown in Fig. 1. 
The relative humidity values on the abscissa scale refer 
to the atmosphere above the cells. The circles and upper 
curve give values for k obtained for cells deposited from 
a water suspension, the triangles and the lower curve for 
cells deposited from a 5 per cent inositol solution. It may 
- be seen that inositol has a protective effect at all relative 

humidities and that this protection is nearly constant at 
‘humidities below 70 per cent. This is in contrast to the 
results for ultra-violet irradiation of cells in aerosols in 
which a marked increase in the protective effect of inositol 
with decreasing relative humidity was found’. The abrupt 
decrease in sensitivity at a relative humidity of about 
80 per cent in both the curves shown in Fig. 1 is believed 
to be due to the removal of ‘free’ water from the cell and 
therefore to a decrease in the ‘indirect’ effect produced 
by the radiolysis of water. 

. This decrease is in contrast to the results of Tallentire 
and Powers? for the bacterial spores and those of Webb® 
for vegetative cells of Staphylococcus aureus. These 
. workers observe an increase in sensitivity with decreasing 
water vapour pressure if oxygen is present during and 
-after the irradiation. The difference may be due to 
differences in the procedure by which the cells are dried. 
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Fig. 1. X-ray sensitivity of Serratia marcescens cells irradiated under an 
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Fig. 2. X-ray sensitivity of Serratia marcescens under various conditions 
indicated. ©, Water~-air; @, water~nitrogen; A, inositol—-nitrogen 


100 





In Fig. 1 the shape of the curves below 70 per cent is” 
consistent with a model in which the inactivation constant — 
is assumed to have two components one of which, ky, 
is independent of water in the cell and the other, k,, is 
proportional to the amount of water which has been — 
removed by drying, taking the amount of water at various 
relative humidities from data measured by Webb’. The 
increase in k, with decreasing humidity does not appear — 
to correspond directly to the much greater increase — 
observed by Powers and his colleagues for bacteria and — 
spores irradiated and stored in the presence of oxygen®+!*, 

The measured inactivation constants for cells irradiated _ 
under a nitrogen atmosphere are shown in Fig. 2. The | 
water-air curve from Fig. 1 has been included in Fig. 2- 
to facilitate comparison. For cells deposited from a water- 
suspension and irradiated at high humidities (above 80 
per cent) there is a marked decrease in sensitivity when. 
air is replaced by nitrogen. This ‘oxygen effect’ nearly — 
disappears at a relative humidity of about 70 per cent, 
suggesting that the damage due to the ‘indirect’ effect, 
postulated here, requires the presence of oxygen. Below. 
70 per cent the inactivation constant for cells irradiated | 
in air increases with decreasing relative humidity whereas 
that for cells irradiated in nitrogen appears to remain — 
nearly constant. It therefore appears that the inactivation | 
described by k,, which we have associated with the amount 
of water in the cell, requires the presence of oxygen. 
The humidity-independent component, kẹ appears also ` 
to be independent of oxygen and therefore to correspond — 
to the Class I damage described by Powers and his | 
colleagues: 11:13, : 

The triangles and the lowest curve in Fig. 2 give the- 
inactivation constants for cells deposited from an inositol _ 
suspension and irradiated in nitrogen. These points fal. 
considerably below those for cells deposited from a water 
suspension and irradiated in nitrogen. The fact that there 
is a considerable protective effect in the absence of oxygen 
indicates that the action of inositol is not simply in | 
interfering with oxygen concentration in the cell. Below | 
70 per cent relative humidity the inactivation constant _ 
for inositol-treated cells irradiated in nitrogen is nearly ` 
independent of relative humidity and has a value. 
approximately equal to the minimum value for inositol- = 
treated cells irradiated in air. It therefore appears that © 
at the lower humidities there are two kinds of radiation ` 
damage both in inositol-treated cells and in unprotected 
cells, with the humidity-dependent component in each 
case requiring the presence of oxygen. i 

These experiments indicate that, at the lower humidi- 
ties, inositol exerts most of its protective effect by reduc- 
ing the oxygen-independent component of the radiation 
damage. This is in contrast to the observed protection by- 
glycerol of cells in suspension which is considerably 
greater in the presence of oxygen than in its absence?.*:19, 
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VIROLOGY 


“Influence of Heavy Water (Deuterium Oxide) 
on Plaque Size of Western Equine 
Encephalitis Virus 


‘Tae influence of deuterium oxide (D,O) on virus replica- 
on in tissue culture cells is variable. When poliomyelitis 
virus (a small, RNA virus) is grown in 20-30 per cent 

5.0 its proliferation i is enhanced!-*, whereas simian virus 
mo {a DNA virus) does not replicate as well m deuterated 

_nedium as it does in protonated medium‘. In an attempt 
Wo ascertain whether the size of a virus or its nucleic acid 

somposition may be correlated with the D,O effect, we 
-Aave examined the effects on the replication of western 
equine encephalitis (WEE), a relatively large, RNA- 
containing virus. 

The influence of 25 per cent D,O on the replication of 
wo mutants of WEE was studied. The two mutants are 
alistinguished by the size of the plaques which they yield 
menos, grown on chick embryo fibroblasts. The method of 

growing the virus was essentially that of Wecker and 

Schonne®. Fibroblasts of ten-day-old chick embryos 
were cultivated in 100-mm Petri dishes in a growth 
medium consisting of Eagle’s medium in Earle’s balanced 
«salt solution and 10 per cent calf serum. The WEE virus 
-was diluted in Hanks’s salt solution and 0-2 ml. of the 
diluted WEE was added to each monolayer. Virus 
absorption was permitted to proceed for 1 h at 37° C, 
then the cells were overlaid with nutrient agar (12 mi. 
of 1 per cent agar in Eagle—Earle’s medium containing 
10 per cent calf serum). Half the fibroblast monolayers 
were overlaid with nutrient agar made up in medium 
-containing 25 per cent D,O. After 3 days of incubation 
in an atmosphere of 4 per cent carbon dioxide in air, the 
caused by the WEE virus were counted and 
1. ‘The results of two experiments are presented 
le i -In every case plaque size was smaller in the 
medium. The observed differences are highly 
P < 0-001). 
ata presented here indicate that the nucleic acid 
of a virus does not necessarily determine the 
f the viral growth response in D,O. To further 














INPLUENCE OF 25 PER CENT D,O ON GROWTH oF WESTERN 
E ENCEPHALITIS (WEE) on CHICK EMBRYO FIBROBLASTS 


No. plaques Plaque sh (mm) 


= ; Medium measured (avg 
.. Large H,0 19 444+0-14* 
i D0 24 3-24+0-16 
Small aQ 24 2640-05 
2. Q 20 2-0 + 0-04 
Large. mO 21 4-7 + 0-09 
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Small - 0 t 2B t 
a 30 ł 1-1-5 


NATURE 


$3 


elucidate this point experiments involving a small RNA 
virus (Mengo) and a DNA virus (adenovirus) are in 
progress. 

This work was supported, in part, by the U.S. Army 
Medical Research and Development Command (contract 
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5-K6-HH-7342 from the National Heart Institute. 
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CYTOLOGY 


Barr Bodies in the Mouse 


Ur to the present, sex chromatin has not been identified 
in the nuclei of mouse eells. This is probably due to the 
fact that such nuclei centain multiple chromocentres, of 
varying size and number, the presence of which tends to 
mask the appearance of a sex-specific chromatin mass in 
females. Moore and Berr!, in a systematic survey of the 
nerve cell nuclei of mang different mammals, were unable 
to demonstrate sexual Cimorphism in those of the mouse. 
Later, Hay’, examining twenty non-nervous tissues of 
the mouse, could not glentify sex chromatin in any of 
them. Himrichsen and Gothe? analysed the multiple 
chromocentres of murine Purkinje cells, organizing them 
into eleven arbitrary patterns in accord with their sizes 
and distribution. Amoag these patterns there were two 
configurations with resoect to which male and female 
mice seemed to differ, bat neither of these was that of the 
single nucleolar satellite common to the neurones of 
female mammals. 

A search for peripheral sex chromatin masses—Barr 
bodies—-was made in nuelei of fibroblasts which had grown 
out from small fragments of mouse peritoneum explanted 
on to cover slips. This method provided a population of 
young cells with flattenec nuclei which were in a monolayer. 
Six-week-old male and female CBA/CS7BL mice were 
killed by stunning and neck fracture. Small (2 mm) 
pieces of peritoneum were excised and placed on cover 
slips mounted on agar drops in a Petri dish. Each 
explant was allowed to become adherent in a thin clot 
which formed spontaneously. The explants were covered 
with a medium composed of NCTC-109 and foetal calf 
serum (4: 1), and were ineubated at 37° C in an atmosphere 
of 5 per cent carbon cioxide in air. Outgrowth was 
generally visible on the fourth day, and on the sixth day 
the tissue fragments were carefully picked off the cover 
slips, leaving behind a cerona of fibroblasts. These were 
fixed in 95 per cent ethanol, hydrolysed in 1 N hydro- 
chloric acid for 10 min at 60° C, stained in a standardized 
Feulgen stain for 1 h, dehydrated and mounted in ‘XAM’ 
for examination at times 900 under oil immersion using a 
Wratten B green filter. 

In order to avoid the problem presented by the multiple 
chromocentres (Fig. 1) it was decided to search for Barr 
bodies only in those nuclei which contained either no 
chromocentres at all, or the chromocentres of which were 
sufficiently small so as mot to be confused with a Barr 
body. Such nuclei were designated ‘clear’ (Fig. 2). To be 
identified as a Barr body a chromatin mass had to be large 
(about lu), compact, well defined, and tangent to the 
nuclear membrane all along its base. The aspect of it 
which faced inward on tke cell was allowed to vary from 
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Fig. 1 ' Fig.2 








Fig. 3 
Fig. 1. A fibroblast nucleus showing multiple chromocentres 
Fig. 2. A ‘clear’ nucleus with a few very small chromocentres 
Figs. 3 and 4. Nuclei containing Barr bodies 


Fig. 4 


a short to a tall pyramid, or to be convex (Figs. 3 and 4). 
Rectangular masses and masses only slightly tangent to 
the nuclear membrane were not accepted. All nuclei 
were examined throughout their volumes. 

A preliminary examination of many cover-slip speci- 
mens from both male and female animals in accord with 
these criteria revealed that there was a readily recognizable 
proportion of female cell nuclei which contained Barr 
bodies. The corresponding clear nuclei of male cells, on 
the other hand, did not contain any. These findings were 
tested further by a review of a series of ‘unknown’ speci- 
mens. Nine mounts were examined independently by two 
observers who did not know the sex of a given specimen 
of cells or how many specimens of each sex had been 
selected for review. Both observers were able readily 
to identify the sexes of the cell populations. Because 
subjective factors were numerous it was not felt possible 
to state exactly the percentage of female nuclei which 
contained Barr bodies; but after lengthy counts it seemed 
that about 10 per cent of the clear nuclei contained them. 
The proportion of nuclei which had to be rejected because 
of their chromocentre content varied from one preparation 
to another. In general, somewhat more than half of them 
were inappropriate for the identification of sex chromatin. 

These findings complement the description by Ohno 
and Hauschka‘ of a heteropyenotic X chromosome in 
late prophase in normal and tumorous mouse tissues, and 
the recent identifications of a late labelling X chromosome 
in tissue culture of mouse embryo by Galton and Holt® 
and in the living adult mouse by Evans, Ford, Lyon and 
Gray*. It is recognized that the occurrence of Barr bodies 
in only 10 per cent of fibroblast nuclei is low as compared 
with the incidence in tissue cultures from other mammals. 
This seems due in part to the unavoidable loss of some 
Barr bodies by disregarding all nuclei which bore chromo- 
centres. By the same token it may be related to the low 
incidence of late-labelling X chromosomes reported by 
Evans and his colleagues, for the recognition of a late- 
labelling X must have been difficult in the presence of the 
porma portions of autosomes which labelled equally 

ate. Ohno and Hauschka* have suggested that the 
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chromocentres of mouse cell nuclei represent allocyc 
portions of many or all the chromosomes of the compl 
ment. The variable size of the chromocentres could 
attributed to fusion of some of these heterochromat 
regions. The 10 per cent of clear nuclei which we haw 
observed to contain Barr bodies may be those of a propo 
tion of cells in which allocyely of one X is out of phas 
with allocycly of the remainder of the chromosomes. 

We thank Prof. H. Griineberg for providing the mic _ 
used in the study. One of us (J. D. K.) was supported be 
the U.S. Public Health Service as an indirect trainee of tk 
National Institutes of Health. 
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t Ohno, S., and Hauschka, T. S., Cancer Res., 20, 541 (1960). 
* Galton, M., and Holt, 8. F., Exp. Cell Res., 37, 111 (1965). 


° mvae, = J., Ford, C. E., Lyon, M. F., and Gray, J., Nature, 206, 9¢ 


Electron Microscope Observations of 
Neurosecretory Elements in the 
Neurointermediate Lobe in Skates 


In this report, observations of ultrastructural organiza» 
tion of neurosecretory elements of the neurointermediat 
lobe in two types of the Black Sea skates, Raja clavata ane 
Trygon pastinaca, are considered. As was shown in ou 
earlier work with the light microscope’, the axoadena 
neurosecretory contacts in these types of skates are we 
developed and very distinct. In the literature ther 
appears to be only one report? in which the axoadena 
contacts with the adenohypophysis elements in Secylio 
rhinus caniculus (L) were examined with the electror 
microscope, and some other work done on teleosts. 

With the light microscope, it was found that bundles o° 
the neurosecretory fibres were between the strands of the 
epithelial glandular cells of the intermediate lobe an 
elements of connective tissue, and vessels were not founo- 
in these spaces. The terminal branches of the neuro- 
secretory fibres are found among the epithelial cells, bufi 
never reach the sinusoid capillaries located in the epithelia 
strands. Numerous swellings of the neurosecretory fibres» 
make intimate contact with the glandular epithelial cells. 

During investigations with the electron microscope twc 
kinds of unmyelinated nerve fibres— fibres with elemen- 
tary neurosecretory granules and those without them— 
were found in the tissue of the neurointermediate lobe. 

The terminal swellings of the neurosecretory fibres— 
neurosecretory endings—have diameters of considerable 
size (l-5u-2u, more seldom 4-5) as compared with the 
fibres. Neurosecretory granules with various ultra-thin 
structure and tiny vesicles (diam., 350-500 A), resembli 
‘synaptic’ vesicles in typical nerve endings, and al 
mitochondria are found in the terminal swellings in skates 
as in all other vertebrates, the mitochondria having} 
various but often irregularly curved shapes. 

main types of neurosecretory granules are 
observed in the neurosecretory endings (Figs. 1 and 2)s 
(1) Typical elementary granules ranging from 1100 to 
2800 A. (2) Granules of the same size with their central 
substance having smaller electron density (the degree 
varying from one granule to another). The distinctness of 
the light space between the membrane and the central 
substance is reduced with the osmiophility of the central 
substance of granules. 

(3) ‘Residual’ neurosecretory granules, as we call them®, 
are usually of the same size, but they have membranes 
which are practically only lipoprotein and are free of the 
electron-dense central substance. In their structure they 
resemble vesicles. In some cases, however, we observed the 
‘residual’ granules which are considerably smaller than 
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mentary granules. Tiny ‘residual’ granules are almost of 
» same size as the ‘synaptic’ vesicles of the neurosecretory 
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3etween all three types of the neurosecretory granules 
sre are connecting transitional forms which, as is 
sidered in the literature, demonstrate the process of 
solving or diluting the substance of a granule during the 
cess of secreting the biologically active substance of 
> neurosecretory material. 
Single neuroglial cells of an elongated form—pituicytes 
are found among the neurosecretory fibres (Fig. 2). 
ey are poor in cytoplasm, which surrounds the nucleus 
fly as a thin border (100-300 my) and turns into relatively 
sn branches at its poles. It is in these parts of the cyto- 
asm that the substantial mass of small mitochondria, 
in canals of endoplasmatic reticulum and ribosomes, is 
meentrated. 
The nuclei of pituicytes always have an elongated form— 
me invaginations often are found on their surface. The 
clei are characterized by a considerable electron density 
they contain a large number ot chromatin grains. The 
cleolus is, as a rule, of a rounded or an oval form and 
aracterized by high electron density. 





Fig. 1. The contact of two neurosecretory endings with a glandular 
epithelial cell (GC) from the neurointermediate lobe of the hypophysis 
of Trygon pastinaca. Plasma membranes of the terminals and of the 
glandular cell are divided by a narrow intercellular space about 150 A, 
( x 37,500) 
ng, neurosecretory granules; rng, ‘residual’ neurosecretory granules; 
av, synaptic vesicles 





Fig.2. The contact of the neurosecretory terminal (NT) with a pituicyte 
from a neurointermediate as A fo hypophysis of Raja clavata. 
x 18,00 
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Pituicytes come into cbse contact with the neurosecretory 
fibres and sometimes with their terminals. Fig. 2 shows 
the closest form of such contact where the neurosecretory 
terminal seems to be invaginated into the body of the 
pituicytes—the nucleus at the same time being deformed 
and resembling the invagination form. In their morpho- 
logy, the pituicytes of sxates resemble the oligopituicytes 
of white mice’, 

The neurosecretory endings are surrounded by glandular 
cells on all sides. Their plasma membranes are divided 
only by a thin slit about 150 A. Some invaginations are 
found on the surface of glandular cells at the points of 
contact. No peculiarities have been observed in ultrastruct- 
ural organization of bounding membrane and organoids 
of glandular cells in the region of contact with the neuro- 
secretory endings. Compared with typical nerve endings, 
in the neurosecretory endings there is no concentration of 
‘synaptic’ vesicles near plasmatic membranes which come 
into direct contact with the surface of a glandular cell. 
Moreover, no swellings of these sections of membranes 
similar to those of the presynaptic membrane of typical 
nerve endings are found. 

The foregoing findings concerning the ultrastructure of 
the neurosecretory endings and the places of contact 
with the glandular cells testify, we believe, the opinion 
that the biologically active substances of the neurosecre- 
tory granules have a direct influence on the functional 
activity of the glandular cells of the intermediate lobe. 
The absence of morpholcgical evidence showing that the 
neurosecretory granules directly penetrate beyond the 
endings supports the generally accepted opinion that the 
biologically active substances of the neurosecretory 
material—neurohormones—are secreted not as entire 
granules but as small molecular components. 


A. L. POLENOV 
M. A. BELENKY 
Institute of Cytology, 
Academy of Sciences of the U.S.S.R., 
Leningrad. 
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* Follenius, E., and Porte, A., Mem. Soc. Endocrinol., 12, 51 (1962). 
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Interspecific Karyotypic Variation as a 
Systematic Character in the Genus Anolis 
(Sauria: Iguanidae) 


THE examination of anmal chromosomes has recently 
gained impetus from the development of techniques for 
the short-term culture of blood’. Modifications of this 
technique have been used successfully on several species 
of reptiles*. 

Most of the classical literature on reptile chromosomes 
indieates a conservativeness of karyotype at the familial 
or super-familial level’. Subsequent work by Matthey* on 
the chamaeleontids indicates that in that family the dif- 
ferences in karyotype can be used to help establish species 
groups. 

Using a technique of whele blood tissue culture utilizing 
only 2-3 drops of blood’ I have made a preliminary 
examination of the chromcsomes of nine species of Anolis 
lizards in order to assess the value of the karyotype as an 
additional systematic charecter. 

The genus Anolis is taxenomically complex, consisting 
of approximately 200 species, distributed from South 
America to Central America and Mexico; and throughout 
the West Indies and the south-eastern United States. On 
the basis of differences in the structure of the caudal 
vertebrae, the genus has recently been divided by 
Etheridge* into two major groups (termed « and §) and 
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both these groups have been sub-divided into major 
series of species. 

The chromosomes of many reptile species fall into two 
sharply defined size classes termed macro- and micro- 
chromosomes*. Here only the macrochromosomes will be 
discussed, for my chromosome spreads of Anolis so far 
give equivocal results for the smaller elements, some of 
which may be masked by the arms of the larger elements. 

The chromosome spreads obtained from blood cultures 
indicate that A. carolinensis (from Louisiana), A. equestris 
(Cuba), A. luciae (St. Lucia) and A. bonairensis (Bonaire) 
all have twelve macrochromosomes (Fig. 1). This is in 
agreement with the published karyotype of A. carolinen- 
sis*, the only member of the genus previously examined. 

A second group, Anolis grahami and A. lineatopus (from 
Jamaica), A. lineatus (Curacao), and A. chrysolepis 
(Trinidad), have fourteen macrochromosomes (Fig. 2). 

Finally, A. bimaculatus (St. Kitts) has still another kind 
of karyotype in which eighteen to twenty chromosomes 
appear larger than dots. However, there is no sharp dis- 
tinction between macro- and micro-chromosomes but 
instead a graded series from large to small (Fig. 3). 


Table 1 
Major group Species Macrochromosomes 
Alpha Carolinensis series 
carolinensis 13 
equestris 12 
Alpha Latifrons series 
luciae 12 
bonairensis 12 
Alpha Bimaculatus series 
bimaculatus 18-20 (see text) 
Beta Grahami series 
rahami 14 
inealopus 14 
Beta Chrysolepis series 
lineatus 14 
chrysolepis 14 


Macrochromosomal number in 9 species of Anolis. Alpha and beta are 
the major groups of Anolis, and the various series are series of species within 
the groups, all as defined by osteclogical characters*, 


Table 1 shows that in the four cases in which pairs of 
species belonging to the same series as defined by 
Etheridge were examined, there is no variation in macro- 
chromosomal number. The major groups of Etheridge can 
be distinguished only by the fact that betas have 14 





Fig. 1, Chromosomes of Anolis carolinensis, showing twelve macro- 


chromosomes 
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Fig. 2. Chromosomes of Anolis lineatus, showing fourteen macro- 


chromosomes 
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Fig. 3. Chromosomes of Anolis bimaculatus, showing a series of chromo- 
somes grading from large to small with no sharp distinction between 
macro- and micro-chromosomes 


macrochromosomes and alphas do not. Obviously further 
generalizations must await the examination of additiona 
species within the genus. 

These preliminary results suggest that karyotype will be 
a valuable taxonomic character for the elucidation off 
relationships and evolution of species groups within the 
genus Anolis as well as in other groups of the Reptilia. 
The karyotype can be obtained by the relatively simple 
techniques of blood culture. 

I thank Dr. E. E. Williams, Dr. N. Feder and Dr. E. 
MacLeod of Harvard University for their advice and 
assistance; and Dr. P. Gerald and Miss S. Warner of the 
Boston Children’s Hospital for introducing me to the 
techniques of blood culture and for use of their facilities. 
The photomicrographs were prepared by Dr. Feder. The 
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rk was carried out while I held a pre-doctoral fellowship 
m the U. 8. National Science Foundation. 
GEORGE C. GoRMAN 
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GENETICS 


Measurements of Bovine Chromosomes 


WE recently had an opportunity to study the karyogram 
a cell from a bovine male. Since we are interested in 
erm nuclear areas in connexion with estimates of DNA 
individual sperm nuclei, it was of interest to measure 
> projected areas of the chromosome images. The com- 
ats that follow all derive from the planimetric.measure- 
mts (three times as complete sets by one observer, 
thout reference to previously recorded measurements) 
ym one karyogram. 
The mean total area of the 60 chromosomes {corrected 
¢ magnification) was 281-252, making the mean area 
r chromosome 4:69u?. The smallest chromosome area 
as 0-203 times that of the largest, 0-400 times that of the 
gan. The largest area was 1-970 times that of the mean. 
»vine chromosomes, except for the presumed sex chromo- 
mes, are so morphologically similar that they cannot 
ways be paired with certainty, so the cumulative dis- 
bution of chromosome sizes was plotted on probability 
emi-log graph) paper in ascending order of their calcu- 
ved areas. Except for the seven largest chromosomes, 
e plot on log-probability paper approximates to a 
eraight line. This is indicative of a skewed distribution 
sizes of bovine chromosomes. 
The area of the presumed X chromosome was 7:85u?; 
the presumed Y it was 3-47u?2. From these figures, and 
ie total given above, one may compute the expected area 
' haploid (gametic) sets. A set containing the presumed 
would have an area of 143-31? compared with 138-93u? 
«ar a set containing the presumed Y. Thus there is an 
cpected difference of 3-1 per cent in the area (and pro- 
bly the mass) of haploid sets of chromosomes bearing 
ther the X or Y. Could this difference (in X- and Y- 
aring bovine spermatozoa) be detected by measurement 
' Feulgen-stained chromatin in bovine sperm nuclei? We 
unk not. Using a Barr and Stroud integrating micro- 
snsitometer, we obtained a mean standard deviation of 
‘033 units for 145 samples of 20 sperm nuclei each. From 
us one may calculate the expected least significant dif- 
rences (L.S8.D.) for different sample sizes. For samples 
i 1,000 the Z.8.D. 0:01 turns out to be 0-234 units. For a 
imple mean of 15 units this is a difference of 1-6 per cent; 
r a sample mean of 20 units, the difference is 1-2 per cent. 
hus it might be possible to detect a difference of 3-1 per 
ant between two populations of cells provided they were 
yparated. The pooling-of two normally distributed popu- 
‘tions of equal size, with only a small separation im their 
aeans, results In a single population that approximates 
ormality, but may be leptokurtic. To our knowledge 
nere is no means of separating or identifying the X and 
7” gametes in bovine sperm populations, despite the 
Stempts of Lindahl! by differential centrifugation and 
ordon? by electrophoresis. The results of Nevo et al. 
rould argue against the acceptance of electrophoresis as 
general solution to the problem. 
One other aspect was considered. Is it within the realm 
f possibility to see chromosomes in the sperm cell? We 
unk not, despite the claims of Shettles* for human 
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material. The measured area in plane of focus of Feulgen- 
stained bovine sperm ruclei varies from 20 to 35u? 
(depending on individual variation, treatment of the 
semen sample, and metajod of fixation), which is about 
one-seventh to one-fourtn of the area here estimated for 
haploid sets. Assuming ezjuivalence of mass in the chromo- 
somes of leucocyte culsures and the chromosomes of 
sperm nuclei, the chromosomes in the sperm nuclei must 
be layered 4-7 deep, maxing it unlikely that any optical 
system could resolve the individual chromosomes. Of 
course, the calculation above is an over-simplification 
which does not take intc account the range of variability 
to be expected in the total areas of chromosomes from 
leucocyte cultures, but we have no reason to believe that 
the karyogram used was in any way unusual. The work 
reported was supported i part by a grant, G/M—08753-03, 
from the U.S. Public Health Service, National Institutes 
of Health. 

F. N. BAKER 

G. W. SALISBURY 

University of Illinois, Urbana. 

N. S. FecHHEMER 
The Ohio State Universiry, Columbus. 
1 Lindahl, P. E., Nature, 181, 782 (1958). 
* Gordon, M. J., Proc. U.S. Nat. Acad. Sci., 48, 913 (1957). 
* Nevo, A. C., Michasti, I., and Schindler, H., Hap. Cell Res., 28, 69 (1961). 
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SOIL SCIENCE 


Fixation of Metabolic Products in the Soil 
during Decomposition of Carbohydrates 


DOME of the protein of amino-acids synthesized in the 
soil exist for a long tima because they become resistant 
towards decomposition. About 40 per cent of the total 
amount of nitrogen in sos are thus found in amino-acids!. 
This communication des=ribes experiments dealing with 
the transformation of carbohydrate carbon into amino- 
acids and other compour-ds in soils. 

Carbon-14-labelled celmlose and glucose were prepared 
from material originaticg from barley plants grown to 
maturity in a growth chember in an atmosphere enriched 
with “CO, (ref. 2). The specific activity of the prepara- 
tions was about 80 uc./g zarbon; the nitrogen content was 
nil or insignificant. Celmlose (ground to pass a 40 mesh 
screen) and glucose respectively were added to soil 
portions in amounts cozresponding to 500 mg carbon/ 
100 g of dry soil, besides 10 mg nitrogen in NH,NO, and 
water to 40 per cent of the water-holding capacity. 
Samples of 50 g were placed in 100-ml. Erlenmeyer 
flasks which were stored at 20° C in the dark connected 
to a respiration apparatus enabling absorption and 
measurement of the carbon dioxide evolved from the soil. 
Water evaporated was r2plenished every second week. 

Soil samples were removed with intervals during the 
decomposition period and analysed as follows. Portions 
of 50 g without previous drying were shaken for 30 min 
with 200 ml. of 0-1 N Ba(OH), at room temperature. 
The filtrate of the suspension plus the washings of the 
residue was neutralized with sulphuric acid. The filtrate 
fram the BaSO, precipitate was concentrated in vacuo, 
after which the carbon content and the radioactivity of 
the residue were determined’. The soil extracted with 
Ba(OH), was boiled witk 6 N HCl for 16 h under reflux, 
10 g of air-dry soil plus IDO ml. of acid. The acid extract 
of the soil combined with the washings of the residue 
was repeatedly evaporased to dryness în vacuo. The 
part of the residue which was soluble in water was run 
through a H+ saturatec column of a cation exchange 
resin (‘Amberlite JR-120). The amino-acids retained by 
the column were desorsed by 2 N ammonia. After 
removal of the ammonis the concentration of «-amino- 
acid-N (ref. 3), carbon and radioactivity of the amino-acid 
solution were determinec*. Individual amino-acids were 
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detected on paper chromatograms. Carbon content and 
radioactivity of the untreated soil and the soil extracted 
with 6 N HCl were also determined. 

Fig. 1 shows the results from an experiment in which 
cellulose was added to a medium loam soil (pH 6:1, 
carbon 1-4 per cent). It is seen that about 10 per cent of 
the original cellulose carbon was recovered in amino-acids 
after 12 and 30 days of incubation; after 90 days of 
incubation this value had decreased to 7 per cent, and 
after 300 days to 5 per cent. The amount of original 
cellulose-carbon incorporated in amino-acids constituted a 
considerable part of the total amount of original cellulose 
carbon remaining in the soil, about 40 per cent after 
90 days of incubation and 30 per cent after 300 days. 
Maximum amount of original cellulose carbon in Ba(OH), 
extractable material (2-5 per cent) was observed after 
12 days of incubation. 

Addition of glucose to the soil mentioned above resulted 
in a larger incorporation of original glucose carbon in 
Ba(OH), extractable compounds, and in amino-acids 
during the first 5 days of incubation than observed for 
cellulose, but after 30 days of incubation the amounts 
incorporated were of the same size as mentioned for 
cellulose. 

The Ba(OH), extracted material included a number of 
free amino-acids and polysaccharides which on hydrolysis 
yielded glucose and smaller amounts of other sugars. 
The amino-acids liberated during the treatment with 
6 N HCl included 13 normal protein amino-acids besides 
glucosamine and galactosamine. 

The clay content of the soil might be of importance for 
the fixation of metabolic products’. This relation was 
investigated in a few experiments. A sandy soil (pH 5'8, 
carbon 2-2 per cent) was mixed with washed quartz sand; 
to the sand was added a clay mineral, Wyoming mont- 
morillonite, American Petroleum Institute Clay Mineral 
Standard No. 25, obtained from Ward’s Natural Science 
Establishment, Rochester 3, New York. The clay was 
added in such amounts that the soil-sand mixtures con- 
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Fig. 1 Transformation of carbon added ın cellulose into other com- 

ounds during decomposition in soul. The shaded areas of the columns 
ndicate the amounts ın per cent of the cellulose carbon added, the total 
areas of the columns indicate the amounts in per cent of original cellulose 
carbon remaining 1n the soil. ‘Days’ means days of ncubation at 20° C. 
Columns marked 1 indicate original cellulose carbon ın material extracted 
with 0-1 N Ba(OH),, columns marked 2 indicate original cellulose carbon 
in amino-acids dissolved during treatment with 6 N HCI, columns marked 
3 indicr te original cellulose carbon coe in the soil treated with 6 N 
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glucose and cellulose ın a soil-sand mixture CO, means mg of carbon ir 
carbon dioxide evolved per 100 g of dry soil—sand, ‘days’ means days o 
incubation at 20° C. The curves are summation curves and the number: 
indicate per cent of montmorillonite added to the soil-sand from whicl 
the carbon dioxide pronucHon originates The inserted histograms shov 
the results of the chemical analyses of the soil-sand performed after 6( 
(glucose) and 90 (cellulose) days ofincubation The areas of the column; 
indicate the amounts of original glucose or cellulose carbon recovered ir 
material extracted with 0 1 N Ba(OH)., (dotted columns), and ın amino 
acids dissolved during treatment with 6 N HC! (shaded columns). The 
values are stated in per cent of glucose or cellulose carbon added 


tained 0, 3, 5 and 10 per cent respectively of the cla 
besides 50 per cent of the soil, and sand to 100 per cer 

Cellulose and glucose were added and the expermmer 

performed and analysed as described above. Befo 
addition the clay was prepared as follows. A 5 per ce 

suspension of the raw mineral was centrifuged for 10 x 

at 2,500 r.p.m. The suspension of particles not sec 
mented was run through columns of Nat and H+ saturate 
cation exchange resin. The effluent suspension which he 
a pH of 2-2 was titrated to pH. 5-8 (the pH of the so 

with 0-5 N NaOH and centrifuged at 20,000 r.p.m. uni 
all material had come down. The sediment was dried + 
room temperature im vacuo and ground thoroughly. 

Rig. 2 shows that the presence of montmorillonim 
reduced the rate of the production of carbon dioxide fron 
the soil-sand during the later stage of the decompositio 
whereas it seemed to be of no importance during the fir 
stage of decomposition during which about 40 per cer 
of the added carbon was evolved as carbon dioxide. TI 
rate of carbon dioxide calculated to originate from so 
humus was not, or only very slightly, influenced by th 
addition of the clay mineral. 

The chemical analyses of the soil-sand mixtures aft 
the decomposition period (Fig. 2, insets) showed that 
larger percentage of the added carbon was recovered 1 
amino-acids where the montmorillonite was added tha 
in the controls without added montmorillonite. Thi 
seems to indicate that the reduced rate of production c 
carbon dioxide was a result of a protection of metaboli 
products towards microbial decomposition by adsorptio: 
to the montmorillonite’. 

HENNING SORENSEN 
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FORTHCOMING EVENTS 


(Meetings marked unth an asterisk are open to the public) 


Monday, October 4 


‘RITISH BIOPHYSICAL SOOLETY, PHYSICAL BIOCHEMISTRY GROUP (at the 
ool of Pharmacy, Brunswick Square, London, WC 1), from 11 am to 
) p m —Meetng on “Light Scattering’ 


XSTITUTION OF MECHANICAL ENGINEERS, EDUCATION AND TRAINING 
JUP (at 1 Birdcage Walk, Westminster, London, S W 1), at 6 pm— 
‘cussion Meeting on “The Teaching of Mechanics of Machines”. 


OCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (in the Shell Centre 
atre, Shell Centre, London, S.E.1), at 6 30 p m.—Scientific Film Evening. 


Monday, October 4—Wednesday, October 6 


RON AND STEEL INSTITUTE and the INSTITUTE OF METALS (at the Royal 
nmonwealth Society, Northumberland Avenue, London, W.C 2)—Joint 
iference on ‘“‘Machinability’”’. 


Tuesday, October 5 


NSTITUTION OF MECHANICAL ENGINEERS, APPLIED MECHANICS GROUP 
1 Birdcage Walk, Westminster, London, S W 1), at 6 p m.—Discussion 
eting on “Acoustic Excitation and Mechanical Resonance”. 


Wednesday, October 6 


JOLOUR GROUP (Great Britain) (in the Physics Depaitment, Imperial 
lege, London, S W 7), at 315 g m—TTwenty-ninth Science Meeting 
port on the International Colour Conference ın Lucerne (June 1965) and 
oon the CI E. Committee Meetingin Basle. Speakers. Dr. B H. Crawford, 
. D. A. Palmer, Dr. R. W. G. Nunt and Mr. F J. B. Wall 


ROYAL SOOLETY OF MEDICINE, HISTORY OF MEDICINE SECTION (at 1 Wim- 
le Street, London, W 1), at 515 pm.—Mr N. Capener’: “An English 
venteenth Century Emergency Hospital’; Mr. J. Shepherd: “The Civil 
»spitals in the Crimea, 1855-1856”; Mr. D. Ll. Griffiths “Medicine and 
rgery in the American Civil War”. 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, W.1) at 
re pm; R Hollinghurst ‘“‘Radiation-Resistant Fluids and Lubri- 
nts”. 

INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONIOS DIVISION (at 
voy Place, London, W C 2), at 5 30 p m —Driscussion on ‘“Fillmg Gaps in 
HF /U H F. Service Areas” opened by Mr L. F Tagholm 


ROYAL MIcROSCOPIOAL SOCIETY (at the Royal Society, Burlington House, 
Semel London, W.1), at 630 p.m —‘‘Photomicrography—a Brains 
acust’’. 


ENVIRONMENTAL GROUP (in, the Department of Electrical Engineenng, 
nperial College of Science and Technology, Exlubition Road, London, 
W 7), at 545 p.m —Extraordinary General Meeting. 630 p m.—Discus- 
‘on, Meeting on “Existing Methods of Appraisal”. 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, RADAR GROUP (at 
Bedford Square, London, W C.1), at 6p m.— Mr H W Cole “ ‘SSECAR’— 
Modern SSR. Ground Interrogator and Decoding Equipment”. 


PHARMACEUTICAL SOCIETY OF GREAT BRITAIN (at 17 Bloomsbury Square, 
ondon, W.C.1), at 6 p.m.—Mr. L. G Goodwin: ‘“‘Comparative Pharma- 
Jogy”. 

SOCIETY OF ENVIRONMENTAL ENGINEERS, PAOKAGING GROUP (in the 
.echanical Engineering Department, Imperial College, Exhibition Road, 
ondon, S W.7), at 6 pm—Dr. J. Pendered. “Shock Response Analysis 
‘nder Shock Spectrum”. 


SOCIETY FOR ANALYTICAL CHEMISTRY (at the Chemical Society, Burlington 
{ouse, Piccadilly, London, W 1), at 7 p m.—Prof T S. West: “Some 
pecial, Sensitive and Selective Reactions in Inorganic Trace Analysis”. 


TELEVISION SOOIETY (at the I.T.A. Conference Suite, 70 Brompton Road, 
ondon, S.W 8), at 7 p m.—Discussion Meeting on “The Technical Future of 
3ritish Television” 


Thursday, October 7 


ROYAL SOCIETY OF MEDICINE, UNITED SERVICES SECTION (at 1 Wimpole 
Street, London, W 1), at 5 p m —Surgeon Commander J. D. Walters and 
dr. J. J. Brand: “Motion Sickness”’. 


SOCIETY OF COSMETIO CHEMISTS OF GREAT BRITAIN (at the Royal Society 
f Arts, John Adam Street, Adelphi, London, W.C.2), at 7 30 p.m.—Dr, 
4. W. Scott Blair: “The Subjective Assessment of the Consistency of Materials 
n Relation to Physical Measurements”. 


Friday, October 8 


BIOCHEMICAL SOCIETY (at the Middlesex Hospital Medical School, London, 
‘W.1}—453rd Meeting Programme includes a Colloquium on “The Effects 
>f Hormones on Nucleic Acid Synthesis”. 


Saturday, October 9 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, London 
Road, Forest Hill, London, S E.23), at 3.30 p.m —Dr. J. Eric 8 Thompson’ 
“The Ancient Maya Civilization of Central America’’.* 


Monday, October ! Í 


INSTITUTION OF MECHANICAL ENGINEERS, EDUOATION AND TRAINING 
GROUP (Joint Conference with the Schools Council, at 1 Birdcage Walk, 
Westminster, London, S W.1), at 2 30 p m —Conference on “Applied Science 
and Engineering Activities in Schools”. 


UNIVERSITY OF LONDON (in the Botany Lecture Theatre, University 
College, Gower Street, London, W C 1), at 5.80 p m.—Prof. G. Drews (Uni- 
versity of Freiburg) “The Cell of the Photosynthetic Bacteria in Light- and 
Dark-Metabolism” (further lecture on October 13) * 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S.W.7), 
at 6 p.m.—‘‘Germany: a Regional Geography” (colour film). 
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APPOINTMENTS VACANT 


APPLICATIONS are invited for fhe following appointments on or betore the 
dates mentioned: 

PRINCIPAL BIOCHEMIST (with a good honours degree in chemistry or 
biochemistry and/or a Ph.D. or osher higher qualification) in the Department 
of Chemical Pathology, Ashton 3treet, Pembroke Place, Liverpool, 3—The 
Secretary, The United Liverpool Hospitals, 80 Rodney Street, Liverpool, 1 
(October 12) 

PHYSICIST, BASIO GRADE, IN TIE PHYSIOS DEPARTMENT, to assist with the 
routine, development and researen work of the department in the application 
of physics to medical problems (if necessary training will be given in all 
aspects of this work)—The House Governor, The London Hospital, White- 
chapel, London, E.1 (October 147 

ASSISTANT LIBRARIAN (qualified librarian preferably with some experience 
in 2 college library)—The Clerk to the Governors, Woolwich Polytechnic, 
Wellington Street, Woolwich, London, 8 E 18 (October 15). 

PROGRAMMING ASSISTANT IN THE COMPUTING DEPARTMENT, to write 
programmes for the Unversity EDF 9 computer and to assist in the general 
supervisory service of the Department—The Secretary of the University 
Court, The University of Glasgoy,, Glasgow (October 15) 

RESEARCH ASSISTANT IN THE DEPARTMENT OF GEOGRAPHY to undertake 
the field work and photogrammetric plotting of aerial photographs 
necessary to compile a series of maps of an area 1n the Inner Hebndes—The 
Secretary of the University Court, The University of Glasgow, Glasgow, W 2 
(October 15) 

LECTURER (initiated, designec, constructed and used electronic devices, 
not necessarily medical) IN BIOMEDICAL ENGINEERING—The Secretary, The 
University, Aberdeen (October —6) 

LECTURER (with special qualifmations in social geography or social anthro- 
pology) IN GroqRaPHY—The Rezistrar (Room 39, O.R B ), The University, 
Reading (October 16) 

SENIOR LECTURER IN MATHEMATICS; a LECTURER or ASSISTANT LEOTURER 
IN MATHEMATICS, a LECTURER Dr ASSISTANT LECTURER IN STATISTIOS; a 
LECTURER IN COMPUTATION, and a LECTURER or ASSISTANT LECTURER IN 
OPERATIONAL RESEARCH—The Registrar, Ref 124Y/E, Bradford Institute 
of Technology, Bradford, 7, Yorkshire (October 18). . 

ASSISTANT STATISTICIAN (withan honours degree in statistics, or a first- or 
second-class honours degree (or =quivalent qualification) in which statistics 
is a principal subject) in the Department’s eae eset in London— 
B Johnston, Department of Edncation and Science, Curzon Street, London, 
W.1 (October 19). 

LECTURER or ASSISTANT LECTURER (preferably with research experience, 
interest or qualifications in platvhelminth or nematode parasitology or the 
ecology and systematics of small animals) IN THE DEPARTMENT OF ZOOLOGY, 
Ahmadu Bello University, North.rn Nigeria—The Secretary, Inter-University 
Council for Higher Education Cverseas, 38 Bedford Place, London, W.C.1 
(October 20). 

RESEARCH ASSISTANT (with ax honours degree in botany or an equivalent 
qualification, with an interest in taxonomy and preferably with some know- 
ledge of bryophytes) IN THE DEPARTMENT OF BOTANY for participation 1n a 
project involving floristic and fhytogeographical studies in antarctic bryo- 
rOvtober 22) Assistant Registra? (Science), The University, Birmingham 15 

ctober 22), 

LECTURER (with special qualiccations in economic geography and quanti- 
tative methods) IN THE DEPARTIENT OF GEOGRAPHY, University of Ibadan, 
Nigeria—The Secretary, InterdJniversity Council for Higher Education 
Overseas, 33 Bedford Place, London, W.C 1 (October 26). 

SENIOR LECTURERS and LECTURERS IN THE DEPARTMENT OF PHYSICS, 
University of Ibadan, Nigeria—The Secretary, Inter-University Council for 
Higher Education Overseas, 33 3edford Place, London, W C.1 (October 25). 

LECTURER IN GEOLOGY AT FoUCRAH BAY COLLEGE, The University College of 
Sierra Leone—The Secretary, Incer-University Council for Higher Education 
Overseas, 33 Bedford Place, Lonion, W.C.1 (October 28). 

READER IN COMPUTER SCIENCE AT THE INSTITUTE OF COMPUTER SCIENCE, 
to lead a small research group concerned with the general design and use of 
future computing systems inclading problems of man-machine communi- 
catlon—The Academic Registrar, University of London, Senate House, 
London, W C 1 (October 29). 

SOLENTIFIC INFORMATION OFF*CER (with a botanical or agricultural degree, 
the ability to write correct English, and preferably a knowledge of foreign 
languages) AT THE COMMONWLALTH BUREAU OF PLANT BREEDING AND 
GENETICS, Cambridge, for work which includes abstracting, editing, classi- 
fication of biological literature and dealing with scientific enquiries—The 
Director, Commonwealth Agrvultural Bureaux, School of Agriculture, 
Cambridge (October 30). 

JUNIOR LECTURER or LECTURER (with at least a B.Sc. (Hons.) degree, and 
preferably some experience in mdioisotope work) IN Som SCIENCE, Massey 
University of Manawatu, Palmerston North, New Zealand—tThe Association 
of Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, S W.1 (New Zealand and London, October 31). 

LECTURER or SENIOR LECTULHR (with a degree in agricultural science or 
science, and experience in soil fertility work, ether ir the field or the labora- 
tory) IN SOIL SCIENOE at Massey University of Manawatu, Palmerston North, 
New Zealand—The Association of ‘Commonwealth Untversities (Branch 
Office), Marlborough House, P-ll Mall, London, $ W.1 (New Zealand and 
London, October 31). 

SENIOR LECTURER, LECTUREL or JUNIOR LECTURER (one or two appoint- 
ments) (preferably with researcen experience or special interests in (a) plant 
physiology, particularly of the cell and tissue levels, (b) morphology and 
physiology of lower plants; oz (ce) cytology and histochemistry) IN THE 
DEPARTMENT OF BOTANY, Massey University of Manawatu, Palmerston 
North, New Zealand—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, 8.W.1 (New Zealand 
and London, October 31). - 

CHAIR OF HAEMATOLOGY at &. Bartholomew’s Hospital Medical College— 
The Academic Registrar, Uni-ersity of London, Senate House, London, 
W.C 1 (November 1). 

CHAIR OF PLANT PHYSIOLOt-Y within the Waite Agricultural Research 
Institute, University of Adelaide, Australia—The Association of Common- 
wealth Universities (Branch Offce), Marlborough House, Pall Mall, London, 
S.W.1 (Australia, November 1) 

LECTURER (graduate ın micraDiology or biochemistry) IN BACTERIOLOGY— 
The Secretary, Trinity College, Dublin, 2, Republic of Ireland (November 1). 

LECTURER (with a higher degree in anthropology/sociology, experience 1n 
conducting independent research, and pete some teaching experience) 
IN ANTHROPOLOGY at the University of Western Australa—The Association 
of Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, S W.1 (Australia and London, November 13). ’ 

SENIOR LECTURER (competeat circuit engimeer with modern experience 
and a knowledge of digital conzputers, and preferably analytical ability and 
lecturmg experience) IN ELECTRICAL ENGINEERING at the University of 
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Adelaide, South Australia—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, S.W 1 (Australia, 
November 15). 

ASSISTANT LECTURERS or LECTURERS (3) IN THE DEPARTMENT OF PHYSICS 
eae Registrar, The University, Liverpool, quoting Ref. CV /290 (November 

íJ. 

EOTURERS (with a good honours degree and a keen research interest in any 
branch of electronics and control engineering) IN THE SCHOOL OF ENGIN- 
EERING SCIENCE, ELECTRONIOS AND CONTROL DIVISION—The Registrar, 
University College of North Wales, Bangor, North Wales (November $0) 

ASSISTANT LECTURER, GRADE B. to teach human anatomy, physiology and 
hygiene and possibly some general science, together with biology to GC E. 
Advanced Level—The Registrar, Derby and District College of Technology, 
Kedleston Road, Derby. 

ASSISTANT LECTURER (honours graduate with suitable postgraduate 
experience) IN PHysios—The Academic Registrar, Brunel College, Wood- 
lands Avenue, Acton, London, W.S. 

ASSISTANT LECTURER (with appropriate qualifications in biology, mycology 
or botany, and preferably special qualifications in plant mycology or general 
mycology) IN BIOLOGY IN THE DEPARTMENT OF APPLIED MICROBIOLOGY AND 
BIoLOGY—The Registrar, University of Strathclyde, Glasgow, C 1 

CHIEF TECHNICIAN (with appropriate technical qualifications and wide 
practical experience) IN THE SCHOOL OF BIOLOGICAL SCIENCES AT BATH, 
to be responsible for the overall control of technical services and the ordering 
of materials and equipment in the School—The Secretary and Registrar, 
Bristol College of Science and Technology, Ashley Down, Bristol, 7, quoting 
Ref. CST. 65/90. 

ELECTRONICS TECHNICIAN (preferably with a National Certificate in Elec- 
trical Engineering or equivalent) IN THE BIOLOGICAL LABORATORY, to be 
responsible for the maintenance and construction of electronic instruments 
used in research and teaching—The Assistant Registrar (Establishment), 
University of Sussex, Stanmer House, Stanmer, Brighton, Sussex. 

_ FIELD ASSISTANT (Female) (with a degree in zoology, preferably with an 
interest in geography or geology) at Preston Montford Field Centre, near 
Shrewsbury—The Secretary, Field Studies Council, 9 Devereux Court, 
Strand, London, W C.2. 

GRADUATE RESEARCH OFFICER (preferably with ad a in medical 
statistics, biometry or genetics) IN STATISTICS in the Oxford Record Linkage 
Study and Unit of Clinical Epidemiology—The Medical Director, Oxford 
Record Linkage Study, Nuffield Department of Clinical Medicme, Radcliffe 
Infirmary, Oxford. 

LECTURER (honours graduate in zoology with subsidiary qualifications or 
interest ın physiology) IN ZOOLOGY IN THE BIOLOGY AND ZOOLOGY DEPART- 
Ce ong Principal, Norwood Technical College, Knight’s Hill, London, 

LECTURER or ASSISTANT LECTURER (preferably with a special interest in 
social statistics, social administration, or industrial sociology) IN SOCIOLOGY, 
to assist with teaching for London honours degrees in Soctology—The 
Registrar, Portsmouth College of Technology, Hampshire Terrace, Ports- 
mouth, Hampshire. 

LIBRARIAN (qualified person or graduate)—The Administrator, Depart- 
ment of Biochemistry, University of Oxford, South Parks Road, Oxford. 

MASTER (preferably graduate in mechanical sciences or engineering) TO 
TEAOH MATHEMATICS AND SOME PHysics—The Headmaster, Oundle School, 
Peterborough. 

MASTER TO TEAOH MATHEMATIOS to scholarship level—The Headmaster, 
Monkton Combe School, near Bath, Somerset 

ORNITHOLOGIST (university graduate in zoology) with the Canadian Wild- 
hfe Service, Quebec City, to undertake ecological studies of migratory bird 
populations with particular emphasis on the distribution, numbers, locations 
and migrant patterns of waterfowl and the evaluation of their habitat— 
Technical and Scientific Requirements Group, Civil Service Commission, of 
Canada, Ottawa 4, Ontario, Canada, quoting Ref. 66-1350K. 

PHYSICIST (well qualified and experienced, able to teach to university 
Sacer level)—The High Master, Manchester Grammar School, Man- 
chester, 13. 

PHYSICIST (with an honours degree) IN THE PHYSICS DEPARTMENT for work 
involving the clinical and biological uses of ionizing radiation—The Physics 
Department, Westminster Medical School, Horseferry Road, London, 8 W 1. 

PROFESSOR IN PHYSICAL CHEMISTRY—Prof Harry E. Gunning, Head, 
Peper tment of Chemistry, University of Alberta, Edmonton, Alberta, 

anada 

RESEARCH ASSISTANT (civil or chemical engineering graduate) IN THE 
DEPARTMENT OF CIVIL ENGINEERING, to investigate fluidization-flocculation 
processes in water purification—The Secretary, University College, Gower 
Street, London, W.C 1 

RESEARCH ASSISTANT IN THE DEPARTMENT OF PHYSICS for research on 
plasma generation by high power lasers—The Registrar, University of 
Essex, Wivenhoe Park, Colchester, Essex. 

RESEARCH ASSISTANT (with a good honours degree in sociology) IN SOGI- 
oLOGY—The Registrar, Portsmouth College of Technology, Hampshire 
Terrace, Portsmouth, Hampshire 

Som, CHEMIST (national of the United Kingdom or the Republic of Ireland, 
with either an honours degreé in, agricultural chemistry (soils and plants), or 
a degree in chemistry with postgraduate experience iu, agricultural analysis 
(soils and plants), and preferably experience in soil and plant analysis) with 
the Hast African Common Services Organization, to carry out and supervise 
soil and plant analysis and to help develop and Investigate new methods— 
The Appointments Officer, Ministry of Overseas Development, Room 301, 
Eland House, Stag Place, London, S W.1, quoting Ref. RC 213/214/04., 

TECHNIOLAN or SENIOR TECHNICIAN (with a good knowledge of general 
laboratory practice, and preferably special experience in experimental and 
microscopical cell studies or electron microscopy) in the Analytical Cytology 
Section, to assist in work on cell ultrastructure and function—A. D Green- 
wood, Department of Botany, Imperial College, London, 8.W.7. 

TECHNICIAN (preferably with experience in the food or pharmaceutical 
Industries) TO TAKE CHARGE OF BIOCHEMICAL ENGINEERING PILOT PLANT— 
The Establishment Officer, University College, Gower Street, London, W C1, 
quoting Ref. Chem. Eng /3. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Agricultural Research Council. A ‘Bibliography of Farm Buildings 
Research. Part 1: Buildings for Pigs, 2nd Supplement, 1962-64. Pp. 80. 
(London: Agricultural Research Council, 1965. Obtamable from H M. 
Stationery Office.) 5s. 6d net. [268 

Political and Economic Planning. Annual Report 1964-65. Pp. 12. 
(London: Political and Economic Planning, 1965 ) [268 
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Automatic Computing: Its Problems and Prizes. By Prof. Stanley ™ 
(Inaugural Lecture, 26 January, 1965) Pp. 69-93+6 plates. (Lon? 
[mperial College of Science and Technology, 1965.) 48. 6d. ; 

Building Research Station Digest (Second Series). No. 61: Strengt 
Brickwork, he Wek) ang Concrete Walls. Pp. 6. (London: 

tationery Office, 1965. é 
: Agricultural Research Council: Soil Survey Research Board. Soil Sur 
of Great Britain—Report No. 17, 1964. Pp. v+46. (London* Agriculti 
Research Council, 1965. Obtainable from H. Stationery on 
6s. net 
Wye College (University of London). Annual Report of the Depart 
of Hap TN 1964 (from 1st April, 1964, to 31st March, 1965). Pp. v+ 
(Wye, Ashford, Kent: Wye College, 1965.) 6s. [ 

Ministry of Technology. Laboratory of the Government Chemist. Rey 
of the Government Brera ones ee vui+108+4 plates. (Lond 

.M. Stationery Office, 1965. . net. 
Paint Barer and Museum. Memoirs of the Geological Survey 
Great Britain—England and Wales. Geology of the Country aro 
Huntingdon and Biggleswade (Explanation of One-inch Geological She 
187 and 204, New Series). By E. A. Edmonds and the late O. H-Dinhs 
with contributions by J. B. va ay GS or eet Pp. vili+90+3 plar 
London: H M. Stationery Office, 8. net. ; 
! The British Drug Houses, Ltd. 2: 4-Dımitro-phenyl-hydrazine. Pp . 
(Poole, Dorset' The British Drug Houses, Ltd., 1965.) [s 


Other Countries 


United States Department of the Interior: Geological Survey Bulle 

1188: The Crystalline Rocks of South Carolina. By Wulliam O. Overstr 
and Henry Bell, III. Pp v+126+4 plates. Bulletin 1188: Geology 
Northwestern North Park, Colorado. By William J. Han, Jr. Pp v+13: 
plates 1-5, Bulletin 1199-B’ Bauxite and Kaolin Deposits of Mississip 
Exclusive of the Tippah-Benton District. By Louis C. Conant. JE 
v+70+plates 1-5. (Washington, D.C.: Government Printing Offi 
1965. ; . [2 
Proceedings of the United States National Museum, Smithsonian Insti 
tion. Vol. 117, No. 83508: Microlepidoptera of Juan Fernandez Islands. 
J. F. Gates Clarke. Pp. 1-106. Vol. 117, No. 3509: Neotropical Heme: 
biidae in the United States National Museum. By W. Nakahara. I 
107-122. Vol. 117, No. 3510: Hermatobates, a New Generic Record for t 
Atlantic Ocean, with Descriptions of New Species (Hemiptera: Gerrida 
By Jon L Herring. Pp. 123-130. (Washington, D.O.: Aa 
Printing Office, 1965. 

Western reer Report of the Government Chemical Laboratories jam 
the year 1963. (Extract from the Report of the Department of Mine 
Pp 39. (Perth: Government Printer, 1965 ) sah [2 

Contributi dell’Istituto Geofisico e Geodetico dell’Universits di Geno: 
all’ Anno Geofisico Internazionale 1957-58 e 1959-1963. Memoria Nr. 
Ricerche sulla Radiazione Solare. Da M. Bossolasco, G. Cicconi, I. Dagnin 
A. Elena e G. Flocchim Pp. 56. (Genova. Istituto Geofisico e Geodeti 
dell’Université di Genova, 1965.) [2 

Progress in Protozoology: Abstracts of Papers read at the Second Int» 
national Conference on Protozoology, London, 29th July—5th August, 19t 
(International Congress Series, No. 91.) Pp. 278. (Amsterdam, New Yor 
London, Milan, Tokyo and Buenos Aires: Excerpta Medica Foundatio 
1965.) 65s. [2t» 

Proceedings of the United States-Japan Conference on Research Relate 
to Earthquake Prediction Problems. (Sponsored by the National Scien 
Foundation and Japan Soctety for Promotion, of Science.) Pp. 105. (Toky» 
Dr T. Hagiwara, Earthquake Research Institute; New York: Dr. J. Olive 
Lamont Geological Observatory, Palisades, 1964.) [26 

Year Book of the National Institute of Sciences of India, 1965. P 
vi+ 289, (New Dehli: Natıonal Institute of Sciences of India, no 
Rs. 15 


United States De artment of the Interior: Geological Survey. Profe 
sional Paper 490° Geolory of the Flaming Gorge Area, Utah—Coloradc 
Wyoming. By Wallace R. Hansen. Pp. vui+196+ plates 1-3. (Washinse 
ton, D.C.: Government Printing Office, 1965.) . [2¢ 

Metropolitan Life Insurance Company. Statistical Bulletin, Vol. 4 
(June 1965): Education and the Occupation of Men Geographic Patter 
of Fatal Accidents Further Reduction in Maternal Mortality. Hospit 
Care e Company EETA 1964. Pp. 12. (New York: Ayro Da it 
Life Insurance Company, ` 

Cenco Instruments Sorpo asion. ay Annual Report. Pp. 34:- SET 
Cenco Instruments Corporation, : f » 

Atlantide Report No. 8° Scientific Results of the Danish Expedition to th 
Coasts of Tropical West Africa, 1945-1946 By Jørgen Knudsen ap 


Torben Wolff. Pp 255. (Copenhagen: Danish Science Press; London 
British Museum (Natural History), 1965.) 65 D.kr.; 65s. [26> 

University of Lagos. Change in Vice-Chancellorship. Pp. 28. (Lago: 
The University,1965) - [26 


Records of the Queen Victoria Museum, Launceston. New Series, No. 1€ 
Thomas Bock’s Arah of the Tasmanian Aborigines. Pp. 24 (10 plates 
New Senes, No. 19: Two Skmk Lizards Newly Recorded from Tasman 
By R. H. Green. Pp. 4. (Launceston. The Queen Victoria ee 
1965. 

Testis of the Australian Museum Vol 26, No 6 (5th June, 1964) 
The Archaeology of the Capertee Valley, New South Wales. By Frederick I 
McCarthy. Pp. 197-246+plates 11-24. 16s. 6d. Vol. 26, No. 14 (6b 
January, 1965): Some Nephtyidae (Polychaeta) from Australian Waters: 
By Kristian Fauchaid. Pp. 333-340 23s, (Sydney’ The Australa» 
Museum, 1964 and 1965 ) [26% 
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Unicam now offers all the advantages of a grating 
filter monochromator combined with the proved 
features of the SP200 prism spectrophotometer. The 
first order of the NPL grating is isolated by four inter- 
ference filters, brought into play by an automatic 
mechanism exclusive to Unicam. The resolution is as 
high as 3 cm~” at 3000 cm“ and stray light is less than 
1% throughout most of the range and never exceeds 
2%. The wavenumber accuracy is better than 2cm~ at 
1000 cm~ and 4 cm~ at 3000 cm~. To this performance 
are added the advantages of the flat bed recorder, the 


accessible sample compartment and the convenient 
Spectrum of ammonia gas recorded 


operation of the SP200. The new SP200G is constructed over 830 cm-! to 955 cm-1 at the slow- 
and finished to the high degree of precision for which ata rs under deal A a 

s . = gt . ution conditions using e scale 
Unicam instruments are famous. Descriptive literature expansion accessory. 





is available on request. 


Precision Spectrophotometers 


Unicam Instruments Limited > York Street © Cambridge « Telephone: Cambridge 61631 * Telegrams: Unicam Cambridge > Telex: 81215 
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having no toxicity. 
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Non-toxic.. 
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equipment can also be 
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A superbly accurate 
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AC mains operation 110/220v. 
{t measures: 


Duration of an Impulse 
Interval between two 
impulses 

Duration of an Interruption 
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Immersion Refractomeiter 





The immersion or ‘dipping’ refractometer, as it is sometimes 
known, is a versatile instrument yielding a high accuracy— 
0.00004 on the majority of liquids in common use in science and 
industry. The principal function is of a comparative nature, 
measuring small differences in index between similar samples. 

The normal range of 1.325 to 1.597 is made up using 7 inter- 
changeable prisms, each covering a span of approximately 0.04. 
The first range prism (1.325 to 1.367) is also available in a water 
jacketted prism box as illustrated. A recent addition is a flow 
cell holding about 4 ml. of sample, intended for repetitive 
measurements where the fresh sample flushes out and replaces 
the previous sample. The unit is fully water jacketted for close 


temperature control and may also be used for continuous flow 
measurements. 
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RESEARCH AND DEVELOPMENT IN BRITISH INDUSTRY 


ROF. J. W. MITCHELL’S stimulating Jubilee 
Memorial Lecture to the Society of Chemical 
eadustry (Nature, 207, 113; 1965) on the organization of 
asic research for the British chemical industry was fol- 
wed in May by Sir Ronald Holroyd’s Brotherton 
Iemorial Lecture to the same Society at Leeds, in which 
ie discussed some aspects of research and development in 
“hat industry. More recently, at the annual general 
reeting of this Society in Cardiff in July, Mr. K. Piercy 
onsidered the broader picture of the chemical industry 
2 a changing world, touching on such topics as the 
roblems presented by technological change, research 
olicy, logistics, long-range planning and the demands 
made on management and staff. Similar ground was 
‘overed by Dr. J. Taylor in a lively and provocative 
dress entitled “Restrictive Practices”, when he was 
warded the Society’s Medal at that meeting. Taken with 
wr. J. C. Duckworth’s eleventh Graham Clark Lecture 
o the Institution of Mechanical Engineers, ‘Incentives 
© Innovation and Invention”, these lectures provide a 
ughly stimulating and suggestive commentary on British 
ndustry in general and on the chemical industry in par- 
icular, which is worth examining ın the context of the 
organization and activities of the Ministry of Technology 
and of Britain’s economic situation generally. 

Early in his address, Sir Ronald Holroyd, for example, 
20ints out that research in industry aimed primarily at 
xommercial objectives has contributed greatly to the 
zeneral body of scientific knowledge, and that such fields 
a8 colloid science, crystal-habit control and the chemistry 
of photography have developed very largely through indus- 
trial contributions. Such research work inside industry 
has called for the same degree of ingenuity and skill as 
any other form of research, and has involved more funda- 
mental work than is commonly mmagined. Indeed, the 
possibilities of conducting fundamental research in 
industry are considerably greater than is often appreciated, 
especially perhaps by teachers and others who may 
influence the choice of a career by a young graduate. 

Sir Ronald ıs not, however, concerned with this point 
more than to emphasize the advantage which the greater 
resources of the industrial firm may confer in an integrated 
attack and the dependence of the future growth, diversi- 
fication and productivity of chemical industry on the 
volume and efficiency of its own internal research effort. 
He is not unmindful, however, of the benefit derived 
from academic research or that in some fields Government 
institutions could provide valuable, if strictly limited, 
assistance. He is concerned, though, more especially 
with the way in which new discoveries and inventions in 
industry emerge: here his address runs parallel with that 
of Mr. Duckworth’s. 

Sir Ronald points out that the really successful company 
is one which, in addition to seeking new applications for 
existing knowledge, has the imagination to pick out 
potentially profitable objectives not obtainable with 
existing knowledge and the ability to work out an 
approach to these objectives through its own facilities 
for research and development. Success in identifying such 
objectives depends very largely on the early recognition of 
existing or future needs, whether in the company itself, in 
the industries it serves or in the community at large, and 


Sir Ronald adds that shis responsibility must be spread 
over all branches of the company. The ordinary research 
scientist is not the mcast likely person to recognize or to 
assess the importance cf such needs: his skill and inspira- 
tion are the dominant factors in seeking a scientific break- 
through towards a selected objective. 

Accordingly, Sir Ronald reminds us that research, 
including technical devalopment, cannot be treated in an 
industrial setting as an isolated function, but must be 
closely integrated witŁ the other activities of the firm. 
Scientists in industry must recognize that they are a part 
of the overall management team and look to the practical 
and economic achievements of the company for their 
main personal satisfact_.on ın their work. This he regards 
as the essential difference between research within and 
without industry, and =t obviously has a close bearing on 
the ability of an industry to attract competent scientists. 
However, in his lecture, Sir Ronald stresses the responsi- 
bility ıt places on management for making effective use 
of its scientists, including the deliberate diversification of 
their expert experience. Neglect of this could be a potent 
factor in the shortcomings of the chemical industry which 
have led ıt to lose grcund to foreign competitors to an 
extent for which the Economic Development Council 
could find no obvious explanation. 

The Council did indeed suggest that uncertainty about 
the future growth of tre economy was leading to hesitant 
investment, and that she high cost of British coal and 
electricity, as well as tie comparatively low British tariff 
on the newer plastics, might be hidden obstacles. None of 
these, however, bears closely on the point discussed by 
Sir Ronald and by Mr. Duckworth, and it is worth 
noting that Mr. Duckworth, so far as the individual is 
concerned, discounts the primary Importance of material 
incentives. Both here end in his comment that significant 
technological advances now tend to be made by teams 
rather than by individvals, his views support Sir Ronald’s, 
at least by implicaticn. He challenges the academic 
attitude towards patensing, as perhaps might be expected. 
from the chairman of tae National Research Development 
Corporation, and stoutky champions the policy of energetic 
filing and exploitation of patents. 

Mr. Duckworth’s views on mdustrial and national 
incentives are likewise -argely derived from his experience 
with that Corporatior. However, he points out that 
inventions and innovation are not necessarily meritorious 
in themselves but only so far as they contribute to higher 
efficiency and enable as to compete more effectively in 
world markets. Whi all significant technological in- 
formation available in the United States is also available 
in Britain, the output per worker in the United States is 
in general 2:5-3 times shat in British industry. Britain’s 
immediate problems, Le believes, are concerned mostly 
with management anc with the attitude of workers to 
their jobs. He suggests that a thorough study of the 
reasons underlying thie difference would be a most poten- 
tially rewarding research programme. 

Mr. Duckworth again agrees with Sir Ronald when he 
remarks that, in the Dng run, achievement of a steady 
increase in productiviy can be achieved only by the 
introduction of new processes and products. It is in this 
context that he suggesus that a main purpose of taxation 
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should be to ensure, so far as possible, that individual firms, 
while looking after their own interests, act in the national 
interest also. Nevertheless, a recent survey has shown 
that when deciding whether or not to install a new process 
only 16 per cent of firms make prior allowance for all 
available tax incentives in their calculations. This may 
be an indictment of management but, as Mr. Duckworth 
observes, it makes it difficult to see what the next stage 
should be. 

Mr. Duckworth sees four areas where direct Government 
action is, or would- be, advisable in the national interest. 
First are those few projects of great significance and 
public interest where the research and development 
expenditure or capital cost involved are too great to be 
shouldered by an individual firm or groups of firms—as in 
the development of civil aircraft or nuclear power. It 
might be added that we have yet to elaborate really 
satisfactory procedures to provide the basis for even 
Government decisions in such major technological 
developments. Mr. Duckworth suggests that scientifically 
trained executives would make a great contribution in 
Government by ensuring that scientific method was 
applied in Government procedures so that the maximum 
possible information was available before decisions were 
taken. 

Secondly, there 1s the analogous situation of a medium- 
sized project for which, as with the hovercraft, there 1s 
no particular industry ın existence with the potential or 
expertise to develop it fully. The third area which he 
instances 1s concerned with the fact that a relatively long- 
term view is required as compared with the relatively 
short-term view which directors are usually compelled 
to take in the interests of their shareholders. The fourth 
is that where the estimated benefit to the innovating 
industry may provide insufficient incentive to proceed, 
although the benefit to the national economy as a whole 
may be considerable. Here a start has already been made 
with the use of cost/benefit analysis, and Mr. Duckworth 
concludes his lecture by stressing the vital part which the 
engineer or scientist who turns to management could 
play. It is to the application of scientific method and 
results to management and to new products and processes 
that we must look for increased productivity, though the 
creation of a society which welcomes innovation also 
depends largely on a re-orientation of our sense of values. 

Much of what Mr. Duckworth says in this lecture is 
reflected in the closing part of Sir Ronald Holroyd’s 
lecture, particularly in reference to management and the 
methods of assessments available or in use. Both are also 
conscious of the critical importance of recruitment, of 
ensuring that a due proportion of talent is attracted to 
engineering and technology and that the idea that indus- 
trial scientific activities are intellectually second-rate 
should be firmly dispelled. Mr. Piercy does not refer to 
this recruitment problem, but in referring to management 
and staff he stresses the exacting demands made on them 
in the chemical industry, with the result that their jobs 
are correspondingly more intellectually satisfying and 
interesting than in the past. He believes that the industry 
could do more to ensure that its able young men receive 
first-rate training in management at appropriate stages 
in their career and that, after giving them the opportunity 
to broaden their experience, the best use is made of 
their abilities. 

Mr. Piercy’s confidence in the ability and professional 
competence of such management in chemical industry 
is the more significant in that his address treats more 
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specifically the policy and export performance of th» 
industry which the Economie Development Council fc 

the industry has since criticized. In referring to long 

range planning, he does not mention the uncertaintie 

stressed by the Council, but he admits that its expor 

performance does not compare well with similar bodie 

in other countries. He is also concerned at the rise 1 

chemical imports, for which he suggests no specifi 

reason. Commenting on the trend towards larger plants 

he believes that the risk of excess capacity has been over 

exaggerated; while this trend makes the choice of a sit 
more difficult, he agrees with Sir Paul Chambers as to th 

importance of really large markets. 

On all this Dr. Taylor’s lively address makes a mos 
stimulating gloss. He puts the question of restrictive 
practices very fairly and pertinently in its proper contex: 
and in a way that indicates where the particular respon 
sibility lies. Restrictive practices are, he points out 
among the restrictions and inhibitions on our adaptability. 
and rate of progress imposed by the illogical forces derivec 
from man’s past which dominate our behaviour. Tc 
recognize this is a first step toward eliminating the 
restrictive practices which, Dr. Taylor agrees, must be cut 
out if we really mean to improve our material prosperity 
They are, ın fact, widely present throughout our society 
and in so far as they do, as some argue, arise out of social 
and economic cleavages. Dr. Taylor considers that our 
troubles are due in greater part to a lack of leadership. 

Dr. Taylor makes one point that is often overlooked in» 
discussing our economic situation to-day: as a people, 
we made two all-out efforts ın war in little more than 
thirty years, and whereas the defeated nations had help 
from outside in their subsequent struggle to survive, the 
British people have never had the opportunity to relax. 
It is equally important to note that Dr. Taylor does not 
commit himself that a materialistic objective is neces- 
sarily wise and this should be remembered when he 
emphasizes that British industry 1s more highly manned 
than its American counterpart and that only if the profit 
per person. in productive industry is high can the standard 
of living in Britain be improved and capital resources 
built up. That the chemical industry is so highly manned 
should induce a careful study with the view of reducing 
manpower. To cut out restrictive practices is one way of 
achieving this, provided our diagnosis of those practices 
is accurate and complete, and takes account of those 
which arise from outside—more particularly from 
Government regulation or interference and tax systems. 

Dr. Taylor faces the difficulties of this problem fairly, 
putting his finger on some of the real sources of friction, 
such as the differentiation between the salaried staff and 
the pay-roll, particularly in respect of redundancy. With- 
out defending obsolete ideas and practices in the Trade 
Unions, he points out that their eritics also sometimes 
fail to take account of changed conditions and that on 
the staff side too restrictive practices are to be found quite 
inconsistent with responsibilities which are the counter- 
part of their privileges. Moreover, if it is difficult enough 
for people of advanced education to adapt themselves to 
change and even the tempo of change, it 18 much more 
difficult for those who left school at the age of fourteen 
to make the transition from a well-established routine 
to fundamentally different methods of working. Adapta- 
tion and innovation in an industrial society present 
essentially an educational problem. A much clearer 
understanding of the problems of adaptation in an indus- 
trial society is needed and, as Dr. Taylor adds, a more 
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sitive approach to the educational problems involved 

overdue. 

There is sense and insight in Dr. Taylor’s comments 
« management, on the inherent weakness of controls 

d of organization, necessary as they are. If manage- 
ent must bear the major share of responsibility for 
strictive practices, the fundamental need is leadership 

all levels, and, in this, individuality and personality 
sunt to an extent that educational authorities—and 
hers—are liable to forget. Moreover, the type of leader- 
ip we need to-day will not concentrate on economic 
ficiency to the detriment of the rights and dignities of 
„o individual. However, here Dr. Taylor recognizes that 
2tional policy also has a part to play, particularly if we 
re to take work to the workers rather than transfer 
orkers to the work. 

While this group of lectures and addresses is of interest 
3 illustrating the outlook and approach of responsible 
aders within the chemical industry as much as for their 
iagnosis of some defects on which the National Economic 
evelopment Council has commented, the importance 
ttached to management is impressive and supports much 
1at was said at the recent Cambridge meeting of the British 
association for the Advancement of Science. The idea that 
ne chemical industry generally is backward is scarcely 
ənable in the light of these addresses, but their challenge 
2 education and to Government is unmistakable. Neither 
1 industry nor in Government is there room for com- 
lacency, and in the chemical industry as elsewhere the 
hallenge of Britain’s economic position will only be met 
? the response of efficient management and of workers 
nd staff is matched by appropriate Government policy 
nd structure for the assessments on which policy should 
e based. 


NOBEL LECTURES AND 
SCIENTIFIC METHOD 


>hysics 
Yobel Lectures including presentation speeches and 
zaureates’ Biographies 1922-1941. Pp. xii+456. 


Amsterdam, London and New York: Elsevier Pub- 
ishing Company, 1965.) 160s. 


HIS handsome volume is the second of three volumes 

which present the Nobel Prize Lectures in Physics in 
he English language accompanied by the presentation 
\ddresses and short biographical notes. The Nobel 
‘oundation hopes that they will serve to supplement its 
innual publication Les Prix Nobel. The publishers state 
hat the translations of Lectures which were not given in 
Inglish were prepared by the Babylon Translation Service 
f London: it is to be regretted that the English is often 
rritatingly bad, for example, “Allow me to refresh your 
nemories what is the Laue phenomenon” (p. 254). It is 
urious, also, to have the short sentence which justifies 
he bestowal of the Prize listed, in each case, as ‘““Motiva- 
ion” in the contents. The Lectures are preceded by 
resentation addresses which are a valuable aid to the 
‘eader, although these sometimes exceed in length the 
4ectures by the laureates. 

The period 1922-41 is a fascinating one, since it con- 
ains the development of revolutionary ideas associated 
vith the names of Bohr, de Broghe, Heisenberg, Schro- 
linger and Dirac, as well as vital experiments concerned 
with the ultimate structure of matter made by laureates 
rom Millikan (1923) to Fermi (1938) and Lawrence (1939). 
Che Lectures are therefore particularly interesting from 
she point of view of scientific method and the philosophy 
of science, since they exemplify the modern method of 
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starting with mathematizal equations and then attempting 
to interpret their solutions later. This, of course, does not 
supply causal explanations but permits predictions which, 
it is nowadays claimed, are all that can be hoped for. 

Prince Louis Victor d= Broglie (laureate 1929) was the 
pioneer of the hypothesis of matter-waves. He says, 
“experiment which is ths final judge of theories has shown 
that the phenomenon oZ electron diffraction by crystals 
actually exists and tha; it obeys exactly and quantita- 
tively the laws of wavs mechanics”? (p. 255), and con- 
cludes “this wave is n» myth”. He nowhere actually 
states what the waves are waves of, and he accepts the 
prevailing word-magic which, by using the Latin word 
quanta, avoids saying what the quantities are quantities 
of. He appears to avoid actually calling these quantities 
‘energy —rightly, because this is a purely metrical term 
which, therefore, could never be absorbed by any atom 
and cannot constitute = causal explanation In recent 
years de Broglie has resumed the attempt he made in 
1927 to give a causal interpretation to wave-mechanics ; 
he has now, he says, ‘She growing impression that the 
majority of physicists who have yielded to these exag- 
gerated abstract tendenzies have too easily desisted from 
forming an intelligible representation of the phenomena 
of quanta physics”’!. 

In 1932 the laureate was Werner Heisenberg—‘‘for the 
creation of quantum mschanics ...”. He put forward 
the well-known thesis that we must forgo a visual 
description of the atom and maintained that the laws of 
Nature are basically stazistical. 

Erwin Schrédinger (1933) summed up his epistemo- 
logical views somewhat obscurely as follows: “I would 
define the present state of our knowledge as follows. The 
ray or particle path corresponds to a longitudinal relation- 
ship of the propagation process (i.e., in the direction of 
propagation), the wave surface on the other hand to a 
transversal relationship 1.0., normal to it). Both relation- 
ships are without doutt real: one is proved by photo- 
graphed particle paths, the other by interference experi- 
ments. To combine both in a uniform system has proved 
impossible so far. Only in extreme cases does either the 
transversal, shell-shaped or the radial, longitudinal 
relationship predominat= to such an extent that we think 
we can make do with tae wave theory alone or with the 
particle theory alone”. 

Paul A. M. Dirac, who shared the 1933 Prize with 
Schrodinger, explains h»w he derived a relativistic wave- 
equation involving the invention of new mathematical 
variables, and states that these “‘give rise to the spin of 
the electron” (p. 322), but he also admits frankly that 
these variables also “‘givs rise” to some rather unexpected 
phenomena. (Mathemazical terms and operators cannot, 
of course, ‘‘give rise” to anything physical. They can only 
give rise to other math=matical expressions. This illus- 
trates the confusing näsuse of language in which this 
subject is involved.) One unexpected phenomenon is 
that ‘an electron ... must actually have a very high- 
frequency oscillatory motion of small amplitude super- 
imposed on the regular motion which appears to us”. As 
a result, ‘“‘the velocity cf the electron at any time equals 
the velocity of light” (p. 322): he does not comment on 
the fact that this contraclicts the theory of relativity from 
which the conclusion kas been derived, “but one must 
believe in this consequence of the theory, since conse- 
quences of the theory which are inseparably bound up 
with this one, such as tke law of scattering of light by an 
electron, are confirmed by experiment”. Scientists have 
not always agreed with zhis attitude to a theory: it raises 
the difficult problem of the status of an equation some ' 
of the interpretations >f which are verified, and some 
are not, or are meaning-ess, or even contradictory. With 
equal frankness, Dirac discusses another difficulty—that 
the equations which lec to the prediction of the positron 
also predicted negatice energy-states, which are, of 
course, physically meaningless; but once again “we must 
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find some meaning for these states’’. In this case he 1s 
driven to the ad hoc hypothesis that they are nearly all 
“‘occupied”’ by electrons and to the further ad hoc hypo- 
thesis that if they were fully occupied they would be 
completely unobservable. Unoccupied negative energy- 
states are first called “holes” (“for brevity”) and then a 
hole is said to be “just like an ordinary particle”, and 
finally, the hole is called a positron. But despite the ad 
hoc hypotheses and the word-magic, energy-states are not 
particles, whether occupied or not, and are not observed 
but calculated. 

In 1937, the laureates were Clinton J. Davisson and 
G. P. Thomson. In Thomson we see the spirit of British 
empiricism and a cautious and critical approach: “I am 
predisposed by nature in favour of the most mechanical 
explanation possible .. . it might be best, and it is cer- 
tainly safer, to keep strictly to the facts and regard the 
wave-equation as merely a way of predicting the results 
of experiments”. 

After several unsuccessful attempts to give some 
physical meaning to matter-waves, mathematical physic- 
ists have realized that Eddington was right in calling wave 
mechanics “a dodge—and a very good dodge too”?. But 
dodges are not physical theories, and diffraction does not 
necessarily imply waves®. We still await a Nobel Lecture 
which will give us a physical theory of the atom. 

G. Burniston Brown 


1 The Current Interpretation of Wave Mechanics—A Critical Study, preface 
(Elsevier, 1964). 


* The Nature of the Physical World, 219 (Cambridge University Press, 1928). 
> Contemporary Physics, 5, 1, 15 (1968). 


ELECTROCHEMISTRY 


The Encyclopedia of Electrochemistry 
Edited by Chfford A. Hampel. Pp. xviii+ 1206. (New 
York: Reinhold Publishing Corporation; London: Chap- 
men and Hall, Ltd., 1964.) 35 dollars. 


Proceedings of the First Australian Conference on 
Electrochemistry 

Held in Sydney, 13th—-15th February, and Hobart, 18th- 

20th February, 1963. Edited by J. A. Frend and F. 

Gutmann, assisted by J. W. Hayes. Pp. xvi+954. (Lon- 

don and New York: Pergamon Press, 1965.) 200s. net. 


MAS of us will have our own, we suspect, limited 
ideas as to the scope of electrochemistry, and an 
‘encyclopaedia’ in this field might accordingly appear to be 
a publishers ‘gimmick’ rather than a worth-while proposi- 
tion to the potential user. An evening’s perusal of the 
present volume, however, will convince even the most 
complacent reader that here is a book which not only fully 
justifies the title “Encyclopedia” but is also an authorita- 
tive up-to-date reference book of high scientific standard. 
The individual items, numbering 400-500 and written by 
nearly 300 special contributors, are substantial articles; 
they average about 2,000 words or more, are well supported 
by block diagrams, photographs and data tables and in 
addition ın most cases conclude with relevant and impor- 
tant literature references. The items covered are theoretical 
and practical, laboratory and industrial, as indicated 
briefly by the following range quoted in the introduction: 
batteries, corrosion, insulation, electrodeposition, lumin- 
escence, electro-organic, electrothermics, industria] pro- 
cesses, theoretical electrochemistry and electrochemistry 
in biology and medicine. But such a classification does not 
convey anything of the wide range of substantial articles 
in each of these fields, nor prepare the reader for those no 
less important articles that cannot be so classified. Anyone 
whose work or interests impinge on matters in any way 
connected with electrochemistry in its widest sense is 
sure to find articles of direct interest in this book. The 
editor is by no means exaggerating when he states that this 
book will be especially useful to physical, inorganic and 
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analytical chemists, to chemical corrosion, electronic ar 
electroplating engineers, to metallurgists concerned wu 
non-ferrous metals and with basic studies of high temper 
ture and surface phenomena, to physicists specializing 
electronics and to workers in biophysics and neurology. 

To proceed from the general to the particular and discu 
specific articles may not be helpful because of the wic 
range of readers catered for. The university student, f 
example, will be attracted by such articles as those by D= 
Parsons on the double-layer and on electrode kinetics, t 
Dr. Eisenberg on concentration polarization and by Prc 
Read on hydrogen embrittlement. Nor will he be confuse 
by electrode sign conventions; the European and Americe 
conventions are both clearly discussed and unambiguous: 
used throughout with the American convention, reserve 
for oxidation potentials. Thus those to whom the use of tl 
American sign convention in text-books of electrochemi, 
try is anathema may safely refer them student charges +» 
this book. But to mention in this way items of particul: 
interest to one class of reader is to single out just a few i 
the detriment of the hundreds of other items equala 
demanding recognition. One high-light which must t 
mentioned, however, is the inclusion of a most compreher 
sive “Table of Electrode Potentials and Temperatw 
Coefficients’. 

This, then, is a book which, though it may have arrive 
unasked for and unexpectedly, nevertheless has arrive 
and is here to stay. The contributors are all acknowledge 
specialists in their fields and each has now confirmed c 
enhanced his own reputation. Not least in this respect 
the editor, C. A. Hampel, who may feel justly proud of h 
success in harnessing so much electrochemical knowledg 
in one substantial volume. Typographical errors ar 
insignificant ; one might, however, wonder what is mear 
by “incomprehensible” liquid (p. 159), and one could b 
misled by the use of “free enthalpy” (p. 429) whe 
referring to Gibbs free energy. 


THE justification for the First Australian Conference o 
Electrochemistry embracing virtually all the moder 
facets of electrochemistry, pure and applied, lies in tw 
facts. The first is the present considerable interest i 
electrochemistry, reflected in a four-fold post-war increas 
in the percentage of physical chemistry research paper 
appearing in the field of electrochemistry; the second i 
the significant proportion of this work which is bein 
carried out in Australia. The volume under review repre 
sents a substantial contribution to present-day electrc 
chemical literature and offers unequivocal evidence of th 
success of this Conference. It is certainly a publicatio 
which should be read in part or in its entirety by all thos» 
interested in electrochemistry; our only reservatio 
springs from the fact that Proceedings of conferences 
even international ones such as this, often do not fin 
their way into published abstracts. One wonders if th 
many original contributions would eventually reach 
wider public had they been published in the usual journal 
and the present Proceedings limited to extended abstracts 
This, however, is a fault of the system, not of the Con 
ference. 

The Proceedings contain, with the exception of tw 
papers, a full and detailed record of all the contribution 
amounting to some 60 papers. About one-half of these wer» 
contributed by visiting scientists mainly from the Unitec 
States and Canada, although several were from European 
Japanese, Indian and Egyptian workers. Contribution» 
by Russian workers were unfortunately absent. 

The Conference was held partly in Sydney and partly ir 
Hobart. Each of the twelve sections of the Conference 
was introduced by a different chairman; this provided the 
key to the success of the Conference and contributed in nc 
small measure to the justification for this book. The choice 
of chairmen, all distinguished in their field, was excellent 
and each in his address provided a lucid and detailed review 
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f the main theme and so prepared the way for the succeed- 
1g contributed papers. The range of topics covered is well 
lustrated by the following lst of the twelve sections: 
olid-state chemistry, thermodynamics of electrolytes, 
orrosion, theory of double-layers, electro-analytical 
«nethods, applications (electroplating, anodizing), non- 
queous electrolytes, molten salts, fuel cells, electrode 
wrocesses, electrochemical processes, electrowinning and 
ilectrorefining. The major sections are those concerned 
vith fundamental research, and these give substance to 
of. J. O’M. Bockris’s comments in the foreword that 
slectrochemical research 18 now heavily concerned with 
slectrode kinetics (‘electrodics’) and with kinetics and 
sheories of electrode processes to the virtual exclusion of 
shermodynamic equilibrium studies. The sections on 
2pplied electrochemistry will prove no less interesting to 
Hhose concerned with applications, but we consider 
Khat these sections might with advantage have been 
Kbrought together, so permitting a greater continuity in 
the theoretical sections. 

It ıs invidious perhaps to single out individual con- 
tributions. The review papers by chairmen Ross Mac- 
donald (and C. A. Barlow) and by J. O’M. Bockris on the 
theory of the double-layer and electrode processes respect- 
ively are of particular interest because of the difficulties 
attending work ın these fields. Perhaps not unexpectedly 
the number of contributions to these sections were not as 
numerous as in some of the other sections. In the section 
on electrode processes, a paper by Horruti, Matsuda, Enyo 
and Kita on the mechanism of the hydrogen evolution 
reaction 1s of considerable interest, as also is that by 
Christov on the application of quantum mechanics to 
electrode kinetics. In the section on electrochemical 
processes mention should be made of the chairman’s 
address and a stimulatmg paper by Bockris, Devanathan 
and Miiller on the structure of charged interfaces. But this 
is to mention a few among the many excellent papers the 
degree of importance of which will vary according to the 
particular interests of the reader. 

The production of the book is excellent, and Pergamon 
Press have fully maintained the high standard set by F. 
Gutmann and M. Bloom, who organized the Conference 
and, with J. A. Friend, edited the Proceedings. The price 
at £10 is not excessive for such a book. 

R. F. PHILLIPS 
N. A. HAMPSON 
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NUCLEAR AND RADIOCHEMISTRY 


Nuclear and Radiochemistry 

By Dr. Gerhart Friedlander, Joseph W. Kennedy and Dr. 
Julian Malcolm Miller. Second edition. Pp. xi+ 585. (New 
York and London: John Wiley and Sons, Inc., 1964.) 68s. 


“IRIEDLANDER, Kennedy and Miller” 1s still recog- 

nizably the same excellent text as “Friedlander and 
Kennedy”, though the format is new, the order of the 
chapters has been changed, and there are substantial 
additions to the subject-matter, as well as some deletions. 
On balance, the new edition is longer by roughly one-third 
compared with its predecessor. Prof. J. M. Muller of 
Columbia University has replaced the late Prof. J. W. 
Kennedy as author, though Kennedy’s name has deservedly 
been retained on the title-page. Not unnaturally, the book 
still has an American slant, but this in no way invalidates 
it for other countries. 

In their preface the authors state that “the book 1s still 
intended as a text for an advanced undergraduate or first- 
year graduate course; but a significant aspect of its 
modernization is found in the greater depth of treatment, 
accorded to many topics, particularly theoretical ones’’. 
The new material includes greatly expanded treatments of 
nuclear reactions and radioactive decay processes, accounts 
of new types of accelerators, counters and other instru- 
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ments, and two completely new chapters, the first on 
models of the nucleus, and the second on the Mossbauer 
effect and other nuclear processes that can be made to 
yield chemical informetion. 

It is characteristic of the book that, whatever topic one 
turns to, one finds the essential points well and clearly 
stated. It has been my experience more than once, after 
wrestling with a tricky point, to find the conclusion that I 
have extracted with dicficulty from other sources set down 
in simple terms in Nuclear and Radiochemistry. 

The title and contenzs of the book prompt the questions: 
What is nuclear chemistry? and What 1s radiochemistry? 
The claim that the book is ‘‘written by chemists for chemis- 
try students” is a vald one, yet of the fifteen chapters, 
only three deal with specifically chemical topics, and only 
two others contain sections of any length on chemical 
subjects. Moreover, the chapter on radioactive tracers 
has actually been shorsened ın the new edition. 

I first remember tke term ‘nuclear chemistry’ in the 
annual reports of the hemical Society for 1935, when it 
was used to refer to tha science of nuclear transmutations, 
on the analogy betweer chemical reactions, in which atoms 
are conserved, and nvclear reactions, in which nucleons 
are conserved. It is now often used to mean something like 
‘nuclear studies carried out by chemists’. Some of the 
properties investigated ın this context undoubtedly 
belong to the realm >f physics rather than chemistry, 
but chemists do a larg share of the work because success 
depends on preparing Dure specimens and on carrying out 
efficient chemical separations at the end of the experiment. 

However, the term :s also used in a much wider sense. 
Coryell, in his foreword to the English edition of 
Haissinsky’s Nuclear Chemistry and its Applications, speaks 
of it including “nuclear reactions, radioelements, radio- 
chemistry, isotope chemistry, radiation chemistry, and 
tracer applications”, and all those fields and more are 
indeed covered in Haissinsky’s book, even though 
Haissinsky’s own definition of nuclear chemistry 1s merely 
“the study of the tracsmutations and transformations of 
nuclei”. 

‘Radiochemistry’ is likewise used in both broad and 
restricted senses. Originally it referred to the chemical 
effects of ionizing radBtions, but this is now a matter of 
history only. Later it was applied to the chemistry associ- 
ated with the natural radioelements, though excluding the 
ordinary chemistry of thorium and uranium, in which 
radioactivity played no part. When artificial radioactivity 
was discovered, the term was of course extended to the 
new radioactive species. A further extension was to the 
radiotracer field, in which both natural and artificial 
radioelements find numerous applications. Many authors 
still stop at this point, and leave the lively subjects of hot 
atom chemistry and nuclear chemistry (in the limited sense} 
largely outside the scope of ‘radiochemistry’. Others 
again treat the subjec as if it were primarily a collection 
of manipulatory and measuring techniques. Radiochimica 
Acta, on the other hand, adopts a more eclectic view—one 
which I also favour. There seems indeed no good reason 
why ‘radiochemistry’ should not include all aspects of the 
interaction of chemistzy with radioactivity, with the sole 
exception of most of the radiation chemistry aspects, 
which involve by and large a distinct set of concepts and 
techniques. 

This discussion is Plevant to the book under review, 
because it needs to be appreciated that Nuclear and 
Radiochemistry is primarily a text-book of nuclear chemis- 
try in the restricted sense, and only secondarily a general 
text-book of radiochemistry. The nucleus itself, nuclear 
reactions and radioactivity are discussed very fully, since 
they form the principel subject of investigation in nuclear 
chemistry, and so are «he techniques needed. Other radio- 
chemical topics are trzated much more briefly, and very 
largely from the point of view of the nuclear chemist. In 
saying this, no criticism is intended, but rather a definition 
of the scope of this important work. H. A. ©. McKay 
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A Treatise on Trigonometric Series 

By N. K. Bary. Vol. 1: Pp. xxiii+ 553. 848. net. Vol. 2: 
Pp. xix+6508. 1058. net. (London and New York: 
Pergamon Press, 1964.) - 


ROF. Nina Bary, distinguished for her contributions 
to the theory of functions of a real variable, died in 
1961, the year of publication of her book on trigonometrie 
series of which this is a translation. Zygmund’s much- 
extended two-volume revised edition of his book on the 
same topic appeared in 1959, when Prof. Bary’s was already 
in proof, so that we now have two independent and up-to- 
date treatises, each with much the same aim: to lay firm 
foundations of the theory and to carry the work, in suit- 
ably selected regions, to the frontiers of present knowledge. 
Both books are intended for the pure mathematician who 
can claim some acquaintance with set theory and the 
Lebesgue integral; there is nothing for the applied 
mathematician or physicist. The total amount of material 
is about the same in the two books; but Zygmund deals 
with several topics which Bary does not touch, while she 
has only two chapters not covered in Zygmund. The 
difference here is due to the slower pace of the Russian 
book; Zygmund demands throughout a fairly high level of 
mathematical sophistication, whereas Bary takes things at 
@ more leisurely pace, particularly in her first volume. The 
phrase “it is easily seen” has been used, often in a Pick- 
wickian sense, by many authors since Laplace set a bad 
example; in her preface, Bary protests against its frequent 
misuse, and has endeavoured to make her text, at least in 
the first volume, easily readable by the good under- 
graduate. To some of the longer and more delicate proofs, 
she appends informal comment to sketch the main lines 
and to emphasize the critical points of the argument. 
After some preparatory analytical matters, a long first 
chapter of some 170 pages gives a good general survey of 
the domain, including the Dini and Jordan tests for con- 
vergence, the Gibbs phenomenon, Cesaro and Abel summa- 
bility, Poisson’s integral. Chapter 2 deals with the order 
of magnitude of Fourier coefficients of certain types of 
function, and Parseval’s theorem. The next three chapters 
take the natural line of examining the convergence of a 
Fourier series at a point, the uniform convergence of 
Fourier series of continuous functions, and convergence in 
a point-set. Most of this is to be found in the first half of 
Zygmund’s first volume, but the last chapter deals with 
work by Men’shov on a problem which Zygmund does 
not touch: roughly, given a function f(z), can it be altered 
on a set of arbitrarily small measure to give an ‘adjusted’ 
function the Fourier series of which will converge every- 
where or almost everywhere, or converge uniformly ? 
Vol. 2 begins with summability processes, the simpler 
part of the theory of the conjugate series, absolute 
convergence, sine and cosine series with coefficents which 
tend to zero, and the remarkable differences which arise 
when the series is lacunary, having increasingly large 
gaps. Then there are chapters on the convergence, abso- 
lute convergence, and uniqueness of the general trigono- 
metric series: in the main, these topics centre around what 
can be said about a point set on which the series has a 
certain specified behaviour. The final chapter deals with 
another problem of Men’shov’s, again not discussed by 
Zygmund: this concerns the representation of a function 
by a summable trigonometric series, arising from work by 
Lusin and Privalov which showed that if a function is 
finite almost everywhere (in the basic 27 interval) then a 
trigonometric series can be found which is summable to 
the function by the Riemann, Poisson or Cesaro methods. 
The techniques used are on the whole not so advanced 
as those which Zygmund draws on, so that a good deal of 
his second volume lies outside the range of Bary’s book. 
The student thinking about research in this field might 
well begin and go a long way with Bary, turning to Zygmund 


NATURE 


October 9, 1965 


for the sharper weapons likely to produce a deeper penc 
tration. 

There are some infelicities of expression, possibly due t 
the need to keep the translation close to the original. I 
some places, it is said that an assertion “cannot” be truc 
when what is meant is that it “need not’ be true: th 
distinction is important, and blurring it may confuse th 
novice. But in general Mrs. Mullins has coped well with 
gigantic task. T. A. A. BROADBENT 
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ERGONOMICS 


Ergonomics 
Man in his Working Environment. By K. F. H. Murrell! 
Pp. xiv+396. (London: Chapman and Hall, Ltd 
1965.) 63s. 


pO OMICS: Man in his Working Environmen 
provides an important liak between scientific researc’ 
and industry. It is a text-book both for mvestigators i» 
the basic sciences concerned with the practical applicatio: 
of their research, and for industrialists and designers whe 
appreciate the importance of the human factor in maximiz 
ing industrial efficiency. 

Ergonomics has been defined as ‘‘the scientific study o 
the relationship between man and his working environ 
ment”, but Mr. Murrell has extended the term ‘environ 
ment’. The key motif of ergonomics is that of fitting the 
work situations as a whole to the man on the basis o 
scientific knowledge, including knowledge of humar 
physiological and psychological capacities. This is calleo 
‘human engineering’ in the United States. It is an inter. 
disciplinary applied science relating principles derived from 
the basic sciences to work design, the control of physica 
environment factors and the mode of work organization 

With more and more semi-automatic and automatic 
processes being introduced into industry, the contention» 
is that when equipment is intended for human use, it 
should, so far as possible, be designed to give effect in ® 
man~machine unit, with the man complementary to the 
machine and the machine complementary to the abilities 
of the man. While physical stress has tended to be re- 
duced in modern industry, the shift of emphasis from man. 
as ‘doers’ to man as ‘controllers’ has tended to increase 
psychological stress. Stress can lead to inefficiency and 
reduced output, through failure to match the require- 
ments of the task with the capacity of the operator. 
Again, the contribution of ergonomics to work design is 
invaluable when technical change makes it necessary for 
operators to move on to jobs which may be variants of 
their old jobs or entirely new. 

As a dual text-book for scientists and industrialists the 
book is well designed. Part 1 outlines salient data from 
physiology, anatomy, psychology, etc., while Part 2 
deals with practical ergonomics and gives examples of 
the application of ergonomic principles in work design 
and manpower utilization. The book is easy reading; 
technical and scientific jargon having been largely avoided 
Mr. Murrell points out that while there is a large body of 
data in scientific publications which is relevant to industry, 
there is need for some translation to put this to work. He 
contributes materially to such a translation, and this pub- 
lication contains an extensive reference section to his 
material. 

The chapter on the design of seating provides an ex- 
ample of the universality of ergonomic contribution to 
human well-being. The importance of good seating design 
is becoming more widely recognized. While considerable 
research has been done in seating design, surprisingly 
little of that research has been put into practical applica- 
tion. This chapter sets out the requirements of good 
seating as ascertained from research, summarizes the 
relevant anthropometric data and gives practical advice 
for seating-manufacturers. 


October 9, 1965 


Significantly, Mr. Murrell’s final chapter deals with the 
ecessity of taking account of ageing in the interests of 
«suring the maximum efficiency of available manpower. 
‘he importance of this is underlined by the fact that more 
Mian 50 per cent of the male workpower in British manu- 
acturing industry is already over the age of forty. In 
ertam circumstances efficiency can be affected by the 
oncomitants of ageing from as early as thirty-five. Yet 
adustry has shown little interest in research on ageing in 
lation to occupation. In our present demographic circum- 
tances there is need to retain or engage older workers. 
3ut industrial gerontological research emphasizes the 
asic necessity of appropriate work-changes, even from 
he middle-age, if older manpower is to be used to the best 
ffect. The author relates age-indicated work-change to 
hat resulting from technical developments. In both, the 
ise of ergonomic principles would result in a better match- 
ng of job demands and physiological and psychological 
sapacities. This may be either through a shift to an alter- 
ative job, that is change ‘of’ the job, or some modifica- 
ion of the work demands, that is change ‘in’ the Job. 
[he latter alternative gives greater opportunity for the 
sontinued use of the previously acquired skills and ex- 
perience. 

It is evident that ergonomics can make an important 
contribution to the more efficient and more considerate 
use of manpower. This book will also be of interest to 
aon-specialists who wish to be conversant with the rela- 
tionship between science and its practical application in 
the modern world C. E. FLEMING 
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REGULATION OF GROWTH 


Adaptive Growth 

By Prof. Richard J. Goss. Pp. 360. (London: Logos Press, 
Ltd., in association with Elek Books, Ltd. Distributed by 
Academic Press, London and New York, 1964.) 70s. 


HIS book will be welcomed by all biologists and 

pathologists interested in vertebrate development, 
for it fills a gap in the bibliography of this subject. Another 
attraction is that it is written by a single author, who has 
something definite to say and who says it well. 

Prof. Goss has set out to explain diverse kinds of post- 
embryonic growth in terms of a unifying hypothesis, namely 
that ihe regulation of growth is governed by the functional 
demands of the organism. He is fully aware of the teleo- 
logical overtones of the word ‘demand’ and carefully 
avoids them in his attempt to elucidate the mechanisms 
which control the homoeostasis of growth. The character- 
istics of different types of developmental phenomena, 
such as the local control of wound healing, or the systemic 
mediation of compensatory growth, are interpreted as 
adaptive responses determined by the function of the 
organ concerned and the nature of the stimulus. Normal 
growth is discussed in terms of cell turnover, different 
modes of proliferation of cell populations are classified, 
and ageing—‘‘the body’s homoeostatic depreciation’’—in 
some tissues is briefly reviewed. 

Nearly half the chapters of this book are devoted to an 
analysis of compensatory growth which is exhaustively 
considered on gross, histological, cellular and molecular 
levels. Evidence of the action of humoral activators and 
inhibitors is critically examined. The liver and haemato- 
poietic system predominate in this analysis, as the majority 
of investigations have been concerned with these tissues, 
but all other organs which show compensatory growth 
are dealt with. The adaptive role of the pituitary-thyroid 
system could have been more fully described, particularly 
the functional significance of the relay system. 

No attempt has been made to review growth in all 
vertebrate groups. No data on fishes or reptiles are in- 
cluded, and little on birds. Perhaps this is because little 
space has been devoted to morphogenetic regeneration 
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(apart from an interesting chapter on amphibian lens 
regeneration) although the author himself has made out- 
standing contributions z0 this subject. He does, however, 
briefly mention Singers and Thornton’s investigations, 
commenting on the significance of the role of nerves in 
limb morphogenesis. 

The chief task of tais monograph is to re-define all 
growth phenomena according to functional ideas. As the 
author points out in his preface: “It has become fashion- 
able to disregard funcsional considerations in favour of 
mechanisms by which the regulation of tissue mass might 
be an end in itself. Conssquently, much of to-day’s research 
is predicated on the assumption that humoral agents are 
responsible for adjusting the sizes of organs to certain 
predetermined dimensions’. 

While the author dees not deny the participation of 
humoral agents in the zontrol of mitosis of many tissues, 
he postulates that they are primarily dependent on the 
physiological demands vf the particular tissue. Thus the 
stimulation of erythropoiesis is mediated through the same 
regulatory mechanisms whether the initial functional 
insufficiency was due to loss of blood or reduced oxygen 
in the environment. L2kewise the mechanisms controlling 
epidermal hyperplasia are the same in wound-healing and 
the growth of calluses. his interpretation 1s controversial. 
It is not the view, for sxample, of Prof. Bullough, whose 
ingenious experiments: on mouse epidermis and whose 
theory of mitotic inhikition by chalones are reviewed by 
Goss. 

Moreover, there seems to me to be a deeper contradic- 
tion between a ‘chalons’ theory of mitotic regulation and 
the functional demand theory. Prof. Swann, a proponent 
of the functional demand theory himself, has pointed out 
that mitosis is a form of differentiation in requiring 
specialized (but not tissue-specific) protein synthesis 
which must therefore be antagonistic to tissue-specific 
synthesis, and Glinos Las suggested that functional over- 
load of tissue-specific synthesis (in, the liver) switches the 
synthetic machinery >f the cell to elaborate mitotic 
proteins. The chalone theory recognizes the antagonism, 
but reverses the actior of the products of differentiation 
(chalones) so that they inhibit mitoses, or, as recently 
stated in more contem>orary terminology, the concentra- 
tion of a chalone has an effector-like action ‘which determ- 
ines whether the ‘mitosis-operon’ or the ‘tissue-operon’ is 
active’. In renewing cell systems, such as epidermis or 
blood cells, a single stimulus could derepress the synthesis 
of both mitotic proteine and tissue proteins, since prolifera- 
tion and differentiatior represent separated compartments 
of the cells’ life-histovies. In expanding cell systems, 
however, where there & no distinction between stem-cells 
and functional tissue (cor example, liver), partial ablation 
will cause a substantial rise in the mitotic index of the 
remaining tissue just at the time when the functional 
demands for tissue-spezific products are greatest (though 
it is not yet certain whether an increase in the tissue- 
specific protein synthesis per cell occurs simultaneously). 
While Prof. Goss reviev-sin some detail the various theories 
of mitotic control and the data supporting them, he does 
not clearly define this conflict between immediate and 
long-term homoeostasis of functional activity, which must 
occur if mitosis and differentiation are competitive or 
mutually exclusive. IF products of differentiated tissues 
normally inhibit miosis and further tissue-specific 
synthesis, then a fall in their concentration following 
partial ablation will promote both activities, though it 
remains to be explained how different cells in an expanding 
system are allocated tc the alternative pathways. 

Since this monogradh represents a virtuoso perform- 
ance over a wide repertory, it is not surprising to 
find occasional factuel inaccuracies and interpretative 
inconsistencies. Thus on p. 88, Prof. Goss is of the opinion 
that ‘‘cell migration is antagonistic to cell division”, 
stating that ‘“Abercrombie and Ambrose suggest that until 
the motile cells in a healing wound again become station- 
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ary as a result of contact inhibition, their mitotic propen- 
sities are temporarily suspended”. In fact they suggest 
the opposite, which Prof. Goss himself corroborates five 
pages later when discussing Harding and Srinivasan’s 
observations on small wounds ın lens epidermis. 

Prof. Goss includes a chapter on maternal—foetal rela- 
tionships in which he reviews the poorly understood 
interactions between homologous organs in this “special 
case of parabiosis”. There ıs also an interesting chapter 
on allometry in which the author discusses the functional, 
histological adaptations in some organs relating to the 
size of different species, and the adjustments in size which 
mey occur following transplantation of organs. In a 
delightful account of the allometric relationships of 
urodeles varying in ploidy, we see that although cell size 
varies according to the number of chromosome sets, the 
size of gross and histological structures is constant, 
indicating that it does not matter how the chromosomes 
are packaged, their total number being the controlling 
factor. This can lead to certain developmental dilemmas, 
such as when the size of an ‘organ’ approximates to the 
size of the diploid cell. Triploid erythrocytes can pass 
through capillaries of normal (diploid) diameter (by 
change in shape, which gives a clue as to how their shape 
is controlled), but the single pair of Mauthner’s cells 
cannot remain proportional both to ploidy and brain 
size. 

Prof. Goss mentions Fankhauser’s discovery that 
triploid salamanders are less intelligent than diploids, and 
he states that “the quality of the central nervous system 
cannot be improved by increasing the size of neurones at 
the expense of their numbers”. It is disappointing that 
Goss does not actually pose questions about the lack of 
compensatory growth of the brain, though he does incident- 
ally provide most of the answers! There are several un- 
solved problems concerning the different sizes of neurones. 
Whereas hypertrophy of particular nerve cells occurs, 
usually as a consequence of functional activity, neuronal 
hyperplasia is not known. Goss prefers to regard mitotic 
incapability as an adaptation serving to prevent disrup- 
tion of organized cell communities rather than. an unfortu- 
nate consequence of specialized differentiation. It is the 
function of the cell, not its “degree of specialization”, that 
governs its ability to divide. Neither is it functional in 
the case of nerves and muscles to maintain ‘mitotic com- 
petence’ by recruitment from undifferentiated stem-cells. 

Prof. Goss brings a fresh and firmly biological approach 
to his analysis of regulatory phenomena in growth. His 
controversial ideas should lead to lively discussions and 
penetrating research during the next few years. 

R. A. Werss 
t Bullough, W. S., and Rytomaa, T., Nature, 205, 573 (1965). 


MICROLEPIDOPTERA UNDER THE 
MICROSCOPE 


Catalogue of the Type Specimens of Microlepidoptera 
in the British Museum (Natural History) described 
by Edward Meyrick 

By J. F. Gates Clarke. Vol. 5. Pp. 581 (283 plates). 

(London: British Museum (Natural History), 1965.) 300s. 


Boo do not often realize the immensity of 
the task still to be undertaken and the vast amount of 
published work needed before even. half the species of the 
world can be named even by specialists. Much of the work 
was (and a considerable amount still is) done by expert 
amateur entomologists. Meyrick’s position as an amateur 
entomologist was perhaps unique because of the extent of 
his work. Although well up to the standards of his time, 
his failure to illustrate his new species created a world 
problem. He first published descriptions of new species of 
microlepidoptera in 1886 when he was a schoolmaster in 
New Zealand, and he gradually came to dominate their 
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study after his return to England. He retired in 1914 afte 
many years teaching classics at Marlborough Colleg» 
Specimens of microlepidoptera were sent to him by colle 
tors and museums from all parts of the world, but F 
retained in his collection, which is now in London, onl 
about a third of the types. By the time of his death 1 
1938 he had published descriptions of about 15,000 ne 
species (catalogued m Volume 1). ' 

Dr. Gates Clarke became an authority on the mierc 
lepidoptera through his work for the United States Depart 
ment of Agriculture and the Smithsonian Institution, an: 
found some years ago that further taxonomic progres: 
was impossible until Meyrick’s species had been re 
examined. He then worked for some years at the Britis: 
Museum (Natural History) and the Trustees gave hin 
permission to dissect Meyrick’s types. The abdomens o 
the 5,000 moths were carefully removed, softened, dis 
sected and mounted on microscope slides. This has for th: 
most part been carried out with commendable skill, but i 
would be interesting to know whether the large numbers o 
Cosmopterygid male genitalia were mounted sideway: 
from choice, or whether their symmetrical arrangemen» 
presented peculiar difficulties. 

Volumes 1 and 2 of this work were published as long 
ago as 1955 and it is very much hoped that the final one 
or two volumes will soon be completed. This, the fiftl 
volume, dealing with moths of the families Timyridae, 
Hyponomeutidae, Ethmidae, Metachandidae, Cosmo- 
pterygidae, Walshiidae, Blastodacnidae and Scythridae, 
contains 283 half-tone plates some of which include as 
many as 15 illustrations. For each species there is a photo- 
graph of the wings of one side of the type specimen and 
sometimes a picture (which gives rather little detailed 
information) of the head and its associated sonse organs. 
If the species is the type of a genus there is also a clear 
drawing of the wing venation. Photomicrographs of 
dissections of the genitalia of the types provide a much- 
needed supplement to Meyrick’s original description. The 
quality of the photographic illustrations 1s almost unı- 
formly good, so that in spite of difficulties with depth of 
focus they are almost as useful as good drawings would be. 

Apart from a very few instances where the author 
synonymizes two species, the text consists of little more 
than a legend for the illustrations and the reference to 
the original description of the species concerned. Lecto- 
types are designated when needed and Meyrick’s occasional 
errors in determining the sex of his specimens are corrected. 

When. this series of volumes is complete, the stage will 
be set for the next advance. This will be the revision of 
genera, including species described by many authors. 
That there 1s much to do is clear even from a superficial 
study of the diversity of form m such genera as Lecithocera 
and Hihmia. Dr. Gates Clarke has wisely not tried to do 
two things at once, for the present work 1s already large 
and expensive. The speed with which these much-needed 
revisions come will depend very largely on the funds 
available for this basic kind of work in museums and 
universities. The Trustees of the British Museum (Natural 
History) already publish a very substantial amount, but 
publications like this are, unfortunately, still far too rare. 
Of the hundreds of thousands of type specimens in the 
museums of the world a surprisingly high proportion must 
stull await critical re-examination. Experience suggests 
that the original descriptions have been misunderstood 
in at least one-tenth of the cases. Many of the changes in 
the names of animals which so baffle the non-specialist are 
caused by the correction of these old mistakes of identi- 
fication. 

Dr. Gates Clarke is to be congratulated on performing 
this basic and useful task, and the staff at the British 
Museum (Natural History), especially Mr. J. D. Bradley, 
who has assisted in the work.at every stage, will earn the 
thanks of the many specialists in various parts of the 
world who will find this work indispensable. 

G. C. VARLEY 
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Man’s Place in the Island Ecosystem 

A Symposium. Edited by F. R. Fosberg. Pp. vi +264. 
(Honolulu, Hawaii: Bishop Museum Press, 1963.) 
8 dollars. 


HEN the late Sir Arthur Tansley in 1935 introduced 

the term ecosystem and later defined it as “a unit 
of vegetation considered as a system . . . includes not 
only the plants but also the animals habitually associated 
with them”, it may be doubted whether he envisaged 
man as the most important animal concerned. Yet this 
is the logical conclusion, and where better to study the 
problems mvolved than among the numerous and varied 
islands of the vast Pacific Ocean ? An island is a clearly 
defined areal unit; in the Pacific there is every stage 
from the uninhabited coral islet to the crowded sophisti- 
cated human atmosphere of the United States’ fiftieth 
State. Under the Humid Tropics programme of Unesco, 
a symposium was arranged to take place at the tenth 
Pacific Scionce Congress held in the University of Hawaii at 
Honoluluin August 1961. It was very efficiently organized 
by Dr. F. R. Fosberg (Washington), aided by his able 
lieutenant, Dr. Marie-Héléne Sachet, and he contributes 
the short introductory paper on the ecosystem. concept. 

The major criticism must be that too much was 
attempted in the time allotted. Each of the thirteen 
papers ıs of the nature of an ex cathedra statement and 
each was followed by a comment by a ‘discussant’— 
limited to 3 or 5 min, despite the fact that he might have 
been flown half-way around the world to take part. It was 
soon clear that no time would be available for discussion ; 
in a few cases a question or two after the discussant had 
spoken. Many of the big names in the ecological field 
from all over the world are there—Marston Bates (Michı- 
gan), Pierre Gourou (Brussels), G. Mangenot (Paris), 
Irene Taeuber (Princeton), William L. Thomas (Cali- 
fornia), Kenneth Cumberland (New Zealand)—among the 
contributors; J. A. Steers, H. E. Maude among discus- 
sants; while a distinguished audience is revealed by 
simple questions from Paul Sears and C. F. A. Pantin. 
The task of a general summing up was left to Oskar 
Spate (Canberra). 

The symposium is a landmark in the present develop- 
ment of thought. The ecosystem was the concept of a 
botanist mindful of the interaction of plants and animals 
and of the significance of the complex environment with 
its various physical factors. Here the influence of man 
brings in the physical and human geographer with the 
concept of human ecology fitting into the whole. ‘The 
time to absorb the several contributions was lacking in 
Honolulu; this comprehensive report allows time for the 
proper and careful study of a series of papers of the 
highest value and significance. The sequence is Jogical— 
from physical environment and marine influence to the 
nature and evolution of the biota, the reciprocal man— 
nature relationship, the pattern and varied nature of 
human influence and culture systems to the practical 
issues of the present problems of human pressure and demo- 
graphic instabilities. This is an essential volume for every 
serious library. L. DUDLEY Stamp (Discussant) 
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A History of Parasitology 
By W. D. Foster. Pp. vi+202. (London and Edinburgh: 
E. and S. Livingstone Ltd., 1965.) 35s. 


HIS is a well-written and interesting book and I 

gained much pleasure and information from it. It 
is the first account of the history of parasitology written 
in English, and a book that has long been needed. 

The author provides, in his first chapter, a succinct 
account of the growth of parasitology from ancient times. 
In succeeding chapters, in order to illustrate the basic 
discoveries of parasitology, he outlines the history of our 
knowledge of a series of animals parasitic in man. 

He begins with the trematodes, and discusses the liver 
fluke, Fasciola hepatica, and the schistosomes, which cause 
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bilharziasis, which is still onè of the major diseases of 
man and at present tre subject of a campaign organized 
by the World Healrh Organization. Four nematode 
types are then discussed, namely the hookworms, 
Trichinella spiralis, the Medina worm (Dracunculus 
medinensis), and Wuckereria bancrofti (a cause of filariasis). 
He next considers, it a separate chapter, the parasitic 
Protozoa. In the chapters that follow he treats the 
trypanosomes, Entamceba histolytica, the cause of amoebic 
dysentery, and those other Protozoa, the babesias, which 
cause serious diseases of cattle and other farm stock. A 
final chapter brings she history up to about the year 
1920, when parasitology became well established as a 
branch of biology. 

This plan has certain advantages, but it does tend to 
direct attention to the animals parasitic in man only, and 
some readers will wish that more attention had been 
given to the achievements of veterinary parasitologists. 
It is true that their work on the babesias is discussed, 
but more space might- have been given to the part played 
in the development of parasitology by co-operation 
between the veterinarians and workers concerned with 
diseases of man. Mozeover, a chapter on the social and 
economic effects of perasitic animals and the devastating 
effects of some of them on the food supplies of the world 
would not have beem out of place, for there is much 
evidence that anima’ parasitic in man have, through 
their social and economic effects, influenced appreciably 
the course of human ‘history. Diseases caused by them 
have, for example, g-eatly influenced, if they have not 
actually determined, she outcome of wars. But themes 
such as these were no doubt outside the author’s intention, 
which was, he explains in his preface, “‘to give an accurate 
account of the basic discoveries of parasitology ... ata 
level comprehensible to the non-professional para- 
sitologist”’. In this general aim he has certainly succeeded. 
The book will be resd with pleasure and profit by all 
who are interested in the subject. G. LAPAGE 


Histologie und Mikroskopische Anatomie des 
Menschen 

Von Dr. W. Bargmann. 5. iiberarbeitete Auflage. Pp. xvi 

+856. (Stuttgart: Georg Thieme Verlag, 1964.) 72 D.M. 


HE fact that Dr Bargmann’s book is, after fifteen 

years, already in its fifth German edition, and that 
the second Spanish edition is in preparation, speaks for 
the author’s thorouganess in revision and his desire to 
keep up with recent cevelopments. The text is based on 
a correlation of histclogy with physiology, biochemistry 
and submicroscopic morphology on one hand, and where 
applicable to pathology on the other. The text is divided 
into two parts. The first deals with general cytology and 
a descriptive exposé cf the tissues: epithelial, supporting, 
muscular and nervous. 

The second part considers the organs and organic 
systems: locomotor, 2irculatory and defensive, internal, 
secretory, digestive, -espiratory, urinary, sexual, cutan- 
eous, sensory, and central nervous systems. The text is 
lucid and integration of the different disciplines is excel- 
lent although some might find a more extensive discussion 
of tissue culture mozphology of advantage. Literature 
references are ample and not confined to German pub- 
lications. The illustzations are of excellent quality, but, 
as they are not indicated in the index, are sometimes hard - 
to find if a particular one is sought. Another criticism, 
which applies to mos: publications, is that magnifications 
mentioned do not indicate whether they apply to the 
finished product or aze applicable to some previous stage 
in their production. Both reference and subject indexes 
are adequate with the aforementioned reservation. 

In conclusion this book is of general interest and, 
because of the illustzations, might even prove useful to 
workers who have only a limited knowledge of German. 

G. SANDER 
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Theory of Crysta! Dislocations 

By Prof. A. H. Cottrell. (Documents on Modern Physics.) 
Pp. ix+94. (London and Glasgow: Blackie and Son, 
Ltd., 1964.) 32s. 6d. 


fi ace little book (also available in paper-back form) is 
a kind of vade-mecum for dislocationists. It deals 
with the basic theory of dislocations, and consists mainly 
of the notes prepared for Prof. Cottrell’s lectures to the 
1956 summer school of the University of Grenoble at Les 
Houches. Some measure of the extent to which this 
theory has now been incorporated into the accepted 
physical scheme is provided by the fact that only minor 
changes were necessary when the manuscript was prepared 
for publication six years later. 

It is perhaps unnecessary to add that this rather satis- 
factory situation does not extend to the complex many- 
dislocation problems which are encountered in plastic 
deformation. Developments in the theory of deformation, 
and in the experimental observation of dislocations 
by high-resolution techniques, are mentioned briefly 
in a series of very short notes added to the original 
manuscript. Although these additions were com- 
pleted as recently as 1962, they have inevitably dated 
much more rapidly than, the basic theory; the ‘jog 
theory’ of work-hardening, for example, is no longer 
current. 

The book is written with Prof. Cottrell’s usual clarity, 
but ıt should be emphasized that it is not a text-book from 
which to approach the basic theory for the first time. Its 
main use will undoubtedly be as a desk-book for quick 
ready reference, or as a companion, of such slender dimen- 
sions as not to deter the aeroplane traveller. It isa great 
convenience to have so many useful results gathered 
together in compact form, and it may seem ungrateful 
to ask for more. However, there have been important 
developments in basic theory in the past few years, 
dealing, for example, with the stress fields of various 
types of dislocation aggregates, or with the theory 
of continuous distributions of dislocations. If Prof. 
Cottrell could find time to add these to a future edition, 
the value of the book would be even greater. 

J W. CHRISTIAN 


Molecular Orbital Theory 

By C. J. Ballhausen and Dr. Harry B. Gray. (Frontiers in 
Chemistry.) Pp. ix+273. (New York and Amsterdam: 
W. A. Benjamin, Inc., 1964.) 9.90 dollars. 


eae book is divided into two approximately equal 
parts, the first being a text of atomic orbitals using 
the LCAO approach, while the second part is a collection 
of previously published papers on, the subject. A very 
simple and short exposition, is given of the basic concepts 
of the LCAO theory, which leads into a group theoretical 
section on, the uses to which these simple concepts may be 
put. These include symmetry consideration electronic 
states and hybridization. The types of possible bonding 
systems are discussed and the results applied to selected 
diatomic, triatomic and a few of the more simple poly- 
atomic molecules. Finally, the theories developed are 
applied to more complicated polyatomic molecules making 
use of ligand field theory. The book is written in a 
simple manner with the result that the reader is somo- 
times left with the impression that the stage of know- 
ledge of molecular theory 1s more advanced than is the 
case in reality. The illustrations are not only well done but 
are also so positioned in the text that they are extremely 
useful to those readers who are not very conversant 
with the more mathematical form of presentation,. 
The choice of papers in the second part is in some 
cases a little surprising, but some very useful in- 
formation has been collected together, making the 
book valuable as a reference for the reader interested 
in making molecular calculations. 
E. W. T. RICHARDS 
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The Evolution of the Bristol Channel 

By F. J. North. Third edition, revised and enlarged. 
Pp. vi+110+14 plates. (Cardiff: National Museum of 
Wales, 1964.) 15s. 


VER a period of many years Dr. North has done much 
to interest the layman in geology, particularly in 
South Wales. In the third edition of The Evolution of the 
Bristol Channel one of his books is once more brought up 
to date, incorporating much recent work in this area. A 
historical introduction precedes a simple account of the 
geological processes of erosion, transport and sedimenta- 
tion, and earth movements; and this is followed by a 
concise geological history of the region, with particular 
reference to the Welsh coast. Useful palaeogeographical 
maps and a geological time scale (the latter unfortunately 
not brought up to date) accompany accounts of the struc- 
ture of the Welsh coalfield and of the geological reasons 
for the distribution ofthe mines. Simularly a description is 
given of how the formations exposed on the coast of 
South Wales control the form of the coast-line. The 
origin of the South Wales drainage pattern, the evolution 
of the Bristol Channel since its appearance in Pliocene 
times, the Recent changes in sea-level, the appearance of 
man, the accretion of sand dunes, and the great flood of the 
Wentloog Level in 1607 are among the many topics dealt 
with in an interesting manner. The plates and diagrams 
usefully supplement the text, though the standard of 
reproduction is not high. Visitors to the South Wales 
coast and the local inhabitants are fortunate in having 
available this very readable account of the local geological 
history. A. R. MacGregor 


Tizard 
By Ronald W. Clark. Pp. xv1i+ 458 + 16 plates. (London: 
Methuen and Co., Ltd., 1965.) 50s. net. 


S® HENRY TIZARD is still freshly remembered by 
many who worked with him or were associated with 
him in one or more of his varied activities. In the relatively 
short time since his death numerous tributes have been 
paid to his work, notably by Prof. P. M. S. Blackett and 
by Prof. R. V. Jones in Tizard Memorial Lectures, in Sir 
Harold Hartley’s memoir for the Chemical Society, and 
by Sir W. S. Farren and Prof. R. V. Jones for the Royal 
Society. Nevertheless, there is a place for Mr. R. W. 
Clark’s book, in which he has made full use of his access 
to unusually large collections of papers. 

With one reservation, Mr. Clark has given us a well- 
balanced account of Tizard’s lıfe and work which does full 
Justice to Tizard’s real achievements. The reservation 
relates to the chapter on Tizard’s post-war years as chair- 
man of the Advisory Council on Scientific Policy and of 
the Defence Research Policy Committee, which scarcely 
conveys the significance of his positive achievements or 
the magnitude of his own contribution to the complex 
problems of the relations between science and Govern- 
ment. Mr. Clark, moreover, has avoided being drawn 
into personalities of the argument that has stemmed 
from Sir C. P. (now Lord) Snow’s lecture on that theme, 
and his book points to most of Sir Henry’s activities in 
the field of education. Its value is enhanced by a careful 
bibliography and references to most of Sir Henry’s pub- 
lished papers. There is an error on p. 369, when a long 
letter to Sir Alan Barlow is attributed to Sir Henry himself 
instead of Sir Thomas Morton—an error which has since 
been rectified by Mr. Clark, who notes that the views 
expressed in it are substantially those of Sir Henry himself. 

If the book is one to be studied by all who are con- 
cerned with the intricate problems of science and Govern- 
ment, it can scarcely be put down by a British reader 
without some sense of shame for the way in which Sir 
Henry was treated by the British Government. The exploit- 
ation of the scientific adviser moving in and out of the 
Civil Service is a reproach which we should be at pains to 
avoid in any structure established for civil science. 
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RECENT DEVELOPMENTS IN COSMOLOGY* 
By Pror. F. HOYLE, F.R.S. 


Professor of Astronomy and Experimenta! Philosophy, University of Cambridge 


SHALL start from the observed shift of the spectrum 

lines of galaxies interpreted in terms of the expansion of 
the universe. The red shift implies that distances between 
galaxies, measured with an imaginary ruler for example, 
increase with time. An immediate question is whether the 
universe was denser in the past than it is to-day. If so, how 
much denser was the universe ? 

A definitive answer to this critical problem could be 
obtained in principle by observing the state of the universe 
in the past. This is possible because of the finite speed of 
light. We do not observe a galaxy as it is now but as ıt was 
at the moment the light started on its journey. In the case 
of very distant galaxies the light started several billion 
years ago, so we have direct evidence of the state of affairs 
several billion years ago. All that need be done, again in 
principle, is to observe the density of galaxies as it was a 
few billon years ago and to compare it with the density in 
our immediate neighbourhood. This would be a direct 
way of settling the density problem. This indeed was the 
way in which Hubble tried to settle it more than thirty 
years ago. He failed to do so because of the extreme 
difficulty of making a fair count of distant galaxies. The 
tendency is to count the brighter galaxies but to miss the 
fainter ones. Since Hubble’s attempt nobody has had the 
hardihood to make a direct assault on the problem by 
attempting to count galaxies. 

Ryle and his associates have counted radio sources 
instead of galaxies, and here the result has turned out to be 
much more clear-cut, at any rate so far as the counting 
process itself is concerned. The difficulty with radio 
sources 18 that we are still far from sure exactly what it is 
that is being counted. Developments in the past two years, 
the discovery of the quasi-stellar sources in particular, have 
shown. the situation to be more complex than ıt was at 
first thought to be. The indication of the radio counts is 
that the universe was more dense in the past than it is 
to-day. However, further knowledge is needed concerning 
the nature of tho radio sources before this conclusion can 
be regarded as definitive. 

If the quasi-stellar objects are truly cosmological a great 
deal becomes pretty well settled. Imagine an object of 
fixed intrinsic brightness to be moved to increasingly 
great distances. Two things will happen. The apparent 
luminosity of the object will decrease and the red-shift of 
the spectrum lines will increase. A theoretical relation 
between these quantities can be determined for any speci- 
fied cosmological theory. The relation is different in differ- 
ent theories, so that in principle it would be possible to 
distinguish between one cosmological theory and another 
if we could experiment in this way with a stendard object 
of fixed brightness. Unfortunately it is impossible to move 
a single object to increasing distances; so the astronomer 
must rely on similar objects just happening to lie at 
different distances. The question then arises of how sure 
we can be that the objects are really similar to each other. 
Massive galaxies do seem to be quite remarkably simular, 
but the theoretical differences we are looking for are rather 
slight in the case of galaxies. This is because galaxies, even 
the brightest galaxies, cannot be observed far enough away 
for the theoretical differences to be more than slight. At 
greater distances the theoretical differences become much 
more appreciable, however. The technical problem is that 
of photographing spectrum lines when the light intensity 
is very small. What is needed is more light. It is here that 
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the quasi-stellar sources are of critical importance. 
Accepting for the momant that the red-shift of the spectrum 
lines in these sources is cosmological in character, the 
quasi-stellar sources £re brighter than the most massive 
galaxies by about fourzmagnitudes, a factor of about forty. 

At present, red-shiit measurements are available for 
about fifteen quasi-stéllar objects. The shifts are dimen- 
sionless numbers given by dividing the wave-length shift 
of any spectrum lme Ly the laboratory wave-length of the 
same line. The resu:t is the same for all lines. The 
measured values range from quite small values, for ex- 
ample 0-16 for 3C 273, up to the enormous value of 2 for 
the source 3C 9. The theoretical differences become quite 
large for red-shifts as- great as this, so that a distinction 
between different cosmological theories should be straight- 
forward once a sampi of the order of a hundred quasi- 
stellar objects has been obtained. The present indication 
based on the small sample of fifteen is that the universe 
has expanded from a state of higher density, although the 
statistical scatter m the sample is large enough to be 
comparable to the effects that are being looked for. 

For spectral shifts as large as two, the Lyman-« line is 
displaced from the anobservable ultra-violet into the 
blue, at about 3700 A. It is possible to look for a continuum 
on the blueward side of Lyman-«. This continuum is 
subject to absorption by neutral hydrogen atoms in 
intergalactic space. A very small density of neutral atoms 
would be sufficient to absorb out the light completely. 
Schmidt’s observatior. of 3C 9 shows the continuum to be 
present but to be weakened, that is, to be lower than. the 
continuum on the redward side of Lyman-«. The implica- 
tion is that intergalectic gas, if it exists, must be hot, 
perhaps above 10° °K. The weakening of the continuum is 
rather strange, for ir a sensitive situation like this one 
would expect either the continuum to be essentially 
unweakened or to læ absent. The intermediate case 
seems @ priori unlikely, since it depends on 4 closely 
defined value of the Lydrogen density. It is rather in the 
nature of a coincidenze that the density has this critical 
value. 

These remarks are all subject to a cosmological inter- 
pretation of the red-shift of the spectrum lines of the 
quasi-stellar objects. If much smaller, fainter objects were 
fired out of our own galaxy, or out of some neighbouring 
galaxy, with speeds close to light the same red-shifts 
would be observed. Can we be sure that such a ‘local’ 
interpretation 1s wrorg ? 

-Even though on a ‘local’ hypothesis the quasi-stellars 
are much less spectacular objects, the total mass involved 
m all such objects mast be as high as 10°Mo, or perhaps 
even more. For such a quantity of matter ejected at 
speeds close to light, tae kinetic energy must be comparable 
with the rest mass erergy, 10° ergs. This is of a similar 
order of magnitude tc the energy involved in the outburst 
of a major radio galexy. The energy in the latter case 1s 
also in the form of particle motions. The difference is 
that the particles in he radio galaxies have been thought 
of in the past as ocsupying large volumes, not as being 
condensed into compact objects. However, we now have 
to ask whether a redio galaxy may not eject compact 
pieces as well as diffuse clouds of high-speed particles. 

Radio galaxies dc not eject their material with an 
initial isotropy. The typical pattern is of two centres of 
radio emission on opposite sides of a galaxy, with the two 
centres and the nucleas of the galaxy more or less collinear. 
To me personally, th:s has always suggested that an object 
in the nucleus of the galaxy separates violently into two 
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pieces with a large relative motion. The collinear property 
then follows from conservation of momentum. Exactly 
the same phenomenon is observed in the quasi-stellar 
source MH 14-121, two regions of radio emission on oppo- 
site sides of, and collinear with, a centre of optical emission. 
The possibility must be considered that a cascade process 
is involved. An initial object in the centre of a galaxy 
breaks violently into two pieces. Later, each of these 
pieces breaks into two further pieces; and so on. As the 
cascade develops, and as the objects spread out from the 
parent galaxy, an approximation to an isotropic situation 
would then gradually develop. 

From independent evidence it has been suggested that 
an explosion occurred in the nucleus of our own galaxy 
about ten million years ago. If the quasi-stellar objects 
emerged in this explosion, as Terrell has suggested, the 
brightest of the objects, 30 273, would now be distant 
about 0-5 million parsecs, about one-thousandth of the 
cosmological distance. The optical emission, instead of 
the enormous cosmological value of 1048 ergs sec-!, would 
be 10% ergs sec-1. The burning of some 300 solar masses of 
hydrogen gives sufficient energy to supply such an output 
for as long as ten million years. Since the mass of 3C 273 
could be set as 104M o there would seem to be no difficulty 
in explaining the optical output. The kinetic energy of 
3C 273 would then be ~105* ergs, about one order of 
magnitude less than the total energy of the galactic 
explosion, as estimated by Burbidge and Hoyle. The 
masses of other quasi-stellar objects can be set lower than 
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than the others, at any rate for the sources so far observed. 
Setting 107M o as the mass per object, and taking the mean 
speed as half the velocity of hight, the kinetic energy per 
object is comparable with that of 3C 273. The total energy 
estimated by Burbidge and Hoyle, 105? ergs, would provide 
only for ~10 objects. It would seem therefore that 
either Burbidge and Hoyle underestimated the violence 
of the galactic explosion, or an energy difficulty arises. 

The same difficulty does not arise in the case of the 
galaxy NGO 5128. This is a nearby massive elliptical, 
distant about four million parsec. At least one major 
outburst is known to have occurred in the nucleus of this 
galaxy within the past ten million years. The probability 
must also be considered that both N@C 5128 and our 
galaxy are involved, with our galaxy contributing the 
comparatively low-speed objects and NGC 5128 contribut- 
ing the high-speed objects. 

These questions can, undoubtedly be resolved by obser- 
vation. Observations leading to size estimates for the 
quasi-stellar objects are coming along with rapidly mount- 
ing impetus. The light from 3C 273 has been known to be 
variable in a characteristic time of about ten years. This 
sets the maximum radius of the optical object at ten light 
years. In addition, rapid flashes in the light over only a 
few weeks have been suggested. Largely because the 
maximum radius would have to be reduced to a tenth of a 
light-year, or even less, there has been a disposition not to 
believe this evidence in the case of 3C 273. On the cosmo- 
logical hypothesis, how can one have an optical emission a 
hundred times brighter than the most luminous galaxies 
pouring out of an object only a tenth of a light-year in 
diameter ? The issue appears to have been resolved by a 
recent observation of a doubling of the light of a quasi- 
stellar source in less than a month. 

On the radio side, fluctuations from 3C 273 have been 
found, first by Dent and more recently by Moffet and 
Maltby. The radio data set stronger constraints than the 
optical data, particularly for the cosmological theory. 
The present state of the argument is that the cosmological 
theory just survives the existing data. Whether it will 
continue to do so remains to be seen. My judgment of the 
situation is that survival for the cosmological theory 
depends on there being a sharp saturation in the accumula- 
tion of fluctuation data, that not much more in the way of 
fluctuations can be tolerated. If we are already near the 
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end of the road, the theory will survive and will ther 
probably turn out the correct theory. But if we are stil 
near the beginning of the road, the prospects for the theory, 
will be slight. I would say we have to do with a fifty-fifty 
situation. 

I would like to turn now to quite different issues; busim 
still bearing on the question I asked at the beginning: 
Has the universe emerged from a more dense state ? The 
kinds of observation I have discussed so far all relate to 
great distances. Observations can be made in our 
own neighbourhood which also bear on the problem. I am» 
now going to describe three such observations, together 
with the related arguments. The three are utterly different 
in character, illustrating how wide are the issues in cosmo- 
logy, and how very many phenomena have to be made to 
fit into a consistent picture. l 

Recently, Penzias and Wilson have observed a radio 
background at a wave-length of about 7 cm, which they do 
not beleve to be due to their equipment or to the nearby 
terrestrial environment. The mtensity is between 10 and 
100 times greater than can be attributed to radio sources. 
The suggestion is that the universe has a thermodynamic 
radiation background corresponding to about 3-5° K. 
Observations at two other wave-lengths at least are needed 
to confirm this suggestion. One such observation is now 
being planned by Dicke at Princeton. 

There seems no way in which such a background can be 
explained in terms of current astrophysical processes. 
Hence, if we accept the suggestion of Penzas and Wilson, 
the immediate implication is that the universe must have 
been different in the past from what it is to-day. Particu- 
larly, a higher density is needed to generate the back- 
ground. 

A simular result follows from the entirely different con- 
sideration of the helium-to-hydrogen ratio in stars and 
gaseous nebulae within our galaxy. Determinations of this 
ratio range from 0-08 to 0-18; and the ratio seems to be just 
as high in old stars as in most young stars. The ratio to be 
expected from current stellar activity is only 0-01. So 
either activity in the galaxy was much greater in the past, 
or the helium cannot be explained in terms of production 
from hydrogen through thermonuclear processes within 
the galaxy. Failure to observe any stars or any object 
with a low helium content points to the second of these 
possibilities. 

It is possible to show by detailed calculation that, if 
matter in the universe has emerged from a state in which 
the temperature was above 10° °K, the helium-to-hydrogen 
ratio must be about 0-14, a value which falls in the centre 
of the observed range. However, no values less than a 
truly universal value should be found. Two independent 
determinations for the Sun, one from structure caleula- 
tions, one from observations of solar cosmic rays, give 
concordant results close to 0:09. This seems significantly 
below the expected universal value; but further work is 
needed to establish whether the discrepancy is real or not. 

All the lines of investigation which I have mentioned 
so far point to an affirmative answer to the initial question: 
they point to the universal density ın the past being higher 
than it is at present. Yet in every case the argument has 
been fraught with uncertainty. The probability seems 
against a negative answer, yet the possibility cannot be 
excluded. Speaking personally, I believe the case for a 
negative answer would still be arguable if it were not 
for the third of my three lines of attack. This again is 
entirely different in character from the helium/hydrogen 
ratio and from the microwave observation of Penzias and 
Wilson. I refer to the problem of the origin of elliptical 
galaxies. In my view, a consideration of this problem 
points decisively toward the universe having been very 
much denser in the past than it is at present. 

Galaxies have been broadly classified into two types— 
ellipticals and spirals. There is an incontrovertible argu- 
ment to show that spirals must have condensed from a 
more diffuse form. The spirals are rotating. Their angular 
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omenta prevent them from bemg compressed into more 

mpact forms. The flattened ellipticals have always been 
«pposed to be similarly in rotation, but this has never 

xen properly checked by observation. Because the 
lipticals were thought to be in rotation it was similarly 
ipposed that they were formed by a condensation process. 
his, I am now convinced, 1s wrong. I believe ellipticals 
) have formed through expansion from a higher density 
ate. 

Elhptical galaxies are remarkably amorphous. The star 
«stribution is everywhere smooth. If one measures the 
irface brightness it is found to behave very nearly as an 

verse square law, rising with great steepness toward 
1e centre. The centres possess extremely bright central 

ips. How sharp these centres really are, how star-like, is 
npossible to say at the moment, for atmospheric seeing 
mfects smear the central pip into an apparent disk. 

Suppose the universe expanded from a much denser 
Hate, say 10-7? g cm-*, and suppose the gas at the begin- 

ing of the expansion was not entirely smooth, suppose 
shere were condensation knots already within it. It appears 
bat such condensation knots can restrain the expanding 
as to a degree which can be subject to precise calcula- 
ion. A knot of mass 10°Mo can restrain a total mass 
f 10°45 within a region of galactic dimensions. 
m knot of 10’Mo can restrain a mass of about 5-10!°M o. 
Che critical point now emerges, that the surface brightness 
vf the resulting aggregation can be calculated (assuming 
he material forms into stars) and the calculations yield 
juite unambiguously a law close to the inverse square, in 
act just what is observed. 

The point I wish to make is that whereas the steep rise 
owards the centre is expected, and is predicted, by the 
xxpansion picture, this characteristic feature of elliptical 
ralaxies cannot, I believe, be understood at all within the 
sondensation picture. 

The clinching factor, 1t seems to me, is that a condensa- 
ion knot—a memory of the initial dense state—is to be 
axpected at the centre of every major elliptical galaxy. 
It is these condensation knots that give rise to the pheno- 
menon of the radio galaxy. These are the massive objects 
which Fowler and I postulated some three years ago. 
Questions were asked of us at the time as to how our 
objects ever managed to form. Difficulties of angular 
momentum were raised. The answer which can now be 
ziven is that the objects never formed, in the sense in 
which the questions were asked. They are relics of a much 
higher density phase of the universe. They have been 
there since the galaxies themselves were formed, and in the 
sense of the radio astronomer they have been smouldering 
throughout the lifetimes of the galaxies. They are systems 
which remain at the very edge of stability. Whenever 
nstabilities occur, violent outbursts serve to restabilize 
shem. 

Why is my initial question so important? Why make 
such a fuss about whether the universe has been in a more 
lense state ? Because the present -physical theory sug- 
yests that there is no limit to how great the density must 
have been in the past. I use the word ‘suggests’ because the 
ohysical divergence of the density was first demonstrated 
for a homogeneous and isotropic universe. Divergence 
also occurs when the isotropic restriction is removed. 
Does it also occur when homogeneity is removed ? I have 
always believed the answer to this question was also 
affirmative, but my belief was based more on the failure 
of those who maintained the opposite to demonstrate 
their case than on any positive demonstration on the 
affirmative side. However, progress on the affirmative 
side has been made very recently, and opinion has generally 
moved toward the view that the equations of physics 
sontain a universal singularity. 

I have always had a rooted objection to this conclusion. 
[t seems as objectionable to me as if phenomena should be 
liscovered in the laboratory which not only defied present 
physical laws but which also defied all possible physical 
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laws. On the other hard, I see no objection to supposing 
that present laws are incomplete, for they are almost 
surely incomplete. The issue therefore presents itself as 
to how the physical laws must be modified in order to 
prevent a universal sirgularity, in other words how to 
prevent a collapse of plysics. 

It was with this background to the problem that several 
of us suggested, some twenty years ago, that matter might 
be created continuously. The idea was to keep the universe 
in a steady-state with rreation of matter compensating 
the effects of expansion. In such a theory the density in 
the universe would not be higher in the past than it is at 
present. From the data I have presented here it seems 
likely that the idea, will now have to be discarded, at any 
rate in the form it has bscome widely known—the steady- 
state universe. But let me proceed with the theoretical 
ideas which have grown out of the notions of twenty years 
ago, for they may turn Dut to have a value going beyond 
the first suggestions. 

During the past ten years the struggle has been to invent 
a form of mathematics Cperating in the manner customary 
in physics, namely, starting from an action principle. It 
was found possible to represent the creation of matter 
through the introducticn of a new field. The manner in 
which the field was trested was quite normal. What was 
different from ordinary Ddhysics was the motive underlying 
the investigation, the avoidance of a universal singularity, 
rather than an experiment in the laboratory. Physicists 
wil introduce a new fielc at the drop of a hat, if experiments 
in the laboratory shoulc direct them so; but the physicist 
is unhappy to do so for-any other reason. 

Having obtained the mathematical structure of the new 
field it was found tha^ singularities never occur, quite 
regardless of whether matter is being created or not. So 
long as the new field exists there will be no singularity 
either of the universe cr of a local imploding body. In 
other words, the mode:s available for investigation, the 
models without singularities, were very much wider than 
the old steady-state theory. During the past few years it 
is these other models which have been under investigation. 
What has turned out ? 

The simplest case is ihat in which the new field exists 
but in which there is ro creation of matter. It is then 
possible to obtain a finise, oscillating universe of the kind 
that has been sought for so long in the usual theory. The 
universe alternately expands and contracts. Gravitation 
causes the reversal from expansion to contraction, while 
the new field causes the rebound from contraction to 
expansion. 

So far as I am awars, such an oscillating model is in 
satisfactory agreement ~vith all available data. The model 
is less dull than it seems at first sight, for it contains the 
possibility of some carry-through from one cycle to the 
next. Suppose the universe as we observe it eventually 
stops expanding. Suppose it falls back to a state of 
comparatively high deasity, a state in which stars are 
evaporated, a state in which even the nuclei of heavy 
elements are disrupted, a state from which matter emerges 
with the helium-to-hydrogen ratio I described before, 
about 0:14. In the staze of high density things will not 
be quite uniform. Because of the existence of galaxies, 
and of clusters of galaxies, there will inevitably be some 
departures from uniformity. These departures will form 
the condensation knots round which a new generation of 
galaxies will form. Thus the condensation knots of which I 
spoke at an earlier stage are not merely random perturba- 
tions. One generation cf galaxies acts as the seeds for the 
next generation. Magnetic fields will also persist from 
cycle to cycle. 

There are two objections to this model. The new field is 
without sources. It is mtroduced ad hoc, along with the 
matter. There is never ary coupling between the matter and 
the field. Then there is the subtle, but I believe the correct, 
objection that a series of oscillations must eventually 
damp out. Unless dissizative processes are precisely zero, 
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which seems unlikely, the amplitude of the oscillation 
will gradually die away and the universe will come to rest 
in an intermediate static state. 
or these reasons it is of interest to examine the models 
with creation of matter, noticing there is no specification 
from theory as to what the density must be in the steady- 
state situation. In the past the density was set empirically, 
by requiring it to be equal to the present-day density. 
Perhaps this step was wrong. Perhaps the true steady- 
state density should be very much higher. 
During the past year, Dr. Narlikar and I managed to 
investigate a possibility which had previously proved too 
difficult to handle, the case in which there are departures 
from homogeneity, the case in which there are fluctuations 
from one region of space to another. To our surprise we 
found that under certain conditions the creation of matter 
could fall away in a localized region, and that if it did 
so the region would break into a series of oscillations of a 
kind that were closely analogous to the oscillations I have 
Just been describing. In the former case we had oscilla- 
tions of the whole universe, but of a universe of finite 
volume and finite mass. In this new case we have oscilla- 
tions of a finite region of an infinite universe. From the 
point of view of an observer living in such a region it 
would be difficult to tell the difference. The oscillations 
would eventually damp away, but in this second case there 
would simply be a return to the steady-state condition. 
In this second case there will be many localized oscillating 
regions, not merely one. The regions will not in general be 


in juxtaposition with each other; they will usually 
separated like islands in an ocean: and, like islands, th 
will be of different sizes and the amplitudes of their oscil 
tions will be different. 

Ihave already mentioned the philosophy of the physici 
that the whole of physics is discoverable in the laborator 
What has been discovered is a remarkable mixture 
elegance—invariance properties for example—and 
ugliness, the fine structure constant being 137... . f 
example. The properties of matter depend critically « 
the dimensionless numbers of physics, as well as on t 
structure of the laws. One can take three views on ts 
dimensionless numbers: 

(1) They just happen to have the values we find f 
them and no explanation of these values will ever » 
found. 

(2) The observed values are necessary to the logic 
consistency of physics. 

(3) The observed values are of non-local origin. 

I imagine few will be satisfied with the first of the 
possibilities. I also imagine most physicists prefer (i 
But what if (3) should be correct ? Could the curious valu: 
we observe for the dimensionless numbers be connecte 
with the particular oscillating and finite region in whic 
we happen to live? If this were so, the universe would I 


far richer in its possibilities and content than we normal. 


imagine. In other regions the numbers would be differer 
and the gross properties of matter, the science of chemists 
for example, would be entirely changed. 


A VISIT TO THE LOWER AMAZON 


N the summer of 1964 a visit was made to the lower 
reaches of the Amazon by a party of four naturalists, 

namely, I. R. Bishop of the Department of Biology, 
Guy’s Hospital Medical School, who acted as leader of the 
expedition, E. C. Tatchell of the same department, 
D. Walliker of the London School of Hygiene and Tropical 
Medicine and Dr. J. C. Garnham who acted as medical 
officer. 

The party had a number of objectives the most definite 
being to make collections of parasites of the blood and 
tissues of various vertebrates, to collect a variety .of 
vertebrate animals and also to attempt to arrange for the 
return to Great Britain of some living specimens of the 
South American lungfish, Lepidosiren. Other objectives 
were to introduce the members of the party to various 
scientists, laboratories and working conditions in Brazil 
and also to see whether air travel now made it possible for 
a biologist to go from Britain to Brazil for a comparatively 
short time, such as a long vacation, and accomplish a 
worth-while amount of work. 

_ The heavy baggage of the party, 
including collecting gear and some 
hydrographic apparatus, was shipped 
from Britain in May, but the first 
member of the party to leave was 
I. R. Bishop, who flew out on June 


16; he arrived in Manaus, approxim- / 
ately 1,000 miles up the River |o? 
Amazon, on June 19, having made 

‘a short stop at Belém, where he 

"visited the Goeldi Museum (director, | 


Dr. D. Albuquerque) and the Insti- 
tuto Evandro Chagas (director, Dr. 
Orlando Costa) and confirmed ar- 
rangements which had been agreed 
by correspondence that the last 
three weeks of the trip should be 2 SOLIMOES 
spent at these institutes in Belém 






MANAUS 


On arriving at Manaus, Bishop received a very cordi: 
welcome from Dr. W. Rodrigues, the acting director of th 
Instituto National de Pesquisas da Amazonia (I.N.P.A. 
the director (Dr. Djalma Batista) being on leave. Th 
remaining three members of the party left London o 
June 30 and arrived in Manaus on July 2. 

While the party was in Manaus it was based on th 
Instituto, Dr. Batista and his staff giving them ever, 
possible facility, including living accommodation, labore 
tory space, and most important the use of a launch, 
technical assistant and crew to make collecting excursion 
up and down the river. 

The tentative plans laid before leaving London nov 
suffered a minor reverse as the boat carrying the collectin, 
gear, etc., was much delayed and, instead of arriving a 
Manaus almost at the same time as the main party, wa 
more than a fortnight late and collecting was entirel: 
dependent on facilities provided by others. Fortunatel; 
Bishop had soon after his arrival been introduced to Dr 
Rudolpho Friburgo, who, besides being a keen amateu 
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(Fig. 1). Fig 1. Sketch map of the Lower Amazon showing localities visited 
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y home and camp to which he havited ihe nasty 
hat while awaiting their stores they could become 
quainted with the forest. A technician was lent by 
P.A., and in his company the party spent eleven days 

lecting birds, mammals and amphibians and acquiring a 
3t-hand knowledge of the forest. The darkness under the 
f canopy was what had been expected, but what came 
s-a surprise were both the undulating nature of the forest 
oor and the ease with which it was possible to travel 
ough the forest as the undergrowth, except for a few 
š on the edge of any clearing where the sun could 
trate, was very thin under the dense leaf canopy and 
o was also a paucity of animal life. The forest was also 
remely silent, the stillness being broken only by the 
es of toucans and parrots and the outbursts of howhng 
nonkeys the calls of which could be heard over large 
distances. One member of the party (J.C. G.), who has 
_had experience of the African tropical forest, has remarked 
that he was particularly impressed by the contrast 
between the forest in the two continents. 
_ This phase of the work came to an end when the heavy 
“baggage arrived at Manaus and the party returned to see 
_it through the customs, to unpack and to select the equip- 
ment required for the next stage which was an excursion 
up the Rio Negro. As has been mentioned, a launch with 
crew and sleeping accommodation for all was lent by 
LN.P.A. and on July 25 the journey began (Fig. 2). 

The rainy season had ended only shortly before the party 
arrived in Brazil and the water-level was still high; the 
‘Rio Negro has low banks and thus the high river floods 
into the adjacent forest, in some places for distances of 
several hundred yards. This has the effect of driving from 
the area all the truly terrestrial animals and there is little 
in the way of animal life. This applies to man also, and 
there are few habitations on this river and only in those few 
places where the land is above flood-level can any settle- 
ment be attempted. Attention was mainly confined to the 
river itself, in which the notorious flesh-eating fish, the 
‘Piranha (used as food by the crew), is abundant, as are 
also dolphins, and to the birds—numerous parrots and 
‘toucans were seen and occasionally a hawk. 

: This journey was continued with frequent halts until 
on the fifth day the confluence of the Rio Negro with the 
< Rio Branco (about 290 km from Manaus) was reached. 
Here the bank is higher and a suitable place was found to 
take fast for several days. Collections made here consisted 
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z 2. Sketch map of Manaus region koria localities visited, (1) 
nans; (2) camp 105 km from Manaus: (3) mouth a Dio ia 
(4) Codajaz; (5) Ttacoatiara. . i : 
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made. After a stop of dive days the re 
Manaus was reached on August: | a ee ae 
Before leaving for Brazil several linos of enquiry had. 
been followed with tke view of ascertaining whether it : 
would be possible for -he expedition to charter a suitable: 
boat for work in the Manaus region which could then be 
used for the journey dewn stream to Belém so that further 
collections could be made on this journey if opportunity 
offered. The advice that was received before departure was 
very conflicting, and, » fact, this course of action proved 
impossible. Small boats of suitable construction and 
robustness are all engaged in working for their owners. 

It was therefore reluctantly decided that the journey: to 
Belém would have to be made by passenger ship. This, 
however, meant that departure for Belém need not. be 
immediate and the extended use of the I.N.P.A. launch 
was gratefully accepted and a journey made up the main - 


stream of the Amazoa, which here changes its name to ` 


the Rio Solimoes. This journey took the party to the 
village of Codajaz (abeut 250 km from Manaus) (Fig. 2). 
The banks of the Rip Solimoes were visibly higher than 
those of the Rio Negre. This had the effect of preventing 
the seasonal flooding and also allowed for considerable 
agriculture on the barks themselves. Large areas of the 
forest along the rivezside had been cleared to provide 
grazing for cattle. Houses, farming communities and town- 
ships were frequently passed and it was rare to be out of 
sight of some habitatzon whereas on the Rio Negro this 
had been the rule. Erom the banks large quantities of 
floating vegetation exsended into the mainstream of the 
river. At first sight this appeared solid, but as the boat. 
passed, the wash caused the floating vegetation to rise and 
fall and as the waves passed beneath it the surface of the 
floating vegetation appeared to ripple as if blown by a 
strong wind. From time to time portions of these floating 
mats broke away and became islands drifting downstream, 
and they appeared to -emain intact for many miles. This 
may be of practical significance in animal transport. Collec- 
tions made from these floating islands show that mosquito 
larvae are not infrequeat and by this means are transported 
over long distances, « fact that must be remembered if 
local mosquito eradication schemes are attempted. 
Owing to the fact that Codajaz is frequently visited by 
research workers from: I.N.P.A. the technician, Mozarth, 
who had been attached to the party, knew several families 
in the village and enlisted their help in getting together a 
number of caçadores (rainters), and a team. of four went off 
on hunting trips eack morning and returned with their 
catch in the afternoors; it consisted mainly of mammals 
which were examined for parasites, their skins and skulls 
being preserved for further examination. — : 
The small boys of the district added various animals to 
the collection from butterflies to sloths, bats and alligators. 
These collections were supervised by Walliker and. Bishop 
while Tatchell and Gacnham made several trips to various 
lakes and rivers to study the freshwater biology and 
hydrology of the regioa. Dr. Garnham was also able, with 
help from the official of the public service (8.E.8.P.), to 
undertake some clinical helminthological investigations. 
The stay at Codajaz was most productive, both of speci- 
mens and of scientific: information, and it was with some 
reluctance that on August 18 the return journey to Manaus 
was begun. Five live specimens of Iguana, two more than 
3 ft. long, and two Tegu were flown back to London. One 
Iguana died shortly acter arrival but the other four were 
presented to the Zoolegical Society of London and placed 
on display in the menagerie. A photograph of one of these 
specimens sd ata ia the Society’s annual report. 
After arriving at Manaus, Walliker and Garnham paid 
another visit to Dr. Friburgo (at Camp 105 km) while 
Bishop and Tatchell repacked the equipment for the 
journey to Belém. This voyage started on August 29, and. 
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after a stop of three days at Itacoatiara (about 100 km 
downstream) to load brazil-nuts, Belém was reached on 
September 5. Now the party found itself in considerable 
difficulty as, having come down an international waterway 
on a British steamer, the chief customs official at Belém 
held that the party were seeking to re-enter Brazil and 
questioned the validity of the documents presented. The 
equipment was impounded and only after a fortnight was 
the position clarified and the equipment released on 
September 19, and after a few days it had to be repacked 
for the journey home. During the stay at Belém the party 
was almost entirely dependent on borrowed equipment, 
and it is a pleasure to record that the party was made 
extremely welcome by Dr. Orlando Costa of the Evandro 
Chagas Institute, who provided laboratory facilities, and 
by Dr. Daley Albuquerque of the Goeldi Museum, who 
provided more laboratory facilities and excellent living 
accommodation in the zoological garden attached to the 
Museum. If it had not been for the kindness of these two 
directors no scientific work would have been possible during 
the time spent separated from the equipment. 

Here Walliker had the assistance of the Belém Virus 
Laboratory in taking blood smears from animals in the 
Utinga Forest. ' 
chloroquine-resistant malaria, which had been reported to 
be present in the area and, with the aid of Dr. Lins of the 
Evandro Chagas Institute, visited the hospitals and made 
valuable contacts with physicians dealing with malaria 
infection. Whether drug-resistant malaria is present or 
not is a matter of debate among the experts in Brazil, 
and the matter remains unresolved. 

Throughout the visit to Amazonia constant enquiry 
had been made concerning the possibility of obtaining 
specimens of the South American lungfish, and in the 
Manaus region the answers to such enquiries were always 
that it could be found but not in this precise locality or 
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season. At Belém hopes were higher, for it is well know 
that it occurs in the island of Marajos which is close by 
Eventually a local fisherman was persuaded to try ts 
attempt to find some in one of the many waterway 
which run through the outlying parts of Belém. These are 
shallow ditches which are kept full of water by the in 
fluence of the tides in the delta; these ditches contaim® 
much vegetation (see Fig. 3) and are used by the loca 
inhabitants as places in which to dispose of householc 
refuse and rubbish of all kinds and the water is turbid, O 
unpleasant odour and, as shown by the electronic record 
ing gear, of negligible oxygen content. At night the 
fisherman stretched a net across such a ditch and then by 
working it along the stream and beating the rooted vegeta 
tion drove fish into the net. In one night’s fishing fifteer 
specimens of Lepidosiren were taken of which twelve were 
flown back to London in suitable containers. Six were senw 
independently and six accompanied the members of the 
expedition on the return journey and all arrived in gooc 
condition. 

Thus the objective of obtaining living lungfish was 
attained. What of the other objectives ? It is now, at the 
time of writing, some ten months since the party returned. 
During this time work on the material has proceeded and a 
preliminary scientific report was made at a meeting of the 
Linnean Society of London on February 18. A series of 
reports on the parasitological materials, some of which ons 
protozoa are in the press, is being prepared by Walliker, 
and in a joint report on some aspects of filariasis he is 
being joined by Garnham. Bishop and Tatchell will makes 
their own reports in due course; Bishop has also been re- 
sponsible for sending material to experts on various aspects 
of the work, largely systematic, for their detailed investiga- 
tion. In addition, a colour 16-mm film recording the 
expedition and its work is nearing completion. Work on 
the lungfish is proceeding in the Biology Department at 





Fig. 3. 


The habitat of Lepidosiren in Belém, Pará, Brazil 
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‘uy’s Hospital Medical School under the guidance of 
rof. G. E. H. Foxon. 

Of the more indefinite objectives, that of getting to 

«now and working :n conjunction with Brazilian scientists 
1as most certainly been achieved. All the members of the 
arty are grateful for the splendid assistance and co-opera- 
ion received at every turn, not only from those who have 
een. named here, kut also from all those whom they met 
oth professionally and socially who helped to make their 
visit so pleasant; in particular, mention should be made of 
‘he British vice-consuls at Manaus and Belém. 
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In conclusion, the members of the party and all con- 
cerned with the expedition thank the many individuals, 
commercial companie and public bodies who by their 
financial support and cther aid enabled this Journey to be 
undertaken. Among tl= public bodies the following should 
be especially mentionec: the Zoological Society of London, 
the Medical Researcn Council and particularly the 
Wellcome Trust, whick by a generous guarantee made the 


project possible. 
I. R. BISHOP 
G. E. H. Foxon 


NUTRITION AND ITS INTERNATIONAL RECOGNITION 
By Sr RUDOLPH A. PETERS, F.R.S. 


HIS subject has a very long history, but in spite of 
this the International Union ef Nutritional Sciences 
s not yet accepted as one of the ‘international unions’ of 
she International Council of Scientific Unions—even at a 
ime when we all know that a proper knowledge of nutri- 
sion is more than ever necessary to save the increasing 
copulation of the world from famine. A haphazard use of 
ood does not matter so much when there is plenty, 
use the body can adapt itself to a badly balanced diet 
some extent. It is, however, now vital to know how to 
p our food with the greatest economy. Many years ago, 
for example, Chittenden and his colleagues (Chittenden, 
R. H., Physiological Economy in Nutrition, Now York, 
1904) showed that protein requirements of adults could be 
much reduced without damage to health. 
Why, then, 1s there delay in accepting nutritional 
«science as & separata science ? Probably part of the reason 
is the complexity of the subject. It involves physics, 
chemistry, physiology, biochemistry, pharmacology, path- 
‘ology and medicine, and extends to sociology especially in 
regard to food habits and the preparation of foodstuffs. 
Each of these sciences sees only a small part of a com- 
plexity. Fifty years ago, nutrition seemed almost synony- 
mous with biochemistry and Gowland Hopkins shared a 
Nobel Prize with Eijkmann for his part in delineating 
vitamins, and for showing so clearly that nutrition was a 
qualitative subject and not just a matter of energetics, 
the so-called isocaloric value of foodstuffs. This was 
followed by an outburst of activity in isolating and 
synthesizing various vitamin factors, in the furtherance 
of which the U.K. Medical Research Council played a 
considerable part. For the past eighteen years, however, 
those concerned with granting finance for research have 
turned to ‘pastures new’, witness: The isolation of 
enzymes, the unravelling of protein structure and the 
excitement of the nucleic acids and genetics. The result is 
that at the present tıme few research workers have been 
trained in the rigorcus and lengthy discipline of nutritional 
research—which is smphatically not just ‘the feeding of a 


few rats’. From man7 pomts of view, even from that 
of space travel, we vant to know much mere about 
the interaction of the various compounds making up 
e, diet. 

The problems extend, of course, beyond man into the 
animal kingdom. In agriculture, for example, there is the 
problem. of digestion ir the ruminant. The micro-organ- 
isms in the rumen, bac-eria and protozoa, by a controlled 
fermentation set up = digestion of substances such as 
cellulose, which the sec-eted enzymes of the digestive tract 
cannot digest; and so they turn inedible substances into 
food for man. Anatomy, physiology, biochemistry and 
microbiology are all n=volved in this work; but none of 
these sciences, as such,18 interested in the implications of 
ruminant digestion fcr the utilization of the world’s 
grassland to feed its populations. 

Again, it is the businsss of the soul scientist, who may be 
geographer, physicist end chemist, to show that certain 
strata of the world’s surface lack particular elements, 
such as coppor or cobelt; and the biochemist will relate 
this to plant growth and to enzymes present. It is the 
business of the nutritienist to relate these disccveries to 
the health of the grazing animal, and so ultimately to the 
food supply of populations. Actually, it has often been 
investigated in reverse. starting with the ill-health of the 
animal on the natural ~egetation. 

It is to be noted shat the International Union of 
Nutritional Sciences Fas been in existence since 1948; 
and it has at present she support of seventeen national 
members of the Internetional Council of Scientific Unions. 
At intervals of three years, it has held six successful inter- 
national congresses; tke last one was in Edinburgh under 
the presidency of Sir David Cuthbertson. There will 
always be a need for =lose relations with organizations 
such as the Food ard “Agriculture Organization, the 
World Health Organization and Unesco: but his very 
necessity makes it all the more important for nutrition 
to have a firm scientif» basis within the organization of 
the International Courcil of Scientific Unions. 


NEWS and VIEWS 


Science Research Council Support for University 
Science and Technology 


Tum Science Research Council has set up a new 
University Science and Technology Board under the 
chairmanship of Sir Ewart Jones, Waynflete professor of 
organic chemistry in the University of Oxford, to advise 
on the support which the Council should give to science 
and technology in she universities. The new Board will 
advise the Council on the award of grants for the support 
of university research, as well as studentships and fellow- 


ships for the training of young postgraduate scientists: 
support for university scientific research and advanced 
training will thus be clcsely integrated. The sccpe of the 
Board will include science and technology; it will there- 
fore work in close touch with the other Research Councils 
and the Ministry of Technology. The Council has already 
set up a Nuclear Physic Board under the chairmanship of 
Prof. C. F. Powell, anc an Astronomy, Space and Radio 
Board under the chatmanship of Sir Bernard Lovell. 
Part of the support pre~iously given to university research 
and training by the Department of Scientific and Industrial 
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Research, namely that concerned with earth sciences and 
ocology, has been taken over by the Natural Environment 
Research Council ; and mostof the support given in the past 
by the Department of Scientific and Industrial Research 
to university research and training in some parts of the 
human sciences (particularly sociology and psychology 
applied in industry) will be taken over by the new Social 
Science Research Council: which is being set up by the 
Government followmg the recommendation of the Hey- 
worth Committee. 

The new Board replaces the Research Grants Committee 
and the Postgraduate Training Awards Committee of the 
Department of Scientific and Industrial Research. The 
membership of the Board is as follows: Chairman, Sir 
Ewart Jones. Members, Prof. B. Bleaney, Dr. Lee’s 
professor of physics, University of Oxford; Prof. R. Brown, 
Regius professor of botany. University of Edinburgh; 
Dr. A. Caress, Imperial Chemical Industries, Ltd.; Prof.. 
G. C. Drew, professor of psychology, University College, 
London; Dr. H. M. Finniston, International Research and 
Development Co., Ltd.; Prof. H. Forc, professor of applied 
mechanics, Imperial College of Scierce and Technology ; 
Prof. M. R. Gavin, professcr of electronic engineering, 
University College of North Wales, Bangor; Lord Halsbury; 
Dr. J. W. Menter, Tube Investmen-s Ltd.; Prof. R. §. 
Nyholm, professor of chemistry, University College, 
London; Prof. G. Porter, Firth professor of chemistry, 
University of Sheffield; Prof. E. J. Richards, professor of 
applied acoustics, director of Institute of Sound and 
Vibration Research, University of Southampton; Prof. 
A. L. Roberts, Livesey professor of fuel technology, 
University of Leeds; Dr. J. E. Smith, secretary of the 
Marine Biological Association of the United Kingdom and 
director of the Laboratory; Prof. I. N. Sneddon, Simson 
professor of mathematios, Universisy of Glasgow; Sir 
Peter Venables, vice-chancellor, University of Aston in 
Birmingham. Assessors, University Grants Committee 
and the Ministry of Technology. 


Directorate of Overseas Surveys : 
Mr. G. J. Humphries, C.M.G., O.B.E. 


Mr. G. J. Humpneiss retires this nonth as director of 
‘Overseas Surveys of the Ministry of Overseas Develop- 
ment, and Surveys adviser to the Minister. Mr. Hum- 
phries was born in 1900, and after three years at the 
Oniversity of Reading joined the Colonial Survey service 
in Nigeria in 1928. He was with the Royal Engineer 
Survey from 1939 until 1946, attaining the rank of 
lieutenant-colonel. From 1944 he was responsible (under 
Brigadier Hotine, director of Military Surveys) for the 
planning and organization of what was originally 
as the Directorate of Colonial Surveys. Mr. Humphries 
was deputy director of this f-om its start at Bushy Park 
in 1946 with responsibility fcr the field side of the work. 
He was appointed director in 1963 on the retirement of 
Brigadier Hotine. When the tellurometer was being 


perfected in South Africa in 1957 he played a major part -~ 


ın its acceptance by geodesists and lend surveyors by his 
advocacy and by organizing the completion by telluro- 
meter in one month of a 400-mile precise traverse in 
Kenya which would have taken two years or more by 
conventional methods—the first major field task for 
which this revolutionary survey instrument was used. In 
addition to his control of the field side of the Directorate 
with parties working all over the Commonwealth, Mr. 
Humphries was responsible for the technical side of the 
selection and training of British surveyors for the Colonial 
Survey departments and of she training of African and 
other overseas surveyors in Britain. His experience and 
judgment of character have played an important part in 
the growth of these departments ard in their effective 
evolution after the; independence of the countries 
concerned. Mr. Humphries was awarded an O.B.E. in 
1954 and a C.M.G. in 1965. 
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Mr. W. D. C. Wiggins, O.B.E 


Mr. W. D. C. Wiaams has been appointed to succee¢ 
Mr. Humphries as director of Overseas Surveys anc 
Surveys adviser. Born in 1906, Mr. Wiggins was a schola; 
of King’s School, Canterbury, and went to University 
College, London. He joined the Nigerian Survey Depart. 
ment in 1928 and served in the Royal Engineers fror 
1939 until 1946, attaining the rank of lieutenant-colonel. 
Ho was appointed assistant director to the Directorate on 
its formation in 1946 and deputy director in 1948 with 
responsibility mainly for the mapping side at Tolworth. 
He was awerded an O.B.E. in 1967. 


Standards Division, National Physical Laboratory, Ted- 
dington :- Dr. H. Barrell, C.B.E. 


De. H. Barrer, who will be retiring from his post of 
superintendent of the Standards Division of the National 
Physical Laboratory at the end of March 1966, joined the 
Metrology Division, as it then was, in 1928. He took his 
degree in physics at the Royal College of Science, where as 
a demonstrator he later worked with A. Fowler on ultra- 
violet spectroscopy in the early years of quantum theory. 
Dr. Barrell’s own experimental work has been largely 
devoted to precise measurements of wave-lengths in the 
visible spectrum and ‘their applications to the measure- 
ments of length. An outstanding contribution, made 
jointly with Mr. J. E. Sears during 1932-38, was the 
determination of the metre and the yard in wave-lengths 
of light and of the refractive index and dispersion of air. 
From 1939 until 1945 he was responsible for mechanical 
gauging of ammunition to which he applied pneumatic 


methods, so initiating an important development in the 


“work of the Division. Dr. Barrell was appointed superin- 


tendent of the Metrology Division in 19538 in succession to 
Dr. F. H. Rolt. In 1958, in a re-organization of the 
National Physical Laboratory, the Metrology Division 
was combined with other groups to form the Standards 
Division. Dr. Barrell has been particularly concerned 
with the decision, taken in 1960, to define the metre in 
terms of the wave-length of an orange line in the spectrum 
of krypton-§6: he has directed the Division’s contribution 
to the international co-operative programme of research 
organized by the International Committee for Weights 
and Measures and he is a member of that Committee's 
Advisory Committee for the Definition of the Metre. In 
1954, following the death of Mr. J. E. Sears, he was elected 
to the International Committee. He was a member of 
the British delegations to the General Conferences of 
Weights and Measures of 1948, 1954, 1960 and 1964. As 
chairman of the international Advisory Committee for the 
Definition of the Second, Dr. Barrell has been influential 
in securing agreement on the definition of time in terms of 
an atomic frequency, a decision which, like that on the 
metre, depends heavily on the experimental work of his own 
Division. Dr. Barrell’s superintendency has been a time 
of rapid c From a small group concerned mainly 
with measurements in classical physics and engineering, 
the Division has grown to be the largest in the Laboratory 
with responsibility for the fundamental units, for the most 
precise meas1rements of length, mass, time and frequency, 
electrical quantities and temperature, and for much of the 
routine test work of the Laboratory as well. This growth 
Dr. Barrell has taken in his stride while maintaining and 
encouraging the many research activities and manifold 
international responsibilities of the Division. He retires at a 
time when the international repute of the Division is high 
in the field, a true reflexion of the imaginative guidance 
he has given. Ho was awarded a C.B.E. in 1962. 


Dr. A. H. Cook 


Dr. BARRELL is being succeeded next April by Dr. 
A. H. Cook, who was educated at Westoliff High School 
and, Corpus Christi College, Cambridge. After graduating 
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in physics in 1943, Dr. Cook worked at-the Admiralty 
Signal Establishment on electrical measurements at 
micro-wave frequencies and returned to Cambridge in 
1946 to specialize in the Department of Geodesy and 
Geophysics on pendulum and gravity meter surveys of the 
gravitational eld in Britain and continental Europe. He 
joined the staff of the National Physical Laboratory in 
1952 and has gamed international renowr. for his out- 
standingly accura-e determinations of fundamental quan- 
tities, in particular the density of mercury, wave-lengths of 
light and gravitat-onal acceleration at Teddington, which 
are of basic importance in the establishment of more precise 
standards of measurement. During recent years his 
interests have extended to metrological applications of 
gas lasers and to the development of advanced methods 
and equipment fr interferometric spectroscopy m the 
extreme ultra-violet region. He is planning, in association, 
with the Universiry of Trieste, a new determination, of the 
gravitational constant, using for the experiment a torsion 
pendulum 80 m long suspended in & large cave near Trieste. 
Dr. Cook is a member of the British National Committees 
for Geodesy end Jeophysics and for Space Research and 
holds official positions in the International Union of 
Geodesy and Gedphysics and the International Astro- 
nomical Union. Ee has served on the Council of the Royal 
Astronomical Soc-ety and is joint editor of the Geophystcal 
Journal. He is now being granted sabbatical leave until 
he takes up his rew appointment and will be a Visiting 
Fellow at the Joint Institute for Laboratory Astrophysics 
at Boulder, Colorado, which is directed by the University 
of Colorado anc the American National Bureau of 
Standards. 


No. 5006 


U.S. National Bureau of Standards : 
Dr. W. J. Youden 


Dr. Wiri114M —. YOUDEN has retired from the Applied 
Mathematics Divsion at the National Bures of Standards. 
Dr. Youden, whc had been, with the Bureau since 1948, 
was responsible for signi bt research in mathematical 
statistics, especialy in the field of experiment design, and 
vigorously promcted sound understanding and increased 
utilization of medern statistical techniques throughout 
science and industry. His most outstanding achievements 
are in the field of combinatorial arrangements for the 
conduct of sciertific experiments. One class of these 
designs, constructed for use when test conditions vary 
from one group of tests to another, is known as the Youden 
Square. Ho nas also contributed methods for interlabora- 
tory tests that are used in biological and medical applica- 
tions as well as ir the physical sciences. Before joining the 
Bureau staff, Dr. Youden carried out scientific and statis- 
tical research at she Boyce Thompson Institute for Plant 
Research, Inc. He was an instructor at the University of 
Rochester, and Las had temporary professional appoint- 
ments at Columbia University, the University of North 
Carolina, and. the University of Chicago. Born in Australia, 
Dr. Youden received a B.S. in chemistry. mathematics, 
and engi ing “rom the University of Roshtéster in 1921 
and an M.A. and Ph.D. from Columbia University in 1924 
in chemistry. Dr. Youden plans in the future to take up 
a teaching position in the College of Engineering at the 
George Washington University. 


Dr. P. H. Verdier 


Dr. Peter H. Verprer recently joined the staff of the 
Molecular Prope:ties Section, Polymers Division, of the 
Institute for Macserials Research of the National Bureau 
of Standards as a physical chemist. He will undertake 
research of the Cynamics of polymer chains by means of 
the Monte Carlo system, and will specialize in the effects 
of excluded volume interactions on the motion of polymer 
chains. Dr. Verdier joined the Bureau from the Union 
Carbide Research Institute where he was engaged in 
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research on molecula> structure and dynamics. Born in 
1931 in Pasadena, Galifornia, Dr. Verdier received his 
B.S., with honours, in chemistry from the California 
Institute of Technology in 1952. In 1957 he received h‘s 
Ph.D. in physical ckemistry from Harvard University. 
He was a Research Associate in chemistry at the Massa- 
chusetts Institute of Technology during 1957—58, and a 
Research Fellow at Harvard durmg 1958—59. 


Chemistry at Batter-ea College of Technology : 
Prof. J. A. Elvidge 


Dr. J. A. Erva has been appointed to the second 
chair in the Department of Chemistry at Battersea College 
of Technology, the proposed University of Surrev. 
Educated at Habercashers’ Aske’s Hampstead School 
(now at Elstree) and the Imperial College of Science and 
Technology, he gracuated with honours in 1943 and 
gained the Hofmann Prize. As a William Gilles and then 
Beit Fellow, he carr ed out research on penicillin in a 
team under Sir Ian Heilbron and Dr. A. H. Cook, which 
gained him a London Ph.D. in“1946. Appointad lecturer 
at the (then) Royal Technical College, Glasgow, in 1947, 
he worked with Prof. F. S. Spring on gliotoxin and asper- 
gillic acid. On returnmng to the Imperial College of Science 
and Technology in 1949, he collaborated with (then) Prof. 
R. P. Linstead in research on unsaturated acids and 
lactones, and macrocyclic compounds and intermediates, 
and took charge of tke newly instituted third-year course 
for specialists in organic chemistry, which remained his 
major and expanding: teaching interest. He was promoted 
to senior lecturer in 1956 and to a University readership 
in organic chemistry in 1962, and at this time received 
a London D.Sc. Dr. Elvidge’s research interests include 
heterocyclic syntheses from malonyl chloride, reactions 
of nitrogen heterocy-les, tetrazaporphins, metal derives- 
tives, and applications of proton magnetic resonance 40 
structural problems and in the determination of aroma- 
ticity. He has collaborated with chemists at the Brewing 
Industry Research Foundation on the structure and 
enolization of acylayclopentanone products from hop 
resin. He is a consultant to Fisons Pest Control, Ltd., 
and prizes close rela~ions with Imperial Chemical Indus- 
tries Dyestuffs Division. He has been a lecturer and 
tutor at the recent simmer-schools on nuclear magnetic 
resonance spectroscosy organized by the Royal Institute 
of Chemistry. In his new post, Dr. Elvidge looks forward 
to introducing nuclear magnetic resonance techniques to 
an established research school, to further contacts with 
industry, and partic pation in the arrangements for the 
proposed new Univessity at- Guildford. ew 


1965 Guggenheim International Astronautics Award : 
Prof. M. V. Keldysh 


Tum Daniel and Florence Guggenheim International 
Astronautics Award for 1965 has been, conferred on, Prof. 
Mstislav V. Keldysh, of the U.S.S.R. Academy of Sciences 
in Moscow. Prof. Keldysh has made valuabie contribu- 
tions to the progress of astronautics and he is well known 
for his extensive research in problems of aerodynamics, 
fluid mechanics, rocket propulsion, and vibration theory. 
For several years he has been, directing work on, rocket 
propulsion, and the mechanics of space flight. Prof. 
Keldysh has been president of the U.8.8.R. Academy of 
Sciences since 1961 aad is also a member of the Prassidium 
of that Academy’s Committee on Theoretical and Applied 
Mechanics and of th> editorial boards of several scientific 
journals. He has rec3ived numerous awards in, recognition 
of his achievements He is a Corresponding Member of 
the Engineering Sciences Section, of the International 
Academy of Astronacttics. The Guggenheim International 
Astronautics Award. which is offered by the International 
Academy of Astroneutics, carries with it a prize of 1,000 
dollars. j 
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U.K. Atomic Energy Authcrity and Central Electricity 
Generating Board Co-operation Scheme 


To facilitate the close co-operation which already exists 
between the United Kingdom Atomic Energy Authority 
-and the Central Electricity Generating Board, it has been 
decided that there should ke cross-membership between 
the two bodies. Mr. F. Cousins, Minister of Technology, 
has accordingly appointed Mr. E. S. Eooth, the engineering 
member of the Central Electricity Generating Board, to be 
& part-time member of the Atomic Energy Authority, and 
Mr. F. Lee, Minister of Power, has appointed Mr. J. C. C. 
Stewart, the Member for Reactors of the Atomic Energy 
Authority, to be a part-time member of the Central 
Electricity Generating Board. 


Professional and Technical Staff in the Civil Service 


In & recent issue of State Service, tke journal of the 
Institution, of Professional Civil Servants (August 1965), 
the general secretary, M. W. McCall, commenting on the 
1964 report of the Civil Service Commission, stresses the 
continuous failure to recruit sufficiant professional and 
technical staff. Candidates could only be recommended 
for about a third of basic grade vacancies for engineers, 
although two-thirds of the vacancies at main grade and 
higher levels were filled. Similarly, while two-thirds of 
the vacancies for architects in thess grades were filled, 
only one-sixth of those at the basic grade were filled. 
Only 85 out of 220 vacancies for mechanical and electrical 
engineers were filled and only 327 out of 546 vacancies 
in the technical classes. The Board of Inland Revenue is 
stated to be short of a fifth of its ocmplement of profes- 
sional valuers, the work of the Patent Office is delayed 
for a like reason, and the shortage of Factory Inspectors 
has been reflected for years in the low frequency of 
inspections. To remedy this situation, Mr. McCall urges 
that pay and careers must be offered to scientists, tech- 
nologists and technicians which indicate that they are no 
longer regarded as inferior or seccnd- and third-rate, 
Their training and talents should be used to the field in 
terms of the work they are qualified to do and they should 
have full opportunity of promotion to the highest posts. 


Aid to Education Overseas 


THE Overseas Development- Instisute has issued the 
report of a Ditchley Foundation Conference held at 
Ditchley Park during March 26-29, 1965 (Aid to Educa- 
tion: An Anglo-American Appraisal. Report of a Ditchley 
Foundation Conference held at Ditehley Park, March 
26-29, 1965. Rapporteur: Peter Williams. Pp. 52. 
London: The Overseas Development Institute, in associa- 
tion with The Ditchley Foundation, 1965. 3e. 6d.). Deal- 
ing with educational aid, especially in Arica, Asia, and 
the Caribbean, ıt considers first the donor programmes 
and policies of educational aid, and second the require- 
ments of the recipient countries. Next it sets forth some 
conclusions about priorities and the principles of educa- 
tional aid before making specific suggeszions for future 
‘Anglo-American. co-operation in this field. Recognizing the 
need for a balance between education and the economy, 
the Conference gave much thought to the determination 
of priorities between types and levels of education. It 
also emphasized that educational aid is a two-way process 
and that the developing countries should not copy too 
rigidly the institutions and techniques of developed 
countries. Itis emphasized that the developing countries 
will need educational assistance for a very long time ahead. 
The Co strongly urged that Britain and the 
United Stetes should, as the major donor countries, 
prepare themselves to meet the challenge by establishing 
permanent resource centres on which to draw in their 
aid programme. 

It suggests that it would be wise to- establish small 
cadres of experts on a permanent footing and to create 
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supernumerary posts in Government departments, ur 
versities and other institutions. Moreover, appropria 
arrangements should be made for training the personn 
involved, so that specialists could be seconded for ove 
seas assignments as required. In this way a permaner 
supply of experts would be ensured. The advantages ¢ 
involving non-government institutions are also emphasizee 
as well as the need for a strategy of educational aid. It‘ 
suggested that existing forms of co-operation, like th 
Teachers for East Africa Scheme and programmes < 
joint support for overseas universities, should be extende 
and supplemented by new schemes. . Specific areas fo 
future co-operation should include the development c 
curricula and text-books, the teaching of Englist 
application of modern techniques (like educational tele 
vision and programme learning), educational research, th 
training of teachers, experiments in comprehensive 


‘secondary school education and work on methods o 
-reducing the costs of education. Pilot projects and experi 


ments should be financed so far as possible by aid donore 
Direct linking of American, British and overseas teacher 
training institutes for various purposes is recommende 
as well as co-ordination of British and American prog 
rammes for teacher refresher courses in developing 
countries. 


Water Affairs in Zambia 


Tm independence of Zambia came about in 1964 and 
inevitably brought with it great changes in the adminis. 


tration and conduct of the work of official organizations 


concerned with development of natural resources, in- 
cluding water. The Department of Water Affairs had ta 
adjust itself to the new conditions, and how it set about 
this task is revealed’ in the recently published annual 
report of the Department of Water Affairs for the year 
1964 (Pp. 9. Lusaka: Government Printer, 1965. 28.). 
One of the major difficulties which had to be faced was 


.the loss to the Water Department of many well-trained 


and experienced members of the professional and tech- 
nical staff who decided to leave the country and seek a 
new life elsewhere. The report devotes considerable 
attention, and rightly so, to the serious staff position 
thus created. Notwithstanding this handicap, and the 
rather alarming .number of vacanci isting in the 
various grades of water engineers and technical staff, 
actually 39 at the close of 1964, the amount of develop- 
ment work accomplished in many areas now under 
regional planning, including investigation and construc- 
tion of new water works, appears quite remarkable. 
Special mention is made of the work of the Hydrological 
Branch in respect of the Kafue Basin Survey, where an 
investigation of the river system was considerably ex- 
tended by mstallation of many new stations chiefly in 
the area between Mumbwa and the Copperbelt. Good 
progress was also made in rehabilitation of old i 

canals and also in construction of new canals in _Barotse- 


land. It is recorded that there has since been a notable 


improvement in drainage of areas affected by these works; 
crops can now be grown where formerly the land was far 
too wet. Further sections of the report summarize the 
present position of the Copperbelt water supply; other 
work of the Hydrological Branch; water projects in view $ 
water communications and drainage in the Bangweulu 
Swamps; drainage and communications in Barotseland; 
the functions of the Water Board and of the Geological 
and Drilling Sections. 


Scientific Research In the Development of Polish 
Industry 
In the Review of the Polish Academy af Sctences for 
January-March 1965, I. Malecki describes the role of 


scientific research in the development of Polish industry 
since the Second World War. „The period 1945-52 was 


No 5006 


Octcber 9, 1965 


rgely one of reconstruction. During 1953-57 the techni- 
al base was exvanced, and this period was marked by an 
xtension of tae industrial mstitutes, which ın 1967 
umbered 79, emp-oying 22,600 scientific and technical 
vorkers, compared with 1,000 in the research institutes 
f the Polish Academy of Sciences. The next period, 
958-63, was notable for modernization and a general 
«aising of the level of production, and has since been 
aollowed by one of systematization and development of the 
«york of the research centres. Throughout these phases, 
Jr. Malecki emphasizes the attention given to the exploita- 
ion of natural resources and to the creation of the techni- 
al infra-structure: to improving the properties and 
sroduction of novel technical materials; to the design of 
yuildings and of major technological processes; and to 
he development o? electronics and machine production. 
[he situation of the medical sciences in Poland 1s described 
xy K. Rowinski in a further article in the same issue. 
The physiological ssiences are still inadequately developed 
kin Poland, but the pharmacological and pharmaceutical 
ssclences have contcibuted considerably to the supply of 
drugs. In biocheristry developments have been more in 
sfundamental research than in the clinical field. Valuable 
work has beer. done in histology and in medical micro- 
biology, and the clinical sciences are stated to be pro- 
grossing favourably. 


The Pharmaceutical Industry 


IN recent years ~he pharmaceutical industry in Britain, 
and, for that matter, overseas also, has been the target for 
much adverse criticism on several counts, notably high 
prices of some new drugs, inadequate clinical testing of 
newly marketed products, the problem of ‘side effects’, and 
a belief that profits in the industry overall are excessive 
and nationally unwarranted. That much of this criticism 
18 ill-informed and. unjustified is made clear in two recent 
publications which are worthy of a much wider circulation 
than they will p-obably achieve. The first is Astra. 
Annual Report 1954 (Pp. 40. Sddertalje: Astra, 1985) 
This 1s in English aad. in the course of his annual review, the 
President of the Astra Group says: “During the year there 
was a continued trend in most countries toward more 
rigorous legislatiom for pharmaceutical products. Behind 
this is the urgent desire to improve safety conditions for 
the consumer. However, the divergent regulations in 
various countries and the growing bureaucratic interference 
create great difficuities for the industry and delay the intro- 
duction of new drigs, yet have failed to ensure a corre- 
sponding degree ofsafety. Effortsare being made to produce 
more unified rules governing new drug registration”. A 
much more detaied exposition of the problems of the 
industry to-day appears in a recent issue of CIBA Journal 
which, in a series cf impressive articles lavishly illustrated, 
is devoted to the subject (33. Pp. 62. CIBA Ltd., Basle, 
Switzerland; Sprirg 1965). This is again in English and the 
titles of the artic es are self-explanatory. The editorial 
foreword discusses at some length “‘The Intricate Mecha- 
nism of Drug Discovery, Manufacturing, and Control”. 
R. Larose (CIBA. Dorval) details something of “The 
Canadian Pharmaceutical Industry at Work”. “Tha 
Viability of the Eritish Pharmaceutical Industry” 18 ably 
revealed by A. W Morrison (CIBA Horsham). An anony- 
mous article entitled ‘“Working in the Light: The New 
Drug Research Unit at Horsham” describes the modern 
building there now at the disposal of those engaged in th 
search for new and better pharmaceuticals (Nature, 207, 
236; 1965). Prof. H. Bloch (CIBA. Basle) writes on “Ths 
High and Rising Importance of Biology in Pharma 
Research”. Dr. Matthys Stachelin (CIBA. Basle) con- 
tributes an accoint of ‘“Biochemistry—Comerstone cf 
Biological Research”. It is impossible to read these 
articles without coming to the conclusion that, in spite cf 
gins of omission end commission such ss there may have 
been in the past, ~he international outlook of the industry 
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to-day is to work for tae betterment of mankind and to 
spare neither energy Lor money in giving the medical 
profession the tools it reeds to alleviate human. suffering. 
One gets the impression that Government interference in 
what is after all pure scientific research, if carried to 
excess, must inevitably defeat 1ts own object. Freedom to 
explore, to formulate, so think ahead, untrammelled by 
obstructive regulations. is the privilege of every qualified 
worker in fundamental ecientific research ; in no case is this 
freedom. more vital to tae community than in the practice 
of pharmacology. 


Load-bearing Brickwo-k 


At a meeting of the Building Materials Secticn of the 
British Ceramic Sociesy held at the Building Centre, 
Store Street, London. during November 18-19, 1964, 
nine papers were pre ented dealing with some funda- 
mental properties of sructural brickwork. These have 
now been published under the collective title Load- 
Bearing Brickwork (Froc. Brit. Ceramic Soc., No. 4. 
(July 1965): Load-Bearzng Brickwork. Pp. 121. Stoke-on- 
Trent: British CeramicSociety. 258.). The first paper, by 
D. Lenezner, is on “Dssign of Creep Machines for Brick- 
work” and deals with the creep characteristics of brick- 
work and particularly the various creep machines designed 
for testing brick piers walls and brick mortar. Next, 
M. E. C. Stedham conributes results of his further work 
to establish crushing tests of 9-in. brickwork cubes as an 
indication of the strenzth of brickwork built of the same 
materials, under the ttle of “Quality Control for Load- 
Bearing Brickwork’’. The third paper entitled “Measure- 
ment of Strains in Lcad-Bearing Brickwork”, by R. N. 
Picken and A. W. Handry, describes the construction, 
mode of use, and applxation of the vibrating-wire strain- 
gauge to the measurement of strains in the brickwork at 
the base of a brick cKimney during dismantling at Hem 
Heath Colliery, Stoke>n-Trent. J. M. Plowman in “The 
Modulus of Elasticity >f Bnckwork” compares the elastic 
modul obtained fron- brickwork made from bricks and 
mortar of wide ranges of strength. ‘“Comparazive Tests 
on }- and j-scale Medel Brickwork Piers and Walls”, 
by A. W. Hendry aad O. K. Murthy, describes thei? 
investigations carried out to ascertain the suitability of 
model bricks; tests that had been carned out on full-size 
brick piers at the Buiding Research Station and on full- 
size walls at the Department of Building Science, Univer- 
sity of Liverpool, were repeated on 4- and 4-scale models; 
their results show thet, for given strengths of brick and 
mortar, subject to ce-tain provisos, the strength of full- 
size brickwork can. be seproduced with reasonable accuracy 
by means of model tests. The sixth paper by 3. Prasan, 
A. W. Hendry and F. E. Bradshaw, entitled “Crushing 
Tests on Storey-heigh> Walls 4:5 in. Thick”, discusses the 
results of tests on seventeen walls 4'5 in. thick loaded 
between reinforced ccncrete slabs and their significance 
in terms of the various mechanical factors involved. A 
paper by L. G. Simme on “The Strength of Walls built in 
the Laboratory with scme Types of Clay Bricks and Blocks” 
briefly describes loaGing-tests on walls of storey-height 
built in the laboratory (Building Research Station) with 
clay bricks and blocks. F. H. Clews discusses ““Experi- 
ments to Assess the Curability of Bricks and Brickwork”: 
an account of naturel exposure tests, with examples of 
techniques applied by other workers, and of the methods 
used at the Mellor-Green Laboratories on fifty-nme batches 
of bricks and thirty-two batches of roofing tiles. Finally, a 
paper entitled “The Lesign and Economies of High Load- 
Bearing Brick Structures”, by R. A. Sefton-Jenkins, 
dealing with the de-ign of highly stressed brickwork, 
includes comparison cf various codes of practice with the 
Bnitish, discussion o? economics of load-bearing brick- 
work compared with other structural forms, and a plea 
for more research in-o this subject as a basis of a new 
British Code of Pract. ce. 
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Thermal Comfort in Industry 


IN everyday circumstances of industrial and, for that 
matter, domestic life, the range of temperature and 
humidity that can, be tolerated by the human, body is 
really quite small. Human reaction, to different thermal 
conditions, especially in factories and offices, is a subject 
of research falling within the ever-widening scope of 
ergonomics. In this context, there`has recently been, pub- 
hshed a booklet by Dr. R. H. Fox, of the Division of 
Human Physiology, Medical Researsh Council (Ministry 
of Technology. Ergonomics for Industry, No. 8: Thermal 
Comfort in Industry. Pp. 52. London:, H.M.8.0. Obtain- 
able from Warren Spring Laboratory, Stevenage, Herts. 
1965. Gratis). The essential thema of this guide-book 
(for that is the underlying purpose of each issue in the 
Ergonomics for Industry series so far available) is not only 
& discussion, of human, reactions to environmental con- 
ditions of temperature and humidity, but also the ways 
and means of ensuring that optimum conditions may be 
established. Quoting one specific instance (well illustrated), 
the author says: “Few people would choose to live in a 
greenhouse all the year round, yet the indoor climate in, 
this modern office building is not very different”. Thus 
attention, is directed to the different conditions that 
different types of work require. It is recommended that 
buildings should be planned with the somfort and working 
efficiency of the occupants in mind. It stresses the 
problems encountered in some modern office buildings 
where large areas of glass prevail, with relatively little, 
if any, provision for air conditionirg; such conditions 
result in overheating and consequent fatigue in summer, 
and coldness and discomfort in winter. Either of these 
extremes is inimical in the long run to welfare and 
efficiency. It is admitted that in some cases extremes of 
temperature occur and thermal control is impracticable; 
in, the event, protective clothing and training are neces- 
sary; the principles involved in insulating individuals in 
such environments are outlined. The illustrations in, this 
booklet are impressive, so is the advice and practical 
guidance throughout the text. Suggestions are made for 
further reading on, this important subject of human and 
environmental relationship, while sources of specialist 
advice, and information on, general ergonomic questions 
and on, heating, ventilation, and insulation of buildings, 
conclude a most practical exposition of the problems 
involved. 


Science Information and Documentation Services 


A World Guide to Sotence Information and Documentation 
Services, issued by Unesco, is intended primarily as a guide 
to the location of such services dealing with the natural 
sciences (Pp. 211. Pars: Unesco, 1665. 9 francs; 13s.; 
2.50 dollars). Technology is tə be dealt with in a separate 
volume, but services for agriculture and medicine are 
expressly included because of their paramount import- 
ance for the developing countries. The Guide, which is in 
both French and English, is based on 403 completed 
forms returned in a detailed questionnaire, and 
covers 144 institutions representing 85 countries. The 
institutions are listed under countries im, alphabetical order 
of their titles and the entries indicate the subjects covered, 
approximate holdings and services offered. There is also 
an, alphabetical list of institutions and a subject index. 
It might be noted that there are only three entries for 
the United Kingdom: Aslib; the National Lending 
Library for Science and Technology; and the Science 
Museum Library. 


British Art, 1740-70 


Tam American Philosophical Society has rendered a 
notable service to art-history by publishing Prof. E., K. 
Waterhouse’s Jayne Lecturee for 1964 under the title 
Three Decades of British Art, 1740-70 (Memoirs of the 
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American Philosophical Society, 63. Pp. xii+77. Phila- 
delphia: American Philosophical Society, 1965. 2 dollars). 
But these discourses can be interpreted more widely than 
that, namely, as a conspectus of what a certain cross- 
section of society was like at that period. In general, we 
note the advent of Italian influence, culminating in the 
Grand Style, and with it the bie j such era as 
Hogarth, Reynolds and Gainsborough. To men of science, 
there are several points of interest, but two stand out 
clearly. One is the statue of Handel by Roubiliac (illus- 
trated), so complex and rather voluptuous, when one 
recollects that it is by the same hand as the ascetic and 
sublime ‘“Newton” in Trinity College Chapel. How ver- 
satile and sympathetic the sculptor must have been to 
respond like that in his portrayal of two utterly different 
characters. The seeond matter is the ‘characatura’ (by 
Reynolds) of Raphael’s School of Athens. This is indeed 
an odd fantasy—the great Greek philosophers and 
mathematiaians replaced by eighteenth-century milords 
and ther fellow-travellers, seen against a background of 
Gothic niches (in place of Raphael’s classical statues). 
Sir Joshua was far too great a man to perpetrate this 
merely for fun. He was showing up his contemporaries, 
and incidentally instructing himself quite effectively. 
Altogether a most intriguing episode, described with 
exceptional insight. 


University of Leicester, Department of Museum Studies 


Wrrs the assistance of a £15,000 grant from the Gul- 
benkian Foundation, the University of Leicester has 
established a postgraduate Department of Museum Studien. 
The University has appointed H. R. Singleton, at presest 
director of the City Museum, Sheffield, to be the first 
director of this new Department. His duties will com- 
mence on January 1, 1966, and it is expected that the 
first students will be admitted in the following October. 
Initially, the intake will be confined to graduates with 
qualifications in archaeology or geology, but in sub- 
sequent years it is hoped to accept graduates from other 
disciplines. The one-year, full-time course for a Certificate 
in Museum Studies will be designed to offer intending 
entrants to the museum profession a preliminary traini 
in museum administration and organization, in the 
museum application of their particular subject, and in the 
practical side of museum work. 


National Museums of Southern Rhodesia 


Tax report of the Trustees and Directors of the National 
Museums of Southern Rhodesia for the year ended 
December 31, 1964, records the probably unique event of 
the opening of three new museum buildings within one 
year, namely, the National Museum, Bulawayo, the Queen 
Victoria Museum, Salisbury, and the Umtali Museum 
(Pp. 25. Salisbury: National Museums of Southern 
Rhodesia, 1965). With the future in mind, each of the 
buildings is designed to allow for expansion, and the sites 
have sufficient ground reserved for extension. Although 
the fittings in the exhibition galleries were far advanced 
for the opening ceremonies, much still remains to be done. 
This great development has come at a time when political. 
considerations in Africa have disturbed the progress which 
took place in the immediate post-war years. As a result, 
funds are not so freely available as formerly, and so, 
with Government sanction, it was decided to levy an 
entrance charge to help to offset the greatly increased 
maintenance costs on buildings some two-and-a-half 
times the size of the old. In view of the educational 
nature of the organization, school parties are admitted 
free. - 


Meat from” Wild Animals in Africa 


IN the past decade increased attention has been directed 
towards the management and potential utilization of wild 
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imals in Africa as a natural resource in order to assist 
filling the world’s larder. The more scientific investi- 
„tional work which has been carried out in this field has 
en brought together by the Commonwealth Agricultural 
ureaux in a recent publication, issued as Technical Com- 
unication No. 16, entitled The Meat Production Potential 

' Wild Animals in Africa—A Review of Biological Know- 
edge (By Lee M. Talbot, W. J. A. Payne, H. P. Ledger, 
<orna D. Verdcourt and Martha H. Talbot. Pp. vii+ 42. 
earnham Royal, Bucks.: Commonwealth Agricultural 
ureaux, 1965. 13s. 6d.). This directs attention to the 
<ossibilities of exploiting some of the game animals in 
nder-developed countries. The review points out that 
ne African continent contains the greatest diversity of 
idigenous large mammals to be found anywhere in the 
rorld. The wild ungulates considered range from the 10-lb. 
ik-dik to the 5-ton African elephant. The determination 
£ the numbers of animals present in an area has repre- 
rented a major problem. In general, the most accurate 
stimations were made from light aircraft, and the results 
greed closely with those obtained by Royal Air Force 
shoto-reconnaissance planes. Some animals were marked 
o that they could be recognized later and their move- 
nents and growth-rates followed. Agriculturists and meat 
echnologists will be interested in the figures given under 
he heading “Carcass Composition”. Killing-out per- 
antages quoted include the following: East African zebu 
steers, 40 to more than 60; wildebeest, 50; topi and 
zongoni, 63; and impala and gazelle, both about 60. In 
zeneral, the amount of fat is consistently low, 80 that the 
3arcass yield is relatively constant within & given species. 
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Soi! Catenas 


Sova Milne used the word ‘catena’ as a mapping unit 
in East Africa, some thirty years ago, to describe a 
sequence of soils, extending from hill top to valley bottom, 
which is repeated across the contours of the landscape, it 
has been interpreted in various ways in different countries. 
Such matters as parent material, erosion, intensity of 
leaching and mobility of sesquioxides have tended to 
complicate the original concept, which was intended to 
apply to one climatic zone, & medium-rainfall area of the 
tropics, and to differences in level. It is most useful, 
therefore, to have a documented statement on the subject 
by J. P. Watson in Soils and Fertilizers (28, No. 4, 307; 
1965). The same number conteins 4 review by Dan H. 
Yaalon of a Russian book on Sotl Geographical Zoning of 
the U.S.S.R., and a description by W. E. Calton of a 
soil-map of Africa (scale 1 : 5,000,000) with an explanatory 
monograph by J. L. d’Hoore. The former is & systematic 
inventory of the natural soil and climatic resources of 
the U.8.8.R.; the latter is a large inventory of the soils of 
Africa with seven sheets of soil maps. 


Soil Survey of Great Britain 


Tas work completed and in progress during 1964, 
under the auspices of the Soil Survey Research Board of 
the Agricultural Research Council, is described. in its 
seventeenth report London: Agricultural 
Research Council. 


sheets of soil maps, are in the press. Members of staff 
of the Soil Survey also contributed 21 papers to scientific 
journals and conferences. This report conteins short 
accounts of the nature of the soils found in various parts 
of Britain, with emphasis on unusual features, and some 
classifications of soil series. There is also a summary of 
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the laboratory investigasions that have been carried out. 
The Soil Survey is frequently called on to make special 
surveys, and the assistence rendered to such authorities 
as the Forestry Commis ion, the Nature Conservancy, the 
Agricultural Advisory Services, and planning and archaeo- 
logical departments is >riefly recorded. There are also 
two maps showing the areas in which field work has been 
completed or is in prog-ess. 


Pituitary Transplants in the Teleost 


J. N. BALL and his ccleagues have taken very affective 
advantage of the development of a technique for hypo- 
physectomizing the viviparous teleost Poectiia (Moilienesia) 
formosa, and for establ&hing homografts of the pituitary 
(Phil. Trans. Roy. Soc., B: Functional Capacity of Ectopic 
Pituitary Transplanis -n the Teleost Poecilia formosa, 
Oomparative Discussior on the Transplanted Prtusary. 
By J. N. Ball, Madelein= Olivereau, Anna M. Slicher, and 
K. D. Kallman. Pp. 69-99+plates 18-21. London: 
The Royal Society, 1965. 18s.; 2.70 dollars). Ths ectopic 
gland survives, but witLout the direct link with the hypo- 
thalamus on which its relationships with the central 
nervous system normaly depend. It has thus become 
possible to analyse wih some precision the degree to 
which the various ad-nohypophysial functions are in- 
fluenced by signals from the central nervous system. In 
some respects the results are similar to those that have been 
reported from studies o- the ectopic pituitary in mammals. 
Abundant prolactin is secreted by the ectopic graft, but 
there is @ marked reduction or elimination of the seore- 
tion of growth hormone and gonadotrophins. But, the 
teleosts have pursued. their own independent line of 
evolution, and it is not-surprising, therefore, to find some 
in ing pointe of difference in their hypothalamo- 
adenohypophysial relationships. Corticotrophin secretion 
seems to be less depement on hypothalamic stimulation 
than it is in mammals and in this respect there is some 
resemblance between _Poectlia and amphibians. More 
unexpected is the finding that the ectopic adenoaypophy- 
sis of the fish secretes thyrotrophic hormone at a higher 
rate than normal. Ths means that in the intact animal 
the hypothalamus mus- be exerting an inhibitory influence 
on this function, whereas in mammals, as is well known, 
the influence is excitasory. The situation in amphibians 
in this respect is son=what obsoure, although there is 
certainly some eviden@ for an excitatory influence. The 
authors conclude that at present Poectha seems to be 
peculiar in the way in which its thyrotrophin. secretion is 
regulated. 


New Zealand Geochamical Group 


Ar the University o` Otago on August 18, 1965, during 
the annual conference of the New Zealand Institute of 
Chemistry, a meeting attended by twenty-one interested 
persons unanimously spproved a motion by Prof. D. 8. 
Coombs, seconded by Mr. A. H. Horn, to form a New 
Zealand Geochemical Sroup. Officers elected were Dr. J. 
Rogers, chairman, Mr—8. H. Wilson, secretary, end Dr. A. 
Ewart, with power toxo-opt. This motion crystallized a 
recommendation fron a meeting chaired by Dr. A. J. 
Ellis at Lower Hutt during the centenary of the New 
Zealand Geological Survey. The New Zealand Geochemical 
Group plans to promote discussion and co-operation in 
geochemical problems between scientists of different 
disciplines and, backgrounds by a newsletter ang symposia 
at conferences. Liaisca is also proposed with geochemical 
societies overseas. It = hoped to arrange a meeting of the 
Group during the international symposium on ‘Volcan- 
ology” in New Zealanc between November 21 and Decem- 
ber 3, which a corsiderable number of geochomists 
from overseas will be wttending. Anyone interested in the 
Group is invited to register with Mr. 8. H. Wilson, Insti- 
tute of Nuclear Sciermes, Private Bag, Lower Hutt. 
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Bryozoan Research 


Srxrnen zoologists and palaecntolomsts from nine 
countries were participants in, the tirst mternational con- 
ference on ‘‘Post-Palaeozoic Bryozoa? held at the 
University of Stockholm, Sweden, during May 24-31, 
1965, with Ivar Hessland and the Geological Institute 
as hosts. To assure continuation of frequent and informal 
exchange of information, ideas, and techniques, the con- 
ferees established the International Bryozoology Associa- 
tion, membership in which is open z0 all workers engaged 
in research on, Bryozoa, Palaeozoic as well as post-Palaeo- 
zoic. Plans are being made for a second conference in 
1968. The Stockholm conference included four days of 
informal discussion (led by A. H. Cheetham) of morphol- 
ogy, systematics, biometrics, ecolozy-palaececology, and 
stratigraphy of post-Palaeozoic Bryozoa and four days of 
collecting (led by Sten Schager and Ole Berthelsen) of 
Bryozoa from Senonian-Danian deposits in southern 
Sweden. (Scania) and eastern Denmark (Zealand). Further 
information, about the International Bryozoology Associa- 
tion or the Proceedings of the Stockholm conference can, 
be obtained from A. H. Cheetham. Geological Institute, 
Kungstensgatan 45, Stockholm Va.; or from P. L. Cook, 
Department of Zoology, British Museum (Natural History), 
London, 8.W.7. 


The Official University of the Congo at Elisabethville 


Tam July 1965 issue of Publications of the Official 
University of the Congo at Elisabethville contains an 
“Introduction to the Study of Economic Development: 
General Theories” by A. Cecchella, who describes repre- 
sentative theories of the evolution of economic thought 
on problems of development (Publications de l Université 
Officiele du Congo à EHltsabethville, 8. Introduction à 
Etude du Développemen: Economique les Théories 
Générales, by Aldo Cecchella. Pp. 156. Elisabethville: 
Université Officielle du Ccngo à Elisabethville, 1965). 
There are four chapters. The first deals with economic 
development in the classic thought of J. B. Say, D. 
Ricardo and R. Malthus, and the second with the Marxist 
analysis of economic development. The third ıs directed 
to the work of J. Schumpeter and the fourth to the 
Keynesian analysis of modern taeories of economic 
development. 


Announcements 


De. F. M. Lever has been appo-:nted manager of the 
Research Laboratories of Johnson, Matthey and Co., Ltd. 
He succeeds Dr. J. C. Chaston, who has retired from the 
Company. For the past eighteen years Dr. Lever has been 
head of Chemical and Extraction Matallurgy Research ın 
the Laboratories. 


Mr. P. M. J. WoopHEaD, senior scientific officer at the 
Fisheries Laboratories of the Ministry of Agriculture, 
Fisheries and Food, Lowestcft, has been appointed to the 
position of scientific and administrative officer at the 
Heron, Island Research Station of the Great Barrier Reef 
Committee in Queensland, by the University of Queens- 
land. 


THE second edition of the “Biographical Index of 
Members, Correspondents and Asscciates of the Royal 
Academy of Belgium” covers the years 1769-1963, cor- 
recting and completing the first editzon published in 1948 
(Index Biographique des Membres, Corr mts et 
Associés de l Académie Royale de Beljtque de 1769 à 19638. 
Pp. 299. Bruxelles: Académie Royale des Sciences, des 
Lettres et des Beaux-Arts de Belgique, 1964). The entries 
indicate the field of work of the mamber; for deceased 
members, reference is given to obituary notices or other 
tributes. 


Tum Annals of the Iabrary Association, 1877 to 1960, 
edited on behalf of the Library History Group.by W. A. 
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Munford, is a chronological record of the mam even 
affecting the work of the Association since its foundatac 
in 1877 (Pp. 128. London: The Library Associatio» 
1965. 22s.; L.A. members, 16s. 6d.). Mainly of interes_ 
to librarians, it includes dates of publication of certaisl 
reports, books or pamphlets which may be of wider utility 


A Symposium on ‘‘Cellular Plastics”, the next in th 
series of Borough Polytechnic symposia on “Plastics an» 
Polymer Technology”, will be held at the Boroug. 
Polytechnic during November 4-5. Further informatiou 
can. be obtained from the Secretary, Borough Polytechnic 
Borough Road, London, 8.E.1. 


A OBLEBRATION conference, to mark the 200th anni 
versary of the founding of the Freiberg Mining Academy 
in East Germany, will be held at the Academy during 
November 9-14. Further information can be obtainec 
from Mardie Henry, Lex Hornsby and Partners, Ltd. 
Wellington House, 125 Strand, London, W.C.2. 


A ONE-DAY conference on, “Access to Information”, tx 
discuss the implications of a national bibliographical centre 
and any other ideas which might improve access t 
information, will be held in the Beveridge Hall, Senate 
House, University of London, on October 26. Furthen 
information can, be obtained from the Research Officer 
Library Association. Malet Place, London, W.C.1. 


A MEETING of the Photobiology Group will be held at 
the Chester Beatty Research Institute, London, or 
October 27. The programme will include a paper and 
conversazione on monochromators for photobiology 
Further information can be obtained from Dr. J. D 
Moreland, Institute of Ophthalmology, Judd Street, 
London, W.C.1. 


THE eighteenth annual conference and exhibit on 
“Engineering in Medicine and Biology”, sponsored by 
the Institute of Electronic and Electrical Engineers and 
the Instrument Society of America, with participation of 
the American Society of Mechanical Engineers, will be 
held in Philadelphia, during November 10-12. Further 
information can be obtained from Dr. H. P. Schwan, 
University of Pennsylvania, Philadelphia, Pennsylvania. 


THs third international conference on ‘Hyperbaric 
Medicine”, sponsored jointly by the Duke University 
Medical Center and the Committee on Hyperbaric 
Oxygenation of the National Academy of Sciences— 
National Research Council, will be held in Durham, 
North Carolina, during November 17-20. Further 
information can be obtained from the Secretariat, Box 
2928, Duke University Medical Center, Durham, North 
Carolina. 


THE annual Pittsburgh Diffraction Conference will be 
held at the Mellon Institute, Pittsburgh, during November 
3-5. The programme will include (1) special sessions on 
metals, ceramics, structures, crystal physics (lattice 
dynamics and crystalline imperfections) and instrumenta- 
tion and techniques, and (2) a symposium on ‘“Texture and 
Preferred, Orientation in Polymers”. Further information 
can be obtained from Paul A. Flinn, Carnegie Institute 
of Technology, Pittsburgh, Pennsylvania 15213. 


Exratom. In the communication entitled ‘Response 
of Time-dependent Materials to Oscillatory Motion” by 
Dr. J. Harris, which was published on p. 744 of the 
August 14, 1965, issue of Nature, equation (5) should 
read as follows: 


m-n (* ep (Can) E 
0 
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SPECTROSCOPY IN AUSTRALIA 


| Ise fifth Australian Spectroscopy Conference, spon- 

sored by the Spectroscopy Committee of the Australian 

cademy of Science and o ized by a Committee under 
1e chairmanship of Dr. A. R. H. Cole, was held at Perth, 
t the University of Western Australia, during May 31- 
une 2. 

The Conference vas opened by Dr. A. L. G. Rees, who 
velcoomed those attending of whom fourteen were from 
verseas. The pregramme consisted of morning and 
fternoon sessions cn each of the three days, usually with 
oncurrent lecturee on topics in different sections of 
ipectroscopy The sections were infra-red and Raman 
pectroscopy ; visibb, ultra-violet and theoretical spectro- 
copy, nuclear and electron spin resonance spectroscopy ; 
tomio absorption spectroscopy; mass spectroscopy and 
<-ray fluorescence and electron absorption spectroscopy. 
fore than eighty-cive papers were presented, of which 
une were review papers by invited speakers. 

The section on infra-red and Raman troscopy 
ypened with a review paper given by Prof. N. 8. Sheppard 
University of East Anglia) on infra-red band shapes and 
‘otational motion n condensed phases. It was shown 
hat simple molecules such as methyl chloride undergo at 
east hindered rotetion in solution while molecules ad- 
orbed. on to surfaces may rotate about the bond linking 
he molecule to the surface. 

The first of the s1rcceeding papers of this section was & 
sport by A. D. E. Pullin (Monash University) on the 
poration of a commercially made interferometer designed 
© measure infra-red spectra down to 20 cm~. A brief 
yutline of the theory of operation and the factors determ- 
ning spectral range and resolution was given. Examples 
of spectra obtained were shown. 

Several succeedicg papers discussed the use of infra-red 
ind Raman. spectre to assign particular molecules to their 
sorrect point group or to indicate preferred conformations 
of flexible molecules. J. F. Horwood (C.8.1.R.0O., Division. 
of Dairy Researck, Melbourne) and J. K. Wilmshurst 
‘C.8.LR.0., Division of Chemical Physics, Melbourne) 
suggested that dimethyl oxalate in the liquid and vapour 
phases was non-planar with point group symmetry C, 
E. Spinner (Australian National University) reported 
Raman polarization date for aqueous solutions of formates 
and pointed out that these were consistent with Cs 
rather than C, symmetry for the formate ion. N. 8. Ham 
(C.8.1.R.0., Divison of Chemical Physics, Melbourne) 
jisoussed the specare of thionyl aniline, C,H,NSO, and 
showed that ıt wes consistent with a cts planar CNSO 
structure though tre trans structure could not be elimin- 
ated. R. A. Cummuns (Defence Standards Laboratories, 
Melbourne) discusssd the preferred conformations present 
in alkyl tin compounds of the type RSC, and H. Lee 
and J. K. Wilmsharst (C.8.I.R.0., Division of Chemical 
Physics, Melbourre) the conformations of trimethyl 
orthoformate and tetramethyl orthocarbonate. The 
vibrational data ere consistent with an unsymmetrical 
trane-gauche-gauch= arrangement of the methyl carbons 
with respect to the formate hydrogen m trimethyl ortho- 
formate and with a distorted 8, structure for the tetra- 
methyl carbonate. 

Tn a second paper concerned with the infra-red spectra 
of several acetates (hydroxyanthraquinone acetate, 
phenyl acetate, « and $ naphthyl acetates) these authors 
attribute the observed doubling of the carbonyl stretching 
absorption to Fermi resonance with combination tones. 
À. R. H. Cole and L. M. Engelhardt (University of Western 
Australia) analysec the rotational fine structure of several 
bands of acrolein in terms of an approximate symmetric 
top and showed that the data are consistent with the 
existence of only the trans form. Analyses of vibration— 
rotation bands of methylphosphine and isotopic deriva- 


tives, which are also approximate symmetric tops, leading 
to values of 4(B + O) DO agreement with microwave data 
were reported by A. G. Moritz (Defence Standards 
Laboratories, Melbourna). In a later paper A. G. Moritz 
discussed the vibrationa. assignment of CH,SCN ard related 
molecules. G. C. Barrazlough and M. Sinclair (University 
of Melbourne) disoussed the vibrational assignment of 
dicarbonyldinitrosyl rca, and D. E. Clegg (University of 
Queensland) that of (3H,),Pt(NH,); ((CH,)sPt(NH;),Cl 
in water and, deuterium oxide). M. S. Farrell and T. L. 
Whateley (A.A.E.C. Research Establishment, Lucas 
Heights) reported the infra-red spectra of beryllium nitrate 
complexes with organc-phosphorus compounds such as 
tri-n-butyl phosphate, tri-n-octyl phosphine oxide and 
di-(2-ethylhexyl)-phospnoric acid. B. H. James and 
P. E. Rogasch (Weapons Research Establishment, 
Adelaide) discussed the changes of the in-plane bending 
frequencies of substituced phenols with respect to elec- 
tronic effects and hydzogen bond formation, and R. H. 
Laby (Department of griculture, Melbourne) and T. C. 
Morton. (School of Biockemistry, University of Melbourne) 
discussed inter- and inira-molecular hydrogen bonding in 
hydroxy- and nitro-hyitroxy-coumarins. 

Three papers on the use of infra-red spectroscopy in 
adsorption studies were presented: M. Clark, B. A. 
Morrow, N. Sheppard and J. W. Ward (University of 
Cambridge and the Uriversity of East Angha) discussed. 
the infra-red spectra obcained from the examunation of the 
systems olefine-sihca, supported nickel (or supported 
platinum)-hydrogen; ~N. W. Cant and L. H. Little 
(University of Western Australia) the spectra for ammonia 
and deutero ammonie adsorbed on silica; and W. I. 
Stuart and T. L. Whatsley (A.A.E.C. Research Establish- 
ment, Lucas Heights, N.S.W.) the spectra of carbon 
monoxide, of carbon ddxide, and of water on magnesium 
oxide and on beryllium oxde. Below 200° © carbon 
dioxide is chemisorbed on beryllium oxide, to form a 
carbonate and also a singly charged anion, probably 
CO,. Above 300° C ordy the carbonate is formed. 

Several infra-red in~estigations of compounds of bio- 
logical interest were d=scribed. A. J. Michell described 
polarized, infra-red studies of some monosaccharides, 
related to cellulose anc xylan, which were chosen because 
ther crystal structureshad been. investigated and because 
they were more easily =rystallizable than higher members 
of the sugar series. E- G. Bendit (C.8.I.R.O., Division of 
Textile Physics, Sydnsy) discussed the changes of the 
infra-red spectra of «- and @-keratin of horse-tail hair on 
hydration and deuterafion. Deuteration tests on -keratin 
showed that helical peptido NH groups begin to deuterate 
immediately, while ncn-helical peptide NH groups con- 
tinue to exchange th-oughout the process. R. D. B. 
Fraser and E. Suzuk. (C.8.I.R.O., Division of Protein 
Chemistry, Melbourne” considered the roles of mter- and 
intra-molecular hydrogen bonds in modifying the charac- 
teristic vibrations of pclypeptides. In an interesting paper 
R. H. Laby (Department of Agriculture, Melbourne) 
discussed the infra-red spectra of glycine, glyzylglycine 


~and B-alanine in aqueos salt solutions and related spectral 


changes to conformetional changes brought out by 


differing salt solutions 

Two interesting papers ın this section were contributed 
by visiting Indian sientists. Prof. R. 8. Krishnan 
(Indian Institute of Science, Bangalore) gave an account 
of the theory of Ramar. spectra of cubic diatomic crystals; 
and Prof. C. N. R. Reo (Indian Institute of Technology, 
Kanpur), in & paper >n charge transfer and hydrogen- 
bonded complexes of n-donors, surveyed correlations of 
spectroscopic and thecmodynamic data with substituent 
effects and other structural parameters. Also concerned 
with complexes of the sharge-transfer type was & paper by 
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N. F. Cheetham and A. D. E. Pullin (Monash University), 
who described an infra-red study of molecular complexes 
between perfluoroalkyl bromides (and iodides) or per- 
fluoroaryl bromides (or iodides) and tertiary amines. The 
stoichiometry of the complexes had been previously 
determined by phase studies. 

Of wide interest was a paper by G. R. Hunt and J. W. 
Salisbury (Lunar and Planetary esearch Station, 
Bedford, Massachusetts) on the infra-red techniques 
used in an attempt to gain information about the silicates 
present in selected areas of the Moon’s surface. These 
techniques were based on selective reflexion of the radia- 
tion by silicates of the various chemical types that might 
be present on the Moon’s surface. A standard spectro- 
meter, suitably modified, was used in conjunction with 
42-in. and 69-in. reflecting telescopes. 

of the papers presented in section B, that on 
visible, ultra-violet and theoretical spectroscopy, reflected 
the present-day strong interest in problems peculiar to 
transitions in condensed phases on one hand, and on 
the other to the new problems that obtrude when the 
spectra of larger moleculee are examined in the vapour 
phase by high resolution methods. 

Prof. D. P. Craig (University College, London), in an 
invited paper, reviewed the recent advances in the theory 
of molecular excitons. Prof. Craig described first the 
modifications of the theory of crystal spectra consequent 
on taking into account the finite time of propagation of 
electrical fields in solids, and then Ciscussed, among other 
topics, how application of theory to crystal spectra could 
give information on long-range imteractions between 
molecules. Prof. Craig ended his lecture by showing how 
information about the degree of order in melts could be 
obtained from their electronic spectra, taking azulene as 
hisexample. Ina subsequent paper R. G. Body (University 
of Sydney) gave the resulte of a mathematical investiga- 
tion, based on the principles of cou>dled oscillators, of the 
positions and polarization of absorptions in crystals due 
to impurities. Approximate formulae derived enabled 
the normalized second moment of the energy-level distri- 
bution in the pure crystal to be deduced from the spectra 
of isotopic impurities. Under certain conditions non 
isotopic impurities can displey striking intensity anomalies. 
The theme of solid-state spectra was also the subject of 
papers by G. W. Robinson (California Institute of Tech- 
nology) on exciton structure in benzene, who gave experi- 
mental data on the exciton splittinz in the benzene Boy 
electronic state and in a number o? vibrational levels in 
the ground electronic state, and by M. Chowdhury, D. 
McClure and E. Zalewski (University of Chicago), who 
described an investigation of the Zeeman effect on the 
singlet triplet spectrum of pyrazine. Single crystals at 
~ 4° K and pulsed magnotic fields up to 200,000 gauss 
were used. Two bands, believed to be two Davydov 
components, at 26,254 and 26,261 cam were assigned, 
from their polarization and Zeeman effect characteristics, 
to an electric dipole transition along the N—WN axis and 
to a magnetic dipole transition respectively. Later in 
the Conference, in an invited address, Prof. McClure 
described the way in which spectroscopic states of various 
ions are split when. they are subjectad to crystal fields of 
cubic lower symmetry. He illustreted this for various 
transition elements and rare earth ions, and showed how 
some complex crystal spectra yielded to this form of 
analysis. B. N. Figgis and L. G. B. Wadley presented 
preliminary polarization data on a charge transfer band 
at about 24,000 om- in dilute solid solutions of potassium 
ferricyanide in potassium cobalt cyanide. Several papers 
concerned with solvent effects on electronic bands were 
presented. N. S. Bayliss and G. Wills-Johnson (University 
of Western Australia) examined the effect of solvents on 
the intensities of electronic Lands of molecules in solution 
by perturbation methods, deriving tne perturbation from 
the solvent reaction field. The shortcomings of, and 
possible improvements to, this approach were outlined. 
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The predictions of the theory were compared with expem 
mental results for the n— x* transitions in aliphat 
ketones and nitroparaffins in solution. D. W. Jam» 
(University of Queensland) and C. R. Boston and G. M 
Smith (Oak Ridge National Laboratory, U.S.A.) desaribe 
the effects of change of temperature and change of cation 
species on the weak band at ~ 195 my and the strong bar 
at ~ 300 mp in molten nitrates in terms of couloma™ 
interactions, variations in environmental symmetry ar 
variation in vibrational energy. 

The third invited. speaker was Dr.-D. A. Ramss» 
(National Research Council, Ottawa). Dr. Ramsay bega 
his address by pointing out that in general, in electrons 
spectra, doppler motion broadens lines sufficiently to lim 
useful resolution to one in half a million, a natural low 
attained by the best present-day spectrographs. Fc 
larger molecules, the lines of which are closer than this 
the observed band contour can be compared with contour 
computed from overlapping line intensities. (Later in th 
conference the application of this procedure to part c 
the azulene spectrum was described by A. J. McHugh c 
the University of Sydney.) Dr. Ramsay then turned hi 
attention to spectra of smaller molecules recently obtainen 
at the Ottawa laboratories. The structures of glyoxm 
in the ground and excited states were being deduced fron 
its spectra. Preliminary estimates of bond-lengths for th: 
first excited singlet state were in agreement with pre- 
dictions of molecular orbital theory for conjugated mole- 
cules of this type (glyoxal, butadiene, etc.). Afte 
reference to recently obtained spectra of the allyl anc 
glyoxal radicals, Dr. Ramsay described techniques bein; 
developed at the Ottawa laboratories to aid the analyser 
of spectra. The ‘J sorting’ technique was based on the 
injection of microwave power to disturb the rotationa 
levels of one of the combining states. This technique wa: 
limited to molecules having a microwave spectrum. In s 
later paper with Prof. A. D. Buckingham (University oï 
Bristol), Dr. Ramsay described experiments carried out 
at the Ottawa laboratories on the use of Stark modulation 
to help identify the type of transitions. An alternating 
voltage was applied to the plates of a Stark cell at 400 c/s 
and the Stark-modulated spectrum recorded at high resolu- 
tion with the photomultiplier detector connected to a lock 
in amplifier tuned to 800 o/s so that only lines with 
appreciable Stark effect were recorded. Up to 80 kV 
was applied across the 3-om width of the 2-m long cell. 
A relatively high pressure (~ 300 om) of SF, was intro- 
duced in the cell to prevent electrical breakdown. For a 
symmetric top the Spark splittings are dependent on 
pKM/J(J + 1) so that Stark modulation favours the 
selection of lines of higher K and lower J values. By use 
of polarized light the Q lines can be identified as those 
more prominent in parallel] polarization and those more 
prominent in perpendicular polarization as P and R lines. 
As well as helping to assign lines as P, Q or R, dipole 
moments of molecules in excited states could be obtained 
from Stark splittings. 

In the field of vapour phase aromatic spectra G. C. 
Morris (University of Melbourne) presented results on 
band positions, oscillator s and assigned transi- 
tions for the region 20,000—54,000 cm- of the absorption 
spectra of naphthacene. J. P. Byrne and I. G. Ross 
(Oniversity of Sydney) considered the cause of spectral 
diffuseness: not all diffuseness is due to predissociation; 
plain congestion of the spectrum can be a cause in larger 
molecules. L. M. Logan and I. G. Ross (University of 
Sydney), in a paper concerning moleoular fluorescence in 
the vapour state, considered the interaction between the 
original excited vapour state and the vibronic states of 
the lower electronic levels. R. H. Kennet (Weapons 
Research Establishment, Adelaide) described a method 
for the determination of the intensity distribution in an 
unresolved molecular band, and described features of the 
profile that are dependent only on temperature and from 
which the temperature may be deduced. 
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teresting paper C. E. Kendall (National Biologi- 
al Standards Laboratory, Canberra) attempted to delineate 
1ore closely the possible connexion between the carcino- 
snic activity of molecules and their electron donor 
Moaracteristics by using experimental data and energies 
f the highest occupied molecular orbitals of the donors 
o prepare & common index of donor activity for compari- 
on with charge transfer data. When this comparison is 
1ade—for example, in the form of a plot—complexes of 
early all carcinogens he in a fairly narrow range, especi- 
lly when the common acceptor is chloranil. Possibly 
ome type of electron transfer may be involved in a cell, 
vith an electron acceptor of similar affinity to chloranul. 
3. K. Selinger (School of General Studies, Canberra) 
2 & paper on excimer formation described an investigation 
uf the effect of pressure on the kinetics of formation of 
xcited dimers by molecules in the excited state. Where 
ho activation energy of dimer formation is low, the 
norease in viscosity with pressure does not affect the 
process and the decrease in volume accompanying excited 
lmer formation can be measured. 

The diversity of uses of spectroscopic techniques was 
sxemplified by a paper by K. J. Taylor and P. D. Jarman 
‘University of Western Australia) on an aspect of sono- 
uminescent spectra. When cavities in liquids, produced 
iltrasonically, collapse, thermally excited radiation is 
mitted. If the liquid contains a dissolved alkali metal 
salt, the alkali lines appear in emission displaced and 
much broadened by interactions with the cavity contents. 
From these data the relative density of the cavity contents 
at the time of light emission can be calculated. 

Instrumental aspects of spectroscopy were represented 
by several papers. Dr. 8. E. Williams (University of 
Western Australia), in a review of the development of 
spectroscopy in the spectral range 1000-20 A, described 
the many experimental problems encountered and showed 
examples of spectra in this region. Dr. Williams emphas- 
ized the importance of isoelectronic sequences in the 
interpretation of such spectra. 8. C. Baker (University of 
Newcastle) described an Ebert-type s ing spectrometer 
with a resolving power of 500,000 in the tenth order green, 
and K. J. Taylor and P. D. Jarman described an auto- 
spectrophotometer for a low-intensity source. The prism 
can be rotated in either direction in steps by a motor 
driven by electric pulses derived from a logic circuit 
which also addresses the integrated output pulses from 
the photomultiplier into a 400-channel analyser. The 
memory of the analyser can then be read out as desired. 

In a paper on the electronic emission spectrum of the 
diatomic molecule If, R. A. Durie (C.8.1.R.0., Division 
of Coal Research, Sydney) summarized the analysis of 
the A’—» X29 transition and the derived molecular 
constants. ©. Candler (Bendigo Technical College, 
Bendigo) presented a paper on the mechanism of dye 
sensitization of photographic emulsions. 

Two other invited review papers related to electronic 
spectroscopy were given during the conference. Dr. 
Wilse Robinson (California Institute of Technology) gave 
a stimulating account of photosynthesis from a spectro- 
scopist’s point of view, stressing the essentials and the 
two-quanta process involved; and Prof. R. D. Brown 
(Monash University) outlined the best methods now 
available for calculating the energies of excited states of 
molecules. Introduction of configuration interaction led 
to a large number of integrals. Their number could be 
reduced by the approximation of zero differential overlap. 
Improved energies could be obtained by semi-empirical 
corrections to decrease nearest neighbour repulsion 
integrals to allow for the effects of electron correlation. 
Prof. Brown ended his address by showing how the 
calculated energies of the electronic states of benzene 
varied according to which of the up-to-date methods of 
correcting these integrals was adopted. — ` 

Two papers in this section formed a close link with 
those in the mass spectroscopy section. J. D. Morrison 
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(C.8.E.R.0., Division >f Chemical Physics, Melbourne) 
discussed the applicatcon of extended Hiickel type cal- 
culations on simple mo-.ecules to determine if possible the 
location from which am electron will be ionized and, if the 
resultant ion dissociatsd, the most probable fragments 
and their structures, and A. J. C. Nicholson (C.8.1.R.0., 
Division of Chemical Physics, Melbourne’ reported an 
investigation of photo-Dnization efficiency curves. Joniza- 
tion potentials of metkane, ethane and propane, claimed 
to be closer to the aciabatic values than those extant, 
were reported, and it was shown how, from a comparison 
of photo-ionization eficiency curves, it is possible to 
identify vibrational anc excited states of specific molecular 
1008. 

Section O, dealing w-th nuclear and electron spin reson- 
ance spectroscopy, covered a fairly wide range of interests 
despite the small number of papers presented. 

The analysis of high-resolution nuclear magnetic reson- 
ance spectra was consdered in a paper by 8. N. Stuart 
(C.8.1.R.0., Division >f Chemical Physice, Melbourne), 
who showed how it wss possible to systematize the use of 
quantum mechanical t-ace relations in such analyses and 
illustrated some of the simplifications thus arismg. 

In the field of protor resonance spectroscopy, the paper 
by P. J. Black, R. D. Erown and M. L. Heffernan (Monash 
University) showed how it was possible, after appropriate 
corrections had been spplied, to correlate proton shifts 
with molecular orbitel electron densities of aromatic 
heterocycles. R. G. Gillis (Defence Standards Labora- 
tories, Victoria) and X. 8. Ham (C.8.1.R.0., Division of 
Chemical Physics, Melbourne), in studies on a number of 
methyl-sulphur comp=unds, used the relation between 
proton chemical shifte and 1*C-H coupling constants to 
estimate the anisotropr effects present in these substances. 
The effectiveness of n=tural abundance ™C-nuclear mag- 
netic resonance spectrescopy as a tool for the analysis of 
coal derivatives was wll illustrated in the paper by R. A. 
Friedel and H. L. Retofsky (Bureau of Mines, Pittsburgh 
Coal Research Centre) 

Broad line NMR waa_well represented by three papers. 
C. K. Coogan (C.8.1.R.0., Division of Chemical Physics, 
Melbourne) discussed the investigation of charge distribu- 
tions in the ionic crystals LiOH and NeSH and showed 
how a number of other crystal properties cauld be investi- 
gated with NMR. A milar investigation of ionic crystal 
with a linear triatomio anion was reported by I. D. 
Campbell (C.8.1.R.0. Division of Chemical Physics, 
Melbourne). G. J. Jenzs (Defence Standards Laboratories, 
Melbourne) demonstr=ted the use of tin and nitrogen 
resonances in the assignment of a structure to tri-n- 
butyltin thiocyanate 2nd reported the presence of an 
119§n—18N coupling corstant. 

Electron spin resonance spectroscopy was represented 
by one paper. K. Kenny (Washington University, St. 
Louis, U.S.A.) indicared how the use of multi-channel 
analyses has facilitated the detection of transient free 
radicals. The applicetion of the technique to living 
aquarium plants was cescribed. 

The section on atemic absorption revealed exciting 
developments in all sspecta of the field. In his invited 
contribution, A. Walsa (C.8.I.R.0., Division of Chemical 
Physics, Melbourne) dsscribed the successful development 
by him and his collegues of several new systems for 
enhancing and isola-ing resonance radiation. These 
include a hollow cashode lamp having a subsidiary 
dis that selecively intensified resonance lines 
100-fold without incmasing line width, and resonance 
monochromators that 2an be used both with conventional 
and high-intensity lamps and that offer the possibility of 
simultaneous determination of a number of elements. 
A. Hell (Beckman struments, U.S.A.) discussed the 
optical and mechanisal factors involved in obtaining 
optimum performance from a laminar flow burner and 
described means of exsending analytical range by the use 
of an infra-red heated spray chamber and colvent conden- 
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sation system. The addition of 12 elements to those 
previously determinable in aqueous solution and a general 
alleviation of chemical interference by the use of high- 
temperature flames employing O,—N, mixtures and N,O 
with acetylene was revealed by J. B. Willis (C.8.I.R.0., 
Division of Chemical Physics, Melbourne) in a joint paper 
with M. D. Amos (Techtron, Victoria). In another paper, 
J. B. Willis stated that examination of atomizer design 
has resulted in considerable improvement in performance 
being achieved by precision ın construction and by provid- 
ing means of accurately positioning the capillary. J. V. 
Sullivan (C.S.I.R.O., Division of Chemical Physics, 
Melbourne} discussed the construction and performance of 
high-intensity lamps. The increase in the intensity of the 
resonance lines has been achieved by exciting the metal 
atoms, produced by a hollow-cathode discharge with a 
secondary discharge electrically isolated from the former. 
He then described a high-intensity lamp which incor- 
porates an additional hollow cathode which selectively 
modulates the resonance lines and permits the use of 
low-resolution monochromators for the isolation of reson- 
ance lines in complex spectra. W. Slavin (Perkin-Elmer, 
U.8.A.), in tracing the development of burners, described 
a design having multiple slots for producing an Ny,O—C,H, 
flame of high temperature and stability by the operation 
of sheathing flames on each side. Examination of the 
performance of this burner has shown that good agree- 
ment with other methods is obtained, that a number of 
transitions from excited states absorb and that phosphate 
enhances vanadium absorption. Mrs. J. A. Bowman 
(C.8.I.R.O., Division of Chemical Physics, Melbourne), in 
collaboration with J. C. Heerdt (Commonwealth Rail- 
ways, Port Augusta, South Australia) and J. B. Willis, 
reported that good agreement could be obtained between 
atomic absorption measurement on oil dissolved in 
2-methyl-4-pentanone and both atomic absorption and 
colorimetric results on dissolved ash for Cu, Cr, Fe, Pb 
and Ag, but it was agreed in discussion that the greatest 
hazard in diagnosis of engine breakdown lies in the 
sampling of the oil. N. J. Marshall (Bureau of Mineral 
Resources, Canberra) reported success in the extraction of 
various substituted thiocarbamate complexes of Cu, 
Pb, Ni, Co and Te into amyl acetate for the determination 
of these elements, at parts-per-hundred-milhon levels, 
in rocks by atomic absorption; and D. C. Bowditch, jointly 
with J. A. Powell (both of the Australian Mineral Develop- 
ment Laboratories, Adelaide), that atcmic absorption could 
compete: favourably with other means of analysis in the 
determination of Cu, Zn, Co, Ni, Cd, Mn, Sb, Ag and Bi 
both at low concentration in geochemical and mill tailing 
samples and at high concentration in mill feed and 
product control. After outlining his methods of soil and 
plant analysis for some 25 major and minor elements by 
means of flame emission, porous cup spark emission, 
rotating disk spark emission on a direct reader and chemi- 
cal concentration followed by cathode layer arc emission 
(improved by image converter scanning of plates), R. L. 
Mitchell (Macaulay Institute for Soil Research, Scotland) 
described, in an invited address, an atomic absorption 
method for the determination of extractable cobalt at 
deficiency-levels in soils, stating that considerable gain in 
sensitivity had recently been achieved by use of a special 
armen system, tuned a.c. amplifier and recorder 
read-out. ° 
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A successful mass spectrometry section was a late 
addition to the Conference programme. Seven papers wert 
presented; six of these, including an introductory lecture 
by J. S. Shannon (C.8.1.R.0., Division of Coal Research, 
Sydney), dealt with structural applications ın organic, 
metal-organic and co-ordination chemistry, and theseventb 
with an electric quadrupole mass spectrometer (D. Swing: 
ler, C.8.I.R.O., Division of Chemical Physics, Melbourne) 
The structural applications reported included a structural 
assignment for the complex fungal metabolite sporidesmins 
O, a tentative structure for the cell growth factor ‘Zeatin’, 
a characteristic reaction of 2,5-diaryl oxazole systems in» 
which CO and\HCN is eliminated (W. D. Crow, J. Hodgkin, 
R. Hodges, D. Letham and J. 8. Shannon), structures for 
the Schiff Base btsbenzoylacetones-ethylenediimine and 
its metal chelates, and the mass spectra of Ph,M (M = 
N, P, As, Sb, Bi) and related compounds (J. 8. Shannon) 
and of macrorungia alkaloids (R. R. Arndt, K. Biemann, 
A. Jordaan, V. P. Joynt and J. L. Occolowitz (C.8.1.R.0., 
Division of Chemical Physics, Melbourne). N. Wasada 
and I. Tsuchiya (Government Chemical Industrial 
Research Institute, Tokyo), E. Yoshii (Faculty of 
Pharmaceutical Sciences, University of Toyama, Japan), 
T. Fukuzumi (Japan Monopoly Corporation) and E. 
Watanabe (Japan Electron Optics Laboratory) reported 
on fragmentation patterns and discussed their mechanisms 
for santonins and their derivatives and also for solanone, 
an unsaturated branched aliphatic ketone from tobacco 
leaf. J. L. Occolowitz (Defence Research Laboratories, 
Melbourne) and J. M. Swan (C.8.1.R.0., Division of 
Organic Chemistry, Melbourne) described the mass spectra 
of phosphonic esters R.PO(OR’), and dichlorides RPOCI,, 
and emphasized the value of keeping an acourate electron 
balance in the formulation of ionic equations. General 
patterns for the decomposition of odd electron (radical) 
ions and even electron ions were described. In a stimulat- 
ing discussion of these papers the approach of the organic 
chemists to the interpretation of mass spectra was criticized 
as lacking quantitative energy factors; in reply it was 
maintained that, provided the approach was utilized 
correctly, there was at present no better method avail- 
able. 

The remaining section of the Conference consisted of 
four papers on X-ray spectroscopy. D. McKenzie (Aus- 
tralian Iron and Steel, Wollongong, N.S.W.) described 
the analysis of coals by X-ray spectroscopy, and in a paper 
by K. Norrish (C.S.I.R.O., Division of Soils, Adelaide) a 
technique for silicate analysis was described in which 
the sample was fused with lithium borate glass, with 
added lanthanum oxide and cast in a penny-shaped disk. 
Advantages of this technique include durability of sample 
and uniform background. K. Norrish and C. G. Gurr 
(C.8.1.R.0., Division of Soils, Adelaide) described an 
automatic pulse-height analyser for use in X-ray spectro- 
graphy, and J. B. Swann (University of Western Australia) 
the energy of electrons scattered by silver with surface 
contamination. ; 

The sixth Australan Spectroscopy Conference will be 
held in Brisbane in 1967. 
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BRITISH AID TO DEVELOPING COUNTRIES 


WHITE PAPER from the Ministry of Overseas 
Development *, outlining the wark of the new Minis- 
try, describes the policies by which the British Government 


"+ Ministry of Overseas Devolopment, Overseas Developmehi: The Work 
he Fadl Merit. (Cmnd. -) Pp. 74. (London H.M.8 O., 1965. 


proposes to be guided and the ways in which it hopes to 
help to meet the needs of the developing countries, with- 
out, however, specifying the extent of Britain’s aid in 
particular periods. Successive chapters outline motives 
and objectives, the pace of overseas development, the 
transfer of resources and Britain’s capacrty to help—in 
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vhich the Department of Technical Co-operation had laid 
irm foundations. However, it does not reelly meet the 
sriticism which has come from the Overseas Development 
natitute, or from the Estimates Committee in its tenth 
‘eport for the session 1963-64. Mr. R. Carr, then head of 
she Department of Technical Co-operation, had indicated 
‘hat Britain’s contribution, £190 millions in 1964, would 
‘so to about £220 millions, and since the White Paper 
was published it is understood that this figure will probably 
de Increased to £250 millions. 

The White Paper makes scarcely any reference to the 
application of science and particularly of research, and this 

«weakness, exemplified notably in the disbandment of the 
Jverzeas Research Council, therefore persists. The initia- 
sves in technical assistance which are being taken in the 
economic services seem. & little inadequate. Certainly, it is 

«unfortunate that in a statement on the White Paper in 

mthe House of Commons on August 3 the Minister should 

Mhave been so petulant and inclined to make a party issue of 

ma, matter which has the support of all parties and for which 
Mr. Carr had laid such good foundations. Mrs. Castle said 
that the levels of expenditure on aid would be contained in 
the national plan. It was proposed to establish a careers 
service in the for a corps of specialists directly 
employed by the Ministry who would normally be on loan 
overseas. The Ministry was also setting up an Overseas 
Service Pensions Fund to provide pension rights for persons 
serving overseas for which such provision was not at preeent 
made. 

Much in the White Paper supplements an earlier state- 
ment from the Department of Technical Co-operation. in 
1963, but further chapters deal with the lines of future 
policy, the new terms of aid, the private sector and the 
Commonwealth Development Corporation, the manage- 
ment of aid, and with what are described as “‘new initiatives 
in technical assistance”, including recruitment and volun- 
tary service, economic services, education, training and 
public health. It is emphasized that the Ministry would 
like to see it widely accepted in Britain that a professional 
career should normally include a period of work overseas 
in a developing country. The Government has decided, 
therefore, that ın fields of recrurtment where it is unportant 
to ensure that British help is available, the home establish- 
ments of Government departments and public bodies 
should be strengthened so as to make it possible to release 
people more readily. Discussions with other Government 
departments and the University Grants Committee have 
shown that there is scope for strengthening certain estab- 
lishments and that the organizations concerned are willing 
to co-operate. A total of at least 400 posts will be added 
for this purpose to home establishments, in Government 
departments, universities, technical colleges, ete. 

On service overseas by volunteers, the White Paper, 
noting that the number of such volunteers is expected to 
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rise from 1,400 in the autumn of 1965, to 1,800 in 1966, 


points out that it is important to widen the range of work 
which volunteers are Going and to draw them from wider 
sections of our society. On the economic services, more 
economists and statistians are being supplied for periods 
of service overseas, Cirectly attached to Governments; 
it is hoped to increass this number by the recruitment 
measures just describei. A survey of British universities is 
being undertaken to lezrn more about the number and type 
of economists interested in, and available for, work over- 
seas; the supply of suca people will be increased by a new 
Institute of Development Studies in accordance with the 
recommendation of the Bridges Committee in 1962. Up to 
1,000 non-university teachers are to be recruited in 1965 
and almost £200 mill>ns a year has been spent on the 
supply of teachers undr the Overseas Service Aid Scheme 
alone. The provisions of the Overseas anc. Development 
Service Bill will help to increase new re2ruitment and 
retain the services overseas of British staff employed 
other than by Go~ernments. The Commonwealth 
Teacher Training Bureary Scheme has been stepped up to 
500 and will be increas=d to 550 next year. The number of 
students and trainees Doming to Britain under the Minis- 
try’s pro has -isen from just more than 2,000 in 
1962-63 to nearly 2,890 in 1964-65. 

Under the terms of aid, the White Paper refers to the 
decision to make deve-opment loans free of interest where 
appropriate. It 1s claimed that the new structure under 
the Ministry of Overmas Development has strengthened 
Britain’s work on aid -n various ways and, after detailing 
the extent of British cid, there is a brief appendix on the 
organization of the i The objective of Britain’s 
aid programme is to help developing countries in their 
efforts to raise standards of living. Its basis is accordingly 
a moral one, but it is Scognized that provision of aid is to 
Britain’s own long-term economic advantage and that she 
gives aid because, in tlhe widest sense, it is believed to be in 
her interests to do so as a member of the world community. 
British or any other a= is most effective where it forms an 
integral part of a ccherent and co-operative effort to 
implement a well-prepared development plan. 

The White Paper ir well written and cogently argued. 
It directs attention to such obstacles to the development of 
the poorer countries 2s the shortage of professional and 
technical personnel, ~zhich in many countries had been 
even more serious than shortage of foreign exchange in 
inhibiting development. It also notes the difficulties 
caused by the accelerated growth of population and, as a 
consequence of ecommic and demographic trends, a 
general failure to fird productive employment for the 
labour force. Its silerce in regard to scientific research is 
its outstanding defect, and from this it ie apparent how 
vulnerable some of tLe proposals are to the incidence of 
the Government’s ney measures of restricted expenditure. 


SOLAR MOTION AND SUNSPOT COMPARISON 


By Dr. ROBERT M. WOOD* 
Assistant Director, Research and Development, Douglas Missile and Space Systems Division, Santa Monica, California 


AND 
Pror. KARL D. WOOD 
Aerospace Engineering Sciences Department. University of Colcrado, Boulder 


EVERAL attempts have been made to associate the 

position of the planets with the 11-l-year cycle of 
solar activity’. This article presents some prelimi 
results of a solar dynamic investigation based on classical 
dynamics. The inertial frame for bodies in the solar 
system is the centre of mass of the solar system, not the 


ng ne oe AL. Wood, 5680 Swarthmo-e Avenue, Pacific 
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centre of the Sun*. I-is known that the centre of the Sun 
can be greater than one solar radius distant from the 
solar system centre cf mass if Jupiter ani Saturn are in 
the same general ditection in space*. This motion of 
the Sun with € to the solar system centre of mass 
will lead to forces on and in the Sun which vary with time 
and heliographic pos-tion. Although the spatial relation- 
ships between the Sun and the solar system centre of mass 
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have been examined and reported, we are aware of no 
systematic investigation of the attendant velocity, 
acceleration, or jerk, an accepted term for rate of change 
of acceleration. 

To accomplish such an investigation, the appropriate 
three-dimensional vector operations were coded for use 
with the IBM 7094 computer, using an autogenerating 
ephemerides sub-routine as an inpus. For example, the 
position, velocity, acceleration, and jerk of the Sun are 
given, respectively, by: i 


10 — 10 
— & (m) (.81)/ Sma 
22 f=1 


cmi = 
5 10 > 10 
omr: = — È (m) Gr) Um, 
1m 2 i=l 
> 10 > — 
om8, = — G 2 m) (ax) Jarl * 
q=: 


ae. = — @Em, (= —_ sea ) 


1=2, — — 
Jars|? [ars|* 


where ‚r, and ‚r; are outputs of the autogenerating ephem- 
erides sub-routine, a pre-subscript refers to the co-ordinate 
system, and a post-subscript refers to the body in question 
(¢ = 1 for Sun, ¢ = 2 for Mercury, etc.). The body mass 


is given by m, position by r, and acceleration by a, and 
G is the universal constant of gravitation. Pluto (è = 10) 
was omitted because its influence :s negligible for the 
calculations performed. 

The four large outer planets (Jupiter, Saturn, Uranus, 
Neptune) are the most important in de ining the 
position of the Sun‘, whereas the three closest inner 


Jerk Vector 


View Along Sun's Axis 


NATURE 


October 9, 1965 vor. 208 
Table 1. RANGES OF SOLAR DYKANMIO QUANTITIES 
Position Veloci Acceleration Jerk 
Planets (10* m) (m/sec (10-* m/sec") (10-** m/sec”) 
Al 0-15 6-16 1-4-2-9 0-2'8 
Outer 0-15 _-— 9-16 1°7-2°5 0-3-0 4 
Inner 0-0:01 0-01-0 2 0-0 6 0-2°4 


the examination of 100 years of output 


ee oe See ees 
most of it at 8-day intervals. AL 7094 running time is about 1 min pe» 
decade. Note the increasing importance of the inner planets with eacl 


successively higher time derivative. 
planeta (Mercury, Venus, Earth) are the most important ir 
determining the jerk of the Sun. Table 1 illustrates this 


point by summarizing the ranges of the magnitudes oji 
these dynamic quantities. -It is particularly noteworthy 
that the fluctuation of the acceleration due to all the 
planets is approximately twice that due to the outer 
planets only; furthermore, the inner planets predominate 
in their influence on the jerk. Although it is not known» 
whether the jerk itself is a physically important quantity, 
it representa a useful function which is related to rate of 
change of force. 

The solar acceleration and jerk vectors can be usefully 
described by three scalars each: magnitude, component 
along the Sun’s axis, and the longitude. The latter is 
defined as that angle between the planes defined by the 
zero longitude vector and the Sun’s axis of rotation, and 
the vector of interest and the Sun’s axis. The zero longi- 
tude vector is essentially fixed in direction in inertial 
space and lies at the intersection between the plane of 
the solar equator and the plane of the ecliptic. 

The jerk longitude in inertial heliographic co-ordinates 
is plotted for the beginning of sunspot cycle 17 (1933) 
and cycle 18 (1944) in Fig. 1. 

The detailed similarity of the patterns for the times 
beginning with 1933 and 1944 does not occur at any inter- 
mediate times, although space prevents a display of this 
point. The jerk along the Sun’s axis and the magnitude 
of the jerk also repeat in a similar fashion, and all these 
quantities have patterns which repeat with the same period 
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or cycles 19 and 20. Moreover, although tha acceleration 
as & maximum approximately every 11-86 years (due 

Jupiter) the fine structure of the acceleration due to the 

planets has the same repetition period as the jerk. 
Jareful measurements of accurate curves indicate a 
separation between the patterns of 4,047 days, correspond- 
ming to 11-08 years. The average length of the solar sunspot 
«cycle from Waldmeier’, using maxima from 1610 ta 
1960, is 11-04 + 0-25 years, and using minima is 11-08 + 0-20 
years. This co ndence, while not conclusive, seems 
unlikely to be accidental. 

Fig. 2 shows the comparison between smoothed sunspot 
Wolf number and the rate of change of jerk longitude. 
The Wolf number is the daily count of the number of 
spots plus ten times the number of sunspot groups, and is 

mcoughly proportional to the total sunspot area. ‘The 
similarity of the curves is interesting. The use of rate of 
mchange of jerk longitude followed considerable examina- 
mtion of other dynamic function comparisons, namely, 
«acceleration magnitude, jerk magnitude, axial componente 
«of Jerk and acceleration, and longitude of acceleration. 
The Wolf number peaks of 1947 were selected to illustrate 
a case of favourable comparison. Since for other years the 
«similarity of the curves is weaker, this suggests that the 
rate of change of jerk longitude is not the main variable 
responsible for an effect on solar activity, if indeed such a 
«causal effect does exist. 

There are several ways in which the Sun’s motion and 
attendant accelerations, forces, or their rate of change may 
trigger solar activity. Three typical ones ere: (a) small 
photosphere velocities could result in Coriolis terms 
leading to cyclones and anticyclones; (b) the very unstable 
convective region several hundred km below the visible 
surface could be influenced by acceleration, leading to 
different buoyant forces‘; (c) dynamic effects could push 
the material associated with strong magnetic fields 
through the solar surface, as in Babcock’s theory’. Such 
mechanisms all seem plausible. ; 

If the motion of the Sun as determined by the gravita- 
tional forces of the planets is a causal element for solar 
activity‘, then many observed facts about solar activity 
could be explained. The alternation of sunsdot polarities 
with each cycle, the decrease in latitude of activity as the 
cycle progresses, the multiplicity of cycles*, the east- 
west asymmetry of activity, and the observed recurrence 
of active regions fixed in inertial space all require explana- 
tion. By demonstrating a physical link between solar 
dynamics and solar activity, a more comprehensive 
understanding of solar physics could be realized. This 
could ultimately lead to realistic solar activity prediction. 

In conclusion, the following points can be clearly stated: 
(a) the influence of the inner planets on the fluctuation 
of the acceleration of the Sun in inertial spacə is as impor- 
tant as that of the outer planets; (b) the short-time 
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2. Comparison betwen Wolf number and jerk longitude rate for 
lody. A 27-day moving average for Wolf number ka benni to reduce 
greatly the effects of solar ration as seen from the Earth ‘The rete of 
change of Jerx longitude ıs “he slope of curves like those of Fig. 1. The 

average solar roxation rate is shown for reference 


acceleration and jerk >atterns are repetitive with a clear 
11-08-year period, ageing well with the mean sunspot 
cycle. 

This work was partially supported by the Douglas 
Aircraft Co.. Inc., Independent Research and Development 
Program. We thank Dr. M. J. Abzug, A. D. Goedeke 
and Dr. L. Larmore f=r their advice, and J. P. Harland 
for analytical and dig-tal simulation assistance. 
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STRATOSPHERIC TRANSPORT OF VOLCANIC DUST INFERRED FROM 
SOLAR RADIATION MEASUREMENTS 


By Dr. A. J. DYER and B. B. HICKS 
C.S.1.R.O. Division of Meteorological Physics, Aspendale, Victora, Australia 


Ro & number of authors have reported 
observations of volcanic dust in the southern 
hemisphere following the eruption of Mount Agung, 
Bali (8° S., 115° E.), on March 17, 1963. Hogg? discussed 
several optical effects observed at Mount Stromlo and 
elsewhere. Moreno and Stock? measured extinction 
effects at Cerro Telolo, Chile. Mossop? obtained dust 
samples from aircraft flights at a height of 20 km in 
latitude belts 15°-35° 8. and 40°-45° 8. Flowers and 
Viebrock‘ have reported an anomalous decrease in solar 


radiation at the South Pole and also at Mauna Loa, 
Hawaii. 

In the northern henisphere, Meinel and Meinel’ have 
estimated the height of the dust layer over Tucson, 
Arizona, to be 17-8 km in late 1963. 

These various accounts contain some features oz 
interest to the meteoralogist concerned with atmospheric 
transport on a global scale. It appears that the volcanic 
dust moved toward tle South Pole in the lower strato- 
sphere at such a rate hat the initial detection in middle 


132 : 


latitudes occurred after 5-7 weeks and the maximum 
concentration appeared after about 4-6 months. These 
findings bear a remarkable similarity to observations 
at 38° 8. of the arrival of fission debris following the 
atomic testa in equatorial regions in 1958-62 (refs. 6 and 7). 

A very extensive record of solar radiation data has been 
continuously maintained since 1959 at this laboratory. 
This has been examined to see if information could be 
deduced concerning the movement of the dust over a 
number of years. Similar investigations following the 
Krakatoa, Mount Pelée, Katmai and other explosions 
suggested that absorption of the direct solar beam by 
the dust layer might be observable for several years". 

The data used exist in the form of continuous chart 
records of the total radiation T and the diffuse radiation D 
falling on a horizontal surface. These observations are 
made with Kipp and Zonen pyranometers periodically 
calibrated against a Linke Feussner pyrheliometer. From 
the chart records, ‘clear’ days were selected, that is, days 
for which there was no evidence of cloud within 1 h of 
noon, and the maximum values about noon of total and 
diffuse radiation noted. On the average seven ‘clear’ 
days were available for each month with slightly more in 
summer than. in winter. 

The direct solar radiation, J, at normal incidence, can 
be readily calculated from I = (T — D){/cos ¢ where ¢ 
is the zenith angle. Subsequent analyses were then 
carried out in terms of two-month averages. 

The data for the years 1959-62 were used to establish 
the norms 7', D and I for each two-month period. Fig. 1 
presents a plot of the quantities D/D, IJI, T/T and DIT 
for 1959-65. The time of the Bali eruption is indicated. 

It is obvious that some remarkable effects occurred in 
the radiation levels during 1983 and to a lesser extent in 
1964 and 1965. In the light of observations elsewhere it is 
plausible to associate this with the presence of a layer 
of voleanic dust from the Bali eruption. The gradual 
removal of the dust over a period of several years is 
evident. 

The maximum effect occurred during July—August of 
1963 when the direct solar radiation was reduced by 24 
per cent. A reduction of 16 per cent occurred during 
July-August of 1964 and there is a suggestion of similar 
behaviour in 1965. 

The most spectacular feature appears in the diffuse 
radiation record which shows twice normal values during 
July-August 1963 and continues to show abnormally 
high values in 1964 and 1965. 

The total radiation values show a significant, but less- 
obvious, reduction in 1963 and 1964. The information 
contained in Fig. 1, if taken at face value, would indicate 
that, of the radiation removed from the direct solar 
beam, more is scattered in a forward than in a backward 
direction. This would imply only a minor modification 
of climate as a result of scattering by the dust layer, even 
when such dramatic effects are evident in the direct and 
diffuse radiation. 


It is clear, however, that the ‘signal-to-noise ratio’ 


of the total radiation data in Fig. 1 is not very high. This 
is caused partly by the presence of pollutants in the urban 
atmosphere and partly by the use of data from routine 
observations instead of a specifically criented experiment. 
A similar analysis of higher quality data would materially 
assist the foregoing considerations. ‘ 

From the point of view of using ths volcanic dust as a 
tracer of atmospheric motions, it is necessary to estimate 
the amount’ of dust oresent at various times. 

The change in the direct solar beam dl’ along an element 
at slant path di is given, in simple scattering theory, 
by: 

di’ = — knI’dl — kyn,I‘dl ' 


where k is a scattering coefficient and n 1s the concentration 
of dust particles in a thin layer. The term k,n,!’dl is the 
reduction due to scattering by aerosols normally present. 
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Fig. 1. ‘Deviations from the mean of the diffuse, direct and total 
point radiation and the contribution of scattered radiation to the total, 


Introducing the Earth radius R, the solar zenith angle 
¢, the height of the dust layer h and its depth Ah, we have 
on integration : 


In(I/,) = — kn | VR + YS Beth, O 


where I, and I are the values of I’ outside the atmosphere 
and at the Earth’s surface respectively. C refers to the 
integral of kyn dl taken throughout the atmosphere. 
Making the simplifying approximation R>h> Ah, we 
have: 

In(Z,/Z) = kn Ahj(cos* © + 2h/R) + C 


I, as previously defined, is the average value of I in 
the absence of volcanic dust so that In(I,/f[) = O and 
hence: 

In(I/I) = knAhj(cos* © + 2h/R)*!* 


Since n Ah represents the total number of dust particles 
in a vertical path we can, by assuming k constant, use the 
quantity (cos? + 24/R)'" In(Z/T) as an index of the 
amount of dust present at any time. We may, in fact, 
expect k to change slowly with time owing to the gradual 
removal of the larger particles. The term 2h/R is only 
important when the Sun is very close to the horizon. 
At all other zenith angles, (cos?¢ + 2h/R)1 reduces to 
cos ©. 

In Fig. 2 the quantity (008° + 2h/R)1/* In(L/I) is plotted 
from the present data and for the South Pole data of 


October 9, 1965 


No 5008 


015 


wx 


Aspendole 36°95 ; ` 
a we 

~ r ` 
qa, ‘ 
Zoro j 
A 1 South Pole 90°S/ ` 
he PN 
a i 
+ el 
ip l 
5 i 
Š 0-05 ! 
> i 

i 

t 

I 

I 

} 





t 
i 
i 


0 ' 
JMMISN SI MMT MM 


8 N J J 8 N 
FAJAODF<ATJTA OD FATA OO BD 
1963 1964 1965 
The dust content of the a here above ndale and the 


Fig. 2. 
outh t. Agung on h 17, 1963 


Flowers and Viebrock*:?, In the latter case, a dust layer 
altitude of 10 km has been assumed where necessary. 
The first major arrival of volcanic dust 13 seen to occur 
during July-August of 1963 at 38° S. and during January— 
February of 1964 at 90° S. At almost the same times in 
the following year a new influx of dust is apparent at 
both latitudes, indicatimg a pronounced ssasonal effect 
in the poleward stratospheric transfer. The existence of 
an enhanced ‘winter’ transfer revealed m 1964 would no 
doubt have contributed to the initial arrival of the 
volcanic dust in 1963. The indications of Fig. 2 are 
supported by the occurrence of vivid sunsets over Southern. 


Pole following the eruption of 
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tracérs. The maximum in total ozone occurs at 38° S. 
in September, at 54° S. in October and at 75°8.in Decem- ~- 
ber!?. The maximum -n radioactive fall-out ın rain occurs 
over southern Austrelia durmg November—Decem ber’, 
All these tracers have in common that they originate in 
equatorial regions. Ozone is also produced at other 
latitudes, but in reduzed amounts.) 

It is clear that stratospheric transfer processes from 
equator to vole involv times of the order of five months 
to middle and eleven months to polar latitudes. Whether 


.these take the form cf mean motion or eddy diffusion, 


or some combination cf both, cannot be determined from 
the present studies. =lowever, for the South Pole data 
Flowers and Viebrock have commented that the sudden 
arrival of dust ın November 1963 coincided with a change 
in the stratospheric circulation from circumpolar to 
meridional. The volesmic dust observations are consistent 
with the presence of =n equatorial reservoir with gradual 
depletion by enhanc-d poleward transfer during the 
winter. 

The different times ~f occurrence of the maxima of the 
various tracers are prcbably associated with the different 
heights at which the t=cers occur and at which the trans- 
port takes place. A zomplete understanding, however, 
requires considerably nore detailed information than we 
have at present. 

We thank Dr. Herbert J. Viebrock for permission to use 
his unpublished resul s, and Mr. B. G. Collins for his 
assistance in analysing the Aspendale radiation data. 
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EXPERIMENTAL OBSERVATIONS ON THE STRUCTUBE OF COLLISIONLESS 
SHOCK WAVES IN A MAGNETIZED PLASMA 


By Dr. J. W. M. PAUL, L. S. HOLMES, Dr M. J. PARKINSON and J. SHEFFIELD 
U.K. Atomic Energy Authority Research Group, Culham Laboratory, At ngdon, Berkshire 


The plasma collapss has been examined in detail for 
the foregoing conditions by using magnetic probes. The 
shock front, a sharp jump in axial magnetic field strength, 
is clearly separated fom the thin skin current (Figs. 1 
and 2). For most cf the implosion the Alfvén Mach 
number (shock velo-ity (Vs)/initial Alfvén velocity), 
M, = 2-5. The meesured magnetic fields have been 
compared with numerical computations in which the 
plasma is treated in =he magneto-hydrodynamic (MHD) 
fluid approximation!. With this model the shock structure 
broadens rapidly as v-scous effects increase. If viscosity 
is omitted the structure steepens as the electron tem- 
perature rises and resistivity decreases. These structure 
effects, which disagree with the experimental results, are 
avoided by introducing into the computation an arti- 
ficially fixed shock -vidth*. Good agreement is then 
obtained between the experimental and computed 
dynamics if it is aseamed that the neutral gas in the 
outer 10 cm takes past in the collapse (Figs. 1 and 2). 

The structure of ths shock front has been examined in 
detail usmg magnetic probes of diameter down to 0:9 mm 
and a coaxial double electric probe with an effective tip 
of 0 25 mm and variakle electrode separation. The electric 
probe records the raCial voltage (V x) through the shock 


HIS article reports measurements of the structure of 

shock waves propagating through a plasma in & 
direction perpendicular to an initial magnetic field. The 
shock wave is produced by a fast linear ‘Z-pinch’ between 
electrodes with 100 cm separation in a fused silica tube 
of 50 cm diameter. The applied electric field of 320 V/cm 
produces an axial current which rises to 300 k.amp ir 
0-7 psec, and flows in a thin annular layer (~ l cm). The 
resulting pinch forces drive this skin current radially 
inwards at a velocity exceeding the Alfvén velocity for 
the undisturbed plasma. This rapid radial compression 
generates an imploding shock wave which propagates 
ahead of the driving current layer. 

The radial distribution of electron density ın the initial 
plasma has been measured by using a double Langmuir 
probe and by infra-red interferometry. For the particular 
case of a hydrogen plasma with central electron density 
n = 7 x 10% cm and initial axial magnetic field 
B, = 1:2 kG, the total density (ions and neutrals) has 
also been measured. This was obtained from the measured 
velocity of propagation of a low-frequensy, small ampli- 
tude, magnetosonic wave. The deduced degree of ioniza- 
tion is more than 85 per cent for the central 20 cm 


diameter. 
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front. For the foregoing conditions (M, = 2-5), the 
radial voltage rises in less than 6 nses as the shock moves 


on to the tip of the electric probe. The magnetic probe 
records a coincident but slightly slower rise of magnetic 
field. Typical oscillograms are shawn in Fig. 3. The 
measured radial voltage (Vr) and change of {magnetic 
field (B,—B,,) in the shock front are plotted in Fig. 4a 
against time for 9 cm radius. As the measured shock 
velocity is sensibly constant at 2-5 x 107 cm/sec, Fig. 4 
also represents the spatial variation. 

The measured shock width (1-4 mm) is appreciably 
shorter than the appropriate ion-ion and ion—neutral 
mean. free paths (5 cm and 2-5 om, respectively). Con- 
sequently, collisional viscosity can be neglected as 
reported previously*. Resistive dissipation through the 
azimuthal current in the shock front, which is the only 
other collisional process (electron-ion collisions) capable 
of sustaining such a shock‘, cannot be eliminated by such 
a simple criterion. The measured 6-nseco rise time of the 
voltage is less than two electron-ion collision times. The 
latter is calculated for the region behind the shock by 
assuming that the shock heating goes entirely to the 
electrons, raising their temperature to 50 eV. It is un- 
likely that this energy can be lost from the shock front 
in such a short time. As several collisions are required 
within a collision-dominated shock front it is probable 
that a collisionless resistivity, suck as is provided by 
turbulence from electron drift instabilities®»®, is important. 
The measurements indicate an electron drift velocity of 
about 10 per cent of the predicted electron thermal 
velocity. This would co nd to the critical drift 
velocity for instability given by Stringer’ if 7} ~ 0-1 To, 
The shock width is about 7(c/wpe) for the initial condi- 
tions. This is appreciably less than 25(c/wpe) found by 
Adlam*. As further evidence for collisionless interaction, 
the measured rise time of 13 nsec in deuterium at about 
the same mass density and M, corresponds to only half 
an. electron-ion collision time while the shock width is 
about 10(c/cpe). 

The change in diracted energy of an ior passing through 
the shock front (considered at rest) is AW = 4 M[V3— 


— EXPT. 
~---THEORY 
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Fıg. 1. Radial variation of Bz and Bg at 0 9 «seo from a magnetic probe 
of 7 mm diameter and from computation with a 7 mm shock width 
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Fig. 4. Structure of magnetic field and electro potential through the 
shock front for Ma =2:5 (top); Ma=8-7 (bottom) 


(Vs—V>p)*], where M is the ion mass and Vp is the 
plasma velocity behind the shock (laboratory co-ordin- 
ates). The latter has been derived from the measured 
magnetic field profiles using the fact that (Bz/n,) is con- 
stant on both sides of the shock (though not within it). 
The measured azimuthal electric field Hp behind the 
shock also provides a measure of V,(=H9/B,). The 
measured voltage across the shock is such that the ratio 
R=eVr/AW=1. This means that the ion motion 
through the shock is entirely accounted for by electric 
field effects. By implication, the change of ion pressure 
across the shock is negligible. The measured Vp can be 
accounted for, in accordance with the generalized Ohm’s 
law®, by the known force (Je x B,) acting on the electron 
current (Ja) and the predicted electron pressure gradient. 
With resistivity (either collisional or not) as the only 
dissipative mechanism, continuum theory predicts the 
occurrence of a discontinuity (iso-magnetic jump) in the 
fluid velocity within the shock structure for M, greater 
than a critical value Mj? ~ 3 (ref. 4). Physically beyond 
this limit slip of field and plasma (resistive dissipation) 
alone cannot provide sufficient dissipation of energy. 
Theories based on particle orbits predict the occurrence 
of multiple streaming of the ions above a similar limit’. 
Eixperrmentally M, is increased by reducing the initial 
magnetic field. For M, = 2-5 and 3-7 the initial plasma 
density and the shook velocity are effectively the same. 
However, at M, = 3-7 the shock has a clear double 
structure (Fig. 4b) with the sharp transition preceded b 
a broad one (~ 1-5 cm) corresponding to 2c/wp. This 
broad feature of the structure appears for M, > 3 over 
a range of parameters and is interpreted as evidence for 
the additional mechanism required theoretically. The 
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Fig. 5. Structure of tic field through the shock front for M 4 = 2'5, 
7 and 6-3. (For the latter Bz=0 48 kG, na=4-5x 10" cm“ een 
x 10" om/sec) 


measured voltage across the shock front again corresponds 
to R = 1, implying that the electrons are heated. 

At still hıgher M,, the broad structures forward and to 
the rear of the sharp transition become dominant and at 
M, = 6 (Fig. 5) the sharp transition is absent. The total 
structure is then so broad that cylindrical effects are 
important. 

The broad additional feature is shorter than the 1on— 
ion mean free path but is comparable with the ion—neutral 
mean free path. Even so, this latter mechanism can be 
neglected because at least five such collisions are i 
to collect the undisturbed ions (> 80 per cent ionized). 
Electron thermal conductivity, another relevant ocol- 
lisional mechanism", is made negligible by the presence 
of the axial magnetic field™!. Consequently, all collisional 
mechanisms-appear to be eliminated for M, > Mj. 

Of the many theories of collisionless shocks, only a few 
are valid for M, > Mj. ‘Theories involving ion-ion 
streaming instabilities’*-* can be eliminated because they 


2 
predict a sharp transition of width L ~ — The theory 
of Colgate'*, involving Landau damping of electron oscil- 
lation, also predicts a sharp transition with L ~ a . Auer 


et al. treat the problem of ion streaming without in- 
stabilities but derive an effective entropy increase from 
ion gyration phase mixing and assume that the electrons 
are not heated. This approach leads to a time-dependent 
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structure with L ~ = My, = (wpi for compreseed plasma) 


and R = 0:25 (for k, = 6). Carmac eż al.1* describe a 
model based on non-amear wave—wave interaction within 


a front of width L ge for M, ~.4 but steepening with 


increasing M,. The particular analysis, though not the 
mechanism, is limitei to low M, (<M). Although no 
explicit prediction is made, it is reasonable to assume that 
the waves involved (+> wa) heat the electrons and con- 
sequently R = 1. Th=ase values of L and # are comparable 
with those of the braad feature, but the dependence on 
M, appears inconsistent. 

Experimental imperfections makeitpossiblethatthe mag- 


netic field makes a emall angle (0 > 


—_ 


m, ~ 1°) to the 


shock front. For the foregoing conditions with M, > Mi 
this leads to a shock-structure!?-1* more than an order of 
magnitude shorter tLan that observed and consequently 
has been neglected. 

In summary, at low Mach numbers (M, < 3) the 
results indicate that a resistive shock is formed which 
probably involves collisionless turbulence. Above the 
predicted critical Æ, (~ 3) the observed change of 
structure is interpr-ted as due to an additional, but 
unidentified, collisioriess mechanism. None of the present. 
theories of shock stcucture gives convincing agreement 
over the range of obscrvations, but some can be eliminated. 

We thank Dr. R.-J. Bickerton for his advice and Mr. 
C. A. Steed for his assistance. 
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PLEISTOCENE GLACIAL-MARINE ZONES IN NORTH ATLANTIC 
DEEP-SEA SEDIMENTS 


By Dr. JOHN R. CONOLLY* and Dr. MAURICE EWING 
Lamont Geological Observatory of Columbia University, Palisades, New York 


INCE Bramlette and Bradley! first described glacial 

marine sediment zones in deep-sea cores scross the 
North Atlantic, there has been no further attempt to use 
these zones as criteria for interpretation of Pleistocene 
climates. The occurrence of glacial erratics in the North 
Atlantic has been described by several authors’-*. One 
of the most recent accounts was given by Pratt’, who 
described erratic boulders of granite, schist, diorite and 
quartzite from cores and dredges on the Great Meteor 
Seamount. These accounts indicate that icebergs floated 
much farther south in the North Atlantic during the cold 


+ Present address‘ Department: of Geology, Louisiana State University, 
Baton Rouge, Louisiana 


periods of the Pleistocene, dropping considerable conti- 
nental material as fr south as 30° N. 

An investigation was made of the occurrence of ice- 
rafted material in the Lamont cores from the North 
Atlantic to find cores in pelagic sediment which contained 
large variations in the vertical distribution of ice-rafted 
debris. In general all cores taken m pelazic sediment 
north of 50° N. ccutained abundant glacial debris. In 

areas near Labrador, Greenland and Iceland there 
was so much glacia- debris that obvious variations in the 
amount of intensity of ice-rafting could not be measured. 
Farther south, cores described by Ericson et al.” consist 
of zones of sediment containing abundant ice-rafted grains. 
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Cores taken. south of 35° N. contain little or no 1ce-rafted 
grains. Hence it was decided to examine the variation 
im 1¢e-rafted material in the ccres between 40° and 50° N., 
particularly since Ericson et al. had already shown that 
they contained zones consisting of different Forammifera 
assemblages deposited durmg cold and warm periods of 
the Pleistocene. The zones delineated by Ericson et al. 
can also be defined using the relative abundance of 108- 
rafted detritus present in the cores. 

The amount of ice-rafted detritus resent in the sand 
fraction of 13 cores taken from the North Atlantic (Fig. 1) 
previously described by Ericcon e al.’ was estimated at 
intervals down the cores (Fig. 2) by examination of the 
sand fraction under a binocular microscope. The cores 
lie between latitudes 40° and 50° N and consist almost 
entirely of pelagic sediment containing varying percent- 
ages of pelagic organisms. Cores Ai57-5 and A180-14 
were taken near the edge of the Sohm Abyssal Plain and 
contain one or two very thin quartz silt beds, presumably 
deposited. by turbidity currents; bat the rest of the 
sediment in these two cores is mainly pelagic. The 
remainder of the cores 1s located in positions in the deep- 
sea floor favourable “or pelagic deposition. 

In general, the sand fraction consists mainly of tests of 
pelagic Foraminifera mrxed with ice-rafted sand and 
minor amounts of volcanic ash. The ice-rafted detritus 
is easily identifiable, as it characteristically consists of 
very poorly sorted, and mainly angular, sand and pebbles 
of & variety of mineral and zock types. The size, poor 
sorting, general angularity and wide hthological range of 
this detritus that occurs in pelagic sediment, far from 
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land, indicate that ıt has dropped from melting ice. 
Many of the large pebbles are striated or faceted and 
large quartz grains are commonly frosted and pitted. 
Quartz is most abundant and commonly makes up 50-70 
per cent of the sand fraction. Pebbles of granitic, gneissic, 
regional metamorphic and sedimentary rocks of all kinds 
make up the bulk of the fraction coarser than 1 mm. 

Black pumice and brown and black glass occur associ- 
ated with ice-rafted sand m cores from the eastern North 
Atlantic. Since the amount of black volcanic detritus 
present bears a constant relation to the amount of poorly 
sorted ice-rafted sand, it must also be ice-rafted. The 
black pumice and glass are most abundant in, cores taken 
close to Iceland (Fig. 1), as has been previously noted by 
Ericson eè al.*, and the amount of black pumice decreases 
southwards, indicating dilution of ths volcanic detritus 
from Iceland with detritus from eastern Greenland and 
the British Isles. In the western North Atlantic, quartz 
18 less common and makes up only 30-50 per cent of the 
ice-rafted sand. Large quantities of hornblende and 
garnet are particularly characteristic of the sand in cores 
4157-5 and A157-—6. 

The- amount of 1ce-rafted sand present creases from 
a few grains in the southernmost cores to 20—30 per cent 
of the total volume of sediment in the glacial marie zones 
in cores SP10-1 and SP9-3. The variation in the per- 
centage of ice-rafted detritus in the sand fraction at 
intervals down the cores (Fig. 2) can be interpreted as a 
measure of the effects of climate on deposition. Zones 
containing a relatively high percentage of ice-rafted 
detritus correlate very closely with zones containing 
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The amount of ice-rafted detritus ın the sand fraction 18 
Zones defined as giacials by Ericson 
tions are made between areas 


There ıs considerable fluctuation in the amount of 1ce- 
rafted detritus deposited during these cold periods, sug- 


gesting that it might 


cold and warm zones 


be possible to determine the major 
within each glacial by correlating 
areas representing maximum and minimum amounts of 


ice-rafted detritus ın different cores across the North 


Atlantic. 


Tf it is assumed that the zones which Ericson et ai.” con- 


sidered to have been deposited during the last glacial (the 


period from about 11,000 to 60,000 years ago), and shown. 


in Fig. 2, are correct, then it is possible to sub-divide fur- 


Table 1. 
AL 
- (Fig. 2) 

Core Latitude Longitude 
A157-5 48° 85’ N 86° 61’ W 
157-6 48° 03’ N 89° 20’ W 
Aib67-18 e g4’ 48° 51° W 
180-9 89° 27’ N 45° 57° W 
4180-18 89° 08’ N 80° W 
4180-14 88° 41’ N 40° 40° W 
A180-15 89° 16’ N ° 42’ W 
48° 55’ N 18° 35’ W 

R10-1 56° 47’ N 31° 00’ W 
R10-10 41° 24’ N 40° 06’ W 
SP0-8 58° 53’ N ° 06’ W 
SP0-4 02’ 14° 40’ W 
SP10-1 51° 23’ N 88° 04’ W 


LooaTIon OF OORES USED FOR IOE-RAFTING DISTRIBUTION 
ANALYSES 
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expressed as a percentage of the tctal sand fraction at intervals down 18 cores 
et al. (ref. 7) in these cores can aso 

of cores contaming 

the major cold periods of the late P-eistocene 


be defined on the relative abundance of 
Ingh amounts of ice-rafted detritus. These areas may 


ther this cold period on the basis of the relative abundance 
of ice-rafted detmtcs. For example, core R10—10 contains 
a distinct zone containing abundant 1ce-rafted detritus 
between 150 and 130 om from the top of the core. This 
zone occurs betwen areas dated as 11,800 + 480 and 
15,820 + 200 yeare old? and probably contains ice-rafted 
detritus deposited Juring the last major glaciation of the 
last glacial period. Beneath this zone there are three more 
zones ın which tke sand fraction is made up almost 
entirely of 1ce-rafted detritus, suggesting that there were 
probably three mcre major cold periods during the last 
glacial period. Similar zones containing high amounts of 
ice-rafted detritus occur in many of the other cores and 
possible correlatiors between them are shown in Fig. 2. 

These results irdicate that the abundance and dis- 
tribution of ice-re=zted detritus in deep-sea cores in the 
North Atlantic could provide a powerful tool for delineat- 
ing even mmor fluctuations in the Pleistocene climate. 
Cores taken in pemgic sediment in the vicinity of cores 
R5-36, R10-10 and 4180-13 in particular should contain 
easily determinable ice-rafted zones that might eventually 
lead to a better understanding of the fluctuations in 
climate and rates of sedimentation during the Pleistocene 
in the North Atlantic. Furthermore, it may be possible 
to delineate the PEocene—Pleistocene boundary, using the 
first appearance of ice-rafted detritus in deep-sea pelagic 
cores as a criterion. The disappearance of ice-rafted 
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detritus with depth occurs in sediment cores raised from 
the deep ocean floor surrounding Antarctioa®™1 and occurs 
just beneath the Pliocene—Pleistocene boundary based on 
radiolarian assemblages". 

So far, none of the cores taken in the North Atlantic 
ice-rafting area passes by continuous section through the 
Pleistocene and none has been identifisd as containing the 
Phocene—Pleistocene boundary; but further attempta to 
take such cores are now in progress. 
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AN INFRA-RED INVESTIGATION OF THE EFFECT OF PRESSURE ON SILICA 
POWDERS, AS REVEALED BY DEUTERIUM OXIDE EXCHANGE 


By F. H. HAMBLETON, Dr. J. A. HOCKEY and J. A. G. TAYLOR* 
Department of Chemistry, Faculty of Technology, University of Manchester 


N recent years, infra-red spectroscovic techniques have 
been widely used to examine the surface properties 
of a variety of solids. The Girect examination of finely 
divided solids is hampered by scattering of the meident 
radiation. This problem is cften ovarcome by pressing 
self-supporting disks which have much higher transmission 
and, additionally, have a hizher number of functional 
groups present in the beam. Infra-red investigations of 
tho exchange properties of the surface hydroxy] groups 
present on silica, with deuterium oxide (D,O) vapour, 
show that the high pressures used in disk formation can 
significantly alter the behaviour of the sample. 

The pretreatment and surface properties of the re- 
hydrated ‘Aerosil’ used in the work recorded here have 
been described elsewhere’. Disks were prepared from 
about 50-mg samples which -were placed in a die and 
evacuated (on a conventional vacuum-line fitted with liquid 
nitrogen traps) to a pressure of 2 x 10-4 mm for 30 min. 
Two disks, #A2/5 and RA2/10, were formed by pressing 
at 5 tons/om* and 10 tons/cr-" respectively for 30 min. 
Two further disks, DA2/5 and DA%/10, were pressed 
after six-fold exchange in the die with saturated D,O 
vapour (Norsk Hydro, purity 89-7 per sent); each contact 
lasted 120 sec and the sample was evacuated to 2 x 10 

* Present address: Unilever Research Laboratory, Port Sunlight, Cheshire. 
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Fig. 1. (1) Infra-red trum of original disk RA/5; (2) after D,O : 
g (1) spec iS spectrum i NO exchange 
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‘Wave numbers (cm~) 

Fig.2 (1) Tra Pi EEES pu e Som deuterated powder— 
mm mercury between each exchange, before final evacua- 
tion for 30 min at the same pressure. 

The disks were mounted in a stainless-steel cell, similar 
to that described by Harrison and Lawrence?, 
and spectra were recorded between 4,000 om- 
and 1,500 om~, using a Perkin-Elmer 125 
double-beam grating spectrometer. The cell 
was connected to a vacuum line fitted with 
facilities for treating the sample, in su, with 
water and heavy water vapour. Disks 
DA2/6 and DA2/10 were further treated 
with D,O vapour to replace the surface OD 
groups lost during the transfer of the sample 
from the die to the cells. 

The spectra of RA2/5 before and after D,O 
exchange are given in Fig. 1; these show that 
an appreciable proportion of the 3,650 cm- 
hydroxyl band is unch ; this proportion 
is even. greater in the case of an RA2/10 disk. 
The absence of a peak at 3,737 cm~ indicates 
that all the single hydroxyl groups are ex- 
changed. Similar spectra for the unpressed 
RA2 powder are also shown; these indicate 
that a proportion of the unexchangeable 
hydroxyl groups are present in the powder. 

That additional unexchangesble surface 
groups result from compression is illus- 
trated by the spectra given in Fig. 2 for 


1,500 
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1s greater fr DA2/10 than for DA2/5. Con- 
trol experszments show that all exchanges 
carried out on the disks are reversible. No 
change in he 1,640 cm~ band as a result of 
the exchange was noted. 5 

Figs. 3 end 4 show respectively the effects 
of heating she exchanged RA2/5 and DA2/5. 
Surface dehydration is accompaniad by a 
decrease ic, intensity of the low-frequency 
component: of the vibrational absorption. 
bands for both the exchanged and unex- 
changeable groups. However, there is an 
increase ix the absorption, intensity of the 
3,737 om- dand, assigned to single hydroxyls, 
jor RA2/5,and in that of the 2,755 om- band, 
assigned ta single deuteroxyls, for DA2/6. 
These new ‘single’ absorption, bands can, now 
be readily changed, together with some of 
the low-frequency tail. When samples are 
heated to higher temperatures, exchange 1s 
accompani~d by a large degree of chemisorp- 


4,000 3,000 2,000 1,600 4,000 3,000 2,C00 1,500 tion, even, vith contact times of < 60 sec at 
Wave numbers (em™) Wave numbers (sm-*) room temperature. The spectrum of the 

Fig. 8. (1) Disk RA/5 heated to 300° O; (2) after DaO exchange; (8) disk RA/3 heated to 1) O-exchanged RA2/6, after heating to 450° 
SS ee ae ee C, was stablo after further evacuation, for 

60 h, showing that the growth of the 3,737 om~ 
band did rot result from leakage of the cell. 


The spestral results presented snow that 
formation, Df a silica disk results in a product 
having cer ain, important differences from the 

2 original pcwder. It is clear that is may be 
erroneous ~0 make direct comparison between 

ji the infra-“ed results obtained from such 

| | pressed dicxs, and gravimetric and adsorption 

‘ data, determined on the corresponding pow- 

N \ ders. Thə evidence suggests that either 
regions in=coessible to H,O or D,O vapour 

are formel, or that bringing the particles 

closer tog>ther causes enhanced hydrogen 

| bonding which prevents exchange occurring. 

` However, as it is thought that it is the most 

3 closely ad_acent OH groups which are first 


lost on deaydration, a fact confirmed by the 
more rapic decrease in the low-frequency tail 
of the vor band, then such strongly bonded 
groups woald be expected to be more rapidly 
lost than, -he exchangeable hydroxyl groups. 
This is sho-vn, not to be the case. Additionally, 
the increase in the single voy (or vop), ob- 
served on heating, would not be expected 
by this mechanism. Disks made at lower 
4,000 8,000 2,000 1,500 4,000 $,000 2,000 1,600 pressures axhibit the same effects, but to a 
Wave numbers (om) Wave numbers ary a lesser ext=nt. It is realized that pressures 
Fig. 4. (1) Disk DA/|5 heated to 150° 0; (2) after H,O exchange; (3) disk 5 hea to described elsewhere for the preparation of 
POS ete E SR Aroni disks Bre ponema. lower: how: 
DA2/5. As with the powder sample, there are unex- ever, ‘Aerosil’ probably represents an optimum case and 
changeable hydroxyl groups, but Bis ertai bes other oxides require Higher pressures. 
are also OD groups resulting from exchange of the powder, Taylor, J. A. G., Hockey, J A., and Pethica, B. A., paper presented at Brit. 
prep e baad ab 2,710 om-!, which cannot be hoe Conf Phos and Chemistry Geramic Surfhoes (in 
exchanged with water vapour. The intensity of this band Harrison, F. R., and Lawrerce, J J, J. Soi. Instrum., 41, 698 11984). 
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HEXAGONAL-MESH STRUCTURES AND STABLE POLYPEPTIDE CHAIN 
CONFIGURATIONS 


By Pror. R. E. DICKERSON 
Gates and Crellin Laboratories of Chemistry, California Institute of Technology, Pasadena 


ECHTER! has recently proposed a hexagonal- be exceedingly unlikey, and the basis for the membrane 
sub-unit model for the protein component of cell model therefore shoul be reconsidered. 
membranes, based on polypeptide chain siructure prin- Warner has proposed that simple peptide antibiotics 
ciples set forth by Warner*:’. However, available experi- such as gramicidin S and actinomycin are built up from 
mental and theoretical evidence shows such structures to a basic hexapeptide tnit in which the carbonyl oxygens 
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- Two resonance 
peptide bond (I and IT) and the ew oonfiguration (I) 


lie 4-8 A apart at the corners of a hexagon. The hydro- 
phobic side-chains project from one face of the flat 
molecule in this mcdel, and the hydrophilic carbonyl and 
NH groups extend from the other face. Decapeptide 
antibiotics are then related to the basic hexamer as 
naphthalene is to benzene, and larger unite are built up 
on a flat hexagonal mesh. The two essential features of 
the model are the separated hydrophilic and hydrophobic 
sides, and the regular 4-8 A hexagonal spacing of carbonyl 
oxygens on the hydrophilic face, related to the second- 
neighbour oxygen spacings in the structure of ice. This 
fiat hexagonal mesh model has been extended to the 
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158-residue protein sub-unit of TMV as well‘, althoug? 
the stacking model shown does not agree well witl 
electron micrographs of the TMV molecule. 

Hechter’s membrane model uses flat spiral hexagona 
sub-units of a similar size packed in an overlapping doublam 
layer with hydrophobic faces paired between. layers, anc 
with channels or pores through the membrane. Severa 
properties of the membrane are then explained with con- 
siderable ingenuity from this model. There may well be 
elements of truth in the cell membrane model, but the 
peptide hexamer principles on which it is based are 
energetically untenable. 

The fundamental flaw in the peptide model is that 
it cannot be built with the desired properties without 
deforming the amide or peptide linkages severely out of 
their stable planar configurations (Fig. 1). In contrast, 
there is considerable evidence fer the true planarity of 
peptide bonds in peptides and proteins. 


Theoretical Evidence 


Early structural work on small compounds by Corey 
and Pauling*-* and others showed the amide bonds to be 
uniformly planar. Pauling explained this in terms of the 
joint contribution of two resonance structures, I and I 
in Fig. 1. The central C—N bond would be shortened from 
its normal 1-475 A as it assumed a partial double-bond 
character and the C—O distance would increase beyond 
1-205 A as it lost double-bond character. Assuming a 
60:40 contribution of I and I, the d C—N 
distance was calculated to be 1:32 A and the expected 
C=O distance to be 1-24 A. 

The resonance stabilization ‘energy of the amide bond 
has been calculated by Pauling and Sherman’) from 
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Table 1. RESULTS OF THA X-RAY ANALYSES OF SIMPLE COMPOUKDS CONTAINING PEPTIDE BONDS 


The order is roughly shronological, with references only to the moat recent or most complete analyzes 
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(a) Per cont double-bond character 1s' taken from Hahn (ref. 8), based on both O-N and O=O bond-lengths. Later approximate values are interpolations 


based on O-N distances only. The limits of erro 1n these figures are wide. cee în bond-length betwoen co ete single-bond character and 
complete daubie-bond is only about 0-24 A, and an uncertainty (three standard deviations) of 0 08 bond-length mla correspond to an uncertainty 
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-planar amide. The original structure analysis is definitely in error and the 
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thermodynamic heats of formation of formamide, acet- 
mide and oxamide. Values of 21-4, 20-5 and 23-7 kilo- 
ralories per mole of amide bonds, respectively, were 
sbtained. In view of the similarity of C=O and C—N 
ibond-lengths in these compounds and in peptides, the 
wesonance energy per amide in a polypeptide chain is 
minlikely to differ from 21 kcal by more than a few keal. 
A reasonable measure of the strain energy involved in 
twisting an amide linkage out of planarity about its C—N 
bond by an angle @ is then: Æ = 21 sin’8 kcal/mole. 
Hence even a twist of 30° will require a strain energy 
of more than 5 keal. 


No. 5006 


Experimental Evidence 


The experimental evidence for the planarity of the 
peptide bonds falls into three categories: di- and tri- 
peptides and related compounds, fibrous proteins, and 
globular proteins. The results of careful X-ray analysis 
of compounds in the first category are given in Table 1. 
In all cases the amide bond has been found to be planar, 
and in all the peptides it is in the trans configuration 
(I rather than III in Fig. 1). In all cases the expected 
shortening of the C—N and lengthening of the C—O bond 
are found, and the contribution of resonance form II 
usually lies in the 30-40 per cent range. 

These observations are given added significance by the 
X-ray examination of potassium benzylpenicillin, a larger 
molecule containing one amide bond**, The bond is trans 
and planar, and showed the expected changes in bond- 
lengths (Table 1). 

In X-ray analyses of fibrous proteins, accurate bond 
parameters are not sought, and analysis consists essen- 
tially in fitting sterically acceptable models to the observed 
diffraction pattern**. Nevertheless, the field only began 
to produce results after the work of Corey et al. had 
produced standard parameters for polypeptide chain 
geometry**. In all work since then, whether with 
a-helices, 8-sheets, collagen triple helices or more complex 
structures, it has never been necessary to invoke non- 
planar amides to satisfy the diffraction pattern, and in 
only one case (polyproline I (ref. 36)) have cis amides 
been found. 

Complete structure analyses are only beginning to 
appear for globular proteins, and the only ones at near- 
atomic resolution (2 A or better) so far are myoglobin®?4* 
and lysozyme**. ‘Two-angstrom resolution does not 
permit measurement of accurate atomic parameters, but 
geometry of the peptide links is clear. In all cases, for 
both myoglobin" and a preliminary examination of lyso- 
zyme, only trans amides were found, planar within the 
limits of accuracy of the structure (of the order of + 5 
for myoglobin). The fact that such restrictions are 
observed in both a high-helix and a moderately low-helix 
protein, and in both hydrophobic and hydrophilic regions 
of the molecules, suggests that violations of planarity in 
other structures will be difficult to justify. 

In summary, there is no evidence from any structure 
analysis, from simple dipeptides to proteins, that the 
amide bond ever deviates more than a few degrees from 
planarity, and in all but two or three small cyclic com- 
pounds such as diketopiperazine and cyanuric acid and 
one fibrous polypeptide only the trans configuration has 
been found. 


Hexagonal Peptide Models 


In contrast to the foregoing evidence, the hexagonal- 
unit peptide models proposed by Warner*-* require 
the amide bonds to be deformed out of planarity, in 
some instances by nearly 90°. Of the cighteon amide 
bonds in a nonadecapeptide fragment of ACTH’, only 
one appears to be trans and planar. Four are planar 
but cis, four are skew but nearer cis than trans, seven 
are skew but nearer trans than cis, and two appear 
to be at right angles. A rough calculation of strain 
energy based on Pauling’s formula, and assigning 
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twist angles no more precisely than 0°, 45°, 90°, 135°, and 
180° to the categorias mentioned here as determined 
from the photograph, gives a value of about 160 keal/mole. 

As part of an X-ray analysis of actinomyein*’ we have 
tried building Warne*’s actinomycin molecule shown in 
Fig. 6b of ref. 2. The total strain energy in this molecule, 
based on amide deformations measured from the model 
and accurate to + 10, is 120 keal/mole. An unstrained 
configuration with eight planar trans and two planar cis 
linkages is possible n a model of the same size and 
shape as Warner’s (Fz. 11, ref. 41). However, the struc- 
tural advantages of Warner's model are largely lost. 
Only six of the ten sarbonyl oxygens extend out from 
the ‘hydrophilic’ face, two extend out from the edges 
and two more now project from the ‘hydrophobic’ side. 
Nothing at all resembling a regular hexagonal array of 
carbonyl oxygens cam be seen. Extensive adjustments of 
the space-filling models have shown no way to segregate 
hydrophobic and hycrophilic groups or to re-create the 
oxygen arrangement without deforming the amides from 
planarity. 

If the planarity of the amide bond is accepted as & 
fundamental principls, then the larger the structure the 
more difficult it becomes to retain the specific features of 
Warner’s structures. The basic hexapeptide with cis 
amides (Fig. 2b) has z-carbons so close that the structure 
is only usable for hexaglycine. The trans hexamer (Fig. 2a) 
does plaee the carbonyl oxygens 4°8 A apart in a hexagon 
and extend the side-ehains out the opposite side. How- 
ever, the NH groups “all on the ‘hydrophobic’ rather than 
the ‘hydrophilic’ side. 

The decapeptide bailt up from two fused hexagons is 
less tractable. The planar trans model is shown in Fig. 3 
with a bond sketch in the corner. The two re-entrant 
angles at positions 1 and 6 pose a problem. The amide 
linkage considered as a unit does not alter the direction 
of the polypeptide eaain (Fig. 4a), and any bending of 





(a) (b) 


Fig. 2. Hexapeptide models with planar amides, in (a) the trans and (b) 

the cis configuration, Side-chains are represented only by single carbon 

atoms attached to the mair chain or a-carbon. Note the sterte hindrance 
between these side-chain carbons in the cis form 


— 


: 





Fig. 3. Decapeptide wita planar trans amide bonds, showing the ‘hydro- 
hobie’ side. Side-chaims are represented only by single (8) carbons. 
ote the presence of the “wo carbons? groupe (c) on the ‘wrang’ side of the 

molecule 
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the chain must be produced at the «-carbons (Fig. 4b,c). At 
re-entrant angles the C, must be rotated 180° from the 
position of Fig. 4b to 4c, bringing the side-chain over to the 
hydrophilic side, where it collides with the carbonyl oxygen. 

At any re-entrant angle, therefore, one must either 
move the side-chain of one residue to the hydrophilic 
side or replace the L-amino-acid by a p-form. If the 
L-form is retained, then the adjacent amide group must 
be rotated so as to move the carbonyl oxygen to the 
hydrophobic side to get it out of the way unless the 
residue involved is glycine. Fig. 5 shows the decapeptide 
with the carbonyl rotated in this manner to the ‘wrong’ 
side, and Fig. 6 shows the steric hindrance between 
carbonyl and side-chain if this is not done. A brief 
examination of sequences of decapeptide antibioties* 
shows that except for gramicidin S (and actinomycin if 
it is one decapeptide ring), one does not generally find 
D-amino-acids or glycines paired across the ring. 

Larger structures become increasingly difficult. Three 
rings of Warner’s flat spiral TMV structure (Fig. 1 of 
ref. 4) were built, and the preceding comments about 
re-entrant angles were checked. A further extension of 
model building was not felt to be worth while. No less 
than 64 of the 158 residues in the TMV structure are 
involved in re-entrant angles in this model, meaning that 
almost as many carbonyls and side-chains will project 
from each side unless many of these re-entrant sites are 
glycine or D-amino-acids. The known amino-acid sequence 
of TMV (ref. 43) lends no support to this latter idea. 


Energy Requirements for Non-planar Amide 
Structures 
It has recently been suggested**-** that, even though 
the non-planar amide structures (hereafter referred to as 
‘strained’ structures) were not the lowest energy states 
for small peptides and antibiotics in solution, these 
structures might be stabilized by hydrogen bonding and 
hydrophobic interactions when in contact with enzyme 





(b) 
Space-filling models of: (a) amar trans amide group, (b) and (c) 


Fig. 4. 

a-carbon with hydrogen (H) and side-chain (R). Note that any change 

in chain direction must occur at an a-carbon site, as the planar (rans 
amide group taken as a unit leaves the chain direction unaltered 
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Fig. 6. Decapeptide of Figs. 3 and 5, ‘hydrophilic’ side, with the two 

displaced carbonyls (c) rotated back to the proper side. Note the severe 
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surfaces, cell membranes or even like molecules in the 
form of dimers. By this argument, two peptide con- 
figurations, each inherently unstable when the units are 
isolated, would become a stable system when the units 
were locked together through the collective effect of a 
number of weak forces. This is a perfectly valid concept 
if it is made quantitative, but dangerous if it is not. 
Undoubtedly the exact conformation of a polypeptide 
chain can be strongly influenced by binding to a supporting 
surface or to a smaller substrate molecule. But it is not 
difficult to show that neither hydrogen bonding nor 
hydrophobie interactions are sufficiently strong to com- 
pensate for the strain energies enountered in these non- 
planar amides. 

In such a quantitative comparison, it is not enough to 
compare the amide strain energy with the total energy 
obtained by hydrogen bonds and hydrophobic inter- 
actions, for an unstrained polypeptide configuration can 
always be found with much the same binding properties 
if not the same precise configuration (as with the two 
actinomycin models). One must therefore compare the 
strained molecule in a given set of circumstances with an 
unstrained molecule in an equivalent environment. 

(1) Average strain energy per amide bond. With a frag- 
ment of ACTH containing 18 amide bonds, a crude strain 
energy estimate of 160 keal was obtained. The actino- 
mycin figure ef 120 keal for ten amides is more accurate. 
Thus, although there is a maximum possible strain energy 
of 21 keal per bond for bonds wrenched to right angles, an 
estimate of 10 keal per bond as an average in hexagonal- 
type structures is certainly safe. If such strained struc- 
tures are to be stable, some factors must be found which 
will contribute an average energy of at least 10 kcal per 
amino-acid residue. 

(2) Stabilization by favourable hydrogen bonding with 
solvent. If the same number of hydrogen bonds can be 
formed with the strained and unstrained structures, then 
there is no stabilization. But now suppose that a fraction 
y of the possible bonds in the strained form are impossible 
in the unstrained form. A simple inversion of a carbonyl 
or NH group from one face of the molecule to the other 
is not sufficient, and to be inaccessible the group must 
be buried. Examination of models suggests that certainly 
not more than 30 per cent of the possible groups will be 
so buried. 

The enthalpy of formation of a hydrogen bond with 
water is about —5 keal. The entropy change is less 
precise, but it will certainly be negative, making the free 
energy change greater than —5 kcal (less in absolute 
magnitude). The exact value does not matter, for the 
conclusions hold even if one takes the least favourable 
case and neglects the entropy entirely. In this case, the 
stabilizing contribution of the extra hydrogen bonds in 
the strained form will be AF = — 5y kcal per mole of 







y ses iso a aiy 1 y Raat not 
© of van dor Waals interactions between hydro- 
bic side-chains, which amount to only a few tenths of 
ilocalorie, but because of the removal of such groups 
the aqueous environment. Kauzmann®™ has shown 
the most important term involved is the entropy 
, and has calculated that the removal of one hydro- 
bic side-chain from water to a non-polar environment 
companied by a free-energy decrease of no more than 
t 4 keal. 
tus assume that in the strained model all hydrogen- 
ng and hydrophobie groups are properly segregated 
heir respective sides of the flat molecule, while in the 
astrained version a fraction æ of each type is on, the 
wrong side. The free energy of stabilization of the strained. 
molecules by pairing of hydrophobic faees will be 
AF = —4 kcal per amino-acid residue. In the un- 
strained molecule, only a fraction (1—x) of the hydro- 
phobic groups will be buried, for a stabilization energy 
bof —4(1—2) keal. But a fraction x of the previously 
ormed hydrogen bonds will be broken because they 
becurred to groups on the ‘hydrophobic’ face, producing 
s destabilization of +52 kcal in the most unfavourable 
hircumstances. The net free energy of stabilization is 
hen AFhu = ~44+92 keal per mole. The lowest reason- 
able value of x is 0-5, that for a random distribution of 
ypes of groups between faces. 

The net free energy change in going from unstrained to 
strained molecules, both with the maximum possible use 
of hydrophobic interactions, is then: 


: AF — AF strain + AF} s ser AFhu = {+ 10—4+4— 92) 
kcal per bond. 


-If the worst possible case is assumed, eomparing a 
ompletely ordered strained molecule with an unstrained 
molecule having random oceurrence of side-chains on 
either side, then « = 0-5 and AF = +65 keal. 

‘The conclusion is therefore that even if the most 
favourable hydrogen bonding and hydrophobic inter- 
actions are used, the flat, hexagonal-mesh, non-planar- 
amide structures are unstable relative to a planar-amide 
form by 5-10 keal per amide bond. 














































Summary 


Be Tho thexagonal-mesh models proposed by Warner, if 
de with planar amides, do not create distinct hydro- 
ic and hydrophilic sides and do not place the carbonyl 
gens at the corners of a hexagonal mesh 48 A on a 
as proposed. Moreover, the strain involved in twisting 
nides out of planarity is so great that even the best 
gen bonding and hydrophobic bonding cannot make 
strained structures stable. If models of this general 
; proposed, they should be based on planar (and 
‘trans) amide groups, and tested with space- 
iodels rather than hexagonal-mesh diagrams, for 
ich is true for single or double rings is not neces- 
xtendable to a semi-infinite mesh. 





herited abnormality of fibrinogen resulting in an 
ptomatic clotting defect. was described by 
' Another congenital qualitative defect of 
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It is probably reasonable to 5 


extremely improbable.. But if i 
purposes to hypothesize models of this. typ it ee 
instability must be kept clearly in mind, and at some 
point a quantitative rumerical justification for such a 
distorted structure must be made. At present there is 
no direct evidence for the hexagonal-mesh structures _ 
considered here and overwhelming evidence against them. | 
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“A NEW INHERITED COAGULATION DISORDER CAUSED BY AN 
ABNORMAL FIBRINOGEN (‘FIBRINOGEN BALTIMORE’) 


| By Dr. EUGENE A. BECK, PATRICIA CHARACHE and Pror. DUDLEY P. JACKSON 
Department of Medicine, The Johns Hopkins University School of Medicine and Hospital, Baltimore, Maryland 


disorder has been discovered in a 29-year-old woman of 
Anglo-Saxon origin?. "The patient was admitted to the 
Johns Hopkins Hospital because of femoral vem throm- 
bosis following minor trauma. She had a history of a 


144 
Table 1. COAGULATION STUDIES 
— Heni, 
contro 
Fib n assays: vi 
(a) mbin clotting time (ref. 3). 35 mg 175 mg 
(b Shaan determination (ref. 4) 104 mg 180 mg 
(ec) Immunodiffusion (ref. 5) 180 mg 180 mg 
Pitino time (one-s e) 45 60-100 
Prothrombin time after a en of normal fibrinogen 80 
fic assays for factors II, V, VITI, IX, XIII Normal 
obulin ae time Normal 
Platelet count 224,000-284,000 
Platelet function (aggregation and clot retraction) Normal 


mild haemorrhagic diathesis characterized by frequent 
bruising, epistaxis and menorrhagia, and a history of a 
previous severe thrombotic episode of several months’ 
duration. 

On preliminary investigation a friable whole blood clot 
was noted. Assays of fibrinogen (Table 1) indicated the 
presence of a poorly clottable fibrinogen in the patient’s 
plasma: subnormal values were obtained by a method 


that depends on the rate of clotting in the presence of 
standard amounts of thrombin’ whereas the amount of 


immunologically detectable fibrinogen was within normal 
limits. Further studies of coagulation demonstrated that 
fibrinogen alone was responsible for the clotting disorder. 
An abnormally prolonged prothrombin time was corrected 
by the addition of normal fibrinogen to the patient's 
plasma. Fibrinolytic activity as measured by euglobulin 
lysis was not increased. Recalcified plasma clots were 
insoluble in urea, indicating that factor XIII (fibrin- 
stabilizing factor) activity was present. 

The rate of clotting of the patient’s plasma by throm- 
bin? (Thrombin Topical, Parke, Davis and Company, 
Detroit, Michigan) was retarded, especially at low concen- 
trations of thrombin (Fig. 1). Addition of calcium 
chloride (0-025 M) partially corrected the prolonged 
thrombin clotting time of the patient’s plasma but had 
little effect on the thrombin clotting time of normal 
plasma. 

The rate of clotting of normal plasma or fibrinogen by 
thrombin was not inhibited by the patient’s plasma or by 
her fibrinogen. In contrast to acquired defibrination 
syndromes due to intravaseular coagulation, the clotting 
defect was not corrected by therapy with heparin and 
infused normal fibrinogen had a normal survival time in 
the patient’s circulation. 

The venom of Bothrops jararaca (‘Reptilase’, Penta- 
farm, Basle, Switzerland), which is known to clot fibrinogen 
by splitting off predominantly peptide A (ref. 6), did not 
clot the patient’s prothrombin-free plasma. On addition 
of ‘Reptilase’ and calcium ions a clot formed, but at a 
comparatively slow rate (Table 2). 

The thromboelastogram (prepared by Dr. 8. Attar, 
University of Maryland, Baltimore, Maryland) showed an 
abnormally small maximal amplitude (Fig. 2). The rate 
of clot lysis was not increased. In the absence of platelet 
abnormalities an abnormal structure of the final clot was 
therefore suggested. 

The patient’s fibrinogen could not be distinguished from 
normal fibrinogen on paper electrophoresis and so far 
consistent differences of migration have not been observed 
on starch-gel electrophoresis. On immunodiffusion using 
rabbit antibody prepared against normal human fibrino- 
gen, the precipitation lines that formed in the presence 
of normal and patient plasma fused without observable 
spurring (Fig. 3). However, on immunoelectrophoresis 
minor but reproducible migration differences were found. 
The abnormal fibrinogen, therefore, appeared to be 


Table 2. CLOTTING TIME OF PROTHROMBIN-FREE CITRATE PLASMA BY 
*REPTILASE’ 
Plasma ‘Reptilase’ Calcium Buffer Clotting 
ml.) (ml.) 0:025 M (ml.) (ml.) time (sec.) 
Normal: 0-1 0-05 — 0-05 53 
0'i 0:05 005 — 27 
O-1 owe 0-1 — No clot * 
01 0:05 — 0-05 No elot* 
Patient: 0-1 0-05 0-05 — 84 
0-1 o 01 — No clot* 
* Observed for 24 h, 
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immunochemically similar to, but not identical wit 
normal fibrinogen. 

These experiments indicated that the defect represen 
a dysfibrinogenaemia rather than hypofibrinogenaemi 
and suggested that the disorder might be inherite 
Investigation revealed the presence of a similar abno 
fibrinogen in all three daughters of the proposita, where 
the two sons had normally clottable fibrinogen. Two 
the daughters had a history of a significant bleedi 
tendency. The disorder appears to be transmitted by 
dominant gene (Fig. 4). No further abnormal fami 
members were found in three generations of the patient 
mother’s family. The father’s family was not availab 
for investigation. 

Qualitative abnormalities of fibrinogen may be ove 
looked, particularly if the defect does not produce sym 
toms. The defect described by Ménaché! was discovere 
in a patient with no haemorrhagic symptoms. In o 
proposita and in two of her children an abnormal bleedin 
tendency is clearly present. It remains to be show 
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Units of thrombin 
Fig. 1. Thrombin clotting times using serial dilutions of bovine throm- 


bin were performed on normal and patient citrated plasma. Thrombin 

was diluted with barbital buffer (pH 7-35) alone or with 50 vol. per cent 

0-050 M CaCl, and barbital buffer. ©, Normal + thrombin + buffer; 

@, normal+thrombin+calcium; A, patient+thrombin + buffer; A, 
patient + thrombin + calcium 


PATIENT 


e an 


CONTROL a —————— 


Fig. 2. Thromboelastogram on re-calcified platelet-rich citrated plasma. 
Maxima! amplitude: normal, 3+0 mm; patient, +5 mm 





Fig. 3. Immunodiffusion studies. Centre evar nant er y agal againn p normal 

fibrinogen. Peripheral wells: citrated Normal 

plasma and patiènt are in aitaxdate on wells. Comp me fusion, 

shown by a smooth ring, is present indicating antigenic identity in this 
system 
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Fig, 4. Famuly distribution of abnormal fibrinogen White, tested, 
normal; black, abnormal, cross-hatched, not tested; hatched, deceased 


hether the thrombotic episodes are related to the 
afective fibrinogen. 

The exact sites of the structural defects in the abnormal 
Mbrinogens described by Ménaché and by us are not 
nown. In contrast to the fibrinogen described here, the 
Bbnormal fibrinogen described by Ménaché interfered 
ith the conversion of normal fibrinogen by thrombin, 
iggesting that the two abnormal proteins may be 
issimilar. It has been shown that the amino-acid 
»quence of the peptides which are split off from fibrinogen 
y thrombin affects the interaction between thrombin and 
brinogen?. The absence of clot formation of our patient’s 
brinogen in the presence of ‘Reptilase’ suggests a possible 
bnormality of peptide A. The effect of calcium ions in 
artially correcting the clotting defect cannot be explained 
n the basis of our present knowledge. 

The abnormal fibrinogen described here 18, so far, 
haracterized as follows: (1) it clots at an abnormally 
low rate in the presence of thrombin; (2) in the absence 


of calcium ious it does not clot on addition of ‘Reptilase’ ; 
(3) calcium partially cozrects the defect in the presence 
of both thrombin and ‘Feptilase’; (4) the structure of the 
final clot is abnormal, bat the transamidation mechanism 
induced by factor XIII eppears not to be involved; (5) the 
abnormal fibrinogen dozs not interfere with clotting of 
normal fibrinogen; (6) it can be distinguished from normal 
fibrinogen by differences in migration on immunoelectro- 
phoresis; (7) its presence is controlled by an abnormal 
dominant gene and leads to a mild haemorrhagic disorder. 

As a consequence of the rapidly increasing knowledge 
concerning the structure of fibrinogen and the fibrino- 
peptides it can be assumed that further structural 
abnormalities may be found in the future. Some of the 
cases which have been thought to have a dominantly 
inherited hypofibrmogenaemia*® may in fact be found to 
have a dysfibrinogenaemia. A suggested nomenclature 
to distinguish moleculer changes of a protein is that 
in use for the characterization of abnormal haemoglobins. 
Accordingly, we would. lke to designate the fibrinogen 
described here as ‘fibrinogen Baltimore’. 

This investigation was supported in part by a contract 
with the U.S. Atomic Energy Commission and grants 
from the National Inst:-utes of Health of the U.S. Public 
Health Service. 
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MECHANISM OF INTESTINAL ABSORPTION: TRANSPORT OF METHIONINE 
AND SODIUM BUTYRATE BY INTRACELLULAR PLASMA | 


By S. L. HART and Dr J. A. NISSIM 


Pharmacology Department, Guy’s Hospital Medical School, Loncon, S.E.| 


THEORY of the mechanism of intestinal absorption 

involving active transport by a spectrum of mobile 
intracellular proteins was put forward in a previous 
article. This resulted from the analysis of the effects 
of cetrimide and other protein-binding substances, such as 
chloroquine and thevetin, on the intestinal absorption 
of glucose in the mouse during intraluminal perfusion of 
the small intestine. The main points of the theory are: 
(a) phloridzin acts on a first receptor, blocking a portal 
of entry for sugars and short-chain fatty acids in the cell 
membrane; (b) phloridzin 1s attached to a protein moiety 
of the first receptor, since phloridzin itself can be displaced, 
and thus inactivated, by high concentrations of cetrimide? ; 
(c) cetrimide acts on a second, mobile, receptor, which 1s 
the one concerned in active transport. Its inhibition 
results in leakage of blood glucose to the intestinal 
lumen; (d) stimulation and inhibition of absorption can be 
produced by small and large concontrations, respectively, 
of substances competing with the nutrient for this second 
receptor ; (e) the second receptor is located,on intracellular 
mobile proteins which are characterized by a spectrum 
of affinities for nutrients and drugs; (f) the association— 
lissociation constants for proteins, drugs and nutrients 
are controlled by a pH or electrochemical gradient, which 
s maintained by the metabolic activities of the cell and 
‘equiring the expenditure of energy. 

The localization of the second receptor within the cell 
nembrane was considered, but was rejected as unlikely 
‘or two reasons. Effective potentiation of phloridzin by 
2»etrimide, which removes the former from silent receptors, 
ook half an hour to become established. The phloridzin 
ceptor could not, therefore, be on the surface of the cell 


membrane, for potentistion would have been immediate. 
Furthermore, the second receptor must lie more deeply 
still from the surface bf the cell, and it seemed incon- 
ceivable to accommodate a whole spectrum of mobile 
proteins and their gradient-establishing enzymes, in 
addition to the distinct protein of the first receptor, within 
the 75-A wide cell membrane, of which some 40 A consists 
of a lipoid outer and inner layer. 

The general applicebility of the theory was next 
investigated. It was decided to seek parallel evidence for 
other species and nutrients. The effect of the cationic 
cetrimide and the anicnic sodium lauryl sulphate (B.P.) 
on the absorption of the amino-acid methionine, the 
short-chain fatty acid compound sodium butyrate, and 
glucose, was therefore ssudied in albino rats. Appreciable 
inhibition of the absorpzion of the three nutrients had been 
demonstrated previous-y in this species!, as well as the 
potentiation of the phloridzin effect on glucose absorption 
by cetrimide. The imdortant problem of stimulation of 
absorption by low concentrations of different protein- 
binding inhibitor drugs had not been investigated in the 
rat. Stimulation was important, because ıt indicated 
mobility of the second ~eceptor**, while its poorly specific 
interaction with protein-binding drugs indicated its intra- 
cellular localization on the mobile proteins. 

The drugs were disso ved in 0-9 per cent sodium chloride 
containing 0-2 per cent (w/v) D-glucose, DL-methionine 
and sodium butyrate. 50 ml. of solution was perfused 
through the lumen of the proximal 60 cm of the small 
intestine for 0-5 h. ‘The percentage absorption of each 
nutrient was calculatel from estimations of their final 
concentrations. The methods used in the estimations 
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Table 1. EFFECT OF CETRIMIDE ON THE PERCENTAGE INTESTINAL ABSORPTION (MEAN Ł S.E.) OF GLUCOSE, BUTYRATE AND METHIONINE IN THE RAT 
No. of experiments in parentheses 








Controls 
10° 
Glucose 41:2+0-7 (45) 17°4 + 2:0 (7) 38°1+3 5 (4) 
P <€0-001 
muya 43-0 + 0°9 (40) 83-0 F r. a2 44:0+3-1 (4) 
< . 
Methionine 29-4 + 0-7 (37) 20-3 -1:7 (7) 25-8 + 3-1 (4) 
P <0 001 ' 












Concentration of cetrimide (w/v) 











10- 5'0 x 10-8 10-* 
45:1 + 0-8 (21) 44:8 +1°3 (12) 41-9 + 1-2 (20) 40°7 £1°8 (4) 
< 0-001 < 0-05 
45-4 + 1-2 (8) 45-6 + 1:5 (10) 46-5 +1°3 (20) 48:5 + 2-2 (4) 
<0-3>02 <02>0-1 — 
29:5412 (9) 35-2 +19 (11) 25-4 + 1:7 (10) 27:4 +36 (4) 
< a 


Table 2. EFFECT OF SODIUM LAURYL SULFHATE ON PEROENTAGE ATEREA ABSORPTION (MEAN + S.E.) OF GLUCOSE, BUTYRATB AND METHIONI? 
IN THE RAT 


No. of experiments in parentheses 


Concentration of sodium lauryl sulphate (w/v) 





Controls 
75x10 
Glucose 412407 80:9 + 2-6 36 026 387-2421 89:9424 
(45) 6 (8) (4) (4) 
P < 0'001 
Butyrate| 43 00-9 383-9457 61:0+ 3-7 60 6+3°6 
(40) (6) (4) , (4) 
P <0-01 < 0:02 < 0°02 
Methio- | 29:4+0:7 17:3 +29 242 +23 26 612 
nine (37) (6) (4) (4 
P <0 001 


were essentially as before, but a slight modification of the 
methionine estimation requires the reduction of previously 
. published values by a factor of 1-4, before they can be 
compared with the present values. 

The results obtained at six concentrations of cetrimide 
are shown in Table 1. At a concentration of 10>, signifi- 
cant inhibition of absorption of all three nutrients occurred, 
although the inhibition was smaller in each case than that 
obtained with previous samples of cetrimide!*. At lower 
concentrations, there was definite stimulation of absorp- 
tion, which was maximal at 2:5 x 10-5 for glucose, 5-0 x 
10-8 for butyrate, and 10- for methionine. At lower 
concentrations still, absorption returned to its level in 
control animals. < 

Sodium lauryl sulphate had only a moderate inhibitory 
effect on the absorption of glucose compared with that of 
cetrimide. The results obtained with ten concentrations 
of sodium lauryl sulphate are given in Table 2. Maximal 
stimuldtion of glucose absorption occurred at 5'0 x 10-8, 
although there was also some stimulation at 5-0 x 10-5 
and 25 x 10. Marked stimulation of butyrate absorp- 
tion was observed with sodium lauryl sulphate at 10-4- 
2:5 x 10-5, and combination of the four P values from the 
individual t-tests in this region gave P < 0-0005. Stimula- 
tion of methionine absorption occurred between 5-0 x 
10-5 and 5:0 x 10-6, although not at the intermediate 
concentration of 10-5, which gave a value no different 
from that of the control. 

Although the stimulation of absorption obtained with 
these two drugs was not as marked as the stimulation of 
glucose absorption in the mouse, the low P values fully 
establish the stimulating effect at low concentrations for 
all three nutrients. These results assume greater signific- 
ance when considered alongside the parallel results in the 
mouse, since they constitute further confirmatory evidence 
for the proposed theory of the mechanism of intestinal 
absorption. The observation that both a cationic and an 
anionic compound, known to bind protein in an unspecific 
reaction, stimulate the absorption of the three nutrients 
at different concentrations, lends strong support to the 
concept that active transport involves the intracellular 
proteins which have different affinities for individual 
nutrients and drugs. It is possible that different nutrients 
bind to different proteins, but they may also bind to 
different sites on the same protein. i 

Inspection of the concentrations at which stimulation 
occurred with cetrimide shows that for all three nutrients 
there was a single peak, though the range at which buty- 
rate absorption was stimulated was rather wide. By 
contrast, stimulation with sodium lauryl sulphate occurred 


50x10 | 25x10- 5-0 x 10-* 10-* 
440+09 | 4836+17 | 42-8+1-5 | 41-9400 | 47-141-7 | 38-4424 
12) (10) (10) (12) (12) (4) 

<0-1>005| <02>0-1 <0 001 
49-141:8 | 4984+2-9 | 47-241-7 | 47-6420 | 47-7413 | 4838+33 
(11) (10) D (12) (12) (4) 
=>0:004 | =—=0-005 < 0-05 
86-44+1:7 | 34-9418 | 302+1-5 | 85:3+16 | 3836+19 | 32-4+22 
(12) 10) 10) (12) (12) 
<0 001 < 0-005 <0-001 |<0-02>001 


at more than one peak for glucose and methionine, an: 
the range of concentrations for butyrate stimulation wa 
much wider. Both peak multiplicity and range widtl 
suggest that more than one protein carrier might be im 
volved, the carriers exhibiting particularly differen 
affinities for sodium lauryl sulphate, but the presence o 
impurities cannot be excluded. 

The first receptor in intestinal sugar transport wa 
previously studied in some detail in the mouse anc 
rat}, It was concluded that stimulation of suga 
absorption in the mouse was due to the action of smal 
doses of a competitive substrate (or inhibitor) on th» 
second, not the first, receptor. This must also be true ir 
the rat, for the results of experiments in the two specie: 
are similar. As for sodium butyrate and methionine 
little is known about their entry mechanisms. The 
partial block to' butyrate absorption by phloridzin? 
may be exerted on one of the entry mechanisms, fo» 
butyrate might enter partly through a-pore and partly 
through the lipoid of the cell membrane. For amino-acids, 
entry through the lipoid part of the cell membrane has 
been suggested’, and a two-stage system of absorption 
has been proposed’, involving.entry and subsequent active 
transport. The evidence presented here strongly suggests 
that for all three nutrients stimulation and inhibition of 
absorption, by low and high concentrations of cetrimide 
and sodium lauryl sulphate, occur by competition at the 
second receptor, concerned with active transport. We 
shall therefore confine our discussion to the various 
possible modes of stimulation that may be produced by an 
inhibitor of the second receptor. Since the simple model 
of carrier transport capable of achieving this was proposed 
by Wilbrandt and Rosenberg?»*, other possible mechan- 
isms have been suggested or demonstrated. These differ- 
ent stimulation—inhibition models will therefore be 
considered to see which of them would be applicable 
to our findings. ; 

The first is the mobile carrier transport model of Wil- 
brandt and Rosenberg. According to this, stimulation 
or inhibition depends on whether the factor (Į + 1 — 
S183) in their formula is negative or positive. Here Sf 
and S4 represent substrate or nutrient concentration at 
the two ends of the carrier path, and I’ is the equilibrium 
value of the inhibitor substance, all three being divided 
by the respective equilibrium association—dissociation 
constant, for substance and carrier. This is the model 
adopted previously in the new theory for the mechanism 
of intestinal absorption. 

The second hypothesis is that of an exchange reaction 
at a membrane surface in a model of carrier transport 
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ving a 1:1 nutrient-carrier stoichiometry (Jacquez®®, 
mg*, Guroff’, Christensen ef al.°). If C indicates carrier, 
3 ternary combination CSI with subsequent breakdown 

CS + I leads to more rapid formation of CS than by 
‘ect combination. Employing a more comprehensive 
xeme for his models, Jacquez obtained equations for 
aich simple analytic solutions could not be found. 
msideration of idealized stationary states, however, 
4 him to the conclusion that the simple 1:1 nutrient- 
«rier stoichiometry of Wilbrandt and Rosenberg could 
t produce stimulation at any concentration of the 
ibitor, when the value of S,, the concentration of the 
bstrate at the inner end of the transport system, remains 
ro. The same result is obtained by putting zero for 

in the Wilbrandt—Rosenberg formula. This state of 
Kairs may conceivably apply for certain cells, such as 

e Ehrlich ascites cells, if the rate of utilization of S by 
e cell is more rapid than its absorption, but it scarcely 
„plies to the intestinal absorption of nutrients. Further- 
‘ore, it seems unlikely that there is ternary complex 
rmation allowing exchange reaction in the case of all 
„ree nutrients of the present investigation. 

Thirdly, a model of carrier-transport having a 2:1 
itrient-carrier stoichiometry was proposed by Jacquez®. 
this allows the formation of CSS, CSI and CI at the same 
me. The derived equations again permit early stimula- 
on and subsequent inhibition. While this may be the 
ise for some nutrients, it would seem unlikely to represent 
16 standard form for the general carrier-transport 
saction. 

Fourthly, in a model of polymer enzyme splitting into 
(dividual units by low concentrations of the inhibitor 
1bstance, Gerhart and Pardee!® have explained the 
tivation and inhibition of aspartic transcarbamylase by 
aleate on the hypothesis that the enzyme was composed 
f four units, forming a tetramer, and that low concentra- 
ons of maleate broke the tetramer, enabling the aspartate 
> become bound to the enzyme units. At higher con- 
sntrations, the maleate not only broke the tetramer, but 
iso competed with the aspartate for the enzyme sites, thus 
eting as an inhibitor. Such a system shows a sigmoidal 
ose-response curve, while the single enzyme or carrier- 
‘ansport units, which follow Michaelis-Menten kinetics, 
10w a hyperbolic. type of curve. Michaelis-Menten 
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kinetics have been sho-vn to hold for the intestinal 
absorption of most nutrients of the type studied here*!-**. 
That the polymer type cf system is general, and would 
thus apply to all three nttrients, again seems unlikely. 

The fifth model involvzss the facilitation of transfer by 
increase of oppositely charged groups along pore or path 
of entry. Rummel anc Stupp! found that mersalyl 
stimulated intestinal caleium transport at 5-0 x 10-4 M 
and inhibited it at 5-0 æ 10-3 M. They postulated that 
mersalyl molecules were 20und in charged pores, and the 
increase in anionic groups, thus produced, stimulated 
calcium transfer. This may evidently be important for 
ionized particles, but unlikely to constitute a general 
mechanism of the type cbserved in this investigation. 

In conclusion, analysis pf the results reveals the stimula- 
tion-inhibition transpor; pattern to be general in its 
applicability to species and nutrients. Among the five 
different possible models, that described by Wilbrandt 
and Rosenberg is the stnplest, and seems the only one 
that could fit all the results and qualify for a general 
carrier-transport system with interactions that are not 
highly specific. The present investigation, therefore, gives 
a more general significanze to the mechanism of intestinal 
absorption proposed previously, which attributes active 
transport to a spectrum of intracellular carrier proteins 
in the cell plasma. 

We thank the Medica! Research Council for a personal 
grant to S. L. H. and a grant for expenses. 
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STOICHIOMETRY OF PROTON TRANSLOCATION THROUGH THE 
RESPIRATORY CHAIN AND ADENOSINE TRIPAOSPHATASE 
SYSTEMS OF RAT LIVER MITOCHONDRIA 


By Dr PETER MITCHELL and Dr. JENNIFER MCYLE 


Glynn Research Laboratories, Bodmin, Cornwall 


CCORDING to the chemiosmotic hypothesis of 
| oxidative and photosynthetic phosphorylation pro- 
osed by Mitchell!-*, the hnkage between electron 
ransport and phosphorylation occurs not because of 
ypothetical energy-rich chemical intermediaries as in 
he orthodox view, but because oxido-reduction and 
denosine triphosphate (ATP) hydrolysis are each 
eparately associated with the net translocation of a 
ertain number of electrons in one direction and the net 
ransloc&tion of the same number of hydrogen atoms in the 
pposite direction across a relatively ion-, acid- and base- 
mpermeable coupling membrane (see also ref. 5). Thus, 
he chemiosmotic hypothesis, unlike the orthodox 
hemical hypothesis, predicts that oxido-reduction through 
he respiratory chain of the mitochondrial membrane 
ystem, and ATP hydrolysis through the membrane- 
cated ATPase, should each be accompanied by the 
toichiometric translocation of protons (written —H+) 
cross the coupling membrane; and that the P/O 


quotients observed durmg respiratory chain phosphoryla- 
tion should be the product of the P/—H+ quotient of the 
ATPase system and the —~H*/O quotient for oxidation of 
the substrate through tke respiratory chain system. It was 
thought that the direst measurement of P/—-H* and 
—H*+/O quotients in rat liver mitochondria would afford 
a means of testing the >hemiosmotic hypothesis, and the 
present article gives a preliminary report of the results of 
this quantitative test. 

Two main conditions:must be satisfied for the accurate 
measurement of P/-Ht and —H+/O quotients: (i) the 
—Ht+ measured must @rrespond to a known amount of 
ATP hydrolysed or of oxygen consumed; (ii) the measure- 
ments of —-H+ must be done in such a way as to minimize 
the unknown extent of back flow or exchange of H+ ions 
and OH- ions across tae membrane system during ATP 
hydrolysis or substrate: oxidation. Estimates of the stoi- 
chiometry of H+ ‘secretion’ accompanying divalent cation 
uptake*:? or during monovalent cation uptake in presence 
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of valnomycin or gramicidin®? in steadily respiring or 
ATP-hydrolysing mitochondria are qualitatively interest- 
ing, but cannot be relied on quantitatively because they 
do not satisfy the foregoing conditions. We have met 
condition (1) by adding a known small quantity of ATP 
or oxygen to a lightly buffered anaerobic mitochondrial 
suspension and recording the consequent change of pH. 
(ApH) in the suspension medium with a glass electrode 
during virtually complete hydrolysis of ATP to ADP and 
Pz, or virtually complete reduction of the added oxygen 
by substrate present in the suspension medium. Con- 
dition (ii) was fulfilled by using quantities of ATP or 
oxygen such that the electrochemical potential gradient of 
H* ion developed across the mitochondrial membrane 
system during the transient ATPase or electron transport 
reaction was sufficiently small and brief to permit ApH 
recordings to be made before much back flow of Ht or 
OH- ions had occurred. 

The buffering capacity of the system that we have used 
was almost independent of pH. within a given range of 
0-1 pH unit, and readings of virtually instantaneous pH. 
change within the given range were proportional to the 
amount of H+ ion (AH*) effectively added to or removed 
from the phase in acid-base equilibrium with the mito- 
chondrial suspension medium (henceforth called the 
‘outer phase’). It was thus possible, by suitable calibra- 
tions of ApH versus AH* with standard acid or base, to 
compute AH* values from the observed respiration-driven 
and ATPase-driven ApH values. As we shall show later, 
there are sound reasons for concluding that the AHt 
values obtained in this way represent the protons trans- 
located (—>H*) across the mitochondrial coupling mem- 
brane that separates an inner mitochondrial phase 
(probably the interior of the cristae) from the outer phase. 

For the measurements of AH*/O, the mitochondria 
were liberated from male Wistar rat livers by homogeniza- 
tion in ice-cold 0:25 M sucrose, and the mitochondria 
were largely freed of cell debris, microsomes, and “fluffy 
layer’ by conventional differential centrifugation in 0:25 M 
sucrose at 4°C. For the measurements of P/AH*, the 
mitochondria were prepared by a similar procedure, 
except that a solution contaiming 0:21 M sucrose, 1 mM 
potassium chloride, and 10 mM sodium ethylenediamine 
tetraacetate (EDTA) was substituted for 0-25 M sucrose 
in order to reduce the concentration of free Mg++. The 
stock mitochondrial suspensions (60 mg protein/ml.) were 
stored briefly in 0:25 M sucrose under sem1-anaerobic 
conditions at 4° C before use. 

The AH+ measurements were done in a thermostatically 
controlled cylindrical glass cell of 6 ml. capacity containing 
an H*-sensitive glass electrode, a saturated potassium 
chloride junction leading to a calomel half-cell, a Clark 
oxygen electrode, and a magnetically driven glass impeller 
giving vigorous stirring. The cell could be closed by a glass 
piston, but a shallow groove in the piston, parallel to the 
axis of the cell, permitted the insertion of a fine glass needle 
so that nitrogen could be bubbled in to flush oxygen from 
the cell, and reagents could be added from calibrated 
micro syringes. Oxygen from the air was excluded by a 
jet of nitrogen continuously directed at the top of the 
piston. The normal procedure was to flush the oxygen 
from the suspension medium with oxygen-free nitrogen 
while the glass piston was at the top of the cell. The cold 
mitochondrial suspension (0 6 ml.) was then introduced to 
give a total volume of 6 ml., the piston was lowered on to 
the surface of the suspension, and 20 min was allowed for 
temperature and ionic equilibration before commencement 
of ApH measurements. The H*-sensitive glass electrode 
and the potassium chloride junction/calomel half-cell 
reference system were connected through conventional 
valve-potentiometer circuitry, the output of which drove 
a strip-chart recorder giving a full-scale deflexion cor- 
responding to 0:10 pH unit. The measurements were 
routinely made between pH 7-0 and 7-2 at 25°C in a 
medium containing 25 mM sucrose, 150 mM potassium 


NATURE 


October 9, 1965 


chloride, and 3-3 mM glycyl-glycine—potassium hydrox»m 
buffer, and any variations of these conditions or additic 
to or changes in this ‘normal medium’ are referred to 
the text. The system generally exhibited a small conste 
rate of pH dritt after equilibration, and the time coum 
of ApH was corrected for the drift by plotting from a bs 
line having the slope of the pH drift. Oxygen was add 
as air-saturated or oxygen-saturated carbon-dioxide-fi» 
0-15 M potassium chloride from a micro-syringe (imjecti 
time <1 sec), and the amounts of oxygen were comput 
from the relevant temperature-solubility tables for pt 
water?®, corrected by a factor of 0-9 for the effect of ior 
strength}. Mitochondrial protein was estimated by t 
method of Itzhaki and Gill. 

Electron transport system. Fig. la shows a typical tir 
course of ApH and AHt* resulting from the oxidation 
B-hydroxybutyrate at 25° C. There was a rapid acidific 
tion of the suspension medium, beginning immediate 
after the addition of oxygen, and a slower, approximate 
exponential decay of ApH to zero. The value of AH, 
corresponding to the peak of the curve of Fig. la is 5-4 
The controlled and uncontrolled rates of oxygen reducti 
by the mitochondria under these conditions were found 
be respectively 10 and 25 ug atom O/g protein min, ar 
thus it can be estimated that in the experiment of Fig. 
the oxygen would be consumed within 5 sec. The AH*, 
quotient for the experiment of Fig. la was according 
corrected for ApH decay by a small (linear) extrapolati 
to time 5 sec, giving a value of 5:96. Sixteen measur 
ments of the corrected AH*+/O quotient on four differe 
batches of mitochondria have yielded a mean value 
5:90 + 0:33. When the amount of oxygen injected in 
the 6-ml. mitochondrial suspension is varied between 
and 50 mug atom O there is little effect on the appr 
priately corrected AH*+/O quotient, but for larger amoun 
of oxygen the AH+/O quotient falls to relatively lo 
values, becoming zero in the steady state. Similar measur 
ments on the AH+/O quotient for oxidation of 2 m 
succinate at 25°C in presence of 0-4 uM rotenone (¥ 
stop NAD-linked oxidations) have given a mean co 
rected value of 3:25 + 0-08. However, as shown 
the typical pair of experiments described by Fig. 
succinate causes an enhanced ApH decay rate (probab} 
due to specific succinate/OH- antiport), which can | 
largely suppressed at 5°C. Our measurements of tl 
corrected AH*/O quotient for succinate oxidation i: 
5° C give a mean value of 4:07 + 0-11. Unlike the vah 
for succinate oxidation there is no increase in the AH*/ 
quotient for B-hydroxybutyrate oxidation on lowering tl! 
temperature from 25° to 5° C, and this is consistent wit 
the fact that the rate of ApH decay ıs not appreciab) 
temperature dependent in the presence of B-hydrox: 
butyrate. 

The AH+/O quotient for succinate oxidation at 5° C 
depressed towards zero as the amount of oxygen 
increased, just as in the case of B-hydroxybutyrate oxid: 
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Fig 1 Time course of ApH and 4H+ during oxidation of S-hydroxy- 


butyrate at 25° C. Oxygen (23 5 mug atom in 50 gl. 015 M potassium 

chloride) injected into 6 ml anaerobic mitochondrial suspension in 

‘normal medium’ containing 2 mM f-hydroxybutyrate at vertical arrows. 

Curve a, no addition; curve b, plus 6 x 10-° M 2, 4-dinitrophenol, curve e, 
plus ‘Triton X-100’ (1 mg/ml.) 
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nd at 5° C. Oxygen (28 5 mug atom in 50 wl. 0:15 M potassium chloride) 

yected into 6 ml anaerobic mitochondrial suspension in ‘normal 

ledium’ containing 2 mM succinate plus 04 uM rotenone at vertical 
arrows 


n. The presence of 6 pg oligomycin per ml. mito- 

ondrial suspension enhanced the AH+/O values for both 

1ydroxybutyrate and succinate by 0-8 per cent in 
ferent experiments. Our results suggest that, ideally, 
ə AH+/O quotients for succinate and 8-hydroxybutyrate 
idation are respectively 4 and 6. 
We have interpreted the observed acidification of the 
ypension medium in the experiments described here as 
© consequence of a stoichiometric net translocation of 
«tons through the mitochondrial coupling membrane. 

order, however, to justify this interpretation, we must 
clude the possibility that the observed AH*/O values 

‘ght be due to the stoichiometric accumulation of an 

chydride!® (for example, X ~I) the synthesis of which 

juld involve the net dissociation of 2H* ions per ~ bond. 

g. 1b shows that when 5 x 10-§ M 2: 4-dinitrophenol ıs 

esent, ın an experiment otherwise identical to that of 

g. la, there is a much faster ApH decay, and the height 
‘the AH* peak is reduced. Similarly, as shown ın Fig. le, 

riton X-100’ (1 mg/ml.) in place of dinitrophenol, 

rtually abolishes ApH and AH*. Other uncoupling and 
embrane-lytic agents have been found to behave 
«nilarly to DNP and “Triton X-100’ respectively ın this 
rpe of experiment. These observations suggest that the 
spiration-driven pH displacement and its subsequent 
cay are due to the effective translocation of H+ or OH- 
ms across the coupling membrane and their subsequent 
-equilibration by diffusion or exchange through the 
sembrane, for dinitrophenol and other uncouplers are 
aown. to catalyse the equilibration of H+ ions across the 
utochondrial membrane system?! and the membrane- 
tic agents permit general ionic equilibration between the 
hases originally separated by the membrane. However, 
1ese observations do not completely eliminate the afore- 
1entioned possibility that the respiration-driven pH 
isplacement and its subsequent decay mught be due to 
1e formation of an X ~I anhydride in a lipid phase, the 
absequent hydrolysis of X ~I being catalysed by un- 
ouplers and by the detergent membrane-lytic reagents. 
. different experimental approach is required to shed more 
ght on this question. 

Fig. 3 shows a group of four observations under con- 
itions identical to those of Fig. la, except that in all but 
he control (4) stoichiometric amounts of potassium 
-ydroxide were present in the air-saturated saline injected 
ito the mitochondrial suspension. We have observed in a 
aumber of such experiments that, after the respiration- 
Kriven pH displacement: (1) the rapid pH shift caused by 
he potassium hydroxide present in the saline is pro- 
vortional to the amount of potassium hydroxide added 
nd is not evidently enhanced or decreased by any chemical 
‘eaction consequent on changing the pH with the potas- 
ium hydroxide solution; (ii) the subsequent change of 
he pH of the outer medium with time can be either 
ositive or negative, depending on the outer pH, within a 
otal range of only 0-15 pH unit; (iii) there is one particular 
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pH at which the outer medium will remain constant after 
the respiration-driven pH displacement. 4 

If the initial respiration-driven acidification of the outer 
medium were due to the Hrmation of an X ~ I anhydride, 
and the subsequent hydrlysis of X ~I were responsible 
for the ApH decay, it is difficult to account for the fact 
that the upward pH movement corresponding to the 
ApH decay is eliminated by raising the outer pH by only 
0-1 unit relative to the iritial pH, and that it is actually 
reversed by raising the auter pH by 0-2 umt—especially 
as the normal AH+/O values have been found in other 
experiments to be almost independent of pH between 
pH 6 and 8. On the othe% hand, if there is no net produc- 
tion or consumption of H+ ions during the respiration- 
driven pH displacement, but simply an effective displace- 
ment of H* ions outwards (or OH- inwards) across the 
coupling membrane, the fall ın the external pH (— ApHo) 
should be accompanied by a rise in the internal pH. 
(ApH), and the magnitudes of ApH; and — ApHo should 
be in the inverse ratio of she buffering powers (AH*/ ArH) 
of the respective phases Further, the ApH o decay, being 
due to the inward diffusion or exchange of H+ ions (or 
outward diffusion or exchange of OH- ions), should 
depend on the pH differential across the membrane, and 
the ApH o decay should sherefore be arrested or reversed 
by raising the external pE (pHo) appropriately. Assuming 
that the pH differential across the membrane (pH; — pHo, 
or pH; + ApH; — { pH» + ApH o} ) tends to decay to 
zero or to some constan value, the internal respiration- 
driven pH displacement will be given by the total shift 
of the outer pH required to result in a stable outer pH. 
value after the respiration-driven H+ displacement. It 
will be seen from Fig. 3 that the respiration-driven ApH o 
is 0-0120 unit, giving a corrected value of 0:0135 unit, 
and that ApH, equated with the total ApH o required to 
give a stable pH after ts respiration-driven H+ displace- 
ment, is approximately )-11 pH unit. The ratio ApH;/ 
ApHo due to the respiration-driven H+ displacement is 
thus about 8. It has been possible to estimate the buffering 
powers of the inner and outer phases over the appropriate 
pH. range by titrating mitochondrial suspensions with 
standard hydrochloric acid or potassium hydroxide, 
(a) adding aliquots of azid or alkali quickly and extra- 
polating the titre to zero time, giving the buffering power 
of the outer phase (AH$/ApHo); (b) titrating in presence 
of reagents catalysing squilibration of H+ across the 
membrane (for exampl», 5 x 10-°° M DNP + 200 ug 
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Fig. 3. Effect of injection (at-vertical a of 25 ul 015 M potassium 
chloride containing oxygen ( 18 mag atom) and different amounts of 
potassium hydroxide on the pa of an anaerobic mitochondrial suspension 
in the presence of B-hydroxybatyrate at 25° C A, No potassium hydrox- 
ide, B, plus 475 mg equiv pctassium hydroxide, C, plus 665 my equiv. 
potassium hydroxide, D, pihs 855 my equiv. potassium hydroxide. 
External buffering power of the mitochondrial suspension across pH 7°15 
in this experiment is 5°7 wequiv./pH unit 
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‘Triton X-100° per ml.) to obtain the sum of inner and 
outer - buffering powers (AH$/ApHo + AH;,/ApHz). 
The buffering power of the mner phase (AH}/ApH;) 
is given by difference. For the mitochondria used in these 
experiments in the ‘normal medium’ the approximate 
values of AH}/ApH; and AHt/ApFfo are 130 and 950 mu 
equiv. H+/pH unit ml. mitochondrial suspension (contain- 
ing 6 mg protein/ml.) respectively across pH 7:15, giving 
a buffering power ratio of 7-3. This agrees satisfactorily 
with the ApH;/ApHo of 8 estimated above. 

There appear from the foregoing experiments to be 
rather convincing grounds, both qualitative and quan- 
titative, for concluding that the respiration-driven pH. 
changes described in this article are caused by the effective 
stoichiometric displacement of H+ ions (or OH- ions) 
across the coupling membrane of the mitochondria, and 
that the ApH/O and AH~/O values can be properly used 
to derive the —H+/O quotients. 

AT Pase system. Fig. 4a shows a typical time course of 
ApH and AH+ on injecting 0:1 umole ATP in 10 wl. 
0-15 M oxygen-free potassium chloride into 6 ml. mito- 
chondrial suspension (6 mg protein/ml.) in ‘normal 
medium’ containing 1:0 mM EDTA, but no substrate, at 
25° C. Under these conditions the activity of the adenylate 
kinase is very low!!. There is a fairly rapid acidification 
of the suspension medium, followed by a slower, approxi- 
mately exponential decay of ApH towards a value cor- 
responding to AH+/P = 0-8. Experiments such as that 
of Fig. 46, in which 6 ug oligomycin per ml. plus 5 x 10-5 


M DNP were present, confirm that the final value of AH+/P | 


represents the acidification due to the chemical reaction 
ATP + H,O— ADP + Pi + (0-76-0-80)H+ at pH 7-0- 
7-1. The uncorrected height of the peak in the experi- 
ments of Fig. 4a represents a total AH+/P quotient of 2-08, 
or a quotient of 1-30 on subtracting the base-line value of 
0:78. Extrapolation to correct for ApH decay is more 
difficult in this type of experiment than in the oxido- 
reduction experiments because the rate of acidification is 
considerably slower initially and decreases as the ATP 
concentration falls during hydrolysis. We adopted the 
empirical method of extrapolating to the point of inter- 
section of the straight lines representing the initial rate of 
pH fall and the initial straight portion of the subsequent 
ApH. decay. The value is thus corrected to 1:49 in the 
experiment of Fig. 4. The extent of the side reactions for 
ATP hydrolysis was determined by the fraction of the 
overall rate that is oligomycin (6 ug/ml.) insensitive. In 
the typical mitochondrial preparation used for the 
experiment of Fig. 4 the oligomycin-insensitive ATPase 
represented 22 per cent of the total ATPase, and, 
accordingly, the corrected value of the AHt/P quotient 1s 
1:91. Several groups of similar experiments on four 
different batches of mitochondria have given a mean 
corrected AH+/P quotient of 1-88 + 0-09. Conversely to 
the AH+/O quotients, the AHt/P quotients have been 
found to be suppressed by oligomycin (6 ug/ml.), but 
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Fig. 4. Time course of ApH and AH+/P during hydrolysis of ATP at 
25° ©. ATP (0:1 «mole in 10 xl. 0-15 M oxygen-free potassium chloride) 
injected into 6 ml. anaerobic mitochondrial suspension in ‘normal 
medium’ containing 1:0 mM EDTA at vertical arrows. Curve a, no 
addition; curve b, plus 6x 10-° M DNP and oligomycin (6 ug/ml.) 
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unaffected or slightly enhanced by antimycin A (0-12 , 
ml.) or by rotenone (0-4 uM). As described for the c 
of the electron transport system, by shifting the 4, 
upward as the peak of ApH is reached during A’ 
hydrolysis, the pH changes in the suspension medi» 
caused by the ATPase system can be shown to be due 
an effective displacement of H+ ions through the coupl 
membrane and not to the net production or absorptim 
of H+ ions during the synthesis or breakdown of a hya 
thetical X ~ I compound. 

Ion secretion and electron translocation. There is 
difference of opinion as to whether the ‘secretion of ! 
ions’ by continuously respiring mitochondria in respor 
to the addition of divalent cations or of valinomycin 
gramicidin is a primary process®, or whether it is a cc 
sequence of the ‘active’ uptake of the cations®;- and ` 
have therefore made a preliminary examination of ti 
question for the case of the stoichiometric respiratic 
driven H+ ion translocation observed in our experimen 
Substituting a miniature flowing liquid junction (to 
described in detail elsewhere) for the normal saturat 
potassium chloride junction of the reference electro 
system, we have observed that, under appropriate co 
ditions of pH and temperature, the limiting AH+ 
quotient for 6-hydroxybutyrate oxidation is not signi 
cantly affected by replacing the 0-15 M potassium chlori 
of the suspension medium by an equal concentration 
sodium chloride or choline chloride, or by substitutn 
0-25 M sucrose for the salt. The presence or absence 
3 mM magnesium chloride in the foregoing media w 
found to be without effect on the AH*/O quotient. TM 
K+ content of the mitochondria in these experimer 
gave an equilibrium external K* concentration of 
5 x 10-4 M; it was observed, by means of a Kt-sensiti: 
glass electrode, that in the sucrose medium containix 
3 mM magnesium chloride, and in-the choline chloric 
medium, the respiration-driven outward H+ displaceme: 
was accompanied by an uptake of K+ ions. However, t]™ 
K* ion uptake commenced slightly later than the F 
displacement, was much less in magnitude than the F 
displacement, and the subsequent K+ extrusion w» 
complete or showed a significant réversal about half-we 
through the time course of the ApH decay. We concluc 
that the respiration-driven H+ translocation is probab, 
an integral consequence of the passage of electrons ar 
hydrogen atoms in opposite directions through tl 
vectorially organized respiratory chain system of tl 
mitochondrial membrane; and in this sense the respir 
tion-driven displacement of H+ or acid equivalents acro. 
the coupling membrane can probably be classed as 
“primary secretion of H+ ions”. 

In the case of the ATPase-driven Ht translocation, 
also seems probable, as will be described elsewhere, ths 
cyclic transitions of mobile chemical groups throug 
different states of ionization and hydration give rise to tl 
passage of electrons and hydrogen atoms across tt 
ATPase system in opposite directions. 

Summarizing the experimental findings: (1) Oxide 
reduction through the electron-transport chain and AT 
hydrolysis through the ATPase system each results in th 
translocation of protons outwards through the mitc 
chondrial membrane system. (2) The stoichiometry of th 
ATPase system closely approximates to a P/—HĦH+ quotier 
of 1/2, while the —H+/O quotients for succinate an 
B-hydroxybutyrate oxidation approximate closely to 
and 6 respectively; thus making the product of th 
P/—-H+ and —H*+/O quotients for succinate and B-hydroxy 
butyrate close to the known P/O quotients of 2 and 3. 

These observations are in close accord with the basi 
principles of the chemiosmotic hypothesis of oxidative an: 
photosynthetic phosphorylation, but show that the follow 
ing changes of detail are required in Mitchell’s origina 
formulation!: (i) As already surmised?, the polarity of th 
system corresponds to a lower electrochemical potential o 
H* inside than outside the coupling membrane (higher pH 
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wre negative electric potential), the reverse of that 
«inally assumed. (ii) The —H+/O and —+H*/P stoichio- 
tries are double those originally assumed. (iii) Owing to 
', the electrochemical potential differential of H+ ions 
coss the coupling membrane required to cause a given 
ising effect on the oxido-reduction and ATPase equilibria 
only half that previously estimated; that is, a dif- 
‘ential of 3-5 pH units with no membrane potential or 
nembrane potential of 210 mV with no pH differential 
«uld be sufficient to poise the ATP/ADP quotient central 
a Pi concentration of 10 mM. 
The latter point is particularly helpful to the chemi- 
notic interpretation of the coupling mechanism because 
mbrings the pH and electric potential differentials required 
the hypothesis within the physiological limits usually 
«cepted for these variables (see Mitchell‘). As shown 
‘ewhere, the chemiosmotic hypothesis is now able to 
«vide as realistic a model of oxidative phosphorylation 
the more fashionable chemical hypothesis, and in 
rticular it affords a very simple explanation of the 
tion of classical uncoupling agents such as dinitrophenol, 
mitochondrial swelling phenomena, of the uptake and 
coupling effects of polyvalent metal ions, of the special 
xchanism of uncoupling by valinomycin and gramicidin, 
.d of the pseudo site-specific inhibition of respiration by 
ganic cations such as guanidine and its derivatives‘. 
iller accounts of the work presented in this article and a 
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separate account of the present status of the theory of 
chemiosmotic coupling will be published in due course. 

We thank Dr. Brian Chappell, Dr. G. D. Greville and 
Dr. Andre Jagendorf far helpful discussion, Prof. E. C. 
Slater for encouragement, and Mr. R. Mitchell for 
assistance. 
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STRUCTURE OF CONDENSED TANNINS 
By L. L. CREASY* and Dr. T. SWAIN 


Low Temperature Research Station, Cambridge 


OST of the work that has so far been carried out on 
the structure of condensed tannins (flavolans) has 
«een concentrated on the possible modes of polymerization 
f the hydroxyflavan-3-ols (for example, (+) catechin, 
z)1-5, The polymerization of hydroxyflavan-3,4-diols (for 
xample, IJa,b), on the other hand, has been less com- 
letely investigated, although it is believed that they are 
itimately concerned in the formation of flavolans®*, and 
10del experiments have shown that the hydroxyl group 
t C-4 readily forms carbonium ions in acid solution 
mor example, III) which react with nucleophilic centres 
imilar to those at C-6 and C-8 in the commonly occurring 
avan-3-ols and -3,4-diols (for example, Ja, Ib, Ila and 
Ib)*-1°, Indeed, several workers?112 have suggested 
hat the flavolans are formed from flavan-3,4-diols by 
ankages between C-4 of one unit and C-8 (ref. 13) (or 
3-6, ref. 9) of another (for example, IV). Freudenberg? 
aas further postulated that such structures would be 
eadily cleaved by acid treatment to yield the parent diols 
for example, IL) or its reaction products (for example, the 
orresponding anthocyanidin, VI). 


I R=H 
a, 2,3-trans (+ )-catechin 
b, 2,3-crs (—)-epicatechin 
: R=OH 





(Carbonium fon) 


HO R 


In spite of this hypothesis, 1t has been suggested that 
she naturally occurring flavan dimers (biflavans) which 
nave so far been investigated!4-1*, and which yield on 
sreatment with dilute acid under relatively mild conditions 
‘for example, 0:1 N HCl for 5 min at 100°) a flavan-3-ol 
‘either Ia* or Ib™15) and a second flavan moiety (which 
un all cases'4-16 gives cyanidin (VI) on heating in stronger 
acid), have structures involving either a hemiacetal", 


* Present address: Department of Pomology, Cornell University, Ithaca, 
Wew York. 


ether!§1?7 or hemiketal!! linkage between the hydroxy! 
group at C-3 of the flavan-3-o] and one of the hydroxyl 
groups of the pro-anthcoyanidin moiety. Geissman and 
Dittmar!®-1°, on the otker hand, have adduced evidence 
that the biflavan from avocado seed (Persea gratissima), 
which yields catechin (Ic) on mild acid hydrolysis, has the 
structure Va. They have further suggested that the most 
commonly occurring pclymeric leucoanthocyanins (that 
is, flavolans which yielc cyanidin on acid treatment) are 
formed by extensive se-f-condensation of (IIT) via (IV), 
but that when a flavan 3-ol (for example, catechin (Ia) ) 
is present a biflavan car be produced (for example, Va-e) 
which is relatively stable and is incapable of further 
condensation since it lac=s a hydroxyl group at C-4’ (ref. 1). 

We have been studying the physiology of flavolan 
formation in the leaves of the wild strawberry (Fragaria 
vesca) and have shown shat this tissue produces, besides 
(+)-catechin (Ia) and a aumber of flavolans of apparently 
increasing complexity, = biflavan which yields (+ )-cate- 
chin (Ia) and cyanidin (7) by suitable acid treatment, and 
is thus similar to the biflavans from avocado?®}° 
and Gleditschia triacantaos*. The A max and molecular 


HO 





H 
tereochenustry at C-2, -3 and -4 undetermined 2’,3’-trans 
,3-trans-8,4-trans——’ ,3'-trans 
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absorptivity of the solutions of the biflavans from straw- 
berry and avocado, both in methanol and 70 per cent 
sulphuric acid®°, and of their adduct with vanillin in 70 per 
cent sulphuric acid?! are closely similar, as is the yield of 
cyanidin formed by heating either of them in n-butanol- 
concentrated hydrochloric acid (9: 1)?! for 1 h (Table 1). 
However, the Rr values of the two compounds are dif- 
ferent in most solvent systems and it must be assumed 
that the two compounds are stereoisomers. Support for 
this assumption comes from the fact that, after epimeriza- 
tion in water at 120° for 2 h®?, the strawberry biflavan 
Gives six components separable on cellulose thin-layer 
plates in 5 per cent methanol, three of which have 
identical Ry values with the products of epimerization of 
the avocado compound. 

In order to obtain more evidence as to the nature of the 
strawberry biflavan, we have examined the products 
obtained by treating an aqueous solution of a mixture of 
(+)-catechin (Ia) and the flavan-3,4-diol racemate (IIa,b) 
produced by the reduction of naturally occurring 2,3-di- 
hydroquercetin (2,3-trans) with sodium borohydride?’, 
with cold 0-4 N hydrochloric acid for 5 min. The acid was 
removed with di-N-octyl methylamine in chloroform", 
and the resultant mixture separated by preparative paper- 
chromatography ın butanol/acetic acid/water (BAW, 
Table 1), giving two compounds CA and CB (see Table 1) 
in yields of 50 per cent and 37 per cent respectively (based 
on the (+)-catechin used). The Rr value of the faster- 
running major component CA on paper chromatograms 
and on three different thin-layer supports in various 
suitable solvent systems is identical with that of the 
strawberry biflavan (Table 1). Furthermore, both CA and 
CB have the same spectral properties as the strawberry 
compound (Table 1) and produce the same six components 
on epimerization®*. It should be noted that both CA and 
CB give (+)-catechin (Ia) on treatment with dilute acid 
and are presumably stereoisomers at C-4 (Vb and Ve). 
From the chromatographic behaviour of the known 
isomeric, flavan-3,4-diols?*, and the fact that sodium boro- 
hydride reduction of the dihydroflavonols gives mainly: 
3,4-trans compounds”, it appears possible that the major 
synthetic dimer, and therefore the strawberry biflavan, is 
the 2,3-trans-3,4-trans-2’,3’-trans isomer (Vb); CB there- 
fore being Ve. Naturally, more exact criteria??:25.26 are 
required to confirm this possibility. 

When (—~)-epicatechin (Ib) was mixed with the flavan- 
3,4-diol racemate (IIa,b) and treated as above, two dif- 
ferent compounds were produced, HA and EB (50 per 
cent and 22 per cent yield of each based on the (—)- 
epicatechin). With suitable acid treatments, these com- 
pounds gave (—)-epicatechin (Ib) and cyanidin (V) and 
both had almost identical spectra! properties as those of 
the biflavan isolated from the seeds of Theobroma cacao*’. 
However, the Rr values of both synthetic compounds are 
different from that of the natural product. Epimerization 
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of both EA and EB gives six separable products (twc 
which are identical in Rr value with two of those produ 
from CA or CB, but the cocoa biflavan only yields th» 
separable components, one of which corresponds with . 
while another corresponds with CA. Since HA and 
must be IVd and IVe, it appears probable that the co 
biflavan may differ in the stereochemistry at C-2 and » 
(V), and is perhaps the 2,3-cis isomer. If this were the c 
both flavan moieties would have the same configurat 
at C-2 and C-3. It is, of course, possible that some ot 
structure is involved, but since the octamethyl ether of + 
cocoa compound yields 5,7,3’,4’-tetra-O-methyl-epi 
techin and 5,7,3,4’-tetra-O-methylcyanidin ‘on treatm» 
with hot acid?4 it must be concluded that the phenc 
hydroxyl groups are not involved in the linkage betwe 
the flavan nuclei, and structures such as those suggest 
by Roux?! and Hergert!? for the formation of polyme 
involving a link between C-4 and the oxygen at C-7 of tm 
second flavan are unlikely. 

Finally we have examined the properties of the wat 
insoluble, methanol-soluble polymer LP which is produc 
when the flavan-3,4-diol (Ila,b) is treated with cold acid! 
in the absence of any other nucleophile. This compou 
is Immobile in all solvent systems and shows the expect 
lower reactivity with vanillin in 70 per cent sulphu 
acid*!*8, but gives a somewhat higher yield of cyanic 
than found with natural polymers of this type”! (Table 
It also yields no {+ )-catechin or (—)-epicatechin on mi 
hydrolysis: when the hydrolysis is carried out in t 
presence of (+)-catechin, however, it does give sm 
yields of both CA and CB, thus indicating that the C 
links are broken by such treatment. Since Quesnel? h 
shown that the natural cocoa flavolan yields (— )-epic 
techin on mild acid hydrolysis, it must be concluded th 
Geissman and Dittmar’s hypothesis with regard to t 
structure of the flavolans is not wholly correct. 

It appears probable, instead,.that condensed tannins 
the flavolan type are complex, branched, three-dime: 
sional structures in which the majority of the repeatir 
units are nuclei derived from hydroxyflavan-3-ols ar 
-3,4-diols. It is also possible that nuclei derived fro 
flavan-4-ols and flaven-4-ols®*® (flavyllium pseudobase 
may be involved. It is considered that the flavan nuc)» 
will be linked, initially, mainly by bonds between C-4 : 
one of the flavan-3,4-diol units, and either of the nucle 
philic sites, C-8 (ref. 13) or C-6 (especially the latter fe 
those hydroxy flavans having a resorcinol-like A-ringm 
for example, VII) of another hydroxyflavan. In the ca» 
of flavans having a pyrogallol-type of substitution in tl 
B-ring (for example, VIII) there will also be the po 
sibility of links to the nucleophilic C-2’ and C-6’ positio1 
(cf. refs. 3 and 4). In such polymers flavan-3-ol nucle 
linked via C-4 of a flavan-3,4-diol, would form relativelm 
stable end units to branches, and the parent flavan-3-« 
would thus be released on mild acid treatment”® ; ‘similarly 
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Table 1. PROPERTIES OF NATURAL AND SYNTHETIC BIFLAVANS 


Rp on thin-layer plates * 









Cellulose Silica gel-H 
Compound Bz‘ Ac: W** 
BAW 80% 10 10:1 
4:1°22 phenol 
Avocado biflavan 0°47 015 
Strawberry biflavan 0 45 0 31 
Cocoa biflavan 0-55 0°31 
CA . 0-81 
0°12 
0°31 
013 
0-79 
0 72 
Leucocyanidin 0-57 0 64 
LP 0 











—————-| Yield of 
1% Vanil- cyanidin Products of 
MeOH t lin in (molar %) | mild hydrolysis 
70% H,S80,§ 
62 27°6 ¥Epicatechin 
and eatechin 
6°6 24:5 Catechin ` 
6:0 295 Epicatechin 
6-3 8-7 208 28 Catechin 
tT — — - `= Catechin 
57 10:0 33 0 28 Epicatechin 
tt ~ — — Epicatechin 
3-6 8-7 30'1 — = 
38-6 108 35 6 — — 
32 39 15°8 40 - 
489 614 13-99 177 — 





* Thin-layer chromatography on polyamide ın 70 per cent aq. MeOH; all biflavans had R 0-68, monomers 0 50, and LP 0. Solvents: BAW, n-butanol" 


acetic acid-water. Bz : Ac: W, benzene-acetic acid-water. ** Developed twice. + At 280 mu (max. in each case). 


At 355 my (max. in each case). § A 


500 mx, ttThe e values for both CB and EB in MeOH were ~ 20 per cent lower than CA and EA respectively, perhaps due to the presence of interfering 
materials which were not resolved chromatographically: the relative absorptivities in MeOH, 70 per cent H,SO, and with vanillin in 70 per cent H,SO- 
and the molar yield of cyanidin, however, were more or less the same for CA, CB and EB. J Based on monomer. 


x 
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VII: tell or OH 
VIII: R,=H or OH 
R,=0H 


van-3,4-diol nuclei present in the structure linked as 
d units, or only through other diols, would also be 
eased on acid treatment to give in part anthocyanidins. 
‘anch points would occur wherever two or more of the 
tential reactive centres in any one flavan were involved 
linkage. Subsequent changes in the initial polymer 
ay be induced by oxidation’ * (which might be better 
zarded as being due to one-electron coupling reactions; 
mpare refs. 31, 32), by the formation of bonds between 
e electrophilic centre at C-21:? and the nucleophilic sites 
entioned earlier, and by the formation of internal ether- ' 
pe links®°.33,34, Of course, other suitable nucleophiles or 
xctrophiles (such as lignin precursors, amino-acids, etc.) 
«ay also be incorporated into the whole flavolan molecule, 
d links may be formed to other macromolecules in tho 
1128, 
In spite of our doubts about Giessman and Dittmar’s 
‘oposals'*-19 for the flavolans, we believe that the results 
‘esented here support their hypothesis regarding the 
«ructure and stability of the biflavans. Furthermore, 
is theory may be extended to explain why the only 
atural flavan-3,4-diols so far isolated which have had 
xeir structure and stereochemistry unequivocally proven 
l Jack a hydroxyl group at C-5 (for example, VII, 
‘= OH). The lack of this hydroxyl group not only 
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enhances the stability of tho flavan-3,4-diol itself by 
reducing the nucleophilic activity of C-6 and C-8, but also 
reduces the probability ofits reacting with a corresponding 
flavan-3-ol. It is noteworthy that in spite of extensive 
investigations? no biflavaas corresponding to IV having a 
resorcinol-type substitution in either or both A rings have 
so far been isolated. 

One of us (L. L. C.) tharks the National Science Founda- 
tion for support (grant 43129). We thank Prof. T. A. 
Giessman and Dr. H. K. 7. Dittmar for allowing us to see 
their results before publication, and for a gift of avocado 
biflavan from Dr. Dittmar. 
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AND NUMBER JUDGMENT 


By D. JONES and Dr. A. ELITHORN 


External Scientific Staff, Medical Research Council, Institute of Neurology and Royal Free Hospital, London 


ei the basis of previous experiments it was suggested 
by one of us that the interference which occurs when 
ubjects respond to two single stimuli, separated by very 
nort time-intervals, was determined by both perceptual 
nd motor components!. In a more recent paper it has been 
hown that some subjects can, under certain conditions, 
‘rocess simple stimuli simultaneously and independ- 


ntly?. In the experiments reported here we examined . 


ome aspects of the perceptual field which may determine 
he effective size of the so-called span of apprehension. 
[he size of the span of visual apprehension is a subject 
vghich has attracted a fair amount of psychological 
avestigation. Less work, however, has been done on the 
xroblem of the necessary length of the time-interval 
1eeded between two stimuli to allow two independent 
udgments, or on the interaction between this interval 
ind the content of the two stimuli. The many investiga- 
ions into the span of visual apprehension all agree that 
he accuracy of judging the number of briefly displayed 
»bjects decreases with increasing stimulus number, and 


that, under most conditbns of presentation, the threshold 
criterion of 50 per cent sorrect responses occurs with 6—7 
stimulus objects. Three experiments on the effect of 
interstimulus interval cm the perception of numerosity 
are described. 

In the first experimert 6 subjects were asked to report 
the number of neon bulbs illuminated in two presenta- 
tions, separated by tince-intervals of 50, 100, 200, 350, 
600 and 900 msec. Beceuse earlier experimental findings 
suggested that some sukjects could process simple stimuli 
independently if they w2re presented in the opposite half- 
fields, the display was designed so that pairs of stimuli 
could be presented in the same half-field or in different 
half-fields. 

Sixty-four small neon bulbs were mounted behind small 
apertures in a black display board in the form of four 
small 4 in. x 4 in. squar2 arrays which formed the corners 
of a square of side 1 ft. At the centre of the display board 
there was a small warning light which the subject was 
instructed to use as a fxation point. The warning light 
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came on 1,200 msec before the start of each stimulus 
situation and remained on for 800 msec. 

The pairs of stimuli were arranged in sets of 36, each 
set consisting of all combinations of 1—6 lights in the first 
stimulus, with 1-6 lights in the second stimulus. The 
number sequences, the spatial relationships and the time 
separation of the stimuli were determined by a balanced, 
randomized design. Each subject was tested twice, each 
session consisting of 6 sets of stimuli, separated by a rest 
interval of 2 min. The subjects were 6 female medical 
students at the Royal Free Hospital, their mean age being 
24 years. The subject’s instructions were to give a verbal 
report of the presented number for both stimuli in each 
situation. - 

The first of-each pair of stimuli could be presented in 
any of the 4 positions and the second followed it at the 
selected interval in any of the other 3 positions. The 
duration of the ñeon flash was 40 msec and the time inter- 
vals were measured from the start of the first stimulus 
to the start of the second. The subject was seated 8 ft. 
from the display; the visual angle sub-tended by the 
distance between the warning light and the neon positioned 
at each outermost corner was 5 deg. 

The results of this first experiment are given in Table 1. 
The findings are disappointing. An analysis of variance 
showed no significant position effect and that the effect 
of the value of the time-interval on the number of correct 
responses was significant only at the 5 per cent level. It 
was, however, clear from the overall performance of our 
subjects, and from their introspective reports, that the 
effects of the variables were obscured by the fact that the 
task was too difficult under all conditions. It seemed likely 

‘that at least three factors were contributing to this. 
In the first place, the stimulus arrays were outside central 
vision, making the resolution of each stimulus difficult. 
This was confirmed in a subsidiary experiment in which 
the subjects reported the number of neons presented in 
single groups, in one condition with central fixation and 
random presentation of the array, and in a second condi- 
tion in which they were told in which array the stimulus 
would appear and were allowed to fixate on that position. 
A second difficulty was that the use of a peripheral stimu- 
lus and the unbalance of expectancy, created by the fact 
that the second stimulus occurred with equal frequency in 
two contralateral and one unilateral quadrants, made it 
very difficult for subjects to inhibit eye movements 
occurring between the tw stimuli. These eye movements 
were both reflex towards the first stimulus and, if this was 
inhibited, ‘expectant’ towards the contralateral half-field. 
Thirdly, the experimental design did not allow enough 
practice. ` 

In order to overcome these difficulties, we decided to 
leave for the time being the examination of the half-field 
effect and to design an experiment which would provide 
reliable information on the effect of the time-interval. An 
alternative display was designed and built. 

In the second experiment -60 small neon bulbs were 
arrayed in 3 concentric hexagonal rings. The outermost 
hexagon had a radius of 2 in. and was made up of 30 
neons which formed 1 functional group. The middle 
hexagon had a radius of 1-2 in. and contained 18 neons 
and the inner one, with a radius of 0-8 in., was made up 
of 12 neons. The 30 neons in the 2 inner hexagons formed 
the second functional group. As in the first experiment, 
there was a warning light at the centre of the display. 


Table 1 
Average 
Interval (msec) for a 
50 100 200 350 600 900 intervals 
Stimuli in opposite 
half-flelds 28:1 347 288 32:2 36:3 86-1 3828 
Stimuli in same : 
half-flelds 30:6 264 319 319 $354 41:0 32-9 
Average for all con- 
ditions 28:9 31-9 299 32:2 36:3 37:7 828 
Percentage of correct pairs of responses for all 6 subjects in Experiment 1 


at each of the time-intervals is given separately for the presentations made in 
the same and the opposite visual half-fields. 
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The visual angle sub-tended by the display at the view 
distance of 8 ft. was less than 2°5°. 

The stimuli were arranged in basic sets of 36 pairs c 
sisting of all combinations of 1-6 neons in the first stin 
lus, with 1-6 neons in the second stimulus. The sets 
stimuli were presented in the 2 sequences inside follov 
by outside and outside followed by inside. Each sub) 
was required to judge the presented number for 2 prac 
and 4 test sets of stimuli, at each of the following 
intervals: 0, 50, 100, 150, 200, 250, 300, 350, 400, 5 
700 and 900 msec. 

Each time-condition was examined separately, half 1 
subjects taking the series in ascending order and half 
the descending order. The subjects were free to report 
the total number of lights for both stimuli or to ms 
separate estimates. The subjects were students or me 
bers of staff at the Royal Free Hospital. Eight were fem 
and 4 were male, the mean age for the group being 
years. 

The results of this experiment are summarized 
Fig. 1. At intervals of 200 msec and longer, all 12 subje 
made separate reports for each member of the stimu. 
pairs. At the shorter time-intervals most of the subje: 
made single reports in response to each pair of stimuli. I 
the analysis presented here the report is regarded as 
error when the total number reported was different frc 
the total number presented. In Fig. 1 the results are p» 
sented for both the descending and ascending grou] 
At all intervals, except 300, 700 and 900 msec, the ascen: 
ing group made more errors than the group taking t 
time-intervals in descending order. 

The differences in the error curves for the 2 groups 
subjects strongly support the view that different mecha 
isms or strategies are employed at the very brief a. 
longer time-intervals. Both groups show evidence of 
practice effect at the task of judging stimuli separat. 
by the longer time-intervals, that is, in the range fro 
about 100 to 900 msec. The ascending group perform 
relatively badly at the first intervals they encounter 
this range; but at the longest intervals which are the fir 
encountered by the descending group, the performan 
levels are reversed. At the simultaneous conditic 
and the 50 msec time-interval the prior experience of tl 
groups of the shorter intervals is about the same and tł 
performance levels are almost identical. Both curv 
show fewer errors when the stimuli are presented simu 


Percentage errors 





100 


300 500 
; Interval (msec) 
Fig. 1. The error curves obtained in the second experiment for the two 


groups of 6 subjects—ascending and descending orders of time-intervals. 
--—-—, Group 1 ascending; ——-, group 2 descending 
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Fig. 2. Relationship between percentage errors and time-interval for all 
6 subjects in the third experiment 


100 120 140 


taneously or with an interval of 50 msec than they do when 
the interval is 100 msec, both curves showing maximum 
errors at this time. Studying the error curves for each 
subject showed that 10 out of the 12 had a peak in their 
error scores at the 100 msec interval. The other 2 subjects 
were both in the descending group and both had a peak 
in their error curves at the 50 msec interval. 

Jn an attempt to narrow the limits within which the 
peak difficulty occurred, a third experiment was under- 
taken. Using a Latin square design to balance practice 
and fatigue effects at the different time-intervals, 6 new 
subjects undertook 6 sessions, each of 2 practice sets and 
4 test sets, each set consisting of 36 pairs of stimuli, 
arranged in a balanced design, as in the previous experi- 
ment. Each session was at one of the following 6 intervals: 
40, 60, 80, 100, 120 and 140 msec. 

The error curve for the group is given in Fig. 2. The 
results clearly confirm the findings of the previous experi- 
ment and indicate that the peak difficulties lie between 
60 and 100 msec. 

In this last experiment each subject undertook one 
session at each time-interval, the order of time-intervals 
being different for each subject. Practice effects between 
sessions were marked and the experiment provides no 
evidence on individual differences. 

The analysis presented here takes no account of the 
numerosity of the stimuli or of order effects in relation to 
the relative numbers of neons in the first and second 
stimuli. Errors, as might be expected, were more frequent 
with the larger total numbers and were greater when the 
larger number was presented first, as contrasted with the 


NATURE 


155 


situation when the sezond stimulus was the larger. These 
findings will be presented and discussed in detail later, 
but clearly the time-course of the error curve calls for brief 
comment. 

in an earlier invest-gation on reaction time responses to 
successive stimuli separated by short mtervals, it was 
observed that delays in the second response were not 
maximal at the shortest intervals’. This observation 
was critical to Welford’s theory of a psychological refrac- 
tory period, although Hick and Welford‘ suggested that 
the apparent exceptions to the theory might be due to 
subjects’ grouping, or responding to both stimuli as a 
single unit, at the very short intervals. In the work 
recorded here it is obvious that, with almost no clues for 
a spatial separation, sabjects must be grouping the stimuli 
when presented simu-taneously. It is also clear that at 
the longest intervals the stimuli are treated as inde- 
pendent. The poor performance at the 50 and 100 msec 
intervals cannot be due to a grouping strategy. For the 
ascending group it represents a failure to maintain such a 
strategy as the interval increases. For the descending 
group it may be seen as a failure, as the intervals decrease 
to attain a grouping strategy which is achieved at the 
shortest intervals. 

As will be reported slsewhere, each stimulus impairs the 
perception of the otker and this can be related to the 
phenomena of metaccntrast and of apparent movement. 
Subjects frequently raported apparent movement effects 
at the short time-intervals. The perception of two discrete 
stimuli as a single stimulus in motion would clearly impair 
the perception of nunaerosity. Unfortunately, the litera- 
ture on the time relasionships of both metacontrast and 
apparent movement is, in both instances, complex. 
However Alpern', wko among others has reviewed the 
work on metacontrast, himself demonstrated a maximum 
masking effect when the interval between the stimuli was 
in the region of 100 msec. 

While it is tempting to interpret the failures in the 
perception of numerodsity, in terms of the apparently 
more basic processes of metacontrast and apparent 
movement, it is perhaps more useful to relate all these to 
the characteristics of central interpretative mechanisms. 
It is hoped to develop this approach in relation to a more 
detailed description of the present findings. 

1 Blithorn, A., Quart. J. Exp. Psychol., 18, 240 (1961). 

? Kerr, M , Mingay, R., and Hiithorn, A., Brit. J. Psychol , 58, 53 (1965). 
* Hlithorn, A., and Lawrence. C., Quart J. Exp. Psychol., 7, 116 (1955). 
‘Hick, W. E , and Welford, =. T., Quart. J. Hap. Psychol., 8, 39 (1956). 
5 Alpern, M., J. Opt. Soe. Am-7., 43, 648 (1953). 


CONTROL OF THE COMPETENT STATE IN Pn2umococcus BY A 
HORMONE-LIKE CELL PRODUCT: AN EXAMPLE FOR A 
NEW TYPE OF REGULATORY MECHANISM IN 
BACTERIA 


r By Dr. ALEXANDER TOMASZ 
The Rockefeller Institute, New York 


OMPETENCE or ‘transformability’—the ability of 
some bacterial cells to take up biologically active 
DNA molecules and undergo genetic transformation—is 
a genetically determined property of some Pneumococcus 
strains. It has been known for some time that in 
pneumococcal cultures passing through a typical growth 
cycle this genetic potency gains phenotypic expression in 
most of the cells only during a relatively short ‘competent’ 
phase of growth!. During this short phase, the cell popula- 
tion becomes highly uniform with respect to competence: 
the majority of the cells can be transformed by multiply- 
marked DNA, and there is evidence that all the individual 
cells present express the competence property. 


The time course of shis expression during growth shows 
some unique features once an induction period is passed 
in which competence is low or undetectable, there is an 
abrupt and fairly ‘s~nchronous’ development of trans- 
formability at a rate very much faster than the growth 
rate of the culture. Under these conditions, the maximal 
competence is usually followed by a rapid decay of this 
property. A typical time course of such an expression 
process is illustrated in Fig. 1. 

The cause of the delayed and abrupt appearance of 
competent cells in pneumococcal cultures has been a 
puzzle ever since ths discovery of the existence of a 
‘competent phase’ during which these bacteria are capable 
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of undergoing genetic transformation’. Since in some 
complex growth media the competent phase of pneumo- 
cocci seemed to develop close to the onset of the stationary 
phase of growth, it was suggested that transformable cells 
are physiologically abnormal organisms (for example, 
cells deficient in ability to grow) which accumulate in the 
culture as the growth medium becomes exhausted in 
some nutrients***. 
However, more recent investigations revealed no 
support to this interpretation. Instead, it was proposed 
that the rapid accumulation of competent cells should be 
regarded as a shift to a distinct physiological state®. This 
point of view has already been expressed by a number of 
authors’, but our experiments yielded new evidence in 
support. (1) It was found that pneumococcal cultures 
grown in chemically defined media develop the competent 
phase in a critical cell concentration range, but independent 
of the ‘closeness’ of the stationary phase or the growth 
rate of the culture’:*. (2) Competent pneumococci seem to 
be actively growing cells as indicated by their sensitivity 
to penicillin® and by the fact that the competence of a 
culture can be stabilized in a chemostat under conditions 
where slow-growing cells would be rapidly diluted out’. 
(3) Finally, the detection of small quantities of biologically 
active DNA in sterile filtrates of growing pneumococcal 
cultures near their peak of competence suggests that this 
property has a biological ‘value’ for Pneumococcus in that 
it may equip these bacteria with a mechanism for gene 
exchange!®. In this unique recombination mechanism, 
gene transfer depends on the random collision of DNA 
molecules and cells. Since the rate of this process is a 
function of the cell concentration and the DNA concentra- 
tion as well, the synchronous appearance of competence in 
the majority of the cell population makes the chances for 
genetic transformation optimum. 

If one accepts this interpretation, then the development 
of competence may be regarded as the phenotypic expres- 
sion of an important pneumococcal character which at low 
cell concentrations is ‘repressed’ in most members of the 
cell population. 
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Fig. 1. The tıme course of development of competence during growth of 
a Pneumococcus culture 
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Fig. 2. Cell-to-cell transfer of the competence property 


In the past three years, the mechanism of this delayed 
and synchronous expression was the subject of systematic 


‘investigations undertaken in our laboratory. It became 


apparent that the abrupt expression of competence does 
not depend on a general phasing of the life-cycles of the 
individual cells, since there is no detectable sign of massive 
division-synchrony in cultures during the development of 
competence. 

It seemed likely, therefore, that the uniform and 
synchronous expression of this pneumococcal character 1s 
ultimately controlled by some environmental or endogenous 
factor able to affect randomly dividing cells. 

Investigations of the effect of culture conditions on the 
time course of development of competence have clearly 
shown that alteration of the medium composition by the 
bacterial growth (for example, ‘detoxification’ or selective 
removal of some medium components) was not responsible 
for the synchronous ‘expression’ of this property*®. Further- 
more, as has already been mentioned, cultures of 
pneumococci growing in synthetic media in which growth 
was regulated by varying levels of enrichment were found 
to develop competence at about the same cell concentra- 
tions regardless of the phase of growth or rate of growth of 
culture’:s, 

Recent attempts to identify the mechanism. controlling 
the expression of competence led to the discovery of a 
unique regulatory mechanism. It was found that the 
expression occurs through a co-operative process in which 
cells in the competent state can transfer this property to 
incompetent bacteria in a rapid process mediated by a 
specific macromolecular product of the competent cells®. 
The essential features of this observation are reproduced 

in the experiment illustrated in Fig. 2. Washed suspen- 
sions of two pneumococcal cell types which were distin- 
guishable by their different antibiotic resistance (resistance 
against sulphanilamide in cell-type A and resistance 
agamst micrococcin in cell-type B) were mixed in a test- 
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tube in fresh medium Cells of type A were highly compe- 
tent and were introduced into the test-tube at a concentra- 
tion of 1 x 10° cells per ml.; cells of type B were incompe- 
tent and were present at a concentration of 1 x 107 cells 
per ml. The same concentration of the incompetent cells 
was also introduced separately into a (control) test-tube 
without cell-type A. Both tubes were incubated at 30° C, 
a temperature at which the spontaneous development of 
competence 1s inhibited’, and the transformability of the 
two cell types was determined by exposing aliquots to a 
DNA carrying the streptomycin resistance marker. The 
transformants were selectively scored in two different 
antibiotic-containing media: in medium A (containing 
sulphanilamide and streptomycin) to count transformed 
A cells and in medium B (containing micrococcin and 
streptomycin) to count transformed B cells. 

Fig. 2 shows that whereas cell-type B incubated alone 
in the contro] tube remained incompetent, the same bacteria 
in the mixed culture tube rapidly developed a high level of 
competence as a result of some interaction with the compe- 
tent cells of type A. There was no significant change ın the 
numbers of cells present during the short span of the 
experiment. It was calculated that about 80—90 per cent 
of all the type B cells have become competent by the 
‘activating’ effect of cell-type A, ın spite of the fact that 
these latter made up only about 10 per cent of the total 
population. The competence of the type A culture did 
not change during this process. 

Next the mixed culture experiment was repeated in a 
modified form: the cultures of both cell types were intro- 
duced into the separate compartments of a U-shaped glass 
tube which was divided in two compartments by a 
‘Millipore’ membrane. During incubation at 30° C, the 
filtrates of the two cultures were mixed by continuous 
pumping of the medium through the ‘Millipore’ membrane. 
Under these conditions, physical contact between the 
competent and incompetent bacteria was excluded. Table 
1 shows that the cell-to-cell transfer of competence did 
not necessarily require physical contact of the organism 
but could occur through the mediation of some filterable 
cell product. The relatively low efficiency of competence 
induction was attributed to the low concentration of cell- 
free ‘activator’ substance and its extreme lability’®. 
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Table 1 
No. of transformants per ml 


Cell type after incubation for 
min 60 min 

B (incompetent) alone 0 0 
B in mixed culture with A (competent) 5'7 x 10! 57x10! 
B in U-tube with A 300 13x10! 


oR aa transfer of the competence property by way of a soluble cell 
product, 


The activator substance, responsible for the cell-to-cell 
transfer of competence, was afterwards isolated from 
competent pneumococci. Purified preparations of this 
heat-labile material could convert incompetent bacteria 
to competence in a fast ‘reaction’, the rate depending on 
the concentrations of both the activator and the cells®. 

The pH optimum of this process was about 7:7, and the 
biological activity of activator preparations could be 
greatly enhanced in the presence of 0:05-0:07 M 
mercaptoethanol. Low concentrations of various pro- 
teolytic enzymes (0-1 ug/ml.), such as trypsin, chymotryp- 
sin and subtilisin, inhibited the activation of incompetent 
cells by activator preparations, whereas these enzymes 
had no effect on the transformation of already competent 
cells by DNA. This observation suggested that the activa- 
tor is a protein. Fractional elution of the activator sub- 
stance from the cell debris yielded preparations with high 
specific activity: extracts with less than 0:2 ug protem/ml. 
could convert 10° cells to the competent state at 37° C in 
10 min. The activator substance appears to be of fairly 
high molecular weight, since it 1s not retained during 
chromatography on ‘Sephadex G25’ columns. A small 
retention can be achieved on ‘Sephadex G75’ (Fig. 3). 
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The activator seems to be specific for Pneumococcus, 
since Bacillus subtili and Haemophilus influenzae cultures 
in their incompeteni phase of growth could not be con- 
verted to competence: by pneumococcal activator. During 
the activation process the surface of the pneumococcal 
cells seems to underg> significant changes: a new antigenic 
determinant appears-! and the bacteria develop a capacity 
to bind DNA and become transformed by it!?. Subsequent 
mivestigations have mown that the rapid disappearance of 
competence which usually follows closely the brief maxi- 
mal competence of the culture can be correlated with 
After 
pneumococcal cultures reach a certain density their 
filtrates rapidly become enriched in this mhibitor which can 
block the action of ths activator and prevent further spread. 
of competence’. Thas, it appears that the transient and 
synchronous expression of the competence character 
during growth 1s consrolled at the level of the pneumococ- 
cal population by extracellular factors manufactured by 
the cells themselves. 

The attainment o” a transient physiological state in a 
population by such an ‘induction’ process seems to be a 
novel phenomenon among bacteria, and it raises a number 
of interesting questi.ns concerning the nature of the cell 
interactions involvec in such a process. (It is important 
to distinguish between the cellular ‘communication’ 
involved in the propagation of competence and the cell 
interactions which o:cur during the cell-to-cell transfer of 
episomal or chromosomal material. These latter inter- 
actions serve the ‘dispersal’ of genetic material in a 
population of bacteria while in the case of competence a 
physiological state is propagated.) 

In the traditional view bacterial populations are 
characteristically lazking mechanisms for specific inter- 
cellular communicazion. This is contrasted with cell 
populations of higner organisms m which hormonal 
mechanisms are known to induce and reinforce the expres- 
sion of many physio-ogical properties and control differen- 
tiation. 

The control of competent state in pneumococci forces 
one to revise this view. Since the activator—a cell- 
produced chemical—seems to impose a high degree of 
physiological homogeneity in a pneumococcal population 
with respect to competence, one 1s forced to conclude that 
in this case bacterial population can behave as a biological 
unit with considersble, although only temporary, co- 
ordination among its members. In a sense, this situation 
then resembles hormonal control—an example for a 
primitive, temporar~ ‘differentiation’ in bacterial popula- 
tions. 

One wonders whether this kind of control may not be 
operative in some osher microbial phenomena also. It is 
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Fig 3. Chromatograpky of pneumococcal activator on ‘Sephadex G75’ 
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well known that bacterial populations are able to undergo 
drastic changes in the physiological properties of the 
majority of the cells. Numerous examples for such massive 
non-genetic variability or ‘modulations’! are known: the 
list includes the variation in cellular components such as 
amounts of capsular material, intracellular lipid, carbo- 
hydrate and polyphosphate inclusions, qualitative and 
quantitative changes in the surface antigens and fimbriae 
(for review see ref. 14), cyst formation, cyclic morpho- 
genetic changes in cell shape!*, sporulation!’, changes in 


virulence’*, changes in the biosynthetic capacity as it 


occurs in the production of tyrocidine’®, bacitracin®®, 
edein?}, and other bacterial polypeptide antibiotics. 

In the absence of known endogenous causes, such as 
genetic variation or biological clock mechanisms, such 
gross physiological changes in a whole bacterial popula- 
tion are usually considered as the results of interactions 
between cells and their environment (using the term 
‘environment’ in its broadest sense), even though in the 
majority of the cases the environmental signal invoking 
them is not known and the physiological significance of the 
change is usually little understood. 

For the interaction between environment and cell 
population, two general and contrasting types of mechan- 
isms can. be considered. In the first type, each individual 
in the population would receive and recognize the environ- 
mental stimulus and respond to it in a continuous inter- 
action with the environment and without any inter- 
action with other individuals in the population. The 
homogeneity of the population with respect to the particu- 
lar physiological state would then be the result of the basic 
uniformity of individuals as well as the uniformity of the 
environmental change. The derepression of metabolic 
pathways by the depletion of an end-product is at present 
considered as having such a mechanism. 

In the second type of mechanism, a similar physiological 
response would originate in a radically different way. The 
environmental change would be first recognized by a small 
number of cells only; these cells would respond by ‘con- 
verting’ this environmental signal to a second and specific 
extracellular (chemical) signal, for example, the activator 
substance in the case of competence, which in turn would 
interact with the rest of the individuals of the population 
and convert them to the appropriate physiological state. 
In this ‘hormone-like’ mechanism, the physiological change 
in the majority of the cells does not occur by virtue of a 
continuous interaction with the environment but rather is 
called forth by a specific cell product. The homogeneity of 
the population with respect to the physiological character 
is determined here primarily by the specificity and 
effectiveness of the activator. (The terms ‘hormone’ and 
‘hormone-like’ are used here in their broadest sense to 
indicate specific cellular products which have the biological 
function of co-ordinating individual cells of a cell popula- 
tion with respect to a physiological property. While this 
formulation includes the essence of the hormonal function, 
it clearly differs from the traditional definition of ‘hormone’ 
which restricts the use of this term to internal secretions of 
multicellular organisms. The need for a less stringently 
defined term for hormone-like functions was discussed in 
detail by J. Huxley, who proposed that such substances 
could, perhaps, be generally called ‘activators’. ‘Activator’ 
should include all ‘“‘chemical substances produced by 
organisms which exert specific functions in regard to 
correlation or differentiation’’?.) 

The ‘hormone-like’ role of activator in the cell-to- 
cell propagation of competence seems well established. 
Practically nothing is known, however, about the nature 
of the stimulus invoking the production. of this substance. 
Tt was found that in a number of experimental systems, 
the prolongation of the induction period preceding the 
appearance of competent cells is caused by the apparent 
failure in the production of endogenous activator®. 

Control by an extracellular activator is not restricted to 
the transformation system of Pneumococcus. A similar 
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induction system has been discovered independently by 
Pakula and Walczak?? among some transformable strains 
of Streptococcus, and we found evidence for the existence 
of an activator of the pneumococcal type in a streptococcus 
strain!? which is closely related to Pneumococcus (Strepto- 
coccus viridans D used in the work of Bracco et al.**). 
More recently it was reported that the competence of a 
transformable Bacillus cereus strain also is regulated by an 
activator substance?5. Possibly, other transformation 
systems will be found to have similar cellular regulatory 
mechanisms. 

At present, however, there seem to be only a few other 
well-established examples of such activator-mediated ‘cell 
communications’ among micro-organisms, and the control 
of competence in Pnewmococcus and Streptococcus seem. to 
be the first examples among bacteria in which such a 
mechanism can be clearly outlined. 

Perhaps the most clearly understood other case is the 
chemotactic movement of some myxomycetes during their 
morphogenetic aggregation®®??7, A somewhat similar 
effect has been described in the induction of sporulation of 
vegetatively growing Bacillus subtilis by extracts prepared 
from sporulating cells?*. It may be worth while, however, 
to suggest the possibility that activators may also partici- 
pate in the regulation of some bacterial ‘phenotypic 
variations’, a number of which have already been listed. 
Judging from the homogeneity of the competence property 
which the activator produces as well as from, the extremely 
fast rate of the activation process, such activator mechan- 
isms could greatly improve the uniformity and efficiency 
of cellular responses to some environmental change and 
in this way improve the adaptive potential of popula- 
tions. 

Another phenomenon which may perhaps be interpreted 
within the framework of such an activator mechanism is 
the loss of virulence of group-A streptococci during growth 
under reducing conditions. The value of this physiological 
change for the organism is not clear, but the mechanism of 
this effect may be taken as an example of how a rapid 
change in a property of a bacterial population may be 
coupled to an environmental change. Elliott has shown?’ 
that, ın this case, the loss of virulence is associated with 
the loss of the antigenic M-protein from the cell surface as 
a result of the action of an extracellular protease. ‘This 
enzyme is excreted by the cells in an inactive zymogen 
form and becomes activated by the reducing conditions 
produced in the anaerobic environment. 

Clearly, an enzyme could be an ideal activator for the 
efficient regulation of a property in a cell population, and 
it may be interesting to consider the role of some bacterial 
exoenzymes as instruments in the regulation of some as 
yet unrecognized physiological states. If this were valid, 
then it is likely that the targets of such exoenzymes or 
other specific extracellular cell products would be primarily 
surface components of the bacteria. Interactions with 
bacterial surface structures can have extremely specific 
and far-reaching intracellular consequences, as is known 
from investigations of the mechanism of action of colicins®° 
and adsorbed bacteriophage ghosts*!. 

Interactions between groups of cells through specific 
cell-products is, of course, quite common among higher 
organisms on all levels of cell associations and even in 
ecological relationships®?. There are numerous examples of 
hormonal control in morphogenesis and differentiation, as 
well as in the ‘integration of individuals of a population’ 
through specific extracellular chemicals*%. The results 
discussed in this article suggest that the capacity for such a 
population-level control may already exist among micro- 
organisms. In addition to the highly efficient enzymatic 
control mechanisms (such as end-product control or re- 
pression), which operate in ‘individual’ cells of bacteria, 
‘populations’ of these organisms may exhibit supra- 
cellular regulatory mechanisms also, which can efficiently 
control a physiological property in a large number of cells. 
At present, it is not known whether the pneumococcal 
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activator participates in the regulation of gene activity 
or operates entirely on the physiological level. 

The fact that the transformable state in Pneumococcus 
is regulated by a specific cell product may be interpreted 
as emphasizing the evolutionary importance of trans- 
formation for Pnewmococcus. This investigation was aided 
by a grant from the National Science Foundation (@B— 
2083) to Dr. R. D. Hotchkiss. 

1 Schaeffer, P., in The Bacteria, edit by Gunsalus, I. 0., and Stanier, R. Y., 
5, 87 (Academic Press, New York, 1964). 


? McOarty, M., Taylor, H. E , and Avery, O. T., Cold Spring Harbor Sym 
Quant. Biol., 11, 177 (1946). pri Ymp 


* Alexander, H. E., in discussion under Zinder, N., Cold Spring Harbor Symp. 
Quant. Biol , 18, 269 (1953). 


t Nester, E. W., J. Bact., 87, 867 (1964). 


“Tomar A., and Hotchkiss, R. D., Proc. U.S. Nat. Acad. Sei , §1, 480 


* Hotchkiss, R. D., Proc. U.S. Nat. Acad. Sci., 40, 49 (1954). 


7 Tomasz, å., abst Meeting of the Amer. Soc. Bacteriol., Washington (1964); 
Bact. Proe , 29 (1964). 


® Tomasz, A. (in preparation). 


* Tomasz, A., abst. Fourth Meeting of the Amer. Soc. Cell. Biol., Cleveland 
(September, 1964); J. Cell Biol., 23, 97a (1964). 


10 Ottolenghi, E., and Hotchkiss, R. D., J. Exp. Med ,116, 491 (1962). 
11 Tomasz, A., and Beiser, S. (submitted for publication in J. Bact.) 
1 Tomasz, A. (in preparation). 


NATURE 


159 


u Lacey, B. W., J. Hyg., Camb., 58, 57 (1960). 

“u Duguid, J. P., and Wilkinson, J. F., in Microbial Reaction to Environment, 
Eleventh Symp. Soc. Ger.. Microbiol., 69 (1961). 

18 Socolofsky, M D., and W7ss, D., J. Bact., 81, 946 (1961). 

1 Ensign, J. C , and Wolfe, R. S., J. Bact , 87, 924 (1964). 


7 Murrell, W. G., in Microbaal Reaction to Environment, Eleventh Symp. Soc. 
Gen, Microbiol., 100 (1961). 


* Eliott, S. D., J. Hap Med., 81, 578 (1945). 
® Mach, B., and Tatum, E. L., Proc. U.S. Nat. Acad. Sci , 52, 876 (1964). 


ap eee. R. W., and Novelli, G. D., Arch. Biochem. Biophys., 108, 94 


34 Borowska, Z. K., and Tazum, E. L., abst. Sizth Intern. Cong. Biochem., 
New York, 441 (1964) 

*2 Huxley, J., Bol Revs.,10 427 (1935). 

23 Pakula, R., and Walczak, V., J. Gen. Microbiol., 31, 125 (1963). 


“ Bracco, R. M , Krauss, M. 3., Roe, A. S., and McLeod, C. M., J. Exp. Med., 
106, 247 (1957). 


23 Felkner, I. 0., and Wyss, *)., Biochem. Biophys. Res. Comm., 16, 94 (1964). 

26 Sussman, M., Ann. Rev. Microbiol., 10, 21 (1956). 

37? Bonner, J. T., in Developing Cell Systems and their Control, Twenty-eighth 
Symp. Soe. Study Develcnment and Growth, 3 (1960). 


ay err Z. J., Srinivasar, V. R , and Halvorson, N. O., J. Bact., 88, 374 


*9 Lin, T. Y., and Elliott, S. D., Nature, 206, 33 (1965). 

3 Nomura, M., Proc U.S. Nat. Acad Sci., 52, 1514 (1964). 

31 Sher, I. H., and Mallette, 1I. F., Arch. Buochem. Biophys., 52, 331 (1964). 
32 Parks, A. S., and Bruce, E M , Smence, 184, 1094 (1961). 

33 Lucas, C. E., Biol. Revs , S2, 270 (1947) 


RATE OF CHROMOSOME DUPLICATION AT THE END OF THE 
DEOXYRIBONUCLEIC ACID SYNTHETIC PERIOD IN HUMAN 
BLOOD CELLS 


By Dr. C. W. GILBERT, S. MULDAL and Dr. L. G LAITHA 


Paterson Laboratories, Christie Hospital and Holt Radium Institute, Manchester 


I“ an earlier publication we considered the pattern of 
chromosome duplication at the end of the DNA syn- 
thesis period (S period) in human blood cells?. One of the 
notable features was a difference in the rate of DNA 
synthesis between certain chromosomes, particularly so in 
one of the X-chromosomes of females, the ‘hot’ X-chromo- 
some. Because of the intensive labelling of this chromo- 
some at a time when most other chromosomes were 
unlabelled or only weakly labelled, the ‘hot’ X has been 
considered as being delayed in its duplication’-*. This 
article analyses in more detail the labelling behaviour of 
the autosomes as compared with the ‘hot’ X-chromosome 
at the end of the S period. 

Cultures of female peripheral leucocytes were prepared 
by the usual method’ with the difference that red cell 
agglutination was carried out by letting the sample stand 
(1 h) at room temperature and using phytohaemagglutinin 
M (Difco) only as a mitotic stimulant. 

Labelling was carried out at minus 3 h with 0-2 uc./ml. 
medium of tritiated thymidine (Radiochemical Centre, 
Amersham, spec. act. 12:3 me./uM). ‘Colcemid’ (Ciba, 0:04 
ml./ml. medium) was added 1-5 h before termination of the 
cultures. Slides were prepared for autoradiography with 
Kodak ‘AR 10’ stripping film and exposed for 8 days. 

A random sample of 224 cells in metaphase was selected 
for analysis. To ensure a proper random sample, cells in 
metaphase were rejected only for one or more of the 
following reasons: (a) an incomplete set of chromosomes; 
(b) an excessive overlap of any chromosomes that pre- 
vented them from being individually identified; (c) the 
cell crossed by a prominent ‘background streak’ of grains. 
Except for the criterion (c) the autoradiographic grains 
were ignored during selection. 

After the selection of the cells had been made the auto- 
radiographic grains over the whole sample were counted 
by two observers. For each cell the grains were put into 
three mutually exclusive classes: (a) background grains, 
grains which were not over any chromosome but within 
the boundaries of the metaphase plate; (b) ‘hot’ X grains, 


- 


grains over the most heavily labelled chromosome in 
Group III (Denver 2lassification); (c) autosome grains, 
all the other grains, shat is, grains over all chromosomes 
except the ‘hottest’ n Group III. 

A grain was taken to be over a chromosome if it was 
within a distance of >ne chromatid width. For the sake 
of brevity ‘autosomes’ will include the ‘cold’ X chromo- 
some. 

The results are shown in Table I and Figs. 1-3. For 
the purpose of ana-ysis two distributions are shown: 
(a) cumulative distribution of the total grains over the 
cell, excluding the ‘hot’ X, that is, the sum of classes (a) 
and (c) (Table 1 and Figs. 1 and 2); (6) cumulative dis- 
tribution of the grairs over the ‘hottest’ chromosomes in 
Group ITI, that is, cass (b) (Figs. 1 and 2). 

(1) Unlabelled cells. From Table 1 we can infer that 
between 160 and 16 cells were unlabelled, and that the 
grains observed over these cells arise from a random dis- 
tribution of background. Table 1 shows a distinct change 
of pattern for cells with 12 or more grains. These cells 
show labelling over tae ‘hot’ X, which is markedly higher 
than for cells with less than 12 grains, indicating positive 
labelling. The background is about 2 grains per cell, 


Table 1. GRAIN COUNT DATA OF THE 224 CELLS 


Grains over Cumulative Mean grains per cell 
autosomes + No. of Autosomes + 
background cells background Background ‘Hot’ X 
0 3 0 0 0-3 
1 14 1 06 0-7 
2 41 2 1'1 0'9 
3 65 3 1:5 0-9 
4 94 4 22 0-9 
5 113 5 22 1:3 
6 129 6 2°9 1-2 
7 - 145 7 8'2 1-1 
8 155 8 4'2 09 
9 161 9 55 1:8 
10 164 10 53 2°6 
11 167 11 5:0 1:3 
12-13 171 12°7 1-75 9-3 
14 176 14 1-0 14-5 
15-20 184 17-1 2:0 88 
21-100 205 50 9 3'2 22°6 
> 100 224 242-1 5-1 40°3 
0-9 161 4°28 212 1:0] 
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agreeing with a random background of 2-12, the mean for 
cells with 9 grains or less. That the majority of the 167 
cells with 11 grains or less are unlabelled is indicated by 
the fact that the ‘hottest’ in Group III has only on average 
about one grain, and also that about half the grains over 
the cells are background. However, a few of these 167 
cells will nevertheless have some real label as four of them 
had a Group III chromosome with 5 or more grains. 
Taking therefore the 161 cells with 9 grains or less as 
representative of the background population, a detailed 
analysis was made to check that these grains were ran- 
domly distributed over the cell and over the chromosomes. 
The mean grains per cell for this population is 4-28 
(Table 1) with a mean background of 2-12, giving therefore 
2-16 over the autosomes. This latter, together with 1-01 
grains per cell over the ‘hottest’ in Group IJI, makes a 
total of 3-17 grains per cell over all the chromosomes. 
Since Group IIT contains 37-8 per cent of the chromosome 
material, a random distribution of grains would lead to 
an expected mean over Group IIT of 1:20. Since even 
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Fig. 1. 
Solid lines show the Poisson distributions of 161 cells with mean grains of 
4-28 and 0 72 
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Fig 2. Continuation of the cumulative distribution of the grains over 
the autosomes (and background) to include the labelled cells 
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Fig 3 Continuation of the cumulative distribution of grains over the 
‘hot’ X to include the labelled cells 


with this low density. occasionally more than one chromo- 
some in Group III will be labelled, the observed value of 
1-01 over the ‘hottest’ ıs consistent with an expected 
value of 1-20 over the whole group. Furthermore, the 
distribution of grains among these cells agrees with a 
random distribution as is shown in Fig. 1, where the solid 
lines are the calculated Poisson distributions for a popula- 
tion of 161 unlabelled cells with a total mean count of 
4-28 grains, and for a population of 161 Group III 
chromosomes with a mean grain count of 0:72. This 
latter is the mean of the smallest 161 counts over the 
‘hottest’ chromosome in Group III; this distribution of 
cells being not necessarily identical with the tail of the 
autosome and background distribution. 

(2) Labelled cells. From these arguments we conclude 
that the cumulative distributions shown in Figs 2 and 3 
are those for the labelled cells. These distributions can 
be interpreted by considering the consequences of the 
‘Coleemid’ block. Without ‘Coleemid’, only cells which 
were 180 min from metaphase when the label was added 
will give metaphase plates. However, with ‘Colcem:d’ 
added 90 min before fixation, all cells which were between 
90 and 180 min before metaphase when the label was 
added will give metaphase plates. The proportion of these 
plates which show label will depend on where in the 
interval, 90-180 min, the DNA synthesis ends. 

Since we have observed a cohort of 224 cells by the 
90 min ‘Colcemid’ block, and since we can also assume 
these to be distributed uniformly in time, then these cells 
were coming into metaphase at 224/90 = 2-49 cells per 
min. Thus, a time-scale can be put on the cumulative 
distributions of Figs. 2 and 3, the abscissa now becoming 
a linear time-scale going backwards into the S period. 
The ordinate will be proportional to the total DNA syn- 
thesis still to be completed, since the tritium label 1s 
continuously available during this incubation period, and 
when once incorporated in the chromosome is permanent, 
at least until the next cell division. 

The tangents to the cumulative distribution curves, 
therefore, give a measure of the rate of DNA synthesis 
at the corresponding times. In this way the rate of DNA 
synthesis at the later part of the S period can be calculated 
for the ‘hot’ X and for the autosomes, and the results are 
shown in Fig. 4. Since the cumulative distributions give 
the total grains over the ‘hot’ X and over all the auto- 
somes, the rate of increase of these grains has been 
divided by the length of the X chromosome, or by the 
total length of the autosomes, to get a specific rate of 
DNA synthesis, that is, a mean rate of synthesis per unit 
length of chromosome. 
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Fig. 4. The specific rate of DNA synthesis at the end of the S period 
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Individual cells will show a variation about the mean 
values of Fig. 4. One effect of this variation is to give the 
sharp upward tilt to the ends of curves of Figs. 2 and 3. 
This is due to a few cells being farther back in time in 
the S period than the average cell at 180 min before 
metaphase. From these few cells we can make a rough 
estimate of the average value of this time, by taking the 
time between the extrapolated curve and the actual 
curve at a grain count equal to the mean for these cells. 
This time corresponds to about 5-6 min for both the 
‘hot’ X and for the autosomes. 

Since the two cumulative distributions for the ‘hot’ X 
and the autosomes are independent of each other, we can 
examine where each individual cell occurs in the two 
distributions. There is a good degree of correlation and 
this can be expressed as the mean ranking difference of a 
cell in the two distributions and was calculated to be 
10-8 cells. Since the cohort is progressing at 2-49 cells/min, 
this corresponds to 10-8/2-49 = 44 mm internal timing 
variation between the state of the ‘hot’ X and of the 
autosome DNA synthesis within a single cell. 

The results obtained in these experiments with con- 
tinuous labelling by tritiated thymidine indicate that the 
rate of DNA synthesis is constant towards the end of the 
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S period and then falls off sharply during the last 20 min- 
Our observations wer limited to the last 25-30 min, 
therefore we cannot sa7 how far this constant rate extends 
back into the S period. 

Several publications have commented on the ‘lateness’ 
in labelling of the ‘hot’ X chromosome!-**. This was 
shown by an increasirg proportion of the grains located 
over the ‘hot’ X as the total grain count over the cell 
decreases! 2-6, 

The results recordec here offer a quantitative explana- 
tion of this phenomenon. The specific rate of DNA syn- 
thesis 1s about three times higher ın the ‘hot’ X than m 
the average autosome (during the last constant part of 
the rates). This constant rate is maintained somewhat 
longer in the ‘hot’ X chan in the average autosomes (by 
about 5 min). The raze in the ‘hot’ X then falls sharply 
so that both the ‘hct’ X and the average autosomes 
finally finish at about zhe same time, in this culture about 
155 min before metaphase. 

Although the two rates of synthesis end together, the 
ratio of the areas under the two curves in Fig. 4 is about 
6, corresponding to ths specific grain density of 6 for the 
‘hot’ X reported earlisr?®. 

In order to single ous the ‘hot’ X, all other chromosomes 
have been grouped -ogether under the term ‘average 
autosome’. The known differences in grain density 
between the various autosomes and parts of autosomes 
indicate that any one segment of any chromosome may 
have its own ‘end of =” pattern. Some of these may not 
differ greatly from tke ‘hot’ X, others may be greatly 
displaced early ın time. For these reasons the curve for 
the average autosome might well be expected to have a 
more gradual ending tihan that of the more homogeneous 
‘hot’ X. 

It would require a very considerable amount of grain 
counting to provide data for any one autosome, let alone 
for parts of autosomes; but with suitably longer exposure 
of the autoradiographs it is possible to determine similar 
patterns at least for some of the autosomes. 
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SHADE TOLERANCE IN FLOWERING PLANTS 
By Dr. J. P. GRIME 


Department of Soils and Climatology, Connecticut Agricultural Experimental Stazion, New Haven, Connecticut 


HADE tolerance and shade avoidance. A distinction 

has been drawn}? between species with seedlings 
which are able to penetrate rapidly through grassland 
shade (shade-avoiding plants) and species which are 
capable of surviving long periods in the dim hght of the 
forest floor (shade-tolerant plants). Certain characteristics 
which facilitate rapid emergence from grassland shade have 
been recognized?. In this article, experimental results 
suggesting a physiological basis for shade tolerance are 
summarized. 

Fungal attack and shade fatalities. Failure of seedlings 
in shade is almost invariably associated with fungal 
attack2?-? and often the effect of shading is to increase 
infection? 8-11, Experimental evidence with tree seedlings? 
suggests that in comparison with tolerant species, shade- 
intolerant plants are more susceptible to infection both 
above and below the compensation point. 


Predisposition to fungal attack. Correlations have been 
established between decreasing sugar content and in- 
creased susceptibility in shaded foliage?!“ and a causal 
role in resistance to infection has been ascribed to sugar 
content4. Consistent with this theory ıs a recent observa- 
tion that the longevity of tree seedlings in deep shade is 
closely related to the quantity of material stored in the 
seed (Table 1). 

The carbohydrate -conomy of the shade-tolerant seed- 
ling is therefore of interest for two reasons. If high levels 
of sugars are maintained in shade, continued growth may 
be possible; in addition we may suspect that fungal attack 
will be resisted. 

Morphogenetic adcptation to shade. Morphogenetic 
changes induced by shading include increased leaf area, 
reduced leaf thickness and laminae inclined at right- 
angles to the light @urce*+5-17, These changes appear 
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Table 1. NUMBER OF FATALITIES RECORDED IN SEEDLINGS oF EIGHT 
NORTH AMERICAN TREE SPECIES GROWN IN DEEP SHADE 
Seed reserve No. of 
(mg dry wt.) fatalities 
Betula populrfolva 01 4°6 
Betula lenta 0-7 5-4 
Rhus glabra 1:5 48 
Acer rubrum 73 3-2 
Inriodendrom tulipifera 8&5 3-4 
Pinus strobus 14-8 36 
Gleduzia triacanthos 403 1°38 
Quercus rubra 1,969°2 1-4 


Each value tabulated is the mean number of fatalities per container over a 
period of twelve weeks. Initially, a single seedling was sown into each of 
five containers. Casualties were replaced by freshly germinated seedlings 
throughout the rest of the experimental period. 


to be advantageous in that they increase the amount of 
energy intercepted by the shoot. They are not confined 
to shade-tolerant species!*, however, although in some 
investigations more effective responses to shading have 
been observed in shade-tolerant plants?’. 

Metabolic adaptation to shade. Many shade-tolerant 
genera, for example, Pachysandra and Hedera, have thick 
leaves and leaf arrangements which permit considerable 
self-shading. Clearly this indicates that the carbohydrate 
solvency of shade plants may depend on conservation of 
energy rather than the efficiency of its capture. 

Initial study of the metabolism of shade-tolerant plants 
has been carried out in Connecticut by measuring: (a) 
relative growth-rate of small plants of tolerant and intoler- 
ant species growing under full sunlight; (b) respiration in 
the dark in leaves of species differing widely in shade 
tolerance. 

(a) Under the conditions of the experiment (Table 2) 
all the shade-tolerant species examined grew extremely 
slowly in comparison with the species intolerant of shade, 
crop plants and various weeds. 

(6) In shade-tolerant species respiration rates of leaf 


disks in darkness were consistently lower than those’ 


measured in species from open habitats (Table 3). 

From these data it would appear that shade plants have 
slow metabolic rates. It is not clear whether these are 
imposed biochemically or arise through reduced permea- 
bility of the leaf. As suggested by D. N. Moss, dark 
respiration may be inhibited by accumulated carbon 


Table 2. RELATIVE GROWTH-RATE (MG/G/H) OF SHADE-TOLERANT SPECIES. 
CROP PLANTS AND SPECIES FROM UNSHADED HABITATS 


Shade-tolerant spectes 
1:79 


Tsuga canadensis Acer saccharum 0 99 
Castanea mollissima 1°41 Pachysandra spp. 0:92 
Quercus rubra 1°66 Deschampsia flexuosa 0°57 
Shade-intolerant trees 
Ailanthus alltssima 3°32 Rhus glabra 2°97 
Betula populifolia 9°24 Framnus americana 8:44 
Betula alleghaniensis 5:02 Paulownia tomentosa 8 02 
Betula lenta 4°75 
Crop plants 
Sunflower 6-53 Tomato 12°55 
Cucumber 7°45 Sugar beet 11°64 
Tobacco 31 39 Kentucky bluegrass 13 20 
Dallis grass 16°71 
Arable weeds 
Ambrosia arlemisifolia 15°46 Portulaca oleracea 12-43 
Polygonum persicaria 10-19 Rumex acetosella 10:19 


Each value tabulated is the mean of measurements taken with five repli- 
cates, over three consecutive five-day periods in June, 1964, New Haven, 
Conn. Plants grown on Arnon solution in sand culture in sunny weather. 


Table 3. DARK RESPIRATION (MG/G DRY WT. LAMINA/H) AT 25° C IN LEAF 
DISKS OF SHADE-TOLERANT SPECIES AND A VARIETY OF PLANTS FROM 
UNSHADED HABITATS 


Suap olgani species 


Tsuga canadensis Acer saccharum 80 
Castanea mollissuma 1:20 Acer rubrum 212 
Quercus rubra 1°76 Fugus grandifolia 2°58 
Taxus brenfolra 1°17 Pachysandra spp. 2°14 
Hedera helex 2°36 Viola app. 1'41 
Shade-intolerant trees 
Inriodendron tulipifera 3°89 Populus tremuloides 4°17 
Juglans nigra 2:70 Betula lenta 3 62 
Paulownia tomentosa 5-13 Rhus copallina 6:62 
Prunus serotina 4-80 
Crop plants Arable weeds 

Tobacco 9:00 Rumex acetosella 7°26 
Sunflower 3-651 Alreplex spp. 3 83 
Bushbean, 3 01 Amaranthus retroflexus 5°37 


Respiration was measured as the loss in dry weight of disks from young 
fully ama leaves floated on water for 12 h. Leaf samples were freshly 
collected from trees growing in unshaded habitats or from seedlings grown 1n 
sand culture in a greenhouse. 
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dioxide within the leaf and photosynthesis by slow inward 
diffusion of carbon dioxide. As demonstrated by Heath?’, 
respiration may be inhibited by depletion of oxygen in 
leaves with tightly closed stomata. However, the 
alternative of control of photosynthetic and respiratory 
rates through common or linked slow biochemical pro- 
cesses 18 suggested by data, such as those of Thomas and 
Hill*°, which demonstrate a close correlation between 
rates of photosynthesis and respiration in species with 
high gas-exchange capacity. 

Recently high-temperature optima have been observed 
for photosynthesis in certain sun plants*???, A high- 
temperature optimum for some fraction of respiration 
may be concomitant with this adaptation. Accordingly, 
in seedlings of Paulownia tomentosa, a shade-intolerant 
tree with an exceptionally high relative growth-rate in 
full sunlight (‘Table 2), leaf respiration was accelerated to a 
high rate over the temperature range 25°-35° C (Fig. 1). 
Values for a tolerant species of Pachysandra were com- 
paratively low. 
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Fig. 1. The effect of temperature on respiration of leaf disks in darkness 
n Pachysandra (shade tolerant, @) and Paulownia (intolerant, O) 


This investigation was carried out using plants grown 
in full sunlight. Provided the differences between tolerant 
and intolerant species, which have been observed in 
respiration rate, obtain in shade-grown plants, we may 
assume that depletion of carbohydrate below the com- 
pensation point will be more rapid in intolerant species. 
Furthermore, where intolerant species have a high Qio 
for respiration, their compensation point will be most 
sensitive to changes in temperature. This was apparent 
in an experiment with Paulownia, in which a rise in 
temperature from 25° to 35° C caused a large depression in 
net photosynthesis at low light intensities (Fig. 2) and an 
elevation of light intensity compensation point from 300 
to 1,200 ft. candles. 

The contrast between tolerant and intolerant species 
in relative growth-rate and leaf respiration rate supports 
the suggestion of Went** that an important adaptation 
of shade plants has arisen through selection for slow 
respiration in shade with concomitant selection for 
slow photosynthetic rates and hence slow growth-rates 
in all environments. In accordance with this, photo- 
synthetic rates of intolerant species exceed those measured 
in tolerant plants even when the comparison is made at 
low light intensities!?,*4-2°, Apparently, these high rates 
of photosynthesis do not confer shade tolerance. This is 
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Fig. 2. Net photosynthetic rate in leaf disks of Paulownia tomentosa 
incubated in a range of low light intensities at 26° C (©) and 35° C (@) 


probably because, in intolerant species, they are offset 
by high rates of respiration and by a rapid and continuous 
conversion of photosynthate into plant structure. 

In a wider context, it has been proposed” that the plant 
characteristics which lead to the failure of a genotype or 
‘species in one environment may be an indirect consequence 
of adaptations necessary for survival in another. Hence 
high respiration rate, a liability in shaded habitats, is a 
feature of the high metabolic rate necessary in coloniza- 
tion of unshaded productive environments such as aban- 
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doned arable fields. The distinction between tolerant 
and intolerant plants may, therefore, arise through a 
physiological dilemma; adaptation for high productivity 
under full sunlight involves the assumption of character- 
istics limiting in shades and vice versa. 
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THE CONCEPT OF THE ‘CENTRON’ 


By Dr. D. W. MENZIES 
Department of Pathology, University of Melbourne, Australia 


Ot communication proposes a structural concept 
which has been found useful in accounting for the 
behaviour of cortical follicles during antigen stimulation 
of rat lymph node. Such changes can be explained by 
supposing that the follicular lymphoid cells are grouped 
in relation to a pre-existent spherical stromal structure. 
This stromal ‘centron’ is considered to be constant, 
though its contained lymphoid population is very variable. 

The case for the existence of the centron depends on 
consideration of the following: (a) visible changes in 
follicular lymphoid cells under antigen stimulation; 
(b) visible changes in cortical macrophage processes under 
tigen stimulation; (c) flow patterns of afferent lymph- 
borne carbon and flagellar antigen in the lymphoid 
cortex. 

Visible changes in lymphoid cortical follicles under 
antigen stimulation. Within the cortex of the rat lymph 
node can be found a series of follicles of variable cell 
population, depending on the age of the animal. These 
age changes in follicular cytology appear to be due to the 
accumulation of natural antigenic stimuli, as they can be 
reproduced by appropriate experimental lymph-borne 
antigen. 

In young rats (70-100 g) the follicular system is repre- 
sented by a series of surface mounds. Beneath each 
mound can be seen in the cortex a condensation of small 
lymphocytes, showing in many cases the beginning of a 
circular edge (Fig. 1). These small lymphocyte con- 
densations are difficult to observe in ordinary paraffin 
sections, as they differ from the rest of the cortical 
oe nga only in the tightness of their packing. They 
are seen in unfixed frozen sections cut from a node 
placed in a gutter in a block of liver or other supporting 


In older rats, these follicles are more easily defined 
because they differentiate into a peripheral rim of closely 
adherent small lympaocytes, and a central area which 
contains numerous primitive blast cells with prominent 





Fig.l. Lymph node cortez from 100 g rat, with subcapsular sinus macro- 

phages morken by E oiin perce gi se yoo Note (a) the surface 

unds, e masses of pack na lying below. 
and E. 5y frozen section. xe. 112) 
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nucleoli. However, this blast cell concentration can be 
more controllably reproduced by experimental antigen 
stimulation of the 70-100-g rat (0-1 c.c. TAB vaccine, 
Commonwealth Serum Laboratories, into the right hind 
footpad twice a day for 5 days). 

By the fifth day of this ‘mass antigen’ course, examina- 
tion of the right para-aortic lymph node will show in the 
outer cortex a series of blast cell masses, forming incom- 
plete circles, with the outer part of their circumference 
obscured by packed small lymphocytes extending to the 
subcapsular sinus (Fig. 2). If placed more deeply, or 
perhaps cut obliquely, these follicles are no longer obscured 
by lymphocytes, and appear as a full circle (Fig. 2). In 
this case there is a sharp contrast between the packed 
blast cells of the follicle and the loose lymphocytes of the 
cortex outside. The smooth and well-defined edge of 
the blast cell mass is very obvious (Fig. 2). 

Observations of serial sections of many lymph nodes 
under mass antigen stimulation suggest that these blast 
cell circles correspond to sections of a sphere 200—250u 
in diameter. Their constancy of shape and size, and the 
sharpness of their edge, are contrary to the idea that they 
are random aggregations. Instead, the appearances 
suggest that the blast cells fill pre-formed cortical stromal 
spheres, thus making them visible. 

Visible changes in cortical macrophage processes under 
mtigen stimulation. Pioneer researches of Bunting! and 





Fig. 2. 
by a nucleic acid method (ref. 4) showing blast cells as dark masses. ‘Two 


Lymph node cortex after 5 days ‘mass antigen’ (see text), stained 


blast cell follicles are shown. On the left, one follicle is partly obscured 
on its outer aspect by packed lymphocytes. On the right, another 
follicle is seen with a fully circular shape. Note the sharpness ani 
basie fuchsin-azure B. 


smoothness of the edge of this blast cell mass. 
Su paraffin section. (x75) 





Fig. 3. Macrophages in the lymph node cortex, the processes of which 

have been outlined by adherent carbon, as deseribed in the text. The 

ribbon-like processes broaden into macrophage bodies containing indis- 
tinctly visible nuclei, 10u frozen section. (x 900) 
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Fig. 4, Follicular mound (see left) from 100 g rat. Adherent carbon 
shows the general uniformity of the dendritic macrophage pattern, with 
no sign of follicular organization. 10 frozen section. (xs. 170) 





Fig. 5. Adherent carbon preparation of rat lymph node cortex one 

week after cessation of ‘mass antigen’. Follicular areas of thickened 

dendritic macrophage processes are now easily seen. 104 frozen section. 
(x75) 


Others at the turn of the century have recently been 
reinforced by modern electron microscopy* and the 
skeleton of the lymph node shown to be a protoplasmic 
pseudo-syncytium, made up of the interlacing mem- 
braneous processes of dendritic macrophages, with fibres 
running in extra-cytoplasmic tunnels and providing 
occasional reinforcement. 

These stromal macrophage extensions can be outlined 
by the application of colloidal carbon. 10y frozen unfixed 
sections of lymph node, dried on the slide at room tem- 
perature for 6-8 h, are flooded with ‘Pelikan’ indian ink 
(Gunther Wagner C11/1431la), for 10 sec and washed with 
a 4 per cent aqueous dilution of the same ink. This 
dilution is finally used as a mounting medium under a 
coverslip. 

The carbon adheres selectively to the bodies and pro- 
cesses Of macrophages, leaving lymphoid cells almost 
completely unmarked (Fig. 3). Observation has to be 
speedy, as the carbon particles dislocate from the 
macrophages after 15-20 min. Washing the preparation 
with water, as in any attempt to counterstain, results in 
the same dislocation. Drying may have the same effect. 
Before or after carbon adhesion, fixation by such agents 
as alcohol, formalin, or mercuric chloride abolishes the 
specific localization. 

The method shows lymph node stroma as a network of 
narrow ribbons which broaden out at intervals into 
macrophage bodies with recognizable, but indistinctly 
visible, negatively staining nuclei (Fig. 3). 

In the 80-100-g rat, the follicular mounds exhibit no 
distinctive stromal morphology in the sites where primary 
follicular lymphocyte condensations could normally be 


October 9, 1965 


No. 5006 





~* 


Fig. 6. Rat lymph node cortex, 2-5 h after carbon injection of corres- 


ponding footpad. Note how the carbon has penetrated the inner wall of 

the heavily marked subcapsular sinus (see left) and is spreading through 

the cortex along the arms of dendritic macrophages. Carbon does not 

penetrate into the circularly outlined primary follicle. 10, frozen 
section. (xe. 170) 


expected (Fig. 4). Even under mass antigen stimulation, 
‘there is no stromal counterpart of the blast cell circles 
wwhich appear so early and consistently under these 
“conditions. About the fifth and final day of the antigen 
course, and especially during the week following, follicular 
sorganization does appear, in the form of circular clusters 
bof thickened macrophage processes (Fig. 5). It must be 
semphasized that this is a late event, only produced by 
intense and prolonged antigen stimulation. 

Flow patterns of afferent lymph-borne carbon and flagellar 
antigen in the lymphoid cortex. Stromal follicles can thus 
be produced by antigen, but the evidence so far does not 
prove whether such follicles constitute a pre-formed 
structure in the unstimulated cortex. Studies of the early 
localization of lymph-borne carbon and flagellar antigen 
do, however, provide pointers in this direction. 

0-2 c.c. ‘Pelikan’ indian ink is injected into the right 
hind footpad of the 80-100 g rat which has received no 
previous antigen. Two and a half hours later, the right 
para-aortic node is cut into frozen sections. These show 
the whole sinus system of the node outlined in black, 
and some direct penetration of the cortex by the carbon 
through the inner wall of the subcapsular sinus. Both 
these observations agree with Drinker et al.’. 

As the carbon penetrates the outer cortex, it outlines 
the processes of dendritic macrophages. It also negatively 
outlines circular follicular areas beneath the subcapsular 
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sinus (Fig. 6). Nuclear counterstaining is possible, as 
carbon, adherent to dendritic macrophages im vivo, 
resists subsequent waser dislocation in frozen sections. 
Such counterstaining shows that the area of minimum 
penetration correspords with primary lymphocytic 
follicles. 

Further information has been supplied by Nossal et al.*, 
who have recently investigated the cortical distribution 
of afferent lymph-borne flagellar antigen marked by 
radio-iodine. Within 34 h of footpad injection of primary 
antigen, the corresponding popliteal lymph node shows 
circular or ovoid areas of tagged protein, which in terms 
of their contained lymphoid population may be indis- 
tinguishable from the rest of the cortex. At a later stage, 
blast cells are seen to appear and become numerous in 
each protein area, a Classical lymphoid germinal centre 
being the end product. 

Radio-iodine does nat give sufficiently sharp localization 
of the actual cells involved in this protein localization. 
However, fluorescent antigen marking® has since shown 
that these cortical areas are composed of circular 
clusters of protein-marked dendritic macrophages identical 
in morphology to the antigen-induced follicles demon- 
strated by carbon adhesion, and presumably representing 
the same structure. 

Conclusion. The combined weight of this evidence 
supports the idea of s pre-existent stromal macrophage 
centron, with a conta ned lymphoid population varying 
from small lymphocytes to blast cells according to the 
conditions of antigen stimulation. The problem is how 
to define this structure anatomically. 

The difficulty is that the macrophages inside this 
structure do not appear to differ morphologically from 
the cortical macrophages outside, nor are they arranged 
in any constant or obvious way as a boundary structure. 

Yet such a boundary seems very likely, whether in 
terms of the processes of macrophages, or in terms of 
some type of basement membrane. If such a barrier 
does exist, particles carried by lymph through the cortex® 
would be deflected from the outside of the stromal sphere 
(short-term carbon) or concentrated in the inside (anti- 
genic protein), depending on complex physical factors 
such as barrier porosity, speed of lymph flow, and size of 
the particle concerned. 
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IMMUNOLOGY OF THE MOUSE MAMMARY TUMOUR VIRUS (MTV): 
A QUALITATIVE in vitro ASSAY FOR MTV 


By PHYLLIS B. BLAIR 


Department of Bacteriology and Immunology and Cancer Research Genetics Laboratory, 
University of California, Berkeley 


XPERIMENTAL investigations of MTV are con- 
siderably hampered by the absence of a short-term 

in vitro assay. The conventional assay for the presence 
of infectious MTV has been the measurement of tumour 
development in susceptible test mice injected while young 
with extracts of infected mammary tissues or of milk’. 
This test requires 1—2 years for its completion. This time- 
interval has been shortened in a recently developed tech- 
nique in which the end-point is the development of hyper- 
plastic alveolar nodules in the mammary glands of test 


mice?, but even this assay requires 4-5 months. 


It is feasible to shavten the assay time still further by 
the development of techniques which measure the anti- 
genicity rather than she biological activity of MTV, A 
number of attempts to demonstrate MTV by standard 
immunological techniques have been reported, using anti- 
sera obtained from rabbits or guinea-pigs immunized with 
MTV -containing tissue extracts or milk. It is well estab- 
lished that such antisera are capable of neutralizing the 
biological activity of MTV*. Jn vitro techniques have 
included passive haemagglutination, precipitin, and com- 
plement-fixation testa‘. Precipitation reactions specific 
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for MTV in immunodiffusion agar plates have also been 
reported’. 

This article reports the development of the immuno- 
diffusion technique as a qualitative assay for the presence 
of MTV. In its present form, the assay requires six weeks 
for its completion, including the time necessary for the 
preparation of the rabbit antiserum. 

The methods used in the preparation of the tissue 
extracts and of the rabbit antisera were similar to those 
previously reported for work on the neutralization of 
MTV infectivity’. The tissues were homogenized in 
saline and clarified by a 30-min centrifugation at 1,500¢. 
The supernatant was then centrifuged at 30,000g for 90 
min. The resulting pellet was resuspended in saline, so 
that 1 ml. saline contained the material obtained from 
either | or 2 g, wet weight, of tissue. This suspension was 
clarified by centrifugation at 1,500g for 15 min, and the 
supernatant was frozen at 4° C until needed. Material 
prepared by this method was used as the antigen prepara- 
tion for injection into rabbits, for absorption of the rabbit 
antisera, and in the immunodiffusion plates. 

Young adult female New Zealand rabbits were used for 
the production of antiserum. Each rabbit received a total 
of tissue extract equivalent to 2-5-4-0 g of original tissue, 
in 4 weekly intramuscular injections, and was bled one 
week after the final injection. The resulting sera were 
frozen at 4° C until used. The antiserum from each rabbit 
was stored and used separately. Eaeh antiserum was used 
undiluted in the plates except in the absorption experi- 
ments. Antisera were obtained from rabbits which had 
been immunized with one of the following tissues: 


(A) Tissues obtained from isogenic BALB/cCrgl and 
BALB/cf{O3H/Crgl mice. 

(1) Lactating mammary glands from BALB/c females. 
These mice are not infected with MTV, and antisera from 
rabbits immunized with preparations of this material do 
not neutralize the biological activity of MTV", 

(2) Transplant generations 3 through 7 of a BALB/c 
mammary tumour which arose spontaneously in a 21- 
month-old BALB/c female. No virus particles were 
observed when samples of the tumour were examined in 
the electron microscope’. 

(3) Lactating mammary glands from BALB/cfC3H 
females. This strain, in its 3rd to 5th generations, was 
started by fostering new-born BALB/c mice on C3H/Crgl 
lactating females, and using the babies when adult as 
generation 1 of the strain. Thus, these mice are isogenic 
with BALB/c mice, but are infected with MTV. 

(4) Transplanted outgrowths of hyperplastic alveolar 
nodules and transplanted mammary tumours obtained 
from BALB/cfC3H females. These tissues contain virus 
particles as observed in the electron microscope and also 
biologically active MTV. 

(B) Tissue obtained from a strain of mice which is not 
infected with MTV. 

(1) Lactating mammary glands 
females, 


(C) Tissues obtained from strains of mice which are 

infected with MTV. 

(1) Lactating mammary glands from C3H females. 

(2) Spontaneous and transplanted mammary tumours 
from C3H females. 

(3) Spontaneous mammary tumours from RIII/Crgl 
females. 

(4) Spontaneous 
females. 

(5) Spontaneous mammary tumours from DBA/2Crgl 
females. 


The tissue preparations routinely used as antigen in the 
immunodiffusion plates were obtained from BALB/cfC3H 
spontaneous and transplanted mammary tumours. In 
some experiments, tissue preparations of DBA/2 mammary 
tumours were also used as the antigen. Preparations of 
mammary tumours from the other strains of mice (C3H, 


from 


C5TBL/Crgl 


mammary tumours from A/Crgl 
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antigens in the immunodiffusion plates. 

In absorption experiments, the various antisera we») 
absorbed with MTV -free or MTV -containing tissue prepa 
ations. The antisera were combined with the tiss 
extracts and then maintained at room temperature for 2 
with occasional manual agitation. The mixtures wer 
clarified by centrifugation at 1,500g for 15 min, and tk 
serum-containing supernatants were then added to tha 
immunodiffusion plates. 

The agar plates were prepared with 0-6 per cent Nobi" 
agar, 0-85 per cent sodium chloride, and 1: 10,00 
merthiolate in distilled water, at pH 7. Wells were cu 
with a 6-mm diameter cork borer in the pattern illustrates 
in Fig. 1. The distance from the centre of the antige 
well to the centre of the antiserum well was 11 mm 
Six antisera could be tested on each plate, and the exper™ 
ments were designed so that the plates contained both 
positive and a negative control. The standard antige» 
preparation was placed in the two centre wells one daw 
before the antisera were added to the other wells. The 
centre wells were refilled with saline once daily for twe 
days after the introduction of the antigen preparation 
The plates were maintained at room temperature. Pre 


cipitate lines were visible within a few days, but the 


plates were routinely examined for a period of two weeks 
Each of the antisera already described here was testec 


against the standard MTV-containing antigen preparatior 


in several separate experiments. In most experiments 
no absorption of antiserum was carried out, and eack 
antiserum produced several precipitate lines with the 
This is an expected result, since the standardi 


induced antigen but also normal tissue antigens. The 
precipitate line characteristic of MTV was initially foundll 
by a comparison of the precipitate lines made by antisera» 
obtained from rabbits immunized with BALB/cfC3H 

tissues (which contain MTV) with those made by antiserae 


obtained from rabbits immunized with the isogenie but 


virus-free BALB/c tissues. Precipitate lines specific for 





Fig. 1. Immunodiffusion of rabbit antisera and extracts of BALB/cfC3H 
mammary tumours, The three top wells were filled with, left to right, 
(1) rabbit antiserum against BALB/c lactating gland, (2) rabbit antiserum 
against BA LBJefC3H mammary tumour, and (3) rabbit antiserum 
— BALBic \actating gland. The two centre anti wells were 
filled with the standard antigen preparation of BALB/cefC3H mammary 
tumour. The three bottom wells were filled with, left to right, (1) rabbit 
antiserum against C3H mammary tumour, (2) rabbit antiserum against 
DBA/2 mammary tumour, and (3) rabbit antiserum against C3H 
mammary tumour. The characteristic gen Sear lines (indicated by the 
arrow) are found near the antigen wells wherever the advancing anti- 
serum contained antibodies against MTV, but not in the two areas where 
the advancing antisera were from rabbits immunized with virus-free 
BALB/c tissues (x 1-3) 
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2M ere observed in the vicinity of the anti- 
; 3 the precipitate line characteristic of MTV 
and near the antigen wells (Fig. 1). The MTV 


antigens 3 j 


ity of the line was tested by using antisera from 
ts immunized with tissues from other strains of mice 
n to contain MTV. The specificity was further 
ed by using antisera which had been absorbed with 
is-free tissue preparations; the absorbed antisera 
duced only the line characteristic of MTV in the 
nunodiffusion plates. 
recorded in Table 1, all the antisera from rabbits 
unized with normal or neoplastic tissues containing 
{obtained from 5 different strains of mice) produced 
aracteristic precipitate line. On the other hand, 
f the antisera from rabbits immunized with BALB/c 
ee tissues. (which do not contain MTV) produced 
ne. 
rther, in the absorption experiments completed so 
Table 2), extracts of tissues which do not contain MTV 
not capable of absorbing the antibodies responsible 
the formation of the characteristic precipitate line. 
ontrast, the antibodies were removed by absorption 
ï preparations of either normal or neoplastic tissues 
eh do contain MTV. 
The fact that antisera from rabbits immunized with 
sues obtained from a variety of mouse strains infected 
th MTV all produced the characteristic precipitate line 
this test system indicates that the MTVs carried by 
fferent strains of mice contain at least one antigen in 
-mmon. This is in agreement with the results of previous 
utralization studies, in which antisera from rabbits 
imunized with the MTV from one strain of mice were 
-pable of neutralizing the biological activity of the MTV 
wom other strains of micet”. Based on this common 
_atigenicity, the immunodiffusion technique has a potential 
sefulness as an assay system for the MTV from any 
SEM., 
<Not only similarities but also differences in biological 
tivity’, morphology’, and antigenicity’® of the MTVs 
Om- various strains of mice have been reported. The 
-ope of such investigations has been limited by the 
ambersome in vivo assay for the presence of infectious 
TY. Moreover, there frequently is little correlation 
atween the presence of the type B virus particles con- 
sdered to be MTV and the presence of biologically active 
TV, and various explanations for this lack of correlation 
cave been proposed. An assay method which is based 
wm the presence of a common MTV antigenicity, rather 
















lè 1. PRODUCTION or CHARACTERISTIC MTV PRECIPITATE LINE BY 
OUS RABBIT ANTISERA TESTED IN IMMUNODIFFUSION PLATES AGAINST 

Jisste Extracts OF BALB/cfC3H MAMMARY TUMOURS 

: No. of sera produc- 











issues used for immunization No. of ing characteristic 
pene b rabbits precipitate line 
5 0 
ł o 
2 0 
ontaining MTV : 
ecfC3H jactating glands l 4 4 
BiefC3H nodule outgrowths and . : 
2 2 
3 3 
1 1 
2 2 
2 2 


PRODUCTION OF CHARACTERISTIC MTV PRECIPITATE LINE BY 

FROM RABBITS IMMUNIZED WITH MTV-CONTAINING TISSUE 

AFTER ABSORPTION OF THE SERA WITH VARIOUS TISSUE PREPARA- 

oo TIONS 

tisera were tested in immunodiffusion plates against tissue extracts of 

l BALB/cfC3H mammary tumours 

Antisera from rabbits 
immunized with 


Tissues used for absorption BALBic{C3H . 
a l tumour C3H tumour 
containing no MTV: 
Bie lactating glands + + 
Bie maramary tumours + + 
ntaining MTV: 
FCSH lactating glands 0 0 
ficfC3H mammary tumours 0 0 


oteristic precipitate line formed; 0, no characteristic precipitate 
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than on biological activity, can be expected to resolve 
some of these differences in interpretation. 

The antigenic componant responsible for the production 
of the characteristic precipitate in the immunodiffusion 
assay appears to be the intact type B virus particle!. 
This particulate antigenic component can be sedimented 
by centrifugation at 30,¢00g for 1-5 h or less. The MTV- 
associated antigen found by Lezhneva’ in the lactating 
mammary glands of EII mice was a much smaller 
component. It remained in the supernatant even 
after centrifugation at 100,000g for 1:5 h. These two 
MTV -associated componants may represent the two sizes 
of infective MTV reported by Moores. It is also quite 
possible that the smailer component may represent 
fragments of the type B particle, or a virus-induced 
antigen. 

As reported here, all MTV-containing antigen prepara- 
tions tested were successfully used for the production of 
antisera in rabbits whick then produced the characteristic 
precipitate line when tested against the standard MTV- 
containing antigen preparation in the immunodiffusion 
plates. However, some of the same preparations did not 
produce the characteristic precipitate line when they were 
used as antigens in the p-ates, and tested against standard 
antisera. This is probably related to the concentration of 
MTV antigen in these preparations. The concentration 
of the type B virus particle varies considerably in MTV- 
containing tissues from different sources*. As expected, 
MTV-free BALB/c tissue preparations cannot be used as 
antigen in immunodiffusion. 

The qualitative in vitro test described herein is, never- 
theless, ideally suited to indicate the presence or absence 
of MTV in tissues, by using the suspect tissues as antigen 
for immunization of rabbits and then testing these anti- 
sera against standard MT'V-containing preparations 
in the immunodiffusion plates. The assay can also be 
developed to provide cata on the relative amounts of 
MTYV-related antigen ir. various tissues, by moans of 
absorption of standard antisera with the different tissue 
preparations. Antigenic differences between the MTVs 
carried by different strains can also be examined, again 
utilizing absorption experiments. That such experiments 
may be subject to quantitation is indicated by work with 
other viruses, Quansitative absorption experiments 
designed to investigate these possibilities are currently 
in progress. 
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Rose Bonhag for her assistance. This work was supported 
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Society and A-2309 and CA-05388 from the U.S. 
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Funds from the University of California. 


! Blair, P. B., Proc. Soe. Exp. Bool. and Med.,108, 188 (1960); Cancer Res., 
28, 281 (1963). 

2? Nandi, 5., J. Mat. Cancer Inst, 81, 75 (1963). 

3 Andervont, H. B., and Bryan, W. R., J. Nat. Cancer Inst., 5, 143 (1044). 

* Dmochowski, L., and Passey, B. D., Ann. N.Y. Acad. Sei., §4, 1035 (1952). 
Heidelberger, M., Graff, 5.. and Haagensen, C. D., J. Hap. Med., 85, 
333 (1952). Heidelberger, 3f., Leon, M. A., Graff, S., and Haagensen, 
C. D., J. Mt. Sinai Hosp., 1E, 210 (1952). Imagawa, D. T., Green, R. G, 


and Halvorson, H. O., Proe. Soc. Exp. Biol. and Med., 68, 162 (1948). 


Plescia, O. J., Doat, P., Portieri, G., and Bianco, å., Fed. Proc., 19, 592 
(1959), Shabad, L. M., Amer. Rev. Sov. Med., 4, 166 (1946). Stepina, 
V. N., Prob. Oncol., 7, 41 1981). 

5 Lezhneva, O, M., Prob. Oncol.. 7. 62 (1961). 

t Pitelka, D. R. (unpublished resulta). 

* Blair, P. B., Proc. Amer. Assoc. Cancer Res., 6, 6 (1965). 


Cancer Res., §, 202 ( 
Squartini, F., Rossi, G., anc Paoletti, I., Nature, 197, 505 (1963). 

° Hairstone, M. A., Sheffield, J. B., and Moore, D. H., J. Nat. Cancer Inst., 
$3, 825 (1964). 

19 Bittner, J. J., and Imagawa, B. T., Cancer Res., 15, 464 (1955). 

1 Sykes, J. A., Grey, C. E., Seemlon, M., Young, L., and Dmochowski, E., 
Tex. Rep. Biol, Med., 22, 639 (1964). Moore, D. H., Nature, 198, 429 
(1963), Pitelka, D. R., Bern, H. A.. Nandi, 5., and DeOme, K. B., 
J. Nat. Cancer Inst., 38, 867 (1964). 

+? Blair, P. B., Weiss, D. W., anc Pitelka, D. R. (to be published). 

n Moore, D. H., in Tumors Induced by Viruses, edit. by Dalton, A. J., and 
Haguenau, F., 113 (Academe Press, New York, 1962). 

u Grogan, R. G., Taylor, R. K, and Kimble, K. A., Phytopath., 54, 163 


(1964) 








INCREASED SENSITIVITY OF IN VITRO MURINE LEUKAEMIA CELLS TC 
ERACTIONATED X-RAYS AND FAST NEUTRONS 
By Dr. WILLIAM L. CALDWELL and Pror. LEONARD F. LAMERTON 


Department of Biophysics, Institute of Cancer Research (Surrey Branch), Sutton, Surrey 
AND 


Dr. DAVID K. BEWLEY 


Medical Research Council Cyclotron Unit, Hammersmith Hospital, London, W422 


OLLOWING the original report of Elkind and Sutton’, 
I’ the variation with time in radiosensitivity after 
a single dose of radiation has been studied for a number of 
different cell systems. They have all shown a similar 
pattern of change, but with differences in the degree of 
variation. Inno case, however, has the net effect of a given 
dose delivered in two fractions been greater than that of a 
similar undivided exposure. 

In this article, investigations are reported using a mam- 
malian cell suspension in which it has been found that 
the radiosensitivity increases above normal following an 
initial dose of radiation. The data are described and 
discussed in relation to possible mechanisms operating. 

Murine leukaemia cells growing tn vitro in suspension 
were used for the investigations. These were made available 
by Dr. Peter Alexander of the Chester Beatty Research 
Institute?. The cells were grown at 37° C in a specially 
prepared, balanced medium’, and under control conditions 
have a doubling time of 9-10 h. The cells were irradiated 
in polypropylene tubes at 37° C with 230 kVp. X-rays 
(half value layer, 1-5 mm copper) at a dose rate of 41 rads/ 
min, or with fast. neutrons having a mean energy of 6 MeV 
at about 50 rads/min. The dose-survival curves were 
obtained by backward extrapolation of growth curves, 
following varying doses of radiation. Since the growth 
curves were parallel for all doses approximately 48-60 h 
after radiation, extrapolation gave the surviving fraction 
after a correction was made for mitotic delay’. This 
correction is not large, and resulted in an uncorrected 
Dy, of 55 rads becoming $2 rads on correction. 

In order to evaluate the survival kinetics of the cells 
in the divided dose experiments, cell survival 100 h after 
the initial exposure was measured. Survival at this time 
ean be considered a measure of reproductive integrity 
since, even accounting for mitotic delay, 100 h is equiva- 
lent to approximately 10 cell eyeles. Radiation doses 
totalling 200 rads of X-rays or 80 rads of neutrons were 
used for all experiments. Counts of viable cells were 
made in standard haemocytometers using phase-contrast 
microscopy. 

Fig. 1 shows dose survival curves for X-rays and fast 
neutrons respectively. The X-ray curve clearly has no 
very substantial shoulder, but the seatter of the experi- 
mental points does not allow the degree of shoulder to be 
determined with any precision. Alexander and Mikulski’, 
using the same cells with the same medium, observed a 
slight shoulder, but a correction for mitotic delay would 
very largely eliminate it. With the neutrons there would 
appear to be very little, if any, shoulder. With neutrons 
the D,; is 27 rads; this implies a relative biological 
effectiveness (RBE) of 2-3, when compared with the Da; 
of 62 rads for 250 kVp. X-rays. 

Fig. 2 shows the mitotic delay induced by a range of 
doses of X-rays. Preliminary measurements have also 
been made with neutrons, for which the response shows a 
similar pattern of change with time as for X-rays, with an 
RBE of 2-2-5. 

Fig. 3 shows the relative survival after a pair of 
equal exposures for varying intervals of time between 
them. It can be seen that with both X-rays and neutrons 
there is a brief period of decreased sensitivity to a second 
exposure, followed by an interval (from about the fourth 


to tenth hour) in which sensitivity is actually increased 







above normal. The form of the curve is similar for the 
types of radiation with smaller variation in the case 
neutrons. With X-rays, and an interval of about ¢ 
between exposures, survival is approximately 50 per ¢ 
of that for cells exposed to the same total amount — 
radiation at one time, and with neutrons about 70 per ce 

Using X-rays, an investigation was also made of survi 
when the time-interval between radiation fractions v 
kept constant at 5 h and the exposure fractions varie, 
The relative survival curve is given in Fig. 4, and it sho 
an increased sensitivity for all tested fractionatic 
with the maximum effect when the initial dose was — 
rads and the second dose 180 rads. 
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Fig. 4. Cell survival under X-rays following different fractionation 

achemes at a constant time interval of 5 h, compared with survival 

“following a single exposure of 200 rads. Points represent results from two 
separate experiments 


The two features of particular interest in these results 
we: (1) that the sensitivity after an initial conditioning 
.ose is actually increased above normal; (2) that with an 
: terval of 5 h between exposures the effect of a total dose 
200 rads is greater when the smaller fraction is given 
(the maximum effect on survival being achieved with 
ial dose of 20 rads). 
ther cell systems in which the response to divided 
es has been reported, the increase in sensitivity follow- 
e initial decrease has been relative only, sensitivity 
cond exposure approaching, but not exceeding., 
levels. However, the dose-survival curves for 
stems all have a substantial initial shoulder and 
sre it is possible that at least part of the explanation 
difference lies in the lack of a significant initial 
er in the survival curve of the cells used in the 
t study. 

d? originally concluded that recovery after an 

Xposure was associated with reconstruction of 
ulder of the dose-survival curve; that is, with return 
xtrapolation number, changed by the eonditioning 
ire, to its original value. Afterwards, the work of 
a and Tolmach® gave support to Kallman’s 
wasis? that the change in sensitivity was related to 
1 the proportion of cells in different compartments 
mitotic cycle characterized by different sensitivities. 
A synchronization investigations®:* provide data 
porting the model of recovery kinetics for dose fraction- 
perinei which had been suggested by Elkind, 
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Sutton and Moses!?; that is, that the initial decrease in 
sensitivity following a cenditioning exposure results from 
recovery of sub-lethal damage (reconstitution of the 
shoulder of the dose-survival curve) while the subsequent 
relative increase in sensitivity is the result of phasing of 
cells within sensitive phases of the mitotic cycle. 

At the same time one must recognize that other pro- 
cesses may also be operative. It is of interest that Beer 
et al! and Lett et al)? have shown that various factors 
connected with culture conditions can alter the radio- 
sensitivity of these leukaemia cells, neither D}, nor the 
extrapolation number remaining constant. It is possible 
that when these cells ara given two radiation exposures, 
the first exposure may modify the growth conditions so 
as to alter the response +o the second exposure. 

If the difference between the present results and those 
of Till and McCulloch", for example, were a consequence 
of the initial shoulder, then subtraction of oe two curves 
should show the effect of the shoulder. Fig. 5 shows the 
results of this operatior. Making lisence for differ- 
ence in time intervals (as indicated), subtraction of the 
leukaemia curve from that obtained by Till and McCulloch 
for mouse bone marrow cells yields the curve (c), which 
could possibly represent the ‘shoulder’ effect. On this 
basis, the variation in seasitivity found for the leukaemia 
cells would have to be due to variation in radiation re- 
sponse with cell phase, associated with partial synchroniza- 
tion of the cells following irradiation, or to an entirely 
new process not so far postulated. 

One conclusion that ean be drawn from the mitotic 
index data of Fig. 2 is that the variation of sensitivity 
following a conditioning dose is not the result of an 
altered sensitivity durimg mitosis. So far as phasing 
effects are concerned, interpretation of the mitotic data 
is not straightforward siace, particularly with the higher 
doses, many of the cells being counted, including those in 
mitosis, are ‘doomed’ (destined to die in a future division 
cycle). Phasing of the viable cells might be obscured by 
the presence of ‘doomed’ cells, in which case, with passage 
of time, peaks of mitotic activity of viable cells should be 
detectable, as the ‘doormed’ cell population diminished, 
provided the variation im post-irradiation cell-cycle times 
was not sufficient to obscure such peaks. Preliminary 
explorations for such peaks in leukaemia cells have been 
fruitless. 

The significance of cell phasing in divided-dose survival 
kinetics in any cell system still remains to be clarified. 
Experimental investigasions have given very diverse 
results concerning the change of sensitivity with phase of 
the cell cycle. A further difficulty in explaining the results 
by a simple phasing effect is that Whitmore? found, in 
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ead exposure following a conditioning exposure (ref. 13) with the 

curve (b) obtained for leukaemia cells. Differences in time between 

fractions for the two curves are as indicated. Curve (e) resulte from a 
subtractioa of curves (a) and (6) 










: pitial upswing: in in the“ ‘recovery 
during all phases 
Apparently. unrelated to phasing, 
| ‘upswing was thought to be primarily the result 
covery of that sub-lethal damage which gives rise to 
vee oulder of the curve. However, since this upswing is 
| also. seen. in the leukaemia cells with both X-rays and 
neutrons. where the shoulder is either small or absent 
(Fig. 8), it seems necessary to postulate some other 
process. 

There is, however, another possible interpretation of 
the results which does not require the assumption of a new 
process: of recovery. If the sensitivity varies over the 
Various. phases of the cell cycle, the survival curve for the 
leukaemia cells cannot be a true exponential, but must 
represent: the combined survival of various fractions. 
It is possible that one or more of these fractions has an 
initial shoulder. As a simple model it can be shown, for 
example, that if the cells consisted of 60 per cent with a 
D, of 62 rads and an extrapolation number of 1-67 and 
40 per eent with a D,, of 20 rads and an extrapolation 
number of 1-00, the combined curve would be practically 
indistinguishable from an experimental curve with a 
Ds, of 62 rads. In this case the component with a 
shoulder. could be responsible for the increased survival 
at Ih and the subsequent swing could be due to phasing. 
The finding that the effect of the split dose was less with 
the larger fraction given first would be explained if the 
selective killing by the conditioning exposure were such 
that, at 5 h, a greater proportion of surviving cells were 
concentrated in their sensitive phase after a small dose 
than after a large dose. The maximal effect found with 
about 20 rads as the initial exposure presumably represents 
the optimal combination of ‘sensitization’ and size of the 
second exposure. 

To decide whether the foregoing hypothesis is correct, 
or whether some other mechanism, such as modification 
of actual repair processes, is operating requires investiga- 
tion of the effect of different dose fractions at different 
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help a pene deals in perenne ee various mech: ny 
Operating. Radiation of sufficiently high LET mij 
give a true exponential survival curve instead of 
synthetic one, and in these circumstances it is genera 
assumed that no recovery would be expected’, F 
neutrons give rise to a wide spectrum of LET, and 
reduced variation in sensitivity found with neutrons, 
compared with the lower LET X-rays, is consistent w 
this idea. On the other hand, the possibility must not 
ignored that some recovery processes may operate eve 
with high LET radiation. 
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EFFECT OF GASTRIN ON ISOLATED SMOOTH MUSCLE PREPARATIONS 


By Dr. A. BENNETT 
Department of Surgery, King’s College Hospital Medical School, Denmark Hill, London, $.E.5 


“~DKINS?? found that intravenous injections of crude 
} aqueous antral extracts into anaesthetized cats 
stimulated the secretion of acid gastric juice. Since then 


- many workers have studied the secretory activity of 


antral extracts. Blair et al.* noticed that the intravenous 
injection of an antral extract into anaesthetized cats not 
only stimulated gastric secretion, but also increased the 
tone of the stomach and small intestine. Gregory and 
Tracy**® extracted hog antra and obtained two pure, 
almost identical, peptides which they called gastrins I 
and II. These stimulated gastric secretion and also 
contracted the stomach and jejunum in the dog. Very 
little is known about this stimulation of gastro-intestinal 
motility and the present experiments were carried out 
to examine the effect of pure gastrin IT on guinea-pig and 
rat smooth muscle preparations. 

Rat colon and rat uterus preparations were suspended 
in an organ bath containing de Jalon’s fluid at 28° C 
bubbled with oxygen. All the other smooth muscle 
preparations were suspended in Krebs’s solution at 37° C 
bubbled with 95 per cent oxygen and 5 per cent carbon 
dioxide. The responses of the tissues were recorded on a 
smoked drum by a light frontal writing lever (magnifica- 
tion x12). In some experiments guinea-pig ileum 
preparations were stimulated transmurally* through 
coaxial eleetrodes. Drugs used were acetylcholine per- 





chlorate, cocaine hydrochloride, dimethylphenylpiperazix, a 
ium iodide (DMPP), hexamethonium bromide, histamin- 
acid phosphate, 5-hydroxytryptamine creatinine sulphat: 
(5-H), (—) hyoscine hydrobromide, gastrin II, mepy= 
amine maleate, methysergide, morphine sulphate ane 
physostigmine sulphate. The concentrations of cocain 
hydrochloride, DMPP and methysergide are expresse: 
as the salt. Other concentrations are in terms of base. 

Gastrin II (1-2 ug/ml.) caused small contractions ò 
the rat fundus strip preparation’, the rat duodenum 
and the rat colon. Guinea-pig sacculus rotundu 
and a strip of antrum and body cut from the rẹ 
stomach contracted feebly, and the rat uterus not at alli 
in the presence of 1-4 ug/ml. of gastrin. The most wam 











gastrin. Misiewicz and Waller (personal conimunication 
found that 0-5-1 ug/ml. of gastrin I contracted 5 of E 
strips of human isolated stomach and that tachyphylaxis 
occurred. The analysis of the action of gastrin describe 
here was carried out on the guinea-pig isolated ileurr 
preparation. : 

Gastrin II produced a contraction of guinea-pig ileum 
which was rapid in onset and which quickly reached a 
peak. Sometimes the contraction was maintained, but 
often the tissue partially relaxed while gastrin was still 
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Whe bath. A second dose added soon after the first 
been washed out produced a smaller effect. In order 
yrevent this tachyphylaxis, gastrin was administered 
“intervals of approximately 15 min. Mepyramine 
-100 ng/ml.) completely blocked the responses to 
amine; it had no effect on the responses to gastrin in 
“periments, but in another experiment 10 ng/ml. of 
yramine slightly reduced the effect of gastrin. The 
T antagonist methysergide (which only partially 
sagonizes 5-HT on the guinea-pig ileum*) had no effect 
he responses to gastrin in 3 experiments (methysergide 
100 ng/ml.). In another 4 experiments methysergide 
) ng/ml.) reduced the contraction produced by gastrin, 
since the responses to acetylcholine were also a little 
iced in 3 of these 4 experiments the antagonism was 
Mbably non-specific. 
1 each of 6 experiments hexamethonium (10 ug/ml.) 
ost completely abolished the response of the ileum 
MPP but had no effect on the response to gastrin 
. 1). Hyoscine (2-200 ng/ml.), however, completely 
ished the contraction produced by acetylcholine 
*xperiments) and either completely abolished the re- 
ase to gastrin (7 experiments) or reduced its effect 
*xperiments; hyoscine 4 ng/ml.). When the hyoscine 
washed out the effects of acetylcholine and gastrin 
wned together (Fig. 2). During a hyoscine block, 
itions to the bath of 20-40 ng/ml. of eserine (3 experi- 
its) restored or even potentiated the responses to 
Sylcholine and gastrin (Fig. 2). Eserine (20-100 ng/ml.) 
.ed to the bath in the absence of hyoscine potentiated 
responses to acetylcholine and gastrin equally in 4 
eriments, and potentiated gastrin more than acetyl- 
line in 2 experiments. 
‘hese results suggest that gastrin acts either on acetyl- 
line receptors in the muscle or, more likely, on the 
tganglionic parasympathetic nerves at a site not 
ked by hexamethonium to cause the release of acetyl- 
sline. These possibilities were tested by using: (a) 
rphine to prevent the release of acetylcholine’; (6) 
®xia to prevent nervous conduction®; (c) cocaine in an 
sempt to anaesthetize the nervous tissue in the ileum. 
«he responses to gastrin and DMPP were reduced 
experiments) or almost abolished (2 experiments, see 
z. 3) by morphine (10-100 ng/ml.). The responses 
acetylcholine were slightly depressed in 3 of the 5 
seriments, and the responses to transmural stimulation 
re reduced in each of 3 experiments in which coaxial 
nulation was used. 
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The effects of anoxia on responses to gastrin were 
studied in 4 experiments by replacing the oxygen/carbon 
dioxide mixture with nitsogen or with a nitrogen/carbon 
dioxide mixture. Anoxise abolished the effects of trans- 
mural stimulation and aimost completely prevented the 
responses to gastrin and DMPP (Fig. 4). The effects of 
acetylcholine and histamime were reduced to a much less 
extent and the responses of the ileum to histamine and 
acetylcholine approximated their pre-anoxia effects when 
the doses of the agonists were doubled. On the other 
hand, increasing the doss of gastrin and DMPP 7-10 
times produced only mederate or small contractions. 
These results indicate thas gastrin acts on nervous tissue, 
but since it produced a snall effect on the anoxic ileum 
it is possible that gastrin also has a small direct effect on 
muscle cells. In each of 6 experiments cocaine hydro- 
chloride (10-25 ug/ml.) almost completely blocked the 
effect of DMPP. In 2 of -hese experiments the responses 
to gastrin were unaffected, but in 3 experiments the 
effect of gastrin was slightly reduced (Fig. 5) and in one 
instance it was almost completely abolished. The effect 
of cocaine (20 ug/ml.) or the response of the ileum to 
transmural stimulation cf the nerves by single shocks 
(6/min, 0-5 msec and 3 V) was examined in 3 of these 6 
experiments. Surprisingly, the contractions were only 
slightly reduced in 2 experiments and were unaffected in 
the other, thus indicating that cocaine in this concentra- 
tion has little or no effect cn transmission in postganglionic 
parasympathetic nerve endings. The finding that cocaine 
always abolished the effect of DMPP, but only sometimes 
reduced the effect of gastrin, supports the evidence ob- 
tained with hexamethonitm that DMPP and gastrin act 
at different sites. The veriation in the effect of cocaine 
on the response to gastrin is apparently explained by the 
finding that cocaine only sometimes reduced the effect 
of electrical stimulation, presumably by partial anaesthe- 
sia of the nerves. 

All these experiments indicate that gastrin acts on 
the postganglionic parasympathetic nerves, and suggest 
that in the guinea-pig ilewn the contraction produced by 
gastrin is caused by the release of acetylcholine. Such a 
view is consistent with the results of Gregory and Tracy* 
that atropine reduces the motor effect of gastrin on the 
stomach and jejunum of the dog. It is of great interest 
that atropine also inhibts the stimulation of gastric 
secretion by gastrin in the dog’’-!* and in man™. It may 
follow that gastrin stimula*es secretion by acting on nerves 
to release acetylcholine. 
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Fig. 2. The effects of hyoscine and of eserine on the response to gastrin. Hyoscine abolished the effects of acetyicholine and gastrin, When the 
hyoscine was washed out the responses to acetylcholine and gastrin started to return. After the addition of eserine both gastrin and acetylcholine 
were greatly potentiated. The numbers by the drugs represent concentrations in ng/ml. 
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LETTERS TO THE EDITOR 


PHYSICS 


Structural Basis of Neutron and Proton 
Magic Numbers in Atomic Nuclei 


In 1933 Elsasser' pointed out that some of the properties 
of atomic nuclei correspond to greater stability for certain 
numbers of neutrons and protons (given the name magic 
numbers) than for other numbers; the magic numbers 
for both N (neutron number) and Z (proton number) are 
2, 8, 20, 50, 82 and 126. (Less-pronounced effects are 
observed also for N or Z equal to 6, 14, 28, 40, and some 
larger numbers. The set of magic numbers is often 
assumed to include 28.) 

The magic numbers do not have the values (2n*) for 
completed shells of fermions (with all states with total 
quantum number n, azimuthal quantum number /<n—1, 
occupied by pairs), which are 2, 8, 18, 32, 50, ..., nor 
the values for certain shells and sub-shells that lead to 
maximum stability for electrons in atoms, which are 2, 
10, 18, 36, 54 and 86. 

It was discovered by Mayer? and by Haxel, Jensen 
and Suess? that the magic numbers can be accounted for 
by use of the sub-sub-shells corresponding to spin-orbit 
eoupling of individual nucleons; that is, to the values of 
j=l+1/2 and [—1/2 for the two sub-sub-shells of each 
sub-shell. For example, they‘ assign to N or Z=50 
the co tion (1s1/2)*(1p3/2)*(1p1/2)*(1d5/2)*(2e1/2)? 
(1d3/2)*(1f7/2)*(2p3/2)*(1f5/2)*(2p1/2)*(1g9/2)*", which may 
be written more briefly as 1s*lp*ld'°2s*2p*1f'*(1g9/2)"°. 

The evidence for spin-orbit coupling and for the Mayer- 
Jensen shell model is convincing. It is, however, difficult 
to understand, on the basis of their arguments, why the 
six magic numbers should be outstanding among the 
many numbers corresponding to the completion of spin- 
orbit sub-sub-shells, which (for the Mayer—Jensen 
sequence of energy-levels) are 2, 6, 8, 14, 16, 20, 28, 32, 38, 
40, 50, 56, 64, 68, 70, 82, 92, 100, 106, 110, 112, 126, 136, 
143, 656 

In the course of developing a theory of nuclear structure 
based on the assumption of closest packing of clusters of 
nucleons®, I have found that the magic numbers have a 
very simple structural significance: 2 and 8 correspond 
to the closed shells 1s? and 1ls*lp*, and the others to a 
closed-shell core with an outer layer (the mantle of the 
nucleus) containing the number of spherons (helions’, 
Het, tritons, H*, or dineutrons) required to surround the 
core in closest packing. 

Triangular (icosahedral) closest packing, as found, for 
example, in the intermetallic compound’ Mg;,(Al,Zn),4., 
involves the sequence 1, 12, 32, 72 of spheres in successive 
layers. These numbers are approximated by the equation 
ny = (nF +1-30)8—mi, in which n, is the number of 
spheres in an outer layer and n is the number in the core. 
(The form of this equation corresponds to assigning 
equal effective volumes to the spheres, and the value of 
the constant reflects the nubbling of the surface and the 
packing of outer spheres into pockets of the core.) This 
equation can be applied to obtain the number of spherons 
in the successive layers in a nucleus, and thus to obtain 
the sequence of nucleonic energy-levels. Sub-shells (with 
given value of 1) occurring once (as 1s, 1p, etc.) are assigned 
to the mantle of spherons, those occurring twice (ls and 
2s, for example) to the mantle and next inner layer, and 
soon. Thus I interpret the configuration for N or Z= 50, 
given above, as representing 8 neutrons or protons in the 


core (1s*lp*) and 42 in the outer layer (28*2p*1d'?l jay 
(1g9/2)?*). 

The application of the packing equation leads te 
sequence of levels essentially as given by Mayer 
Jensen, but often with sub-sub-shells for different lay 
being filled over overlapping ranges of values of N or 
For example, the 391/2, 2d3/2, and 1h11/2 sub-sub-she— 
all begin to be occupied at about N or Z=60 and are 
completed at about N or Z=82. 





Fig. 1. The magic-number structures of atomic nuclei 


The configurations found in this way for the 
numbers are given in Table 1 and Fig. 1. Each oft 
first two represents a completed shell. The third (20) E 
a completed shell as core and another as mantle. Ea 
of the others has a core of a completed shell or tw 
completed shells, with a mantle that is required by t 
packing to include a sub-sub-shell (1g9/2)'° for & 
(1h11/2)** for 82, and (1413/2) for 126. Until 184 
reached, there are no other values of N or Z for which t 
packing equation leads to a core consisting of layers the 
are completed shells. 


Table 1. NUCLEON CONFIGURATIONS FOR MAGIC NUMBERS 
Core or Inner 
Nor Z Mantle outer core core 
2 1s? 
8 p* 
20 2 een, PA lal a « 
. 
4 bs bs fr nat fa)" Opt pad” le? 
126 3s*Sp*2d"°2f"* 1g" 1h 1113/2)" 28°2p*1d"1 f" 11p% 


I conclude that the stability that characterizes t 
magic numbers results from the completion of shells f 
a single layer (2, 8) or two layers (20) of spherons, or, f 
the larger magic numbers (50, 82, 126), for the core laye? 
the mantle having a completed shell plus a complete 
sub-sub-shell. 
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in the Sub- Range by 
Electronic Counter _ 

ectronic apparatus for the rapid measurement of 
ontent and size distribution, known as the Coulter 
ert, is finding increasing application in many fields. 
own volume of an extremely dilute suspension of 
les in a conducting fluid flows through a standard 
hangeable aperture having an immersed electrode 
either side. The particles traverse the aperture 
antially one at a time, causing an attendant change 
etrical resistivity proportional to the volume of the 
- passing through the aperture. The amplified 
pass through a gate circuit which ensures that 
ises greater than a pre-selected threshold value are 
i; thus, the pulse count records the number of 
les. greater than a certain size. A typical count 
s about 5-25 sec and is performed at a rate up to 
‘ticles/sec. A size range of about 500-0-5u can be 
ered, therefore overlapping with sieving, microscope 
sedimentation methods. 

fter applying certain corrections (for example, for the 
ct of coincident particle passage) and calibration 
stants, the basic data relate the numbers of particles 
iter than a stated size to the particle volume. This 
formation is readily converted into the relationship 
atween cumulative volume above a stated size (V) and 
article size (X). | 
Size analysis results are usually quoted as cumulative 
Hume (or weight) percentage above (or below) a stated 
r versus size. For this the total volume, V w, or weight 
“particles in the measured sample must be known. 
_owever, the instrument response to sub-micron particles 
_ obscured, if not by insensitivity then by factors such as 
‘ackground noise and insufficient counter frequency 
sponse. Thus, the finest material in a distribution may 
ve below the range of measurement, so that the cumulative 
-ata cannot be expressed as a fraction or percentage. 
It would be possible to obtain the total solid volume 
‘ravimetrically, but one of the potential advantages of 
ihe Coulter counter is that, in the suspension prepared for 
malysis, the concentration of solids need not be known; 
»dditionally, the gravimetric analysis would need to be 
aighly sensitive. The maker's instruction manual suggests 
. trial and error method in whieh the total volume of 
warticles traversing the aperture is estimated by choosing 
Mie value providing the best straight line when cumulative 
wercentage is plotted against size on a probability X 
ogarithmic grid. A similar curve-fitting procedure was 
gested by Batch®. Simple extrapolation of the plot of 
nulative volume against size either on simple arithmetic 
logarithmic X arithmetic co-ordinates affords another 
proximate method of estimation. Experience indicates 
oth methods are unreliable. 

e problem is determination of an unknown asymp- 
, and a somewhat analogous situation exists with the 
tation balance where an inordinately long time is 
y for the finest material to sediment, or because it 
permanently in suspension on account of Brown- 
ement‘. A direct method for graphically estimat- 
missing finest material’, or what amounts to the 
ing, the value of Vo, is presented here. While 
ron material is the main concern here, the method 
applied to any size below the range of the aperture 
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quations of size distribution® assumed are the 
audin-Sehuhmann type: 


s N 
Per is =) (1) 
2 Ao 
Rosin~Rammler type: 
: V = Voe- iT)" (2) 


‘ig a parameter of mean size, and n and N 
eters of distribution spread. These are closely 
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similar for the finest 20 per cent of the material and their 
correspondence at 30 percent is within 1 per cent absolute. 
‘be used when _ 


Consequently one or otker equation could 





the missing material is cf the order of 20 per cent of the ` 


total volume counted. Correspondence with the logistic ` 


and probability distributions is less good, being about. . a 
0-5 per cent in absolute error over the finest 10-15 per 


cent of the material. ia 
Equation (1) can be represented by the pair of equa- g 


tions!: 
ry zx qXr 
and: fe ha 
yey Ey @ r ) ea 


while equation (2) can be represented by the pair of | 

equations? : | A lie 
Laas om Ca (5) 
Vo Vw 


together with equation (3), where r is an integer increasing 
as X decreases and as F increases and q > 1 and is con- 
stant. A solution of equations (4) and (5) is Vr- = Vr= 


Vo; by plotting Vr, against V; on a squared grid for: eons: 
equation (4) and on a log-log grid for equation (5), Va is 


obtained from the poin: of intersection of the resultant. 
line with the line, Fe- = Vr. oe 


Table 1. SIZE ANALYSIS OF — 340 B.S.-MESH QUARTZ BY COULTER COUNTER 


Calculated values (from counter eata) Interpolated values (q= 4/2) 
i i Cumulative vol. 


article Cumulative vol. Particle 
size (F, arbitrary size (V, arbitrary 
(X, mierons) units) (X, mierons) units) 
60-40 0 33°12 5100 
38-68 3,528 23-44 9,100 
24-19 8,792 16-56 12,700 
15-28 3,523 11-72 15,600 
10-68 16,365 8-28 17,600 
9-33 17,183 586 18,669 
7-40 18,10 
5-86 18,669 


The procedure for apolying this method is to plot the 
original data V against X and interpolate values of Fr- 
Vr, Vrap etc., corresponding to values of X11, Xr, Arin 
ete., diminishing in geametric progression in accordance 
with equation (3) (see Fable 1). The last actual reading 
of V and X should be mcluded in this sequence. Inter- 
polation at this stage 1as the advantage of smoothing 
experimental errors. Having determined V œ from a plot 
of V,- against V, (Fig. 1) the size distribution Y against. 
X (Y = V/V.) is obtained in the usual manner. 

For this particular example, Væ has been estimated 
to lie in the range 20,500-20,600 by independent observers. 
The ordinary extrapolation method, on the other hand, 
yielded estimates ranging from 19,500 to 21,200. The 
estimation of V œ from the plot of V,., versus V, can be 
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Fig. 1. Graphical determinasion of Fop: Data from Table 1. g=4/2: 
last. value of X = #86 u; V = 18,669 
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made as accurate as one desires. Larger graphs can be 
drawn. and more points taken, either by diminishing the 
ratio, q, or by taking overlapping sets of points: for 
example, for a ratio of 4/2, take the sets 5-86, 8-28, .... 
and 6-0, 8-5, ... and 6-5, 9-2, ... ete. 

Ifn = 1 the values of X may be selected in arithmetic 
progression; this case has been considered previously?. 
Should the plotted points not lie on a straight line the 
curve would probably fit another function having an 
unknown asymptote. However, the last point should be 
sufficiently close to the line V,., = V, for an extrapolated 
curve to give a reliable estimate of Væ. 

This graphical procedure has been used in a number 
of similar applications all involving unknown asymp- 
totes+®7-9, Finally, a warning must be issued: this is an 
extrapolation technique; there is no certainty that the size 
distribution law outside the measured range is the same as 
that inside. Thus, results obtained from this method must 
be used with diseretion; it is not a substitute for an effec- 
tive and rapid particle size analysis technique for the sub- 
micron region, the search for which must continue. 
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lonization Times in Shock-heated Potassium 
Vapour 


THe sudden heating of a gas in a shock wave has 
often been used to study relaxation effects'-3. Most 
experiments on relaxation times for ionization have been 
carried out with inert gases, which have first ionization 
potentials in the range 12-24 V. These measurements 
have suggested!4:5 that the atoms are ionized via excited 
states; but the results may have been influenced by the 
unknown effect of impurities. 

The monatomic character of inert gases, and the 
consequent absence of complications due to dissociation, 
make the inert gases attractive at first sight; but in fact 
the high ionization potential allows only a small amount 
of ionization in a pressure-driven shock-tube and almost. 
any impurity may dominate the ionization process. 
Moreover, the high temperature required to achieve a 
reasonable degree of ionization results in a short cooling 
time, which may be less than the ionization time if the 
density is low; and complications arise because of 
secondary ionization and ion excitation, since the relevant 
critical potentials are of the same order. 

It has often been pointed out® that these difficulties 
could be avoided by using alkali metals (these have 
ionization potentials of 4 or 5 V, whereas the first 
excitation potential of their ions is several times this 
figure). But the great technical problems of passing 
shocks through such vapours have to be overcome. 
Such a shock tube is now in operation and ionization 
relaxation times have been determined by measuring the 
current in probes flush with the sides of the tube. 

The shock tube, which was specially developed for 
alkali metal vapours, is of stainless steel and has ground-in 
stainless steel valves and a copper diaphragm. It is 
immersed in an oil vapour furnace at 300°-400° C. 
























Liquid potassium metal is fed into a boiler. The lat 
can be isolated from the tube, cooled during evacuati 
and then opened and allowed to heat up to admit 4 
vapour after the shock-tube has been isolated from 4 
pumps. The boiler is kept at a temperature some. 1 
lower than that of the furnace. Initial potassium p 
sures of 0-3-3 torr can be obtained by varying. 
temperatures of the boiler and furnace. Helium-— 
mixtures at a pressure of about 15 atmospheres are ut 
in the compression chamber to produce shocks with Me 
numbers of between 3 and 8 in the potassium vapour. 
Metal probes of ‘Nilo K’ (an alloy of iron, cobalt a 
nickel), about | mm diameter and insulated from 
shock-tube by a ceramic seal, are fitted flush to the w 
of the expansion chamber and connected through 
series resistor to the positive terminal of a 4-5-V batte 
the other terminal being connected to the metal shi 
tube. ‘The series resistor is adjusted by experiment 
have about the same value as the resistance of the pre 
in the equilibrium plasma behind the shock wa 
Oscillograms of the probe voltage indicate the electr 
current to the probe. Probes mounted at two stati 
13 cm apart show traces on a double beam oscillose 
from which the shock speed can be measured. The fim 
probe also operates a trigger-amplifier which triggers th 
oscilloscope immediately and also triggers a fast time-bay, 
oscilloscope after a variable delay. This delay is arrang 
by experiment so that the fast oscilloscope is triggers: 
just before the shock reaches the second station. T- 
fast oscilloscope records on the upper beam the pro - 
voltage at the second station and on the lower beam te 
voltage on another probe mounted opposite this with — 
small reflecting obstacle immediately behind it. Fig. | 
shows a typical trace. The lower trace shows a fasto 
rate of ionization, but no change in the onset time. Th | 
indicates that there is no dormant period between tFe 
shock and the initial fall of the probe voltage. 
Relaxation times + (defined as indicated in Fig. 
have been measured for shock Mach numbers M in t- 











to 2x 10*§ per c.e. Higher densities and shock Mac. 
numbers resulted in relaxation times less than l us 
which could not be resolved by the probe. Lower densitie, 
and Mach numbers failed to trigger the amplifier, probabl 
because of a reduetion in running time, 

Fig. 2 shows a graph of log nz against H/T (where | 
is the temperature of the shocked gas calculated from M 
If the ionization relaxation time obeys an Arrhenius la 
of the type : l 





ta(l/n) exp e V/kT) (i 
where V is some critical potential, the slope of the grap 
should give V. A least squares fit gives V=1-9+0-3 \ 
The first potassium excitation potential is 1-6 V. Sing 
the ionization potential of potassium is 4-3 V, these resul 
indicate a multi-stage ionization process dominated by tt 
rate of excitation of the atom. The measured values ¢ 
+ are for values of n and T much lower than those use 
by previous investigators. If the measurements fo 
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Fig. 1. Typical probe voltage traces. Upper trace, plain probe; lower: i 
trace, reflector probe 
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on}? are extrapolated according to expression (1) to 
‘alues of n and T, values of + some 10° times greater 
-for potassium are obtained. This is reasonable 
idering the much lower potentials and higher cross- 
ions of the alkali metals. Though experiments have 
viously been performed on argon seeded with small 
unts of alkali metal* these experiments are, so far 
we know, the first of this type to be made in a pure 
‘tallic vapour. 

_Nethank the United Kingdom Atomic Energy Authority 
_ financing the contract under which this research was 
formed. 
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METALLURGY 


Interconnexion of Silicon in Modified 
 Aluminium-Silicon Eutectic 

N the aluminium-silicon eutectic is rapidly frozen, 
n sodium is added in small quantities (< 0-017 
cent), the structure apparently is modified from 
ar form to a globular form of the silicon phase’~’. 
on for the modification is still a matter of con- 
, and a review of present-day theories is given by 
ck}, 

he theories presented so far claim that the fine dis- 
of silicon particles is produced by an increased 
m frequency of silicon particles at a temperature 
an the equilibrium eutectic temperature. The 
of the temperature is attributed to either a 
1 in the initial nucleation frequency'?*?-™ or 
1 growth?:4:7-13-15, 

esent theories assume that each of the silicon 
‘in the modified structure is separate from, and 
rected to, a neighbouring particle. The work 
here shows that this assumption is not valid. 
pidly cooled sample of high-purity aluminium- 
eutectic was polished metallographically to reveal 
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the modified structure. “he sample was then etched for 
24 h in a 10 per cent hycrochloric acid solution, and for 
ł h in a solution of 2-5 c.c. hydrochloric acid, 2-0 c.e. 
nitric acid, 0-75 c.c. 40 per cent hydrofluoric acid, and 
40 c.e. water to dissolve -he aluminium phase and leave 
the silicon untouched. . 
The silicon phase in ths modified structure was found 
te be interconnected in any one grain, even when the 
grains were 2 mm in diameter. The same result was 
obtained when the strusture of the sodium-modified 
alloy was examined. 
From these observations, it is apparent that in the 
aluminium-silicon eutectie the silicon phase grows from & 
common nucleus in each eatectic grain in both the rapidly 
cooled and sodium-modiied structures. In fact, the 
structure has not been ‘modified’ in the normal usage of 
this word. There is no change in the basic growth mechan- 
ism, and the structure is aot globular. The silicon takes 
up a very fine interconneeted acicular structure. 
J. A. E. BELL 
W. ©. WINEGARD 
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GEDLOGY 


Re-classification of the Ethiopian Cainozoic 
Volcanic Succession 

Recent exploration end field-work in Ethiopia, in 
particular gravity-geology surveys made by Prof. P. 
Gouin, Dr. A. S. Rogers and me, have shown the Cainozoic 
voleanie succession in essociation with the Ethiopian 
Rift System to be more complicated than previously 
suspeeted. 

The elassic work of Blenford! established the existence 
of an older, extensive, pre-rift series of lavas, the Trap 
Series, covered by a yourger, post-rift series of lavas, the 
Aden Series, the latter largely confined to the rift-system 
itself. Furthermore, Blanford divided the Trap Series 
into an earlier group of basalts, the Ashanghi Group, 
uneonfermably overlain >y basaltic and silicic lavas and 
tuffs, the Magdala Group. This classification was generally 
accepted until the work of Merla and Minucci’, who 
denied the existence of Blanford’s unconformity, con- 
sidering the tilting of the Ashanghi Group basalts to be 
due to post-Trappean tectonice movements. Merla and 
Minucei’s revision of the nature of the Trap Series suc- 
cession has been largey accepted by later workers, 
including Dainelli and myself, though Blanford’s 
terminology has been retained on the basis of lithology. 

However, the recent discoveries of wnconformities 
within the Trap Series in various parts of Ethiopia, by 
Jepsen and Athearn’, R»gers* and me’, have led Rogers 
and me to a reconsideration of Merla and Minucci’s 
arguments and a re-examination of the critical Ashanghi- 
Megdala region. The results of this new work (details to 
be published elsewhere*y have included the re-establish- 
ment of Blanford’s unconformity, and the implications of 
this finding together with additional data from recent 
studies in the Ethiopian Rift System are summarized here. 
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hield volcanoes 
Silicics and 







lts; 


(1) fissure basalts, with localized thick 
Unit 1 is the Ashanghi Group of 


formable on: 
silicic lavas in Afar. 
Blanford, and units 2 and 3 the Magdala Group. It 
would, however, be preferable to exclude unit 3 from the 





Magdala Group for reasons of age-range, localization and 
petrology. The term ‘Shield Group’ might be acceptable, 
and will be used here. 

The re-establishment of Blanford’s unconformity has 
led to the important finding that the Ashanghi Group 
lavas were down-warped (and flowed down ?) into Afar 
and the Main Ethiopian Rift during and immediately 
subsequent to their extrusion’:*. The sites of the fissure- 
feeders for these lavas coincided with the Plateau—Afar 
structural margin‘:’, where down-warping was particularly 
severe and complicated by strong north-south compres- 
sional movements. There is evidence at Amba Alaji 
(12°58° N., 39-32° E.) that these compressional movements 
had begun during the deposition of the now isoclinally 
folded Jurassic marine sediments*:*. Furthermore, the 
Ashanghi lavas seem to have been largely confined to 
the region and margins of the down-warped proto-rift 
system; they have been dated as Eocene by Lipparini?? 
and Grasty et al.}*, 

The ensuing initiation of the Arabo—-Ethiopian Swell in 
the Upper Eocene resulted in a moderate uplift of the 
whole region®?!? (ef. Dainelli?, who considered the larger part 
of the uplift of this Swell to have occurred at this time). 
This uplift was followed, over most of Ethiopia, by a 
duration of volcanic quiescence sufficient for appreciable 
peneplanation to occur across the warped Ashanghi lavas 
along the Plateau—Afar margin, prior to the first Magdala 
Group eruptions. On the northern Somalian Plateau, 
however, there was either little or no break between the 
Ashanghi and Magdala eruptions, or else a very small 
degree of uplift in the Upper Eocene. 

Unlike the Ashanghi lavas the Magdala lavas are thickly 
developed over much of the Plateaux away from the 
Rift System, perhaps because of their dominant extrusion 
from aligned centres on a gently sloping surface. These 
centres lay just outside the outer structural margin of 
Afars? on a surface suffering contemporaneous slight 
upwarping towards the Rift System. Important fissure 
eruptions of basaltic and silicic lavas occurred along the 
inner structural margins of Afar, lavas which were 
included by Gortani and Bianchi’! as the earliest lavas 
of the Aden Series. The Magdala Group lavas have been 
dated as Oligocene and early Miocene*®, 

In the Burgdigalian—Helvetian period there occurred 
the major uplift of the Arabo-Ethiopian Swell together 
with rift faulting on a large scale**-5, The great shield 
voleanoes, of which the culminating example is that of 
Semien'*, were initiated at, or shortly after, this tectonic 
paroxysm. Despite the tectonic intervention, however, 
the lack of significant unconformity between the Magdala 
Group and the Shield Group indicates a continuing though 
modified single volcanic episode. The Shield Group 
volcanoes all lie outside and in many cases well away 
from the Rift System. Until more radiometric ages are 
available it remains uncertain what form, if any, voleani- 
city took within the Rift System during Shield Group 
times, but it seems likely that the upper part of the 
Magdala lavas of the Rift System are temporally (but not 
petrologically) equivalent to the Shield Group of the 
Plateaux. The Shield Group is dated as late Miocene- 
early Pliocene, but isolated voleanoes continued their 
activity throughout the Pliocene and even into the 
Pleistocene. A good example of such late activity is 
provided by the alkaline rhyolitic centre of Mt. Kakka 
on the Somalian Plateau. 
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interval between the last Trap Series eruptions an 
first Aden Series eruptions; indeed, recent — 
suggests an overlap and a corresponding diffieul 
drawing a precise line between the two, especially wi 
the Rift System. The earliest lavas ascribed to the A 
Series are the Pliocene hyperalkaline, coarsely crysta 
lavas of which the famous Adua-Axum suite on 
northern Ethiopian Plateau is typical. These lavas _ 
aligned along approximately east-west: lines. 2 
Pleistocene volcanicity occurred throughout at 1 
two phases of renewed uplift of the Arabo~Ethio 
Swell?*, being characterized by violent silicic eruptio 
the Rift System but by basalts on the Ethiopian 
Somalian Plateaux. Such basalts dammed back L 
Tana in the down-warped and tilted Tana basin. In 
Pleistocene and Holocene times transeurrent fault: 
along the Main Ethiopian Rift? was accompanied — 
carbonatitic activity, while the latest lavas erupted fre 
the fissures and volcanoes of the Rift System have be. 
either scoriaceous olivine basalts or pantelleritic as- 
comenditic obsidians. | 
No detailed table of the succession of lavas and tectos 
events during the Cainozoic in Ethiopia is presented he» 
as information on the Trap Series succession on to 
southern part of the Ethiopian Plateau is still bei 
gathered. More important, as hinted in this communi 
tion, local variations and complexities both in læ 
thickness and types and in contemporaneous tector’ 
movements are proving to be more intricate than can.” 
satisfactorily expressed in any correlation table at preser 
In this regard the recent work of Merla?! on erosio 
surfaces in south Ethiopia and north Kenya, and > 
particular his consideration that the Plateau surface is t® 
result of post-Trappean peneplanation during the Olig. 
cene, must be treated cautiously before being extende 
into central Ethiopia’. Indeed, the conclusions « 
different investigations of the behaviour of erosion su 
















faces in southern Ethiopia are so contradictory! -18.19 
to emphasize the need for a dispassionate résumé @ 
indicate the critical regions needed for further examination | 

Finally, while this article has been briefly concerne 
with the major Cainozoic volcanic episode in Ethiopie: 
it must be noted that there was important vuleanicit 
during Mesozoic times along the present Red Sea coaste 
region. Both north of Massawa and east of the Danak — 
Alps andesitie lavas occur which are unconformabl’ 
overlain by the thick Eocene~Miocene Dogali geosyncline 
sediments of the proto-Red Sea trough; in the Danak — 
Alps these same lavas rest unconformably on late Jurassi 
limestones, thus suggesting an end-Jurassic or earl 
“ z . a + re 
Cretaceous phase of vulcanism. P. A. Mom © 








Geophysical Observatory, 
Haile Sellassie I University, 
Addis Ababa, Ethiopia. ae 
* Blanford, W. T., Observations on the Geology and Zoology of Abyssinia: 
during the Progress of the British Expedition to that Country in 186 Ges 
(London, 1870). es 
* Merla, G., and Minucci, E., Missione Geologica nell Tigrai (Rome, 1938) 
* Dainelli, G., Geologia dell’ Africa Orientale (Rome, 1943). LE 
t Mohr, P. A., Geophys. Obs. Addis Ababa Bull., 3, 103 (1963). es 
t Jepsen, D. H., and Athearn, M. J., in Land and Water Resources of the Blus 
Nile Basin—Ethiopia (Washington, 1962). ee 
ë Rogers, A. S. (unpublished results). a 
* Gouin, P., and Mohr, P., A., Geophys. Obs, Addis Ababa Bull., 3, 185 (1964) 
* Mohr, r A., and Rogers, A. 8., Geophys, Obs. Addis Ababa Bull, (in the 
press). i 

* Dainelli, G., Lexique Stratigraphique Intern., 4, Fase. 5e (Paris, 1956). 

‘Mohr, P. A., Geophys. Obs. Addis Ababa Bull., 3, 33 (1962). n 
1 Lipparini, T., Serv, Geol. Iial. Bull., 76, 95 (1954). E 
1 Grasty, R., Miller, J. A., and Mohr, P. A., Geophys. Obs, Addis Ababa Bull... 
3, 97 (1963). ne 
o Merla, G., G. Geol. Bologna, 81, 1 (1963). oe 
H Gortani, M., and Bianchi, A., Mem. R. Ace. Sci. Ist. Bologna, 8, 146 (1941), 
1: Azzaroli, A., Palacont. Ital., 52, 1 (1958). l 

16 Mohr, P. A., Geophys. Obs. Addis Ababa Bull., 8, 155 (1983). 
1? Mohr, P. A., Geophys. Obs. Addis Ababa Bull., 2, 65 (1961). 7 
14 Dixey, F., Geel. Surv, Kenya Rep., 15 (1948). E 
1 Saggerson, E. P., and Baker, B. H., Quart. J. Geol. Soe. Lond. ,121, 51 (1985Y; 





So. 5006 October 9, 1965 


Palaeomagnetism of the Isachsen Diabasic 
Rocks 


k a previous article by two of us? it was suggested 
a belt of diabasie rocks south of Isachsen in the 
_adian Arctic Archipelago appeared to be of Cretaceous 
on the basis of its palaeomagnetism. On the other 
_d, whole rock potassium/argon age determinations 
wo of the samples studied (1-A and 10—B) indicated 
ermian age (241 and 249 m.y.), in conflict with the 
~neomagnetic data. No reasonable explanation for this 
»mpatibility could be advanced at the time and, since 
Bn, one of us (R. K. W.) has re-determined the age of 
of the samples (10—B), using a mass spectrometer 
higher sensitivity than was used in the original 
inations. Another sample (9—B) was sent to the 
pe Branch laboratories, U.S. Geological Survey, and 
one (9—A) was split and one half of it was sent to 
N. J. Snelling at the University of Oxford, while 
other half was dated in the laboratories of the 
logical Survey of Canada with the new high-sensitivity 
csrument. The ages obtained in these four whole rock 
erminations are listed in Table 1. 


Table 1 
% “Ar 
imple Laboratory % K (radio-  ‘*Arj"K Age* 
genic) (m.y.) 
+B Geological Survey of 
Canada 0-93 39 000656 109 
A es oe 0-96 40 0-00660 110 
A Oxford (ref. 2) 0-94 39 0-00618 103 
B U.S. Geological Survey 0-75 66 0-00612 102 


(ref. 3) 
Constants: 4g=4-72x 10°" y-t; 7e=0°585 x 109 y-t; “K=0-0119 
Enic per cent. 


‘t is apparent from the consistency of these determina- 
ms that the rocks dealt with in the original paper’ are 
Lower Cretaceous age and that the pole position 
sived from their mean palaeomagnetic direction should 
considered as a fairly reliable one for Lower Cretaceous 
ae with respect to the North American Continent. 
We thank Dr. N. J. Snelling of the University of 
ford and Dr. 8. 8. Goldich, formerly of the U.S. 
ological Survey, for their assistance. 
A. LAROCHELLE 
R. F. BLACK 


(Geological Survey of Canada, R. K. WANLESS 


Ottawa. 
arochelle, A., and Black, R. F., Nature, 198, 1260 (1963). 


welling, N. J. (personal communication). 
oldich, 8. S. (personal communication). 


MINERALOGY 


Interstratified Mineral of Ilite and 
Montmorillonite 


A YELLOWISH-GREY tuff, about 1 m thick, is dis- 
buted over a considerable area of the Sorachi coal field, 
okkaido, Japan', as a member of the Noborikawa coal- 
aring formation. The tuff contains a small amount of 
tartz and plant fragments, but is generally homogeneous. 


ble 1. X-RAY POWDER Data or 29 A INTERSTRATIFIED MINERAL (ILLITE- 
MONTMORILLONITE) 


Air 180°C 300°C 450°C 600°C 750°C E.G. G; NH,NO, 
at 
20-4 20-4 20-4 
119 11-11 103 0-04 103 105 119 128 1141 
0-51 9-51 
7-14 
5:07 504 501 495 6504 510 513 5-90 6:13 
4:51 4-51 448 451 46l 446 4-46 448 
336 334 3-34 3-36 
(m) (m) (m) 
$28 830 3-35 3-30 3-34 3-28 


Values represent the maximum peak positions of reflexions, 
‘m) means that it may be multiple reflexions of quartz and interstratified 


à 


E.G., treated with ethylene glycol. G., treated with glycerol. 
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Having dispersed some ofthe material in water, the minus- 
two-micron fractions of the tuff were ted by the sedi- 
mentation method; Fig. | shows its electron micrograph, 
The X-ray powder patterns and data on the well-oriented 
specimens are shown in Fg. 2 and Table 1. The specimens 
were dried in air, heated at 150° C, 300° C, 450° C, 600° C, 





Air dried 
Q 
150° C 


300° C 


450° C 
600° C 
750° C 
E.G. \nr 
G. CAA, 
ere 7 
| | | 
10 20 30 40 
26 
Fig. 2. X-ray powder geas of the interstratified mineral, Q, refiex- 
ions due to quartz; E.G., treated with ethylene glycol; G., treated with 
glycerol. Operation conditions Ni filtered copper radiation. 35 kV, 
15 m.amp. Scanning speed, 1°/min; scale factor, 16; multiplier, 1; time 
constant, 4; mceiving slit, 0-4 mm 











Table 2, CHEMICA 


ord ee |. ee © EES 
eo FeO o oe OR ig “1058 -5C 
Mno 0o02 Total 990-48 





Table 2, OBSERVED AND CALCULATED SPACINGS 


is Air dried 450° C 
dons, Goal, dope, Foal, 
ES BOG A 23-8 A 
os CELO 12-02 9-64 Å 9-04 A 
B07 5-08 4-05 4-965 
3-25 3-247 3-40 3-309 


The calculation is based on the model shown in Fig. 4. 


750° C, for 1 h, and treated with ethylene glycol, glycerol 
and | monium nitrate. The chemical oun E and 





F --piperidine-treated specimens e are shown in Table 2 and 
Fig. 3. 
- All these data correspond to those of the so-called ran- 
dom interstratified minerals of illite and montmorillonite 
| reported by many investigators, but the X-ray reflexion 
at about 29 A in the natural specimen (uppermost in Fig. 
2) cannot be expected from the random structure. Sato 
has proposed? that the interstratified mineral would take 
its layer arrangements to minimize the total interaction 
energy, and that it should be treated for at least Rechweite 


A 





19 20 30 


Fig. 5. X-ray reflexion curves dog (005). A and B, air dried, obser 
vation, calculation, N = 60 (total number of layeri), C and D, heated at a 
450° C, observation, calculation, N = 150 
g=1, not g=0 (random). With this in mind, xe 
reflexion curves along (00%) in the air-dried specimen a 
the specimen heated at 450° C-—the intensity of which w 
calibrated at low angles in consideration of the slit syste. 
used—were carefully compared with mathematical curve. 
The calculation was based on the models shown in Fig. 
As a consequence, it was found that the specimens weres 


























| -3  interstratified mineral of illite and montmorillonite 
0 500 1,000° C which the component of illite (Wr) is 0-72, that of mor 
Fig. 3. Differential thermal analysis curves of the interstratified mineral. j ; i a shite of meow 
a Natutalc Heated wih oierdine morillonite (Wm) is 0-28, the probability of finding il 
succeeding illite (Prz) is 0-611, and the probability. 
A finding montmorillonite succeeding montmorillonite (P x 
, 7 Ee : is 0-0. The result is shown in Fig. 5 and Table 3 (and: 
| ® ok 8.43 Hj graph in ref. 2). P 
e We thank Prof. T. Sudo for his advice. 
ae ree : : Mirsvo Sato 
4llite sorz 4.46 0104 Kaoru OINUMA 
4 Al 3,38 Kazuo KOBAYASH 
402 0R 2.27 Geological and Mineralogical Institute, _ x 
4 St 0.62 Faculty of Science, 
60 DOV Tokyo University of Education. A 
? Kobayashi, K., and Ojpuma, K., J. Geol, Soe. Japan, 778, 506 (1960)... i 
4 R0 13.24 * Sato. M., Nature:208, 70 (1968). A 
——— 4 K.0 8.92 am 
z : CRYSTALLOGRAPHY 
montmorillonite 15.40 å byt 
& 0 6.76 + * . * ie 
ee 6.13 Pairs of Spiral Etch Pits in Ice Crystals. 
i as Ix an earlier communication}, I reported obse 
+ Al 2ra tions of spiral etch pits in ice crystals which had 
x Soe ee large step heights (200-2000 A). At that time no di 
et 0°00 | explanation of their origin was offered; but in 


jt + 2 x 
Fig. 4. ite and montmorillonite models used in calewation of X-ray of further investigations of ice aT ys stal etch pi it, these 
intensity pits were postulated to correspond to dislocations. 
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ny crystals, however, the step height of the spiral etch 
s is quite large in comparison with the Burgers vector, 
1 it is thus impossible to determine the causal factor’. 
ecently, an attempt was made to verify the real 
chanism involved in etching in ice crystals, and it 
s found that pairs of etch pits may develop on the 
101} surface in which the pairs consist of one right- 
d one left-handed spiral. These are often remarkably 
ular to those one would expect from a Frank—Read 
irce (Figs. 1 and 2). Sometimes, pairs of pits with a 
idirectional spiral are observed (Fig. 3). It is of 
erest to note that each pair of etch pits is closely 
@ened to crystallographic orientations such as < 1010> 
<1120>. In Figs. 1 and 3, the distance between a 

ir of pits is about 8u and in Fig. 2 the distance is 50u. 
If we assume that these spiral etch pits correspond to 
re screw dislocations lying on a prism plane, the 
irgers vector should be <0001> , which vector, although 
ssible, has never been reported in ice crystals or in any 
Mher hexagonal crystals. If this assumption is correct, 
me existence of paired etch pits consisting of one left- 
.d one right-handed spiral implies a dislocation half 
op on a prism plane (Figs. 1 and 2). With regard to 
é large angle of the pitch of the spiral, one interpretation, 
sed on the presence of a dislocation or a helical dis- 
cation, has been given by Ellis‘ and Amelinckx et al.*, 
sd another by Lang* which is not based on the presence 
‘dislocations. It is possible that the large step heights 
served are not formed from screw dislocations with 
argers vectors of this magnitude, but develop during the 
aching process from aggregations of asymmetrical spirals 
hich develop about the point on the surface at which 
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Fig. 1. A pair of etch pits on a {0001} plane. Note that one is right- 
handed and the other is left-handed 





Fig. 2. 


A pair of fairly widely separated etch pits on a {0001} plane, 
One spiral is right- and the other left-handed 
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Fig. 3. A pair of etch pits: with unidirectional spirals 


the dislocation emerges. This closely resembles the 
mechanism proposed by Amelinckx et al.* which requires 
a helical dislocation; but there is no reason why a screw 
dislocation could not develop such a spiral. Although 
this appears to be a pħusible explanation of the large 
angle of pitch observed, further detailed investigation is 
required for any definit2 conclusions. 

Recently, the first direct observation of dislocation in 
ice crystals has been »eported by Hayes and Webb’, 
using Lang’s X-ray transmission method. They found 
that dislocation segmenzs in the (0001) plane are quite 
long and are oriented perallel to <1010> and <1120>. 
Judging from the results of direct observations and from 
successive etching of besal surface, which give a three- 
dimensional picture of she dislocation arrays, the non- 
basal segments of these dislocations are probably very 
short, and one may expect that there would be a long 
distance between a pair of pits. 

If this speculation is cerrect, dislocations with < 0001 > 
Burgers vectors may exist in ice crystals and may provide 
a clue to an understandmg of some unexplained observa- 
tions of dislocation movement in ice crystals. 

J. MUGURUMA 

Department of Applied Physics, 

Hokkaido University, 
Sapporo, Japen. 
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CHEMISTRY 


Simultaneous Ox dation and Reduction of 
Dipheny! Picrythydrazyl on Surfaces : 
Evidence for Catalytic Activity of F-centres 


We have recently found that diphenyl picrylhydrazyl 
undergoes intermolecular oxidation and reduction quite 
rapidly on carbon black (Cabot: ‘Carbolac 2’) and on a 
high area TiO, (anatases which has almost a monolayer 
of sulphuric acid on its surface. 

With 2 g of diphenyl p crylhydrazy] dissolved in 250 c.e. 
of benzene and 25 g of anatase (263 sq. m/g, containing 
7-55 wt. per cent of sulphuric acid) the reaction is more 
than 90 per cent completes in 90 min. 

The non-volatile prodacts obtained after filtering and 
distilling off the benzene are dissolved in chloroform. The 
benzene distillate contains considerable quantities of 
quinone. The non-volatile products can be seen to con- 
tain yellow needles of crystalline quinone which can be 













eduction of 151 per cont or the adal This compound 
s from self-reduction of the hydrazyl radical while 
none results from simultaneous oxidation of another 
T ` molecule of the radical in consecutive steps. 2’,4’,6’- 
-trinitro- -4-aminodiphenylamine (picryl phenylenediamine) 
is isolated from one of the bands almost pure; usually 
about. 0-10 g, m.p. 142°-143° (found: C, 45-65, 45-83; 
H, 2-90, 2-67; N, 21-50, 21-24; mol. wt. (Rast 290); cal- 
“culated for C,H N0: C, 45:15; H, 284; N, 21-94; 
mol. wt., 319). 
oe he: ‘only obvious way to make this compound is by the 
„aeti 1.0f picryl chloride on phenylenediamine, but this 
~ has been shown to yield a high melting product. 
According to Wedekind', the product is an addition 
-product (found: C, 40-90; H, 3°14; N, 19-91). He states 
that this corresponds to the addition produet C,,.H,.N;0,Cl 
(cale. C, 40-48; H, 2-81; N, 1973). Wedekind’s work was 
=> repeated by Morgan and Micklethwait?, The product has 
-a melting point of 185°-187° and forms a sparingly soluble 
salt with strong hydrochloric acid, but they give no 
analysis. 

A consideration of the possible resonance forms involv- 
ing the para groups would lead one to expect that: the salt 
would be unstable. Attempts to hydrolyse the compound, 
m.p. 142°-143° (which analyses for N-picryl phenylene- 
diamine), to its components yielded a mixture of alkali 
and acid insoluble products. 

The following series of reactions is one explanation of 
what has obviously happened. 


Reduction : 





9 9 
` 
, = . 
NN + © 4 Ht -— N—NH— Pic 
P 
P P 


(Pic==Piery]) 
Oxidation : 


o To N-N Pic 
SEE “| 






H 
HO—¢ ri 


‘<= N+N—Pie HO- —N-—N-— Pic 
ya <> 
? 
Rearrangement : 
O< -_ 
ON ue ‘NH 
HO- p em PIG > 
; ie | j sees Pd 
ree ọ H Pie HN—C Y 
Oxidation : 
HO x 
CPS 
‘NH + 20H- > 
Pic HN |” 
Ox’ N 


se << Į L2 
< > =N P +2 








| indanitin. Hy paralysis. ‘yields ds: qui 
pieryl U ine as found. It could’ 
picramid and p-aminophenol. If the first oxidation s 
involves the ortho position the indanilin then has’ 
ortho-quinoid linkage and would yield orthequino 
a difficult substance to isolate. If the rearrangement” 
equivalent) of the p-hydroxydiphenyl picryl hydraz 
involves the ortho position of the phenyl group, process 
involving a cyclic intermediate are possible. Likewise th 
p-hydroxy diphenyl picryl hydrazine could be oxidi 
to the substituted hydrazyl. The total amount of X 
picryl diphenylamine, if all the reaction went as outline: 
should be 0-4 g. 

The reaction occurs very slowly on sulphuric-acid-fre 
TiO, (anatase) and silica gel. It occurs rapidly in sulphur 
acid saturated benzene. On ‘Carbclac 2’ without any addi 
tion of acid or water the reaction occurs at one-fi 
the rate of that on the anatase (7-5 per cent sulphu 
acid), yielding the same products. : 

During the reaction on the anatase no sulphurie aci 
was removed. Results to be reported elsewhere shov 
that on all surfaces the reaction is first order in the radica 
This indicates a mechanism involving mobile F-centre 
or the equivalent as the only possibility. 

The triggering reaction must be the addition of a 
electron to the hydrazyl in the reduction part, since th: 
oxidation part involves consecutive reactions. On the 
anatase the reaction yielding the electron is: 

TiX, + H,O > Ti(OH)X, + Ht + © 

where X represents any group covalently linked to titan 
ium. The reaction taking the electron in the oxidatio 
part is: 























































Ti(OH)X, + © —» TLX, + OH- 


These two reactions yield a stoichiometric balance wit), 
the reduction and oxidation equations written here: a 
The first involves the destruction of an F-centre whick” 
must appear elsewhere if the surface is mobile. Th 
electron to produce an F-centre cemes from the oxidatio: 
step. 
This work was supported by a grant from the U. we 
National Science Foundation. : 
JOHN G. ASTON 
Dwartka N. MISRA i 
KATHERINE M., CrRESSWELL 
Department of Chemistry, i 
Pennsylvania State University, 
University Park. 
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Correlation of Sodium Atom Reaction 
Rates with Electron Capture Cross-sections 


Tae classic Polanyi flame work*®? explored the reaction 
of sodium atoms with a very wide range of haloger: 
compounds. For some of these the rate constants wer 
found to be extremely large (~ 10" c.e. mole-! sect) 
corresponding to “reaction on more than every gas 
kinetic collision”. This was attributed to an electron-jump 
mechanism, ce 


Na + X — R-»Nat—X-~-— RNa? X-+R 


Here essentially all collision trajectories that pass within. 
the radius re at which formation of the ion-pair become 
possible lead to reaction®. This radius is given by e7/re= 
I(Na)— E(X — ER), where I denotes the ionization poten 
tial of the alkali atom and Æ? the vertical electron affir 
of the halogen molecule. Recently, several alkali a 
reactions of this type (with X —R = Bra, Icl, PBr,, ¢ 
SnCl,, SF,, ete.) have been examined in ‘molec cular bee 
scattering experiments'. ‘The form of the: an rular distril 
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ms of elastic and reactive scattering and other detailed 
namical properties observed in these experiments can 
: very plausibly interpreted in terms of the electron- 
mp mechanism. 

However, a much larger class of ‘reactions with inertia’ 
1s also examined in the Polanyi sodium flame experim- 
ts. These cover a broad spectrum of reactivity and many 
oceed at rates which are ~10* times slower than 
action at every collision’. The simple electron-jump 
echanism cannot apply to these reactions, as the cross- 
tions correspond to such small values of r. that other 
iemical interactions must become very important. 

is therefore of particular interest to note a simple 

rrelation which indicates that even for this class of 
actions the electron affinity of the reactant molecule 
ays a dominant part. 

Recently, Lovelock has estimated electron absorption 
sweffiicients for many compounds from gas chromato- 
‘aphy®. Under the conditions of measurement this co- 
ficient is a thermodynamic parameter. It governs the 
ermal equilibrium between electrons, 10ns, and neutral 
olecules and is essentially a measure of the adiabatic 
ectron affinity*. (The difference between the vertical 
id adiabatic electron affinity becomes urelevant for 
actions with small values of re as the bond distances in 
1e transition state are expected to be considerably 
isplaced from the equilibrium values in the isolated 
sxactant molecule.) The electron absorption coefficients 
10w systematic variations with chemical structure which 
ovelock has mapped out. His results are remarkably 
milar to those found for Na atom reaction rates in the 
‘olanyi experiments. For example, the following factors 
iarkedly enhance both capture of thermal electrons and 
saction with Na atoms: (1) change of the halogen atom, 
1 the order F—>Cl—Br—I; (2) presence of an oxygen 
tom in addition to the halogen ; (3) multiple substitution 
rhich increases the number of electrophoric groups 
r brings them closer together; (4) location of the halogen 
tom at an allylic or benzylic position (double bond in 
-position to X atom). Also, the rates for both processes 
re depressed when (5) the halogen atom is adjacent to an 
tthylenic double bond or a benzene ring (double bond in 
<-position to X atom). 

Only order-of-magnitude values are known for both the 
lectron absorption coefficients and the Na reaction rate 
onstants. However, the correlation holds for a wide 
variety of compounds and in the case of factors (1) and 
3) covers a range of ~ 105 in reactivity. Fig. 1 gives a 


No 5006 


10° 


10? 


10! 


Electron absorption coefficient 





10° 
a HEI 
© CH,=CHCI 
10-1 
101° 101 1932 1033 1014 


Rate constant for reaction with Na 
(c.c. mole-! sec-*) 


Fig. 1. Correlation between electron absorption coefficients (at 100° C) 

and rate constants for reaction with sodium atoms (at 250° C). The line 

is included merely to indicate a slope of unity. The values of the electron 

absorption coefficients are relative to that for chlorobenzene, which is 
taken as unity 
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comparison for a few chlorinated hydrocarbons and illus- 
trates the operation of factors (3)-(5). The values given 
for the electron absorpzion coefficients® are relative to 
that for chlorobenzene. Approximate absolute values 
can be assigned since th> cross-section for chlorobenzene 
has been estimated’ to be ~ 0-1 to 1 A?. Thus an absorption 
coefficient of 10° corresponds to a cross-section of about 
100-1000 A?. For the Na reactions the cross-sections can 
be roughly estimated fran the ratio of the rate constant 
to the average thermal velocity; a rate constant of 101 
corresponds to a cross-se>tion of about 30 A’. 

The extended parallelism between electron affinity 
and reactivity indicatec by this correlation is perhaps 
to be expected from familiar arguments concerning 
stabilization of the transition state by charge delocaliza- 
tion®?. For these simple gas phase reactions, it seems 
likely that the factors (1)-(5) are mainly governed by 
delocalization. Although these factors sometimes operate 
in a qualitatively similer way for reactions in solution, 
they are often overcome by other effects’. 

We thank Dr. J. E. Lovelock for his advice. This work 
was supported by the U.S. National Science Foundation. 
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A Preparation of Cementite 


SEVERAL methods fo? the preparation of the carbides 
of iron have been reported in the literature. In order to 
obtain a satisfactory product it may be necessary to use a 
relatively high temperature’, or long periods of reaction. 
during which reaction conditions must be controlled 
within narrow limits for several weeks?3. Using these 
methods we found considerable difficulty in preparing a 
sample of iron carbide which was sufficiently pure to be 
used in a projected stucy. During preliminary investiga- 
tions of reactions of transition metal salts of organic 
acids, however, it was noticed that the solid residue from 
the thermal decomposition in vacuum, at about 500° C, 
of a ferric salt of mellitic acid gave an X-ray diffraction 
pattern characteristic o7 cementite. This communication 
is concerned with the tse of this compound for the pre- 
paration of cementite. A detailed report of the kinetics 
of the thermal decomp sition reaction will be published 
elsewhere’. Studies of the thermal decomposition of 
ferric salts of benzoic and of phthalic acids showed that no 
detectable cementite was present in the non-volatile 
crystalline products. 

For use in the prepazation of cementite the ferric salt 
of mellitic acid was formed by heating two moles of 
ferric hydroxide with one mole of mellitic acid in a little 
water at 90° C for 30 min. The ferric hydroxide had been 
freshly precipitated from ferric chloride solution by the 
addition of ammonium hydroxide (both ‘AnalaR’), boiled 
and washed by decantat-_on six times. For the present study 
five preparations of ferric mellitate were investigated, in 
which the tan-coloured precipitates formed as above were 
treated as follows: 
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Sample A, filtered immediately after cooling, but not 
washed. 

Samples B1 and B2, washed by decantation; the pre- 
cipitate remained tan coloured. 

Samples C1 and C2, the wet product washed with 
distilled water on the filter paper. Part of the product 
darkened, suggesting that some hydrolysis occurred. 

Each batch of material was dried and the elements 
determined by combustion analyses. Iron was calculated 
from the weight of the residue from ignition in oxygen, 
which was assumed to be Fe,O, only, and oxygen was 
found by difference. Results are shown in Table 1. The 
relatively large iron content of samples Cl and C2 is 
consistent with the foregoing view that some hydrolysis 
of the product has occurred, possibly yielding some ferric 
hydroxide. 


Table 1, ANALYSES OF IRON SALT OF MELLITIO ACID 


Sample Fe Cc H O 
A 20°78 24-91 2°57 51-74 
B1 20:45 24 61 2 53 62°41 
B2 20 84 23-91 2 64 52 61 
C1 23 51 24:08 2 48 49 93 
C2 24°06 24-13 2 52 49-29 


The non-volatile products remaming after thermal 
decomposition of samples of the foregoing salts between 
470° and 500° C im vacuo or in contact with the gaseous 
products (excluding water) were pvrophoric, and consider- 
able difficulty in handling was experienced. Products from 
decompositions between 450° and 470° C did not so readily 
oxidize in air. Decomposition of samples of salts Cl and 
C2 gave solid products which X-ray examination showed 
to contain appreciable amounts of Fe,0, and/or Fe,0, 
together with a diffuse pattern attributable to cementite. 

Samples of preparations A, Bl and B2, when decom- 
posed for intervals between. the limits 6 h at 460° C and 
l h at 500° C, gave cementite as the main crystalline 
product, but this was only observed for those samples 
in which atmospheric oxidation was prevented by chilling 
the sohd to —195°C before admission of air to the 
apparatus, and subsequent storage under benzene. 
Samples for X-ray mvestigation were thoroughly mixed 
with a glue before evaporation of the benzene. Small 
traces of oxide were detected in the products from those 
reactions in which the gaseous decomposition products 
were allowed to remain in contact with the reactant during 
decomposition. 

Samples of cementite, having X-ray diffraction patterns 
almost identical with a sample of cementite supplied 
by Dr. L. J. Dry of the 8.A. Coal, Oil and Gas Corporation, 
Ltd., Republic of South Africa, were obtained by decom- 
position of 15 mg of sample B1 and of 2 g of sample B2 
at 480° C with continual evacuation of products. Both 
samples were pyrophoric and an attempt was made to 
prevent atmospheric oxidation by the methods already 
described. 

Determination of the surface area of the product 
cementite, from measurements of the adsorption of nitro- 
gen at — 195° C and application of the Brunauer—Emmett— 
Teller equation, showed that both sample B1, after 
decomposition 2 h 480° C with accumulation of gaseous 
products, and sample A, after decomposition 2 h 470° C 
with continual evacuation, had surface areas 240 + 10 m? 
gl, Due to difficulties in handling in air we cannot be 
certain that no oxidation of these samples occurred, but 
both results show that a high surface area product ıs 

ven. 
= The detailed mechanisms of the decomposition reactions 
are discussed elsewhere’, and only particular points arising 
from the results presented here will be considered : 

(1) The decomposition, product contaims excess carbon; 
the composition 1s believed to be Fe:C::1: 2-6. It is 
probable that a layer of finely divided carbon over the 
crystallite surfaces reduces sintering, so stabilizing the 
high-area product observed. 
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(2) The product from decomposition in the preser 
of gaseous oxides of carbon was indistinguishable fre 
that observed from decomposition with continual evact 
tion. It seems probable, therefore, that the carbide w 
formed by the interaction of the finely divided 1ron—carb 
mixture (the latter being the non-volatile product frc 
the aromatic ring present ın the acid radical) rather th. 
@ mechanism in which finely divided iron reacted wi 
gaseous carbon monoxide. 

(3) It is suggested‘ that the decomposition of the fer 
salt of mellitic acid 400°-500° C may involve reacti: 
between a carbonaceous residue and an iron oxide. T 
foregoing results for samples Cl and C2, where it 
believed that ferric oxide was present in the reactar 
suggest that the presence of this oxide may modify t 
course of the decomposition reaction to yield a produ 
containing an appreciable amount of oxide. The mec 
anism described‘, however, may be applicable to sampl 
containing lower oxides of iron where ferric hydroxide w 
absent from the reactant. 

Cementite may therefore be prepared by the meth« 
outlined here. Two disadvantages of the method are th 
the product contains excess carbon (Fe: C::1: 2-6) ar 
that the pyrophoric materal is difficult to handle. A 
vantages of the method are that cementite may i 
prepared relatively rapidly at a low temperature (namel 
< 500° C) in a glass apparatus. 

One of us (J. F.) held a postgraduate studentsh’ 
awarded by the Ministry of Education, Northern Irelan: 
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Oxidation of Some 2,4-Dinitrophenylamines wit! 
Ceric Salts 


DURING an investigation into the mechanism c 
cerlum-initiated graft polymerization of acrylic acid o 
to nylon, the behaviour of the dinitrophenylated fibr 
led us to examine the oxidation with ceric salts of som: 
model 2,4-dinitrophenylamino-compounds. Since we ar 
unable to complete the work, we are reporting the prelim 
mary results, which may arouse interest elsewhere in the 
possible scope and mechanism of this reaction. Th 
compounds examined were the potassium salts of DNP 
taurine (I, m.p. 249°-252° C) and 3-DNP-aminopropane 
sulphonic acid (II, m.p. 231°-233° C), the base (III 
m.p. 71°-73° C) and its quaternary derivative (IV, m.p 
276°-277° C), obtained in 70 per cent yield by treatmenw 
of III with 1,3-propanesultone in boling acetonitrile fo 
7h; they all gave satisfactory analyses. 


DNP.NH.CH..CH,.80,K DNP.NH.CH,.CH,.CH,.SO,K 
(I) (IT) 
DNP.NH.CH,.CH..NMe, 
(IIT) + = 
DNP.NH.CH,.CH,.NMe,(CH,),SO, 
(IV) 


Oxidation at room temperature of each DNP-amine 
(0-01 g-mol) in water (50 ml.) or, for IIT, N sulphuric acidi 
(50 ml.) with a solution of ceric ammonium sulphate 
(0-03 g-mol.) in N sulphuric acid (100 ml.) rapidly gave 
a yellow precipitate, which was isolated after 1 h and 
shown. to be 2,4-dinitroaniline by comparison of its m.p. 
and infra-red spectrum with those of an authentic speci- 
men. The yields were 95, 88, 75 and 70 per cent, respec- 
tively. Limiting the amount of oxidant to 1 mol per 
mol DNP-amine resulted in only an approximate halving 
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the yield of 2,4-dinitroaniline and no intermediate 
oduct was detected. Taurine did not reduce ceric 
monium sulphate significantly ın 7 days at 25° C. 
ites of oxidation at 25° C (Fig. 1) were determined by 
ating the compounds (0-001 g/mol), dissolved ın water 
N sulphuric acid (50 ml.), with ceric ammonium 
‘phate (0-005 g mol) in N sulphuric acid (50 ml.) and 
rating aliquots (10 ml.) of the reaction mixture with 
)5 N ferrous ammonium sulphate at suitable intervals. 
‘ese curves indicate that the rapid primary oxidation 
aiding 2,4-dinitroaniline requires two equivalents of 
«rium, and if an analogy can be drawn with the oxidation 
alcohols by ceric salts! or of alkylamides by per- 
lphates? one possible reaction path involves initial 
«mation of a radical by abstraction of hydrogen at the 
«arbon atom; disproportionation of this yields an 
amine, which 1s then hydrolysed. Alternatively the 
amine may result from direct attack of the radical by 
«second cerium ion: 


DNP.NH.CH,.CH,R 


No 5006 


Cet4 


l 
DNP.NH.CH.CH,R 
| (2 mol) \ oor 


DNP.NH.CH,.CH,.& + DNP.NH.CH : CH.R 
H,.O, Ht 


DNP.NH, + OHC.CH,.R 


nce the solutions were not de-aerated. routes involving 
«xidation of a peroxide derived from the initial radical 
1d. oxygen could also be impheated. Further, slow 
xidation of the aldehyde would account for consumption 
mM cerium beyond two equivalents. 








Cet* consumed (mol/mol amine) 
ee 
= 


2 
n 


0 
0 30 60 90 120 150 
Time (min) 
Fig. 1. Oxidation of the 2,4-dinitrophenylamines I-IV with ceric am- 


monium sulphate at 25° C 


The solutions obtained from oxidation of compounds 
(-III with 3 equivalents of ceric ammonium sulphate, 
after removal of dinitroaniline and cerium salts, on 
sreatment with 2,4-dinitrophenylhydrazine in 5 N hydro- 
shloric acid at 25° C yielded derivatives which, after 
cecrystallization, melted with decomposition at 239°-244°, 
202°—203° and 158°-159° respectively, and gave elemental 
analyses differing greatly from those of the expected 
aldehyde 2,4-dinitrophenylhydrazones. However, a con- 
zentrated solution from oxidation of compound (III) gave 
glyoxal b¢s-2,4-dinitrophenylhydrazone when boiled with 
the reagent in N hydrochloric acid, as did the authentic 
diethyl acetal of dimethylaminoacetaldehyde*%, thus 
affording some confirmation that this aldehyde is a product 
of the oxidation. 
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BIOCHEMISTRY 


Enzyme Regulatory Mechanisms at the Level 
of Lactate-oxidorəductase in Erythrocytes 
and Ascites Tumour Cells 


IN recent years several attempts have been made at a 
complete analysis of metabolic pathways. In comparing 
complex systems, be they intact cells or homogenates, 
with isolated enzymes, both similarities and differences!-3 
have been found. So zar no single pathway has been 
completely elucidated with respect to its kinetics. For 
this reason we turned to the erythrocyte, as representing 
both structurally and metabolically one of the simplest 
biological systems. One line of research which is to be 
reported here was concerned with the regulation of gly- 
colysis on the level of lactate oxido-reductase. These 
studies were extended to ascites tumour cells. In view of 
the generally high activ-ty of the lactate oxido-reductase 
(LDH) it may be assurred that the lactate/pyruvate sys- 
tem is at equilibrium wishin the celli. Recently, however, 
deviations from the expected lactate/pyruvate ratios have 
been observed in brain homogenates’. We explored this 
question in a more detaked manner by studying the effect 
of pH on the formation of pyruvate and lactate. 

The pH dependence oj the lactate/pyruvate ratio. From 
the stoichiometry of the LDH reaction one would expect 
a pH dependence of she lactate/pyruvate ratio such 
that with increasing pH this ratio is diminished. Table 1 
shows that the experimental results do not correspond to 
this assumption. As a matter of fact, in erythrocytes just 
the reverse is observed. For further study of these para- 
doxical observations ths pH dependence of the lactate/ 
pyruvate ratio of strome-free dialysed haemolysates and of 
particle-free homogenates of ascites tumour cells was 
studied. The formation of pyruvate from added NAD and 
lactate was determinei at varying pH values. The 
amounts of pyruvate observed were compared with cal- 
culated values based on the equilibrium constant of LDH. 
The results were the saxe as with intact cells. While there 
was approximate agreement between expected and experi- 
mental pyruvate formazsion at pH 8-4, twenty times the 
expected value of pyruvate was formed at pH 6-4. To 
explain these results w= postulated the existence of an 
oxidation factor in erythrocytes and ascites tumour cells 
which disturbs the lactate/pyruvate equilibrium particu- 
larly at lower pH-valucs. 

NADH,- and NADPH,-oxdases in erythrocytes and 
ascites tumour cells. Further experiments have indeed 
demonstrated, both in erythrocytes and in ascites tumour 
colls, extramitochondrial enzymes which oxidize NADH, 


Table 1. LAOTATE/PYRUVATE RATIO IN ERYTHROCYTES AND ASOITES 
TUMOUR CELLS 


10-* moles/1. Lactate/ 
pH Lactate Pyruvate Pyruvate 
Eryth. Ascites Ery th. Ascites Eryth. Ascites . 
tumour cells tumour cells our cells 
64 2 57 28°3 0 148 1-47 17°3 19 2 
7-0 — 80 6 — 1-34 — 22-8 
7'4 3 03 35 5 0-089 1-30 383:7 27-8 
8-0 = 845 — 1 08 — 319 
84 4 86 — 0:033 — 148-0 — 


Human erythrocytes were incubated with 0-2 M tris-maleate buffer. 
Ascites tumour cells were incubated in Ringer-phosphate-bicarbonate 
solution at 3 75° C. The gluccse concentration was 250 mg/100 ml. 
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Table 2. OXIDASE ACTIVITIES WITH NADH, AND NADPH, IN ERYTHRO- 
CYTES AND ASCITES TUMOUR CELLS 
Enzyme activity 
10-* moles/I.cells/min 
ADH, NADPH, 
Human erythrocytes 0-102 0'177 
Rabbit erythrocytes 0-113 0:099 
Ascites tumour cells 0-017 0'018 


The oxidases were Measured spectrophotometrically at 340 nm, after 48 h 
dialysis in 0-1 M. phosphate buffer, pH 6-4. 


and NADPH, (Table 2). In Fig. 1 the pH-dependence of 
the erythrocyte oxidases is shown in a haemoglobin-free 
haemolysate of rabbit erythrocytes. It may be seen that 
both enzyme activities are optimal at pH 6-4. The 
NADH, oxidase activity is inhibited by higher concen- 
trations of its substrate; with 1x 10-* M NADH, inhibi- 
tion was practically complete. The inhibitory effect of 
NADPH, on its oxidase was much less pronounced. Under 
anaerobic conditions the oxidase activities were low 
whereas cyanide had no effect. From these observations 
it would appear that the oxidases are flavin e es. 
Formerly the existence of NADH,- and NADPH,-dehy- 
drogenases (diaphorases) had been demonstrated in hae- 
molysates. It might well be that the oxidases here 
described, and the dehydrogenases, are identical. On the 
other hand, it could be demonstrated that the oxidation. of 
NADH, and NADPH, is mediated by at least two different 
enzymes. From the results in Table 3 it may be seen that a 
significant separation of the two activities could be ob- 
tained, so that a more than twenty-fold shift in the oxidase 
activity ratios of NADH, and NADPH, could be ob- 
tained. The two.enzyme activities also differed in their 
stability towards lyophilization and dialysis, the NADPH, 
oxidase being the more sensitive. The dehydrogenase 
activities resembled the oxidases. The activity of these 
ratios was shifted about fifty-fold by the fractionation. 
The ratio of the oxidase to diaphorase activity was sig- 
nificantly higher with NADPH, as compared with NADH. 
Further purification of the enzymes is in progress. 

The lactate-N.ADP-oxidoreductase in erythrocytes and in 
ascites tumour cells. The literature contains several reports 
concerning the reactivity of LDH of different tissues with 
NADP. With purified enzymes, various ratios of activity 
with NADP as compared with NAD have been reported, 
ranging from 0-003 to 0:05. In other communications the 
importance of this reaction for the generation of NADPH, 
for biosynthesis has been assessed‘®. We have performed 
similar experiments on erythrocytes and ascites tumour 
cells. Table 4 summarizes the data from the literature 
together with our own results. It may be seen that ery- 
throcytes have the highest activity with NADP which has 
been observed so far. The variation in the activity of the 
LDH with the two coenzymes led us to search for an 
NADP-specific LDH. In Table 5 are shown the results of 
a preliminary separation on DEAE cellulose. Whereas the 
original ratio of NAD/NADP activities in the dialysate of 
erythrocytes was 10:1, it increased to 60:1 in the first 
eluate and was only 1:2 in the second fraction. 
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Fig. 1. pH-dependence of NADH, ( ) and NADPH, oxidase 
(----) in erythrocytes. 0-1 ml. of eluate (DEAE cellulose column) from 


stroma-free haemolysate from rabbit erythrocytes, 3-0 ml. of a O'I M 
phosphate buffer and 0-02 ml. of NADPH, solution, final concentration 
: 6 X10- moles per cuvette 


In Fig. 2 are shown the pH optima of the two enzyn 
activities in erythrocytes. Whereas the main optimum : 
the NADP-dependent LDH is located at about pH 6- 
two optima were observed with NAD; the main optimu» 
was at about pH 9-0 and a second one at about pH 5 
In a dialysate of ascites tumour cells (Fig. 3), the pr 
optimum of the NADP-dependent LDH was also at pve 
5-8-6-0 and that of the NAD-dependent enzyme at pH 8-™ 

Tt is conceivable that the acid pH-optimum represent» 
an isoenzyme of the NAD-dependent LDH. 

From these results it would appear that an NADI 
dependent LDH occurs generally and accounts for th 


Table 4. LACTATE OXYDOREDUOCTASE WITH NADP AND NAD 


NAD NADP NADP/NAD 
Erythrocytes 8-50 0°72 0 085 
Ascites tumour cells 41-70 1 00 0°024 
Rabbit muscle — — 09:0057 ( 
Bovine heart muscle — — 0-01-0-003 (£ 
Cattle retina — — 0-05 (í 
Bovine cornea — — 0:005 (14 


1 enzyme unit =1 x 10- mole/I./min. 


Table §. LACTATE OXYDOREDUCTASE IN HAEMOLYSATE OF RABBIT ER} 
THROOYTES AFTER DEAE-CELLULOSE FRACTIONATION 


Vol. Proteins Enzyme units/vol. ee act.x107 NAD/ 
(ml.) (mg) NAD., NADP AD NADP NADP 
70 ©6,195-0 15:2 1°45 2°5 0:24 10 Stroma-free 
haemolysat’ 
(dialysate) 
240 98-6 49-3 0°83 499 0 8:4 60 Fraction I 
600 126-0 0-24 0-51 2-0 4-0 0-5 Fraction II 


1 unit=1 x 10-* mole/ml./min. 


Table 3. OXIDASE AND DEHYDROGENASE (DIAPHORASE) ACTIVITY IN ELUATES FROM A DEAE CELLULOSE COLUMN OF A HAEMOLYSATE 





Units/vol.* 


NADH, 
NADPH, 


NADH, 
NADPH, 


NADH, 
NADPH: 













* 1 oxidase unit=10 moles/ml./min. 
+ The activity in the dialysate of the stroma-free haemolysate could not be measured because of the premo. of haemoglobin. The haemoglobin wa 


eluated from the column with 0-002 M phosphate buffer, pH 7-4, whereas fractions I and II were eluated wi 
determined. Diaphorase activities were measured with dichlorphenolindopheno! and K,Fe(CN), 2 


was lyophilized and dialysed again and the activity 
acceptors. 





Specific activity NADH,/NADPH, .- | 

















Diaph. 
94-0 Dialysate 
. 90 | Fraction I 
1-7 Fraction II 









0-53 Fraction Ia 


0-045 






1 diaphorase unit=10-* moles/ml./min. 


0-2 M buffer at the same pH. Then Fraction 
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ing activities with NADP reported in the literature. 
enzyme plays a definite part in the metabolic regula- 
of the cell. The importance of provision of NADPH, 
various ‘reductive syntheses has been stressed’. The 


JP-dependent LDH is probably the specific mediator 
mho reduction of NADP by lactate. On the other hand, 
»xidation of NADPH, by pyruvate may also have a 
«latory significance. Another aspect of its function is 


» Of a cross-link between the Embden—Meyerhof and 
oxidative pentose pathways. 
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Relating to the outset of our investigations, an explana- 

tion of the deviations of the lactate/pyruvate ratio from 
the theoretical values has been found in the activities of 
2 types of enzymes? (1) the NADH, and NADPH, oxi- 
dases, and (2) the NADP-dapendent LDH. In addition we 
have recently found an LDH which is independent of a 
pyridine nucleotide in ascites tumour cells‘, 

Lhe effect of the oxidases is probably the more impor- 
tant one of the two. The oxidases represent part of the 
extramitochondrial oxygen uptake of the cells. For ery- 
throcytes at least, their contribution may be of some 
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ng. Z pH-dependence of LDH in erythrocytes. 0-1 ml. of eluate 

P-LDH/8 2 ml. total volume 0 05 ml. of eluate from NAD-LDH 

:10)/3-2 mJ. total volume. For the range of pH 4—5 5, 0-1 M citrate 

as employed. 0:1 M phosphate buffers of varying pH were used. 

«ne final coenzyme concentration was 5 x 10-""-M. ———, NADH,-LDH; 
~—--—-, NADPH,-LDH 
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Fig. 3. gH-dependence of LDH in ascites tumour cells. 


conditions as described for Fig, 2 
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importance at lower pH values. 
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Effect of Trans-Sclutes on the Fluxes of 
Chloride lons across Artificial Membranes 


In free diffusion across membranes the unidirectional 

fluxes of a solute are usually treated as mutually indepen- 
dent movements: each flux being a function only of the 
electrochemical potential of its solute in the compartment 
from which it originates (cis side). Across biological mem- 
branes, however, such as the gastric mucosa of the frog!, 
or some cellular membranes*-4, the fluxes of various solutes 
strongly depend on the nature of the solutes on the trans 
side. These trans effects have been interpreted in terms of 

@ carrier exchange mechanism with different affinity to 

different ions and molecules®*. In the present work such 

trans effects have been studied in artificial membranes, in 
which transport or excharge carriers can be excluded. 
Commercial packing ‘Ce_lophane’ or dialysing membranes 
were mounted between ‘Lucite’ chambers, as described ear- 
lier?. In order to keep the experimental conditions com- 
parable to those with the gastric mucosa of the frog, the 
cis side, to which tho redioactive material was added, 
was bathed by (frog) Kreks bicarbonate ringer (‘nutrient’) 
solution (84:6 mM NaCl, 3-2 mM KCl, 1-8 mM CaCl., 
0:8 mM KH,PO,, 0'8 mM MgSO,, 17-8 mM NaHCoO,). 
For the control experiments the trans side was bathed 
with ‘secretory’ solution "102-1 mM NaCl, 4:3 mM KCl, 
1-8 mM CaCl, 0-8 mM MgSO,). In the test experi- 
ments the chloride of the trans solution was equivalently 
replaced by other anions. In the case of di- and tri- 
valent anions iso-osmolanity was restored by mannitol 
In some experiments, all but 10-2 mM of the NaCl was. 
replaced by iso-osmolar ccncentrations of non-electrolytes. 
Both solutions were bubbied by 5 per cent CO, and 95 per 
cent O,. The unidirecticnal fluxes were measured with 
radioactive tracers as des2ribed elsewhere, and corrected 
for variations of self-absozption. 

Contrary to the assumption of free diffusion the flux of 
chloride ions across artifizial membranes decreased if the 
chloride ions of the ¿ranz side were replaced by heavier 
ions or molecules (Figs. 1 and 2). The effect seems to be 


an almost linear function of the cube root of the trans 
particle weight. 
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Fig. 1. Trans effect of anions on the Cl-flux across the short-circuited 


‘Cellophane’ membrane. Composition of the solutions is given in the text. 

The trans ions are; 1, Cl; 2, formate; 3, HCO., 4, NO;; 5, pyruvate, 

6,S80'-, 7,1-; 8, tartrate; 9, citrate. Room temperature. Correlation 
coefficient r=0 76 (P < 0-001) 
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Fig 2. Trans effect of non-electrolytes on the Cl-flux across the short- 

circuited ‘Cellophane’ membrane. Composition of the solutions is given 

in the text. The trans solutes used are indicated below. Room 
temperature. Correlation coefficient r= —0 88 \P < 0-001) 


These trans effects are scarcely due to changes of the 
hydration of the membrane. Although dialysing mem- 
branes seem to take up slightly less water if the solute 
weight of the bathing solutions increases, these differences 
scarcely exceed 5 per cent of the control and may be still 
smaller if the trans solution, as-in the flux experiments, 
bathes only one side of the membrane (Table 1). Further- 
more, no correlation was found for a given cis—trans com- 
bination of solutes between the trans effect and the 
accidentally varying hydration of different membranes. 

The trans effects cannot be accounted for by changes of 
viscosity within the membrane pores either, since the 
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Table 1. EFFECT OF VARIOUS ELECTROLYTES AND NON-ELECTROLYTES 
WATER CONTENT OF DIALYSING MEMBRANE 


No. membranes 


VOL, 20E 


Bathing solution tested H,0 content 
ml g (dry weigh 
110 mM NaCl 3 1-26 + 0-05 
55 mA Na,SO 
--55 mM Mannitol 3 125+ 0 04 
55 mM Na,Citrate 3 1 22+0-06 
220 mA Glycerol 4 1 30+0-06 
220 mM Mannitol 4 1-24 + 0-03 
220 mAI Sucrose 4 1:21 + 0-05 


Pieces of dialysing membrane (No 4465-A.) were bathed for 1 h in 
solution at room temperature. The H,O content was determined by werg HEEN 
hororo and after evaporation (at 105°) to dryness with a correction for so 
residues. 


Table 2. EFFECT OF VARIOUS NON-ELECTROLYTES ON THE CONDUCTI\W 
OF ‘CELLOPHANE’ MEMBRANES FOR 10 mM NaCl 


Conductances 
Bathing solution 2 sheets 4 sheets 6 she 
mmhos per 0-785 cm? 

170 mM Glycerol 80+03 41+0 294 
+10 mM NaCl 

170 mM Mannitol 804038 4340 2-94 
+10 mM NaCl 

170 mM Sucrose 7:9402 4'140 27+ 
+10 mM Nacl 


All measurements were made at room temperature with three diffe» 
membranes In order to amplify the effects each membrane was made u 
2, 4 or 6 sheets of packing ‘Cellophane’. 


conductance of NaCl solutions decreased only sligh 
with increasing weight of added non-electrolyte molecu» 
(Table 2). 

According to Onsager’s principles the flux of a giv 
solute across the membrane may be altered by interactym 
with other fluxes, for example with the solvent flux 
bulk flow. Even between iso-osmolar solutions bulk fl 
might result if cis and trans solutes differ with respect 
either the osmotic or the Stavermann deflexion. coefficie 
The osmotic coefficients of the binary salts, as deriv 
from the molar freezing point depressions, are rather ck 
to those of NaCl’. Those of the non-electrolytes, wh» 
very similar to each other, are all greater than that 
NaCl, so that their effect on Cl-fluxes, if any, would be 
the ‘wrong’ direction. The Stavermann coefficients, on t 
other hand, increase with the particle size®. Any bulk fl 
resulting from differences in these coefficients should < 
viously be directed towards the side with the lar; 
particles, that is, also in the ‘wrong’ direction. Hence bt 
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Fig 3. Effect of total solute concentration on trans effect of raffinose 
on the Cl-flux across the short-circuited ‘Cellophane’ membrane. On the 
cis side, NaCl ın osmolar concentrations as indicated. On the ¿rans side 
10 mM NaCl and raffinose to complcte 1so-osmolarity with the cis side 
Room temperature. Correlation coefficient r=0 81 (P < 0-01) 
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‘with solute-solvent interaction cannot be the cause of 
observed trans effect. 
solute-solute interaction, namely between Cl-ions and 
trans solutes within the membrane pores, seems im- 
able in view of the large pore radii, which are about 
m| for dialysing tube and 40 A for ‘Cellophane’*®. Were it, 
‘ever, effective, one would expect that the trans effect 
ild also occur with non-ionic fluxes, and would increase 
1 the total solute concentration. The trans effect on 
flux of 14C-urea caused by heavier molecules is almost 
EHigible and may be accounted for by changes in mem- 
1e hydration or viscosity. On the other hand, the trans 
«ct on Cl-ions does increase if the total solute concen- 
jon is raised on both sides of the membrane (Fig. 3). 
mo summary, the observed trans effects cannot be attri- 
«ed as yet to a single cause. Since they are negligible with 
-ionic fluxes, the ionic pattern of the membrane may 
important. Although the trane effects observed with 
ric mucosa are much greater than those with artificial 
nbranes®, they clearly cannot be exclusively due to a 
Eble transport or exchange mechanism, and to assume 
. diffusion for passive fluxes across any membrane 
ns to be a dangerous over-simplification. 
‘his work was supported by grants from the U.S. 
sional Science Foundation (NSF-G—10812) and the 
sional Institute of Arthritis and Diseases of the National 
titutes of Health (AM 06276-01 and AM 06276-02). 
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identification of Dinitro-octylphenols in 
Certain Commercial Fungicides 


A MIXTURE of nitrated alkylphenols is made by various 
mufacturers in the United States, Great Britain, and The 
ttherlands, who then esterify it with crotonic or other 
kd for the preparation of fungicides useful in the control 

powdery mildews and also spider mites on various 
3ps. Fractionation of this mixture, hereinafter called 
NOP, on alumina (Spence type “H’) in benzene, followed 

2 per cent methanol in benzene, followed by 1 per cent 
etic acid in 49 : 1 benzene—methanol, led to the isolation 
three eluates!. From each of these, amine salts were 
pared and analyses showed them all to be of dinitro- 
tylphenols; the melting points, however, showed them 
1 to differ from each other and also from those of 2,4- 
aitro-6-n-octylphenol and 2,6-dinitro-4-n-octylphenol?. 
10 melting points of salts of eluate IT, which formed not 
ore than 5 per cent of any of the DNOP samples, were 
>se to those of the corresponding salts of dinocap phenol 
,4-dinitro-6-(1-methylheptyl)phenol)?3. As the biological 
tivities (towards powdery mildews, spider mites, and 
st plants) of eluates I and II were similar, and those of 
1ate III were dissimilar, it appeared that eluate I, which 
cmed about 60 per cent of one sample, was likely to be 
other isomer of dinocap phenol, and eluate ITI, which 
rmed about 25 per cent of the same sample, an isomer 

2,6-dinitro-4-octylphenol other than the n-octyl or 
methylheptyl))?. The 1l-ethylhexyl members of both 
ries (2,4-dinitro-6-octylphenol and 2,6-dinitro-4-octyl- 
1enol) have therefore been synthesized, together with the 
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1-ethylpentyl and l-ethylheptyl homologues, and the 
isomeric 2,6-dinitro-4-(1-propylpentyl)phenol. The ethyl- 
alkyl compounds were prepared by reaction of the 
appropriate alkyl magnssium bromide with o- or p- 
hydroxypropiophenone to give the o- or p-l-hydroxy- 
alkylphenol, respectively4. Dehydration by refluxing 
with toluene and a few e«rystals of iodine under a Dean 
and Stark tube yielded she alkene, which was reduced 
catalytically (palladium zharcoal) at about 50° C under 
500 lb./in.? pressure in 4-6 h to the 1-ethylalkylphenol. 
Nitration was done in glevial acetic acid, and the dinitro- 
(1-ethylalkyl)phenols isciated as various amine salts. 
Salts of the 2,4-dinitro-6-(1-ethylalkyl)phenols were easily 
recrystallized from benzene or methanol; those of the 
2,6-dinitro-compounds required cyclohexene to give a tar- 
free product economically. The 2,4-dinitrophenols formed 
suitable salts with a greater range of amines than the 
2,6-dinitrophenols. Melting points and analyses are given 
in Table 1. 
Table 1 


M.p. of amine salt= Analysis} 
°C, C H N 
Phenol Cale Found Calc. Found Calc. Found 
7 A% A A % % y 
2,4-Dinitro-6- M 138-4 553 563 73 7 °% 1l 
(1-ethylpentyl) \ cus 151 - - - es oe 
; 138 607 602 84 82 106 . 
2,4-Dinitro-6- 4 Pip. 143-£ 598 604 81 86 11-0 123 
(1-ethylhexyl) M 154-€ 56-4 56-4 76 78 10-9 10-8 
2,6-Dinitro-4 no ibe S 3 S 7 78 oe ns 
a,0- i al = 1 7-3 i 5 : 
s Pe ay Suk 173-4 — -— - . 7 zal te 5 
,6-Dinitro-4- 163-5 60-7 607 84 85 10 . 
(1-ethythexyl)t a ie 564 561 76 76 #411 o Wt 
Pp. a = ba = = = 
2,6-Dinitro-4- CHA 167-& 617 617 - . 
(Lethvthepiy) cn ee 17 L 86 8-5 10 3 10: 5 
2, initro-4- 181-3 60-7 61-9 84 . 
(1-propylpenty!) Pip. 109-1. — - - AEA gd 


* OHA =cyclohexylamine; Pip. =piperidine; M= ; = 
dicyeiohexylamine p-=piperidine; M-=morpholine; DCHA = 


t Analyses by Weiler and Straws, 164 Banbury Road, Oxford. 
sat salts with DOHA (moEen by 60° C) and N-ethylpiperidine (m.p. 


A comparison of the meltmg-points of the amine salts 
obtained from DNOP eluates with those of the salts of 
authentic dinitro-octylphanols (Table 2) led to the con- 
clusion that eluate I was 2,4-dinitro-6-( 1-ethylhexy]l)- 
phenol. Four of the five salts of eluate III had melting 
points agreeing well with those of the corresponding salts 
of 2,6-dinitro-4-(1-ethylhexyl)phenol, but there was a large 
discrepancy in the case o: the morpholine salts. 


Table 2 
M p. of amine galt, °C 
Phenol VHA Pip. M DCHA NEP 
Eluate I* =39-41 141-2 150- - - 
2,4-Dinitro-6-(1-ethylhexy}) =38 143-4 DE: ibe — 
Eluate IT =45-7 107-10 97 - -~ 
2,4-Dinitro-6-(1-methylheptyl) 251-3 108-10 97-8 149-50 - 
Eluate III z60-1 117 161-3 <80 <90 
Pe Dab 29-30 144 127 - - 
2,6-Dinitro-4-(1-ethylhexyl) H3-5 114 125 < 60 90 


* Eluate I also yielded salts vith diamyl onn FO 
2-ethylpiperidine, m p. 117° C. ylamine, m.p. 39°-70 5° C, and 


To clear up the doubt about the identity of eluate III, 
nuclear magnetic resonan<e spectra in carbon tetrachloride 
of all three eluates, after purification via amine salts, 
were prepared by Mr. P J. Ayres, Middlesex Hospital, 
and the band positions were computed and assigned by 
Dr. J. A. Elvidge, Imperial College of Science and Tech- 
nology. Spectra were a.so prepared of the six dinitro- 
octylphenols, two n-oct and four s-octyl, available at 
that time. Data obtained are given in t values (and J c/s) 
in Tables 3 and 4. The inZerences drawn are: (i) in spite of 
the discrepancy in the melting points of the morpholine 
salts, eluate III from the DNOP provided by Rohm and Haas 
Co. is 2,6-dinitro-4-(1-ethzlhexyl)phenol ; (ii) although the 
melting points of the piperidine salts of eluate ILI from 
May and Baker, Lid., DNDP and of 2,6-dinitro-4-(1-ethyl- 
hexyl)phenol are so similar, the former was a mixture 
approximately 1:1, of tae latter and the isomer, 2,6. 
dinitro-4-(1-methylhepty_)phenol (a 1:1 mixture ofthetwo 
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_ Table 3 
2,4-Dinitro-6- Eluate I, 2,4-Dinitro-6- 2,4-Dinitro-6- 
(1-ethylhexyl) purified via (1-methylheptyl) n-octylphenol Assignments 
phenol piperidine salt phenol 
9 18 (7t) 9°15 (6-5) 9-12 (ca.5t) 9-11 ca.t œw -Me 
9:09 (7 5d) 9-08 (6d) 8°67 (7d) 1-Me 
8 67s CHg]s 
8 72 ca.s 8-73 ca.8 §-72 ca.s CHala 
8 25m 8-26m 2-CH,+CH, of 1-Et 
§-39m 8-35m 2-CH, 
6 72 (7g) 6°75 (68g) 6°59 (8'882) 1-CH 
7°14 (7 5) 1-CH, 
2 68s 269s 2-718 2 69s OH 
1 65 ed 1 68 (2-5d) 1 65 a 1°66 GB 5d) 5H 
1-03 (2 5d) 1-09 (2-5d) 1:10 (2-5d) 1°10 (2-5d) 3H 


Table 4 


2,6-Dinitro-4- Eluate Eluate 2,6-Dinitro-4- 
(1-ethylhexyl) III* it mer hepty) 
pheno 


2,6-Dinitro-4- 
n-octylphenol Assignments 


phenol 

9-13 oe 9-10 (7) 9-122 9°13 an 9-11 ca.t w -Me 
9 09 (7d) 9:08 (6d) 9-09d 8-89 (6 5d) 1-Me 
8 69s [CH]; 

8°72 cas 8°74 ca.8 8:73 ca.s 8-74 ca.s (CHa) 

8 3lm 8-41m 8 35m 2-CH,+CH, 

of 1-Et 

8 33m 8-35m 2-CH, 

7 41(7q) 7374 726m 7:15 (6°8se) 1-CH 
2 70s 2 66s ‘6 7.28 (7.5) 1-CH, 
1:958 H 


1 89s 4 


1 ols 


* Purified from Rohm and Haas Co. DNOP via morpholine salt. 
+ Purified from May and Baker, Ltd., DNOP via piperidine salt, 


1 srd 


synthetic salts was found to melt at 118° C, so that there 
is no discrepancy here); (iii) the identities of eluates I and 
II, already deduced from the amine salts melting points, 
are confirmed. 

The process used by the various firms manufacturing 
fungicides based on dinitro-octylphenols therefore pro- 
duces not only the para-substituted phenol (as would be 
expected) but also causes the alkyl chain to add on to the 
benzene ring at an unexpected position in the chain, 
namely, at C,. It has hitherto been assumed that addition 
of a chain derived from a 2-hydroxyalkane would take 
place at Cz. 

We thank Mr. P. J. Ayres and Dr. J. A. Elvidge for the 
provision of evidence by NMR spectra, and May and 
Baker, Ltd., Murphy Chemical Co., Ltd., n.v. Philips- 
Duphar, and Rohm and Haas Co. for gifts of DNOP from 
their respective processes. We also thank Dr. D. Wood- 
cock, Long Ashton Research Station, Bristol, for valuable 
help in the reduction of the alkenylphenols, and Dr. 
G. G. S. Dutton for advice on routes of synthesis. -` 
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n-Alkan-l-ols in Butter after Oxidative 
Deterioration 


CHEMICAL mechanisms for the formation and decom- 
position of hydroperoxides in oxidizing lipids predict the 
presence of a wide range of compounds. Of these, three 
classes of aliphatic aldehydes (n-alkanals, n-alk-2-enals 
and n-alka-2,4-dienals) have long been isolated and 
identified and more recently the presence of non-con- 
jugated unsaturated aldehydes (hex-czs-3-enal? and 
hept-cis-4-enal’), a vinyl ketone (oct-l-en-3-one*) and its 
corresponding alcohol (oct-1-en-3-ol®*) has also been 
demonstrated. The n-alkan-l-ols, also predicted by the 
mechanisms, had not hitherto been isolated and identified. 

Experiments conducted in these laboratories have now 
shown that, in addition to oct-l-en-3-ol, n-alkan-1l-ols are 
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also present in the steam distillate of oxidized bu 
Appreciable quantities (less than the n-alkanals but gre 
than the n-alk-2-enals) of the C,,2,,-, and minor amo 
of the C;,, n-alkan-l-ols have been isolated from bv 
S from cream treated with copper and asec 
acid. 

The occurrence of n-alkan-l-ols in a degrading 
system has probably been overlooked as a result of i 
relative lack of flavour, ther difficulty in characteriza 
and the general acceptance that carbonyl compounds 
the main contributors to the flavour of oxidized 1 

Work on the change in ratio of n-alkan-l-ols to è 
hydes during low-temperature storage of butters wi 
reported in the Journal of Dairy Research. 
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Dependence of Photophosphorylation by 

Isolated Chloroplasts on the Oxidation- 

Reduction State of N-Methylphenazinium 
Methyl Sulphate (Phenazine Methosulphate> 


, Ir has been previously observed that the rate of phc 
phosphorylation in chromatophores from photosynth» 
bacteria was dependent on the oxidation—reduction swe 
of phenazine methosulphate!. On addition of ascorb- 
which reduces phenazine methosulphate non-enzyma 
ally?, the rate of photophosphorylation was observed 
decrease markedly. However, ascorbate has been sho 
not to have any inhibitory effect on photophosphorylat 
in isolated chloroplasts catalysed by phenazine met 
sulphate®. Indeed, ascorbate is commonly used to stir 
late photophosphorylation with phenazine methosulph 
in isolated chloroplasts?:4. 

We have now made a systematic investigation of m 
effect of the oxidation-reduction state of phenaz 
methosulphate on photophosphorylation by isola» 
chloroplasts. The oxidation—reduction state of the syst 
was controlled by using a TPNH-generating system ə» 
varying the effective reducing power by changing ™ 
concentration of added TPN. The experiments w 
conducted under strictly anaerobic conditions in #™ 
presence of a catalase-ethanol trap to remove traces 
oxygen?. 

Fig. 1 illustrates that phenazine methosulpha 
catalysed photophosphorylation is indeed dependent 
the oxidation—reduction state of the electron carr. 
Maximal rates of photophosphorylation were obtained 
the presence of 1 x 10-8 M TPN. In the absence of TI 
or in the presence of concentrations higher ‘than. 10-’ 
the rate of photophosphorylation was markedly decrease 
Measurement at 388 mu (ref. 2) showed that the amou 
of oxidized phenazine methosulphate remaining after t 
reaction was completed was as follows: 75 per cent in t 
absence of TPN, 60 per cent with 1:3 x 10-8 M TEF 
(optimal) and 0 per cent at and beyond 1:3 x 10-* M. 

This direct demonstration of the dependence of the ra 
of photophosphorylation with phenazine methosulpha 
on the oxidation—reduction state of the system is in agre 
ment with the conclusions of previous investigators usir 
different experimental techniques. Thus, Jagendo 
and Avron® and Whatley’? concluded from the effects 
p-chlorophenyldimethylurea and oxygen that the oxid 
tion—reduction potential of phenazine methosulphate w 
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«g 1. Photophosphorylation by isolated chloroplasts as affected by 


PNH concentration The reaction mixture included ın zmoles or xg: 
«#is-HCl, pH 7-8, 45; NaCl, 60; MeCl,, 12; Na, K, phosphate, containing 
x 10° cpm. *P, 12; ADP, pH.7 8, 4; phenazine methosulphate, 0:1, 
Ahanol, 700; catalase (Boehringer, crystalline), 50 ug; sodium 1socitrate, 
); isocitric poy anogenase (Sigma, Type IV), 30 ug; TPNH-diaphorase® 
excess; TPN as indicated; once-washed chloroplasts‘ containing 28 ug 
É chlorophyll in a final volume of 30 ml. The reaction mixture was 
aced in a modified Thunberg tube fitted with a 1-cm cuvette, evacuated 
) 25 mm mercury with continuous tapping for 2 min, and closed. 
hioroplasts were added from the side arm, and the tubes illuminated at 
«0° C for 2 min with 160,000 lux of white light filtered through a ‘Cello- 
hane’ filter transmitting only red light (above 600 mi; AT*4P formed 
was analysed as previously described‘ 


major importance in determining the rate of photo- 
osphorylation by isolated chloroplasts. 
GUNTER ZWEIG * 
MORDHAY AVRON 
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Weizmann Institute of Science, 
Rehovoth, Israel. 
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Monocular versus Binocular Visual Acuity 


THIS communication describes experiments in which 
1e threshold contrast of gratings viewed monocularly 
ad binocularly have been determined (Fig. 1). We have 
i1odified the technique of Schade! so that a grating target 
, generated on an oscilloscope by supplying suitable 
gnals to the v, y and z axes. It could be continuously 
ried both in contrast and fineness (spatial frequency) 
ithout the mean luminance of the screen changing. 
she energy distribution across the grating varied sinuosoid- 
iy. The grating filled a rectangular area subtending 
> by 1-3°, and was surrounded by a circular field of 12° 
iameter of the same luminance as the oscilloscope screen 
30 cd/m?). The screen was viewed from 57 in., and in all 
1e experiments particular care was taken to correct 
1e eye to within 0-12 diopter with spectacle lenses. 
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To exclude possible amtefacts due to fluctuations of 
accommodation? and pupi size, both eyes of one subject 
(D. G. G.) were fully atrcpinized. He viewed the screen 
through artificial pupils @°8 mm diam.) placed close to 
the cornea. Special care was taken to centre the pupils*. 
The non-viewing eye wae covered with a piece of glass — 
sufficiently frosted to obscure the details of the screen 
while presenting a field of srmiular luminance to that of the 
unobscured screen. The subject adjusted the contrast 
until he was satisfied that the grating could just be re- 
solved. At each spatial frequency, threshold measure- 
ments were made with 3ach eye and with both eyes 
together. The sequence cf measurements was made in a 
random order. 

The results are shown in Fig. 2. The general shape 
and magnitude of the contrast threshold confirm that 
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Fig. 1. The contrast of a graäng the intensity of which varies with 
distance sinusoidally is defined as put sae, Three levels of contrast 
x—Amin 
are shown; 10, 0:5 and 0-05 Note that as contrast varies the mean, 
light level across the grating remains constant. The spatial frequency of 
a grating is the reciprocal of fhe angular distance between successive 
maxima in the sinusoidal intensity distribution. Spatial frequency is 
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Fig. 2 The results from oberver D. G. G are plotted as contrast 
sensitivity on a log scale. Contrast sensitivity is defined as the reciprocal 


of the contrast at threshold. Contrast sensitivity = 2===—/='", spatial 
š I maz +Í min 
frequency in c/deg of visual angle is plotted on a linear scale. Hach point 
is an average of two conservatinns. The two straight lines are placed at a 
ratio of +/2 apart in contras- and fitted to the results by eye. The 
interrupted lines are extrapomtions to unit sensitivity (100 per cent 
contrast) In the upper portien of the figure the open circles represent 
the ratio, plotted on log scale, Œ binocular/mean-monocular sensitivity at 
each spatial frequency. The ot ease aa line corresponds to a 
zatlo o 
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found by Schade}. It is clear that the threshold contrasts 
for the left and right eyes are very similar at all spatial 
frequencies. At each and every frequency the binocular 
threshold was found to be lower than that of the monocular 
threshold. That is, binocular sensitivity is greater than 
monocular. 

Plotted along the top of Fig. 2 is the ratio of the binocu- 
lar to the (arithmetic) mean monocular sensitivity at 
each observed frequency. A straight line has been drawn 
corresponding to a ratio of 1-414, that is, 1/2. The mean 
of the ratios in this experiment is 1-440 + 0-030 S.E. The 
experiment was. repeated on D. G. G., this time using 
- natural pupils and accommodation, and the mean ratio 
was found to be 1-443 + 0-032 S.E. For subject F. W. C., 
also with natural pupils and accommodation, the mean 
ratio obtained was 1:372 + 0-045 S.E. The mean ratio 
for these three experiments, on two subjects, is 1:4]8+ 
ei S.£. None of these ratios differs significantly from 

The two parallel straight lines drawn through the 
results for frequencies higher than 6 c/deg are separated 
by a factor of 4/2 in contrast. The dotted extensions show 
extrapolations to unity contrast sensitivity; that is, the 
point where the grating is modulated from zero luminance 
to a peak level of twice the mean luminance. To avoid 
non-linearities in the responses of the oscilloscope phos- 
phor, measurements were not made for contrasts higher 
than 0-4. It is estimated that at unity contrast the 
threshold frequency for monocular viewing would be 
57-0 e/deg and for binocular viewing 61 c/deg. Thus, 
the calculated improvement in visual acuity for binocular 
viewing at high contrast would be 61/57:0 = 1-070, 
that is, 7-0 per cent. Several workers have compared the 
visual acuity of one eye with two, using high contrast 
test objects, and have found values ranging from 5 to 
10 per centë“, However, they did not measure the ratio 
in the contrast domain, where we find improvements of 
the order of 42 per cent for binocular viewing at all spatial 
frequencies. 

Our findings may be explained if it is assumed that when 
identical images are fed to two matched eyes their outputs 
are summed and that these outputs are noisy; that is, 
contain spurious extra components not correlated in each 
channel. Because the standard error of the sum of n 
independent measurements of a random or noisy process 
decreases as y/n, an observer using two eyes can obtam 
two measurements which thus permit a +/2 lower contrast 
to be detected. 

It is interesting to consider the question of whether 
covering the other eye with a diffusing screen affects the 
threshold; the argument being that permitting an equal 
amount of light, containing no image detail, to reach the 
obscured eye would lower the contrast sensitivity of the 
viewing eye by introducing additional noise. To test the 
effect of the diffusing screen technique, a comparison was 
made with the effect of an opaque cover, using 30 c/deg 
as the test frequency for the viewing eye. It was found 
that the mean ratio of contrast sensitivity for diffuse/ 
obscured presentation to the non-viewing eye was 1-019 + 
0-022 S.E. As this mean does not differ significantly 
from a ratio of 1, it suggests that it makes no difference 
whether no light, or a diffuse light, enters the non-viewing 
T providing the pupil size of the viewing eye is 

ed. 

The fact that a stimulus that should have only added 
noise does not raise the threshold could be interpreted as 
evidence against a simple hypothesis of signal-to-noise 
detection. However, it may be that complete addition of 
signal and noise occurs only when congruent images are 
presented to the two retinae. 

Lythgoe and Phillips? and Crozier and Holway! com- 
pared monocular with binocular luminance thresholds for 
a patch of light exposed for 0-2 sec; they similarly found 
that the ratio of the binocular to the average of the 
monocular thresholds was equal to 4/2. These workers 
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explain their results in terms of Piper’s law, which st 
that the threshold is inversely proportional to the sqi 
root of the area of the test field. It is difficult to accc 
for our findings in terms of an area—threshold relat 
ship. 

Preane® who has also measured binocular and monc 
lar absolute thresholds, finds an improvement os 
factor of 1-25. As he clearly ulustrates, this improvem- 
can be explained by probability summation betw» 
independent channels without invoking the physiolog 
summation of signals from the two eyes; a class of ar 
ment which must be distinguished from our own wk 
requires the actual physical summation of signals fr 
the two eyes. Recent electrophysiological evidence se¢ 
to provide a basis for such physiological summatiow 
Furthermore, a description in terms of the detection 
signals in the presence of noise seems to offer a m 
general explanation}+:12 which can encompass the + 
improvement found under such widely differing binocu 
viewing conditions. 

The effect of doubling the signal luminance and p 
senting 1t to one eye was next tested. This was done 
measuring the contrast sensitivity for identical fie 
differing only by a factor of 2 in luminance. The fie 
was viewed by D. G. G. through a 2-8 mm-diam. pu 
with his atropmized right eye. Ten measurements 
threshold were made at each luminance (40 and 80 ed/n 
for a grating of 30 c/deg. The mean ratio of the contre 
sensitivity for the higher/lower luminance was found to 
1:173 + 0-028 S.E. This mean ratio differs significant 
from 1, and also from 1:440 + 0-030 S.E. found for t 
same subject viewing the field with both eyes throu, 
pupils of 2:8 mm. This result indicates that we æ 
observing at a luminance (80 cd/m?) sufficiently high to ı 
on the ‘plateau’ where visual acuity is substantial 
independent of luminance!’. Thus, at these luminan: 
levels it is advantageous to use a binocular eyepiece f 
microscopy for contrast sensitivity is improved, even 
binocular viewing is achieved by splitting the light in: 
two portions each of half the intensity. 

One of us (D. G. G.) is supported by a U.S. Nation 
Science Foundation post-doctoral fellowship. This i 
vestigation was supported by a U.S. Public Health Servie 
research grant (NB 05046-01) and a grant from tl 
W. H. Ross Foundation (Scotland). 
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A Central Action of Hemicholinium 


THe action of hemicholinium No. 3 (a-«-dimethy] 
ethanolamine 4,4’-bzsacetophenone, HC 3) on the synaptir 
release of acetylcholine at the neuromuscular junctior 
and within autonomic ganglia is well established}. How 
ever, apart from the finding that intravenously adminis. 
tered HC 3 reduces the acetylcholine content of the pons 
and medulla of dogs?, and the report that locally 
administered HC 3 reduces the content and synthesis of 
acetylcholine within the caudate nucleus of rats’, there 
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yet no evidence that this substance affects the output 
acetylcholine from central cholinergic synaptic ter- 
aals. There is convincing evidence that acetylcholine 
the excitatory transmitter released from the axon 
lateral endings on Renshaw cells of the feline spinal 
‘dt, and the opportunity was taken to assess the action 
HC 3 at these synapses. 

The experiments were performed in the lumbar seg- 

mts of spinal cats anaesthetized with pentobarbital 

lium. Renshaw cells were activated synaptically by 
leys in the appropriate segmental ventral or dorsal 
dts, and extracellular spike potentials (negative—posi- 
re, 100-1,000 uV in amplitude) were recorded by the 
dium chloride-containing centre barrel of five barrel 

.cropipettes®. The overall diameter of these micro- 
pettes was 4-6, and the other barrels contained 
aueous solutions of acetylcholine bromide (1 M); DL- 
«amocysteic acid (sodium salt, 0-2 M, pH 7:5); HC 3 

omide (0-1 M); triethylcholine chloride (0-1 M) or 
dium chloride (M), from which pharmacologically active 
ens could be ejected by suitably directed electrophoretic 
urrents’. The orthodromically evoked spikes were 

«unted by means of a gated electronic counter, and 

ie responses were also photographed for accurate 
easurement of latencies. 

Control experiments established that although there 
«as some reduction in the number of spikes evoked by 
colonged maximal ventral] root stimulation at frequencies 
` 3-10/sec, the number was reasonably stable after the 
«st 5-10 min for a period of at least several hours. in 
articular there was no appreciable increase in the 
tency of the first spike. During the electrophoretic 
dministration of HC 3 (5-20 n. amp) there was an increase 
1 the latency of this and subsequent spikes, and often 
marked reduction in the total number of spikes. These 
Mterations in firing pattern were first noticed 10-20 min 
fter the beginning of the HC 3 administration and were 
rogressive: in all cases the ventral root was stimulated 
ontinuously at the foregoing frequencies. Alterations in 
he total number of spikes were complicated by a reduction 
2 the sensitivity of some cells to electrophoretically 
dministered acetylcholine, and by actual excitation by 
he HC 3, as revealed by a facilitation of firing induced 
«y pL-homocysteic acid with or without an actual increase 
a the ‘spontaneous’ discharge rate. Excitation by HC 3 
vas characterized by periodic bursts of high-frequency 
iring similar to those produced by gallamine and D-tubo- 
vurarine?; often such a burst followed the delayed first 
ynaptic spike (Fig. 1, B, lower record). These effects, 
xresumably due to a direct interaction of HC 3 with 
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Fig.1 Spike responses of a single Renshaw cell 
imposed tracings at a frequency of 5/sec; lower r 
at 31 min and (C) 61 min during, and 
for 69 mun (10 n. amp for 59 min, 4 
spike are (A) 1:21 msec; (B) 2°42 


stimulation and the latency was measured from the superim 
of this cell to acetylcholine and DL-homocysteic acid was e 
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(upper records—approximately 20 super- 
ecords—single tracings); (A) before, 
(D) 3 min after the electrophoretic ejection of H 
On. amp for 10 min). The measured latencies of the first 
msec; (C) 5 8 msec and (D) 1:9 msec from the ventral root 
stimulus In many of the records of (C) the neurone failed to respond to ventral root 
osed tracing. The sensitivity 
anced by HC 8 The ventral 
root was stimulated supramaximally at a frequency of 5/sec throughout the series, and had 
been so stimulated continuously for approximately 1 h beforehand. Time, 
records. The spikes were approximately 300 #V in amplitude 
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postsynaptic structures+, were usually maximal within a 
few minutes of the admmistration of this agent and could 
be minimized to some -extent by using extremely low 
electrophoretic ejecting surrents (less than 10 n. amp). 

The most marked effezt of HC 3 was an increase in the 
central latency of the firs spike evoked by a supramaximal 
ventral root stimulus, as illustrated in Fig. 1, and in 
several instances prolongation of this time beyond 2- 
4 msec was followed by complete block of synaptic 
excitation approximately 60-80 min after the beginning 
of the HC 3 administration. Partial recovery was 
observed m several instances within 5-10 min of the 
cessation of the HC 3 administration (Fig. 1, D). As 
dihydro-8-erythroidine, a powerful antagonist of the 
nicotinic receptors of Renshaw cells‘, has little or no 
effect on the latency of the first spike evoked by such a 
stimulus, it is unlikelx that the increase of latency 
produced by HC 3 is ths result of a postsynaptic action, 
particularly as increases were observed when the actual 
sensitivity of Renshaw cells to acetylcholine was undimin- 
ished. Hence it may be reasonably proposed that in the 
presence of HC 3 the ouput of acetylcholine per stimulus 
becomes diminished, wich a consequent reduction in the 
rate of rise of the resultant excitatory postsynaptic 
potential. Two factors may be involved in the time over 
which it was necessarr to stimulate the ventral root 
repetitively before suck a presynaptic action could be 
demonstrated: the presynaptic store of acetylcholine is 
evidently comparatively large compared with the amount 
released per impulse, and a maximum ventral root 
stimulus normally results in the release of a large amount 
of acetylcholine in the environment of a particular cell 
compared with the amount necessary to produce an 
above-threshold postsyraptic depolarization. 

Renshaw cells may also be fired synaptically by dorsal 
root volleys without the involvement of motoneurones’. 
Not all cells responded. to such afferent excitation, and 
many did not follow repetitive stimulation (3-10/sec) of 
the dorsal root, presumably because of the polysynaptic 
nature of the excitatory pathway. However, in one case, 
conditions were satisfaztory and the responses of this 
cell to dorsal root stimuli at a frequency of 3-3/sec were 
unaltered after 60 min administration of HC 3, at which 
time the latency of the first ventral root-induced spike 
had been increased fromJess than 1 msec to approximately 
2-8 msec. This finding confirms other pharmacological 
evidence that the firing of Renshaw cells by dorsal root 
afferent volleys may no~ involve cholinergic mechanisms’, 
and also suggests that the presynaptic action of HC 3 
may be specific for cholinergic terminals. Additional 
evidence for this latter proposal was the 
finding that prolonged administration of 
HC 3 filed to influence the synaptic 
excitation of dorsal horn interneurones, 
which ar presumably not innervated by 
cholinergic fibres’. 

Experiments were also carried out on 
Renshaw cells using triethyl(2-hydroxy- 
ethyl)ammonium (trethylcholine) ; but the 
use of tus agent was complicated by a 
marked cepressant action on the sensitivity 
of the cals to acetylcholine, and a strong 
excitant action similar to that observed 
with HC 3. Attempts were made to 
influence the synaptic firing of Renshaw 
cells by inhibition of choline acetylase, 
using lectrophoretically administered 
fluoracetate, p-chloromercuribenzoate or 
diphenylylethylacetic acid*. These experi- 
ments were unsuccessful, possibly because 
of the feilure to obtain a sufficiently high 
concentration of the inhibitors at the site of 
acetylchsline synthesis. Intravenously ad- 
ministered HC 3 (10 mg/kg) was also 
ineffective, probably for the same reason. 
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In conclusion HC 3, which presumably prevents the 
transfer of choline into central presynaptic cholinergic 
terminals, thus limiting the rate of acetylcholine syn- 
thesis', is suitable for testing the cholinergic nature of 
central synapses, provided the appropriate pathway is 
activated sufficiently to exhaust the transmitter stored 
within the endings. 

We thank Prof. R. Paoletti for a supply of diphenyl- 
ylethylacetic acid. , 
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HAEMATOLOGY 


Kinetic Differences between Human Red Cell 
and Leucocyte Pyruvate Kinase 


Wrrun the group of non-spherocytic haemolytic 
anaemias classified as ‘type 11’ by Selwyn and Dacie!, 
Valentine, Tanaka and Miwa? found a specific erythrocyte 
deficiency of pyruvate kinase (PK). The leucocyte PK 
activity in patients with this disease is normal, suggesting 
that the genetic control of leucocyte PK differs from that 
of red cell PK. Electrophoretic differences among PK 
preparations from rat kidney, liver, cardiac muscle, brain 
and skeletal muscle were reported by Fellenberg et al.. 
Chromatographic, electrophoretic, solubility and struc- 
tural differences between the normal human leucocyte and 
red cell PK have been presented?. 

Pyruvate kinase catalyses the conversion of phos- 
phoenolpyruvate (PEP) and ADP to pyruvate and ATP. 
Boyer‘ has reviewed studies of enzyme kinetics for rabbit 
muscle PK. He concludes that phosphoryl transfer occurs 
by a direct transfer of the phosphory} group from the 
donor to the acceptor substrate; that there is one binding 
site on PK for ATP and ADP and another site for pyruvate 
or PEP; and that in the forward reaction non-compulsory 
or independent combination with ADP or PEP occurs 
with ‘equilibrium kinetics’ applying. This report describes 
an investigation of the kinetics of human red cell and 


leucocyte PK purified by methods previously described‘. ` 


We observed properties for the human leucocyte PK 
identical to those described for rabbit muscle enzyme. 
The Michaelis constant (Fig. 1) observed for each substrate 
is independent of the concentration of the second substrate. 
The Km values for PEP of 1-0 x 10-* M, and for ADP of 
1-78 x 10-*M, are very similar to the values reported? for 
the rabbit muscle preparation. The relation between the 


general kinetic coefficients, 21% P: — Po according to 


Pie 
Dalziel’, is compatible with a mechanism of random addi- 
tion of substrates in which the combination of the enzyme 
with one substrate does not influence its affinity for the 
second substrate. 

The red cell enzyme has different kinetic properties. At 
least ten-fold higher concentrations of PEP are required, 
and apparent Michaelis constants for each substrate vary 
with the concentration of the second substrate (Fig. 2). 
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Initial velocities measured in the presence of one of 
products, ATP, obey the general equation: 
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(Ho) _ Pı (ATP) Px 
v 7 e+ ppp | + r + (App) * 
Pie E (AT 
(PEP) (ADP) Kaie 


These findings suggest competitive inhibition of ATP 
PEP with an inhibition constant, Karp, of 3-5 x 10-” 
Only an ordered binding of substrates will account 
these results. Because of the assay system used, we h 
not yet studied the reverse reaction, nor the effect 
pyruvate on initial velocities of the forward reaction. 
these reasons, we cannot be more specific about the me 
anism. for the red cell enzyme. 

The demonstrated differences in chemical‘ and kin» 
properties of erythrocyte and leucocyte PK support 
known difference in genetic control? of this enzy: 
Evaluation of kinetic differences between normal : 
mutant erythrocyte enzyme, however, must take i 
account the more complicated mechanism of action 
erythrocyte PK. Waller and Lohr® have reported a hig 
Michaelis constant of red cell PK for PEP in patients w 
pyruvate kinase deficiency. Three unrelated patients 
whom we have studied the kinetics of purified red « 
enzyme showed no difference from normal for both st 
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Fig. 1. (a) Effect of ADP on the velocity of the leucocyte PK reaction 
at various PEP concentrations. Assays were made at 37° C m a total 
volume of 3 0 ml. with 0-075 M K+; 0-016 M Mg++; 0-008 M tn- 
ethanolamine HCl at pH 7-4, and PEP at 0 5; 0 625; 0-875; 1-25 and 
25x104 M. The initial velocity is in micromoles of DPNH oxidized per 
min (method of Bücher and Pfleiderer’*). Intersection at the negative 
abscissa gives an estimate for Kapp of 1-78 x10-* M. (b) Effect of 
PEP on the velocity of the leucocyte PK reaction at 0 5; Ò 625; 0 875; 
1-25 and 2-5 x10-* M ADP concentrations. Conditions were the same 
as above. Estimate for Krrer of 1x10-* M 
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Fig 2. (a) Effect of ADP on the velocity of the red cell PK reaction 
at 5; 6:25; 875 and 12-6x10-4 M PEP concentrations. Conditions 
were the same asin Fig. 1. (b) Effect of PEP on the velocity of the red 
cell PK reaction at 0-5; 0 625; 0-875; 1°25 and 2-5x10-* M ADP 
concentrations. Conditions were the same as in Fig. 1 


strates. This would suggest a control gene mutation 
mvolved in this disease. 
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Inhibition of Haemolysis by ‘Cremophor’ in 
Conserved Blood 


THE biological value of conserved blood is determined 
by the erythrocyte survival time after re-infusion which, 
after storage for 3—4 weeks, is so low as to prohibit further 
use of the erythrocytes. The plasma, however, may be 
used for several other purposes if it is not too haemolytic. 
After a lapse of about the same time the haemolysis rate 
increases remarkably so that blood banks are often 
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obliged to discard whole-blood conserves after the date of 
expiration. 

Claims have been made that vitamin E possesses 
haemolysis-inhibiting properties in blood banksi-5. In 
an attempt to verify this quality of vitamin E and to 
elucidate its mechanism of action we added solutions of 
tocopherol acetate (50 mg/ml.) in a ratio of 2 per cent 
v/v to ACD-blood. As æn emulgator of the water-insoluble 
vitamin E, these solutzons contained ‘Cremophor EL’ * 
(manufactured by Badische Anilin- u. Sodafabrik AG., 
Ludwigshafen) in concentrations varying between 40 and 
200 mg/ml. Appropriace controls were run with “Cremo- 
phor EL’ only. These banks were judged visually as to 
haemolysis after a storage time of 40-80 days. Haemo- 
globin determinations were carried out in the supernatant 
ACD-plasma after centrifugation. The results showed, 
much to our surprise, that ‘Cremophor EL’ alone has a 
haemolysis-inhibiting effect far exceeding a rather ques- 
tionable effect of vitamin E. The plasma of ACD-blood 
to which solutions of 4(—200 mg/ml. ‘Cremophor EL’ had 
been added (final concentration 0:8-4 mg/ml.) remained 
perfectly clear after a storage time of 40-80 days and 
contained no appreciable amounts of haemoglobin, 
whereas the ACD cortrols were severely haemolytic. 
Indeed, the addition oZ vitamin E in low concentration 
ranges of ‘Cremophor EL’ seemed to block even the 
‘Cremophor HL’ action. It seems possible that the surface 
activity of ‘Cremophor FL’, exhausted by vitamin E in 
the investigations with low concentrations of ‘Cremophor 
EL’, represents the key to the mode of action. Investi- 
gation of the activity of other surface-active agents seems 
therefore indicated. From the technical point of view 
the haemolysis of ACD-blood can be virtually abolished 
by addition of ‘Cremofhor EL’, up to a storage time of 
about 80 days (perhaps even longer). 

It remains an open question whether, in the papers cited 
here, surface-active agents have interfered, as few data 
concerning controls with such substances are mentioned. 
However, from the data given in refs. 2, 3 and 5 it can 
be concluded that ‘Crenophor EL’ has been used as an 
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RADIOBIOLOGY 


Uptake by Plants of Radiostrontium from 
Contaminated Soils 


In a recent report from this department! it was shown 
that the extractability pf radiostrontium from contamina- 
ted soil samples was effSctively reduced by heat treatment 
and by the addition of phosphate to the soil. It was 
pointed out that, under emergency conditions, heat- 
treatment of the conzaminated soil surface and heavy 
phosphate application might thus reduce the uptake by 
plants of radiostrontiam more efficiently than liming, 
which is only effective in soils of low calcium status. In 
the investigation revimwed here the influence of heat 
treatment and superpiosphate application on the plant 
uptake of radiostrontium was examined in pot experi- 
ments. For comparison the effect of applying calcium 
carbonate to the contarninated soil surface was also determ- 
ined. 

Spring barley (variety ‘Pallas’) was grown to maturity in 
PVC pots, each containing 22 kg of soil. Two loamy and 
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Table 1. ANALYSIS OF SOIL 
Cation- Ca- 
pH exchange Exchange- satura- Organic 
Locahty Soil in capacity able Ca} tion matter 
type water (m. (m (%) (%) 
equiv. / equiv./ 
100 g) 100 g) 
Blangstedgaard Loamy 76 152 12 6 83 22 
dum Loamy 7:0 92 61 66 16 
St Jyndevad Sandy 6-5 111 3°9 35 24 
Borns Sandy 64 10°5 37 35 19 


two sandy soils were used (Table 1). 11 kg of soil was put 
into each pot, and 40 pe. of carrier-free ®*Sr in 20 ml. of 
water was sprayed evenly over the surface before the 
superphosphate and calcium carbonate were added. For 
the heat treatment the contamination was performed by 
adding the carrier-free ®*Sr to 160-g samples of soil, which 
were then air-dried and heated to the desired temperature 
for 10 min. The contaminated sample was evenly distribu- 
ted over the surface of the 11 kg of soil in the pot. The 
additional 11 kg was then added, and the seeds were sown. 
It was attempted with this experimental technique to 
imitate a surface contamination followed by treatments 
and ploughing. The following treatments were examined: 


Control : 40 we. Sr per pot. 

T-500 : 40 we. Sr and heating to 500° C 

T~800 ' 40 wc Sr and heating to 800° C. 

P-1 : 40 ue. Sr +10 g superphosphate (equiv. to 2 tons/ha). 

P-2 : 40 we. **Sr+20 g superphosphate (4 tons/ha). 

Ca-P : Mi ue. *Sr+75 g CaCO, +20 g superphosphate (15 and 4 tons/ha 
resp.). 

Ca-1 . 40 ue. ®*Sr+37-5 g CaCO; (7 5 tons/ha). 

Ca-2 40 ue. *Sr+75 g CaCO, (15 tons/ha). 


The concentration of ®*Sr in grain and straw is given in 
Table 2. 


Table 2. THE CONCENTRATION OF STRONTIUM-89 IN BARLEY GROWN IN 


FOUR CONTAMINATED SOIL TYPES IN POT EXPERIMENTS 
myc. ®*Sr/g dry matter in barley grown in soils from: 


Treat- Blangstedgaard Odum. St. Jyndevad Borris 

ment Gram Straw Grain Straw Grain Straw Grain Straw 
Control 048 3-638 O74 4-64 067 4-75 1:12 6°89 
T-500 029 1-99 0-45 3-00 050 387 089 473 
T-800 0020 015 0086 0-21 0-21 1:23 0-26 127 
P-1 0-25 1 82 0°41 2°81 0 27 1 83 0 39 2 33 
P-2 014 1-16 0:24 1:85 0 16 1-13 0-26 1 45 
Ca-P 029 2-32 047 290 040 242 0-63 3:57 
Ca~1 044 3-65 082 4-95 067 466 1:36 717 
Ca-2 052 3-44 069 4:98 072 4:84 1:42 7538 


Heating the contaminated soil to 800° C reduced the 
uptake of radiostrontium by plants from loamy soils by a 
factor of twenty. In the sandy soils only a four-fold 
decrease in the uptake was found. The difference between 
loamy and sandy soils is greater than expected from the 
extractability investigations!; but this might be ascribed 
to differences in the mineral composition of the soils used. 
The fixation of radiostrontium is probably caused by an 
alteration of the clay minerals at high temperatures. The 
results indicate that a very effective reduction in the up- 
take from loamy soils can be obtained by heating the 
contaminated soil surface; but the practical application 
of this method is complicated by the high temperatures 
needed. 

Addition of superphosphate caused a marked reduction 
in the plant uptake of radiostrontium. The largest amount 
—equivalent to 4,000 kg per hectare—resulted in a four- 
fold decrease in the strontium-89 uptake from the sandy 
sous; in the loamy soils the reduction factor was three. It 
is known from fertilizer experiments that the plants utilize 
only a small part of the phosphorus added in super- 
phosphate. The remaining portion is converted into 
phosphate compounds of lower solubility, for example, 
dicalecium phosphate, octacalcium phosphate and 
hydroxyapatites. It seems reasonable to expect that a 
co-precipitation of slightly soluble calcium-—strontium 
phosphate would occur in contaminated soils if sufficient 
amounts of phosphate were added. However, most of the 
previous experiments on the effects of phosphate applica- 
tion to contaminated soils?-* have shown only a small 
reduction in the plant uptake of radiostrontium. Although 
Uhler® used massive amounts of ammonium phosphate 
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(phosphorus content equivalent to that in 28-5 tons 
superphosphate/ha), the uptake from a calcareous soil v 
only reduced by 50 per cent, and no effect was seen on 
acid soil. The radiostrontium and phosphates were usus 
mixed into the entire rooting medium, and consequen 
the phosphate concentration may have been too low 
cause precipitation. In the present investigation a h 
concentration of phosphate in close contact with t= 
strontium-89 was assured by applying the superphosph: 
directly to the contaminated soil surface. The resu 
obtained by means of this technique could be interpret 
as increased precipitation of strontium in the form 
slightly soluble phosphates, and thus a reduced ple 
availability. Addition of calcium carbonate together w 
the superphosphate decreased the effect as compared w 
superphosphate alone. 

Addition of calcium carbonate did not reduce the upte 
of radiostrontium from these soils. On the contrary, 
results indicate a slight increase in the uptake, even fre 
the sandy soils of relatively low calcium saturation. T 
high concentration of calcium carbonate in intims 
contact with the contaminated soil layer has apparent 
caused an increased plant availability of theradiostrontiu 
This is in agreement with the solubility characterist, 
reported by Schroeder ef al. and the suggestion 
Wiklander” that heavy application of lime might lead 1 
increased solubility of strontium. 

Preliminary results from a similar—but long-term 
experiment with the same four soils in microplots in t 
field show the same tendencies as the results of the p 
experiment reported here. 
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Mechanism of Uptake of Trace Elements by 
Plant Roots 


It is well known that chemical elements can be concer 
trated in very large factors by plant cells, that is to sap 
the final concentrations in the cells may exceed those i 
the media by many orders of magnitude. Enrichment js 
often observed not only for elements that are essential fo 
the plants, but also for elements not known to be essentia 
and even sometimes for elements that normally do no 
occur to any extent in plants. 

The question thus arises as to what mechanism is re 
sponsible for the elements being taken up against concen» 
tration gradients. In the case of some major nutrients 
accumulation is due to ‘active transport’, that is, the 
required osmotic work is done at the expense of metabolis 
free energy. For example, much of the uptake of potas 
sium is due either to its own active transport or to £ 
potential difference set up in the active transport of anothes 
jioni. However, so far as we are aware the importance oi 
active transport does not appear to have been demon- 
strated for the accumulation of ‘trace elements’, here tc 
be defined as elements needed by plants only in minute 
quantities, or not needed at all. 

The nature of the mechanism responsible for the accu- 
mulation of trace elements is of basic importance to 
agriculture and also to the evaluation of hazards due to 
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Mionuclides, especially from nuclear explosions (fall-out) 
from nuclear reactors. Therefore, following up pre- 
mary experiments with unicellular algae (Chlorella)?, 
have studied the uptake of zinc, an essential element, 
roots of a crop plant. 

"We used barley plants that had been grown for about 
days in tap water. The roots were about 10 cm long; 
xy were cut from the plants 4 h before the start of the 
oeriments and washed several times with distilled 
ter. Normally 1-2 g of roots were shaken with 10 ml. 

"a solution of radiozine (zinc-65; half-life 245 days), and 
sxreby aerated, for a few hours. The uptake was com- 
ted from the remaining activity of the solutions, as 
‘asured with a Geiger liquid counter after removal of 
> roots. For comparison, analogous experiments were 
‘formed using radiopotassium (potassium-42; half-life 
5 h). In a few experiments, longer-lived rubidium-86 
3-7 days) was substituted for potassium; it is well known 

at rubidium and potassium behave similarly in respect 
uptake*. Occasionally, experiments were repeated 

Khout severing the roots from the green parts, but the 
sults were not very different. The enrichment factor 
sfined as the ratio of the concentration in tissue (roots) 
that in the supernatant) for zinc was high—about 10? 
the case of zinc concentrations of the order 10-7 M in 
ə supernatant—and depended on experimental con- 
sions. However, the mechanism. of enrichment is clearly 
ite different from that for potassium. 

(1) Equilibrium of zinc between roots and solution was 
ched within a few minutes while uptake of potassium 

«tinued for much longer periods. (2) The ‘decoupling’ 
»xtabolic poison dinitrophenol (DNP), in concentrations 
: to 10-? molar (M), had no influence on the uptake of 
1c, while the uptake of potassium was depressed to less 
an 10 per cent of the normal value; similar results were 
so obtained with sodium azide. (3) After the roots had 

en killed by treatment with alcohol for 10 min, the 

„atake of potassium was practically zero, while that of 

ac increased by 50-100 per cent. (4) After root tissue 

d been homogenized by grinding with glass, the uptake 
potassium was almost completely suppressed, but that 
zine again increased two-fold. (5) While the uptake of 

stassium was not influenced by most foreign ions, for 

cample, sodium or magnesium, in moderate concentra- 
ons (up to 10-2 M), foreign ions generally competed 
rongly with zinc: for example, the elements lanthanum, 
ckel, calcium, magnesium, cobalt, manganese, strontium 

id barium displaced radiozine with efficiencies decreasing 
that order, namely 138-35 per cent as strongly as 

active zinc of equal (2x 10-4) molarity. (6) At least in 

œ range 0°-20° C, and during a period of 5 h, the tem- 

srature coefficient for the uptake of radiozine by intact 

ots was very much (about a factor of 10) smaller than 
iat for the uptake of radiorubidium. 

We suggest that the accumulation of zine by the plants 
due to passive processes, not dependent on metabolism 

` the integrity of the cells, namely, to exchange adsorp- 

on and compound formation‘. Processes not linked with 

.etabolism are, of course, also observed with potassium$:*, 

ut in experiments over longer periods active processes 

redominate. 

We thank the Bundeskanzleramt-Verstaatlichte Unter- 

shmungen (Section IV), Republic of Austria, for financial 

1pport. 
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Prolactin: and the Incidence of Brood Patch 
Formation and Incubation Behaviour of the 
Two Sexes in Certain Birds with Special 
Referenca to Phalaropes 


Ir has been demonstrated. experimentally that brood 
patch formation in certain passerine birds (in which 
typically, only the females develop brood patches and 
incubate in Nature) depends on oestrogen and prolactin 
action}. 

In the phalaropes (a sub-family of three species only, 
two holarctic, one Wilson’s (Steganopus tricolor), nearctic) 
only males incubate anc only they form brood patches. 
Johns and Pfeiffer? showed experimentally that the hor- 
monal stimuli for brood. patch formation in two species 
of phalaropes (one of whith was Wilson’s) are an androgen 
and prolactin. 

One of us has made s preliminary publication’ citing 
data on the gonadal corcentrations of the principal sex 
hormones of breeding Wailson’s phalaropes in comparison 
with those of some other birds. He does not now alto- 
gether accept the interpretation given? to these data, 
but the results reported show that female phalaropes are 
not deficient but rather “high’ in gonadal.androgens and 
hence are unlikely to be poor androgen secretors. There- 
fore their failure to form Drood patches might depend on & 
deficiency of prolactin, rather than a lack of androgen 
production. 

This communication reports the results of experiments 
with: implants of the pituitaries of Wilson’s phalaropes or 
Killdeer plovers (Charad=ius vociferus) on the crop sac of 
common domestic pigecns by the technique described 
elsewhere!; or with intradermal injections of pituitary 
extract-suspensions over the crop sac, followed in both 
cases by the technique of examination previously outlined. 
by one of us‘. Table 1 summarizes the results obtained. 
Although in no case did-we obtain a full-blown crop sac 
development with up to 10y of prolactin (ovine supplied 
by the Endocrinology Study Section, U.S. National 
Institutes of Health) or with our avian materials, the 
data show that breeding male phalaropes produce some 
prolactin and females significantly less or none. Our two 
tests on Killdeer materiel permit no conclusion, but they 
are compatible with the view that since both sexes of this 
bird develop brood patckes both may form prolactin. 

Supporting evidence @mes from the data on relative 
pituitary weight of breeding season Wilson’s phalaropes, 
red-winged blackbirds (Agelaius phoeniceus) and of Kill- 
deers which are summarized in Table 2. It should be noted 
that one of us has previously demonstrated the presence 
of prolactin in female (males were not tested) red-winged 
blackbird pituitaries'. 

We can see no obvious a priori reasons for sexual dif- 
ferences in adenohypopkyseal function in breeding birds 
of the three representative species examined, other than 
relative differences in prolactin production. We believe 


Table 1. PIGEON CROP SAC TZSTS FOR PROLACTIN, USING IMPLANTS (I> 
OR INTRADERMAL INJECTIONS OF SALINE OR WATER EXTRACT SUSPENSIONS. 
(E) oF BIRD PITUITARIES AP=LIED TO THE CROP Sac FoR 4 DAYS 


Material applied to Material applied to 


experimental side Response control side Response 
15 M phal. pits. J ' —— Piece of phal. brain 0 
4 M phal. pits. I —-+ Piece of phal. brain 0 
39 M phal. pits. E — Prolactin 10y + 
20 M phal. pits. E C Prolactin 10y + 
17 M phal. pits +3 doses E 
of M. phal. pits. — Nil j 0 
18 F phal, pits. I C Piece of phal. brain 0 
40 F phal. pits. E* Cc Prolactin 3y — + 
15 M Killdeer pits. E —-+ Prolactin 10y -+ 
15 F Killdeer pits. E C Prolactin 10y -+ 


* Pigeon died on third day of creatment. . . 

Responses were evaluated by macroscopic and microscopic examination, of 
the crop sacs and rated as follcws: 0, no response; — +, suggestion of a 
positive onse; +, minimal bet definite positive response. | 

Abbreviations: M, male; #. female; phalarope pituitaries, Wilson’s 
phalarope pituitaries. 
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Table 2. RELATIVE PITUITARY WEIGHT ft WEIGHT IN MG PER 

50 @ BODY-WEIGHT; THE APPROXIMATE BODY-WBIGHT OF 

WILSON’S PHALAROPES) IN BOTH SEXES OF BREEDING WILSON’S PHALAROPES 
AND Two OTHER SPECIES OF BIRDS 


Female Wilson’s phalarope (28) 1:20 +40:04 
Male Wilson’s phalarope (60)* 1:50+0°11 
Female red-winged blackbird (22) * 1:81 +012 
Male red-winged blackbird (20) 1-26 +0 16 
Female Killdeer plover (29) * 0-86 + 0:07 
Male Killdeer plover (36) * 0 86 + 0-07 


Figures in parentheses indicate the number of birds examined 
ane oo denotes the sex which naturally develops a brood patch and 
cu ; 


that, in birds in general, prolactin is the hormonal stimulus 
to incubation and brood patch development’, except in 
pigeons and doves where, since it controls crop sac 
development in members of this family, a special case is 
involved (see refs. 7 and 8). 

It is evident from the findings given in Table 2 that in 
the first two species, in which only one sex naturally 
develops a brood patch and incubates, that sex has the 
higher relative pituitary weight. In the Killdeer, in which 
both sexes form brood patches and incubate, relative 
pituitary weights are similar. The unit of body-weight 
(50 gm), relative to which we have expressed piiwt»ry 
weights in Table 2, is arbitrary but approximates the 
mean, body-weight of the smaller of the two sexes in the 
first two species. 

Further evidence in favour of greater prolactin produc- 
tion in male than in female phalaropes was obtained by a 
comparison of the number of acidophils per unit area of 
adenohypophysis in microscopic sections of this tissue from 
3 males and 3 female red-necked phalaropes (Phalaropus 
lobatus), allin breeding condition. Acidophils were stained 
with acid fuchsin by a method previously described’. 
Mean numbers of acidophils per unit standard area (based 
on counts over 8 such areas for each bird, representing 
about one-fifth of the total area of the adenohypophysis 
cut at 5u) were: males 236 + 16-0 and females 125 + 
41:5. A paired ż test applied to the data gave a P value 
for this difference of the means of about 0:08. 

There is good evidence that prolactin is produced by 
fuchsinophilic acidophils in birds?®"}. l 

This work was supported by grants from the National 
Research Council and the American Museum of Natural 
History. 
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Relation of Population Density to Sodium 
Availability and Sodium Selection by 
Microtine Rodents i 


A COLLECTION of 55 published records of population 
densities of rodents of the genus Microtus reveals a strong 
correlation between levels reached at population peaks and 
local soil sodium-levels as reported in soil surveys or 
deduced from indirect evidence. In areas with low soil 
sodium the highest density reported was 230 animals per 
acre and populations exceeded 30 individuals per acre in 
only 12 (19 per cent) of 63 reports. In regions of inter- 
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mediate soil sodium, Microtus populations ranged uj 
400 with 16 of 22 (72 per cent) reports listing more t 
30 per acre. In regions of high soil sodium there weri 
records in excess of 1,000 animals per acre and 30 om 
(91 per cent) records were more than 30. Cyclic popula 
fluctuations seem to occur in the animals regardless 
sodium-levels, but the densities reached at popula‘am 
peaks are characteristically many times higher in reg: 
of high soil sodium than in regions of low soil sodium. f 
correlation could be due to other ions associated v 
sodium in the soil. However, the possibility that it refle 
a functional relationship between availability of sod: 
and population regulation suggested a series of laborat 
experiments with meadow voles (Microtus pennsylvani 
from a laboratory colony established with wild anim 
trapped at Madison, Wisconsin. 

Two experiments were conducted to test the effectm 
restricted and unrestricted sodium chloride diets on rey 
duction and population growth. Eight 3’ x 6° pens, e. 
containing two males and two females, and eight 3’ x 
pens, each containing one male and three females, w 
established and left undisturbed for 15 and 19 wee 
respectively. Alfalfa hay and whole oats were suppliec 
execes to all animals. Four replicates of each sex-re 
group were supplied ad lib. with a 0-5 per cent N. 
solution and with distilled water; the control grow 
received only distilled water. Populations supplied w 
the NaCl solution produced 60 young m the 2 male 
female groups and 104 in the 1 male: 3 female gror 
compared to 42 and 64 in the restricted sodium d 
groups (P less than 0-05, paired t-test). The groups w 
sodium ad lib. maintained a higher net population o 
the test periods (P less than 0-05, paired t-test). 

In a second group of experiments segregated sex & 
mixed sex groups of 5- to 8-week-old voles were tested 
self-selection of NaCl at various levels of crowding. TE 
were provided with a choice of distilled water and N: 
solution in paired ‘j’? tubes, which were calibrated 
direct measurement of daily fluid consumption. Th 
series of tests were conducted: (a) high-density groups (m= 
animals per pen) and low-density groups (4 animals } 
pen) of each sex were compared directly; (b) 24 animals 
each sex were subjected successively to four 14-day t 
periods with densities of 4, 8, 24 and then back to» 
animals per pen; (c) mixed-sex groups with one male : th= 
females per pen were compared with groups containi 
two males: two females. High-density animals in te 
series a selected about 70 per cent (males) and 90 per ce 
(females) more of the NaCl solution-than the low-densi» 
animals (P less than 0-01, paired t-test). In test series 
NaCl selection varied directly with crowding when densi 
was changed on the same twenty-four animals. This w 
most striking in males, where the ratio of NaCl soluti. 
to distilled water selected increased from about 2:1 sı 
cessively to 6:1, 10:1 and back to about 4:1 with the retum 
to low density. In test series c, groups consisting of ti 
males and two females selected a significantly higher rata 
of NaCl solution to distilled water (6-2:1) than did t 
groups of one male and three females (2-1:1). 

Increased appetites for sodium shown by adrenalect 
mized. laboratory animals have been considered to refle 
an increased physiological need for this salt’-5. This su 
gests that the higher selection of NaCl by our anime 
under conditions of continued crowding was a manifest 
tion of sodium deficiency, perhaps due to inadequa 
adrenocortical regulation of sodium metabolism. T 
behavioural and physiological mechanisms by which 
sodium deficiency might affect reproduction in crowde 
animals is beyond the scope of this report. 

The field data -and laboratory tests described abo. 
suggest that with restricted access to salt the growth « 
vole populations may be checked at relatively low, leve 
by physiological responses associated with crowding, ar 
that with unrestricted access to salt the suppressive affec 
of crowding are alleviated, allowing populations to inorea: 
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igher levels. Implied in these deductions is the prin- 
3 that sodium is the critical factor limiting vole 
ulations in many areas. In regions with high sodium 
s, enough salt may be ingested with the vegetation to 
sfy the increased requirements of crowded animals, 
eby permitting unrestricted reproduction and popu- 
yn growth to the point where food or some other factor 
mes critical. 
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Simple Technique for embedding and 
supporting Delicate Biological Specimens 


Aany biological specimens are too large for treatment 

normal microscopical techniques and, at the same 
©, too small and delicate to withstand very much 

«aipulation. Many embedding media have been tried 
x the past few years, and one of the most efficient 

M cifective is agar. 

« 4 per cent aqueous (distilled water) solution of agar 
acto’, Difco Laboratories) is prepared, either by free 
iming in an autoclave or steamer, or by using a 
‘ker suspended in a boiling water bath. The molten 
sr is cooled to about 40° C and a thin layer poured 
«o a solid watch-glass and allowed to set. The specimen 
«rranged on the surface of the agar and is then covered 
a further layer of molten agar. It is important to 
ure that no moisture is left on the first layer. Moisture 
bules will spread between the two layers and can 
ise separation after setting. This trouble is obviated 
wiping the specimen and the surface of the agar with 
mall piece of filter paper after the specimen has been 
‘ientated. When the agar has set, the lens-shaped block 
eased out of the watch-glass and the part containing 
> specimen trimmed into a cubical block, using a sharp 
«lpel or razor blade. The cube (which is opaque when 
‘.) is then transferred to 70 per cent alcohol, in which 
may be stored until required for clearing. For clearing, 
> block is gradually dehydrated by being taken through 
per cent, 90 per cent and absolute alcohol, one day in 
2h, and then transferred to a mixture of equal parts 
absolute alcohol and benzyl alcohol for a few hours. 
is then removed to pure benzyl alcohol for complete 
aring. Both block and specimen will become trans- 
rent quite quickly but specimens containing a great 
al of yolk may require a longer time to achieve complete 
unsparency. In the case of amphibian eggs this is an 
vantage because the slight opacity gives a clearer 
sture of the segmentation stages. 

The technique is particularly useful for eggs of cyclo- 
zmes, teleost fishes and amphibia, coelenterate medusae, 
ssections of small molluscs and molluscan radulae too 
‘ge for ordinary microscope mounts. Specimens may 
. stained before embedding, but they must be returned 
water before processing. Blocks may be removed 
ym. the benzyl alcohol for examination under a dis- 
sting microscope, but should not be kept in the air for 
period of more than 3 h, otherwise splitting and drying 
the block may occur. All material for treatment under 
ese conditions must first be fixed and preserved as for 
rmal storage. The blocks are tough and resistant to 
ar, but should it be necessary to remove & specimen 
xm a block a careful cut across a block in one plane 
cl enable the specimen to be removed without damage. 
l 


'l parings from the first trimming may be remelted and 
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used for more blocks. Agar cannot be recovered after 
treatment with alcohol. 


R. H. Harris 


Department of Zoology. 
British Museum (Natural History), 
London, S.W.7. 


Selective Effect of Particulate Insecticides on 
Simulium amcng Stream Fauna 


Simulium, the vector of onchocerciasis and the cause 
of considerable nuisance mn northern latitudes, is usually 
controled by killing its ayuatic stages by putting insecti- 
cides in a soluble form into the streams where they occur. 
This kills most of the other insects; the natural predatory 
suppressors of the Simul-um larvae—the larvae of some 
of the stone flies and caddis flies—are removed, and 
unrestrained recolonizatim by Simulium may occur. 

The community of creatures living in fresh-water 
streams is highly organized and stable and constitutes 
many food chains, one ending in fish. The use of soluble 
DDT necessitates repetizion and produces an entirely 
different organization, fhe maintenance of which is 
dependent on the maintenance of the interference. This 
changed environment car be regarded in many respects 
as biologically sterile. 

Simulium larvae are particle feeders. They live only 
in the fast-flowing parts of the stream, and their method 
of feeding is different from that of the other detritus 
feeders such as the chironomids, which live in the slow- 
running and silted part ofthe stream. The size of particles 
ingested by British species of Simulium is about 10-12p 
(ref. 1). Since 1962, we have used DDT in the form of 
particles of different size in streams in North Wales. In 
one such experiment, 1 x 10' particles of 4-l5u were 
put into a stream in half an hour, when the stream was 
flowing at arate of 0-15 cu. ft./sec. This corresponded to & 
dosage of 0-5 p.p.m. The next day, all Simulium larvae 
had disappeared from palythene tapes placed 150 yards 
below the point of dosages, and the tapes remained free 
of Simulium until a math after the dosing. During 
this time no other creatares in either the water or the 
stream bed showed any >opulation variation other than 
the minor fluctuations expected from the changing seasons 
and rainfall. Not even net-spinning caddis fly larvae 
were affected by the smadl particles of DDT. 

It is possible that a method of control developed on 
this principle will not dissurb the predator insects which 
regulate the numbers of Simulium larvae, and it should 
not interfere with the tigktly knit community of creatures 
which includes the food chain leading to fish. But we do 
not know whether the particulate insecticide accumulates 
in the sediment of the river bed, nor do we know anything 
of the potential effects of such accumulation, and we know 
nothing of the fate of thst fraction which is taken up by 
Simulium larvae. These and other factors must be investi- 
gated. 

We wish to thank “Sall” Research, Ltd., Woodstock 
Agricultural Research Centre, for providing water dis- 
persible powders of the -equired particle size. 


W. E. KERSHAW 
T. R. WILLIAMS 
S. FROST 

H. B. N. Hynes * 


Department of Parasitolœy and Entomology, 
Liverpool School of Trcpical Medicine and 
University of Liverpool. 


* Present address: Department of Biology, University of Waterloo, 
Ontario, Canada. 


1 Williams, T. R., Connolly, R. C., Hynes, H. B. N., and Kershaw, W. E., 
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Bacterial Count and Cell Differentiation in Milk 


A METHOD has been developed in this laboratory which 
has been found to be superior to the Breed-type smears 
such as are routinely used for assessing the bacteriological 
quality of cow’s mulk. The technique not only stains the 
bacteria, but also the somatic cells in such a way that 
the various cell-types may be satisfactorily differentiated 
and classified. Granular cytoplasmic inclusions which 
might be released on cell-degeneration are easily distin- 
guished and not mistaken for the coccoid form of micro- 
organisms. 

The use of 0-2 ml. of sample instead of 0-01 mal. (as 
in the Breed-method and its modifications), even distri- 
bution and low microscopic factor improves the precision 
of the count. 

The fact that the cells are differentiated will help the 
investigator who is not only concerned with a total 
count to distingush between pathological and normal 
conditions of the udder. The micro-organisms and the 
cells present in the milk sample are stained ın a siliconed 
serological tube. This stained preparation is filtered, by 
vacuum filtration, through a membrane filter (M.F. 
Corp. plain white D.A.; dam., 25 mm; pore size, 0°65z). 
This filter, after being dried, is made transparent with im- 
mersion oil and the bacteria and cells can then be counted 
and studied with a light microscope. 

The procedure 1s as follows: 2 ml. “Triton X-100’, 0-1 per 
cent solution, pH 7-0 (prepared with double distilled 
water and filtered through a membrane filter), 1s placed 
in a serological tube. 2-3 drops 0-5 per cent solution 
CuSO,5H.O is added. Three drops benzidine—peroxde 
solution is added (benzidine 0:2 g/200 ml. distilled water ; 
to which is added 4 drops of H,O,, 3 per cent). The milk 
sample (0:2 ml.) is added, and the mixture allowed to 
stand for 3 min. One drop of May—Grunwald stain (BDH 
standard stain in solution) 1s added, with 2 drops of Giemsa 
stain (improved Giemsa stain, Gurr £66 in solution). 
The tube is stood for 20 min in a water bath at 48° C, 
then poured into a filter funnel; two rinsings of the 
serological tube with ‘Triton’ solution at 48° C are also 
poured into the funnel. Vacuum is applied to pull the 
emulsion through the membrane filter. Rinsing is 
accomplished by flushing about 7 ml. ‘Triton’ solution (at 
48° C) through the filter. The membrane filter is removed 
and dried on a glass slide at 35° C for about 10 min; 
immersion oil is added until the membrane filter becomes 
transparent. It is then covered with a cover slip. An- 
other drop of immersion oil is placed on the cover slip, 
and the preparation is examined under the microscope. 

I thank Prof. A. G. Leggatt for his advice. 


Œ. L. DurrscHAEVER 


Department of Dairy Science, 
University of Guelph, 
Ontario. 


Formation of Protocatechuic from Quinic Acid 
by Fluorescent Pseudomonads 


Roaorr! described two fluorescent pseudomonads he 
electively isolated from soil which could oxidize quinic 
acid with the formation of protocatechuic acid as an 
intermediate. 

Fifty-two isolates, assignable to the genus Pseudomonas 
and producing pyoverdine in the medium of King, Ward 
and Raney”, have been examined for their ability to 
aromatize quinic acid by this pathway. ‘The strains 
were isolated from infected hen-eggs, surface waters, 
chicken carcases, chicken droppings, beef and milk, using 
ordinary peptone media containing no quinate. 

Protocatechuate formation by the isolates was inves- 
tigated in the following medium, adapted from that of 
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VOL, 2C 
Rogoff!: Solution A. NH,Cl, 0-4 g; MgS0O,.7}amm 
0-05 g; MnCl,.4H,0, 0-01 g; FeSO,.7H,0, 0-00 


CaCO, 0-2 g; yeast extract (Difco), 0-05 g; agar N 
(Oxoid), 0-05 g; distilled water, 50 ml., pH 7:4. Sole 
B. K.HPO,, 0-1 g; quinic acid, 1:0 g; distilled we 
50 ml., pH 7-4 (adjusted with 10 per cent (w/v) Nat 
The two solutions were mixed, dispensed in 2-ml. amo 
into test-tubes (100 mmx10 mm) and autoclaved 
15 min at 15 lb. pressure. One drop from broth cult 
of the 52 strains was used to inoculate the quinate med» 
On incubation at 25°, protocatechuate was rea 
detected by the formation of a purple colour below 
bacterial surface growth due to the action of ferrous 
on this compound. In most such cases, a green colora 
also appeared at the medium surface: this may F 
been due to the reaction of protocatechuate with fe 
ions, formed at the medium surface by oxidation of fer» 
ions (Soloway and Rosen), but since this zone fluores 
strongly it may simply have been pyoverdine produ 
on the surface of the medium. A drop of medium remo. 
from the purple portion of each culture did, howe 
form a deep green colour on the addition of a droy 
aqueous 0-5 per cent (w/v) FeCl;.6H,0. By these sin 
tests, protocatechuate was discernible in the culti 
within 2-3 days; after a week or so, the purple co™™ 
slowly disappeared and no ferric chloride reaction cc 
be demonstrated. 

Of the 52 fluorescent pseudomonads, 49 produ 
protocatechuate. The three negative strains (from ris 
water, chicken droppings and spoiling beef respectivi 
grew more sparsely on the medium, utilizing the yt 
extract as a carbon source, presumably. An interest 
biochemical characteristic these three strains shared ` 
the ability to decarboxylate L-glutamic acid to y-am 
butyric acid; one of the other strains was also able 
carry out this reaction but it possessed in addition 
L-aspartic acid decarboxylase. 

Manometric experiments with washed cell suspensi 
gathered after 60 h growth on the quinate medi 
(solidified with 1-5 per cent w/v agar) demonstrated 
oxygen uptake by the three strains in the presence 
sodium quinate (pH 7-4, 30°), whereas representatives: 
the other 49 strains rapidly oxidized this substrate. 

It would seem that fluorescent pseudomonads commo. 
possess the ability to oxidize quinic acid via pro 
catechuic acid but that some strains are unable to atts 
it by this or any other pathway. Since the formation 
protocatechuate can be easily demonstrated in grow» 
cultures by its reactions with ferrous and ferric ions, & 
since a significant number of strains do not effect 
production, the test should prove a useful one for inclusi= 
in taxometric methods for the sub-grouping of + 
Pseudomonas. It has been found that the use of a ser 
solid medium favours the accumulation of the pro 
catechuate formed in the region below the surface grow 
and prevents its too rapid oxidation. 

D. J. STEWART 
Department of Agricultural Bacteriology, 
Ministry of Agriculture for Northern Ireland 
and The Queen’s University of Belfast. 
1 Rogoff, M H., J. Gen. Microbiol., 19, 330 (1958). 
2? King, E O, Ward, M. K., and Raney, D. E., J. Lab. Clin. Med., 54, » 


(1954). 
3 Soloway, S., and Rosen, P., Anal. Chem., 25, 595 (1953). 


VIROLOGY 


Rubella Virus Complement-fixation Test 


MrrHops in present use for the serological diagno: 
of rubella consist of the neutralization!:? and the indire 
fluorescent-antibody* techniques. The former is expenst 
and laborious and requires usually 7-10 days to car 
out, while the latter, although it can give an answer with 
a matter of hours, is a difficult technique for routp 
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gnosis. The preparation of a complement-fixing antigen 
s recently been described‘, providing for a rapid and 
aple test of infection. The antigen, which is cell- 
sociated, was made in the RK,,; line of rabbit kidney 
ls or in primary cultures of kidney from the African 
sen monkey. The infected cells were processed 2 days 
d 7-10 days respectively after inoculation of virus. 
ccessful antigen preparation, however, is in both cases 
pendent on a critically large virus inoculum; otherwise 
sults are erratic. The present report describes a simpler 
d more reliable method of complement-fixing antigen 
<eparation, involving the use of aged cultures of a chronic- 
y infected line of LLC-MK, cells®. 
The chronically infected cells were grown in Roux 
ttles in Medium 199 containing 1 per cent inactivated 
Tse serum and antibiotics and adjusted to pH 7-4 with 
«dium bicarbonate. The cultures were maintained by 
paplacing half the medium every 3-4 days. Antigen was 
epared at intervals by discarding the medium and 
raping the cells from the glass into a small volume of 
ronal-buffered saline. The cells were sedimented by 
ntrifuging at 1,000 r.p.m. for 10 min, and resuspended 
buffer to a final volume equivalent to 1 ml. per Roux 
«ttle. This cell suspension was then frozen and thawed 
ree times, or subjected to ultrasonic vibrations for 15 
«c. The final product constitutes the antigen. The 
«chnique is similar to that used in preparing cyto- 
egalovirus complement-fixing antigen®. The antigen 
m be stored at — 70° C for at least 1 month without loss 
‘potency. Activity is lost at 56° C within 0:5h. Because 
` the relatively small amounts of antigen available, 
«mplement-fixation tests were carried out by the micro- 
chnique, using 0-025-ml. Takatsy loops, micropipettes 
id ‘Perspex’ plates’. Each batch of antigen was exam- 
ed in a chess-board titration against a positive control 
mvalescent serum, using 2 units of complement and 
vernight fixation at 4° C. 
Little or no antigenic activity was demonstrable in 
‘eparations from cell cultures less than 7 days old. 
ntigenicity first became detectable with 7—-14-day-old 
iltures but the titres, measured as the reciprocal of the 
ceatest dilution of antigen showing at least 3 + comple- 
sent fixation with the positive serum, did not exceed 2. 
‘aximum antigen titres of 8 were, however, reached after 
4 days of incubation of the cell cultures. The material 
1owed no or only minimal anticomplementary activity 
rhen used undiluted. While Sever et al.4 briefly mention 
« their paper the preparation of complement-fixing anti- 
an from the chronically infected LLO-MK, cells, they 
oparently found no advantage with this technique and 
© details are given. The present findings indicate that 
ith aged cells as described here the antigen potency is at 
sast equivalent to that produced in RK,, and primary 
frican green monkey kidney cells. Although prolonged 
1cubation of the chronically infected cells is required 
or antigen manufacture, the initial preparation of large 
10culum doses of virus becomes unnecessary and, in our 
xperience, potent antigens are obtained regularly. 
Table 1 shows the results observed with a number of 
əra from children and adults. All sera for complement- 
xation tests were inactivated by 56° C, and were titrated 
gainst 2 units of antigen. The tests were controlled with 
nown positive and negative sera. Neutralizing antibody 
utres were measured in RK, cells. Serial dilutions of 
.on-inactivated sera were mixed with equal volumes of a 
aspension of the Judith strain of rubella virus containing 
0 TCD;, per 0-1 ml., and the mixtures were incubated 
t 37° Cforlh. Tissue culture tubes were then inoculated 
rith 0-2 ml. amounts of the serum—virus mixtures, and 
icubated at 33° C in a roller drum. The tubes were 
xamined for cytopathic effects over a period of 14 days. 
-he neutralizing antibody titres were calculated as the 
eciprocal of the highest dilution of serum which com- 
detely suppressed the cytopathic effect of the virus. 
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Table 1. ANTIBODY RESPONSES IN 


CTI 
Time >f serum 


PATIENTS WITH RUBELLA VIRUS 
ON 


Antibody titres 
CF 


Age colEction Neutr. 
Patients with clinical rubella 
18 yr. Firs- day * <4 40 
21 days later 64 320 
20 yr. Secand day * <4 20 
24 days later 32 160 
8 yr. Third day * <4 20 
7 da-s later 32 80 
23 days later 64 160 
6 yr. Third day * <4 20 
20 days later 64 160 
18 yr. Sixth day * 16 80 
: 17 dzys later 64 80 
Infants with rubella syndrome 
4 wk.t <4 20 
Mother 128 640 
8 mos. 32 80 
Mother 128 320 
25 yr.§ <4 80 
Adults with no or past history of rubella 
25 yr. <4 160 
24 yr. <4 40 
23 yr. <4 20 
21 yr. <4 80 
20 yr. 4 40 


* After onset of rash. 
t Virus isolated from throat and faeces. 
t Virus isolated from urine and throat. 
3 Not excreting virus. 


While only a few casas of clinical rubella have so far 
been investigated with the complement-fixation test, it 
is apparent that the con-plement-fixing antibody develops 
in parallel with the neusralizing antibody but is delayed 
by several days. The latter antibody is already detectable 
in most cases by the second day after the onset of the 
rashi:®:?, whereas the complement-fixing antibody prob- 
ably does not appear until about the fifth day. The 
presence of neutralizing antibody without complement- 
fixing antibody in adults who give no recent history of 
rubella suggests that the complement-fixing antibody is 
transient’. The neutral:zation test will therefore still be 
necessary for the detestion of past infection and for 
epidemiological studies. The three cases of rubella syn- 
drome illustrate three different and interesting antibody 
situations. The first case possesses only neutralizing 
antibody, despite activa infection and virus excretion. 
However, inability to make complement-fixing antibody 
is not uncommon in small infants in many other virus 
infections. The 8-montn-old case shows both types of 
antibody, perhaps because of greater maturity and con- 
tinued infection. The 2-5-year-old case has ceased to 
excrete virus, and no longer possesses demonstrable 
complement-fixing antibody. This disease differs, there- 
fore, from cytomegalov-rus and herpes virus infections, 
and the findings in this child appear to suggest that there 
is no persistent latent infection with rubella virus in 
children with the rubella syndrome. 

The complement-fixatinn test provides an easy and rapid 
method of serological in-estigation of recent rubella virus 
infection, and should contribute to a more complete under- 
standing of the pathogenesis and epidemiology of this 
common and important disease. 


H. STERN 


Department of Virology, 
St. George’s Hospital Medical School, 
London, S.W 1. 
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Phenocopies of the ma-} and ry Mutants of 

Drosophila melanogaster : Inhibition in vivo 

of Xanthine Dehydrogenase by 4-Hydroxy- 
pyrazolo(3,4-d)pyrimidine 


PHENOCOPIES are environmentally induced abnormali- 
ties which mimic the phenotype resulting from mutant 
genes. Pomales eż al. have shown that 4-hydroxypyrazolo 
(3,4-d)pyriumidine (HPP) 1s an inhibitor in vivo of xanthine 
oxidase in mice, and we have attempted to produce 
phenocopies of the maroon-like (ma-l) and rosy (ry) eye 
colour mutants of Drosophila melanogaster with it. 
Xanthine dehydrogenase is undetectable in these mutants 
(see Glassman? for a discussion of these loci), and as a 
result, there is a partial loss of the red pteridines of the 
eye, the eyes being a dark red-brown rather than red. 
In addition, the products of this enzyme’s activity, 
isoxanthopterm and uric acid, cannot be detected, and its 
substrates, 2-amino-4-hydroxypteridine and hypoxanth- 
ine, accumulate. In this communication we describe the 
production of phenocopies of me-l and ry by HPP in 
various strains of D. melanogaster. 

The medium on which the flies were raised was modified 
from one described by Dr. E. B. Lewis (personal communi- 
cation). 100 ml. medium was prepared by adding 1-7 g 
brewer’s yeast, 5-7 g dextrose, 1:4 g sucrose, 9-4 g fine- 
ground yellow corn meal, 0-6 g agar, and 1-0 ml. food 
colouring (for identification) to 94 ml. water at 85° C. The 
mixture was heated to 95° C until it started to thicken. 
When it had cooled to 70° C, 1-2 ml. of 3 per cent benzyl 
benzoate (Eastman) in 95 per cent ethanol (to control 
mites), 1-0 ml. of a mixture containing 41-8 ml. propionic 
acid, 4:15 ml. phosphoric acid (85 per cent), and water to 
100 ml. (to control mould), and the desired amount of 
HPP were added. The medium was then mixed in a 
Waring blender and 10-ml. portians were dispensed into 
25 x 95 mm vials. The next day, adult flies were placed 
m each vial and allowed to deposit eggs on the surface 
of the medium for 3 to 4 days. Flies were reared at 
25° + 1° C. 

Eye colours were recorded daily when the adults 
emerged. In order to facilitate this a strain containing 
the scarlet eye colour gene (st) at locus 44 on the third 
chromosome was used. The st mutent lacks the brown 
eye pigment and the eye colour is usually bright red. 
The double mutant, st ry or ma-l; st, has a yellow-orange 
eye colour, and this is also the eye colour of the st flies 
which are phenocopies of ma-l and ry. For comparative 
purposes, the Pacific wild-type strain and the ru lad by 
strain was also used (ru and by are the symbols for roughoid 
eye and blistery wing, and are only incidental markers). 
The ru ld by strain has relatively low xanthine dehydro- 
genase activity because of led (low xanthine dehydro- 
genase) at locus 33 + on the third chromosome’. Only 
those flies that duplicate the ma-l or ry eye colour exactly 
(red-brown eye colour in the case of Pacific and Iad, 
and orange eye colour for st) were scored as phenocopies; 
those showing intermediate eye colours were scored as 
normal. 

Fig. 1 shows the percentage of flies grown on different 
amounts of HPP that resembled the ry and ma-l mutants. 
In no instance did any of these phenocopy flies transmit 
their abnormal eye colour to their progeny grown on 
regular food. The concentration of HPP required to 
transform 50 per cent of the flies into phenocopies varied. 
For ru lad by it was about 0-008 per cent, for st it was 
about 0-026 per cent, and for PAC it was about 0-095 
per cent. This difference in response might be due to the 
average xanthine dehydrogenase activity found in these 
strains; for the ru lad by it was 3-8, for st it was 10-0 
and for PAC it was 22-4 enzyme units per fly as measured 
by the method of Glassman?:*. However, additional work 
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Table 1. ‘THE EFFECTS OF HPP ON THE st STRAIN OF Drosophila melanog» 


VoL. 20€ 


%, Flies Relative Xanthir 
Cone. of with Relative amount of dehydro 
HPP phenocopy survival isoxanthop- genase 
eye colour terin * units per f 
00 0 100 4:0 12 
0-01 24 0:84 32 96 
0 02 31 — — 10 
0:03 93-8 — — Q-A 
0:04 100 0 — — 86 
0 05 100 0 0-81 2:2 11 
0-10 — 0 02 0-5 a 


* Data for st, PAC, and ru lza by flies are combined for this column. 
+ The mean of 8 replicate assays of single flies 


is required to substantiate this relationship. Hig} 
doses of HPP have an appreciable detrimental effect 
viability (‘Table 1). 

To test whether the other pteridimes (2-amino: 
hydroxypteridine and isoxanthopterin) related to xanth 
dehydrogenase were also affected, flies were chroma 
graphed by the following modification of the method 
Hadorn and Mitchell’. A fly was placed in boiling wa 
for 1 min and then squashed with a glass stirring rod ont 
origin of a 9 in. x 11 m. sheet of Whatman No. 3 M 
filter paper. The chromatograms were developed 
ascending chromatography for about 4 h in propanc 
l per cent NH,OH (2:1). When dry, the chromatogra» 
were observed under an ultra-violet lamp emitting mair 
at 365 my. In order to quantitate these results, ` 
applied an arbitrary visual grading system using ‘0’ 
represent the absence of isoxanthopterin and ‘4’ to rep) 
sent the highest amounts we observed. The grading w 
done on coded flies to eliminate bias. The data s 
presented in Table 1, where it can be seen that the amou 
of isoxanthopterin declined as the concentration of H1 
increased. In contrast, 2-amino-4-hydroxypteridine w 
present in higher-than-usual amounts in the flies rais: 
on the higher concentration of HPP. This indicates th 
the effect of HPP is on xanthine dehydrogenase and n 
directly on the eye colour or on pteridines. 

Furthermore, HPP has no effect on the synthesis 
this enzyme. Table 1 shows that the enzyme activi. 
was not affected in st flies grown on HPP even though t: 
flies grown on 0:030, 0-040 and 0:050 per cent HPP we 
phenocopies. It is concluded that the synthesis of xanthi» 
dehydrogenase is not affected by HPP. 

It is clear that HPP effectively inhibits xanthi» 
dehydrogenase activity in D. melanogaster, in vivo. Furthe 
more, the effectiveness of HPP seems to be relate 
inversely to the amount of enzyme activity present 
each strain. This phenomenon will be useful in many way 
(1) by suppressing the maternal effect of the ma- 


Percentage of adult flies with phenocopy eye colour 





20 40 60 80 100 
4-Hydroxypyrazolo(3,4-d)pyrimidine (mg/100 ml.) 


Fig. 1. The effect of HPP on phenocopy production in the dzd, st, and 
PAC strains of Drosophila melanogaster 
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“7 with ‘a low concentration of HPP in the food, we 
< expedite the genetic analysis of the ma-l locus; (2) by 
ng low concentrations of HPP in food and using the 
‘al genetic selection techniques, it might be possible to 
sct for new mutant alleles at the ld locus, or for leaky 
tants at the ma-l and ry loci; (3) the use of high 
els of HPP in the food may facilitate the selection of 
ains of flies that have very high xanthine dehydrogenase 
ivity. These applications are now being explored. 
"We thank Dr. George H. Hitchings of Burroughs 
allcome and Co. for his generous gift of HPP. 
Ihis work was supported by a grant (G@M-—08202) from 
> National Institutes of Health, and by a U.S. Public 
salth Service research career development award 
M-K3-14, 911-01). 
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Induction of Crossing-over in Drosophila 
Males by Means of Ovarian Extract 


THE frequency of gene recombination is known to be 
fected by extrinsic factors or intrinsic ones such as sex. 
rossing-over is completely blocked ın dipteran males, 
cluding those of Drosophila melanogaster, and in silkworm 
males. It is a puzzling problem why sex should have 
ich an influence on crossing-over. Lack of homology 
etween regions of the X and Y may explain the absence 
f crossing-over between the sex-chromosomes of the 
eterogametic sex, but the absence of crossing-over in the 
utosomes must have a different cause. 

All agents that so far have been found to produce 
rossing-over in Drosophila males—irradiation and certain 
hemicals—cause mutations and chromosomal aberrations 
s well. In the work recorded here, an attempt has been 
aade to induce crossing-over in males by means of fresh 
‘varian extracts. Males and females utilized in this work 
rere heterozygous for the second-chromosome markers 
aumpy (dp), black (b), cimnabar (cn), and~brown (bw). 
\ bout 300 ovaries of fertilized females were dissected into 
4-3 c.c. of 0-4 per cent saline. The ovaries were then 
somogenized and centrifuged twice at 3,000 r.p.m. for 15- 
*0 min. The supernatant was filtered and/or directly 
aken into a microsyringe, and 0:2 ul. was injected into 
she testis region of males. A portion of the same or a 
similarly obtained supernatant was boiled before injection. 
Males injected with 0-4 per cent saline and untreated 
nales served as additional controls. 24 h after injection, 
ach male was individually mated with three virgin 
‘emales homozygous for dp b cn bw, and six broods of 
hree days each were analysed for induced cross-overs in 
Pı» Presumptive cross-overs were verified by back-crosses 
0 the multiple recessive strain. 

Table 1 presents a summary of the results. It will be 
seen that cross-overs occurred exclusively among the 
orogeny of a proportion of those males that had been 
mjected with fresh ovarian extract. 

Table 2 presents an analysis of the progeny from the 
25 males that had yielded cross-overs. The overall fre- 
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Table 1 
No. No. 
Injected with surv vng No. F, CTOSS-OVETS 
mëles tested m Fy 
— € ` 14,472 0 
Saline 14,043 0 
Boiled ovanan extract © 11,580 0 
Fresh ovarian extract 1E 29,147 103* 


* Among 1,901 progeny of 25 males. 


Table 2. DISTRIBUTION OF CRGSS-OVERS IN THE PROGENY OF 25 MALES 
THAT HAD BEEN TREATED WITH OVARIAN EXTRACT 


Brood B C D E Total 
Observe 
phenoty res 
+ + + +- 
Non cross-overs dp b cn bw 897 675 196 108 1,876 
Cross-over regions 
I z — b) + b en bw 9 3 6 12 30 
I (b — cn) + + cx bw 1 3 - = 4 
IKN (en — bw) + + + bw 13 5 2 - 20 
dp b cm + 2 3 —- 1 6 
ITand II dp + cr bw 1 - — - 1 
+ 6 o + 1 - — — 1 
I and I dp -+ + bw 7 1 = - 8 
IT and IIT + + cr + 16 12 — - 28 
dp b + bw — 1 - — 1 
Numbers 50 28 8 13 99 
Total cross-overs per cens 55 4 4 11 5 


quency of crossing-over was 5 per cent. The distribution 
over the 3 chromosomal regions used did not correspond 
to the lengths of these regions, and there were great 
disparities between complementary classes; these unex- 
pected features may, however, be due to the fact that 
sampling errors were greatly exaggerated by the occur- 
rence of clusters. The bmod pattern shows that, as in the 
experiments by Reddi aml Auerbach?, some of the sperma- 
tozoa utilized in brood B-amust have been pre-meiotic or in 
early meiosis at the time of treatment. The occurrence of 
some clusters in this Lrood would suggest the former 
possibility but, with the few markers used, apparent 
clusters may equally weil have been due to independent 
cross-overs in several spermatocytes of the same male. 
While the details of the observed effect require a more 

elaborate analysis, the sults clearly indicate that fresh 
ovarian extract contains a factor that ınduces crossing- 
over in male germ cells. The ineffectiveness of boiled 
ovarian extract suggests that this factor is a heat-labile 
substance. 

O. S. REDDI 

G. M. REDDY 

M. 5. Rao 


Radiobiological Research Unit, 
Osmania University, 
Hyderabad, 
India. 
1 Beddi, O. S., and Auerbach, C., Genel. Res., 2, 63 (1961). 


Regression of a Phenotypic Value on the 
Values for the Parents and Grandparents 


THe problem discussed in this communication was 
suggested by Dr. Donald Michie in connexion with an 
investigation, by himseH and Mrs. Jean Hayes, of pedi- 
gree records in British bloodstock. 

Let x be some phenotypic value for some animal, and 
let xP be the average of the value for its two parents, and 
x€ that of its four grandparents. The problem is to find 
the regression of x on xF and xï, that is to find the partial 
regression coefficients bgg p and bgp. such that: 


E(a|aP, x8) = bgp asP + bga pas. 
Write : 
z = Ww + z, P = wP + zP, xa = wf + 26, 
where the w’s are ‘environmental values’ and the z’s are 
‘genotypic values’. We-make the following assumptions, 


the first of which implies no real loss of generality, and the 
remainder are natural. 


H(x)=0, EH(w)=H(z)=0, cov(w,w?) =cov(w,wF) = 
cov(w,z) = cov(w,zP) = cov(w,z¢) = 0. 
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We also assume that the conditions are stationary from 
generation to generation, and that: 

H(2|zP) =H (z|2zP, 24) =2P, 
This last assumption means that the breeding (genotypic) 
properties of the parents supersede those of the grand- 
parents, at any rate in regard to expectations. 

Let k be the correlation coefficient between x and z. Ib 
is customary to call h? the ‘heritability’ of the relevant 
trait. It can then be proved, by making use of standard 
regression theory, that: 


bap.q=h*{1— h*)/(1— gh‘) 
bya.p = Pk) ght) 
Trinity College, Oxford, and 


Atlas Computer Laboratory, 
Chilton, Berkshire. 


I. J. Goon 


AGRICULTURE 


Objective Evaluation of Quality in Poultry 
Meat 


REcENt work in this laboratory! has indicated a 
relation between biochemical and quality changes occur- 
ring in chicken muscle during storage. During frozen 
storage the buffer-extractable nitrogen of chicken muscle 
decreased and the products of protein breakdown in- 
creased!. The decrease in buffer-extractable nitrogen 
occurred as a result of loss of solubility of the actomyosin 
fraction and was accompanied by a loss of sulphydryl 
groups (-SH) of muscle tissue. During storage at above- 
freezing temperatures, extensive proteolysis occurred, but 
the changes in the protein extractability and -SH group 
content of muscle tissue were small?. In meat in which 
the proteolytic activity had been destroyed by cooking, 
the -SH. groups of muscle tissue decreased progressively 
during frozen storage without any mcrease in the protein- 
breakdown products*. The loss of -SH groups and solu- 
bility of muscle protein was accompanied by a loss of 
tenderness and development of dryness in frozen stored 
meat, while the amount of protein-breakdown products 
increased with the development of off-odour m meat 
stored either frozen or unfrozen. 

Since both biochemical and quelity changes depend on 
storage time and temperature, the possibility of employing 
the biochemical changes as an index of quality in stored 
poultry was considered. This communication presents 
evidence that the ratio between the -SH groups of muscle 
tissue, which indicate the degree of denaturation of muscle 
proteins, and protein-breakdown products, which indicate 
the degree of proteolysis, may be useful as a quality index 
for poultry stored frozen or unfrozen and for cooked 
frozen poultry. Separation and fractionation of myo- 
fibrillar proteins are lengthy procedures and cannot be 
used for routine quality control work, but simple analy- 
tical methods can be used to measure these parameters. 

Samples of meat were obtained from male broiler-type 
chickens. The birds were killed in the laboratory by 
cutting the jugular vein and carotid arteries. They were 
bled for 2—3 min, scalded for 2 min at 53°—54° C, plucked 
by hand, eviscerated and aged for 48 h in drained, crushed 
ice. For frozen storage, birds were vacuum packaged in 
‘Cry-O-Vae’ bags, frozen in an air blast (800-500 ft./min) 
at — 30° C, stored at — 18 and — 10° C for the desired 
length of time (up to 2 years), and thawed for 2 h in run- 
ning water at 18°-22° C. For storage at 0° C, birds were 
dipped in chlortetracycline solution (10 p.p.m.), placed in 
sterilized ‘Cry-O-Vac’ bags, flushed with nitrogen and 
stored under aseptic conditions for maximum storage life 
(up to 5 weeks). For pre-cooked frozen storage, the birds 
were vacuum packaged in ‘Visking’ bags, heated for about 
3 h in boiling water to bring the internal temperature to 
about 85° C and stored at —10 ° C (up to 2 years) under 
nitrogen to minimize oxidation. 
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For analysis, breast and leg muscle were remot 
separately, freed from visible fat, tendon and connect 
tissues and minced with scissors. Minced tissue (5 g) 3 
homogenized with sodium chloride (3 g), sand (3 g) è 
metaphosphoric acid (2-25 per cent, 20 ml.). The mixt 
was shaken, left for 5 min and filtered (Whatman No. $ 
These operations were performed at 0° C on duplic 
samples. The filtrate was used to estimate both —» 
groups and protein-breakdown products. Sulphyd 
groups were estimated in 2-4 ml. of filtrate by a cok 
metric method using sodium nitroprusside reagent! z 
expressed as pg glutathione-SH per g muscle. For » 
estimation of protein-breakdown products, 5 ml. filtr» 
was treated with 5 ml. 20 per cent trichloroacetic a 
solution, allowed to stand at room temperature for 1 he 
centrifuged for 10 min at 12,000 g. Protein breakdo 
products were estimated with Folin-Ciocalteu reagent 
4 ml. supernatant! and expressed as pg of tyros 
nitrogen per g muscle. 

The ratio of -SH groups and tyrosine nitrogen conte 
(suggested quality index) of both breast and leg mus 
tissue decreased progressively with storage time in r 
meat stored at temperatures above and below freezi» 
and in cooked frozen meat (Fig. 1). During frozen store 
the ‘quality index’ decreased as a result of loss of — 
groups and an increased proteolysis. During storage 
0° C for 5 weeks, changes in -SH group content of mus: 
tissue were small, and the ‘quality index’ decreased mair 
as a result of proteolysis. In cooked meat in which 
proteolysis occurred, the ‘quality index’ decreased as 
result of loss of -SH group content during frozen storas 
The rate of decrease of ‘quality index’ increased rapio 
with storage temperature in much the same way as t 
rate of quality deterioration increased in studies wi 
uncooked meat®:*. In muscle of birds from a single flo 
killed, processed, and stored under identical conditions 
the laboratory, the ‘quality index’ varied within +10 f 
cent. 

The determination of the suggested objective ‘quali 
index’ should be much simpler, more accurate and reliak 
than the assessment of quality by sensory testing. T 
results may, therefore, be of interest in laboratory studi» 
on the effect of freezing and storage procedures on poult 
quality as well as in commercial freezing and storage 
poultry. The effects of biological variability and proce 
sing techniques on the ‘quality index’ are being inves 
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‘Quality ındex’ 





Storage time (weeks) 


Fig. 1. Effect of storage tıme on suggested quality index (ratio between 
-SH group content and Folin-Ciocalteu reagent-positive nitrogen content 
of muscle tissue, plotted logarithmically). @, Breast muscle; O, leg 
muscle. A, Raw poultry stored at—18°C; B, raw poultry stored at—10° C; 
C, raw poultry stored at 0°C; and D, cooked poultry stored at —10°C 
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wed, and values of the ‘quality index’ corresponding to 
3 quality of meat when deterioration is first detected by 
asory evaluation are being studied. 
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A. W. Kaan 
Division of Biosciences, 
itional Research Council, Ottawa 2, Canada. 
han, A. W., van den Berg, L., and Lentz, C. P., J. Food Sci., 28, 425 (1963). 
han, A. W., and van den Berg, L., J. Food Sci., 29, 49 (1964). 
-han, A. W., and van den Berg, L., J. Food Sci., 30, 151 (1965). 
-han, A. W., Agr. Food Chem., 12, 378 (1964). 
an den Berg, L., Khan, A. W., and Lentz, C. P., Food Technol., 17, 91 (1963). 


close, A. A., Pool, F M., Campbell, A. A., and Hanson, H. L., F 
Technol., 18, 477 (1959). i oe 


ANTHROPOLOGY 


Lower Palaeolithic Hominid and Pebble- 
industry in Hungary 


IN the neighbourhood of the village of Vértesszollés, to 

e north-west of Budapest, a rich Lower Palaeolithic 

mite has been found: the results of the first excavation 
ave already been published!. 

In 1964 a great part of the site was excavated, and this 
ssulted in some new finds, which included a rich fauna 
3 well as several thousand primitive pebble-tools. 

The pebble-industry in Hungary, called Buda-industry, 
. related to the Oldowan industry in Africa, the 
houkoutienian in China, the Sohan in India and to the 
lactonian in England so far as implement-types is con- 

«erned. The most characteristic forms are pebble- 
™hoppers, chopping-tools and polyhedrons. On the basis 
f its well-determinable stratigraphical conditions (the 
ravertine complex bearing the finds is situated on a 
«igh, old—possibly fourth—Pleistocene terrace) and of the 
ich vertebrate fauna, it was possible to compare our 
ite with the Upper Biharian (that is, Mindel 1/2 and 
“Vindel 2). 

During the 1964 excavations four separate cultural 

1orizons were found. The two lower ones were in solid 
ravertine and in lime-mud, while the upper two were at 
he base and at the top of the overlying loess. The loess 
iain was covered with another layer of travertine several 
netres thick. It was the lowermost layer which yielded 
she richest material; this represented a continuous living 
surface at the base of a former tettarata (calcareous tuff 
oasin). The material consists of numerous broken bones, 
and some small hearth, stones and chips. Of the three 
«apper layers, that at the base of the loess was almost as 
«ich in material as the lowest layer, but it covered a 
smaller area. The tools—so far as can be stated after a 
wreliminary investigation—do not show any noticeable 
«changes at the different cultural horizons. However, the 
fauna shows a considerable change: the vertebrate (rodent) 
material found in the loess belongs to cold-enduring 
species while those in the lower layers belong to a warmer 
climate: in the upper layer, beside the northern type 
red vole (Myodes [= Clethrionomys] cf. rutilus), there are 
Microtus- species and Ochotona, etc., in great abundance, 
thus indicating a cold climate. On the other hand, in 
the lower layers, Murines (Apodemus, Mus), Cricetus 
and Glis accompanied by Plromys (dying out later), and 
Microtines, which belong to a relatively warmer climate, 
indicate more temperate climatic conditions. 

During the excavation, several hundredweights of 
lime-mud from the cultural layer were washed out and 
sieved, and taken to the Hungarian National Museum for 
preparation. The washing process and the collecting from 
the washed material took several months. I+ is for this 
reason that the most significant find of the excavation 
only came to light early in 1965: namely, tooth- 
remains of a hominid from the washed material of 
the lowest cultural horizon. The hominid remains consist 
of a left deciduous canine, the fragment of a first deciduous 
molar and fragments of another molar belonging to a 
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child’s jaw. Even at first glance it was obvious that the 
teeth are characteristic of the Pithecanthropus—Sinanthro- 
pus group. Dr. A. Thema has been asked to undertake 
detailed examination. 

From the washed ma-erial where the human teeth were 
contained, the followirg mammalian species were also 
determined (there are oaly one or two new species in this 
list as compared with that already published): Citellus sp. 
(cotellus-group), Cricetus sricetus ssp., Myodes [ = Clethriono- 
mys] cf. glareolus (Schizber), Phomys sp., Arvicola sp., 
Phaiomys sp., Microtus (Pitymys) arvalidens (Kretzoi), 
Microtus conjungens Eretzoi, Microtus arvalis-agrestis- 
group, Apodemus sp. (sulvaticus-group). 

The decreasing numbərs, from the base upwards, of the 
Pitymys arvalidens anc the greatly increasing numbers 
of the Microtus con:ungens—an intermediate form 
between Microtus hintori-gregaloides and Microtus gregalis 
—are a clear indication of a deteriorating climate during 
the laying down of the apper layers of the site. 

M. KRETZOI 


L. VY: S 
Hungarian National Museum, Budapest. ain 


1 Kretzol, M., and Vértes, L., Current Anthropology, 8, No. 1, 74 (1965). 


Cranial Capacity of the Hominine from Olduvai 
Bed I 


Pror. P. V. Tosras! has produced a range of values for 
the cranial capacity of the ‘pre-Zinjganthropus’ juvenile 
from Bed I, at the F.LK.N.N. I site at Olduvai Gorge, 
Tanganyika. This communication presents evidence which 
confirms T’obias’s calcu_ations. 

The figures which Tobias calculated on the basis of his 
‘BJA’ ratio, the parietal-to-total volume, were 642-7— 
723-6 c.c. These figures and the method of obtaining 
them have been criticised’, and it is generally held that 
his figures are questionable. The main reason for this 
unwillingness to accep: Tobias’s figures rests with his 
method of reconstructivn of a partial endocast from the 
parietal fragments. Pi-beam and Simons? hold that the 
articulation of the pacietals along the sagittal suture 
would make a considsrable difference in the parietal 
volume, since a more acute angle of articulation along the 
suture would reduce she width at the base, thereby 
decreasing the volume. 

Since the fragments ere from both sides of the cranium, 
accurate reconstruction is possible by mirroring one side 
with the other. Thus, the reconstruction should be 
reasonably correct, dismgarding for the present the ques- 
tion of articulation. Assuming also that the range of 
values found for partal endocasts, parietal-to-total, is 
within the values obtained (50-22—56-54 per cent), the 
question of articulatior requires consideration. 

Using the photograpas and scale provided by Tobias’, 
a full-scale drawing was made of the endocast both as seen 
from above and behind. Using the maximal breadth and 
height as a plane, a template was constructed of the out- 
line of the endocast in this plane, from one side. By 
simply turning the template over, the mirror image could 
be traced. Using the most superior point in the mid- 
sagittal plane as a pivot point, the template was rotated 
a number of times, ard outlines traced on fine-quality 
tracing paper. A ‘refer2nce’ outline was made to conform 
with the scale of the published photograph. The maximum 
breadth in the coronal plane was varied from the ‘reference’ 
value in both directions. In other words, the angle of 
articulation at the sagittal suture was made both more 
and less acute. Each putline was traced, giving a total 
of four complete outlir=s: (1) at scale; (2) minus 0:5 cm 
each side; (3) mmus 1:0 each side; (4) plus 0:5 cm 
each side. Thus, maximum breadth was varied from plus 
1:0 cm to minus 2-0 cm, a range surely greater than 
necessary. 

A planimeter was taen used to obtain the areas en- 
closed by each of the four outlines, five readings being 
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taken for each outline. Each was then calculated in terms 
of the percentage of the ‘reference’ or scale area. The 
values resulting are as follows (per cent): (1) ‘scale’, 100; 
(2) minus 0-5 cm, 98-3; (3) minus 1-0 cm, 95-9; (4) plus 
0-5 cm, 101. 

It is immediately apparent that variations in the 
articulation angle along the suture do not radically 
reduce volume estimates. In varying the articulation 
angle, the decrease essentially affects but one dimension, 
that is, the lateral breadth. At the same time, the vertical 
dimension is increased. Since the shift is in one direction, 
it can be seen that by taking some small volume in the 
coronal ‘plane, A(dx) and integrating from anterior to 
posterior dimensions, one is essentially adding small 
volumes until total parietal volume results. What the 
planimeter method shows is that the loss in area from 
constriction of the breadth is almost compensated by the 
increase in depth. The area remains essentially constant, 
and since the length of the endocast is not affected by 
constriction the volume remains essentially constant also. 
It should be appreciated, however, that this method can 
only give an approximation, since the articulation in 
question is along a curved surface. If the entire suture 
were present in the fragments, it would not be possible to 
vary greatly the angle of articulation. Since the fragments 
are partial in this respect, some degree of freedom is 
allowed for articulation, and taking the area of but’ one 
plane of coronal orientation at the point of greatest depth 
would be roughly representative of a series of areas in 
different coronal planes. 

In sum, Tobias’st values are probably correct, provided 
that: (1) the reconstruction is valid; (2) the partial 
endocast variation, ‘B/A’ ratio, is within the limits 
obtained. 

It must be added, however, thet this confirmation of 
Tobias’s figures should in no way be taken as supporting 
his conclusions regarding the creation of a new species of 
early hominid. The parameter of cranial capacity is 
quite variable in the higher primates. The end-points of 
the greater than 1,000 c.c. variation between members of 
modern Homo are not placed in separate species, nor are 
gorillas, the volumes of which vary between 752 c.e. 
and 320 c.c. (ref. 3). Thus, it would not be unlikely that 
on the basis of cranial capacity, et least, the ‘pre- Zinj’ 
materials are within the Australopithecine taxon of early 
hominids. 

Raren L. HOLLOWAY, JUN. 

Department of Anthropology, _ 

Columbia, University, New York. 
* Tobias, P. V.. Nature, 202, 3 (1964). 


* Pilbeam, D. R., and Simons, E. L , American Sci., 53, 237 (1965). 
* Schultz, A. H., Anthropol. Anz., 25, 197 (1962), 


Pror. HotLoway has shown effectively that the partial 
endocast of Homo habilis provides a valid basis for estim- 
ating its cranial capacity, and even for a far greater range 
of angles along the sagittal suture than are anatomically 
likely. He has increased the maximum (biasterionic) 
breadth by as much as 10 mm and reduced it by as much 
as 20 mm and found a minimal effect on the cross-sectional 
area, of the biparietal tunnel. It is of interest that the 
difference in biasterionic breadth between two recon- 
structions made in Nairobi and in J ohannesburg was 
scarcely 2mm. The first was made by Dr. L. S. B. Leakey 
and myself, with the auxiliary observational judgment 
of Dr. G. G. Simpson, Mrs. M. Leakey and Mrs. S. 
Coryndon; the second was made by A. R. Hughes and 
myself. The tolerance limits of our reconstructions were 
2 mm; Prof. Holloway has validated the method for a range 
of 30 mm between the greatest and smallest biasterionic 
distances ! 


Two comments may be added on variability in higher ` 


primates: 


(1) The capacity of 680 c.c. in H. habilis exceeds the 
australopithecine mean of 502 c.c. (n= 7) by 3-79 standard 
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deviations. (The S.D. of 47-0 c.c. is an estimate of t 
population S.D., based on an australopithecine samy 
range of 435-562 c.c. For this calculation, the adı 
capacity of the Taung fossil was re-computed from t 
newer growth data of Ashton and Spence, which show: 
that, by the dental age of the Taung child, the cran’ 
capacities of hominoids have reached 90-94 per cent 

the adult mean values. The proposed new ‘adult valı 
for Taung of 562 c.c. replaces the 600 c.c. I former 
accepted?. Even on the former estimate, however, 680 c. 
was 3 S.D.’s higher than the australopithecine mean.) 

(2) It is extremely hazardous to apply to a fossil gror 
such as Australopithecus the a priori argument that . 
variability must have been at least of the order four 
in living higher primates. There is much evidence th: 
the variability of metrical characters may vary from taxc 
to taxon; thus, for cranial capacity, the coefficient : 
variation may be as low as 6-8 in chimpanzee and as hig 
as 13-6 in gorilla (6+9), or 12:8 in modern man. Eve 
if we separate male and female gorilla capacities, tl 
gorilla male V of 10-4 is higher than that of orang-ute 
or chimpanzee for both sexes combined! Many facto. 
enhance the variance and these may not operate equal 
in different hominoids, for example, varying degrees ¢ 
sexual dimorphism, the possible effect of zoo conditior 
on higher primates and the proportions of zoo-reared an 
wild-shot animals represented in a skeletal series, tl 
degree of polytypism and polymorphism within a taxor 
etc. 

Not only may a single metrical character vary t 
different degrees from population to population, but als 
different taxa may show high or low overall variability 
Morant? proved that, in contrast with modern mar 
Neandertal man was remarkably homogeneous in cranic 
metric characters. This was stressed again not long ag 
by Blanc, by Vallois and by Caspari‘!, the latter addin, 
that “in recent man interindividual variability appear 
to be relatively large as compared with a number of othe 
species”. The Biometric School produced many investiga 
tions which showed wide diversity of variability amon, 
different human populations and different great apes. 

We simply do not know if Australopithecus was a hight: 
variable taxon in general, or whether cranial capacity 
in this group was of low or high variability. The estimatec 
coefficient of variation based on the present australo 
pithecine sample of 7 cranial capacities is 9:35 per cent 
which is higher than that of smaller-brained apes, bu 
lower than that of gorilla and modern man. But th 
problems intrinsic in palaeontological sampling make i 
very likely that this is an imperfect estimate. Furthe 
specimens of australopithecines may place the value o 
680 c.c. well within the mean +3 S.D.’s; but we cannol 
assume that this will be so, nor can we base statements 
on the possible features of specimens still to be dis 
covered. On the existing sample, the estimated crania 
capacity of H. habilis is significantly greater than the mear 
australopithecine capacity. 

Note added in proof. Dr. J. K. Woo® has meanwhile 
applied my method to his important new pithecanthropine 
cranium from Lantian, Shensi Province. From a biparieta 
reconstruction and endocast, he has obtained estimates oja 
the total endocast volume of 775—783 c.c. Using one of 
Pearson’s formulae on the complete reconstructed cranium, 
he has obtained a value of 778 c.c. These remarkably 
similar estimates agree with Woo’s total morphological 
assessment in aligning the Lantian specimen with the 
small-brained Indonesian crania of Homo erectus. 


P. V. Tostas 
University of tho Witwatersrand, 
Johannesburg. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, October I 1 


NSTITUTION OF MECHANICAL ENGINEERS, EDUCATION AND TRAINING 

ee eee nae ae y e o aT et at 1 Birdcage Walk, 
f on, 8.W.1), at 2. m.—Conference on “ i 

Engineering Activities in Schools” i Senne 


e—MOOIETY OF CHEMICAL INDUSTRY, COLLOID AND SURFACE CHEMISTRY 
OUP at 14 Belgrave Square, London, S.W.1), at 5.80 p.m —Mr. B. W. 
: “Surface-Active Agents in the Pharmaceutical Field”. 


JNIVERSITY OF LONDON (in the Botany Lecture Theatre, University 

oH ape ihe Saha rT P 5 oe m.—Prof. G. Drews (Uni- 
urg): “The Cell of the Photosynthetic Bacteria ın Light- and 

‘tk-Metabolism” (further lecture on October 13). * - 


LOYAL GEOGRAPHIOAL SOCIETY (at 1 Kensington Gore, London, S.W.7), 
mad p m.— ‘Germany: a Regional Geography” (colour film). 


Tuesday, October 12 


ER Seg in fie ey. ee Une, College, 
reet, London, -1), at 1.15 p.m.— Dr. H. E. Lewis: “The Islanders 
Tristan da Cunha—a Medical Study of Isolation”. * 


meZOOLOGICAL SOCIETY OF LONDON (at the Zoological Gardens, Regent’s 
rk, London, N.W.1), at 5 p.m —Scientific Papers. 


ma(NSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 

«ndon, §.W.1), at 5.30 p m.—Mr. E. M. Wilson: “A Study of the Feasibility 

Tidal Power from Loughs Strangford and Carlingford with Pumped 
wage at Rostrevor’’. 


BMNSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION (at 1 

rdcage Walk, Westminster, London, 8.W.1), at 6 p m.—Annual Meeting. 

~A a —Mr. E. 8. Moult: “An Engine Designer’s Scrapbook” (Chairman’s 
ess). 


Wednesday, October 13 


-aSOHOOL OF PHARMACY, UNIVERSITY OF LONDON (in the Assembly Hall, 
‘unswick Square, London, W C 1), at 3 p m —The Lord Brain, Bt., D.M., 
B.0.P., F.R.S.: “Drug Dependence”. 


ROYAL STATISTICAL SOOIETY (at the London School of Hygiene and 
‘opical Medicine, Keppel Street, Gower Street, London, W.C.1), at 5 p.m.— 
¢. M. Hills: ‘‘Allocation Rules and Their Error Rates”. 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS (at 9 Bedford Square, 
mdon, W.C 1), at 6 pm—Dr. D. O. Cooper: “Signal Processing Using 
motical Techniques”. 


SOCIETY OF CHEMICAL INDUSTRY, FooD GROUP (at 14 Belgrave Square, 

mdon, 8.W.1), at 6.15 p.m.—Meeting on “The Future of Food Legisla- 

m”. Mr. D. D. Mou’ “The Public Analyst’s View’; Dr. A. M. Taylor: 
Whe Viewpoint of the Manufacturer”. 


INSTITUTE OF SOIENCE TECHNOLOGY, LONDON BRANOH (in the Electrical 
ngineering Department, Imperial College, Exhibition Road, London, 
.W.7), at 6 30 p.m.—Prof. C. Cherry. “The Communication Explosion”. 


Thursday, October 14 


INSTITUTE OF PETROLEUM, EOONOMICS AND OPERATIONS GROUPS (at 61 
ew Cavendish Street, London, W.1), at 530 pm.—Mr. R. Marsh: “The 
odustrial Training Act”. 


INSTITUTION OF CIVIL ENGINEERS, TRANSPORTATION ENGINEERING 
ROUP (at Great George Street, Westminster, London, $.W.1), at 5.30 p m.— 
onnal i ea on “Motorist’s View of Road Problems”, introduced by 

air. E. pley. 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
avoy Place, London, W C 2), at 5.30 p.m.—-Mr. L. E 8. Mathias: “Long 
Vavelength Laser Generation”. 


INSTITUTION OF MEOHANIOAL ENGINEERS, HYDRAULIC PLANT AND 
{AOHINERY GROUP (at 1 Birdcage Walk, Westminster, London, 8.W.1), at 

D Ta Dioneo on ‘“‘Dirt in Flud Power Systems—Should it be Excluded 
wr Tolera 


Friday, October 15 


ARTHUR STANLEY EDDINGTON MEMORIAL TRUST (in Room 3, Mill Lane 
Zecture Rooms, The University, Cambridge), at 5 p.m.—Sir John C. Eccles, 
T. R.S.: “The Brain and the Unity of Conscious Experience” (1965 Eddington 

mfemorial Lecture). 


INSTITUTION OF MECHANICAL ENGINEERS, THERMODYNAMICS AND FLUID 
WECHANIOS GROUP (at 1 Birdcage Walk, Westminster, London, 8.W.1), at 
3 p m.— Discussion on “Flow Visualization”. 


Saturday, October [6 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, 
London Road, Forest Hill, London, S.E.23), at 3.30 p m.—Mr. John Okell: 
‘Burmese Musical Instruments’’. * 


Monday, October 18 


PLASTIOS INSTITUTE, PLASTICS PROPERTIES DISCUSSION CIROLH (at the 
Mandeville Hotel, Mandeville Place, London, W.1), at 3 p.m.—Mr. D. A. 
Hill’ “Impact Testing and Brittle Failure”, 


UNIVERSITY OF LONDON (in the Botany Theatre, University College, 
Gower Street, London, W.C.1), at 5 pmo cen B. A. D. Stocker: ‘‘Sal- 
monella Antigens—Structure and Genetics” (further lecture on October 25).* 


BRITISH COAL UTILIZATION RESEARCH ASSOCIATION (in the Lecture 
‘Theatre, Institution of Civil Engineers, Great George Street, London, 8.W.1), 
at 5 30 p.m —Prof. D. B. Spalding: “Heat Transfer Aspects of Coal Utiliza- 
tion” (Fourteenth Coal Science Lecture). 


SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, 8.W.1), at 5.80 p.m.—Dr. J. H. Hamenee: “The Public 
Analyst’s Approach to Pesticide Residues”. 
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INSTITUTION OF MECHANIOAL SNGINEERS, INTERNAL COMBUSTION ENGINE 
GROUP (at 1 Birdcage Walk, Westminster, London, 8.W.1), at 6 p.m-—Discas 
sion on “Whither Small V-Form Diesel Engines p? Jaaa DE Sp 


ROYAL GEOGRAPHICAL SOOLETY (at 1 Kensington Gore, London, S.W.7), at 
8 15 p.m —Dr. Charles Swithindank: “A Year with the Russians in Nee 


tica”. 
APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointment 
datea mentioned - ng appointments on or before the 

POSTDOCTORAL FELLOW (cell viologist or biochemist) IN THE DEPARTMENT 
or ZooLoey to work with Dr. L G E. Bell on problems associated with cell 
surface function—The Deputy Secretary, The University, Southampton 
(October 12). 

LECTURER (with a good honours degree in a science subject and preferably 
experience of teaching chemistrz in secondary schools; a knowledge of Welsh 
will be an additional qualification) In EDUCATION—The Registrar, University 
College of North Wales, Bangor..North Wales (October 14) 

LECTURERS (with a good honcurs degree and a keen interest in any branch 
of electronics and control engimeering) IN THE ELECTRONICS AND CONTROL 
DIVISION, School of Engineering Science—The Registrar, University College 
of North Wales, Bangor, North Wales (October 14). 

ASSISTANT LECTURER or LECTURER (preferably with a special interest in 
analysis) IN PURE MATHEMATIes—The Secretary, Birkbeck College (Uni- 
versity of London), Malet Streat, London, W.C.1 (October 18). 

LECTURER IN METALLURGY—The Principal, Lanchester College of Tech- 
nology, Priory Street, Coventrz (October 18). 

ASSISTANT LECTURER (with a wide interest in genetics so as to be able to 
lecture to students of both depertments) IN GENETICS IN THE DEPARTMENTS 
OF BOTANY AND ZOOLOGY—The Registrar, The University, Manchester, 13, 
quoting Ref. 174/65/Na (October 20). 

LECTURER (Grade II) IN THEORETICAL CHEMISTRY—The Registrar, 
University Senate House, Bristal, 2 (October 20). 

LECTURER or ASSISTANT LECTIRER (with research experience in any branch 
of computer science and preferably an interest in programming languages, 
systems programming or non-mmerical applications of computers) IN THE 
COMPUTATION LABORATORY, DEPARTMENT OF MATHEMATIOS—The Deputy 
Secretary, The University, Southampton (October 22). 

RESEAROH FELLOW (with a first- or second-class honours degree, and 
preferably ecological traming and previous research experience) IN THE 

EPARTMENT OF ZOOLOGY, to work on the general ecology of the fox for a 
penod of three years—-The Secretary, The University, Aberdeen (October 23). 

SENIOR LABORATORY ADMPNISTRATOR (with previous administrative 
experience, and preferably laboratory or medical knowledge) IN THE DEPART- 
MENT OF ANATOMY—The Regisrar, University College of South Wales and 
Monmouthshire, Cathays Park, Cardiff (October 23). 

CHAIR OF MATHEMATICS and FEAD OF THE DEPARTMENT OF MATHEMATICS 
—The Academic Registrar, No=thampton College of Advanced Technology, 
St. John Street, London, B.C.1 “October 25). 

CHAIR OF NUMERICAL ANALYSS—The Registrar, University of Strathclyde, 
Glasgow, C.1 (October 25). 

LECTURERS IN NUMERICAL ANALYSIS; LECTURERS IN STATISTIOS; and a 
LECTURER and an ASSISTANT LECTURER IN PURE TICS— The 
Registrar, University of Strathzlyde, Glasgow, C.1 (October 25). 

RESEARCH ASSISTANT (male or female honours graduate in any of the 
biological sciences, including medicine, interested in animal cell biology, and 
preferably laboratory experienc in culture techniques) IN TISSUE CULTURE 
IN THE DEPARTMENT OF ANATOMY—The Registrar, University College of 
South Wales and Monmouthsh:re, Cathays Park, Cardiff (October 25). 

WELLCOME CHAIR OF PHARMACOLOGY AT THE SCHOOL OF PHARMAOY— 
The Academic Registrar, Uni-ersity of London, Senate House, London, 
W.C.1 (October 28). 

SENIOR LECTURER IN PHYSICS AND THEORETICAL PHYSICS; a SENIOR 
LECTURER IN HIGHWAY ENGICEERING; a SENIOR LECTURER/LECTURER IN 
ANTHROPOLOGY; & LECTURER cr SENIOR LECTURER IN GEOPHYSICS, a LEC- 
TURER IN MICROBIOLOGY; anc a SENIOR DEMONSTRATOR/DEMONSTRATOR 
IN ANTHROPOLOGY at the University of Queensland, Australia—The Associa- 
tion of Commonwealth Univesities (Branch Office), Marlborough House, 
Pall Mall, London, 8.W.1 (London and Brisbane, October 29). 

SENIOR LECTURERS or LEOTIJRERS (3) IN GEOLOGY at the University of 
Canterbury, Christchurch, New Zealand—The Association of Commonwealth 
Universities (Branch -Office), Marlborough House, Pall Mall, London, S.W 1 
(New Zealand and London, October 29). 

ASSISTANT CURATOR (with field experience in ethnology) OF THE MUSEUM 
OF ARCHAEOLOGY AND ETHNCLOGY—The Secretary of the Appointments 
Committee, Faculty of Archaealogy and Anthropology, University of Cam- 
bridge, Downing Street, Camkridge (October 30). 

CHAIR OF BoTANY—The Deputy Secretary, The University, Southampton 
(October 30). 

EXPERIMENTAL OFFICER (yaing graduate interested in the design and 
construction of electronic and 2lectro-acoustic equipment) IN THE DEPART- 
MENT OF AUDIOLOGY AND EDIJCATION OF THE DEAF—The Registrar, The 
University, Manchester, 13, qucting Ref. 179/65/Na (October 30). 

LECTURER IN THE DEPARTMENT OF PHARMACOLOGY—The Clerk to the 
Council, School of Pharmacy. University of London, 29/39 Brunswick 
Square, London, W.C.1 (October 30). 

LECTURER IN BIOOHEMISTR=—The Registrar, King’s College (University 
of London), Strand, London, WC.2 (October 31). 

SENIOR LECTURER or LECTCRER IN AGRIOULTURAL ENGINEERING at the 
University of Khartoum—The_Registrar, University of Khartoum, c/o The 
Inter-University Council, 33 Bedford Place, London, W.C.1 (October 31). 

LECTURER (DreLPTAD y with experience in comparative and cellular physi- 
ology) IN THE DEPARTMENT OF ZOOLOGY, University of Melbourne, Australia 
—The Association of Commouawealth Universities (Branch Office), Mari- 
borough House, Pall Mall, Loncon, S.W.1 (November 1). 

RESEARCH STUDENT IN METALLURGY for work concerned with the mass- 
transfer of alloying elements, especially carbon, between plain carbon and 
alloy steels, immersed in high purity molten sodium at temperatures up to 
850 deg. C.—The Registrar, King’s College (University of London), Strand, 
London, W.C.2 (November 1). 

CHAIR OF PLANT SCIENCE; and LECTURERS IN BIOLOGICAL SCIENCE at the 
University College of Rhodesia and Nyasaland—The Secretary, Inter- 
University Council for Highar Education Overseas, 33 Bedford Place, 
London, W.C.1 (November 4)_ . 

DEPARTMENTAL ADMINISTRATOR IN THE DEPARTMENT OF CHEMISTRY— 
The Deputy Secretary, The University, Southampton (November 6). 
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SENIOR LECTURER or LECTURER (medically qualified with adequate ex- 

erence) IN THE DEPARTMENT OF CHEMICAL PATHOLOGY, University of 
Thadai. Nigeria—The Secretary, Senate Committee on Higher Education 
Overseas, University of London, Senate House, London, W.C.1 (November 8). 

SENIOR LECTURER or LECTURER (chemical engineer, preferably with in- 
dustrial experience of process control) IN CHEMICAL PROCESS CONTROL IN 
THE DEPARTMENT OF SYSTEMS ENGINEERING—The Secretary, University of 
Lancaster, Bailrigg House, Lancaster (November 13). 

PRINCIPAL OF THE WEST OF SCOTLAND AGRICULTURAL COLLEGE and 
PROFESSOR OF AGRICULTURE 1n the University of Glasgow (combined appoi 
ment)—The Principal, The West of Scotland Agricultural College, 6, Blyths- 
wood Square, Glasgow, C.2 (November 15). 

POST-DOCTORAL FELLOW (chemist, biologist or physicist with experience 
in electron microscopy, with a Ph.D. degree or postgraduate research exper- 
ience of equivalent standard and duration supported by satisfactory evidence 
of research ability) IN ELECTRON MICROSCOPY IN THE DIVISION OF PROTEIN 
CHEMISTRY, Commonwealth Scientific and Industrial Researoh Organization, 
Parkville, Melbourne—Chief Scientific Liaison Officer, Australian Scientific 
Liaison Office, Africa House, Kingsway, London, W.C.2, quoting Appoint- 
ment No. 462/236 (November 20). 

ASSISTANT BACTERIOLOGIST (preferably female, with a university degree 
and/or practical experience in food microbiology)—The Director, Research 
Station, The Fruit and Vegetable Canning and Quick Freezing Research 
Association, Chipping Campden, Glos. 

ASSISTANT LECTURER or LECTURER (with research interests in nuclear 
magnetic resonance spectroscopy) IN ORGANIO CHEMISTRY—Prof D H. R. 
Barton, F.R.S., Department of Chemistry, Imperial College of Science and 
Technology, London, S.W 7. 

ASSISTANT LECTURER (with appropriata qualifications in biology, mycology 
or botany, and preferably special qualificetions in plant mycology or general 
myoology) IN BIOLOGY—The Registrar, University of Strathclyde, Glasgow, 


CHEMISTRY MASTER (well qualified) to teach up to advanced level—The 
Headmaster, Latymer Upper School, Hammersmith, London, W.6. 

DEMONSTRATOR (honours B.Sc. biochemistry or chemistry) TO ASSIST IN 
LABORATORY AND TUTORIAL INSTRUCTION IN THE DEPARTMENT OF BIO- 
OHEMISTRY—The Secretary, Royal Free Hospital, School of Medicine (Uni- 
versity of London), Hunter Street, London, W.C.1. 

ELECTRON MICROSCOPE TECHNICIAN a experience in biological and 

eee work and a sound knowledge of replica, embedding and sectioning 

ehniques) to take charge of the operation and maintenance of a Siemens 
Pe ene and ancillary equipment—The Director of Research, Natural 
Rubber Producers’ Research Association, 56 Tewin Road, Welwyn Garden 
City, Herts ` 

ENTOMOLOGIST (with a B.Sc. degree with honours in zoology or entom- 
ology, and preferably practical experience of control of field pests and pests 
of stored products) in British Honduras, to advise the Agricultural Extension 
Staff and farmers on pest control measures, to evaluate insecticides and 
undertake basic field research in pest control, to lecture on pests and pest 
control and to advise on legislation to control the use of certa n insecticides, 
and pest control generally—The Appointments Officer, Ministry of Overseas 
Development, Room 301, Eland House, Stag Place, London, 8.W.1, quoting 
Ref. RC 213/26/08. 

EXPERIMENTAL OFFICER to work on electronic instrumentation in the field 
of cardiology—The House Governor, Charing Cross Hospital, London, W.C.2. 

HEAD OF THE NEW ZEALAND SCHOOL OF PHARMAOY, Central Institute of 
Lechnology—The High Commissioner for New Zealand, New Zealand House, 
Haymarket, London, 8.W.1, or The Director of Education, Private Bag, 
Wellington, New Zealand 

MIOROANALYST (with experience in micro-elementary and functional 

up analysis, and preferably familiarity with the operation and main- 
nance of electronic equipment) IN THE ORGANIC CHEMISTRY DIVISION of 
the National Chemical Research Laboratory, 0.8 I.R., South Africa, to take 
charge of the routine microanalytical operations of the ee ane 
South African Scientific Liaison Officer, Chichester House, 278 High Holborn, 
London, W.C 1. 

POST-DOCTORAL ASSISTANT; and a TECHNICAL ASSISTANT IN INORGANIO 
OHEMISTRY to work under the supervision of Dr. J. F Nixon—The Secretary, 
Department of Chemistry, St. Salvator’s College, University of St. Andrews, 
St. Andrews, Fife, Scotland. 

PRINCIPAL GRADE BIOCHEMIST (with a higher degree in chemistry or bio- 
chemistry)—The Clerk to the Governors, St. Bartholomew’s Hospital, 
London, E.C 1, quoting Ref. No. PT/836. 

RESEARCH ASSISTANT (preferably with a degree in botany, agriculture, 
agricultural botany or other equivalent qualification) IN THE POTATO 
BRANOH for work on herbicides in relation to potato vaneties—The Secretary, 
National Institute of Agricultural Botany, untingdon Road, Cambridge. 

RESEARCH ASSISTANT (zoology graduate) IN THE DEPARTMENT OF ZOOLOGY 
AND APPLIED ENTOMOLOGY, Imperial College of Science and Technology, to 
work at the College Field Station, Silwood Park, on chemical factors in host 

lant selection by phytophagous insects or on the reproductive behaviour of 
nsects—Dr. C. T. Lewis, Silwood Park, Sunpinghill, Ascot, Berks. 

RESEAROH ASSISTANTS (with a degree in chemistry er equivalent and 
pee interested in the kinetics of exchange reactions) IN RADIOOHEMICAL 

TUDIES—The Senior Lecturer in Radiochemistry, Sir John Cass College, 
Jewry Street, London, E.C 3. 

RESEARCH ASSISTANTS (with a good degree in physics or electrical engineer- 
ing) for work on resonances excited by microwaves in the plasma of a discharge 
column and on the application of these resonances in the field of electronics 
—Prof M. Potok, Royal Military College of Science, Shrivenham, near 
Swindon, Wiltshire. ‘ 

RESEARCH ASSISTANTS (2) (with qualifications in engineering or physics 
and preferably some experience in research) IN THE DEPARTMENT OF 
MECHANICAL ENGINEERING, for work in the fields of (a) hydrodynamic 
lubrication, and (b) fluid control systems—The Registrar, The University, 
Sheffield, 10. f 

SENIOR TECHNICIAN IN THE DEPARTMENT OF CHEMICAL PATHOLOGY to 
assist in the mvestigation of sick children—The Chemical Pathologist, 
Hospital for Bick Children, Institute of Child Health, Great Ormond Street, 
London, W.C.1. . : 

SENIOR TECHNICIAN (preferably with previous experience with polymer 
equipment) for the maintenance and operation of modern equipment in a 
polymer characterization laboratory—The Departmental Superintendent, 
Chemistry Department, Imperial College, London, S.W.7. 

SENIOR TECHNICIAN (with H.N.C. or equivalent qualification in physics, 
chemistry or biology, and preferably experience in physical instrumentation 
and an interest in field work) IN THE ECOLOGY SECTION OF THE DEPARTMENT 
OF FORHSTRY—Dr. M. E. Poore, Department of Forestry, Forestry 
Institute, University of Oxford, Oxford. 
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Great Britain and Ireland 


Bulletin of the British Museum (Natural History). Entomology. Vol. 
No. 2: A Systematic Revision of the Ameniinae (Diptera: Calliphoridill 
By R. W. Crosskey. Pp. 83-140 35s. Vol. 16, No. 3: A Revision of 
Nodini and a Key to the Genera of Eumolpidae of Africa (Coleopte 
Kumolpidae), By B. J. Selman Pp. 141-174. 14s. (London: Bn 
Museum (Natural History), 1965 ) i : l 

“Water Resources Board. Logarithmic Plotting of Stage-dischs 
Observations. By A. I. G. S Robertson. Pp. 36. (T.N.3.) Origin 
published 1962. (Reading: Water Resources Board, 1965.) 

Philosophical Transactions of The Royal Society of London. Series 
Biological Sciences. No. 758, Vol. 249 (26 August, 1965). A Submer 
Late-quaternary Deposit at Roddans Port on the North-East Coast 
Ireland. By M. E. 8. Morrison and N. Stephens. (With Appendixes 
Mrs Margaret Jope and S. P. Dance, F. W., Anderson, F. E. Round : 
H. Godwin, and E. H. Willis.) Pp. 221-225. (London: The Royal Socu 
1965.) 188; 2.70 dollars. [ 

University of Bristol. Annual Report of the Long Ashton Agricultt 
and Horticultural Research Station (The National Fruit and Cider Instity 
for the year 1964. Pp. xii+229+5 plates. (Long Ashton: The Agriculto 
and Horticultural Research Station, 1965.) 15s. [; 

Fourth Report from the Select Committee on Procedure, together with ı 
Proceedings of the Committee Relating to the Report, Minutes of Evide 
and Appendices, Session 1964-65. Pp. xxiii+148. (London: H 
Stationery Office, 1965.) 15s. net. ; 





Other Countries 


Republic of Zambia Ministry of Lands and Natural Resources. Ann 
Report of the Department of Water Affairs for the year 1964 Pp. 
(Lusaka: Government Printer, aA 28. 2 v 

The Vegetation of Uganda and Its Bearing on Land-use. By I. Lang 
Brown, H. A. Osmaston and J. G. Wilson. Pp. 159+ 24 plates. (Entebt™ 
ee Printer; London: The Uganda High Commission, 196 


[% 

Académie Royale de Belgique. Classe des Sclences—Mémoires. Tome ? 
Fascicule 1° On the Summability Methods of Divergent Series. By Kan 
Ishiguro. Pp. 43. 60 francs. Tome 35, Fascicule 8: Schistosité et Graniti» 
tion dans le Synchonorium de Laval et ses Abords. Par Paul Fourmari: 
Annik Palhate et Bernard Auvray. Pp. 60. 140 francs. Tome 35, Fascicule 
et 4b: Etude Expémmentale et Interprétation du Spectre Infra-Rouge d 
Silicates et des Germanates. Application à des Problèmes Structurava 
Relatifs à l’état Solide. Fascicule 1: Pp. 261. Fascicule 2: Pp. 134 (164 fig 
540 francs, (Bruxelles: Académie Royale de Belgique, 1965.) {1 

Records of the Australian Museum. Vol 26, No. 7 (12th June, 1964m 
Soil and Landscape History in the Vicinity of Archaeological Sites at Gl: 
Davis, New South Wales By P. H. Walker Eb. 247-264 + plates 25-27. € 
Vol. 26, No. 8 (19th June, 1964): Notes on the Genera Amoria Gray, 18 
and Zebramoria Iredale, 1924 (Gastropoda: Volutidae), with Desemptions 
New Species. By Donald F. McMichael. Pp. 265—274 + plate 28. 3s. Vol 2 
No. 9 (28th June, 1964): Rediscovery of the Echinod Clypeaster tumid: 
(Tenison-Woods) and an Amended Description. By R. Endean and Elizabe: 
Pope. Pp. 275-281 + plates 29 and 30. 28. 6d. Vol. 26, No. 10 (17th Jul 
1964): New Linguloid Shells from Lower Ordovician and Middle Palaeozo» 
Rocks of New South Wales. By H. O. Fletcher. .Pp. 283-294 + plates 31 ar 
32. 48. Vol. 26, No. 13 (80th December, 1964): Merostomoidea (Arthropod 
Trilobitomorpha) from the Australian Middle Triassic, By E. F. Riek. P 
827-332 + plate 35. 2s. (Sydney: The Australian Museum, 1964.) [14 

New Zealand Forest Service: Forest Reseaich Institute. Research Note 
No. 41: Trials with Arboricides for Controi of Coppice Growth of Indigenot 
Hardwoods. By A. E. Beveridge. Pp. 10. (Wellington: Governme: 
Printer, 1965 ) : [I< 

Mutations in Quantitative Traits: Report on Symposium held on July £ 
and 29, 1964. (Gamma Field Symposia, No 3.) Pp.ii+150 (Ohmiya-mach 
Ibaraki-Ken, Japan: The Institute of Radiation Breeding, Ministry ù 
Agriculture and Forestry, 1965 ) 1 

Académie Royale de Belgique. Classe des Sciences—Mémoires. Tome 3 
Fascicule 5: A Study of Molecular and Physical Processes in Comets. By D 
cane Arpigny. Pp. 157. (Bruxelles: Académie Royale de Belgique, a 

Tancs, 

Western Australian Naturalists’ Club. Handbook No. 8: Frogs of Souther 
Western Australia. By A. R. Main. Pp. 73 (5 plates). (Perth: Wester 
Australian Naturalists’ Club, 1965.) A6s. [14 

National Hydatids Council, Wellington, New Zealand Fifth Annu: 
Report and Statement of Accounts for the vear ended 31st March, 196: 
Pp. 40. Information Bulletin No. 15: Hydatids Eradication in Icelane 
Pp. 11. Hydatid Disease in New Zealand: An Account of the Events leadin: 
to the Establishment of the National Hydatids Council, and the Method: 
adopted to Eradicate the Disease. By F. 8 Maclean . Pp. 48. Parasiti 
Animals with Special Reference to Hydatid Disease and Its Prevention. B: 
R. M. Miller. (Reprinted from “Biology for Sixth Forms”. Teach and Tes 

blications, Ltd., Otahuhu, New Zealand.) Pp 86. (Wellington: Thu 
National Hydatids Council, 1965.) [144 

, Annals of the New York Academy of Sciences. Vol. 123, Article 2: Geoto 
gical Problems in Lunar Research. By J E. M. Adler and 60 other authors 
Pp. 367-1257. (New York. New York Academy of Sciences, 1965.) [14§ 
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Some of the eighteen Unicam SP600 Spectro- 
photometers in use in a Teaching Laboratory at 
the Department of Biochemistry, University of 
Cambridge, are illustrated on the left. 
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SCIENTIFIC AND TECHNOLOGICAL INFORMATION IN PARLIAMENT 


mS & meeting in June 1964, the Parliamentary and 
Scientific Committee agreed to set up a sub-com- 
ttee, consisting of the Parliamentary members of its 
sering Committee, to consider whether there was need. 
` improved methods by which Members of Parliament 
ald quickly obtain information from scientists about 
itters likely to be raised in Parliament. Moreover, the 
™ih-committee was to consider what could be done to 
prove existing machinery to ensure that Parliament 
uld establish more effective control over scientific 
d technological policy. For the purposes of this enquiry, 
© sub-committee co-opted Sir Harry lLegge-Bourke 
ad Dr. Jeremy Bray. An interim report entitled 
?arliament and Science”, dealing solely with the means 
r ensuring more effective Parliamentary control over 
ientifice and technological policy, has now been issued. 
Whis is included, together with a memorandum by Dr. 
ray on “Financial Procedure’, as an appendix to the 
urth report from the Select Committee on Procedure 
«r the Session 1964-65 *. 
Although in the report from the Select Committee on 
rocedure this memorandum constitutes the chief interest 
) the scientist, it is not the sole feature of interest. The 
port as a whole and its four recommendations are of 
sneral interest, reflecting the critical problem of the 
iechanism of advice and informed discussion in general, 
ut it may be as well to deal first with this report from 
Moe Parliamentary and Scientific Committee. Its sub- 
ommittee fully recognized that science and technology 
re both means and objects of policy, and that, besides 
heir responsibility for implementing any policy adopted, 
xperts could point out the probable effects of alternative 
hoices. The sub-committee also recognized that, if 
-arliament decided to improve the present system of 
-arliamentary control of policy and administration in 
he scientific field, for example, by means of a ‘select 
‘committee’, it would have to define its order of reference 
o as to try to avoid becoming involved in policy decisions. 
The sub-committee had before it a paper written by the 
shairman of the Parliamentary and Scientific Committee, 
‘Wr. Austen Albu, entitled “The Member of Parliament, 
ihe Executive and Scientific Policy”, published in Minerva 
n 1963, to which reference has already been made in 
Nature (201, 955; 1964), as well as a pamphlet Change or 
Decay written by a group of Conservative Members of 
“Parliament. However, the sub-committee decided to 
-strict itself to the means by which Parliament could 
tbe better informed on research and development in the 
zivil field undertaken with public funds and in support 
of public policy. The considerations already noted led it 
to recommend the establishment of a select committee to 
examine, with the view of informing the House on their 
work and future, the annual reports of such bodies as 
the Research Councils, the Atomic Energy Authority, 
the National Research Development Corporation, and also 
the activities of scientific research groups and establish- 
ments in Government departments. It also recommended 
that this committee should, from time to time, make ad hoc 
enquiries into scientific and technologieal matters which 
* Fourth Report from the Select Committee on Procedure, together with 
the Proceedings of the Committee Relating to the Report, Minutes of Evi- 


dence and Appendices, Session 1964-65. Pp. xxiii+148. (London: H.M.S.0., 
1965.) 15s. net. 


are under consideration as a basis for legislation or the 
formulation of policy. 

The advantage of thie proposal would be that Members 
of Parliament would hear something of the differing 
scientific and technical views which were under considera- 
tion in the department zoncerned. This would make for 
more informed debates end should also assist in differenti- 
ating technical from pol=tical issues. Admittedly reference 
to a select committee snould be sparingly used, but the 
sub-committee hoped that a practice would develop of 
referring legislation involving scientific matters to this 
committee before or during its passage through Parlia- 
ment. The sub-commitzee recommended that the select 
committee should consst of thirteen members (five to 
constitute a quorum), ard that it should have the power to 
send for persons, papers and records. It did not consider 
that the select committee should be provided with expert 
staff but rather that sexperts should be called, when 
required, as witnesses. It was hoped that an expanded 
library and reference service, with scientific staff, would 
also be available to assist the proposed committee. 

This latter point is ssrongly urged in a memorandum 
by the Study of Parliement Group, which is a private 
group of university teashers and officers of both Houses 
of Parliament which has been meeting since the summer 
of 1964, under the chairmanship of Sir Edward Fellowes, 
for the serious study of the working of Parliament. ‘The 
memorandum concentrates on the procedure on public 
Bills and on the scrutiry and investigation of policy and 
administration; it emphasizes that Parliamentary scrutiny 
of the Executive is funcamental to the whole question of 
Parliamentary reform. The main task of the Government 
is to govern, and the main tasks of Parliament are to 
sustain the Governmens and to criticize its policies and 
actions. 

The memorandum firmly asserts that Parliamentary 
control means influences, not direct power; advice, not 
command; criticism, not obstruction; scrutiny, not 
initiative; and publicity, not secrecy. The Group believes 
that strong governamen: needs critical opposition; it can 
benefit from such criticism and stand up to it. Accordingly 
the Group suggests a greater degree of specialization by 
Members of Parliamert and the Committees through 
which, increasingly, they should work. It isin this context 
that it points to the implications for the research and 
information services available to Parliament. Changes in 
and expansion of the services provided by the Library 
could be as important as any procedural changes in the 
basic task of creating >r restoring adequate supervision 
by Parliament of the astivities of Government. Present 
difficulties in this respect are, in the view of the Group, 
unlikely to be resolved unless Parliament is willmg some 
time to look at the problem as a whole and consider how 
procedure, research anc information, facilities and accom- 
modation, form part of an integrated system so that 
changes in one, voluntary or involuntary, must lead to 
changes in others. 

The essential aspect of any comprehensive proposal for 
enabling the House of Commons to perform its crucial 
role in scrutiny and investigation of policy and administra- 
tion is the provision of adequate research and information 
facilities for both committees and individual Members. 
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Only a properly developed Library with an expanded 
research department could provide access to the inform- 
ation necessary to Members for the informed discharge 
of their Parliamentary responsibilities, and the Group 
believes that the present research services of the Library 
could and should be improved. It has, in fact, prepared 
@ report on the provision of research and information 
services which it hopes to submit to any committee 
established to consider this problem. 

The Select Committee on Procedure did not, in the 
present report, pursue this question, but its four 
recommendations give substantial effect to the recom- 
mendations of the Parliamentary and Scientific Committee 
and to the proposals of the Study of Parliament Group 
for Specialist Committees of Advice and Scrutiny. Five 
such committees were suggested by the Group for initial 
experiment, covering scientific development; prevention 
and punishment of crime; machinery of national, regional 
and local government and administration; housing, 
building and land use; and the social services. The 
Select Committee on Procedure recommends the establish- 
ment, as a development of the present Estimates Com- 
mittee, of a new select committee “to examine how the 
departments of State carry out their responsibilities and 
to consider their Estimates of Expenditure and Reports”. 
The new committee should function through sub-commit- 
tees specializing in the various spheres of Government 
activity and should be able to employ specialist assistance. 
There should be two clerks supervising the work of the 
Committee and one full-time clerk to each sub-committee. 
The power of select committees to adjourn from place to 
place should include the power to travel abroad, with 
the leave of the House, when investigations require it. 

In making these recommendations, the Select Committee 
was obviously influenced by the experience gained with 
the Select Committee on the Nationalized Industries. 
It was also noticeably influenced by views expressed by 
the Estimates Committee, which is precluded by its terms 
of reference from investigating long-term proposals and 
prospects for expenditure in the various fields or from 
examining the administrative policy of Government 
departments apart from considerations of economy alone. 
It is not the wish of the Select Committee on Procedure 
that the specialist committees proposed should become 
involved in matters of political controversy. Certainly, 
it is well aware that it is not easy to distinguish between 
what are questions of policy and what are not, but it be- 
lieves that the Select Committee on the Nationalized In- 
dustries has demonstrated what is possible in a field that is 
politically highly sensitive. The Committee was anxious 
also to retain the experience and method of work of the 
Estimates Committee, and for this reason recommended 
a series of sub-committees operating through a co-ordinat- 
ing committee rather than a series of independent com- 
mittees. 

While the recommendations do not strictly follow 
those of the Parliamentary and Scientific Committee, 
running more on departmental lines than those of the 
Study of Parliament Group, it should still be possible for 
scientific matters to be examined in a context such as 
the examination of the annual reports of the Research 
Councils and other bodies would provide—as suggested 
by the former Committee. The idea of specialist com- 
mittees has had powerful advocates in recent years, 
though Mr. Albu did not give it strong- support in 
his paper on “The Member of Parliament, the Executive 
and Scientific Policy”. The more limited proposal of the 
Parliamentary and Scientific Committee might yet 
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command wider support among those who recognize 
vital importance of informed discussion of scientific ¢ 
technological matters in forming public policy. Curiou 
enough, the recommendation drew no comment from - 
Horace King in his statement before the Committ 
However, he did affirm that he was one who thought tl 
the power of the Executive was growing and ought to 
diminished. For all that he wished to preserve, so far 
possible, Parliament’s historic and traditional featur 
he was concerned above all to promote its efficiency a 
would remove anything that impaired it. 

Mr. Albu at least recognized the growing demaz 
especially among younger Members, for a prope: 
equipped research and information service, staffed w 
men and women who had been educated in a broad rar. 
of subjects, including the scientific and technological. T 
observations of the Study of Parliament Group on t 
point are among the most pertinent in the whole repc 
and deserve further attention by the Parliamentary a 
Scientific Committee itself. Adequate library resear 
and information services are indeed a key factor 
informed discussion in Parliament. The Parliamenta 


.and Scientific Committee should be able to do somethi» 


to see that the observations of the Study Group, whi» 
includes such authorities as Prof. M. Beloff, Prof. | 
Bromhead, Prof. A. H. Hansen, Prof. W. J. M. Mackenz. 
Prof. W. A. Robson, Prof. H. Wiseman, Dr. D. N. Chest 
and Dr. B. Crick, are duly noted and that the committ: 
suggested to look into this whole question is duly esta 
lished. That may not be the whole solution, but it 
the essential factor. Unless such a step is taken, an 
system. of specialist committees is unlikely to work reall 
effectively. The fourth report from the Select Committe 
on Procedure provides evidence which should be note 
and used by all who recognize the value of informed publ 
discussion in the formation of public policy—above a 
where scientific and technical factors are involved. 


THE MAMMALS 


Mammals of the World 

By E. P. Walker, F. Warnick, K. I. Lange, H. E. Uible 
S. E. Hamlet, M. A. Davis and P. F. Wright. Vol. l» 
Pp. xiviiit+ 644. Vol. 2, Pp. viii-+ 1,500. Vol. 3, Classifier 
Bibliography, Pp. xii+ 769. (London: Oxford Universit; 
Press; Baltimore: Jobns Hopkins Press, 1964.) 300: 
per set. 


HE mammalian fauna of the world at present consist 
of something between 4,000 and 4,500 living specie: 
divided into about a thousand genera—1,044 are recog 
nized as valid in this work, which gives an illustration o 
all but four of them. The validity of genera as of species is 
however, often a matter of opinion that varies widely 
between the ‘splitters’ and the ‘lumpers’ among taxono. 
mists; Walker himself speaks of the ‘twelve to fifteen 
thousand species” of mammals, a generous total even for 
a splitter. 

Ernest P. Walker has been amassing the material for 
these books for more than thirty years, twenty-seven of 
them while he held the post of assistant director of the 
National Zoological Park at Washington, D.C. After his 
retirement the completion of the work was supported for 
seven years by funds from the National Institutes of 
Health, and the publication was sponsored by the New 
York Zoological Society. As the President of that Society 
says in the foreword, “The heroic task Mr. Walker set 
himself was to find and reproduce a photograph of a 
living representative of every genus. If he has not quite 
accomplished this, he has missed by the narrowest of 
margins and only because the genus is too obscure or the 
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otograph hidden where world-wide enquiries could not 
d it”. He has had perforce to use some photographs of 
ffed animals in museum collections, and occasionally 
reproduce drawings from original descriptions. The 
istrations nevertheless form a unique and extremely 
luable gallery, for they have been carefully chosen to 
ivey a “better image of the animals than could be given 
a word picture . . . many attractive and appealing photo- 
aphs have been rejected because they did not show the 
aracteristic form of the mammals to the best advantage”. 
dre than one picture is provided to illustrate some of the 
‘ger genera, and there are many insets of important 
atomical and osteological details. 
The illustrations are accompanied by a concise text 
mmarizing all that is known of the members of each 
nus; for many genera all recorded information is given 
a few paragraphs, such is our lack of knowledge. 
formation, whenever available, 1s given about the 
umber of species in each genus, the distribution, measure- 
ents and weights, coloration, type of body covering, 
‘ructural peculiarities, habits, food, gestation period, 
umber of young in a litter, economic importance, and the 
smnacular as well as scientific names. A page or two of 
troductory text is also given to each order and each 
mily. A useful feature is the listing of museums holding 
secimens of mammals that are very rare in collections. A 
«ble showing the world distribution of the genera of 
cent mammals occupies twenty-four pages of intro- 
actory matter and, by means of a simple regional code and 
few footnotes, makes much useful information available 
s a glance. The text and illustrations together with a 
lected bibliography of about 4,500 titles occupy the first 
vo volumes; the third volume, which is available separ- 
‘tely for the more specialized worker contains a catholic 
ibliography of about 50,000 titles, containing many 
eferences of a popular character as well as those of serious 
sientific content. The pagination runs straight through 
‘olumes 1 and 2, and an index to the whole work appears 
t the end of both volumes; the end-papers carry scales 
or the comparison of metric and U.S. units of measure- 
nents. 
The naturalist’s first feeling on opening these volumes 
3 one of surprise and delight at their completeness and 
omprehensiveness; his next, one of amazement that any- 
sne should have contemplated undertaking such a stagger- 
ng task, still more that he should have finished it success- 
ully. Here are pictures and descriptions of rare and obscure 
nammals that hitherto had been no more than scientific 
1ames in fauna lists—often not even that—as well as pithy 
summaries of the biology of more familiar forms. It is of 
qual value to the general naturalist as a review of the 
nammalian fauna of the world, as itis as a reference book 
ind. guide to the literature for the specialist. 
Although no one has approached the author’s diligence 
n searching the literature, seeking information by corre- 
spondence throughout the world, in personal observation 
and study, and in developing a high degree of skill in 
whotography, it would be too much to expect human 
endeavour to avoid occasional inaccuracies in a work of 
such great size. The state of Mr. Walker’s health compelled 
thim to pass some of the editorial burden to his colleagues 
during the last four years of the marathon, and he hand- 
somely acknowledges their help for doing the “‘work that I 
should have done, but my declining energy prevented me 
from doing my part’’. There are, inevitably, some mis- 
prints, especially in unfamiliar geographical names, and 
‘such errors as “8 vol.” for “8vo.” in the bibliography. A 
few more serious errors have crept in, especially in the 
sections dealing with those orders of mammals with which 
the author presumably had less personal experience, so 
that he had to rely on others with consequent occasional 
misunderstanding. As examples one may mention the 
photograph of young seals on p. 1302, which, according to 
the caption, are common or harbour seals, Phoca vitulina, 
but are unmistakably the young of the harp seal 
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Pagophilus groenlandicuz; or the photographs on p. 1129 
labelled “Common or Harbor Porpoises (Phocaena 
phocoena)? which plainly represent the bottle-nosed 
dolphin, Tursiops trun-atus—the error here may have 


‘arisen from the unforturate difference between the Ameri- 


can and English use of the names “porpoise” and 
‘‘dolphin”. Mr. Walker himself realizes that the devil is 
ever at hand to frustrate man’s striving for perfection, and 
asks readers who find er-ors or who know of better photo- 
graphs or additional facts to communicate with the pub- 
lishers so that improvements can be made in a future 
edition. 

It is, however, really ungenerous to point out the few 
blemishes in so splendid an achievement, and all natural- 
ists, especially those wh» concentrate their studies on the 
mammals, are deeply grateful to Mr. Walker and his team 
for consolidating the foundations on which their work is 
based. The three volumes are not cheap but they are well 
worth their price, and considering that they contain nearly 
1,800 half-tone illustrat-ons it is surprising that they do 
not cost more; the typography, paper and binding are 
excellent. 

This is one of the mapr contributions of the century to 
the study of mammalian biology. The author and his 
colleagues are to be congratulated on their unremitting 
labours, and the Natioral Institutes of Health, the New 
York Zoological Society and the Johns Hopkins Press all 
gain the highest credit fcr the parts they played in bringing 
them to fruition. L. HARRISON MATTHEWS 


SALT TOLERANCE IN PLANTS 


Physiological Basis of 3alt Tolerance of Plants 

(As Affected by Varioas Types of Salinity.) By B. P. 
Strogonov. ‘Translatec from the Russian by Prof. A. 
Poljakoff-Mayber and Dr. S. M. Mayer. Pp. 279. 
(Jerusalem: Israel Program for Scientific Translations; 
London: Oldbourne Press, 1964.) 88s. 


T a time when more and more countries are embarking 

on ever-increasing: schemes for the irrigation of vast 

areas of arid land, it requires no effort of imagination to 

appreciate the potential usefulness and relevance of a 

book dealing with the physiological basis of salt tolerance 
in plants. 

Physiological Basis oj Salt Tolerance of Plants was first 
published in the U.S.S.R. in 1962, and we are indebted for 
its rapid translation into particularly lucid and easily 
readable English to ?rof. Poljakoff-Mayber and Dr. 
Mayer working under tne auspices of the Israel Program 
for Scientific Translations. In a note at the beginning it is 
stated that the translasion was undertaken because this 
was the first attempt tc summarize in one book the infor- 
mation available in thie field; it contained a great deal of 
factual information net readily available to Western 
scientists, and presented a number of ideas not previously 
adequately stressed in vork on salt tolerance. There can 
be little doubt that these claims are fully justified by the 
subject-matter of the took. 

In the first three chepters, Dr. Strogonov reviews the 
present state of the physiology of salt tolerance, the mode 
of action of salts on ths plant, and theoretical considera- 
tions of experimental results, and this section provides a 
valuable and stimulating introduction to the literature, 
especially that from the U.S.S.R. on this subject. In the 
following eight chapters a series of subjects is dealt with 
one by one, each directly related to the growth of plants 
under saline conditions. These include the effect of salinity 
on development and anatomical structure; water relations 
and adaptation; nitrog=>n metabolism, and effects on the 
soil microflora, and a contribution on practical means for 
increasing salt tolerance of plants. In each of these chapters 
an extensive review-type introduction is followed by a 
section in which the results of experiments performed by 
Dr. Strogonov with c»tton are presented by means of 


212 


tables and ulustrations, and finally a concise summary of 
these results is provided. This method of presentation is 
not entirely successful since it provides the reader with a 
very large bulk of rather mdigestible experimental results, 
and, owing to the absence of a discussion of the results by 
the author, considerable effort is required to correlate the 
experimental results reported with the information detailed 
m the introductory review of the literature. 

Dr. Strogonov stresses that the book is concerned not so 
much with observations of conditions arising from salinity 
as with the mechanism of the action of excess salts on plant 
growth, and the specific effect of the type of salinization of 
the substrate. In particular, the importance of distinguish- 
ing between osmotic effects and toxic effects is emphasized. 
It 1s suggested that the toxic effects are due not directly 
to the effects of the salts themselves but to interfercnce 
with the normal metabolic processes of the plant resulting 
in the accumulation of toxic substances such as ammonia, 
hydrogen peroxide or putrescine. 

The value of the book is wantonly reduced by the 
complete absence of any sort of mdex, and also by the 
quite appalling quality of the illustrations. Nevertheless ıt 
does provide a useful and provoking review of the present 
knowledge on the subject, and, to the Western scientist, 
an excellent bibliography of a large body of inaccessible 
Russian work. It should provide a considerable stimulus 
to a branch of plant physiology which, in view of its out- 
standing practical importance, has been sadly neglected in 
recent years. P. A. THOMPSON 


RESEARCH IN PHOTOSYNTHESIS 


Photosynthetic Mechanisms of Green Plants 

(Papers presented at a Symposium sponsored by the 
Committee on Photobiology of the National Academy of 
Sciences—~National Research Council, October 14-18, 
1963.) (Publications No. 1145.) Pp.ix+766. (Washing- 
ton, D.C.: National Academy of Sciences—National 
Research Council, 1963.) n.p. 


€ volume contains the papers presented at a sym- 
posium sponsored by the Committee on Photobiology 
of the National Academy of Sciences—National Research 
Council, in October 1963. 

It provides a wide, if uneven, coverage of the field of 
photosynthesis to that date, and is divided into ten main 
sections, including spectroscopic and fluorescence studies; 
biochemical studies of electron transport paths, and of 
isolated electron carriers; enhancement studies; respira- 
tion, photosynthesis and hydrogen metabolism; functions 
of pigments; chloroplast structure, mechanism of phos- 
phorylation; carbon metabolism. 

The volume contains seventy-five papers, of ten pages 
average length. Not unexpectedly, these differ widely 
in content, ın presentation and in style. Some authors 
make a real attempt to review work in their particular 
laboratories, and to synthesize a picture of the mechanism 
of photosynthesis from the confusion of experimental data, 
but others present only isolated experimental data, thinly 
or thickly spread. Inevitably the volume lacks cohesion, 
and would have been better for a more uniform presenta- 
tion. Very little of it is easy reading, but one feels that 
to include papers in which the text, the figures, and the 
figure legends are each in separate sections is asking too 
much of any reader. Quick publication is an important 
aim, but one feels that the volume would have been much 
more valuable had more rigid instructions for presentation 
been enforced. 

The volume includes useful discussion of the nature of 
the long-wave absorbing pigments, and of the trapping 
centre of System I, which also serves to direct attention 
to our ignorance of System II. Work on biochemical 
mutants and their contribution to our present picture of 
photosynthesis is well covered. The volume emphasizes 
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how a wide range of techniques and experiment 
approaches combine to give a reasonably coherent, 

incomplete, view of the process, and much of the d 
cussion centres around this picture of two photo-syste1 
acting in co-operation with one another. The nature 
the biochemical events set in motion by the absorpti 
of quanta in each photo-system, and the mechanisms 

the co-operation between them, provide much of tl 
discussion and reflect the amount of effort at prese 
devoted to these aspects of the subject. 

By contrast, there is very little discussion of ne 
information on the processes of energy transfer from. ti” 
site of the initial absorption of a quantum to the acti 
centre from which the subsequent biochemical chang 
arise. Nor is there evidence presented on the tran 
formation of excitation energy in oxidation—reductic 
reactions at the trapping centre—another of tl 
major unsolved problems in the field. Thus the boo 
both by its content and its omissions, presents a usef 
picture of the present state of the subject. 

There is a seven-page editorial summary, which dor 
something to draw together the wide range of exper 
mental results and of hypotheses, but mevitably, at suc 
a length, this can only highlight the more importar 
points covered, and direct attention to areas of stror 
interest or extreme ignorance. One would like to read 
much more complete, critical assessment of the paper 
presented. Thus as a review this book is less satisfactor 
than other recent reviews of the field, and its value 
rather as a source book. Unfortunately for this purpos 
an index becomes a prime necessity and this is entire) 
lacking—doubtless a sacrifice to rapid publication. Th 
book is essential reading for those working in the fiel 
of photosynthesis or in related fields, but it is a book fc 
those already familiar with the literature; it is too heav. 
going to be in any way an introduction to the subjec 
even for advanced students. With these limitations, i 
provides a valuable collection of papers covering a rang 
of work which is otherwise widely scattered, and will b 
useful as such. E. A. C. MacRossre 


INDIAN TIMBERS 


Indian Woods 

Their Identification, Properties and Uses. Vol: 2: Linaceac 
to Moringaceae. Pp. x+386+plates 31-68. (Delhi 
Manager of Publications, 1963.) Rs. 32-50 nP.; 75s. 10d. 
11.70 dollars. 


T is the second of a series of volumes (the first om 
which was published in 1958) describing the timbers 
of India which are already commercially important or 
which are likely to become so as timber supplies rum 
short. In the present volume the woods of 263 species 
are described, and these belong to 23 families ranging 
from Linaceae to Moringaceae. Descripticns and editing 
are mainly by 8. 8. Ghosh, K. R. Rao and 8. K. Pur- 
kayastha, who have been supported by a team of 
assistants and specialist colleagues. Dr. K. A. Chowdhury, 
the senior joint author of the first volume, has revised 
the drafts of twenty of the present family descriptions 
and has also helped to select the photomicrographs. 

The present volume is in the same style as the first. 
The reader is told under each family the number of genera 
and species of which it consists, and there are notes on 
economic plant products. Then follows a description, 
based mostly on naked eye or lens characters, of the gross 
structure of the timber of each of the species selected for 
inclusion. in the book. Each description of the structure 
is followed by notes on durability, liability to attack by 
insect or fungus, working qualities, availability of supplies 
and, finally, uses. Reference numbers of the wood speci- 
mens on which the descriptions are based are given, and 
at the end of each family description there is a biblio- 
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‘aphy. With some of the larger families there are keys 
'the identification of the genera based on wood structure. 
At the end of the book there are four appendixes dealing, 
spectively, with mechanical properties, classification of 
vods according to anatomical structure, classification of 
oods according to uses and, finally, recent name changes. 
1 the second of these, the genera are very usefully listed 
ider the diagnostic characters by which they can most 
isily be identified. It seems a pity that the name changes 
a Appendix IV are not covered under ‘‘Synonymy” in 
10 main body of the text. There are 197 photomicro- 
caphs, mostly of excellent quality, showing the end-grain 
opearance of the different woods, and the book closes 
ith separate indexes to (i) scientific names, and (ii) trade 
ad common names. 

This excellent book deserves a much better cover, for it 
nll undoubtedly have to stand up to the hard wear that 
quent consultation entails. C. R. METCALFE 


No. 5007 


TAXONOMIC AND EXPERIMENTAL 
BACTERIOLOGY 


lanual for the Identification of Medical Bacteria 
sy 5. T. Cowan and the late K. J. Steel. Pp. x+217. 
mCambridge: At the University Press, 1965.) 50s. 


“heory and Practice in Experimental Bacteria 

3y G. G. Meynell and Elinor Meynell. Pp. xii+ 288+ 
<; plates. (London: Cambridge University Press, 1965.) 

10s. net; 9.50 dollars. 


HE demand for diagnostic tables for the common 
medical bacteria by these authors was so great among 
slinical bacteriologists and others that it was inevitable 
hat they should produce a book on the subject. It is 
therefore most regrettable that K. J. Steel, who con- 
xibuted much to this work, did not live to see the proofs. 
The Manual is clear and well produced, written with 
2uthority and an insight which at times is almost em- 
“arrassing; for who has not at one time or another been 
tempted to create a new species rather than carry out 
“the necessary work to put an organism into its right 
solace in an existing species. The book is centred on the 
“jwo- and sometimes three-stage tables, which are easily 
scoad and clearly understandable to the bacteriologist. 
These do not, however, by themselves characterize 
organisms, but as the authors state, they focus attention 
«on the most valuable of taxonomic tests. The early 
chapters are devoted to classification and nomenclature, 
the importance of obtaining pure cultures, and a useful 
-chapter is included on the much-vexed problems associated 
with media preparation and sterilization. There follows 
a chapter on characterization in which the primary and 
secondary tests for the first and second stage diagnostic 
tables are discussed. The authors then get down to 
describing characters of Gram-positive and Gram-negative 
bacteria, and include what they term “minidefinitions”’ 
which give the main characters of each organism succinctly 
and precisely. These should be very helpful to harassed 
clinical bacteriologists who wish to refresh their memories 
as briefly as possible. Following these chapters is one on 
refractory organisms of uncertain characterization; and 
a short chapter on taxonomic implications (for those 
interested) ends the discursive part of the book. 

There are seven appendixes, consisting of laboratory 
notes covering instructions for media preparation and 
control, staining reagents, characterization tests including 
rapid methods some of which, it is claimed, are sensitive 
and give more clear-cut results than the standard charac- 
terization tests. Finally, there is a list of recommended 
strains of test organisms with conditions for their main- 
tenance; and the book ends with a comprehensive list 
of references. 

The Manual will undoubtedly be popularly received in 
most diagnostic laboratories, and this must be due in no 
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small measure to the realization by the authors of the 
different points of view between the taxonomist and the 
chnical bacteriologist, cr the taxonomist and the epidemi- 
ologist. The majority 2f workers who will use this book 
will undoubtedly have ideas as to the probable causal 
organisms to be isolatec from a known specimen. Whether 
their assessment is corr2ct or not, they can with value use 
the progressive approech to identification indicated by 
the tables, and probably arrive at a correct diagnosis. 
Isolation of pure culsures of organisms from clinical 
specimens is the prime requirement, and it seems a pity 
that more comprehensive advice on this problem, and on 
the use of enrichment nedia, was not included within the 
stout covers of this admirable handbook. 

Experimental microbiologists and research students 
will find themselves weil served by the efforts of Meynell 
and Meynell in a book which is packed with information 
about measurement, both quantal and quantitative, of 
micro-organisms, and which does not contain one single 
dull or uninteresting psge. This is a fascinating guide to 
theoretical principles underlining the significance and 
importance of bactericlogical experimentation, and can 
be approached with minimal understanding of simple 
statistical terms. 

The book commence3 with a chapter on measurement 
of bacterial mass anc number, neatly describing the 
various methods in we and showing clearly that in 
estimation of the precision of viable counts the presence 
of sampling errors lessens the effect of technical error. 
The section on quant-tative measurement of bacterial 
growth could be read with profit by undergraduate 
students of bacteriology. 

The next four chaoters deal with culture media; 
oxidation-reduction potential and anaerobiosis; the 
kinetics of sterilizatior., including sections on chemical 
disinfection and filtration; and microscopy. The pen- 
ultimate chapter, dealing with quantal responses, Poisson 
distribution and normsl and log-normal distributions, is 
supremely clearly writtan, and with well-chosen examples 
makes relative simplicisy out of what, to a large number 
of biologists, are complex and difficult subjects. The 
book ends with a chapser on miscellaneous techniques. 

Not the least contribution of this book is the inclusion 
of a variety of most useful tables which would be of con- 


siderable value in any microbiology laboratory. 
D. ALLAN 


SKIN AND ITS DISEASES 


The Epidermis 
Edited by William Montagna and Walter C. Lobitz, 
jun. Pp. xx+649. (Mew York: Academic Press, Inc.; 
London: Academic Press, Inc. (London), Ltd., 1964.) 
107s. 6d. 

OR a variety of reasons which are familiar to most 

scientific workers, the published proceedings of 

symposia rarely contan any information which is not 
available elsewhere. They are, however, sometimes of 
value in two ways. First, they may bring specialized 
information to the notice of a reader from an allied field of 
research with which he is not familiar because of its publi- 
cation in journals nos immediately available to him. 
Secondly, symposia may be used by investigators to take a 
broader look at current thought in their own field. Both 
these aspects make thsir appeal on reading the papers 
presented at a symposium on “The Epidermis” which was 
sponsored by the Division of Dermatology of the Univer- 
sity of California. It vas made possible by a grant from 
the U.S. Public Health Service, the advisory committees 
of which felt the need for a series of such meetings on the 
biology of the skin. 

The volume is dedicated to the late Prof. Stephen 
Rothman, a pioneer Cermatological investigator, whose 
first chapter on “‘Kerat-nization in Historical Perspective” 
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sets the high standards to follow. The book 1s large but 
contains a wealth of basic dermatological thought and 
fundamental information. The chapters range widely over 
embryology, keratinization, ultrastructure and histo- 
chemistry, carbohydrate, nucleic acid, sterol and lipid 
motabolism, permeability and blister formation. Many of 
them are contributed by the acknowledged experts in each 
field whether from the United States, Europe or Australia. 
Philippe Sengel (Paris) describes his elegant experiments 
which have thrown so much light on the differentiation of 
cutaneous appendages in the embryo, and Dame Honor 
Fell summarizes the present studies on keratinization in 
organ culture of skin being carried out at Strangeways 
Research Laboratory. Mercer (Canberra), Brody (Stock- 
holm) and Swanbeck (Stockholm) each give excellent 
accounts of their own work on the ultrastructure of the 
components of the horny layer in normal skin, and the 
deviations which characterize psoriasis. Kligman’s 
(Philadelphia) chapter on the biology of the stratum 
corneum. is especially readable, not only because of his own 
distinctive style of writing but also because he has directed 
attontion to some of the more neglected biological 
phenomena in the epidermis. Epidermal cells in the 
stratum corneum become very much more cohesive to one 
another than in the basal, Malpighian or granular layers, 
and yet this cohesion is lost at the surface in such a way 
that the fully keratinized cells are shed in small flakes 
which are not normally perceived. An understanding of 
the mechanism by which such a change occurs should 
lead to valuable knowledge of many scaly dermatoses. 
The organizing committee of this symposium were 
fortunate to succeed in ‘capturing’ so many outstanding 
scientists actively working on the biology of the skin. 
Drs. Montagna and Lobitz and the Academic Press have 
produced a volume which is a credit to the participants. 
There is an author index of the references used in all the 
papers, and a subject index. Typographical errors are 
very rare indeed. “Bellberg’’ for “Bettley”’ is repeated 
several times. For a book of this quality it is not over- 
priced. C. D. Cannan 


ATOMIC AND MOLECULAR 
SPECTROSCOPY 


Spectroscopy and Molecular Structure 
By Gerald W. King. Pp. xiv + 482. 
Rinehart and Winston, 1964.) 86s. 


XCELLENT advanced monographs on many different 
aspects of atomic and molecular spectroscopy are 
available, and articles in, for example, Annual Reviews of 
Physical Chemistry and Advances in Spectroscopy, enable 
research workers to keep abreast of present development. 
There is, however, at a different level, a need for an intro- 
ductory text-book suitable for senior undergraduate or 
postgraduate teaching in chemistry or in physics. Dr. 
King’s book fills some of the gaps admirably. 

A very short introduction on spectroscopic technique is 
followed by chapters on wave-mechanics and the hydrogen 
atom, many electron atoms, diatomic molecules, the 
symmetries, rotations and vibrations of polyatomic 
molecules, and concludes with a discussion of the electronic 
spectra of polyatomic molecules and appendixes on 
operators, selection rules, character tables and physical 
constants. Each chapter has a short bibliography, and a 
collection of illustrative problems, some of which are very 
searching. Mathematical techniques are introduced pro- 
gressively throughout the book, so that the later chapters 
are, reasonably, much more difficult than the early ones. 
However, the elements of group theory and of matrix 
algebra, required for the treatment of polyatomic mole- 
cules, are introduced both clearly and attractively. 

There has necessarily been a rather careful selection of 
material, so as to limit the book to a convenient length. 


(London: Holt, 
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Microwave spectroscopy is one of the subjects to suff 
Some description of the techniques would have be 
welcomed by many students, and the measurement 
dipole moments and of nuclear quadrupole coupling cc 
stants has provided information of such wide interest tk 
it is surprising that these subjects have been omitte 
Again, chemists interested in the properties of compl 
compounds will find the discussion of the energy states 
transition metal atoms and ions inadequate. The tre: 
ment of dissociation energies is also very brief (it wou 
have been helpful to have included the paper by R. 
Mulliken (J. Chem. Phys., 33, 247; 1960) ın the biblis 
graphy at the end of Chap. 6). But, it must be stresse 
some selection must be made, and by and large this is 
book on the energy-levels of atoms and molecules, at 
very successful it 1s too. 

The book is well produced and easy to read. The leas 
successful features of the production are the six half-to» 
reproductions of spectra. There are very few misprints : 
mistakes. For example, the statement (p. 75): ““Spin-ork 
interactions increase rapidly with atomic weight, and a 
especially large in excited states of heavier atoms” 
misleading. These interactions certainly increase rapid 
with atomic number, but for a given configuration, say . 
np, of a particular atom or ion, the spin-orbit couplir 
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- decreases rapidly with principal quantum number ; 


Again, p. 211: “The A-type splitting seldom exceeds a fe 
hundredths of a wave-number’’ should be replaced b 
“The A-type splitting constants seldom exceed a fe 
hundredths of a wave-number’’. In the review copy, F img 
6, 7 (p. 206) was inverted, and there 1s an obvious error 1 
the printing of problem 8-2 (p. 314). 

Nearly half the book is devoted to the energy-leve 
and spectroscopy of polyatomic molecules, and it 
this which is its real strength. This is not an easy subject 
but the author has succeeded in developing an accour. 
which is both lucid and stimulating. This will be recon 
mended reading for many mathematically minded chen 
ists and physicists, undergraduates and postgraduate 
alike. R. F. Barrow 


BASIC STATISTICAL TECHNIQUES 


Statistics and Experimental Design in Engineering an» 
the Physical Sciences 

Vol. 1. Pp. xiv+523. 84s. Vol. 2. Pp. ix+399. 87s 

By Prof. Norman L. Johnson and Prof. Fred C. Leone 

(New York and London: John Wiley and Sons, Ince. 

1964.) 


T HIS book is intended to give students and researc! 

workers in science and, particularly, engineering : 
sound understanding of and facility with basic statistica 
techniques. 

“The material in this book should cover two or possibly 
three semesters of applied statistics at the upper-divisior 
undergraduate level.” 

These two sentences from the preface indicate the 
authors’ intention. Despite the number of books which 
aim at fulfilling this function, there is still a need for on 
good one. The book is long, nearly a thousand pages, 
and is divided into two volumes. The first volume has 
three chapters on probability theory describing the 
properties of the usual distributions, and also some of the 
distributions which are of practical interest but are often 
ignored, and chapters on estimation, testing hypotheses, 
tests of significance, regression and correlation which are 
not particularly well done and appear in almost any other 
book of this nature. There are chapters on order statistics 
and non-parametric methods, both of them clearly written, 
a long and detailed chapter on control charts, and a 
balanced chapter on the utilization of prior information. 
The second volume has a long section, more than two 
hundred pages, on the analysis of variance and the design 
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` experiments and a chapter each on sequential analysis, 
wiltivariate analysis and sampling. There is an appendix 
` tables which ıs comprehensive enough to be useful, and 

bibliography of statistical journals and tables. The 
<amples, of which there are a good number well placed 

. the text, are mostly credible and instructive. 

The general character of the book is in line with what 
1e authors take as their definition of statistics, the scienti- 
study of the analysis of quantitative data. It seems 
» me that by concentrating almost exclusively on the 
oscription and analysis of data, the book suffers from 

lack of balance. Thus the aim of the chapters on 

«vobability theory is to present the distributions which 
*e usually used to describe engineering data, and this is 
one well enough. But there 1s no account of why one 
ould expect to use a particular distribution ın one class 
=a problems but not in another, nor is there any indication 
1at probability theory might be useful in investigating 
16 structure of a problem. The normal distribution is 
troduced as being of importance because it fits much 
< observed data, and 1s then fitted to some data. Nothing 
; said about why this should beso. The Poisson distribu- 
«on is discussed as a useful limiting case of the binomial 
istribution, but as most of the examples can be described 
10re naturally in terms of the Poisson process, it is a pity 
he Poisson process is not mentioned. It seems odd that 
book should contain an elegant treatment of the non- 
eontral x?, ż and F distributions but have no mention of 
„chastic processes. Again, the section on the analysis 
f variance is primarily concerned with the analysis rather 
han the design of experiments, and little is said of the 
r1erits or otherwise of the many designs for which the 
nalysis is presented. The section on multiple linear 
egression gives several methods for inverting the design 
aatrix, but says nothing on choosing it. 

It is difficult to see this book being used as a text-book 

or engineering students. Most universities in Britain 
«nly have short courses in statistics for engineers, and as an 
atroduction to the subject this book is not to be recom- 
r1ended. There is nothing new in the more elementary 
'hapters, which consist mainly of explaining techniques 
ather than the underlying principles or general usefulness, 
md a knowledge of statistics based on these chapters 
lone would probably do more harm than good. To 
tatisticians who do a certain amount of engineering 
‘onsulting, however, the book might prove valuable, as 
"here are a fair number of topics discussed which many 
00ks ignore. N. E. Day 
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PACIFIC GEOLOGY 


Marine Geology of the Pacific 

3y Prof. H. W. Menard. (International Series in the 
farth Sciences.) Pp. x+271. (New York: McGraw- 
dill Book Company, Inc.; Maidenhead: McGraw-Hill 
®ublishing Company, Ltd., 1964.) 12.50 dollars; 100s. 


HE Pacific Ocean comprises nearly half the total 
area of the surface of the Earth: it is therefore an 
ambitious project to describe and discuss the geology of 
iho underlying crust in one book. That it is possible at all 
‘esults from the way in which the subject of marine 
seology has grown owing to the necessity of conducting 
yperations several miles above the sea-floor. The facility 
with which rocks can be examined at close range on land 
ed to the growth of geology through hand specimens up to 
she broader concepts of tectonics and global structures. 
Submarine geology, on the other hand, has largely 
leveloped from the broader studies of bathymetry and 
reophysical surveys, such as magnetics and seismics, that 
wre necessitated by the inaccessibility of the bottom. 
Hand-samples are rare, and rigorously controlled sampling 
8 still impossible except in a few special areas. 
Prof. Menard has brought together, in a very readable 
form, nearly all that is known about the Pacific geology 
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and discusses it in terms of the broader concepts of ‘the 
history of the ocean basins, and continental margins. 
Inevitably many of the data are mentioned only by refer- 
ence but this has left the author freer to discuss the relative 
merits of the different theories presented. As one of the 
leading authorities on Pacific geology, many of the data 
have been obtained by Prof. Menard himself and many 
of the hypotheses discussed have been published by him 
over the past two decades. However, the book contains 
new material, especial:y in the form of summary dia- 
grams, a bathymetric map of the whole Pacific (regret- 
tably split into 14 sections to fit page size) and an admir- 
able physiographic diagram of the north-east Pacific 
in a folder at the end. This diagram follows the style of 
those produced by Heezen and Tharp of the Atlantic and 
Indian Oceans but with the addition of 500-m contours 
in the basins. 

But more important -s the development of the new idea 
of the Darwin rise as ax old and foundered mid-ocean rise, 
the importance of which in the Pacific has been over- 
shadowed by the younger East Pacific Rise. The great 
east—west linear faults which are such a feature of the 
Pacific, are described :n detail in Chapter 3, but a dis- 
cussion of their relevance to crustal deformation is deferred 
to the later chapter on oceanic rises. 

This book is much more than a treatise on Pacific 
geology. It contains a stimulating review of the features 
and processes of marine geology in general. Whole 
chapters are devoted so vulcanism, manganese nodules 
and turbidity currents. while elsewhere new evaluations 
are presented of the composition of the seismic second 
layer, abyssal hills, chenges of sea-level and the develop- 
ment of continental margins. 

An attractive featurs of the book, so often absent in 
the discussion of geolcgical phenomena, is the order-of- 
magnitude calculations made about such processes as 
transportation of sediment through submarine canyons 
and the origin of sea-weter. In the many problems where 
our knowledge is least sure, Prof. Menard has frankly 
admitted it and giver rein to imaginative speculation 
that is a challenge to fcture research. 

This book is highly recommended as an up-to-date 
and well-presented acccunt of marine geology both for the 
student and for all involved in research in this field. 

A. 8. LAUGHTON 


A CENTURY OF ANTHROPOLOGY 


A Hundred Years of Anthropology 

By T. K. Penniman. With contributions by Beatrice 
Blackwood and Dr. J. 3. Weiner. Third edition, revised. 
(Duckworth’s 100 Yeers Series.) Pp. 397. (London: 
Gerald Duckworth and Co., Ltd., 1965.) 42s. net. 


HE third edition cf Penniman’s survey brings up to 
date the story he -irst unfolded in 1935. Two extra 
chapters, by Dr. J. 8. Weiner and Miss Beatrice Black- 
wood, review developments in physical anthropology and 
in Americanist studies, respectively, over the past thirty 
years. Readers who can look back to the first appearance 
of Penniman’s classic will remember the admiration it 
evoked in anthropological circles at that time. The 
common opinion was that the several branches of anthro- 
pology had become too specialized for any one scholar to 
have competence in al. Pupil and later colleague of 
R. R. Marett, Dudley Buxton and Henry Balfour, whom 
he succeeded as curetor of the Pitt-Rivers Museum, 
Penniman showed thas it was still possible for an all- 
round ethnologist to keep abreast of the main trends in 
all branches of the subject. The extra chapters in the 
present edition eloquently testify to the end of that epoch. 
A history as comprehensive as this could easily 
degenerate into a catalogue of names, dates and titles of 
publications—Penniman avoids this by his narrative 
method. Defining ‘anthropology’ as the generic science 
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of man embracing the biological, historical (and therefore 
archaeological), cultural and social conditions of his exist- 
ence, he directs ‘attention to the major figures, those 
whose discoveries and theories set the general patterns of 
anthropological enquiry for a period of development. 
Lesser figures are dealt with more summarily in relation 
to the topics to which they made contributions rather 
than the issues of principle that were uppermost in their 
time. 

To find Darwin’s, Herbert Spencer’s and E. B. Tylor’s 
work and influence discussed at length—and, be it added, 
with a sure sense of what was significant in this for their 
successors—seems natural enough. But how many of us 
are aware of the seminal influence exercised by Bastian 
(1826-1905) during his life-time ? Indefatigable traveller 
and encyclopaedically learned, he is ranked by Penniman 
with Darwin and Tylor. Bastian is famous for the hypo- 
thesis of the “psychic unity of mankind”, which he 
attributed to the universality of a limited number of 
“elementary ideas”. Penniman’s account of how he 
reached his theories, what he really meant by them and 
how they served to unite the incipiently divergent 
evolutionary and diffusionist trends of the period is 
typical of the exposition followed throughout. 

Penniman divides the history of anthropology into five 
main periods: (1) The “Formulary Period”, from the 
Greeks to 1835; (2) The ‘Convergent Period” (1835-59) ; 
(3) The “Constructive Period’? (1859-1900); (4) The 
“Critical Period”? (1900-35); (5) The “Period of Con- 
vergence and Consolidation”, since 1935. For each of the 
modern periods, each branch of anthropology is treated 
under a separate rubric, but the details of authors and 
publications are bound together by keeping common and 
general tendencies to the fore. 

Up to 1935 the story is told with a masterly command 
of the literature and admirably balanced judgment. To 
take an instance at random, one would have to search 
diligently in the anthropological literature of the *thirties 
to find comments as judicious and sympathetic as Penni- 
man’s on the significance of psycho-analysis for anthro- 
pology. The part which traces more recent developments 
is, inevitably, more sketchy. The excellent index and 
the careful bibliographical documentation deserve par- 
ticular commendation. M. Forres 


THE NON-GUILTY PARTY 


Prisoners and their Families 
By Pauline Morris. Pp. 327. 
and Unwin, Ltd., 1965.) 50s. 


OST of us, fortunately, are relatively law-abiding 
citizens and we are unlikely in the course of our 
daily work, and may be even during the whole of our 
lives, to come up against the problems which result from 
the imprisonment of law-breakers. Occasionally a sensa- 
tional crime, such as ‘‘the great train robbery”, and, even 
more sensationally, the escape from prison of one or more 
of the convicted train robbers, will attract our attention 
and give rise to discussion about the penal system and 
imprisonment as a form of punishment, but it is very 
doubtful whether most of us will spare a thought even 
then for the prisoner and his family. On the whole, we 
prefer to leave the problems of crime and its punishment 
to the police, the courts and the Home Office (Prison 
Department) and the few worthy citizens who are pre- 
pared to give voluntary service as prison visitors. But 
are we entitled to ignore so easily the social effects of 
imprisonment as a method of social punishment, and can 
we be quite sure that when an offender is punished we 
do not impose additional punishment on his family ? 
A remarkably thorough study of the problems encoun- 
tered by the families of prisoners in Britein has recently 
been made by Mrs. Pauline Morris, and the conclusions 
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derived as a result of her investigations should make 

all think more seriously about the social effects of ir 
prisonment. The great virtue of this book is that 

records the results of a truly scientific investigation ar 
yet it is written with warmth, insight and compassio 
Despite the appalling misery which Mrs. Morris all t 
often has to describe, she never allows her emotions 

deflect her from the path of strict objectivity and scienti 
analysis of the data so carefully and systematical 
collected. 

The primary object of the research project was 
elicit facts upon which penologists and administrato 
might base future policies” and, curious as it may seer 
this “is the first attempt in this country to look at tf 
problems of the families of prisoners on a national scale 
As a result of previous research undertaken by Mr 
Morris “amongst the recidivist populations of two max. 
mum security prisons’? which showed “that a hig 
proportion of men appeared to have severe fami 
problems”, a number of hypotheses were put forward + 
be explored in this new investigation. For example, thi 
“family relationships following upon conviction an 
imprisonment will follow a pattern set by family relatior 
ships which existed before imprisonment”, and “tk 
adjustment of the family to imprisonment will vary wit 
the type of offence, and with the extent of previot 
criminal experience”. 

A national sample of male married prisoners (837 i 
all) was selected for interview and permission was sougl 
from each prisoner for his wife (legal or otherwise) to k 
interviewed at home. In addition, an intensive study c 
the families of 100 prisoners living in the London are» 
was undertaken. The organizational problems involve 
in arranging the interviews and carrying them out wer 
enormous, but the care taken and the controls exercise: 
in planning the project and in its execution are of th 
highest scientific standards. Indeed, for those who sti. 
doubt whether scientific methods can be applied t 
investigations of human. and social phenomena, Chapter 1 
of this book on “The Design of the Enquiry” should b 
compulsory reading. 

The picture which emerges of the varieties of problem» 
encountered by the families of prisoners makes interesting: 
and sometimes heartbreaking, reading. Mrs. Morris is t 
be congratulated on producing such a vivid and living 
account of the real life problems faced (not alway 
squarely) by real live persons less fortunate (and o. 
occasion less lucky) than most of us. Inevitably ther 
were methodological difficulties which could not alway 
be solved, as, for example, when the ‘story’ given by th: 
prisoner about his family circumstances differed sub. 
stantially from that given by his wife. On furthe 
investigation “it transpired that the wife shared hersel: 
between two ‘husbands’, both of whom happened to be 
in gaol at the time of our interview with her. Since thi» 
fact was unknown to the interviewer, it was not possibli 
to tell that the information the wife gave related to £ 
different ‘husband’ from the one whom we actually saw 1” 
Fortunately, there were very few discrepancies of thi: 
kind in fact, because of the exacting standards appliec 
by Mrs. Morris to this investigation. 

This book undoubtedly makes a significant contribu 
tion to our knowledge of a social problem about whic 
all too little was known in the past. It should also pro. 
vide a firm basis for developing an enlightened penal 
policy in the future. Mrs. Morris and her colleagues have 
obviously not given us all the answers we need to solve 
the difficult problems of punishment, but they have pro- 
duced an intensely interesting and valuable investigation 
which can be thoroughly recommended to those (and I 
hope they would be many) who have an interest in the 
problems of their less fortunate fellows and in the 
machinery used by society to inflict punishment on 
offenders, and, inadvertently, their families. 

D. C. MARSH 
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‘obability and Statistics 
—y H. Freudenthal. Pp. v+139. (Amsterdam, London 
id New York: Elsevier Publishing Co., 1965.) 30s. 


~™ SCIENTIST or technologist with modest mathe- 
à matical skill and no fear of unfamiliar notation could 
sin. considerable insight into statistical thought from this 
ok. He would not advance far in learning standard 
«atistical techniques for use in his own problems because 
© book does not attempt their systematic presentation. 
«cof. Freudenthal’s strength lies in a largely intuitive 
»proach allied to an attractively easy style. He does not 
atreat from difficulties, but he refuses to conceal the 
sential features of a proof by trappings of mathematical 
«gour appropriate only to more advanced texts. 
Early chapters are largely concerned with probability 
leory, made vivid by excellent simple examples of inde- 
endence and conditionality. ‘lhe implication that 
ympling with replacement is theoretically preferable to 
mpling without replacement is strange, but possibly 
sanslation from the Dutch has permitted entry of a 
mnfusion between simplicity of theory and practical 
esirability. Prof. Freudenthal uses the central limit 
aeorem to justify widespread practical dependence on 
moe normal distribution. The final one-third of the book 
as chapters concerned with sampling inspection (including 
«equential sampling), distribution-free tests, games and 
trategy, and population genetics. None of these topics is 
«aken far, and all are regarded a little abstractly as play- 
rounds for mathematicians rather than as fields of 
avestigation in which the statistician must make a great 
ontribution. In the context of a book that may make an 
itellectual appeal to mature readers but that is not 
uitable as an introductory text, they play their part 
yell. The book can be confidently recommended to 
ihose who find its form seeming to meet their needs, but 
lisregarded as of no fundamental importance by those to 
vyhom ıts somewhat unusual style makes no appeal. Of 
ew books on probability and statistics can both these 
statements be made! D. J. FINNEY 


No. 5007 


"ALGOL 60 Implementation 

[he Translation and Use of ALGOL 60 Programs on a 
Somputer. By B. Randell and L. J. Russell. (A.P.LC. 
Studies in Data Processing, No. 5.) Pp. xiv+418. 
‘London : Academic Press, Inc. (London), Ltd.; New 
York: Academic Press, Inc., 1964.) 84s. 


HE introduction of automatic computer languages 

has opened. up the use of computers to a large public 
Wy making the programming of digital computers much 
«easier. This is due to the development of compilers: the 
Karge programmes which translate automatic languages, 
which are relatively easy to use, into machine languages 
which are much more difficult to use. Initially automatic 
languages and their compilers were very much empirical 
ad hoc affairs; the writing of compilers was more of a 
craft than a science. But recently this state of affairs 
has changed, an important step in this direction being 
the publication some five years ago of the ALGOL repart. 
Using the notations and techniques of mathematical 
logic, this defines precisely a programming language 
suitable for scientific computations. This stimulated 
the systematic study of compiling methods and many 
papers on the subject began to appear. 

This book is an excellent and welcome contribution to 
the literature; it will make more accessible to a large 
public some of the more commonly used and basic com- 
piler techniques. The compiler described produces in one 
pass an object programme which 1s obeyed interpretively 
by a control routine during run time. This may not be 
very efficient, but many of the concepts explained in this 
book are relevant to other forms of compilers. In particu- 
lar, repeated use is made of the concept of stack or push- 
down store. 
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Because this is among the first books on the subject, 
the form and contents cf the book may put off the uniniti- 
ated reader, but it is well worth persevering with. An 
attractive aspect of the book is’the large number of very 
short programmes illustrating the many difficulties a 
compiler has to deal wish. I, M. KHABAZA 


Einführung in die Atomphysik 

Von, Dr. Wolfgang Finkelnburg. Neunte und Zehnte 
Ergänzte und Neubearbeitete Auflage. Pp. xii+ 552. 
(Berlin, Göttingen und Heidelberg: Springer-Verlag, 
1964.) 45 D.M. 


HE present issue of Einführung in die Atomphysik, by 

Prof. W. Finkelnburg, is the nineteenth and twentieth 
reprint, revised and brought up to date by the author, 
who is a member of tke Siemens-Schuckertwerke group 
in Erlangen. It is intended for physicists in the applied 
fields, engineers, chemc-sts and technical personnel. Its 
scope is very wide, comprising, besides atomic physics, 
extensive chapters on quantum mechanics, nuclear 
physics, ‘elementary’ particles, molecular and solid-state 
physics. The author is manifestly an experienced peda- 
gogue who leads the reader in carefully planned steps 
through the various phases of an argument. It is a 
magnificent and, on the whole, successful effort to provide 
a readable text of a complex scientific field. 

Tt is, however, clear that the maximum one can achieve 
in the circumstances is plausibility, which is probably 
what the author aimed at. The question then arises if it 
is a good plan to incorporate a fair proportion of the wave 
mechanical formalism (according to Sommerfeld), without 
the mathematical background (see p. 360, where the 
formula is completely without meaning). It must be 
admitted that the figures of electron distribution and 
some wave functions are excellent. 

The book, as such, tomes up to the expectation one 
holds for a production from the publishing firm of 
Springer; it is quite ckeap at 45 D.M., and will no doubt 
greatly contribute to the education of that most important 
part of the scientific community who apply science. 

E. BRETSCHER 


Physique des Semiconducteurs 

Comptes Rendus du 7€ Congrès International. (Physics 
of Semiconductors: Proceedings of the 7th International 
Conference.) Pp. xxii+1368. (Paris: Dunod, 1964.) 
145 francs. 


P? YSIQUE des Semiconducteurs: Comptes Rendus du 
7e Congrès Internateonal contains about 200 distinct 
original items, five of which are reports on symposia on 
related topics. It will be an invaluable work of reference 
pointing to other and fuller papers on certain topics, and 
indicating the major aspects of present interest in the 
field. It has been remarked that this field, like women, 
has become more sophisticated with age, and this volume 
certainly gives evidence in favour of this assertion. More 
accurate measurements, and more detailed calculations 
are reported here, of quantities the broad significance of 
which has in many cases been known for some years. 
This impression is strengthened by the fact that the 
details of the sympcsia on radiative recombination, 
radiation damage, and solid-state plasma effects, all very 
active fields, have been published separately. This still 
leaves interesting effects within the seope of this volume— 
effects which were not expected two years before (during 
the corresponding mesting at Exeter in 1962). The 
relativistic correction to band structure calculations is an 
example. The importance of lasers is another example, 
for they have enhanced the interest in studies of electron 
transitions in solids, which may compete with radiative 
transitions. Papers in this volume deal with these and 
other important effects. It is clear that this field is con- 
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tinuing to throw up important new developments, and 
it is reasonable to expect an average of one important 
development per annum to be maintained until the 
next volume of this series (reporting the meeting in 
Tokyo in 1966) is reviewed in these columns. 

P. T. LANDSBERG 


Counterexamples in Analysis 

By Prof. Bernard R. Gelbaum and Prof. John M. H. 
Olmsted. (The Mathesis Series.) Pp. xxiv+194. (San 
Francisco, London and Amsterdam: Holden-Day, Ine., 
1964.) 7.95 dollars. 


HE schoolboy learns that the harmonic series does 

not converge, although its nth term tends to zero; the 
undergraduate is shown Weierstrass’s function, which is 
continuous but not differentiable; at a later stage, a 
mathematicians pleasing speculation, may be disrupted 
by an instance of its falsity. The construction of counter- 
examples is a not unimportant part of the technique of 
the analyst, as, for example, in the theory of Fourier 
series, and this collection, of some 250 items may serve for 
profit as well as for amusement. The authors have made 
a selection from number systems, functions, limits, differ- 
entiability, integration, convergence, set and measure 
theory in one and two dimensions, metric, topological 
and function spaces. Almost any dip will come up with 
something pleasing; a random opening provided functions 
f and g such that f* and g? are integrable but (f + g)? is 
not. But the book will be more seriously useful to the 
teacher of analysis, who is often in need of examples of 
this type to show why the conditions imposed on a 
theorem are necessary, and to the young research worker 
who may have to test heuristic ideas by hard fact. 

T. A. A. BroapBENT 


Radioactive Fallout, Soils, Plants, Foods, Man 
Edited by E. B. Fowler. Pp. 317. (Amsterdam, London 


and New York: Elsevier Publishing Company, 1965.) 
80s. 


Ta evaluation of the significance of dietary contamin- 
ation with radioactive fall-out requires the co-opera- 
tion of many disciplines, and our understanding of this 
subject has owed much to meetings at which meteorolo- 
gists, health physicists, agricultural scientists and medical 
radiobiologists have brought together the relevant informa- 
tion from their various subjects. 

Two particularly important meetings of this type were 
arranged in 1959 by the University of Minnesota and the 
Food and Agriculture Organization in Rome. The publica- 
tions to which they led in the following year largely paved 
the way to the first authoritative and comprehensive 
assessment of mechanisms of dietary contamination 
which the United Nations Scientific Committee on the 
Effects of Atomic Radiation included in its 1962 report. 
Other meetings with the same general objective had 
meanwhile been held, among them being a symposium of 
the American Chemical Society, at Cleveland, Ohio, in 
April 1960. 

The volume under review is based on the papers pre- 
sented at the Ohio meeting. The editor’s preface shows 
his consciousness of the disadvantage of delay in publish- 
ing reports of symposia on rapidly developing subjects, 
and an endeavour was made to revise and to ‘up-date’ 
contributions. This was notably achieved in the discus- 
sion of the “Transfer of Fallout Radionuclides from Diet 
to Man”, by Drs. Wasserman Lengemann, Thompson 
and Comar, in a chapter which contains about half the 
references to publications dated 1962 or later which 
are to be found in the entire volume. Read in 1965, 
some of the other chapters are mainly of historical 
interest. Not only are a number of transfer routes of 
much ,smaller importance than was sometimes thought 
in 1960 but also interest in the significance of fall-out now 
centres primarily on the effects of weapon tests in 1961 
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and 1962 which were of considerably greater magnitudimm 
than the earlier series. 
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Piante Medicinali l 
Chimica Farmacologia e Terapia, Vol. 2. Da R. Benign 
C. Capra and P. E. Cattorini. Pp. 731-1832. (Milan 


Inverni e della Beffa, 1964.) L.12,000. 


HIS is the second part of a comprehensive Italia 

work on medicinal plants, Volume 1 having alread, 
been reviewed in these pages (Nature, 196, 609; 1962 
Plants are arranged according to their Italian commo. 
name. Volume 1 covered the letters A-H. The preser 
volume deals with the rest of the alphabet, representin 
some 120 different species. As in the case of the earlie 
volume, there are notes on etymology, nomenclature 
habitat, parts used, active principle, therapeutical proper 
ties, pharmacology, and chemical composition. There i 
special emphasis on the chemistry of the plants, whic! 
is covered in some detail and the latest information incor 
porated. This applies particularly to plants that hav 
recently attracted special attention, for example, Rauwolfic 
serpentina has 149 pages devoted to it and there are mort 
than 800 references. Strophanthus (Strophanthus kombé 
covers 25 pages, with 161 references. 

Other well-known medicinal plants dealt with in thu 
volume include golden seal, Iceland moss, ipecacuanha 
jaborandi, liquorice, lobelia, clive, opium poppy, pepper 
mint, rhubarb, senna and strychnine or nux-vomica 
Many of the other species treated, although well known 
are of little 1mportance medicinally to-day. Nevertheles: 
it is of value to have so much information in relation tc 
them brought together. The common horse-chestnu» 
(Aesculus hippocastanum) is not usually lookéd on as e 
medicinal plant, yet 14 pages are devoted to it along witt 
38 references. This may be because of the saponin it 
contains. F. N. Howzs 


Pollen Physiology and Fertilization 

Edited by H. F. Linskens. (A Symposium held at the 
University of Nijmegen, The Netherlands, August 1963.’ 
Pp. xi1+257. (Amsterdam: North-Holland Publishing» 
Company, 1964.) 80s. 


ie August 1963 a symposium was organized at the 

University of Nijmegen to bring together a number of» 
people interested ın the study of pollen tube formatio» 
and germination, and the processes leading up to the 

formation of the zygote in higher plants. The paper: 

and discussions given at this symposium are now pub- 

lished under the title Pollen Physiology and Fertilization, 

edited by Prof. H. F. Linskens. 

The symposium was organized in seven sections each 
of about three or four papers followed by a tape-recorded 
discussion, Subjects included the physiology of the 
embryo sac, and the biochemistry of pollen wall forma- 
tion; pollen tube metabolism; the effects of boron on 
growth; chemotropism and sections on controlled fertiliza- 
tion and incompatibility. Particular interest is derived 
from the high proportion of papers in which relatively 
modern techniques such as electron microscopy, histo- 
chemistry and in vwo methods of controlling fertilization 
are used to investigate the problems raised. 

The publication of papers read at any specialized 
symposium inevitably results ın the reappearance of a 
fairly high proportion of material already familiar as a 
result of its appearance in regular journals, and this is 
no exception. Nevertheless, this volume does provide a 
readily accessible collection in one place of contributions 
by a number of well-known authorities on the subject; 
and the convenience for comparison and survey which 
this provides, combined with the general high standard, 
or controversial interest, of the papers will make it a 
welcome addition to the collection of anyone interested 
in the physiology of pollen germination and fertilization. 

P. A. THOMPSON 
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ORIGIN AND SIGNIFICANCE OF THE POWER OF VOCAL IMITATION: 
WITH SPECIAL REFERENCE TO THE ANTIPHONAL 
SINGING OF BIRDS 


By Dr. W. H. THORPE, F.R.S. 
Sub-Department of Animal Behaviour, Department of Zoology, Universty of Cambridge 
AND 


MYLES E. W. NORTH 
Milton Close, Muthaiga, P.O. Box 8225, Nairobi, Kenya 


HERE are few abilities which separate man moro 
clearly from other members of the animal kingdom 
aan his powers of imitation. Even among the primates 
e ability to learn a new action as a result of having seen 
performed by another member of the species has only 
yen. established relatively recently; and convincing 
camples among mammals below the primate level are 
arse indeed!. 

When we come to consider vocal imitation the difference 
etween man and the other mammals is even more 
riking. Even with the chimpanzee a capacity for vocal 
aitation, seems to be almost non-existent and no satis- 
«ctory scientific evidence seems yet to have been presented 
1 behalf of claims made for the powers of vocal imitation 
mong porpoises?*. This remarkable difference is con- 
dered by Konorski‘, as a result of his analysis of various 
rms of speech disorder, as comparable with the audio- 
rbal aphasia which results from certain types of brain 
sion in man. Lesions which have this effect are shown 
> have damaged either the postero-superior part of the 
smporal lobe, or to have severed the ‘arcuate bundle’ 
hich originates in this area and runs to the lateral frontal 
sgions. According to Konorski, it is a striking fact that 
here is nothing exactly comparable with this ‘arcuate 
undle’ known in non-human mammals, and it is this 
bsence which is thought to account for the lack of powers 
f vocal imitation. 

When we come to compare the imitative abilities of the 
irds with those of the mammals, we find that while the 
bility of the former group to imitate bodily actions is 

«robably even less than it is in mammals, the powers of 
rocal imitations are of an astonishingly high order, being 
wen comparable in some cases with those possessed by 
«aan. The origin and significance of this difference raise, 
sherefore, most puzzling problems. Unfortunately, on 
he neurological side, nothing can be said; for the investi- 
‘ation of the bird’s central nervous system has not yet 
early reached the stage at which we can say whether or 
10t there is any structure functionally comparable to the 
arcuate bundle’ of the human brain. The only birds on 
which modern neurological investigations are being 
xctively carried out are the doves; but it appears® that 
hese are incapable of imitation. We have, therefore, to 
ome down to behavioural evidence, as this does indeed 
provide some interesting clues. 

In the Oscines, or song birds, at least those of the tem- 
porate regions of the world, the most usual function of 
the full-song is to serve as a territerial proclamation by 
the male establishing claim to a territory and, as a sub- 
stitute for fighting, defending it. Thus it serves as a 
signal which is sufficiently stereotyped to function as a 
recognition mark characteristic of the species. But it is 
well known (refs. in Thorpe‘) that in many species the 
song is capable of sufficient individual variation within 
the overall specific fixity of pattern to differentiate one 
individual bird from another. Thus, the song comes to 
serve two functions—specific recognition and individual 
recognition. 

This individual differentiation of the song is often 
developed by imitative learning, the bird in its first year 
eithor imitating its parents’ song or, perhaps more often, 


learning individual differences from other members of its 
species when it first comes to sing in competition with 
them during the process of establishing a territory during 
its first breeding season. Thus, chaffinches (Fringilla 
coelebs) reared in isolation produce an abnormally simple 
song which is mainly accounted for by the hereditary 
make-up. Only when the bird is reared in contact with 
its own kind does it develop the full species pattern and 
add the aforementioned individual characteristics. Thus, 
experience influences the selectivity for the song which 
will be imitated, and in early spring the bird tailors its 
own song to match the patterns which it has heard. 
There is, therefore, a functional explanation for the 
ability to imitate the vocalizations of one’s own species 
even where the prime unction of the song is territorial 
advertisement and defence. 

But, as everyone kncws, the imitative performance of 
a number of birds goes far beyond this. There are species, 
such as the starling (Sturnus vulgaris), the mocking bird 
(Mimus polyglottos) anc the marshwarbler (Acrocephalus 
palustris), which incluce notes and phrases from many 
other species in their own song. Even. more remarkable 
are the ‘true’ talking bizds, especially the members of the 
parrot family and the grackle, known as the ‘Indian 
mynah’ (Gracula religicsa), which can imitate not only 
human speech to astounding perfection but also a seem- 
ingly endless variety of other noises. This extreme 
imitative ability of certain groups poses a real evolu- 
tionary problem, since it appears not to be used at all 
except under conditions of domestication. In other 
words, it seems as if the bird is in some way ‘pre-adapted’ 
for the performance of dazzling feats of imitative virtuo- 
sity which conditions of life in the wild never require of it. 

In the tropics, althouzh there are many species of birds 
the song of which is dowtless just as territorial in function 
as is usual in the temperate regions, the ornithologist is 
also struck by the number of examples where song appears 
much less aggressive in intent and where its function is 
apparently as a social signal, for maintaining pair and 
family bonds and as part of the sexual display, rather 
then a territorial one. Moreover, it is perhaps significant 
that most of the outstanding vocal imitators are found 
among tropical or sub-tropical species. It is suggested 
that the extreme developments of the imitative ability 
occur where the main function of the song is to provide 
for social recognition and cohesion rather than for 
territorial defence. This seems to apply specially in the 
tropics. 

In 1903 Waite? described how two captive Australian 
magpies (Gymnorhina tibican) learned to sing & fifteen- 
note melody, played to them on the flute, as an antiphonal 
duet. When the younger bird died the survivor resumed. 
the performance of the whole; which ıt had never been 
heard to produce during the years when it had e com- 
panion. A rather similar case of the antiphonal division 
of a learned melody ketween a pet canary (Serinus c. 
canarius) and a captive bullfinch (Pyrrhula pyrrhula) was 
described, in the same year by the famous musician 
Sir George Henschel’. Recently, Gwinner and Kneutgen® 
described how, with two pairs of captive ravens (Corvus 
corax) and three pairs of the shama (Copsychus mala- 
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barus), the males and females each had sounds or song 
elements which were principally, if not exclusively, their 
own private utterances and were not normally used 
by their mates. However, when the partners were absent, 
the remaining bird would use the sounds normally reserved 
for his partner, with the result that the said partner 
would return as quickly as possible as if called by name. 
(We have both experimental and field evidence for the 
same effect with Laniarius aethiopicus major.) Gwinner 
and Kneutgen find the method to be particularly effective 
if it is the male who is absent, since, they suggest, 
there is nothing more stimulating to a mated male than 
to hear its own repertoire repeated in its own territory. 
Thus, the vocalizations of these species appear to be used 
for securing the return of the desired partner. It seems from 
the work of Zur Strassen! that, contrary to much previous 
supposition, parrots can also use their learnt vocalizations 
in a ‘purposive’ manner for securing food or other particu- 
lar needs. 

_The study of the antiphonal singing of certain tropical 
birds, on which we have now been engaged for some 
years, 1s particularly relevant to these problems. Our 
investigations have been concerned with three widely 
separated groups of birds, one non-passerine and two 
passerine, namely, the barbets, Trachyphonus spp. 
(Capitonidae), fantail warblers of the genus Cisticola 
(Muscicapidae, sub-family Sylviinae) and shrikes of the 
genus Laniarius (Laniidae including Laniariidae). In all 
these groups one encounters species capable of a duetting 
in which the notes of the male and female are different— 
the sexes alternating to sing antiphonally but nevertheless 
with a very precise and exactly maintained time interval 
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between each contribution. One of us™ has already pu 
lished, an account of the antiphonal singing of Laniart. 
erythrogaster, where the response time with which tl 
female answers the male is of the order of 150 msec < 
less, with a standard deviation over a long series : 
12-6 msec. Here it was suggested that it is the exact pr: 
cision. of timing of the answer of the second bird which 
the most likely basis for the mutual recognition in den: 
foliage rather than any individual difference in tom 
quality or structure of the notes—although this is nc 
ruled out. 

Since this work was published, Grimes!® has obtaine 
almost identical results with another species in We: 
Africa—Laniarius barbarus. 

However, from the point of view of the general probler 
already outlined here, it is the species that we are no 
mainly concerned. with, namely, Lamarius aethiopicus— 
the tropical bou-bou shrike—which is providing most c< 
the important results to date. Although a great des 
remains to be done, a number of essential points alread, 
seem clear, and it is the object of the present article t 
outline the most relevant of them. In this species bot 
male and female have a considerable vocabulary whict 
it seems, they utilize so as to work out with practice . 
series of duet patterns by which, presumably, when th 
birds are no longer in sight of each other mutual recog» 
nition is still possible. This work is proceeding in th 
field in Kenya and Uganda, and in tropical aviaries a 
the Cambridge Sub-Department of Animal Behaviour 
The following essential points seem to be clear: 

(1) Although there may be periods of solitary ‘practice 
during the juvenile stage, the duet ıs worked out during 





Fig. 1. Lamarıus aethiopicus sublacteus. Vipingo, Kilifi, Kenya. December, 1954. N.B All the illustrations are given at approximately 
scientific pitch (middle ‘C = 256 c/s) Unless otherwise stated, as here, all the figures refer to race major 


Fig. 2. DL. aethvopicus. Dundori, Nakuru, Kenya, March 17, 1964 
Fıg. 3 L aethiopicus. Kabale, Uganda, February 15, 1962 
Fig. 4. L, aethiopicus. Meadow Point, Lake Nakuru, Kenya, March 17, 1964 


Fig. 5. L.aethioprcus. Hippo Pool, Lake Nakuru, Kenya, March 17, 1964. Note that this is a rather more elaborate duet than the previous ones 
The contribution of the two birds 1s not indicated in this case since 1t seemed to vary a good deal 


Fig. 6. L. aethiopicus mossambicus San Martino, Mozambique Coast (C Haagner). The timing in this example 1s very precise, but the bar length 
might vary between 0 75 and 1-5 sec 


Fig. 7. L. aethiopicus mossambicus San Maitino, Mozambique Coast ve Haagner) This is a duet witha more complex time pattern. Bar length 
‘5 see 


No 5007 


October 16, 1965 


8 8 


NATURE 


x 
a h A 
egg E p 
, aa ee a E A a 


o d <7 , Vl a 
LOD eek ttre att oo 
aS ST (69 mn OLE 
eT 


221 


8 


— HË | 





p 





Fig. 8. a-q. DL. aethiopicus. Reed Inlet, Lake Nakuru, Kenya, September 5, 1963. The separate figuresa—g show the 17 different duet patterns 

produced by a single pair of L. ae. major dunng the course of a single day. The last four patterns were transcribed in notation (ref. 12) All the 

rest were recorded directly on tape. Ali were presumed to be duets, but the distribution of the parts between ‘X’ and ‘Y’ is only inserted where 

the evidence is clear. The expression ‘chatter scold’ denotes a characteristic harsh pulsed sound of wide frequency distribution The term 

‘snarl’ 1s expressive of a common note, not markedly pulsed, but eee energy, though widely spread, showing a peak at the frequency indicated 
y the wavy line 


a long practice period (probably of many months) between 
two birds in their territory. 

(2) These duets are composed of notes, the quality of 
which is determined, no doubt, by hereditary constitution; 
but the pitch, timing and phrasing of which can be varied 
very exactly by the singers as a result of this practice. 

(3) For nearly every species so far examined it appears 
that: (a) Either sex can start and the other finish. (There 
is clear evidence for this in Lamiarius aethiopicus and L. 
funebris. It is probably also true for Cisticola hunteri and 
Cossypha heuglini.) (b) Either bird can sing the whole 
pattern alone if the partner is absent (L. aethiopicus and 
L. funebris). (c) In L. aethiopicus, when the partner 
returns two birds can either duplicate in perfect time or 
(more usually) sing antiphonally again. Thus it appears 
that in the course of developing its elaborate duets each 
individual of the L. aethiopicus pair has, in fact, learned 
the contribution of the other member and its relation to 
the whole. 

In Laniarius aethiopicus each pair in the wild may have 
a considerable number of alternative duet patterns. Con- 
sequently, while many of the simpler patterns may be 
very widespread in a given population, some are likely to 


be peculiar to individual pairs. If this ıs correct, then 
the mate is that bird which can answer with the right 
pattern of notes in the right time. These vocalizations 
have, of course, been recorded by us and analysed by 
means of the sound spectrograph, but with this particular 
species the notes are of such a pure flute-like quality that 
they can be rendered satisfactorily in ordinary musical 
notation, and consequently this is the method we are 
adopting in the presert report. 

In those exceptional cases where, for one cause or 
another, tape recording was not possible, the songs were 
noted down by means of a specially adapted notation’, 
the pitch being determined by comparison with a 
chromatic pitch pipe. The illustrations very largely speak 
for themselves. Since + is usually impossible in the field 
to distinguish the sexes apart, the contributions of the 
two members of the peir are simply indicated as ‘X’ and 
Y’ rather than by mals and female signs. Thus, the first 
bird to be transcribed is labelled ‘X?’ as the bird which, 
on that occasion, sings the first component of the duet 
pattern. The second contributor is then labelled ‘Y’. 
Thus, if the sexes alternate their roles, ‘X’ will sometimes 
be the male and sometimes the female; and similarly 
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Fig. 9. aand b. L. aethiopicus. Lake Bunyoni, Kabale, Pganda, February 14, 1962. 


precisely timed seriea During one considerable stretch of 


his series a third bird ‘Z’ joined in. 
theless inserted its single note remarkably accurately (Fig 9b). 


Fig. 9a represents a duet pattern heard as a very long, 
It was far away fram the others, buf never- 
It tended to intervene in every second duet of ‘X’ and ‘Y’ 


Fig.10. L. aethiopicus. Dundort, Nakuru, Kenya, April 3, 1964. A remarkable trio. AI three birds were in the same tree. Note that bird ‘X’ 
gave a D sharp every two seconds and bird ‘Y’ a D sharp (my oer me oe while bird ‘Z’ gave a G sharp and an A natural every other 
o secon alternation 


with ‘Y’. To date, rather more than 135 different duet 
patterns of Laniarius aethiopicus major have been re- 
corded and analysed. A characteristic selection of these 
is here shown. Some races of Laniarius aethiopicus (for 
example, race major) appear to produce a greater variety 
of duet pattern and to be more flexible in their com- 
binations; but this may merely be due to the fact that 
this is the race which it has so far been possible to examine 
most intensively. So far we have encountered one pair of 
birds in Nairobi which produced twelve different duet 
combinations, and another pair at Nakuru, Kenya, which 
produced seventeen duet patterns in the course of a 
single day (Fig. 8). 

Figs. 1-7 show a characteristic selection of duet patterns, 
proceeding from the rather simple to the more complex. 
Note also the way in which the total time taken by a duet 
can be varied considerably even by a single pair of birds 
more or less irrespective of the number of notes which it 
contains. Note, too, how the second bird may add or 
interpolate a single note within an already well-established 
pattern. Sometimes this note almost exactly duplicates 
one of the existing notes, in which case it can usually be 
distinguished only when the record is analysed by sound 
spectrograph. At other times it can be distinctly heard— 
as in Fig. 8k. 

The ‘musicality’ of these songs strikes all who hear 
them. This is partly because of the purity of tone and the 
low pitch as compared with the songs of most birds. But 
in addition to this we find the birds using a familiar 
musical tonal system in a strikingly ‘orthodox’ manner. 
The implications of this are now being investigated. 

With several of these birds which sing antiphonally, 
trio singing is sometimes observed. The meaning of this 
is at present quite obscure. If often recalls the well- 
known visiting of fulmar petrel (Fulmarus glacialis), the 
‘piping parties’ of the oyster-catcher (Haematopus ostra- 
legus) and the dance of the spur-winged lapwing (Belono- 
pterus chilensis cayennensis) described by W. H. Hudson". 
In more than one instance of trio singing in L. aethio- 
picus observed by us, besides the three birds par- 
taking, a fourth bird was observed standing silently by; 
possibly the mate of No. 3. Figs. 9 and 10 show examples 
of such trio singing in L. aethiopicus major. Trio singing 
is also very frequent in Cossypha heuglini, Heuglin’s 
robin chat, which is also being studied in field and in 
aviary. An account of this will be reserved for later 
publication. 

It is concluded that our observations so far give strong 
support to the suggestion put forward by Gwinner and 
Kneutgen, and also by Konrad Lorenz, that one of the 
major functions of the imitative ability of birds is to 


establish and strengthen the individual pair bond. W 
suggest that this will be so particularly in those specie 
where territorial aggressiveness is not very marked—as ` 
so often the case in the tropics. In Laniarius aethiopicr 
this ability enables each bird to learn the normal cor 
tribution of its mate as well as its own. It can thus usr 
this appropriately for maintaining contact with the partne 
and recalling him or her when absent. If this is so, the 
the extreme of apparently unused imitative ability < 
birds such as parrots and mynahs received a plausib] 
explanation. It may well be that in the wild these biram 
use their powers for imitating the minute idiosyncrasic¢ 
and inflexions of their partners or other members of th: 
group. If this proved to be true, it is no longer necessar. 
to suppose a mysterious ‘pre-adaptation’. 
Many, perhaps most, mammals recognize their assoc» 
ates primarily by smell and secondarily by sight. Voic 
and its recognition seem to come (with certain exceptions 
among them possibly the Canidae and some Ungulates 
a long way behind in importance. With birds, creature 
of vision as they are and with the powers of olfactior 
greatly attenuated, audio-vocal recognition is probably 
paramount. But how did it came about that Hom 
sapiens so greatly outdistances his fellow Primate 
in his powers of using his auditory sense for socia 
purposes ? 
We thank Mr. C. E. Cade, of Nairobi, for his pains 
taking work with hand-reared birds in the early stages o 
investigation. We also thank Mrs. Avril Royston, for 
merly of Sotik, now of Nakuru, Kenya, for her work in 
catching and hand-rearing birds—particularly shrikes 
Without her expert help the aviary observations sc 
essential to this work would have been impossible. We 
are also much indebted to Mr. Clem Haagner for allowing 
us to use some of his tape recordings of race mossambicus. 
Much of the cost of the work has been defrayed by grants 
from the Royal Society. 
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THE INTERNATIONAL BIOLOGICAL PROGRAMME* 
By Dr. E. B. WORTHINGTON 


Scientific Director (Designate) 


| fiers International Biological Programme is now well 

into its first year—the first of seven or eight. It is 
yncerned with “the biological basis of productivity and 
uman welfare”. It is divided into two phases: Phase I, 
rhich consists mainly of design and feasibility studies, 
> occupy most of 1965 and 1966; Phase II, the opera- 
onal programme, to commence in 1967 and carry on for 
bout five years. Beyond these simple facts I doubt if 

Whore aro many people who know much about the Pro- 

alae for we have been so busy planning it that little 
ought has been given to advertising it. 

The International Biological Programme is a pro- 
ramme which, because of the effects of various factors, 
articularly the climate, must extend over a number of 
ears, since it is obvious that an investigation of growth 
a a Summer such as we have had this year would be quite 
ifferent from a similar study undertaken last year. It has, 
owever, drawn some of its inspiration from the Inter- 

E-o Geophysical Year. Indeed, if one looks at the 
evelopment of the sciences during the past few decades 
„ne is struck by the high peaks of achievement reached in 
«oternational collaboration and also through international 
‘competition in the physical sciences. Research on the 
<-onosphere, the atmosphere, and the geosphere has 
seen. greatly stimulated by organized activities—the 
minternational Polar Years, the International Geophysical 
“Year and the International Years of the Quiet Sun which 
iave developed one from the other. Programmes are going 
orward strongly, too, in connexion with the hydrosphere, 
as arranged by the Intergovernmental Oceanographic 
Jommission and the International Hydrological Decade. 
Gut in such investigations the biosphere has been almost 
zompletely neglected. Yet on the natural resources of this 
Miarth—especially the renewable ones which come from 
oiological productivity—the future of mankind depends. 
hey are much more important to most human beings 
shan getting to the Moon or taking close-up photographs 
of Mars. One could even argue that it is more important 
mo humankind to ensure a sustained yield of fish from the 
Worth Sea than to discover and extract the oil that may 
Kie beneath it. 

What do we mean by biology within the context of the 
Knternational Biological Programme? To some, biology 
means the life sciences as opposed to the earth sciences; 
50 some it stimulates thoughts of the inner workings of 
Khe cell; and to some perhaps, merely the facts of human 
reproduction. For the purposes of an International 
iological Programme, I think the best definition is the 
toiosphere, that is the living layer around the Earth, on 
Kand, in the waters and in the air. 

This word biosphere, by the way, seems to present a 
problem in semantics. I have heard it explained by a 
television astronomer as a concentric region of the solar 
system, comprising the orbits of Venus, the Earth and 
Mars, where there is some reason to believe that life as we 
know it exists. I use it, however, as the layer which sup- 
ports life in, on and around the Earth, for the International 
Biological Programme is likely to have little time or 
opportunity to extend its activities to other planets. 

Some biologists are inclined to think that the Inter- 
national Biological Programme is rather a waste of effort 
and money. They argue that opportunities for the 
exchange of knowledge and ideas are not lacking, but are 


* Substance of an Evening Discourse delivered on September 3 at the meet- 
ing in Cambridge of the British Association for the Advancement of Science. 


almost overburdening, for international unions and 
associations exist in every branch of biology. From 
spring to autumn scarcely a week passes without some 
international biologica. congress, often several running 
contemporaneously, even in the same country. Is this 
not enough ? f 

The counter argument is that we scientists concerned 
with environmental biclogy have to take but one look at 
our colleagues concerned with the physical environment 
to appreciate what a degree of organization can do. Few 
would deny that studies of this kind of biology, concerned 
with the organism in rslation to its environment, which 
had such a splendid start in the past century, have been 
sadly overtaken in this zentury by studies in the physical 
sciences. In the long run, I believe that the International 
Biological Programme will be looked on as a major 
effort—and a successfal one—to redress this balance. 
In doing so it will provide a part of the fundamental 
knowledge which to-day is so much needed so that bio- 
logical science can be applied more effectively to the 
provision. of human needs. 


History 


Before examining tie content of the International 
Biological Programme we should consider how the idea 
came into being. British scientists have taken a prominent 
part in this. Sir Rudclph Peters some years ago, when 
president of the Internstional Council of Scientific Unions 
(ICSU), took a major part in the conception of the 
International Biological Programme. Prof. H. W. 
Thompson of Oxford, the current president of ICSU, did a 
good job as midwife during the first International Bio- 
logical Programme Assembly held in Paris last year. 
Prof. C. H. Waddington, as president of IUBS, has been 
a good doctor in the pre- and post-natal clinics; while the 
president, officers and secretariat of the Royal Society, 
by priming and holding the feeding-bottle, have enor- 
mously helped the infart’s early growth. 

How the ideas leadmg up to the International Bio- 
logical Programme hare fluctuated and developed has 
been related by Prof. Montalenti, the Italian geneticist 
who led much of the preparatory work. Initially, it was 
thought that the programme should concentrate on the 
human organism, and especially population dynamics and 
genetics. Later there wes a body of opinion which thought 
it could involve itself best on the preservation and 
conservation of biologizal systems in different parts of 
the world, especially tnose which are most endangered 
by economic progress. Finally, these and other approaches 
have been brought together in such a way as to be of 
interest to a rather broad spectrum of biological scientists. 
The objective, as defined in 1964, is to ensure a world-wide 
study of: (a) organic production on the land, in fresh 
waters, and in the seas, and the potentialities and uses of 
new as well as of existing natural resources; (6) human 
adaptability to changing conditions. The programme 
should not range throuzh the entire field of biology but 
should be limited to basic biological studies, related to 
productivity and human welfare, which will benefit 
from international colléboration, and are urgent because 
of the rapid rate of the changes taking place in all environ- 
ments throughout the world. ‘ 

Thus, of two major problems now facing the human 
species on Earth—of ccntrolling his rate of reproduction 
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and of increasing the biological product on which he 
subsists—the International Biological Programme is 
concerned with the second. The advances in techniques 
to control reproduction which have been produced in the 
past decade have reached a point at which there is more 
need for sociologists to apply them than for biologists to 
invent new ones. Yet the attributes and potentialities of 
man are by no means left out of the programme, as I will 
explain. 


Principles 


The programme is based on a number of principles. 
First, it is a directional and a selected programme. It is 
not a free-for-all, nor is all research bearing on productivity 
and human adaptability automatically incorporated into 
it. The initials IBP can be regarded, if you like, as a kind 
of status symbol, and to ensure that this is not misused 
we have a sifting arrangement for projects at the national 
level and later at international level before admission 
into the programme. The tag of IBP does not, of course, 
mean that the project is necessarily good science, nor that 
other work on biological productivity conducted outside 
IBP is not good science. It merely implies that those 
immediately concerned with IBP agree that the project 
fits in and 1s likely to advance materially the objects of the 
programme. 

Secondly, the programme is concerned throughout 
with the fundamental approach to research. It starts 
from the premise that the applied sciences of biological 
production, such as agriculture, forestry, fisheries, have 
in recent decades gone striding ahead more quickly than 
the fundamental understanding of the causes of pro- 
ductivity. Similarly, the sciences of man, medicine and 
some of the applied social sciences, have in some ways out- 
paced fundamental understanding of mankind and the 
differences between one man and another. The Inter- 
national Biological Programme is an opportunity to restore 
the balance and to provide new organized knowledge as a 
springboard for the technologies to take further plunges 
into progress. 

Thirdly, the International Biological Programme is 
urgent. This is not only because of the steady growth of 
the pressure of human populations on renewable resources, 
but also because many of the situations in the world, both 
biological and human, are changing so rapidly that they will 
soon cease to exist. The International Biological Pro- 
gramme is not a preservationist body, for our approach is 
dynamic not static, conservation rather than preservation; 
but the perpetuation of sample biological systems for 
future biologists to study is definitely among its objectives. 

Fourthly, and this could perhaps almost go without 
saying, the International Biological Programme is limited 
to research which could benefit from international 
co-operation. There, are some scientists, and great ones 
at that, who do not readily co-operate with others 
and whose special attributes lead them to penetrate 
deeply on a narrow front the unknown, behind locked 
doors so to speak, rather than, by a sharing of knowledge, 
to advance with others along a broad one. The Inter- 
national Biological Programme is clearly not designed for 
the isolationist researcher. although his findings might 
well be picked up and developed as a Programme project. 


Divisions of the Programme 


In order to get to grips with what inevitably is a very 
large content, the International Biological Programme is 
divided into seven sections. One of the first and most 
obvious divisions was into the biological communities of 
the land, of fresh waters, and of the sea, because terrestrial 
ecology, limnology, and oceanography have each developed 
their own discipline of research, although biological 
energy often flows from one to another. These three 
sections are known by their initials; PT for Productivity 
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of Terrestrial Communities; PF for Productivity 
Freshwater Communities; PM for Productivity of Mar 
Communities. 

All three have their problems of conservation, includ 
the definition, description and management of prescrik 
areas or samples of living communities. The proble 
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of conservation on the land are more extensive a 


generally more complex than those of the waters. TE 
include such concepts as national parks, nature reserv 
and sites of special scientific interest. Therefore, there i 
special section of IBP labelled CT for Conservation 
Terrestrial Communities. Each of the three, moreov 
presents different facets of the processes of production» 
photosynthesis (utilization of solar energy) and the nit. 
gen cycle—this section is called Production Processes (P] 
Each of the three may reveal new resources of value 
mankind or new methods applicable to the use a 
conservation of resources, which require fundamenr 
study; this will be carried out within the section nam 
UM for Use and Management of biological resource: 
Finally, the human problems, which bring in another ser 
of disciplines, notably physiology and anthropolog 
will be studied within the Section of HA, Human Aday 
ability. This makes seven: PT, PP, CT, PF, PM, HA a» 
UM. 

Hach of these sections is headed by an internatior 
convener and sectional committee, and is busy in pr 
ducing a five-year programme of its own. Two of t» 
conveners are British—Mr. Max Nicholson of CT ar 
Prof. J. S. Weiner of HA. The seven sections are, of cours 
closely related to each other, but also to other programm 
going on during the same period, for example PF to tl 
International Hydrological Decade. 

IBP consists of the sum of its parts, not only in the sen 
of containing seven different programmes, but also in tl 
sense that the bulk of the research will be undertake 
and financed nationally, not internationally. Mar 
countries are at present busy preparing their nation 
programmes, and of these one of the most advanced 
that for the United Kingdom, now published by tl 
Royal Society. 


Examples of Research 


Let us take a few examples of the kind of work whic 
IBP will contain, and think especially of the Britis 
contribution. Although a great deal has yet to be learne 
about our own biological communities and our own people 
some of the thinking has been on the lines that we shoul 
use the knowledge and abilities of a good many scientist 
overseas, where ignorance about biological productivit, 
is still very great. Thus the U.K. programme in its P' 
section aims to establish two bases for IBP work in th 
warmer regions Overseas, in co-operation, of course, wit. 
the countries concerned. One of these is likely to be i: 
savannah country, at the Cambridge Nuffield Unit c 
Tropical Animal Ecology, situated in the Queen Elizabet 
Park in Uganda; another at a site yet to be determines 
in an area of tropical rain forest. At these bases, in co 
operation with local scientists, it is hoped to undertake 
investigations of productivity in depth—primary pro 
duction of the trees, shrubs, grasses and herbs, secondary 
by herbivorous mammals and insects, tertiary by pre 
dators and parasites. 

Jt is hoped to quantify as well as qualify each link in the 
food chain so as to obtain data to compare production ir 
the wild with production from the tame, for example 
where domestic animals and plants have been establisheo 
on land used for agriculture. 

Passing to another section, namely CT, it is pleasing to 
report that something has been actually achieved. In 
the spring of 1964 and again in 1965, expeditions went 
from Great Britain to the desert lands of Jordan, and 
made a survey especially of the Azraq Oasis and its 
environs, to the east of Amman. This has resulted in 
several things: a useful IBP booklet entitled An 
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oproach to the Rapid Description and Mapping of 

iological Habitats, and more important, in detailed 
«commendations about the creation of national parks 
Jordan. Further preparatory work has been based 
«a the Azraq Oasis where the park headquarters and 
arden are now established with American aid. Within 
week or two, two experienced members of the Nature 
onservancy’s staff are going there to prepare a manage- 
ent plan, applying the experience in management of 
maid areas gained in this country. Meanwhile, in August 

-M. The King of Jordan publicly announced that he 
ill set up the Azraq National Park, and also that Jordan 
ill participate in the IBP by establishing at the Park’s 
entre an institute for biological and human investigations 
“ desert and oasis conditions. This indeed will make a 
seful counterpart to the proposed IBP bases in savannah 
id rain forest to which I have already referred. 

From the PF section I will draw two examples of British 
utiative: one is an intensive study of the biological 
‘oductivity of a reach of the Thames, organized from the 
niversity of Reading. This is dealing with primary and 
scondary production and will include studies on the 
eding and population dynamics of a considerable number 

§ fish species. It will fill a major gap in our knowledge 
° British fresh waters, for most intensive work has been 
«voted to lakes and very little to rivers. The other 
ample relates to research in tropical lakes. In terms of 
sod supplies through fisheries, and water supplies for 
rigated agriculture, they are of much greater importance 
>) the world than the little lakes in our own country. 
o the programme includes the establishment, based on 
EKritain, of a team of limnologists for work in the tropics, 
«specially Africa. This takes advantage of the fact that we 
1appen to have in Britain a rather particular expertise 
2 tropical lakes. 
During the present planning phase each of the seven 
«ections has already held, or has arranged, a number of 
ymposia consisting of selected specialists from all over 
he world to discuss methods of research in particular 
pheres and to prepare handbooks. The object here is not 
«o ‘straight-jacket’ the methods in use in IBP, for field 
«iology is at present advancing very rapidly through the 
evelopment of old methods and the devising of new ones; 
jut it is to agree on those proved methods which can be 
«dvised for general use throughout the world and can be 
‘elied on to produce comparable results. A good example 
vas a symposium held in Aberdeen and Cambridge 
n September concerning research on large herbivorous 
nammals. In Australia, studies of kangaroos and intro- 
luced sheep suggest that the former may be more effective 
sonverters of grass into meat than the latter; if only 
«angaroos produced wool instead of hair, they might be the 
basis of Australian prosperity. In Africa there are indica- 
Kions that the broad spectrum of indigenous African 
mammals, such as giraffe, antelopes, buffalo and wart hog, 
may be better agents of secondary production of meat 
sthan the exotic cattle, sheep and goats which have replaced 
them in many areas and are apt to depress the yield of the 
habitat. In Scotland we have the Island of Rhum, where 
management of red deer by the Nature Conservancy has 
resulted in more venison coming off the island than mutton 
under the former agricultural management and at the 
same time it seems as though the level of primary produc- 
tion of the vegetation has been raised. This symposium 
brought experiences of this sort together and advised 
on methods for future work under IBP from the three 
points of view—the ecological, the physiological and the 
pathological. 

Another example I want to give is one with which I am 
personally involved just at present, namely research on 
large man-made lakes. The basic reason for creating these 
is generally for hydroelectric power: for example, at 
Kariba, Volta and Kainji in Africa, Brokopondo in 
Surinam, and a number of large impoundments in North 
America. Sometimes water conservation for irrigation 
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is equally or more impcrtant, as in the Aswan High Dam 
in Egypt. But the intlusnce af these great sheets of water 
will extend not only tc producing power and water but 
also to many other human needs, and has a profound 
bearing on the biology >f large regions. Anyone familiar 
with Africa, for example, will realize the fundamental 
influence of the great natural lakes on climate, vegetation, 
fisheries, water supply for man and stock, transport, 
sites for urban development, andthe rest. Since the period 
of IBP happens to coincide with the period of constructing 
several new great impoundments and of the biological 
changes consequent on several of those already completed, 
their study will take quite a significant place in the 
programme. Here again, it is good to note that Britain 
has taken an initiative, and as I speak a group of eight 
scientists drawn from Liverpool and other universities 
in Britain and Nigeria, and supported financially by the 
Ministry of Overseas Development, are undertaking a 
preliminary investigation of the part of the River Niger 
where Mungo Park met his end in 1806, the reaches which, 
in a year or more, will form a five-hundred square mile 
lake impounded by the dam at Kainji. The group has now 
been joined by several American and African sociologists 
who are extending the aquatic study to the 50,000 or so 
people now living below the future water-level. Under the 
leadership of local people, assisted by scientists from 
outside, and with funds which we hope will be provided by 
the special fund of the United Nations, it is hoped to 
establish a co-ordinated programme of study on these 
great impoundments. 

I have been speaking mainly about the purely biological 
aspects of IBP, but the section on human adaptability 
has so far been quite ona of the most active. It brings in a 
lot of scientists in the spheres of medicine and of physical 
anthropology, and its programme is designed rather 
differently from some of the other sections. It is wide 
and comprehensive, divided into a large number of head- 
ings and subheadings. Research topics include environ- 
mental physiology, including tolerance of different human 
groups to cold, heat, and high altitude; fitness, growth 
and physique, which, inzidentally, will include a survey of 
highly fit athletes; the genetics of populations, with inter- 
national data centres tc be developed on existing national 
ones such as the blood-gzoup centre of the Medical Research 
Council in London; and lastly health, nutritional and 
epidemiological topics. Clearly a lot of this work will need 
to be done by groups of reseurch workers travelling with 
their equipment to stcdy communities in their natural 
environments. This involves mounting a good many 
quite complex expeditions to remote places. British workers 
under IBP/HA expect, for example, to work this autumn 
on the Hazda tribe aroand Lake Eyassi in Tanzania and 
the people of Bhutan in the very high Himalayas. 


Crganization 


There is a school of scientific thought that resents all 
forms of direction or organization. Science is free: give 
us the funds and let us go unfettered in any direction 
where research leads, and we will show results. Good 
scientists should not become administrators; amy who do 
so are so much loss to science. This is an attitude which 
some of us associate w-th the older universities, but it is 
quite widespread, within Government scientific service 
as well as outside it. I met it strongly expressed when 
discussing IBP recently in Uganda. Now this hbertine 
approach to science does not face the realities of how the 
funds and facilities for research are to be produced, how 
the results are to be discussed and published, or how 
those results which hava an element of application in them 
might be turned to practical use. Nevertheless, it is an 
attitude with which I personally, and many others who are 
concerned with IBP, have a good deal of sympathy. 
We have been influenced by it in thinking up the organiza- 
tion necessary for IBP, at least to the extent that we have 
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devised this as lightly as possible. We are trying to build 
a simple structure from the foundations and to make the 
roof no heavier than is necessary to protect those inside 
from the weather. 

Starting from the top there is ICSU which has set up 
the Special Committee for the International Biological 
Programme (SCIBP), comparable with its scientific 
committees for Oceanic Research (SCOR) and Antarctic 
Research (SCAR). SCIBP is a democratic organization 
which holds a general assembly about every two years. It 
has a Swiss president, Prof. Jean Baer, vice-presidents 
from Italy, Poland, the United States and Great Britain, 
and a number of other members, some representing the 
main international unions in the biological sciences and 
some drawn from the different bio-geographical regions of 
the world. It includes also the seven international con- 
veners of the sections of IBP. Unesco, FAO, WHO, 
SCOR, and SCAR have representatives on it. Each of the 
conveners has also his sectional committee of specialist 
members drawn. from all over the world. 

The central office for IBP is at 7 Marylebone Road, 
Regent’s Park, London, in accommodation generously pro- 
vided and furnished by the Government and the Royal 
Society. Each of the seven international conveners has 
his own office, although only four of them as yet have 
whole-time staff. 

Publications of IBP are so far very few: a journal called 
IBP News was started in October 1964, and so far three 
numbers have been published. We are also starting a series 
of handbooks, and the first of these, being a general guide 
to the activities of HA section, has just gone to press. 

The central funds, for running the offices and holding 
meetings and for publications, come from national dues 
paid in by each participating country. These are on a 
rather modest scale and in fact are at present insufficient. 
I am glad to say they are augmented by grants and loans 
from ICSU and Unesco, and a particularly generous grant 
recently made by-the U.S. National Academy of Sciences. 
It is hoped that other countries will follow this excellent 
example. 

The finance I have spoken of is concerned only with the 
organizational framework and, by international standards, 
is quite small. The cost of the actual research undertaken 
under the auspices of IBP in all parts of the world will 
naturally be quite large if the programme is to be at all 
worth while. As yet it is impossible to say how much it 
may cost, because very few national programmes have yet 
been prepared in detail although a number are in active 
preparation. If we take the British programme as a model, 
and if some twenty major nations have comparable 
programmes and twenty or thirty others prepare smaller 
programmes, the total is bound to run to several million 
pounds. The finance for national programmes will of 
course be provided nationally: in this first year of design 
and feasibility studies, the British Treasury has provided 
some £80,000 specially for IBP; added to the normal 
votes for the Royal Society and the Nature Conservancy. 
This will enable some appointments to be made and some 
research of a trial nature to be started. A number of other 
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countries have acted somewhat similarly. Czechoslovak: 
for example, in addition to financing its own planni 
phase, has provided from its own funds the office and ste__ 
for. one of the international conveners, Prof. Male 
who is based in Prague. 

In order to plan and carry out national programmi 
many countries are setting up their own national cor 
mittees, often with sub-committees equivalent to tim 
international sectional committees of SCIBP. Thus t. 
United Kingdom, through its committee structure whir 
operates under the patronage of the Royal Society, briny» 
about 150 British scientists into the active planning stag 
The United States now has a national committee und 
Dr. Roger Revelle, Poland one under Prof. Petrusewic 
Japan not only has a national committee but has alreac 
submitted a programme. I believe that before long 
major problem of SCIBP and of its Central Office will b 
not so much to get IBP in motion which has been a pr 
occupation up until now, but to prevent it running awe 
from itself by becoming too large and unmanageable. 
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Conclusion 


The gestation period of the Programme has been lon 
but recent progress is at a much greater rate than we h 
dared to hope a couple of years ago, for the world needs æ 
IBP. What, then, is the philosophy behind it ? What is thm 
driving force that causes many busy people about the worl 
to devote their time and energy to helping it on? 
suggest it is a spirit of service to our fellow men and to a 
the other animals and plants that make up the very varie 
living communities of the Earth. Even in these days «€ 
rather selfish approach to living, apparent in the politica 
commercial and even scientific spheres, I suppose there : 
some feeling of service in all of us, even if it is only a 
instinct towards conserving the race, after conserving th 
individual. Here in IBP is the opportunity for very man: 
biologists, whose efforts may have been not perhaps ¢ 
very high value to others, to bring their researches togethe>m 
to focus them and to make them more useful. Here i: 
IBP is the opportunity of showing the world the value c 
field biology as well as laboratory biology. New resource 
will undoubtedly be discovered, and so also will be th 
aesthetic as well as the scientific and economic value c 
plants and animals in their natural and also in thei 
man-made environments. 

An important part of the service IBP hopes to rende 
will be to ensure that at least samples of these wonderfu 
creations of evolution, so different and yet so simila 
in the several bio-geographical zones, will continue anc 
flourish for subsequent generations of humans to appre 
ciate and use. Nor should we forget the many and diversi 
races of man himself, with their separate and particula» 
attributes. Unless we understand these matters and use 
our understanding to plan the future, they will go dowr 
before the axe and fire, the bulldozer or the hypodermic 
needle. This marvellous biological differentiation on the 
Earth would then tend towards dull uniformity and even 
obliteration. 


- OBITUARIES 


Dr. L. H. Gray, F.R.S. 


Dr. Lours HAROLD Gray, first director of the British 
Empire Cancer Campaign Research Unit in Radiobiology, 
died suddenly on July 9, 1965. He was fifty-nine. 

Hal Gray, as he was known to his friends the world 
over, enjoyed a unique position in his chosen subject. 
Radiobiology calls for a wide-ranging mind, able to grasp 
the fundamental concepts of physics, chemistry, biology 
and medicine. To the end of his life, Gray retained an 


intellectual vigour which enabled him to seize the 
essentials of a new scientific discipline, and relate them 
to the existing body of knowledge..- 

Educated at Christ’s Hospital, Horsham, to which he 
won & scholarship, he soon displayed an outstanding 
aptitude for science and mathematics. At school he was 
much influenced by “Chas.’’ Browne, then head of science, 
who educated his pupils on the principle that it is better 
to do an experiment than to look up the answer in a 
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ok. This ‘do it yourself? approach was to remain a 
aracteristic feature of Gray’s work throughout his life. 
From school, he won an Exhibition at Trinity College, 
unbridge, and two years later took Part I of the Tripos 
physics, chemistry, mathematics and mineralogy, and 
as awarded first-class honours. 
physics, he again achieved a first and was able to 
mmence research at the Cavendish Laboratory during 
© exciting period of Rutherford’s professorship. In 

130 he took his Ph.D. and received a Fellowship at 
rinity. 

His work at this period was concerned with the scatter- 
«g and absorption of y-rays, and in his first publication 
929) he enunciated the cavity ionization principle, 
hich had previously been described by Bragg in 1912, 
though Bragg’s work was unknown to Gray at the time. 
his theory, which is fundamental to y-ray dosimetry, 
-ecame known as the Bragg—Gray principle. 

Despite his success in pure physics, he began to find the 
ibject not completely satisfying, and he felt the need to 
o something of more obvious value for his fellow men. 
n offer to come to Mount Vernon Hospital as physicist 
ppealed very strongly to him and he took up the position 
1 1933. Although his work at Mount Vernon was prim- 
rily concerned with the accurate measurement of ionizing 
<adiation, he began to take an interest in biological 
roblems under the guidance of that remarkable man, 
dr. J. C. Mottram. Before leaving Cambridge, he had 

«ogun a, fruitful collaboration with F. G. Spear, of the 

itrangeways Laboratory, studying the effect of neutrons 
m hen eggs. The neutron source available to them 
sroving to be too weak, Gray, with the collaboration of 
~John Read, built a highly effective neutron generator for 
in Outlay of some £600, with which the first biological 
‘esults were obtained in 1938. At this time, Read and 
aray suggested a unit, the Energy Unit, which was 
applicable to all forms of ionizing radiation and was 
almost identical with the rad unit adopted by the Inter- 
«ational Commission on Radiological Units and Measure- 
aments some fifteen years later. During the Second World 
War, when he was working alone, he began to consider 
the dynamics of cellular population changes underlying 
the gross changes in behaviour of a bean root following 
irradiation, thus anticipating one of the focal points of 
interest in modern radiobiology. 

In 1946 Gray went to the Medical Research Council 
Radiotherapeutic Research Unit, as senior physicist, and 
in 1950 was promoted to deputy director. Here, he had 
overall responsibility for building up several teams to 
carry out ambitious projects in radiation research, the 
construction of a cyclotron, the development of radio- 
isotopes in research, and general radiobiology. This 
heavy administrative load left little time for his personal 
researches, but his wise choice of staff is reflected in the 
advances in radiobiology made by his group. The classic 
investigations of Howard and Pele on the relation of 
DNA synthesis to the mitotic cycle, and of Miss Alper 
on bacteriophage, date from this period. 

In 1952 Dr. Gray initiated a programme of research on 
the oxygen offect in radiobiology, and its relation to 
radiotherapy. Those who had the good fortune to work 
under Hal Gray at that time will always remember his 
boyish and generous enthusiasm, which infected all those 
near to him. Within six months the main outlines 
of the picture had been established—a picture which 
still inspires much of present research in radiobiology. It 
was characteristic of Hal’s disarming modesty that his 
collaborators had the greatest difficulty in persuading 
him to be the first author of the paper which recorded 
this work. 

In 1953 Gray resigned his position at Hammersmith, 
following disagreements on scientific policy. Thanks very 
largely to the good offices of the late Lord Horder, who 
placed great faith in Gray, the British Empire Cancer 
Campaign undertook to finance a new Unit at Mount 
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Vernon, where he would be director with freedom to 
pursue his own lines oz research. 

_ With considerable foresight, Gray planned the use of a 
linear accelerator for the development of pulse radiolysis 
methods, in collaboration with J. W. Boag, a technique 
which has already revolutionized radiation chemistry. 
At the same time, he gathered around him a small group 
whose basic training lay in physics, chemistry, bio- 
chemistry, biology and medicine, since he believed 
strongly that collaborative studies by such a group 
offered the best hope for advance in an inter-disciplinary 
field. It was also a great delight to him to return to 
experimental work, which he did with undiminished 
energy, planning experiments which made few concessions 
to human requirements for sleep and food. 

He had no love of committees, but he bravely accepted 
the administrative burdens which were placed on him. 
His work for the International Commission on Radio- 
logical Units will be particularly remembered, and the 
personal effort which h» put in as president of the second 
International Congress of Radiation Research had a lot 
to do with the acknowledged success of that meeting. 

Gray received many nonours in recognition of his work, 
but two he prized highly were American awards, the Judd 
Award in 1954 and the Bertner Foundation Award in 
1964. He was elected Fellow of the Royal Society in 1961 
and received an Honorary D.Sc. at Leeds in 1962. 

No catalogue of publications or prizes gives a true 
picture of Hal Gray’s contribution to radiobiology. He 
delighted in helping other workers, particularly the 
younger ones, and he never grudged the time devoted 
to giving help and advice. Even an anonymous referee’s 
comment would engage the whole of his great powers of 
critical appraisal and constructive comment. Varied and 
remarkable as his consributions were, it is certain that 
he will be remembered by those who knew him, not only 
as a great scientist, but also as a great man. 

O. C. A. Soorr 


Dr. O. S. Sinnatt 


Dr. OLIVER STURDY SINNATT, professor of aeronautical 
science in the Royal Air Force College, Cranwell, from 
1920 until 1940, died on May 28, 1965, at the age of 
eighty-two. Dr. Sinnatt was born in Liverpool on 
September 6, 1882, and educated at the College of Tech- 
nology, Manchester, and the Owens College (later University 
of Manchester). He graduated B.Sc. in 1904, M.Sc. in 1907, 
D.Sc. (London) in 191¢, and was elected Associate Fellow 
of the Royal Aeronautical Society in October 1924. After 
a year as master of engineering at the Carpenters’ Tech- 
nical Institute, Stratfcrd, he joined the staff of King’s 
College, London, in 1805 as a demonstrator, becoming a 
senior demonstrator aad then a lecturer in the Depart- 
ment of Mechanical Engineering. 

During the early pact of the First World War he held 
various posts with tke University of London Officers’ 
Training Corps; for s period he was in charge of the 
Training Camp, Perivele. He was afterwards transferred 
to the London Regiment and posted to France early in 
1917, rising to be secord in command of the 2/2 Battalion 
of that Regiment. 

He was severely wounded at Poelcappelle in 1917 and 
awarded the Military Cross in 1918. He joined the Air 
Ministry as a technical officer (Instrument Section) in 
1918. He was appointed professor of aeronautical science 
at the Cadet College, Cranwell, in 1920. 

In 1940, Dr. Simnatt was appointed to the School of 
Aeronautical Engineering, Henlow, as senior education 
officer, where he remamed until his retirement in 1942. 

In 1920 he married Marjorie Helen, the only daughter 
of the late W. R. Randall, by whom he had two sons. 
the elder of whom was killed in action in 1944. 

C. E. P. SUTTLE 
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NEWS and VIEWS 


Director of Building Research, Ministry of Technology : 
Dr. Frederick Measham Lea, C.B., C.B.E. 


Dr. F. M. Lea relinquishes his duties as director of 
building research in the Ministry of Technology on 
December 31, having reached retirement age. During his 
twenty-year tenure, the work of the Building Research 
Station has been greatly extended in scope, now ranging 
from research on the use of materials to structures, soil 
mechanics, heating, ventilating, lighting and acoustics, 
mechanical plant for building, operational and econ- 
omics research and studies of user needs. Although 
often accused of technological backwardness, the indus- 
try has, in fact, made very rapid application of much 
of the work of the Station, particularly in the newer 
fields of research on mechanical plant and on costs and 
economics. In addition to this national activity, Dr. Lea 
has taken an active part in international collaboration 
in building research and he has served as president or as 
a member of council of most of the organizations work- 
ing in this field. His early work at the Station, before 
appointment as director, was on the chemistry of cement 
and concrete and he has throughout retained a special 
interest in this field. It has attracted to him a number of 
awards, culminating in the Walter C. Voss Award of the 
American, Society for Testing Materials, in 1963. His 
text-book Chemistry of Cement and Concrete is an established 
source of reference. He became a Fellow of the Royal 
Institute of Chemistry ın 1936. He was appointed O.B.E. 
in 1944, C.B.E. in 1952 and C.B. in 1960, elected an 
Honorary Associate of the Royal Institute of British 
Architects in 1947 and an Honorary Fellow of the Institute 
of Builders in 1965. 


| Dr. J. C. Weston 


Dr. J. C. WESTON has been appointed director of the 
Ministry of Technology’s Building Research Station at 
Garston, Watford, Hertfordshire, in succession to Dr. 
Lea. The appointment takes effect from January 1, 1966. 
Dr. Weston joined the Building Research Station in 1947 
as a principal scientific officer, and was promoted to senior 
principal scientific officer in 1953. His concern was with 
building production methods and costs. Since 1959 Dr. 
Weston has been, as a deputy chief scientific officer, 
group head of the Station’s Building Operations and 
Economics, User Requirements and Mathematical Services 
Divisions. He has been on secondment to the National 
Building Agency as chief executive of the Operational 
Division since June 1964. Dr. Weston was educated at 
Nottingham and obtained his degrae at London and his 
Ph.D. for work on temperature changes accompanying 
magnetization processes in ferromagnetic substances. 
During and immediately after the Second World War, 
Dr. Weston was with the Admiralty Scientific Service. 
He was engaged in work on torpedoes and mine detection. 
This was followed by a year at The Plessey Company, 
Ltd., where he was responsible for the Physics Research 
Laboratory. 


Director of the Scottish Plant Breeding Station : 
Dr. J. W. Gregor, C.B.E. 


Dr. J. W. GREGOR retired on September 30 from the 
post of director of the Scottish Plant Breeding Station, 
Pentlandfield, Roslin, Midlothian. After taking his 
Ph.D. at the University of Edinburgh in 1925 he joined 
the staff of the Station as chief assistant. In 1939 he was 
awarded a D.Sc. and was appointed director in 1950. 
He was made a Fellow of the Royal Society of Edinburgh 
in 1957 and was awarded a C.B.E. in 1961. Intec- 
nationally known for his expermments on the genetics of 


wild populations of Plantago maritima, he endeavoured 

show the agricultural significance of his genecologic 
studies by relating them to pasture improvement in tamm 
Scottish hills. Always interested in the nomenclature 

plants, he has made a number of contributions to tl 
literature on ecotypic differentiation and the recognitic 
of intra-specific variation in plants. Among many co; 
sultative groups on which he served was the Internation. 
Commission for the Nomenclature of Cultivated Plan 
which produced the International Code of Nomenclatur 
Dr. Gregor has been succeeded by Mr. N. W. Simmond 


Mr. N. W. Simmonc 


Mr. N. W. Smuwmonps, head of the Department c 
Potato Genetics at the John Innes Institute, Hertforc 
has been appointed to the post of director of the Scottis 
Plant Breeding Station, in succession to Dr. J. W 
Gregor. Mr. Simmonds was educated at Whitgift an 
Downing College, Cambridge, and then went to th 
Imperial College of Tropical Agriculture, Trinidad, i 
1944 under a Colonial scholarship. After holding 
lectureship in botany at the Imperial College of Tropice 
Agriculture, Trinidad, he became senior cytogeneticis 
in the Banana Research Scheme and Regional Researc!” 
Centre: a new tetraploid variety of banana was pro 
duced by the Scheme during his tenure of the post 
In more recent years he has been consultant in sugar 
cane breeding in the West Indies. He returned t« 
Britain in 1959 to become head of the Departmen 
of Potato Genetics at the John Innes Institute. Mr 
Simmonds’s botanical and plant-breeding investigations 
have taken him on extensive travels in Europe, Asia 
Africa and America, and, while his main interests lie ir 
the cytogenetics and evolution of crop plants (especially 
of bananas and potatoes), he has also published widely in 
the fields of ethnobotany, systematics and phenol bio. 
chemistry. 


Psychology in the University of Reading : 
Prof. Magdalen D. Vernon» 


THE retirement of Prof. M. D. Vernon from the chair 
of psychology in the University of Reading constitutes 
a landmark not only in her own working life, but in the 
development of the subject in Britain. She started work 
in Sir Frederic Bartlett’s laboratory at Cambridge in 1921 
as an Industrial Health Research Board investigator at 
the beginning of the remarkable period of progress there 
between the two Wars. She remained—later as a Medical 
Research Council staff member—until 1946, when the 
late Prof. A. W. P. Wolters secured her services as a 
lecturer at Reading. Appointed senior lecturer in 1955 
and reader in 1956, she succeeded Prof. R. C. Oldfield in 
the chair in that year. Her massive contributions to the 
study of visual perception and especially of the processes 
involved in reading, both in experimental papers and in 
books such as Visual Perception, had already earned her 
an international reputation before she went to Reading. 
During her twenty years there that reputation has much 
increased, while her work in other fields, such as the 
motivation of children, has widened its basis. Her un- 
failingly high standards in research and in teaching have 
been a spur to her colleagues and students alike, and if 
many perhaps have found them difficult to emulate, 
much excellent work and an acknowledged distinction 
have been their fruit. Prof. Vernon’s astringent good 
sense on academic and other committees has always been 
effective and deeply appreciated by her colleagues. Her 
period at Reading has spanned a time of very con- 
siderable expansion of the subject, with a large increase 
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student numbers and in research activities. As else- 
1ere, this has entailed a long struggle with the difficulties 
inadequate accommodation and staff recruitment. But 
rT admirable management and persistent advocacy leave 
e Department with a greatly enhanced reputation, and 
all poised for the further developments which may con- 
lently be expected under her successor, Dr. M. Treisman 
20 Nature, 207, 689; 1965). 
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iscoverer of Nickel: Axel Fredrick Cronstedt 


AXEL FREDRICK CRONSTEDT, the Swedish chemist and 
ineralogist, who died on August 17, 1765, 1s remembered 
ot only for his discovery of nickel but also for his 
searches and writings. Though a member of the 
vockholm Academy of Sciences, he had no university 
‘aining; for, as a student at Uppsala, lack of finances 
1eant abandoning his academic career to take a post as 
1etallurgist in the Swedish Department of Mines. Yet 
ais proved beneficial both to him and to his country. 
seorg Brandt coached Cronstedt in the tevhniques of 
ssaying. In 1751 Cronstedt came across a new mineral 
‘om a cobalt mine, which at first was thought to contain 
«opper, yet which yielded none by displacement from its 
olutions. The mineral, now known as niccolite, or nickel 
rsenide, formed green crystals on weathering; it was 
tom these that Cronstedt prepared an oxide which on 
«eduction with charcoal gave a new metal. Only in 1754 
mid Cronstedt christen it nickel, and describe the silver- 
«hite and feebly magnetic regulus to the Stockholm 
“\cademy. Cronstedt noted the brown borax bead, the 
„lue solution formed with ammonia, and the close resemb- 
ance to cobalt. Chemists in France in particular refused 
.o accept the new metal until Torbern Bergman, in 1774, 
«dded further evidence by preparing a specimen of it 
ree from the cobalt, arsenic and iron which had con- 
aminated Cronstedt’s first specimen. In the history 
of chemistry and metallurgy Cronstedt’s name appears 
requently in connexions other than nickel, being listed 
with platinum, iron ores and zinc extraction—a field in 
«which Cronstedt collaborated with Rinman, whose name 
cemains in ‘Rinman’s Green’. Cronstedt won a niche 
sven if only for his System of Mineralogy translated into 
several languages. 


Molitical and Economic Planning 


Tue annual report of Political and Economic Planning 
(P.E.P.) outlines the current research programme which, 
during 1964-65, focused on problems of planning and 
policy-making in economic policy, Government, manage- 
ment, social issues and international affairs (Pp. 12. 
London: Political and Economic Planning, 1965). The 
Social and Economic Archives Committee has entrusted 
to P.E.P. the establishment of a Survey Archives Centre 
in Britain; for an imitial period of two years P.E.P. will 
collect and disseminate information about survey data 
held, and surveys planned by university departments, 
research institutes, market research and commercial 
organizations and other relevant problems. During the 
year, a study of the effects of imprisonment of a man on 
his wife and dependants was published under the title 
Prisoners and their Families (see p. 216 of this issue). A 
survey of East African students in Britain was also com- 
pleted during the year and published under the title 
New Commonwealth Students in Britain—with Special 
Reference to Students from East Africa. Since 1931, 
P.E.P. has organized 500 broadsheets and 50 books; a 
list of publications issued during 1963-65 is appended to 
the annual report. 


Energy Forecasts for Britain 


Mr. D. G. Terme in the Westminster Bank Review 
for August 1965 questions the forecast of energy demand 
for 1980 of 450 million coal equivalent tons as too high, 
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since it is based on the assumption of a 4 per cent growth 
in the economy. He svggests that a more reslistic range 
of expectation for 1980 would be 400-420 million tons, 
but he does not think that Britain is likely to be faced 
with a sudden critical shortage of energy brought about 
by unexpected changes in demand. He considers that 
the output of 200 million tons of coal per annum advo- 
cated by the coal industry is unrealistic, and points out 
that the demand for ccal from the gas industry is likely 
eventually to fall to zero. The one market for coal which 
is likely to grow cons.derably is for the generation of 
electricity, and the main uncertainties here are the pro- 
portion of future demand to be met by nuclear power 
and the balance to be struck between the conventional 
fuels. There seem to te three major ways in which the 
coal industry c ould be helped to play its part in a cheap 
energy policy: througk capital reorganization, apportion- 
ment of social costs (wLich lie at the core of the problem), 
and through the pricing system. Mr. Tipping insists that 
the State and not the cosumers should bear the burden of 
interest on over-capital-zation of some parts of the indus- 
try. Social costs should 5e borne by society and also a more 
rational pricing policy should be introduced. Any rational 
pricing system is logically prior to a rational target. He 
points out that we must plan not only to minimize any 
error but also to introduce sufficient flexibility to over- 
come the effects of error. There is already considerable 
spare primary capacity berause the coal is accessible and 
merely needs the men and machines to get it. We are 
unaware, however, of the physical and economic possi- 
bilities of mothballing pits, or of the extent to which the 
present surplus capacity of 40 million tons would match the 
capacity of loss-making pits which one would like to close. 


Utopia Reviewed 


Tue Spring, 1965, issue of Daedalus, the journal of the 
American Academy of Arts and Sciences, consists of a 
series of essays on varous aspects of Utopia by writers 
who if not American born are, with two exceptions, 
working in the United States. Some, like Lewis Mum- 
ford’s “Utopia, the City and the Machine”, Prof. F. E. 
Manuel’s “Toward a Fsychological History of Utopias’’, 
Prof. Northrop Frye’s “Varieties of Literary Utopias”’ 
and Judith Shklar’s “The Political Theory of Utopia’, 
have a certain historical bias. Others, including two at 
least of those already mentioned, are more concerned 
with the social implications, for example, Prof. C. Brinton’s 
“Utopia and Democracy”, Prof. A. B. Ulam’s ‘Socialism 
and Utopia’, F. Bloch-Lainé’s “The Utility of Utopias 
for Reformers’, Bertrand de Jouvenal’s “Utopia for 
Practical Purposes” and J. R. Pierce’s ““Communications 
Technology and the Fuzure”. These, and also Prof. P. B. 
Sears’s “Utopia and the Living Landscape” and Prof. 
J. M. Smith's “Eugenics and Utopia”, may appropriately 
be read in conjunction with Jacques Ellul’s recent book 
The Technological Society, to the fatalism of which some 
of the essays apply a slight corrective. Not even the more 
historical essays, howerer, refer to Marie Louise Berneri’s 
scholarly work Journey Through Utopia, published 
posthumously in 1950, to which Mumford himself paid a 
generous tribute at the time. Prof. Frye, in fact, provides 
no references at all ard generally, in contrast to Marci 
Berneri’s book, the bibliographical side of the essays is 
weak. The titles of such essays as those of de Jouvenal, 
Sears, Smith and Piereoe indicate their topical character, 
and perhaps the most optimistic are those of Prof. G. 
Kater on “Utopia and the Good Life” and Prof. Maren 
Lockwood on “The Exp2rimental Utopia in America” : both 
of these essays, incider-tally, are well provided with refer- 
ences. While Mumford himself has not lost the optimism 
that marks his well-known trilogy, in the essay in 
Daedalus he accepts much of Ellul’s position as to the 
dominance of the machine and points out that we can no 
longer think of the components of technology as additive. 


230 


We must face the implications of an articulated totalitarian 
system of which the machine is god and must recognize 
that our present scientific methodology is inadequate to 
deal with every aspect of human experience. 


Social Implications of Automation 


Dr. A. Hove, in a recent issue of Impact of Science on ` 


Society (15, No. 1; 1965), discusses some social implica- 
tions of automation, including the reasons which are 
likely to be decisive for the introduction of automation 
and why a new technique may not be adopted. After 
considering the unemployment aspects, he deals with the 
implications for four selected aspects of social life; for 
work in automated enterprises; for their organization; 
for the organization of Government. There are also cer- 
tain broad choices to be made, particularly those relating 
to the place of work in the life of mon, mobility in 
employment, the content of education, and to study as 
work. The two Cantor Lectures given to the Royal 
Society of Arts last March by T. R. Thompson and now 
published in the Journal of the Royal Society of Arts for 
August 1965 also deal with automation. The first of these 
lectures considers the economic problems of introducing 
automation into any process and the problem of finding 
the people to plan automation systems. The second 
lecture, dealing with the social consequences of auto- 
mation, considers the need for anticipating its effects and 
the character of the new society in which automation is 
widely used. Besides the planning for this future, there 
is the problem of ensuring that the plan is feasible and 
also the further problem of providing the type of labour 
required. Finally, Mr. Thompson stresses the need to 
educate people to fit them for such a future and the 
importance of minimizing the effects of change. He 
suggests that a new emphasis should be placed on the 
real purpose of economic change; we must ensure that 
automation is made to serve our deepest needs, to give 
more leisure and to make work more interesting, so that 
we find greater contentment and happiness. 


Research in Human Genetics and Studies of Twins 


Tae World Health Organization, in recognition of the 
increasingly important part that genetic studies are 
playing in the medical sciences, has established at its 
headquarters in Geneva a Humen Genetics Unit. The 
purpose of the Unit is to co-ordinate and stimulate 
research and training in human genetics. Dr. R. L. 
Kirk, who is in charge of the new Unit, was formerly 
reader in human genotics in the University of Western 
Australia, where his research was concerned mainly with 
population genetic studies in isolated groups in south and 
south-east Asia, Australia and the Western Pacific. 
Current activities of the new Unit in Geneva include 
investigations of populations of unusual genetic interest, 
study of various hereditary conditions such as haemo- 
globinopathies, the setting up of facilities to service 
research projects, such as international reference centres 
for genetic markers, and improvement and standardiza- 
tion of methodology in genetic studies. The Unit hopes 
to give increasing attention to research on the distribution 
and public health significance of the haemoglobinopathies, 
including the thalassaemias and glucose-6-phosphate 
dehydrogenase deficiency, as well as to stimulate interest 
in new methods of treatment for cases of homozygous 
sickle-cell disease and thalassaemia. 

The use of twins in epidemiological and genetic research 
is being evaluated at the present time, and the World 
Health Organization hopes to act in future as a clearing- 
house for information on twin studies. It also hopes to 
play an important part in co-ordinating population genetic 
studies, particularly those concerned with populations 
still having a food-gathering or simple agricultural 
economy, or living as isolates in more highly developed 
communities. Future activities will be directed toward 
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the role of genetic factors in mental disorder, the standar 
ization of techniques in studying chromosome aberratic 
associated with spontaneous abortion, the study of soma: 
coll genetics and the genetic consequences of exposure 
novel chemicals in the human environment. 


Portraits of Tasmanian Aborigines 


ALTHOUGH the aborigines of Tasmania have be 
extinct for some decades, a number of portraits of the 
are in existence which are of considerable anthropologic 
interest. An account of them, the circumstances 
which they were produced and passed into the hands 
various collectors, together with their present wher 
abouts, has recently been published (Records of the Que 
Victoria Museum, Launceston. New Series, No. 1 
Thomas Bock’s Portraits of the Tasmanian Aborigine 
By N. J. B. Plomley. Pp. 24 (10 plates). Launcestor 
The Queen Victoria Museum, 1965.) The portraits are . 
water-colour. The originals are almost certainly the wor 
of Thomas Bock, an engraver who was transported pme 
Tasmania in 1824, and they were made at the request « 
G. A. Robinson, who was engaged on expeditions < 
conciliation with the aborigines at that time. Duplicate 
were also produced by Bock as well as by his son, Alfre 
Bock, along with other artists, mainly for Lady Franklir 
wife of the Governor General. Later, many of the picture 
found their way into the hands of collectors, like D. 
Joseph Barnard Davis, a surgeon living at Sheltor 
Staffordshire, and Richard Cull, who was secretary of th» 
then Ethnological Society. Now, most of the portraivm 
form part of permanent collections at the Pitt-River 
Museum, Oxford, the British Museum, the Royal Anthrc 
pological Institute, the Fuller Collection (London), th 
Tasmanian Museum, and the Queen Victoria Museum 
Launceston, Tasmania. Some of them were housed in th 
Crystal Palace, and were destroyed by the fire in 193¢€ 
The paper contains twenty reproductions of the portrait 
in black-and-white. On aesthetic grounds alone they are c 
outstanding merit; and while it is now impossible to judg 
of their quality as likenesses, they are impressively life 
like, constituting a record of the characteristics and facia 
expressions of a group of people which is compelling anc 
unique. 


The Great Barrier Reef, Australia 


Tax Editor has received the following communication 
from Dr. O. A. Jones, chairman of the Great Barrier Reo 
Committee, Australia: “I would like to draw the atten- 
tion of your readers to the greatly expanded facilities for 
research on the Great Barrier Reef, Australia. The Great 
Barrier Reef Committee has recently spent nearly £30,000m 
on providing living accommodation and additional 
laboratory space and equipment. The facilities might be 
described as rather more than basic, in that they include, 
in addition to collecting gear and preserving materials, such 
items as a fume cupboard, microscopes, centrifuge, mettler 
balances and an incubator. There is fresh and salt water 
on tap, gas for laboratory heating and cooking, refrigera- 
tion (both laboratory and domestic), electric light and 
power, aquaria and two small boats. Scientists from any- 
where in the world may live in reasonable comfort at the 
Station and carry out research programmes, short or 
lengthy, of their own choice in any of the scientific dis- 
ciplines applicable to barrier reefs. The Station is admir- 
ably situated for carrying out sedimentation and beach 
rock studies as well as marine biology. Heron Island Reef 
is about twelve square miles in area; neighbouring Wistari 
Reef is much larger, and there are nineteen other reefs 
within an area of forty square miles. The fauna of Heron 
and Wistari Reefs is protected by law, but scientists may 
collect specimens for their research under Government 
permits. Additional information is obtainable from the 
honorary secretary, Dr. R. Endean, Department of 
Zoology, University of Queensland, Brisbane, Australia.” 
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ternational Conference on Mechanisms and Machines 


Durine September 27—October 1 the first international 
mference to be held in Bulgaria took place at Drouzhba 
sort, near to Varna. Delegates from Canada, the United 
ingdom, Australia, Czechoslovakia, both German Re- 

‘ablics, Hungary, Italy, Poland and the U.S.S.R. were 
resent, and the topics under discussion ranged from the 
etermination of the instantaneous screw axes in spatial 
1echanisms, and from non-linear problems of centrifugal 
endulum vibration absorbers to the design of electronic 
«omputers and of high-speed input—output devices. The 
vels of presentation and of technical content of all the 
apers were high; this, together with the excellent organ- 
sation of the conference, and the really beautiful situation 
f the hall—not 20 yards from a sandy beach and the 
“lack Sea—made the event one which will be long 
emembered with pleasure by those who were present. 
{n important outcome of the meeting has been the 
etting up of an informal communications system for the 
nterchange of information in a field which is of interest 
nd importance—but as yet not provided with a recognized 
ournal. 


‘Clean Room’ Technology 


A CONFERENCE was held at the Technische Hochschule, 
Stuttgart, during September 6—7, under the chairmanship 
of Dr. R. Kratel. About a hundred scientists and engineers 
attended, most of the main German firms engaged in 
ventilation and air filtration being represented. A message 
was received from the American Association for Con- 
tamination Control. The first day was devoted to the 
physics of aerosols. Dr. C. N. Davies gave a general 
account of the deposition of airborne contamination by 
diffusion processes and by mechanical effects from air at 
rest and in laminar and turbulent flow. Natural aerosols 
in the atmosphere were described by Dr. K. Bullrich 
of Mainz University. Two papers followed on the analysis 
of aerosols, Dr. Gahm, of Zeiss, giving a complete 
analysis of limiting factors in visual microscopy, and Prof. 
R. Hodkinson, of Virginia State College, discussing the 
performance of automatic optical dust counting instruments 
in. the light of the Mie theory of light-scattering and recent 
research on the effect of varying design factors, such as 
angle of acceptance. During the second day, problems of 
immediate practical application were dealt with. Dr. D. 
Hasenclever, of Staubforschungsinstitut, Bonn, gave an 
analysis of filter performance, and J. R. Weersing, of 
Royco Instruments, dealt with recent findings on the 
performance of his firm’s particle counter which was 
developed particularly for use in factories making com- 
ponents for missiles in the United States. The need for 
dust-free work-places is strongly felt in the electronics 
industry, and some typical problems in International 
Business Machines Corp. were explained by Dr. Lechler. 
The conference concluded with an address by Dr. 
Kratel, who considered the correct lines for industrial 
development and the question of standards of aerosol 
concentration and particle size. 


American Society of Plant Physiologists : Awards 


Pror. Frrrs W. WENT, of the University of Nevada, 
has been awarded the Charles Reid Barnes Life Member- 
ship Award of the American, Society of Plant Physio- 
logists. Each year the Society confers this distinction on 
a senior member of the profession in recognition of his 
character and contributions to scientific research. Prof. 
Went is recognized for his broad contributions to the field 
of botany and for his pioneering research on the bioassay 
of plant hormones (auxins). His work laid the foundation 
for the agricultural success of synthetic weed killers, fruit 
drop inhibitors, and the many other practical applications 
of these substances. Prof. Went was also concerned with 
pioneering research in the quantitative study of the 
effect of weather on plants. This culminated in his 


NATURE 


231 


development of the air-conditioned greenhouse (phyto- 
tron) which has led to the plant growth chambers that 
are now part of the equipment of every major botanical 
laboratory. His manifold other interests include investi- 
gations of the formaticn, of atmospheric smog from plant 
volatile exudates, the interrelationships of various plant 
species with each othar, the discovery of many of the 
properties of plant hormones, and the physiology of 
desert plants. In addision to his scientific research, Prof. 
Went has achieved recognition through his effective lec- 
turing, inspiring teach ng and competent administration, 
which have been, recognized through professorships at the 
California Institute of Technology, and the Washington 
University, St. Louis, snd the directorship of the Missouri 
Botanical Garden. 


Officers 


The following have been, elected officers of the American 
Society of Plant Physiologists: President, Prof. A. Carl 
Leopold (Purdue University); Vice-President, Prof. 
Robert S. Bandurski (Michigan. State University); Secre- 
tary, Prof. Robert S. Loomis (University of California at 
Davis). Prof. Kenneth V. Thimann, of the University of 
California at Santa Cruz, has been elected to the Executive 
Committee. 


University News: Birmingham 


Tur following appcintments have been made: Lec- 
turers, Dr. A. J. Biddləstone (chemical engineering); Dr. 
I. L. Dillamore (physical metallurgy); D. E. Evans 
(physics); Dr. A. W. Nicol (mining and minerals engin- 
eering); Dr. N. M. Queen (mathematical physics); Dr. 
K. H. Star (psychology); Senior Research Fellow, Dr. J. 
Stephen (microbiology); Research Fellows, B. E. P. 
Beeston, M. D. Hunt, M. Norman and R. J. M. Willcox 
(physical metallurgy); Dr. M. Cordey-Hayes (physics) ; 
Dr. R. Haque (mining and minerals engineering); M. A. 
S. Sweet (electronic snd electrical engineering); D. R. 
Whitehouse (chemistry); R. C. Woodman (engineering 
production); Dr. A. J. Collings (medical biochemistry 
and pharmacology). 


Announcements 


Dr. SIGVARD EKLUND (Sweden), director general of the 
International Atomic Energy Agency since December 1, 
1961, was reappointed for a second four-year term of 
office at the Agency’s General Conference in Tokyo on 
September 27. 


A symposium on “Subcellular Movement”, arranged 
by the American Society for Cell Biology, will be held in. 
Philadelphia during November 10-12. Further informa- 
tion can be obtained from Professional Associates, 6520 
Clayton Road, St. Louis, Missouri. 


AN international symposium on “Volcanology”, spon- 
sored by the International Association of Volcanology of 
the International Union of Geodesy and Geophysics and 
organized by the New Zealand Geological Survey, will 
be held in Rotorua and Wellington, Auckland, during 
November 22—December 8. The two particular subjects 
proposed for the symposium are: rhyolites, ignimbrites 
and pumice, and sssociated volcanism; geothermal 
resources with particclar reference to the origin, geology, 
geophysics and geochemistry of hydrothermal systems of 
possible economic importance. Further information can 
be obtained from the Secretary, International Symposium 
on Volcanology, P.O. Box 499, Rotorua. 


Erratum. In the article entitled ‘‘Light-induced 
Stomatal Opening and the Postulated Role of Glycollic 
Acid”, by Prof. O. V. S. Heath, Dr. T. A. Mansfield and 
Dr. Hans Meidner, which appeared on p. 960 of the 
August 28 issue of Nature, in column 1 line 13 from 
bottom on p. 961 ‘1:34’ should read ‘1:34’ (that is, a lower 
log stomatal resistances in blue than in red light). 
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THE INSTITUTE OF PHYSICS AND THE PHYSICAL SOCIETY 


HE fifth annual report of the Council of the Institute 

of Physics and the Physical Society * covers the period 
ending on December 31, 1964, and incorporates details of 
the activities of the various commuttees, branches and 
groups of the Institute and Society, together with the 
financial statement and account for the year. The report 
was presented and adopted at the annual general meeting 
held on July 6, 1965, at the headquarters of the Institute 
and Society, 47 Belgrave Square, London. 

During the year under review, 970 applications for 
election or transfer to the various grades of membership 
were received, compared with 1,165 in 1963. The total 
membership of 9,750 on December 31, 1964, consisted of 
1,416 Fellows, 3,558 associates and 2,444 graduates of 
the Institute and 1,256 Fellows of the Physical Society, in 
addition to students and subscribers. Although this 
represents a net increase of 280, the rate of growth has 
declined during the past two years, and the Council in 
its report expresses considerable concern. It is known that 
many physicists qualified to become members attend the 
scientific meetings and conferences organized by the 
Institute and Society, but nevertheless do not apply for 
membership. Various methods to improve recruitment 
are under active consideration by the Membership and 
Education Committee. A new grade of membership, 
Licentiate, intended for assistants in laboratories possess- 
ing a knowledge of physics not quite so extensive as that 
required for graduateship, and for certain teachers in 
schools and technical colleges, became operative at the 
beginning of 1965. 

Representatives of the Institute and Society visited five 
technical colleges, and the applications of three of these 
colleges for recognition or extension of recognition for the 
purpose of the membership regulations were approved. 
Sixty-two technical colleges presented 892 candidates for 
the Ordinary National and forty-one colleges 614 candi- 
dates for the Higher National Certificate in. applied 
physics; 589 and 418 respectively were successful. 
Examinations for the Higher National Diploma in applied 
physics were held for the first time during 1964. Twelve of 
the thirteen candidates entered by two colleges were 
successful. The seven question papers set in Part 2, and 
the four compulsory papers and the general paper in 
Part 1 of the graduateship examination were published 
in the October issue of the Bulletin of the Institute and 
Society, and also as a separate booklet. Of the 97 candi- 
dates for Part 2, 27 passed (two with honours), and of the 
79 for Part 1, only 12 were successful. 

An enquiry conducted by the Membership and Educa- 
tion Committee revealed that 1,597 students were 
admitted at the beginning of the session 1964—65 to the 
1,907 available places in the physics departments of the 
universities (excluding the University of Cambridge) in 
England and Wales. The corresponding figures for 1963 
were 1,524 and 1,708 respectively. A report on the survey 
of salaries and emoluments received by the members of 
the Institute as at August 1, 1964, was published in the 
January 1965 issue of the Bulletin. This was the sixth 
survey carried out by the Institute and the first since the 
amalgamation of the Institute and the Society. A sub- 
committee of the Membership and Education Committee 
is now completing a revision of the first draft of a statement 
on professional conduct which deals mainly with terms 
and conditions of employment and consulting work. The 
revised draft is to be printed and submitted to members 
for comment and revision before adaption. 

The Institute and Society were responsible for the 
organization of the international conference on magnetism 
held during September 7-11, 1964, at the University of 
Nottingham. More than 500 attended the conference and 


* Report of the Council of the Institute of Physics and the Physical Society 
for the year 1964. Pp. 25. (London: The institute of Physics and the 
Physical Society, 1965») 


some 230 papers were presented. The text of the 19 
Guthrie Lecture, on the subject of magnetic processes 
weak and moderate fields, which was delivered by Pre 
L. F. Bates on September 9 during the conference, h 
now been published (Proc. Phys. Soc., 84, 625; No 
1964). The lecture had been specially postponed so th 
Prof. Bates might deliver it in his own Department 
Nottingham. Many other conferences and symposia we 
organized and held during 1964, both by the Meetin: 
Committee and the Nuclear Physics and Solid-sta 
Physics Sub-committees of the Institute and Socie» 
and by the twelve branches and eleven specialist subje 
groups. Details of these are given in the annual repor 

The 1964 Guthrie Lecture, which was delivered t 
Prof. M. Ryle on October 1 during the autumn conferen 
of the Electronics Group at the University of Keele, we 
entitled “Radio Telescopes” and the text appears in tk 
February 1965 issue of the Proceedings of the Physic 
Society (85, 201; 1965). Dr. P. H. Fowler, who gave tl 
1964 Rutherford Memorial Lecture on September 9 durin 
the conference on ‘‘Low- and Medium-energy Nuclee 
Physics” at the University of Sussex, spoke on the subjec 
of **Pi-mesons versus Cancer” (Proc. Phys. Soc., 85, 1051 
June 1965). Dr. A. R. Lang received the Charles Verno 
Boys Prize for his development of the technique of X-ra, 
topography, and Dr. W. Marshall the Maxwell Medal an: 
Prize for his contributions to the theory of magnetism 
The presentations were made at the annual dinner of th: 
Institute and Society in London on May 5, 1964. Prof. J 
Friedel was awarded the 1964 Holweck Medal and Prize 
for his work on the electronic structure of metals. Th. 
Council has decided that after 1965 the Guthrie anc 
Rutherford Lectures will be replaced by the awards o 
medals and prizes. 

The forty-eighth annual exhibition of scientific instru 
ments and apparatus was held during January 6-9, 1964 
in the two halls of the Royal Horticultural Society, 
London. The Journal of Scientific Instruments, in its 
May 1964 issue, contained several articles and a special 
survey devoted to equipment displayed at the exhibition. 
The careful selection of exhibits and the section devoted 
to educational instruments and experiments were com- 
mendable features. The British Journal of Applied 
Physics revised its format to that of the Proceedings, but 
retained the original colour of its cover. A reorganization 
of subject-matter between the two journals was made. 
The volume of material submitted to the Institute and 
Society’s three journals continues to increase, but the 
report directs attention to the growing number of papers 
which in the form received are unacceptable for publica- 
tion. The Council had decided to launch a new monthly 
journal, the Journal of Physics Education, principally for 
sixth-form teachers of physics. In co-operation with 
other scientific bodies the Institute and Society have urged 
that closer collaboration be established between editors 
of physics journals so that by better choice and improve- 
ment of articles and by uniformity of presentation the 
standing and sales of British journals may be enhanced. 
The Student Monograph Series of books, commenced in 
1953 and intended for students of the Higher National 
Certificate in applied physics, has since been widened in 
scope for undergraduate and graduate students, but sınce 
there are now adequate publications of this kind it has 
been decided to complete the series with the publication 
of “Subjective Limitations on Physical Measurements” by 
C. A. Padgham. The volume entitled ‘‘Dimensiona] 
Analysis and Scale Factors”, by R. C. Pankhurst, was 
published during 1964. 

The financial statement refers to the gratifying increase 
of £13,964 in members’ fees and to the increases in the 
exhibition receipts and in non-members’ conference fees. 
The increase in activities and the general rise in costs 
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ibined to raise the total expenditure, and the total 
rves at the end of the year of £158,673 still fell short 
‘he aim to obtain a sum equal to the amount required 
one year’s working. 

‘he report gives prominence to the proposal by the 
meilin July 1964, and the agreement in December 1964, 
ourchase the Fulmer Research Institute. The reasons 
the bold venture were announced in the February 
2 of the Bulletin when the purchase was made. Not 
y will the staff at the Research Institute benefit from 
xe association with the Institute and Society, but 
‘estment by the Institute and Society in sponsored 
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research, regarded solely as a business venture, will be 
evidence that the Courcil is of the opinion that the 
application of physics toindustry is a paying proposition. 
The purchase was made Dossible by the generous terms of 
the owners’ offer and br a substantial interest-free loan 
made to the Institute and Society by Imperial Chemical 
Industries, Ltd. It is intended that surplus revenue from 
the Fulmer Institute wil be used to help to replace the 
income at present derived from the seven-year covenants 
signed by a number of -ndustrial firms in favour of the 
Physics Trust Fund and which will stop in 1967 and 1968. 
S. WEINTROUB 


SCIENTIFIC RESEARCH IN NEW ZEALAND 


“HE National Research Advisory Council, New 
Zealand, was established by the National Research 
~ lvisory Council Act of 1963 to advise the Minister of 
ence on, matters related to scientific research in New 
«land. Its first annual report covers the year ending 
«rch 31, 1965*. 
At its first meeting in April 1964, the National Research 
M&visory Council decided to set up 16 working parties 
review and report on research and service in various 
Ids. The reports of these working parties eover: (1) 
riculture and forestry, the dairy industry, field crops, 
costry, horticulture, meat and wool; (2) secondary and 
‘trary industry, building and construction, manufacturing 
id engineering, and transport; (3) earth and related 
vences, the atmospheric sciences, mineral resources, 
eanography, limnology and fisheries and solid earth 
‘riences; (4) basic sciences, training and services, atomic 
ergy (scientific services for Government departments 
id agencies are appended); (5) manpower, education 
rd training (this report was deliberately delayed until 
e working party was able to consider the recommenda- 
ons of the other working parties and to obtain additional 
formation, on manpower). , 
Meanwhile, the Council is satisfied that the implementa- 
on of its present recommendations is feasible and would 
3t be jeopardized by a shortage of trained manpower. 
For the year ended March 31, 1965, the estimated 
<penditure on, scientific research and services was about 
7:5 million and in addition £827,000 was scheduled for 
<penditure on, new laboratories for Government depart- 
aents and research associations; the total expenditure 
ypresented about 0:48 per cent of the gross national 
ecoduct. Of the £7-5 milions, £6-1 millions was provided 
n the votes of eleven Government departments and, of 
ais, £661,000 went in grants to other research organiza- 
ons. These figures probably underestimate the total 
xpenditure on, science since no allowance is made for 
xpansion, by the Post Office, railways, the Broadcasting 
orporation, or for the salaries of university staff, accom- 


* New Zealand. Report of the National Research Advisory Council for the 
car ended aT March, 1965. Pp. 51. (H. 41.) (Welington: Government 
rinter, . 


modation, or services provided from university funds and 
used in part for researck. 

Between, 1954-55 and 1964-65 expenditure on science 
in New Zealand increased from £2-73 millions at about 
10 per cent annually, ard the scientific staff in Govern- 
ment departments increased in the same period from 
568 to about 800. The Council suggests that investment 
in research for an, industry should depend on such criteria 
as the annual value of prcduction,; the national importance 
of the industry; the significance and number of problems 
affecting the industry; =he chances of a solution being 
found to selected problems, taking into account the 
amount of existing scientific information required; the 
calibre of the staff available and the availability of suitable 
facilities; the application. of results, bearing in, mind the 
problem of implementation because of difficulties of liaison 
and information, services and the time-lag in the applica- 
tion of research results. 

The Council recommends that every effort should be 
made to increase the research effort directed towards New 
Zealand’s agricultural ard pastoral products, particularly 
those of the meat, wool and dairy industries, and that 
over the next five years research expenditure in this area 
should be increased cumulatively by £320,000 a year. 
Forestry research alsc requires expansion, and a 
cumulative increase ir expenditure of £40,000 per 
year is recommended. Very high priority to research 
into problems of the transport industry is also recom- 
mended, including an expenditure starting at £10,000 a 
year and rising to £50,C00 a year in five years, while a 
Transport Research Advisory Committee should be set 
up to advise the Commissioner of Transport on, the opera- 
tions of the proposed Research Unit. An additional 
£26,000 is recommended for the existing building research 
units, and increased support for operational research 
in the Department of Ssientific and Industrial Research 
and other organizations is highly desirable. An, increase 
in, the next year of about £3,000, rising to £18,000 in about 
five years, is suggested, and £50,000 should be granted for 
implementing the second year’s recommendations of the 
report of the Mineral Resources Committee. 


COMPARATIVE STUDY OF HOUSING IN BRITAIN, FRANCE 
AND WESTERN GERMANY 


ROADSHEET No. 490, issued by Political and 
Economic Planning and prepared by E. G. Howes, 
leals with housing in Britain, France and Western, 
sermany *. 
In Britain, building research is financed to the extent 
f about £900,000 per annum at the Building Research 


* Planning, 31, No. 490 (August 1965): Housing in Britain, France, and 
Western Germany. By Eric G. Howes. Pp. 215-270, (London: Political 
ind Economic Planning, 1965.) 7s 6d. 


Station, and some £100,C00 is spent by the Civil Engineer- 
ing Research Council; tae Minister of Works and Public 
Building has placed ressarch contracts to the amount of 
£50,000 with universites. Most building research 18 
carried out privately, but whether this is adequate and 
whether the information. gained is accessible is regarded as 
very doubtful. In Germany the Federal Government and 
the Regents devote considerable funds to research and the 
nationalization of techniques and procedure, and also 
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support exhibitions, publications, films and other means 
of disseminating information (no figures for expenditure, 
however, are given, in the Broadsheet). 

For the rest, the Broadsheet concludes that British 
standards in housing are still high in comparison with 
those of France, but are being overtaken by those of West 
Germany. In numbers of dwellings built in recent years 
(until 1964) Britain has been lagging. Her present need 
is to step up new building schedules, particularly of 
dwellings to let, and to demolish and replace slums. 
Housing policy in Britain has been confused by indecision 
as to whether the provision of houses should be regarded 
as a social service, or as a commercial operation. The 
existence of subsidized and also non-profit housing has 
almost completely stopped the investment of private 
capital in dwellings for letting. 

While it is proper that local authorities should have the 
major responsibilities for housing families of all income- 
levels, it may be argued that subsidies should be reserved 
for those families that, because of age, lack of earning 
capacity, or other handicaps, are unable to afford economic 
rents. In both France and Western Germany the policy 
18 to grant housing allowances to such families and the 
consequences of adopting such a system in Britain should 
be explored. In Britain the National Assistance Board 
pays out rent allowances to 1-5 million families that are 
eligible for assistance, but the policy elsewhere is to make a 
clear distinction between, housing allowances and public 
assistance. It is desirable also to diversify the means by 
which houses for letting at economic rents should be 
provided : the recently created Housing Corporation should 
be given, every support in its encouragement of cost—rent 
and ownership societies. There seems to be no point in 
deterring the private sector from competing in this field. 

Adoption of long-term planning policies would enable 
those engaged in producing dwellings to plan ahead and to 


NATURE 


VOL. 20 


October 16, 1965 


concentrate on their work without fear of too freq 
change. It is impossible to ignore the success of 
German housing problem and the extent to which th 
attributable to long-term policies. The efforts of Wes. 
Germany to influence the supply and price of builc 
land have not always been fully rewarded, but | 
achieved some part of their object. Ways and me 
whereby the British Government could exert an adequ 
influence have received intensive study, and actior 
now urgently required. If tax concessions are to be gi 
to some form of saving, like those of Trustee Sav 
Banks, it is arguable that equivalent concessions shc 
be awarded to Building Societies, the efforts of which 
directed exclusively to providing finance for hous 
The psychological and material effects of such meast 
have been, clearly demonstrated ın Western Germs 
by the successful revival of the saving habit. Encours 
ment should be given to the house-building part of 
construction industry to rationalize its organization, 
out restrictive practices, intensify training and make « 
best possible use of the skills and knowledge of its mana 
ment and work people. The possibility of further curt. 
ment of the apprenticeship period with more intens 
training and training on actual work is worth consideri 
Consideration might also be given to whether it is pol.» 
to allow public, commercial and industrial building 
outstrip the building of dwellings. Experience in Germe 
and France suggests that self-building societies, which i» 
small way have done useful work, could be more vig» 
ously encouraged ın Britain. 

The Broadsheet considers that the trained person» 
of the British building industry are probably of as higt 
calibre as,ifnot higher than, their counterpart in ott 
countries, and to perform the task that confronts the 
they need only the leadership, guidance and encourag 
ment that vigorous Government backing can provide. 


INSPECTION OF ALKALI, ETC., WORKS 


HE one hundred and first annual report on alkali, 
etc., works in England and Wales, prepared by the 
Chief Inspector *, covers the year 1964. It stresses the 
co-operation of industry with the Inspectorate without 
which, individually by works, and collectively through re- 
search associations, and the like, the task of the Inspector- 
ate would be much more onerous. Certainly without this 
co-operation the Inspectorate would have to be multiplied 
several times in size and a department would be needed 
for specialized techniques of waste gas sampling and 
analysis, as well as for developing control measures for 
air pollution. The number of works registered under the 
Act at the end of the year was 1,995, involving the opera- 
tion of 3,208 processes, and 11,966 visits and inspections 
were paid during the year, compared with 10,850 in 1963, 
including 123 special visits by the Chief and Deputy Chief 
Inspectors. Of this total, 231 were to, or in connexion with, 
works not registered under the Act, 46 were concerned with 
contro] of radioactive emissions and 37 were to, or in con- 
nexion with, colliery spoilbanks. During the inspections 
4,563 quantitative analyses were made of gases evolved 
from processes in operation, compared with 3,433 in 1963, 
while 746 special samples, compared with 615 in 1963, 
were taken and submitted to the Government Chemist. 
The report also emphasizes the effect of the changing 
face of industry on the task and responsibilities of the 
inspectorate; a searching and realistic appraisal of the 
responsibilities and day-to-day activities of the inspector- 
ate has been made. A historical and technical review 
of the decline and fall of the traditional sulphuric acid 


* Ministry of Housing and Local Government—Scottish Development 
Department One Hundred and First Annual Report on Alkali, ete., Works 
by ue ee Inspectors, 1964. Pp iv+76 (London: H.M.S.0., 1965 ) 

£. 6d. net. 


lead chamber process and one of the early days of t 
copper industry are included. 

In the behef that most new contact sulphuric ac 
plants will burn sulphur of high quality as the re 
material, tables have been prepared giving the stac 
heights for final discharge of waste gases from units » 
clusters of units making daily 200-2,000 tons of mon 
hydrate. If different raw materials are used it will be 
simple matter for mspectors and industry to calcula 
appropriate chimney heights using the information give 
and to apply it to the particular permitted loss of sulpm 
burned. Reference is again made to mist emission fro. 
certain contact sulphuric acid plants, and while our knov 
ledge of the reasons for this is still obscure the problem 
receives the close attention of the Inspectorate (son 
progress appears to have been made). 

The Chief Inspector, under ‘Alkali, ete., Works an 
Regulations (Scotland) Acts, 1906 and 1951”, records tha» 
at December 31, 1964, 263 works were registered under th 
1906 Act, and 361 processes were inspected within thes 
works. 622 visits were paid by the Inspectorate on wor: 
under the Act or in the interest of preventing air pollutiom 
of which 420 were to premises registered under the Act œ 
1906. 

Further experimental] testing of emissions of dust fror 
registered premises was carried out on behalf of the 
Inspectorate by the two-man team provided on contrac 
by the Department of Scientific and Industrial Research 
Thirteen works were covered in 41 visits, and 87 testi 
were made mostly at the electricity power stations 
In general, inspections showed that the provisions of the 
Act were observed in good spirit as well as with attentior 
to the tests. 
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INTERACTION OF CEPHALORIDINE WITH PENICILLINASE-PRODUCING 
GRAM-NEGATIVE BACTERIA 


By Dr. J. M. T. HAMILTON-MILLER, Dr J. T. SMITH and Pror. R. KNOX 


Department of Bacteriology, Guy’s Hospital Medical School, London 


{EPHALORIDINE (7-((2-thienyl) acetamido)-3-(1- 
4 pyridylmethyl) cephalosporanie acid, ‘Ceporin’!) has 
n shown to be of value in the treatment of infections 
sed by Gram-negative bacteria?8. Although many 
halosporins are resistant to hydrolysis by 6-lactamases 
n Gram-positive bacteria)?»4,5, there have been several 
orts?»*-!° that they are readily hydrolysed by certain 
am-negative bacteria. This destruction has been 
ributed to an enzyme ‘cephalosporinase’, although 
1as seldom been shown to be enzymatic and the end- 
‘duct has not been identified. In view of these reports, 
was decided to investigate the action, of organisms 
wn to produce penicillinase (HC 3.5.2.6.) on cephalori- 

«e, and the action of cephaloridine on, these strains of 

eteria. In addition, the relationship between ‘cephalo- 

orinase’ and ‘penicillinase’ activities was studied. 

The following bacterial strains were used in the ın- 

itigations: Klebsiella aerogenes 1, 43, 83, 366, 370, 373, 

2, 407, 414, 415 and 418; K. ozaenae 61; Escherichia 

4 2147, 419, K 12 (F- met-) and THM; Aerobacter 

acae 15 and 53. All these strains produce penicillinase 

astitutively. Proteus morgani G and 185 and Pr. 
égert 410, which produce an, inducible penicillinase, were 

30 used. We are very grateful to Dr. Naomi Datta for 

pplying Æ. colt K 12 and TEM. All the other strains 

sre isolated from clinical specimens at Guy’s Hospital 

id are referred to by their laboratory reference numbers. 

Organisms were cultured in infusion broth, collected 

7 centrifugation and disrupted by ultrasonic treatment, 

previously described!!}. The Proteus strains, which 
ve little or no basal penicillinase activity, were cul- 
red in sub-inhibitory concentrations of benzylpenicillin 

ı inducing agent before gathering. Such cell-free 

micillinase preparations hydrolysed the 6-lactam bond in 

rtain penicillins, and it was of interest to determine 
hether the 6-lactam bond present in cephaloridine was 
so susceptible to hydrolysis by these 6-lactamases. 
he rates of destruction of penicillins and of cephaloridine, 

‘ought about by the §-lactamase preparations, were 
wasured either acidimetrically (by the spectrophoto- 
«etric method), or by the hydroxylamine method. This 
tter method had to be modified slightly from that 
reviously used?*: it was found that the hydroxamate of 
sphaloridine was somewhat unstable, in that it started to 
ecompose after about 5 min; however, the hydroxamate 
‘as fully formed in 3 min, and addition of the ferric 
ammonium sulphate reagent at this time gave a chromo- 
‘en of maximum intensity. With this modification, 
xtisfactory results were obtained by the use of this assay 
oth for cephaloridine and for penicillins. 

Rate of hydrolysis of cephaloridine. Cell-free penicillinase 
reparations from the various strains were incubated in 
he presence of cephaloridine (initial concentration 5 mM) 
t 37° in 25 mM sodium phosphate buffer, pH 7-4; 
he rate at which cephaloridine was destroyed by each 
sreparation, was compared with the rates of hydrolysis 
f benzylpenicillin, ampicillin and 6-aminopenicillanic 
cid. Results are shown in Table 1, taking the rate of 
enzylpenicillin hydrolysis as 100 in each case. It can 
xe seen that cell-free extracts of the Klebsiella and Aero- 
acter strains destroy cephaloridine at approximately the 
ame rate as 6-aminopenicillanic acid, but less rapidly 
han ampicillin; the Æ. coli and Proteus preparations, 
10wever, which destroy ampicillin and 6-aminopenicillanic 
acid only very slowly, hydrolyse cephaloridine more 
‘apidly than benzylpenicillin under these conditions. 


The enzymes from the Proteus strains hydrolyse cepha- 
loridine many times mors rapidly than benzylpenicullin. 

Identity of ‘“pencillnas’ with ‘cephalosporinase’. The 
distinction between pericillinase and cephalosporinase 
activity 1s not at all cleer. Some authors’-!° claim that 
cephalosporinases and penicillnases are different enzymes 
whereas Ayliffe® leaves tke question open. The following 
three approaches were used in an attempt to answer this 
question. 

(1) Cell-free extracts o7 A. cloacae 53, E. cola 2147 and 
419 and K. aerogenes 3€6 were treated with protamine 
sulphate to remove nucboprotein, and the supernatant 
fractions were gel filtered on ‘Sephadex G50’; each 
fraction was then assayed against both benzylpenicillin 
and cephaloridine. In each case, destruction of the two 
substrates ran in paralle in each fraction. 

(2) Penicillmase preparations from K. aerogenes 366 
and 373 were exposed to 1-31 mM iodine ın 2 mM potas- 
sium iodide for 1, 2 or 3 min, at 30°, the reaction being 
stopped when required by the addition of an appropriate 
volume of 19 mM sodium thiosulphate. Aliquots were 
then assayed ın parallel against benzylpenicillin and 
against cephaloridine. Im each instance, reduction of the 
‘penicillinase’ activity cccurred to precisely the same 
extent as did reduction af the ‘cephalosporinase’ activity. 

(3) The three Proteus strains were cultured in the 
presence of a range of eccncentrations of benzylpenicillin, 
varying from one-half tc one-twentieth of the minimum 
inhibitory concentratior. Cell-free preparations were 
then assayed against benzylpenicillin and against 
cephaloridine. In the absence of inducing agent, there 
was no activity against 2ither substrate, but in cultures 
grown in the presence cf benzylpenicillin, induction of 
‘penicillinase’ activity -an quantitatively parallel to 
induction, of ‘cephalosporinase’ activity, for each concen- 
tration of inducing agent. 

Thus these data suggsst that, in the strains investi- 
gated so far, penicillinase and cephalosporinase activities 
are manifestations of on3 and the same enzyme. 

Affinity of substrates for enzymes. The effect on the 
rate of hydrolysis of varring the concentration of various 


Table 1. RATES OF HYDROLYSIS OF CEPHALORIDINE, AMPICILLIN AND 
6-AMINOPENICILLANIC ACID BY CTULL-FREE PREPARATIONS OF PENICILLINASE- 
PRODUCING GRAM-NEGATIVE Bale a M/40 SODIUM PHOSPHATE BUFFER 
p 
Initial substrate concentration was 5 mM. The rate of destruction of benzyl- 
penicillin 18 expressed ın muzmoles/min/10° bacteria/ml. The rates of de- 
struction for the other f-lactan antibiotics are expressed in terms of 
mpmoles/min, taking the rate of eesrenonon of benzylpenicillin as 100 in 
each case 


% Rates of destruction taking the rate of 


Strain of Absolute rate of benzylpenicillin destruction as 100% 
bacterla destruction cf Cephalori- ; 6-Aminopen- 
benzylpenicilim dine Ampicilin icillanic acid 

A. cloacae 15 5'4 63 123 20 
A 55 53 430:0 64. 105 15 
E. colh 214T 544 172 — — 
ai 419 10 3 230 — — 
99099 K12 15 180 — — 
Sizes TEM 16 163 — — 
K. aerogenes 1 10 0 59 210 60 
ji es 43 105 55 232 59 
as ‘3 83 1:7 29 163 41 
3 53 366 3,1800 65 198 78 
e os 370 22-0 45 187 60 
os js 373 1,3600 69 195 77 
ne a3 402 7:6 48 227 68 
= 33 407 54 73 185 55 
a şi 414 38 54 151 48 
Ki os 415 103 42 260 77 
ji a3 418 20 6 9 175 55 
K. ozaenae 61 223 51 200 68 
Pr. morgant G 60-0 306 — — 
= p 185 579 1,012 — — 
Pr .rettgere 410 4°8 3,800 — — 


—, Destruction too slow to be measured accurately (that 1s, <10). 


ce 
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substrates was investigated, using cell-free bacterial 
extracts, by the use of the spectrophotometric assay. 
From the progress curves obtained, Michaelis constants 
were calculated where possible; results are shown in 
Table 2. Cephaloridine has a lower affinity, as can be 
seen, for the penicillinases from the K. aerogenes and 
E. coli strains than have either benzylpenicillin or ampicil- 
lin; thus, at concentrations that are obtained in the 
blood! during therapy (approximately 20 uM), cephalori- 
dine will be at least 17 times as stable as ampicillin to 
K. aerogenes penicillinase. In the case of the A. cloacae 
enzyme, the affinity of cephaloridine is some 8 times as 
high as that of ampicillin. Thus, by calculation, towards 
the penicillinase of this organism cephaloridine will 
be 3:5 times as labile as ampicillin, at concentrations 
attained therapeutically; this should be contrasted with 
the situation at 5 mM (Table 1), when cephaloridine is 
less labile than ampicillin. 

Ease of entry into intact bacteria. Most penicillimase- 
producing Gram-negative bacteria studied in this labora- 
tory"! possess accessibility barriers against penicillins; 
the extent of the barrier for any one substrate is expressed 
as the ‘permeability factor’1* (which is the fold increase in 
hydrolytic activity toward a substrate subsequent to 
disruption of an intact bacterial suspension). Perme- 
ability factors have been determined for benzylpenicillin, 
ampicillin, 6-aminopenicillanic acid and cephaloridine for 
18 strains; values are tabulated in Table 3. The Proteus 
strains have been omitted because the extent of the 
permeability barrier depends on the nature and the con- 
centration of the inducing agent!?. From the results it 
is quite clear that cephaloridine can enter bacterial cells 
of every strain tested with complete freedom, whereas 
these same cells possess a marked accessibility barrier to 
benzylpenicillin and ampicillin. 6-aminopenicillanic acid, 
although obtaining considerably easier access than the 
latter two compounds, does not have complete freedom. of 
entry in all strains. A consequence of this free access is 
that, whereas the crude penicillinase of A. cloacae 53 
hydrolyses cephaloridine at 61 per cent of the rate of 
ampicillin (to which the intact cells have a permeability 
factor of 8), cephaloridine was found to be hydrolysed by 
intact cells about 5 times as rapidly as ampicillin. There 
does not seem to be an adequate explanation, in terms of 
molecular size, charge or the lke, for this property of 
cephaloridine. ` One explanation which could be put 
forward to account for this phenomenon is that cephalori- 
dine affects the cells so that the penicillinase becomes 
extracellular and thus there is no longer any barrier 
between enzyme and substrate. However, this was dis- 
proved by the findings in the following experiment. 


Table 2. AFFINITY OF CELL-FREE PENICILLINASE PREPARATIONS FOR 
THREE SUBSTRATES 


Michaelis constants expressed as uM 


Bacterial strain Benzylpenicillin Ampicillin Cephaloridine 
A cloacae 53 <8 541 69 
K aerogenes 366 < 68 <148 1,330 
K. aerogenes 373 € 68 = 143 1,200 
E coh 419 268 * 276 


* No appreciable hydrolysis was detected at any substrate concentration. 
Table 3. PERMEABILITY FAOTORS FOR 4 DRUGS AND 18 BACTERIAL STRAINS, 
MEASURED IN 25 mM PHOSPHATE BUFFER pH 7-4 


Benzyl- 6-Aminopeni- Cephalori- 
Ampicillin cillanic acid 


Strain of bacteria penicillin dine 
A cloacae 15 1 1 1 1 
oa 53 18 8 1 1 
E. cols 2147 10 — — 1 
Prog 419 4 — — 1 
33a K12 1 — — 1 
233’) TEM 2 =— ee 1 
K. aerogenes 1 6 7 1 1 
Pi ee 43 11 13 2 1 
oj - 83 2 2 2 1 
i 5 366 11 14 2 1 
53 is 370 8 8 1 1 
Pe s 373 9 5 2 1 
já T 402 3 2 8 1 
Na xa 407 3 2 1 1 
is s3 414 2 2 2 1 
a “i 415 4 3 1 1 
y a 418 4 4 1 1 
K. ozaenae 61 3 3 1 1 
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Table 4. INHIBITION OF BENZYLPENICILLIN AND CEPHALORIDINE HYI 
LYSIS BY CLOXAOILLIN, METHICILLIN AND QUINAOILLIN 


The concentration of inhibitor required to cause 50 per cent inhibition ( 
js expressed as uM (initial substrate concentration was 2°7 mM) 


VoL 208 


Penicillinase , Iso Values , 

prep. Substrate Cloxacilin Methicillin Quinacıll 
E. aerogenes 366 Benzylpenicillin 481* 10* 70+ 
Cephaloridine 80 0:32 12°¢ 
K. aerogenes 3783 Benzylpenicillin 711* 7* 161ł 
Cephaloridine 90°5 0-4 254 

E. colt 419 Benzylpenicillin 08 52 4 > 1,090 

Cephaloridine 0-1 4-8 392 


* Taken from ref. 15. 
t Taken from ref, 14. 


Table 5. MINIMUM INHIBITORY CONCENTRATIONS (ug/ml.) OF CEPHALORID 
AND AMPICILLIN FOR 16 STRAINS OF PENICILLINASE-PRODUOCING GR 
NEGATIVE BACTERIA 


z Cephaloridine Ampicillin 

Inoculum 10 10 107 10 
Pr. morgani G 2,500 313 500 125 
5 ni 185 1,250 39 250 31 
Pr retigeri 410 2,500 5 2,000 12 
K. aeiogenes 1 125 31 2,000 31 
os i 43 125 16 1,000 31 
a y 370 125 4 2,000 16 
f i 402 25 3 1,000 31 
A i 407 32 2 1,000 16 
a is 414 $1 4 1,000 16 
y ai 415 25 3 200 18 
: j 418 12 2 1,000 25 

A. cloacae 15 100 10 125 1 
S o 58 8,000 500 20,000 3,200 
E, colt 2147 20 25 2 250 
arr 419 2,000 16 2,000 2,000 

jas K12 1 2 x 


Whole-cell suspensions were assayed against cephaloridi 
(initial concentration 5 mM); they were then spun dow 
re-suspended in fresh buffer and re-assayed again» 
cephaloridine. It was found, allowing for small losses d 
to lysis and the centrifugation and re-suspending oper 
tions, that the pre-incubation with cephaloridine had n 
resulted in any loss of enzyme from the intact cells in 
the supernatant fluid. 

Inhibition of pencillenase activity. The hydrolysis : 
benzylpenicillin by penicilinases from Gram-negati 
bacteria is inhibited by methicillin, certain isoxazol, 
penicillins and quinacillin™15. J; values!® were deterr 
ined, using cephaloridine (2-7 mM) as ~substrate, fe 
methicillin, cloxacillin and quinacillin; results are shou 
in Table 4 (the I, values obtained previously1*!> usir 
benzylpenicillin as substrate for K. aerogenes 366 and 3° 
enzymes are included for comparison); it is clear thi 
cephaloridine hydrolysis by these penicillinases is mo» 
susceptible to inhibition than is benzylpenicillin hydr 
lysis. Inhibition of cephaloridine hydrolysis by methicill 
appears to be competitive, as increasing the substraim 
concentration with a given amount of inhibitor decrease 
the amount of mhibition. 

Antibacterial activity against penicillinase-producin 
Gram-negative bacteria. Minimum inhibitory concentre 
tions were determined for cephaloridine, using the serie 
doubling dilution technique; two sizes of inoculum wer 
used, about 10’ and 10 organisms per tube, and incubatio 
was carried out for 16 h. Results are shown in Table £ 
It can be seen that cephaloridine is approximately te 
times as effective as ampicillin agaist the penicillinase 
producing ampicillin-resistant K. aerogenes strains 
against the other strains there seems to be little to choos: 
between cephaloridine and ampicillin as regards anti 
bacterial activity. In most cases there was a markec 
inoculum size effect!®. 

It is generally accepted that a direct causal relationshiy 
exists between penicillinase activity and resistance tc 
hydrolysable penicillins. Cephaloridine was destroyec 
more rapidly than ampicillin by intact cells from the 
majority of the strains studied here and hence it would be 
expected that cephaloridine would be a less effective 
antibacterial agent than ampicillin. However, with the 
exception of the Proteus strains, the reverse was found tc 
be true with the strains examined in this report. This 
apparently paradoxical situation can be explained by the 
discovery made here that the entry of cephaloridine intc 
these Gram-negative bacteria is not hindered by a cellular 
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<cessibility barrier, whereas entry of all the penicillins 
so hindered#?)12, 

With eight strains of penicillinase-producing ampicillin,- 
sistant K. aerogenes cephaloridine was found to be more 
ective than ampicillin, in terms of minimum inhibitory 
neentrations, against both large and small inocula. 
ven. so, therapeutic administration of cephaloridine may 
«t give rise to blood levels: sufficiently high to have an 
tibacterial action in vivo with these strains, but the 
vels attainable in urine! suggest that cephaloridine may 
ive a place in the treatment of urinary tract infections 
used by similar organisms. However, the in vivo 
rformance of a drug cannot be predicted solely in terms 

its effectiveness in in vitro sensitivity tests. Other 
ctors, for example, absorption, excretion and possible 
«aergism with penicillinase-resistant B-lactam antibiotics, 
ust be considered before this antibiotic can be recom- 
ended for use in infections caused by penicillinase- 
‘oducing Gram-negative bacteria. 

We thank Beecham Research Laboratories, Ltd., 
zots Pure Drug Co., Ltd., and Glaxo Laboratories for 
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gifts of penicillins and cephalosporins. We also thank 
Mrs. B. Heywood and Miss C. Nicholls for their assistance.’ 
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THE IRON DEXTRAN COMPLEX 
By Dr. C. R., RICKETTS 


Medical Research Council Industrial Injuries and Burns Research Unit, Birmingham Accident Hospital 
AND 


Da J. S. G. COX, C. FITZMAURICE and G. F. MOSS 


Research Department, Fisons Pharmaceuticals, Ltd., Holmes Chapel, Cheshire 


JEARMACEUTICAL preparations (‘Imferon’ and ‘Im- 
posil’, Fisons Pharmaceuticals, Ltd. (Benger Labora- 
pries)) containing iron and dextran are used for the 
‘eatment of iron-deficiency anaemia in man and farm 
umals. They are prepared by neutralizing ferric chloride 
1 the presence of an alkali-modified dextran and heating 
> form a stable clear brown solution. The nature of the 
nkage between the iron and the dextran and the mole- 
<alar weight of the product are not known. The following 
echniques seemed likely to throw light on the nature of 
1e iron dextran preparation: (1) gel-filtration on 
Sephadex’; (2) ultrafiltration; (3) separation in the 
Itracentrifuge in comparison with coloured proteins of 
nown molecular weight. 

Separation on ‘Sephadex’ columns. A 
olumn of ‘Sephadex G200’ (2:4 cm x 
0 cm) using 0-9 per cent sodium chloride 
or elution was available and had previ- 
usly been calibrated with dextran frac- 
mons of known molecular weight distribu- 
ion (Pharmacia, Ltd.) and with serum 
‘roteins. The reproducibility of chroma- 
ography had been established using a 
ample of dextran labelled with iodine-125 
wef. 1); on successive runs the size of each 
action was reproducible within +1 per 
‘tent of the whole. In an initial experiment 
Imferon’ (1 ml.) was mixed with 0-1 mì. of 
0 per cent 10dine-125 dextran and diluted 
© 5 ml. with saline. A sample of 1 ml. of 
his diluted solution was applied to the 
‘Olumn and eluted with saline into 5-ml. 
ractions. Part of the iron was adsorbed 
m the ‘Sephadex’ making the whole col- 
umn brown, the remaining iron being 
luted. The adsorbed iron could not be 
luted with saline and was finally re- 
sovered by elution with N sulphuric 
acid. 

The radioactivity, the brown colour 
(430 mu) of iron and the dextran con- 
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centration of the fract-ons are shown in Fig. 1. The 
radioactivity measurements showed that the chroma- 
tography was compareble with previous calibrations. 
From the position of the iron peak one might infer 
that the molecular weight of the iron dextran com- 
plex was less than thas of the labelled dextran which 
had Mu about 110,000. The peak lies between the 
positions of peaks previously found for dextrans of Mw 
75,000 and M, 40,000 and ıs closer to the lower value. 
The dextran peak is adjacent to the peak due to Inorganic 
iodide ions and is to th> low molecular weight side of a. 
peak previously obtained with a dextran fraction of Mw 
9,400; its position is tnus consistent with a molecular 
weight of about 5,000. However, the shape of this peak 


Mg of dextran in fraction 


4 8 12 16 20 24 28 32 

5 ml, fractions in saline 
Fig 1. Gel-filtration of ‘Imferon’ on a column of “Sephadex @200’ im 0-9 per cent sodium 
chloride solution. The dotted line shows the distribution of radioactivity from 1I 
dextran of Mw 110,000 used as a reference substence. The dashed line and shaded area 
denote the distribution of iron and the solid line denotes the distribution of dextran 
from the ‘Imferon’ 
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is worth considering. Dextrans of Mw 40,000 and below 
give a symmetrical peak on columns of ‘Sephadex G200’. 
Dextrans of higher molecular weight give an unsym- 
metrical peak, sharpened on the high molecular weight 
side, that is, the tail toward the low molecular weight 
side. The dextran peak in Fig. 1 has a tail toward the 
high molecular side, suggesting that the iron is carrying 
some of the dextran through the column ahead of most 
of the dextran. This 1s an indication of the existence of 
a linkage between the iron and the dextran existing under 
the physiological conditions of isotonic saline and a 
measured pH of 6-8. However, adding up the material 
in the fractions, 101 per cent of the radioactivity, 97:7 per 
cent of the dextran but only 32 per cent of the iron were 
recovered. Evidently 68 per cent of the iron had been 
separated from dextran under these mild conditions, 
possibly through competition for the iron between the 
dextran and ‘Sephadex’, which is a cross-linked and 
insoluble form of dextran. 

This initial experiment suggested that ‘Sephadex 
G75’ might separate the iron—dextran complex from, free 
dextran. Molar sodium sulphate solution was chosen in an 
attempt to minimize adsorption ef iron on to ‘Sephadex’. 

A sample of 0:5 ml. of I in 5 dilution of ‘Imferon’ was 


applied to a column of ‘Sephadex @75’ (1-4 cm x 48°5 cm) . 


and eluted into 2 ml. fractions with M sodium sulphate. 
The separation of the iron complex from free dextran is 
shown in Fig. 2. Recovery of the iron was 87-4 per cent 
and of dextran was 95:5 per cent. Of the recovered 
dextran 61:4 per cent was free and the remainder was 
associated with iron. The wron—dextran ratio of fractions 
9, 10 and 11 was 0:536, 0-533 and 0:470 respectively, that 
is, about two parts of dextran to one part of iron. 

It was found that under the same conditions the dextran 
fraction used in the preparation of ‘Imferon’ was eluted 
in the same volume as the second dextran peak of Fig. 2. 
This would indicate that the second peak was either 
dextran liberated by breakdown of the complex, free 
dextran. which was present ın ‘Imferon’ but not complexed 
with iron or a combination of these. 

Later experiments using a ‘Sephadex G75’ column 
showed that between 75-85 per cent of the iron could be 
recovered in the iron—dextran peak by elution with 0:9 
per cent sodium chloride. These suggest that it may 
not have been an effect of ionic strength which was 
governing the adsorption of the iron on to ‘Sephadex’, 
but the length of time that the ‘Imferon’ was in contact 
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Mg in fraction 
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12 16 20 
2 ml. fractions in M Na,SO, 
Fig. 2. Gel filtration of ‘Imferon’ on a column of ‘Sephadex @75’ m M 
sodium sulphate solution The hatched area denotes the distribution of 


iron and the solid Ime denotes the distribution of dextran. —, Mg 
dextran im fraction; — — —, mg iron in fraction 
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Fig. 3. The adsorption of iron on to ‘Sephadex G75’ in 09 per cent 
sodium chloride solution 

with the dextran gel. This was confirmed by examinir 
the effect of flow-rate on the adsorption of iron on 
‘Sephadex G75’ column. By elution at a flow-rate « 
100 ml./h 70 per cent of the iron was recovered, where 
at 5 ml./h only 20 per cent of the iron was recovered. 

There were no differences in the relative peak positior. 
for the two fractionations but the amount of dextra 
associated, with the iron in the first peak varied accordin 
to the flow-rate so that the iron to dextran ratio we 
0:33: 1 with a short elution time and 0-5: 1 with a lon 
elution time. 

In order to examine further the effect of time on th 
adsorption of iron on to ‘Sephadex’ a 1-ml. aliquot of. 
l in 20 dilution of ‘Imferon’ was added to 1 gm of ‘Sepha» 
dex @75’ in 50 ml. of 0-9 per cent sodium chloride. Th 
mixture was shaken for 5 min and a 2-ml. aliquot removed 
centrifuged and the iron content estimated on the clea 
supernatant using bathophenanthroline reagent®. Th 
mixture of ‘Imferon’ and ‘Sephadex G75’ was shaken fo 
24h, 2-ml. samples being removed at intervals, centrifuge. 
and the iron contents of the supernatants estimatediii 
Fig. 3 shows the effect of plotting 1ron content of th: 
supernatant against the time the ‘Imferon’ was in contac 
with ‘Sephadex’. By 24h, when an equilibrium appearex 
to have been established, 22 per cent of the added iror 
had been adsorbed by the ‘Sephadex’. During the firs 
2—3 h there was a very rapid fall in the iron content o 
the supernatant while during the next 20 h the rate o 
adsorption of the iron was very much slower. 

When the amount of added ‘Imferon’ was reduced t< 
one-tenth of that in the previous experiment a similai 
result was obtained with 30 per cent of the iron being 
bound to the ‘Sephadex’. Using a polyacrilamude gel ir 
place of ‘Sephadex’ gave a similar result. 

Ultrafiltration. The ‘Sephadex’ gel fractionation sug: 
gested that ‘Imferon’ might contain uncombined dextran 
and it was thought that this could be more easily separated 
using ultrafiltration. 

‘Imferon’ was not retamed by a membrane witb» 
porosity of 10 my, but cellulose (‘Visking’) film re- 
tained the iron—dextran complex while allowing uncom- 
bined dextran to pass through extremely slowly. In 
order to increase the pore size of the filter the membrane 
was treated with 60 per cent zine chloride solution for 
10 min. Membranes treated in such a way completely 
retained bovine haemoglobin, which has a diameter of 
2:7 my. A solution of 10 ml. of ‘Imferon’ diluted to 
40 ml. with water was subjected to filtration through such 
a membrane at 80 Ib./in.? pressure. At intervals the 
volume of the ‘Imferon’ solution was restored by adding 
quantities of water equal to the volume of fluid which had 
passed through the filter. After a period of three weeks 
a total of 160 ml. had filtered. Table 1 shows the 
analysis of the solutions. 

Zone ultracentrifugation in a density gradient. Density 
gradient tubes were prepared? containing carbon tetra- 
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Sample 


‘ per cent sucrose 


per cent sucrose 


CCl, 





Start - Albumin y-globulin 


for comparison serum proteins coupled with ‘Procion’ dyes 


loride (0-3 ml.), which has a density of 1-59, 30 per cent 
crose solution (2-3 ml.) of density 1:26 and 10 per cent 
crose (2:3 ml.) of density 1:07. The sample (0:2 ml.), 
ving a density of less than 1-07, was carefully layered 

top and the tubes were centrifuged at 35,000 r.p.m. 
‘16h. Samples used were a 1 in 20 dilution of ‘Imferon’, 
4 per cent solution of albumin coupled with ‘Procion’ 
‘d dye (Imperial Chemical Industries, Ltd.) and a 4 per 
nt solution of y-globulin coupled with ‘Procion’ blue 
ro (Imperial Chemical Industries, Ltd.). After centri- 
ging, the tubes presented the appearance shown in 
g. 4. Traces of insoluble protein had collected at the 
rbon tetrachloride interface. The iron colour was close 
and at the interface, indicating a much higher molecular 
eight than albumin 69,000 or y-globulin 156,000. 


Discussion 


In the initial ‘Sephadex’ gel filtration experiment the 
sition of the eluted iron peak lay between the positions 
‘eviously found for dextrans of Mw 75,000 and 40,000. 


«ble 1. ANALYSIS OF SOLUTIONS OBTAINED BY ULTRAFILTRATION OF 
‘IMFERON’ 
Tron Dextran Iron dextran 
concentration concentration Tatio 
iginal ‘Imferon’ solution 122% 5-42% 0 224 
nal ‘Imferon’ solution 28% 67% 0418 
rst 10 ml. filtrate 50 ppm. 2-8% — 
nal 10 ml. filtrate 1 p.pm., 014% — 
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Fe-—dextran 
‘ig. 4. Ultracentrifugation, in a sucrose density gradient, of ‘Imferon’ and 
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However, it seems very likely that the iron peak 
was retarded in its progress through the column by 
adsorption so that its position did not truly indicate 
molecular size. Adsorption of iron in this way 
would increase the proportion of free dextran 
detected. 

The ultracentrifugation experiment showed that 
the iron—dextran complex has a molecular or particle 
size much greater than that of y-globulin. Muir 
and Golberg* showed by electron microscopy the 
presence of electron-dense particles 2-3 mp in 
diameter, and the particulate nature of the complex 
was confirmed by an electron micrograph of one 
of the fractions (fraction 10, Fig. 2) which showed 
particles approximately 3-4 my in diameter. 

The ultrafiltration experiments showed conclusively 
that a large proportion >f uncombined dextran (42-2 per 
cent) was present. By this means it was possible to 
remove the latter, leavinz what was presumably a solution 
containing only iron—dextran complex. The ratio of 
iron to dextran in this solution was 0-418: 1, which ıs 
slightly higher than that calculated for one iron atom 
per anhydroglucose unit, in which the ratio is 0-346: 1. 
The ratio corresponds w-th 2:4 parts of dextran to 1 part 
of iron. 

The molecular weight of the dextran from which the 
preparation is made is Bittle more than 5,000. In order 
to have a molecular wsaight greatly exceeding 150,000 
and a particle size of 2-3 my there must be considerable 
cross-linking or association of molecules to form the 
complex. Further investigations are being carried out 
on this aspect. 

Electron micrographs of fraction 10 were kindly pre- 
pared and interpreted by Dr. A. T. Charles, Medical 
Research Council Unit for Research on the Experi- 
mental Pathology of tte Skin, University of Birming- 
ham. 
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PENICILLINASE SYNTHESIS CONTROLLED BY INFECTIOUS R FACTORS 
IN ENTEROBACTERIACEAE 


By Dr. NAOMI DATTA 


Department of Bacteriology, Postgraduate Medical School, London 
AND 
Dr. POLYXENI KONTOMICHALOU 


Department of Bacteriology, Clinic of Therapeutics, University of Athens 


‘'y ESISTANCE to antibacterial drugs may be trans- 
. ferred from one bacterium to another among the 
interobacteriaceae by direct cell-to-cell contact (conjuga- 
ion). This transferable resistance was discovered in 
apan- and later reported in Britain‘ and in Germany’*. 
‘he infectious agents which mediate the transfer are 
nown as resistance factors (R factors) and have been 
hown to be extra-chromosomal genetic elements, or 
lasmids, consisting of deoxyribonucleic acid®:*, R factors 
re transferred by conjugation between cells of many 
enera—all the Enterobacteriaceae? as well as other 
ram-negative bacilli such as Vzbrio®’, Serratia? and 
asteurella’®. ‘The resistance conferred by the R factors 
rst described was against the four drugs streptomycin, 
atracychne, chloramphenicol and sulphonamides, usually 
o all four together, but sometimes against three, two or 
ne of them. Lebek® described an R factor which conferred 


esistance to neomycin and kanamycm, as well as to the _ 


riginal four drugs. 


That genetic informatzon for resistance to penicillins, 
including ampicillin, coud be carried on R factors was 
found independently in Britain1!, in Greece (Kontomicha- 
lou, unpublished data) and in Switzerland (Lebek, personal 
communication). Preliminary experiments}. suggested 
that infectious resistance to penicillins was dependent on 
the production of a penicillin-destroying enzyme. We now 
report that this enzym» is penicillinase (HC 3.5.2.6), 
since on mceubation wich benzylpenicillin it hberates 
penicilloic acid. We therefore present evidence that the 
genetic information for the biosynthesis of penicillinase is 
carried on the R factor. 

R factors and host bazteria. The R factors we have 
studied are listed in Tabl2 1. The host bacteria m which 
penicillin resistance was szudied were Escherichia colt K12, 
E. colt strain THM the R factor of which had been 
eliminated by acriflavins treatment!®, and Salmonella 
typhi strain 152, a drug-sensitive strain isolated in Greece ` 
in 1962. 
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Table 1 
i : Pattern of 
R factor Spectes in which isolated Vearof Placeof infective 
lation isolation resistance 
Reremu Escherichia coh, strain TEM 1963 Athens AS 
Rigig Salmonella typhimurium (ref. 11) i 
phage type la f 1962 Brighton A S T Su 
Rrasa Salmonella paratyphi B 1963 London A C Su K 


Species resistant to: A, ampicillin; C, chloramphenicol; S, streptomycin; 
Su, sulphonamides; T, tetracycline; K, kanamycin. 


The R factors were transferred from their original hosts 
to the bacterial strains used experimentally by growing 
resistant and sensitive cultures together in broth, and 
plating on medium selective for the recipient organisms, 
but incorporating ampicillin. For example, in transferring 
resistance from Salmonella to E. coli the mixtures were 
plated on minimal agar with lactose as sole C source and 
with ampicillin, 25 ug/ml. 

Stability of R factors in their bacterial hosts. Cultures 
carrying R factors contain a variable proportion of drug- 
sensitive cells from which the factor has been entirely 
lostt:2,. The rate of loss varies greatly between different A 
factors and between different hosts. The rate of loss of all 
the 3 R factors we describe here was 1 : 1,000 cell divisions 
or less, in the original hosts as well as in E. coli K12, E. 
colt-THM and S. typhi 152. 

‘Traning’ to ampicillin resistance. The sensitive host 
bacteria, E. cols K12 and E. cols THM, were ‘trained’ to 
become resistant to ampicillin by passage on nutrient 
agar gradient plates containing.increasing concentrations 
of ampicillin. These laboratory-trained resistant cultures 
were compared with R factor infected cultures in the 
experiments described later (see Table 2). 

Extraction of enzymes. No penicillinase was found in 
supernatant fluid from our cultures carrying E factors. 
Highest yields of enzyme were from suspensions broken 
ultrasonically with a Mullard drill. Fast centrifugation 
(105,000g for 2 h) of the ultrasonicates left all activity in 
the supernatant. Methods of extracting enzyme without 
disrupting the cells, such as by toluene treatment, 
ethylenediamine tetraacetic acid (EDTA) at pH. 8 (ref. 13) 
or EDTA + 20 per cent (w/v) sucrose at pH 8 (ref. 14), 
liberated up to 35 per cent of the penicillinase activity 
found in ultrasonicated preparations. Extraction of the 
enzyme by these methods, which leave the cell membrane 
intact, indicates that, like some other degradative enzymes 
in Æ. coli, these penicillinases are ‘periplasmic’ enzymes. 

Penicillinase assays. The cultures with and without E 
factors (R+ and R—) were assayed iodometrically for 
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hydrolysis of benzylpenicillin, ampicillin and cephalorid. 
the latter two drugs being chosen because of their clin 
importance in treatment of infection caused by Gri 
negative bacilli. 6-Amino penicillanic acid (6-APA) ` 
also used, because it had been found' to be a hig 
effective antibiotic against at least one-strain of pen» 
linase-producing Gram-negative bacilli. 

Bacteria from exponential phase-aerated broth cultu 
were collected by centrifugation and the bacteria resusp 
ded in distilled water, the volume being chosen accord 
to the expected enzyme activity of the preparation. Ass» 
were made using these suspensions untreated and a" 
ultrasonic disruption. The method of assay was that 
Perrett! as modified by Nevick!’. Hydrolysis of cephalc 
dine was measured similarly to that of benzylpenicil. 
ampicillin and 6-APA, except that the amount destroy 
was calculated on a basis of 1 mole hydrolysed cephalc 
dine being equivalent to 4 equivalents of iodme™*. 1 
enzyme activities of the preparations were expressed 
the units defined by Pollock and Torriani®: 1 unit 
equivalent to 1 umole penicillin hydrolysed/h at 30° a 
pH 7-0. 

Levels of resistance to penicillin, ampicillin, cephalorid: 
and 6-APA. The presence of R factors in the cultures w 
recognized by their greatly increased resistance to ampic 
lin. We measured the levels of resistance of our cultw» 
against the four drugs used as substrates in the enzy1 
assays. Aerated broth cultures in the exponential phe 
were diluted to contain approximately 107 organisms/r 
and 10% organisms/ml. These suspensions were dropp 
from calibrated pipettes on nutrient agar plates incorpori 
ing serial dilutions of the drugs under test. The heav: 
suspension gave confluent growth on drug-free cont 
plates; the light suspension yielded isolated colonies. T 
minimal inhibitory concentration (M.I.C.) recorded w 
the lowest which prevented visible growth. 

The M.I.C.s and the results of enzyme assays are sur 
marized in Table 2. 

From Table 2 the following observations may be madii 

(1) The host Æ. colt cultures, both K12 and TH! 
without R factors, were drug-sensitive and had very lo 
but just measurable, hydrolytic activity against benz» 
penicillin and cephaloridine, but none against ampicil 
or 6-APA. S. typhi 152 was considerably more sensitive 
benzylpenicillin and ampicillin than our Æ. coli strait 
No penicillinase was detected in S. typhi 152 without 
factors, but it may, nevertheless, possess very low activiti> 
since we did not assay highly concentrated suspensions 
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Table 2, LEVELS OF RESISTANCE AND PENICILLINASE ACTIVITY CONFERRED BY R FACTORS 





Enzyme activity (units/h/mg dry weight) 




























6-APA Benzyl- 
penicilin 
15 Tntact 
30 Broken 
15 Intact 
30 Broken 
15 Intact 
30 Broken 
15 Intact 
80 Broken 
15 Intact 
30 Broken 
2,000 Tntact 
4,000 Broken 
2,000 Tntact 
4,000 Broken 
2,000 Intact 
4,000 Broken 
30 05 
60 2°2 
30 08 
60 Broken 2°8 
1,000 Intact 2 
2,000 Broken 22 
1,000 Intact 2 
2,000 Broken 17 








—, No detectable activity. Lowest detectable activity: in Z. coh, 0 05 units/h/mg dry wt; in S. typh, 0 5 units/h/mg dry wt. 
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is organism, as we did for the non-pathogenic ones. 

raining’ of our £. colt cultures on ampicillin did not lead 

their developing appreciably higher hydrolytic activity 
inst any of the four substrates, and there was still no 
tectable hydrolysis of ampicillin or 6-APA. 

(2) Acquisition of R factors by the cultures resulted in 
‘eatly increased resistance to benzylpenicillin, ampicillin 
id 6-APA, and greatly increased hydrolytic activity 
«sainst all four drugs tested. The levels of drug-resistance 
tained by the R+ bacteria were different for each of the 
wee R factors studied. The levels of resistance were 
early related to penicillinase activity, the most resistant 
aving highest penicillinase activity and the least resistant, 
“west. 

(3) Different host bacteria carrying the same k factor 
10wed rather similar penicillinase activities. With all 
iree factors, E. coli K12 showed shightly but consistently 
igher activity than Æ. coli THM and, where tested, S. 
phi 152 showed even higher activity, but these differences 
ere not accompanied by differences in the levels of drug- 
assistance. i 

(4) Whole R+ cell suspensions, assayed for hydrolysis 

f penicillin and ampicillin, gave low levels of activity, 
idicating that the penicillinase was inaccessible to these 
ubstrates unless liberated by ultrasonic disruption (or 
ny of the other methods already discussed). For cephalori- 
line and 6-APA, on the contrary, the difference in the 
ate of hydrolysis by whole cell suspensions and by 
itrasonicated ones was small, indicating that for these 
ubstrates the permeability barrier excluding penicillin 
and ampicillin was not effective. Table 2 also shows that 
he R+ cultures, although their hydrolytic activity against 
sephaloridine is raised to the same degree as that against 
yenzylpenicillin and ampicillin, have not acquired 
rearly such a high degree of resistance to cephaloridine 
4s to the penicillins. 

(5) The R— cultures were more sensitive to ampicillin 
shan to benzylpenicillin but the R+ cultures were equally 
«resistant to both. 

Substrate profiles. The penicillinase activity of some of 
«ur cultures carrying R factors was assayed against a 
wider range of substrates than shown in Table 2 (see Table 
3). The penicillinase produced by three different hosts 

mnfected by one R factor (Rrgm) all showed similar sub- 
strate profiles. But when the penicillinases from one host 
(E. coli K12), infected with three different R factors, were 
compared they showed interesting differences in substrate 
profiles. Penicillinase from E. colt K12 with factor Lyogs 
had a similar substrate profile to that with Rrgm, but with 
Risig the profile was quite different; with Rıs1ẹ cloxacillin 
was hydrolysed as rapidly as benzylpenicillin and 
phenoxyethyl- and phenoxypropyl-penicillin considerably 
more rapidly still. 

Induction. Tests for inducibility of penicillinase have 
so far been limited to the examination of E. colt K12 
carrying factor Ris When methicillin was added to a 
growing culture no increase in penicillinase activity was 
observed. i 

Discussion. The synthesis of penicillinase by our 
cultures carrying R factors appears to be under the direct 
genetic control of the R factors. It might be argued that, 
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Table 3. RELATIVE RATES OF HYDROLYSIS OF VARIOUS SUBSTRATES BY 
ULTRASONICALLY DISRUPTED PREPARATION OF R+ CULTURES 


R factor Reem Rreu Rrem Reis Rises 
Host bacteria S typhi E.coli E.coh E.coh E.coli 
152 TEM Ki2 K12 K12 

Substrate 
Benzylpoenicillin 100 100 100 100 100 
Ampicilin 160 150 145 91 100 
6-APA 165 . 142 132 73 86 
Methicillin <01 0:6 <0-1 21 <01 
Cloxacillin 1:5 23 1-8 126 1:5 
Cephaloridine 180 175 168 86 145 
Cephalothin 16 19 15 46 17 
PhenoxymethylIpenicillin 61 57 69 92 50 
Phenoxyethylpenicillin 24 180 24 
Phenoxypropylpenicillin 85 240 7 
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since the host cultures without …R factors themselves 
produce some penicillinaze, the E factors act only to remove 
æ repressor mechanism and so increase penicillinase 
activity; extracts of our R+ cultures differ, however, 
from those of our R— sultures not only in their greatly 
increased penicillinase activity, but also in having high 
activity against ampicilin and 6-APA. We believe, there- 
fore, that the R+ cultures synthesize penicillinases which 
are not present in the R-— cultures. Penicillinases from 
our R— HH. colt strains resemble in their substrate range 
those of E. coli strains Cescribed by Smith and Hamilton- _ 
Miller?*:24, while the samə #. coli strains, carrying F factors, 
synthesize penicillinases with very different substrate 
profiles. 

The penicillinases synthesized by E. colt K12 carrying 
factors Rrgm and R,,, resemble one another in their 
substrate profiles, althoigh not in their levels of activity. 
Their substrate profiles resemble those of extracts of 
Aerobacter (Klebsiella) cerogenes described by Smith and 
Hamilton-Miller?*°. We do not yet know whether each 
enzyme is specific to its R factor or whether these two 
factors both determine she synthesis of the same enzyme, 
each at a characteristic rate. The penicillinase of factor 
Riss differs markedly from the others, and from all 
penicillinases so far described, in hydrolysing cloxacillin 
as rapidly as benzylpenizillin and in hydrolysing phenoxy- 
methyl and phenoxyprcpy! penicillins considerably faster 
still. 

The parallelism between the levels of drug-resistance 
and the penicillinase activities conferred by the different & 
factors strongly suggests that the resistance was the direct 
result of the presence 2f penicillinase in the cells. The 
increase of drug-resistarce with drug-hydrolysis was much 
less with cephaloridine shan with the penicillins; thus the 
penetration of a drug into the cell may increase the anti- 
bacterial effectiveness of the drug, as indicated by Hamil- 
ton-Miller!’; however, in spite of the permeability of the 
cells to 6-APA, the latter was not a highly effective anti- 
biotic against our straixs. 

It is especially interesting that penicillinase biosynthesis 
can be controlled by infctive extrachromosomal elements 
in the Enterobacteriaceae, since it is known that penicil- 
linase in staphylococci is controlled by comparable, though 
non-infective, plasmids*!-?%, 

We thank Mrs. Roma Pride for her assistance and Dr. 
M. H. Richmond for his advice. 

This work was partly supported by a grant from the 
Medical Research Courcil of Great Britain to one of us 
(N.D.) and by a grant from the International Cell 
Research Organization, to the other (P. K.). 
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DEOXYRIBONUCLEIC ACID SYNTHESIS IN CULTURED HUMAN CELLS 
AND ITS BEARING ON THE CONCEPTS OF ENDOREDUPLICATION 
AND POLYPLOIDY 


By Dr. URSULA MITTWOCH, Mrs. KUSUM P. LELE and W. S. WEBSTER 


Galton Laboratory, University College, London 


“HE synthesis of deoxyribonucleic acid (DNA) is a 
prerequisite for mitosis, but it is now known that 
the two processes are essentially separate!?. If DNA 
synthesis occurs in excess of requirements for the produc- 
tion of new cells, some of the existing cells will become 
polyploid. We wish to present some data showing that 
this happens m human fibroblast-like cells grown in tissue 
culture. 

The cells originated from skin biopsies which were 
cultured according to the technique of Harnden?. Culture 
C, which had been growing for five weeks and had been 
sub-cultured 4 times, had an apparently normal female 
karyotype, although the cells originated from a male; 
culture D, grown also for 5 weeks and sub-cultured three 
times, had two X-chromosomes and a structural abnormal- 
ity of a small autosome, which will be described by Craw- 
furd and Lele‘. After trypsinization, the cells were 
allowed to grow on cover slips for about 25 h, when they 
were fixed in 95 per cent ethanol (0-5 h), hydrolysed in 
N hydrochloric acid at 60° C (10 min) and stained with 
Feulgen (1 h). The cover slips were mounted on glass 
slides. The light absorbed by individual nuclei was 
measured with an integrating muicrodensitometer (Barr 
and Stroud). This instrument was designed by Deeley®. 
The amount of light absorbed by Feulgen-stained nuclei 
may be regarded as proportional to the amount of DNA 
present. For diagrammatic representation, the DNA 
values were converted into logarithms to the base 2, thus 
separating any value from double its value by one unit. 
The lengths of the two main nuclear axes were measured 
with an eyepiece micrometer and the areas were converted 
into u? with the help of a stage micrometer. From each 
culture, 1,000 nuclei were measured. 

The DNA values, in arbitrary units, of mterphase 
nuclei are shown in Fig. 1. The number of nuclei scored 
as m mitosis was 87 in culture C and 83 in culture D. 
But although the mitotic rates were similar in both cul- 
tures, the distributions of DNA values are clearly very 
different. The approximate number of cells belonging to 
each DNA class are given in Table 1. Whereas ın culture 
C more than two-thirds of the nuclei fall into the diploid 
class, only about one-third of the nuclei in culture D 
are diploid, and two-thirds are either in the process of 
DNA synthesis or, having completed this, are polyploid. 
Although the size of the nuclei varies even within the same 
DNA. class, as 18 evident from the standard deviations, 
it will be seen that the mean nuclear areas increase step- 
wise with increased amounts of DNA. As the nuclei are 
very flat, their areas may be regarded as proportional to 
their volumes. The figures in Table 1 show that the 
increase of about 12 per cent in the average nuclear area 
of culture D compared with culture C can be accounted 
for by a higher incidence of polyploid cells. 

It must be emphasized that a high degree of polyploidy 
is characteristic of the nuclei in interphase only. The 


Table 1. MEAN NUCLEAR AREAS IN CELLS WITH DIFFERENT DNA VALUES 


Culture C Culture D 
Mean Mean 
DNA value No.of nuclear Standard No of nuclear Standard 
cells area (x°) deviation cells area (u?) deviation 
Diploid 659 86 28-1 278 74 31-4 
Intermediate 55 100 34-7 206 106 31:3 
Tetraploid 194 140 45-5 390 125 38-4 
Octoploid 9 263 816 39 259 85'9 


Total 917 100 913 112 


incidence of polyploid mitoses was only about 2—3 per cen 
in both cultures. Wolman et al. reported a similar incid 
ence of tetraploid mitoses in tissue cultures during the 
period of rapid cell division; the incidence of tetraploic 
mitoses increased with the decline of cell divisions in the 
culture and following infection with simian virus 40 
Polyploid mitoses are common in many tumours, as was 
shown by Levan’, and Atkin! concluded that for most 
human tumours the ploidy indicated by DNA values in 
interphase is in agreement with that obtained from 
chromosome counts in mitosis. It appears likely, however, 
that this relationship does not apply to normal dividing 
tissues, in which the incidence of polyploidy among cells 
in interphase may be much higher than in mitotic cells. 
There can be little doubt that polyploid interphase cells 
occur also in vivo. Thus Swift found DNA values of 
different multiples in various tissues of the mouse® as 
well as in plants!®; Swartz! reported different DNA 
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asses in cells of human liver, and Klinger and Schwarz- 
“seher** in human amnion epithelium and foetal liver. 
It was shown by Howard and Pelc™ that in rapidly 
aviding cells of the bean, Vicia faba, the interphase 
stween two mitoses consisted of three stages: (1) a 
est growth period, G1; (2) the period of DNA synthesis, 
1; (3) a second growth period, G2, leading to mitosis. 
> is becoming clear, however, that mitosis is not a neces- 
ary consequence of G2. Thus, Gelfant™ found that 
idermal cells of mice fell into two classes, those in which 
2 was followed by mitosis and others which appeared 
9 be blocked in the G2 stage and stayed there for a long 
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: and Patau and Das! have presented evidence that 
lis of the tobacco plant which have synthesized DNA are 
mbivalent in the sense that, according to circumstances, 
ey may either enter mitosis or go through another DNA 
synthesis. 
It is clear that DNA synthesis unaccompanied by mitosis 
s synonymous with the process which has been described 
ss ‘endomitosis’ or ‘endoreduplication’, The term 
_gndomitosis’ is due to Geitler™, who observed that in the 
auclei of insects of the class Heteroptera, chromosome-like 
structures appeared which apparently underwent an 
bortive mitosis. Afterwards such nuclei became poly- 
oid. The most highly polyploid nuclei were those of the 
salivary gland cells, which became 64 ploid during the 
irst instar and at least 1,024 ploid in the imago. It should 
3e emphasized that the concept of endomitosis arose at a 
aime when it was not yet recognized that the process of 
thromosome replication is essentially separate from the 
itotie process. Consequently, Geitler’® distinguishes 
tween those cases of endopolyploidy in which the nuclei 
show some resemblance to nuclei in mitosis and others in 
“which polyploidy arises without any visible symptoms 
apparently at a ‘sub-microscopical level’. A similar 
distinction was made by Levan and Hauschka’, who 
limited the term ‘endomitosis’ to nuclei which seemed to 
show conspicuous activity inside the nuclear membrane 
and gave the name ‘“‘endoreduplication” to the process of 
chromosome replication which went on concealed during 
the despiralized stage. It would appear that with our 
present state of knowledge this distinction has lost its 
importance. Furthermore, the realization that mitosis 
does not result in chromosome replication has made the 
term ‘endomitosis’ self-contradictory, as has already 
been suggested'. The term ‘endoreduplication’, therefore, 
seems preferable to describe the process of chromosomal 
replication which, in the absence of mitosis, leads to 
polyploidy. The term ‘endopolyploidy’ is useful to dis- 
tinguish polyploidy which has arisen in this way from 
polyploidy originating by nuclear fusion. 
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If nuclei which have undergone at least two series of 
replications afterwards undergo mitosis, the duplicated 
chromosomes characteristically occur in pairs (Fig. 2). 
Polyploid mitoses with paired chromosomes were first 
demonstrated by Levar*’ in plant cells which had become 
polyploid following treatment with growth hormones, 
and Levan and Hauseaka found an abundance of such 
figures in ascites tumou-s of the mouse. Polyploid mitoses 
with paired chromosomes in human tissue culture cells 
derived from skin were first described by Fraccaro et al.™. 
However, the incidence of such cells in tissue culture tends 
to be low. As pointed out above, the incidence of all 
polyploid mitoses in rapidly dividing cultures is only a 
few per cent, and only a small percentage of polyploid 
mitoses have paired chromosomes. The significance of 
such cells is clearly that they represent the first mitotic 
division following endoreduplication; thus the twice- 
duplicated chromosomes are still more or less im situ, 
having not yet become dispersed by the movements of 
cell division. 

The difference in ths incidence of polyploidy in inter- 
phase and mitotic nue ei directs attention to the problem 
of nomenclature. Some authors have tried to evade the 
concept of polyploidy in interphase by ascribing to cells 
which have duplicated their DNA a certain C value’. 
Thus a diploid cell which has completed DNA synthesis 
would be 40. This nemenclature appears to be unsatis- 
factory for a number of reasons. The symbol C in this 
context does not stanc for any definite term. Patau and 
Swift®® wrote: “It is also generally agreed upon that these 
multiples, usually terras of the series C, 2C, 4C, show a 
close relation to the chromosome or rather chromatid 
number. C is apparently always found after the second 
meiotic division’. There is, however, as yet no way of 
counting either chromesomes, chromatids or centromeres 
in interphase nuclei, As regards the apparent ambivalence 
of cells which have umdergone DNA synthesis, there can 
be no logical objection -o the statement that a cell becomes 
tetraploid prior to its giving rise to two diploid ones; while 
it is becoming clear that a substantial proportion of cells 
with duplicated DNA contents do not undergo mitosis 
but remain as interphase cells of larger size. Large inter- 
phase nuclei have been recognized as polyploid for a 
long time. There appears to be no reason to change this 
concept now that it is possible to obtain an accurate 
assessment of the degree of polyploidy by measuring their 
DNA contents. 

Geitler™ wrote that, owing to the belief in the constancy 
of chromosome numbers, the phenomenon of endopoly- 
ploidy was neglected. It now appears that the adherents 
of both apparently conflicting views were right: while 





Fig. 2. Tetraploid mitoses in human fibroblast-like cells, (a) Usua type; (b) with paired chromosomes, as is characteriatic for the first mitosis 
following endoreduplication. (By courtesy of Dr. Joy Delhant) 
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dividing cells have a strong tendency to retain the diploid 
chromosome number, a substantial proportion of cells 
become polyploid in interphase. 

We thank Dr. Joy Delhanty for contributing Figs. 2a 
and 6. The integrating microdensitometer was provided 
by the Central Research Fund, University of London. 
The work was also partly supported by grant HD-00500- 
04 from the U.S. Public Health Service. 
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PROTEIN SYNTHESIS IN RETICULOCYTES MATURING IN VIVO 


By Dr. PETER T. ROWLEY 


Department of Medicine, Stanford University School of Medicine, and Medical Service, Veterans Administration Hospital, 
Palo Alto, California 


HE transition from mammalian reticulocyte to 

mature erythrocyte is marked by the loss, not only 
of the stainable reticular material, but also of the ability 
to synthesize protein. Recently, the site of protein synthe- 
sis, not only in reticulocytes but also in a wide variety 
of cells, has been shown to be aggregates of ribosomes 
called polyribosomes'-*. The present search for the cause 
of the declining rate of protein synthesis in the maturing 
reticulocyte was undertaken in the hope that the explana- 
tion might contribute to a general understanding of the 
rate determinants of mammalian protein synthesis. 

Two methods have been previously used to examine 
reticulocyte maturation’. One is the comparison of cells 
from an animal at various times following an erythro- 
poietic stimulus; a cell population so derived, however, is 
far from homogeneous. The second is the investigation 
of cells aged under controlled conditions in vitro, Using 
the latter method, Bertles and Beck* showed that matura- 
tion in vitro is associated with a conversion of RNA into 
products of low molecular weight, which are released 
from the cell. Marks et al.* by sucrose gradient analysis, 
and Rifkind et al.? by electron microscopy, showed that 
maturation im vitro is associated with a progressive 
disaggregation of polyribosomes to smaller clusters and 
single ribosomes. 

The present investigation of reticulocyte maturation 
was prompted by the report of a method to separate red 
cells by age using density gradient centrifugation®. This 
method provided a means of determining whether the 
above conclusions about cells matured in vitro also 
applied to cells of different age removed from the same 
animal at the same time. 

Specifically, answers were sought to two questions: 
(1) how does the rate of protein synthesis in the maturing 
reticulocyte vary with age, and (2) which component of 
the protein synthetic apparatus fails? Protein synthetic 
rates were determined for young and old reticulocytes 
(a) as whole cells, (b) in cell-free systems derived from 
each, and (c) in cell-free systems in which young and old 
fractions were interchanged. Evidence is presented that 
the decline in protein synthesis in the maturing retic- 
uloeyte correlates primarily with the decline in the 
quantity of polyribosomes per cell. 

The density of the red cell increases with age. This 
fact enabled Leif and Vinograd’ to separate erythrocytes 
according to age on a linear density gradient of bovine 
serum albumin. They verified the method for rabbit 
erythrocytes by the serial analysis of cells obtained from 
a rabbit injected with **FeCl,. 

Using position in such a gradient as a measure of age, 
protein synthesis in rabbit reticulocytes was determined 


as a function of age, first in whole cells. The experimen 
shown in Fig. 1 indicates that, as the cells get denser 
occupy a lower position in the gradient, they are 

less active in protein synthesis. In this experiment, tk — 
top sixth of the cell population was 240 times as “a 
as the bottom sixth. What accounts for this differe 
between old and young reticulocytes ? 

To determine this, ‘young’ and ‘old’ reticulocytes wer 
separately pooled from the top and bottom halves 
respectively, of an albumin-density gradient. Th 
samples contained 97 and 94 per cent reticulocytes” 
respectively, the mature red cells from the initial sampl 
(60 per cent reticulocytes) having formed a pellet at th 
bottom of the gradient tube. Both whole-cell and cell 
free syntheses were examined. As whole cells, the yo 
cells were 2-5 times more active than the old cells (Fig. 2) 


Cell concentration 


Protein synthesis 





Position in gradient (ml.) 
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10° cells/ml, pmol, leucine incorporated/ 
10"* cells 
i nied by density gradi 
se age on a de ent. A New Zealand albino rabbit was 
injected subcutancously with phenylhydrazine HCI (12-5 mg/kg the first 
day, then 10 mg/kg for four days) an 
ed cells 2-5 mi., diluted to 5 ml. with sal 


9 
in the ratio of Lingrel et al. $35. 1 ) 96 wa glucose va : 
f . i mamol., 16- 
umol., MgCl, 0-31 umol., Na C05 0-26 umol, 0-04 mi. of the same rabbit's 
, a Y D 3 
or 1-5 min. The cells were eed by t ape Ois 
mi. of 001 M KCl, 0-003 


n washed and lysed by the addition of 0-45 
; 003 M MgCl,, 0-01 M tris-Cl. pH 7-4, con’ 
100 units of heparin per ml., and the membranes remo b - 
pot maf needy a sen oat ae e prt pabio “Milli m atone 
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using a liquid aee o È rrano b ECEE 
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Of the six fractions, only the of fractions 2 (‘old’) 
and 6 (‘young’) are reprod Me free lysate, 0- , was 
layered on to a 4-8-ml. ent of sucrose, 10-30 per cent in 0-01 M KCI, 
ral, centrifuged at 40,000 r.p.m. in a ‘SW-39" rotor in a Model 
‘-2’ Spinco ultracentrifuge for 1 Fractions were ysed 
for negra i at 260 my using a Beckman and a 
Gilford ‘Model 220° photometer, and for radioactivity using a liquid 


acintillation counter after addition of 10 ml. Bray’s solution (ref. 12) 


Protein synthesis by fractions from young and old 
ticulocytes are compared in Table 1 (incubations 1 and 
). The fractions from young cells were also several (3-8) 
imes more active ‘per cell’ (see footnote) than fractions 
m old cells. The relative contribution of ribosomes 
and supernatant was determined by interchanging young 
sand old fractions (incubations 3 and 4). The mixed 
incubation containing young ribosomes (No. 3) was 70 per 
cent as active per cell as the incubation of the wholly 
young fractions (No. 2), whereas the mixed incubation 
containing old ribosomes (No. 4) was scarcely more active 
than the incubation of wholly old fractions (No. 1). 
Hence the ribosomes were largely the rate-determining 
fraction. 

The young cells contained more ribosomal material 
than the old cells. Expressed as optical density units at 
260 mu, the young cell averaged 6-24 10-* units and 
the old cell 2-49 x 10-* units. The greater activity of the 
ribosomal fraction from the young cells is due, however, 
not solely to their greater quantity of ribosomal material 
per cell, but also to a more active type of ribosomal 
material, as shown by a higher rate of protein synthesis 
per O.D. unit of ribosomes (Table 1). 

Since protein is synthesized chiefly on polyribosomes, 
one might suppose that the principal difference between 
the ribosomal fractions of young and old cells would be 
in the quantity of polysomes. To test this hypothesis, 
young and old cells were incubated whole with radioactive 
amino-acids, and their lysates analysed on sucrose 
gradients. Young and old whole-cell fractions, separated 
in the experiment described in Fig. 1 and differing 10-fold 
in their whole-cell synthetic rate, were used. The results 
are shown graphically in Fig. 2 and quantitatively in 
Table 2. Cell for cell, the two striking differences are in 
the quantity of polyribosomes (old=20 per cent of the 
young) and in the radioactivity in the polyribosomes 
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(old = 14 per cent of the young). Since the quantity and 
radioactivity of polyribosomes are comparably reduced, 
their specific activity {umol]. leucine bound per optical 
density unit of polysome) showed only a modest decrease 
(old=66 per cent yourg). The quantity of single ribo- 
somes (Table 2) showed only modest reduction. The 
significance of the increase in average release time is not 
known. 

Maturation of the reticulocyte is then marked by two 
processes, a decrease in the total quantity of ribosomes 
and a disproportionase decrease in the quantity of 
polyribosomes, as descr bed by Rifkind’ for maturation in 
vitro and in a peritoneal diffusion chamber. The cause 
of neither of these processes is known. Investigations of 
ribonuclease activity in lysates of young and old cells 
are in progress. 

Maximal recovery cf polysomes requires minimizing 
ribonuclease action curing isolation. In controlled 
experiments, the use f heparin, a known inhibitor of 
ribonuclease’, in the lysing solution and in the sucrose 
gradient increased pclysome yields. Lysis by brief 
osmotic shock, described by Marks et al.’ as specific for 
red cells, may also have been of value, since white cells 
have much more ribonaclease than red cells". 

In summary, the most striking change in the maturing 
reticulocyte as haemeglobin synthesis decreases is a 
decline in the quantity of polyribosomes per cell. This 
conclusion has been previously reached for cells maturing 
in vitro or in a peritoneal diffusion chamber. It has now 
been documented for cells of different age removed from 
the same animal at the same time. 

Since this account was prepared, a report has appeared 
by Glowacki and Millette (J. Mol. Biol., 11, 116; 1965) 


Table 1. PROTEIN SYNTHESIS BY FRACTIONS FROM YOUNG AND OLD 
RETICULOCYTES 
1 2 3 4 
Source of fractions: 
Ribosomes Old Young Young Old 
Supernatant Old Young Old Young 
Incorporation into protein: 
ppmol. leucine 155 486 342 172 
ppmol./10* cells * 166 639 450 135 
pumol./O.D.ss ribosomes 53 82 57 59 


* The calculation of wumol.10* cells involved the number of cells which 
provided the ribosomes for tha incubation, 

Blows (30 ml.) Bor > akys onana albino rrd (2:8 kg), treated with 
phenylhydrazine mg on onae ya, was through 
a tightly packed column of ‘Deponol’-treated nylon fibres (3 g) at room tem- 
— to remove ocyves (ref 13) and centri ,000g, 5 min). 

acked cells (2-5 ml.) were separated according to age by 

t divided into two parts 


centri tion (Fig. 1) and the 


and cell-free synthesis carried-out in a manner similar t 


utathione, 20; creatine phosp 
@, 


0:005; 18 other L-amino-acids. 2-1 wg total, in the ratio of Lingrel e¢ al, (ref, 
$ 04 ml.; and ribosomes, 0-05 ml. 
After 20 min at 37°, cold waser was added and the material insoluble in 5 


Table 2. PoLYSOMES "ROM YOUNG AND OLD RETICULOCYTES 
Per 10° cells 
Young Old Old, Young 

Whole cell synthetic rate wemol. leucine 

incorporated, 1-5 min 305 27°7 91% 
O.D.semy in polysomes 5-08 1-04 20% 
O.D.smy in single ribosomes 5-60 4:00 71% 
Polysome-bound leucine, prenl. 31:8 4+3 14% 
Specific activity of polysomes: paymol. 

leucine bound/O.D.200 my 6°25 4-14 66% 
Average release time, min * 0-156 0-233 149% 


* Average release time is the average time radioactive amino-acid is bound 
to polysomes before release into supernatant: (leucine in polysomes/total acid- 
insaluble leucine) x15 min. The data in this table were calculated from the 
data in Fig. 2. 
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describing experiments similar to some of those reported 
here. They also incubated intact rabbit reticulocytes, 
separated by age using density gradient centrifugation, 
with radioactive amino-acids and analysed the lysates on 
sucrose gradients. Despite several differences in tech- 
nique, both their results and ours indicate that the decline 
in protein synthesis with maturation is accompanied by, 
cell for cell, a decrease in total ribosomal material, a 
decrease in the fraction present as polyribosomes without 
a decrease in the apparent size of the aggregate, and some 
decrease in the specifie activity of the polyribosomes. 
From available data, the last mentioned could be due to 
either a decrease in activity of all polysomes or to a 
growing fraction of inactive polysomes. 

I thank Josephine Morris, Michael Johnson, Hilary 
Cheadle and Myrna Sproul for their assistance, and Dr. 
Paul Berg for advice. 
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NUCLEO-CYTOPLASMIC INTERACTIONS IN THE RAT LIVER CELL 


By E. R. GODWIN, Dr. K. R. REES, Dr. G. F. ROWLAND and J. S. VARCOE 
Department of Chemical Pathology, University College Hospital Medical School, London, W.C.| 


NE aspect of the investigation of nucleo-cytoplasmic 

interaction in the liver cell is the study of the intra- 
cellular movement of proteins. This requires the applica- 
tion of chase-labelling techniques to an in vitro system 
using a sufficiently large quantity of tissue to permit 
subcellular fractionation at the end of the experiment. 

Whole-liver cell preparations would be ideal for these 
experiments, but preparations that have been described 
have a low yield of cells and these often have impaired 
metabolie activity. A metabolically active liver cell 
preparation such as the slice has a disadvantage in that 
only a limited number of slices can be prepared from each 
liver. For these reasons it was decided to explore the 
‘tissue chop’ technique as a method of producing a large 
amount of a cellular preparation of liver. 

McIlwaine and Buddle’! designed a mechanical tissue 
chopper and showed that the respiration of tissue ‘chops’ 
of cerebral cortex was within 3 per cent of the respiration 
of ordinary hand-cut slices. They also demonstrated that 
such a chopper would produce tissue chops from small 
quantities of a whole range of tissues such as heart, 
liver, spleen and kidney. 

In the present investigation it was necessary to be able 
to handle quickly at least 7 g of liver and often more. A 
tissue chopper was made, based on that of McIlwaine and 
Buddle, modified, however, to take larger quantities of 
tissues by increasing the size of the chopping platform 
and the blade. For each experiment two male rats 
weighing 150 g were killed by cervical fracture and the 
livers rapidly removed into ice-cold Krebs-Ringer- 
phosphate, pH 7-3 (Umbreit, Burris and Stauffer*), 
containing 0-1 per cent glucose. The lobes were then care- 
fully trimmed to give slices of liver 2-5 mm. thick and 
chopped in two directions. The device was set to chop at 
intervals of 0-3 mm, thus producing minute columns of 
liver. The columns from 10 to 15 g liver were suspended 
in 30-50 ml. cold Krebs—Ringer-phosphate and allowed 
to sediment. The supernatant fluid containing broken 
cell debris was decanted and the chopped liver prepara- 
tions washed three more times with cold Krebs—Ringer- 
phosphate before being finally suspended in Krebs— 
Ringer-phosphate plus glucose (30 ml. per 6-8 g chopped 
liver) and transferred to 100 ml. conical flasks for incuba- 
tion. 10 ue. of “C-leucine was added to the flasks, which 
were then sealed with vaccine caps through which were 
passed syringe needles to allow for gas exchange. The 
chopped liver preparations were incubated for various 
times as required at 37° C under oxygen. After incubation 


the liver suspensions were cooled in crushed ice and washa 
by decantation and resuspension twice in a solution 
0-5 per cent w/v non-radiactive leucine in 0-25 M suerc 
and then twice in 0-25 M sucrose. The liver preparatio 
were finally resuspended in 0-25 M sucrose and the st 
pensions divided in two, One half was homogenized ing 
Potter—Elvehjem homogenizer for preparation of mit 
chondria, microsomes and cell sap as descrited W 
Schneider*. To the other half, calcium chloride was add 
to a final concentration of 5 mM and the suspensio 
homogenized in the hand-operated homogenizer for pre 
aration of nuclei as described previously by Rees ar 
Rowland?. 
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Fig. 1. Time-course of incorporation in vitro of 1-0 DL-lencine into pro- 


teins of subcellular fractions during incubation of chopped liver prepara- 
tion. Results are the means from three experiments 
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.2. Specific activities (SA) of sub-cellular fractions relative to specific 

ctivity of g nate during the ‘chase-labelling’ period of the experi- 

ts shown in Table 1. The rovia. are the means from four experi- 
men 


By incubating a suspension of chopped liver in a Krebs— 
_.inger-phosphate the time-course of *C leucine incorpora- 
on into the various subcellular fractions was examined. 
ig. 1 shows the result of such an experiment. It is of 
articular interest to note that whereas at 40 and 60 min 
me cell sap proteins are more highly labelled than nuclear 
roteins, at earlier times this is not the case. 
Several experiments of the ‘chase-labelling’ type were 
sarried out in the following manner. The chopped liver 
reparation was washed free of broken cells in Krebs- 
Minger-phosphate solution and divided into three 
soughly equal portions. The portions were all incubated 
.t 37°C with “C leucine for 10 min. At this stage one 
»ortion was cooled in crushed ice while 100-fold excess 
-f non-radioactive leucine was added to the other portions, 
which were allowed to continue incubating for a further 
0 and 20 min, respectively, before cooling in ice also. 
he cooled liver suspensions were washed free of isotope 
.nd broken cells as already described and then homo- 
®enized and fractionated to yield the various subcellular 
*omponents. Table 1 shows the results of a typical 
»xperiment carried out in this way. To correct for 
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variations in the degree of owerall labelling in the three 
portions the results have also been expressed as a ratio 
of the specifie activity of each subcellular fraction to 
the specific activity of tae homogenate from which they 
were isolated, and the means of the ratios from all the 
experiments are given ia Fig. 2. It may be seen from 
these results that there is an overall fall in the radio- 
activity of both the micresoma! and mitochondrial protein 
during the 20 min ‘chase’ period, and there is a consider- 
able rise in the radioactivity of cell sap protein during 
this time. The nuclear protein shows a considerable drop 
in radioactivity after the first 10 min of ‘chase-labelling’, 
but during the second half of the ‘chase’ period the radio- 
activity returns to its former level. 

Table 1. [INCORPORATION OF 1*0 DL-LEUCINE BY SUSPENSIONS OF CHOPPED 
LIVER FOLLOWED BY 100-FOLD EXCESS UNLABELLED LEUCINE IN ORDER 


TO FOLLOW MOVEMENT OF LABELLED PROTEIN FROM SITES OF PROTEIN 
SYNTHESIS WITHIN THE LIVER CELL 


Incubation time 
with '*C-leucine 10 min 10 min 10 min 
Incubation time 
with “C-leucine +0 min +10 min +20 min 
Total time 10 min 20 min 30 min 
Tissue fraction ¢.p.m at ¢.p.m, at ¢.p.m. at 
infinite thickness infinite thickness infinite thickness 
Homogenate 109 124 142 
Nuclei 105 85 140 
Mitochondria 77 57 45 
Microsomes 232 195 208 
Cell sap 68 112 188 


Results are those of a representative experiment of a group of 4 similar 
experiments. 


These findings are in agreement with those of Goldstein® 
and Prescott", whose autoradiographic investigations have 
shown similar movemerts of protein to and from the 
nucleus of Amoeba proteus. Goldstein has examined two 
types of nuclear proteins: proteins that migrate from the 
nucleus to the cytoplasm and those that do not migrate. 
He concluded that both types are synthesized in the 
cytoplasm, but his experiments do not entirely rule out 
the existence of a species of non-migratory proteins syn- 
thesized within the nucleus. There is at present no 
indication as to the funstion of these migratory proteins 
in the cell. 

One possible interpretation of these results is that there 
may be a movement of belled protein out of the nucleus 
into the cytoplasm duriag the early stages of incubation 
followed by a movement of protein in the reverse direc- 
tion—from cytoplasm irto the nucleus. 

This work was supported by a grant from the British 
Empire Cancer Campaign for Research. One of us 
(G. F. R.) is a Beit Memorial Research Fellow. 
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BIOLOGY OF THE CYTOPLASM 
By Dr. OLE A. SCHJEIDE, RUTH G. McCANDLESS and R. J. MUNN 


Laboratory of Nuclear Medicine and Radiation Biology, De 


Medicine, University of 


Cytoplasmic Nucleic Acids 


CCORDING to the scheme initially proposed by 
Gierer! and Noll et al.*, messenger RNAs leave the 
well nucleus to become individually associated with one 
or more ribosomes in the cytoplasm. Thereafter, the 
ribosomes assemble a specific protein by moving along the 
strand of messenger RNA, exposing by 3-base increments 
the codes for individual amino-acids which are linearly 
arranged thereon. 


rtment of Biophysics and Nuclear Medicine, School of 
alifornia, Los Angeles 


This concept has »eceived abundant experimental 
verification from the werk of Rich et al.* and others*, and 
is entirely convincing for certain systems. However, 
many investigators hav> held that the foregoing mechan- 
ism constitutes only a fragment of the total protein 
synthesizing machinery of most of the cells of higher 
animals®. 

Electron micrographs of rapidly metabolizing ¢ells 
offer a unique insight te this problem, and in the past we 
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have exploited the oocytes, follicular cells and developing 
organ systems of the chicken in this regard. In a recent 
communication® we reported the following observations 
which are pertinent to the question of how nuclear 
materials reach the cytoplasm and how they function 
therein. 

(a) Nucleolar nucleic acid is often present in the form 
of small vesicles (300-400 A diam.) possibly containing 
protein as well as nucleic acid. Considerable numbers of 
these vesicles are sometimes seen arrayed in double 
helical ‘stacks’ within the body of the nucleolus. The 
phenomenon may be peculiar to a given brief phase of 
activity or it may be that these bodies are commonly 
so dispersed but that fixation of nuclear materials proceeds 
too slowly to preserve the orientation in most cases. 


(6) Strings of such vesicles are often seen outside the 
nucleolus, in the karyoplasm, one end of the string usually 
being in intimate association with the nuclear membrane. 


(c) The vesicles closest to a nuclear ‘pore’ are observed 
to be markedly reduced in size. 


(d) It appears that such smaller vesicles (microvesicles) 
emerge from the site of a nuclear pore’ at the periphery 
of that pore—which is characterized by so-called ‘annular 
rods’. The ‘annular rods’ appear to radiate into both 
nucleus and cytoplasm. 


(e) It may be that the ‘rods’ consist of rows of very small 
vesicles which are continuously moving into the cytoplasm. 


(f) In any event, the microvesicles assemble in the 
cytoplasm to form larger oval bodies which resomble 
the ‘kinetosomes’ of Paramecium’. At the magnifications 
afforded by the electron microscope we were using at the 
time, these bodies (1000-1500 A smaller diam., up to 
4000 A larger diam.) appear to consist of a relatively 
dense membrane with regularly spaced outwardly pro- 
jocting bristles (200-250 A in length—200-250 A apart) 
and a centrally located dark streak. 

(g) Bristle-membraned bodies (‘kinetosomes’) were 
also seen to arise from the plasma membrane. We have 
so far not been able to distinguish these from those elabor- 
ated at the nuclear ‘pores’. In the literature such have 
often been referred to as pinocytosis—or absorption— 
vesicles. 


(h) Although we have found no way of distinguishing 
between the bristle-membraned bodies of difforing origin 
once they have entered the cytoplasm proper, some such 
bodies in the cytoplasm were observed to be in various 
stages of condensation into—or synthesis of—denser 
granules. The most advanced appeared to be in transition 
from vesicles to ribosome clusters. 


(i) Many of the bristle-membraned bodies were seen 
to be participating in the formation of yolk granules in 
the oocyte, and vesicles of various sizes were conspicuous 
among other developing cell organelles, with and without 
transformation into ribosomes or polyribosomes. 


Since we reported the foregoing findings, an electron 
microscope of higher resolution (Siemens 14) has been 
installed in our laboratory and we have examined numer- 
ous additional samples of these avian tissues with this 
more powerful instrument. Thinner sections (400 A) have 
been made with a diamond knife mounted on a Porter— 
Blum MT2 microtome. As was done previously, eggs 
and embryos were fixed by exposure to 1-2 per cent osmic 
acid (pH 7-8) for 2 h, were taken up through 50, 75, 95 
and 100 per cent ethyl alcohol steps to propylene oxide 
and were then embedded in ‘Epon 812’. Copper grids 
without support were used and staining with lead was 
carried out according to method B of Karnofsky’*. 

One of the more gratifying results of this new investiga- 
tion was the confirmation of something we had suspected 
earlier, namely, that the  bristle-membraned bodies 
(or ‘kinetosome-like’ bodies) are largely constituted of 
small vesicular units of between 150 and 250 A outside 
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Fig. 1. Multivesicular body within cytoplasm of 4 mm hen's egg sho 

outer sheet of vesicles with small internal granules (g), membrane ( 

between outer sheet and inner closely packed sheet of vesicles, ‘honey- 

comb’-like interior with separations composed of small granules or micro- 

vesicles and central streak consisting of either granules or microvesicles. 

A cluster of ribosomes appears to be associated with this body and may 
be derived from it. (x 56,000) 


Fig. 2. Multivesicular bodies from cytoplasm of 1:8 mm hen's egg 

showing relative sizes of vesicles in shells sepurated by dense membrane. 

Note that vesicles of internal — ao. —— very small granules (g). 
x * 


Fig. 3. Elongated multivesicular body (mvb) and ribosome cluster (re) 


from 6-mm egg. Note that ri mes are enmeshed in mass of less dense 


material and are about the same size as larger surface vesicles of multi- 
vesicular body (mvb). (x 120,000) 


Fig. 4. Multivesicular body (meb) with ‘tail’ which may be cond 

into ribosomes (top) and multivesicular body (mvb) sectioned 

surface sheet of vesicles (bottom). Note dense granules marking centres 
of vesicles, 6 mm egg (x 120,000) 


Fig. 5. Multivesicular body apparently buddine off from vesicle (v) 

carrying ‘mitochondrion-like’ organelle (mo) into 6 mm hen's egg. The 

plasma membrane (pm) appears to be homologous to the membrane of the 
multivesicular body (arrow). (x 80,000) 


diameter (Figs. 1 and 2). The ‘bristles’ then, seen ate 
lower resolution, have proved to be the sites at which the 
sides of adjacent microvesicles are pressed together. It 
is, however, not clear whether material in addition to that 
contained in the two membranes may be present at these 
junctions. 

The so-called limiting membrane of the multivesicular 
body lies between two layers of tightly packed vesicles. 
In Figs. 1 and 2 it can be seen that the internal layer is 
made up of somewhat smaller vesicles (about 150 A) 
as opposed to those of the external layer (about 200 A), 
Figs. 4 and 6 show a cut through the surface layer of one 
of these bodies and confirm the notion of the regular 
size and disposition of the microvesicles. Note the 
presence of small ‘granules’ in the microvesicles. In 
Figs. 1 and 2 it can be seen that the ‘granules’ are present 
inside the microvesicles of both surface layers. These 
specks are so small (about 40 A) that they do not fulfil the 
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"tial requirements for a nucleic acid molecule of any 
rectable size. At the most they can represent only a 
nucleotides and, indeed, they might consist of some 
gether different substance. The so-called ‘limiting 
nbrane’ of the multivesicular body stands out quite 
sinctly as can be seen in Figs. 1-4. This does not seem 
due to reinforcement due to the pressing together 
she sides of adjacent microvesicles since, as is seen in 
,. 5 (arrow), the ‘limiting membrane’ appears to be the 
| plasma membrane in those cases where the multi- 
icular bodies arise from the surface of the cell. The 
_ embrane’ affords a stronger contrast and appears thicker 
the vertical regions between the microvesicles and 
somewhat granular. It may be a major site of 
tleic acid concentration in these bodies. As we have 
nted out before’, these bodies display a considerable 
@atrast with the background following destaining with 
drogen peroxide—indicating the presence of a dense 
terial such as nucleic acid. They also stand out in 
arp contrast following application of periodic acid and 
ver methionine as do other nucleic acid-containing 
uctures. 

Figs. 1-3 the impression is obtained that microvesicles 
anized into somewhat larger wedge-shaped structures 
meycomb’ the interiors of the multivesicular bodies. 

_4e dense central streaks in these bodies sometimes appear 
be a collection of very small microvesicles (Fig. 6, 
vow). The relative thickness of their walls could account 
> the dense streak but they may also be condensed into 
senules. 
Conversion of some multivesicular bodies to individual 
nse objects morphologically indistinguishable from 
20somes and to clusters of ribosomes is strongly suggested 
w Figs. 7a, b, c and d, and 8. In Fig. 7a several ribo- 
mes are seen extending from a partially condensed, but 
one the less clearly recognizable, multivesicular body. 
e ‘stalks’ appear to consist of very small microvesicles, 
ag. 7b shows another such disposition of ribosomes but 
¿œ multivesicular body is itself beginning to display solid 
snse nodes. A cut through the surface layer of micro- 
esicles of another multivesicular body (Fig. 7c) shows 
wat many of the microvesicles seem to be filled in with 
dense material. Three nearly completed ribosome 
usters are seen in Fig. 7d. Note that the cluster at the 
per right still retains the orientation imposed by the 
Eiginal multivesicular body. In Fig. 8 it appears that 
atire ribosome clusters may arise from multivesicular 
wodies without disintegration of these bodies. It is 
ossible that multivesicular bodies even duplicate them- 
elves (body with the long ‘tail’ in Fig. 6) and these 
odies could in turn give rise to ribosomes and ribosome 
lusters. 
Still another piece of evidence for the conversion of 
multivesicular bodies—or at least cytoplasmic vesicles— 
ito ribosomes is the observation that cytoplasmic 











Fig. 7 a, b, c, d. This sequence suggests one mode of evolution of ribo- 
somes and 


ribosome clusters from multivesicular bodies. (= 46,000) 
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Fig. 8. The connexion betweea this ribosome cluster (re) and the multi- 


vesicular body (mvb) suggests hat one was derived from the other. It 

seems likely that a ‘tail’ of more or lese organized vesicles was elaborated 

as in Fig. 6 and that this tail taen condensed to give a ribosome cluster. 

Note vesicular nature of ribosames and vesicular mass in which they are 
enmeshed, (x 138,000) 


Fig. 9. Endoplasmic reticulum (er) forming around mitochondria (M) 
in liver of 6-day-old chicken embryo. Note apparent joining of ribosome- 
studded vesicles (V7). (x 25,000) 


Fig. 10. Ribosomes (r) apparently forming from vesiculated surface 
(arrow) of invaginated pocket of plasma membrane (V) carrying ‘mito- 
chondrion-like’ organelle into eytoplasm of 6 mm hen's egg. ( x 42,000) 


Fig. 11. A general darkening in a mitochondrial bud (mb) and the 

accumulation of vesicles (v) are associated with the maturation and in- 

crease in size of a mitochondmon somatic tissue of a 1-day-old chicken 
embryo. (= 26,000) 


vesicles in embryonic cells sometimes appear to fuse or 
elaborate into endoplasmic reticulum. This characteris- 
tically occurs at a more-or-less regular distance from a 
newly developed mitochondrion. Not only is the resulting 
endoplasmic reticulum s-udded with ribosomes but dense 
granules sometimes appear in the migrating vesicles prior 
to complete incorporation into the reticular system 
(Fig. 9). 

For a time we thought that multivesicular bodies arising 
from the plasma membrane, although thus far morpho- 
logically indistinguishatle from such bodies elaborated 
from the nuclear pores, might not display the apparent 
capacity for producing ribosomes!*. However, further 
investigations in the oocrte have revealed that the plasma 
membrane often is converted in localized regions into a 
layer (or layers) of microvesicles (Figs. 5 and 10). It is 
from these regions thet the multivesicular bodies of 
plasma membrane origir appear to be elaborated inward 
into the cytoplasm. As can be seen in Fig. 10, individual 
ribosomes are sometimes connected to the vesicular 
surface of the plasma membrane by thin, probably vesicu- 
lar, strands. Because of the similarity of this orientation 
to that observed in those multivesicular bodies undergoing 
the first stages of differentiation into ribosome clusters 
(Fig. 7a), we entertain the possibilities: (a) that they 
may be elaborated from materials within the plasma 
membrane or (b) synthesized under the direction of—or 
in association with—this vesicular membrane. 

We have no unequivecal proof that the multivesicular 
bodies specifically arising from the nuclear pores also 
give rise to ribosomes and ribosome clusters. However, 
incompletely developed ribosome clusters have been seen 
associated with nuclear forces. Moreover, in view of eur 
theory that nucleolar nucleic acid is exported from the 
nucleus to the cytoplasmzin this physical form and from the 
evidence presented by Edström?’ that nucleolar RNA has 
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a similar base ratio to ribosomal RNA, this seems likely. 
Also, the extreme similarity in morphology betweon 
multivesicular bodies arising from nucleus and plasma 
membrane suggests the existence of this degree of similar- 
ity of function. 

It is, to say the least, challenging to attempt correlation 
of the foregoing observations with recently proposed 
schemes for nucleic acid participation in protein synthesis 
by Gierer', Noll et al.* and Rich et al.*, in which the indi- 
vidual ribosomes are considered as single manufacturing 
units transcribing information for amino-acid sequence by 
movement from one end of an mRNA strand to the other. 
The nature of the evolution of the ribosome clusters in 
avian material suggests that the connexions from one 
ribosome to the other is derived from material originally 
present in the multivesicular precursor or at least from 
materials elaborated in situ. Although this connecting 
material may be mRNA already incorporated into the 
multivesicular body, the presence of as many as 20 ribo- 
somes in such a cluster, the apparent linking of many 
ribosomes in more than two directions (indeed, by a mass 
of material in some cases, Figs. 3 and 8) and the presence 
of a centrally located ribosome in the cluster as well as 
encapsulating membrane material in some cases (Figs. 
3 and 8), would seem to preclude the possibility of this 
unit acting in the manner proposed by the foregoing 
authors, namely, the simple movement of ribosomes in a 
single direction along a strand of mRNA. 

Perhaps the ribosome clusters as such are not actively 
participating in protein synthesis. We have seen many 
oxamples in which individual ribosomes are attached 
by the thinnest of threads to the main mass of a multi- 
vesicular body. These may detach from the main body 
and thus become available to associate with a strand of 
messenger RNA forming a ‘true’ polyribosome. Following 
an essentially similar principle the entire ribosome 
clusters might disintegrate, again releasing individual 
ribosomes. 

On the other hand, the ribosome—mRNA read-off— 
concept is difficult to apply to protein synthesis as it 
takes place in the plasma membrane, in growing mito- 
chondria (Fig. 11) and in endoplasmic reticulum. Few, 
if any, such classical orientations of ribosomes and mRNA 
can be seen in these structures although it might be 
assumed that the ribosomes on the outside surface of the 
endoplasmic reticulum are reading off a code from mRNA 
in, or applied to, the membrane. Nisman and Pelmont® 
have pointed out that careful analysis of several systems 
forces the conclusion that a complete de novo synthesis 
of protein does not occur in material lacking membrane 
or lipoprotein and that ribosomes are usually associated 
with such systems. Henshaw et al.'® have demonstrated 
that the major active unit for amino-acid incorporation in 
microsomal materials is, however, much larger than a 
ribosome cluster. In the livers of roosters that have re- 
ceived pharmacodynamic doses of oestrogens and are 
consequently synthesizing large amounts of phospho- 
proteins, we see relatively few ribosome clusters but 
many more ribosomes associated with a hypertrophied 
endoplasmic reticulum. 

The apparent participation of multivesicular bodies 
and smaller vesicular structures which may be derivatives 
of multivesicular bodies in formation of yolk granules, 
Golgi complex, mitochondria and plasma membrane® as 
well as cilia’, implies that guidance of protein incorporation 
into definite structure (and, probably, synthesis of protein) 
can be accomplished by some property of certain vesicular 
bodies and does not directly require the presence of 
ribosomes. Messenger RNA may already be present in 
multivesicular bodies or may associate with them in the 
cytoplasm and consequently may also be present in or 
about the structures into which the vesicles are incorpor- 
ated. In these circumstances, the mRNA may be 
transcribed by some process other than the movement of 
granular ribosomes. Beljanski et al." have demonstrated 


the presence of an RNA in Alcaligenes faecalis, wh | 
accepts amino-acids directly in a ratio of one amino-« 
per 6 nucleotides. Existence of DNA as well as RNA 
been demonstrated in plasma membrane’? mitochondr — 
and Æ. coli spheroplast membranes’. Labelling with 
actinomycin D has revealed the presence in the eytopl 

of developing frog's eggs of considerable amounts of D 
largely contributed from the surrounding follicular ce 
These findings, taken together with the foregoing obser” 
tions, lead to the conclusion that although a variety" 
protein-synthesizing mechanisms may obtain in the 
cell, multivesicular bodies, the ultimate origins of w 
would be expected to be nuclear, either that existing in 
present cell, one contained in a contributing cell, 
one which existed in a relatively close ancestor, may 
of paramount importance. By means of such bod 
elements necessary for protein synthesis, eae 
both, may possibly be sent, stored, duplicated, transcri 
into structure and, perhaps, often re-transcribed i 
such mobile units, according to the demands of % 
immediate environment. 







Balbiani Ring Particles in the Cytoplasm ? 


Ix the cytoplasms of oocytes which have attained 
size of about 1-5-2-0 mm but not in eggs larger than 4 m 
diameter, we have consistently observed the presence 
largish (about 300 A) particles. These occur singly ' 
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Fig. 12. The 300-A particles (p) seen in the cytoplasm (C) of this 2-mm 

egg appear to have jek ny from the nuclear pores (P) (see arrows for 2 

examples), but the particles usually observed in the centres of these pores 

ure always smaller (see tangential cuts through such pores in Insert), 

The size, appearance and apparent origin of the larger particles suggest 

that they may be Balbiani ring granules containing messenger RNA. 
r=ribosomes. N=nucleus, (x 50,000) 


Fig. 13. These two examples of 300-A particles apparently having just 

passed through the nuclear pores (arrows) indicate cither that the - 

ticles re-form from several smaller particles after entering the cyto ape 

or that they sometimes unravel in the cytoplasm. It will be noted that 

even in the condensed form they appear to consist of several dense sub- 

units. The insert shows the relative size of ribosomes, here arranged in a 
cluster, (x 50,000) 


Fig. 14. A presumed Balbiani ring granule (G) is depicted here, appa- 
rently in the process of entering an annular, or nuclear, pore. AM = 
nuclear membrane. CM=cytoplasmic membrane. (x 55,000) 


Fig. 15. Many such 300-A cles (enclosed in a matrix or membrane 

sheath, arrow) are seen in intercellular spaces (S) between follicular 

cells at the time of rapid synthesis of ‘mitochondrion-like’ organelles (mo) 
by these cells, (x 50,000) 
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nost part and appear to be slightly more dense in 
centres and along their peripheries (Figs. 12 and 13). 
ome cases they appear to be condensed into several 
ected sub-granules. Although detectable in the 
oplasm, they are present there in much less concen- 
ion than in the cytoplasm, a situation which may be 
‘to relatively poor fixation of the interior of the 
eus. In many cases (Figs. 12 and 13) they are so 
1ed with the nuclear pores that they give the impres- 
of having emerged from these. In Fig. 14 similarly 
d particles are observed on the nuclear side of the 
dear pores. Although it is possible (perhaps even 
‘bable) that they are essentially identical with the 
ules observed to be present in most of the apertures 
e pores (Fig. 12, insert), few instances have been seen 
which the granules in the pores are as large as the 
rage such particles in the cytoplasm. Perhaps, as is 
gested in Fig. 13 (arrows) an at least partial unravelling 
the granule occurs during passage through an annular 
res In morphological appearance, mode of dispersion 
size, these granules closely resemble the particles that 
ginate at the sites of the Balbiani puffs, or rings, on 
‘omosomes'?, Because of the site of their origin and 
» base ratios of the RNA assoeiated with the Balbiani 
ffs* the so-called Balbiani ring particles are thought to 
wist largely of messenger RNA. Thus, the observed 
‘ticles in the cytoplasm of oocytes of this stage may 
resent messenger RNA. 
f these particles are indeed Balbiani ring particles 
s may be the first observed instance of such bodies 
pearing in compact form in cytoplasm. Beermann and 
ver have shown them in the process of passing through 
nuclear ‘pores’ of giant cells in Diptera, but in this case 
‘ey appear to assume a more dispersed or thread-like 
“aro. immediately on entry into the cytoplasm". 
As mentioned earlier, we have seen these granules in 
_-© eytoplasm of the oocyte at only one stage of matura- 
on (1-5-4-0 mm egg size). It is possible that they are 
œ route to cytoplasmic or plasma membrane sites where 
ey can be incorporated for future utilization. On 
e other hand, they may be participating in some function 
vat is peculiar to, or being originated at, this stage of 
evelopment. A most conspicuous such process is the 
“rmation of ‘mitochondrion-like’ organelles’®. Although 
pese are synthesized at the surfaces of the follicular cells, 
is suspected that the ‘messages’ for such syntheses 
ginate in the oocyte. Their ultimate destinations are, 
«deed, the yolk granules of the developing egg. We have 
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long been puzzled by the oceasional presence of dense 
granules (about 300 A) enclosed in what appear to be 
envelopes of plasma membrane, in the intercellular spaces 

(Fig. 15). Is it possible that these granules are Balbiani 

ring particles carrying information to the surfaces of the 
follicular cells from the cocyte ? 

If this be so, a logical explanation is fortheoming for 
the occurrence of Balbiani ring granules in a condensed 
form (resistant to RNases) in the cytoplasm of the small 
oocyte. The condensed form of the messenger might 
provide an efficient ‘capsule’ for the transport of informa- 
tion through a region waere not only is it not required 
but where it might also be detrimental. Inherent in this 
concept is the principle that condensed mRNA is recog- 
nized by, or recognizes, the site where it is to unfold and 
carry out its function. 

This work was supported by contract AT (04-1) GEN -12 
between the U.S. Atome Energy Commission and the 
University of California. 
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BREAKDOWN RATE OF SERUM 7S y-GLOBULINS IN MICE 


By Dr. D. E. H. TEE, Dr. J. WATKINS and MILDRED WANG 
Department of Pathology, King’s College Hospital Medical School, Lordon, S.E.5 


“TE turnover rate of y-globulin has been determined 
_ in a number of animal species by means of radio- 
sotopically labelled protein. The rate of y-globulin 
atabolism can be influenced by several factors. An 
vestigation by Fahey et al.! on mice indicates that these 
actors include the metabolic rate of host, specific features 
f the protein molecule, the serum y-globulin level and, 
adireetly, the rate of synthesis of y-globulin. The pro- 
.uction of antibodies might also be expected to confer a 
different catabolic rate on the y-globulin fraction econ- 
ining the antibody. 
‘Preliminary work has shown that the antibody response 
) mice to hyperimmunization with homologous trans- 
antable tumours is confined to the 7S y-globulin frac- 
on?,. Ultracentrifuge investigations have revealed 
‘ppreciable increases in molecular heterogeneity of TS 











y-globulin samples isolated from mice immunized with 


homologous transplantable tumours, as compared with 
7S y-globulin samples from non-immunized mice of the 
same strain’, 

In view of the wide renge of electrophoretic mobilities 
of 75 y-globulin of mice and other species, it is difficult 
to believe that all the 7S y-globulin molecules arise from 
the same site or are broken down in an identical fashion. 
It is therefore of interest to know whether there are 
differences in the breakcown rates of normal and hyper- 
immune serum 7S y-gicbulins and whether fractions of 
these 7S y-globulins, with different mean electrophoretic 
mobility on starch gel, also show differences. 

Four series of experiments were carried out and details 
of strain and sex of the mice are tabulated in Table 1. 
Batches of about 50 normal mice of each strain were bled 
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Table 1. kE nean Karae 






Exp. Strain oea "dete “Woe of Jai Tami TP Slarch- el 
No.. E mice method- leise metho 
Normal mice 
1 Albino M 6 aer 456 +0937 4440-29 
2 Albino F 6 454016 4340-15 4:2+0-17 
3 129 3M, 3 F 6 44+ 0-29 oo 3-9 + 0-25 
Tnmimune mice 
4 4M,4F 8 5OL021 S64035 6140-23 


from the tail vein to provide normal sera. Immune serum 
was obtained from a batch of 50 mice 129 strain immunized 
with a transplantable mouse sarcoma BP8. The immun- 
izing tumour BPS was kindly supplied by Dr. J. R. 
Batchelor, of Guy’s Hospital Medical School, London, 
and this was maintained in this laboratory in strain 
C57BL mice. The mice received three subcutaneous 
injections over a period of about 3 months of the freshly 
homogenized tumour, collected from the C57BL mice. 
The sera of these mice showed considerable agglutinating 
activity against C57BL red cells at the end of this 
period. 

“US y-globulin was isolated from the normal and the 
immune sera by chromatography on Whatman DEAE- 
cellulose”. These preparations appeared to be free from 
other serum proteins as shown by starch gel-electro- 
phoresis, immunoelectrophoresis (using rabbit anti-mouse 
serum antiserum) and by sedimentation velocity analysis*. 
Autoradiography after immunoelectrophoresis of prepara- 
tions labelled with iodine-131 revealed some contamination 
with 8-globulin. However, only labelled y-globulin could 
be detected by this technique in serum taken from the 
mice 5 days after injection of the labelled y-globulin. 

The y- -globulin preparations (10 mg/ml.) were labelled 
with iodine-131 according to the method of McFarlane‘, 
without preoxidation, and diluted with isologous mouse 
serum to produce solutions with activities of 100-200 
pe./jml. 0-2-0-5 ml. of these solutions were injected 
intraperitoneally into normal mice of the isologous strain. 
Before and during the experiment, the mice were given 
drinking-water containing sodium iodide. The total 
amount of y-globulin, labelled and unlabelled, injected 
. into each mouse was of the order 2-10 mg. This additional 
y-globulin would not be expected to have any significant 
effect on the rate of y-globulin catabolism. 

Radiation counts were made using an annular sample 
arrangement with a 15-mm cylindrical sodium iodide 
. erystal and a Panax ‘Dekatron’ scaler type D 657. C. The 
total decay of the labelled protein was followed in three 
ways. These were: (a) total-body counts; (b) serum 
counts; (c) counts of the y-globulin fraction of the serum 
after separation by starch-gel electrophoresis. The latter 
is referred to as the starch-gel method in this article. 

For method (a) each mouse was lightly anaesthetized 
_ with ether and introduced into a Paxolin tube symmetric- 
ally situated between four integrated Geiger—Miiller 
probes. For methods (b) and (c) 0-2 ml. of blood was 
obtained from each mouse by bleeding from the tail vein® 
at suitable intervals of time. Serum from each mouse 
was. separated individually and 9-02 ml. volumes were 
diluted with 10 ml. normal saline for counting. Further 
0:02 ml. serum samples were electrophoresed on starch 
gel. . After electrophoresis the starch gel was sliced hori- 
zontally and both halves stained with amido black. 
Two fractions of the y-globulin zone were cut out from 
each half of the gel. One fraction, designated Sy, was cut 
out between the loading origin on the gel and the stained 
Sa, globulin band. The other fraction, designated Fy, 
was the remainder of the y-globulin up to, but excluding, 
the 8-globulin bands. Measurements showed that the 
radioactivity was almost exclusively confined to the stained 

y-globulin zene. Not more than 1 per cent of the overall 
activity was associated with the @-globulin bands and 
some of this was probably due to y- -globulin contamination. 
The gel fractions were each dissolved in 10 ml. N sodium 
hydroxide and counted. 
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Body-count method Serum method Starch-gel me 


Fig. 1. Biological half-life values of the serum 7S y-globulins of inaia e 
mice as determined by different methods. ©, Normal mice; ©, immu 
mice; —, mean values of half-life for normal mice: e, mean values E 

half-life for immune mice 


The radioactivity counts obtained by each method w 
corrected for normal isotopic decay. Activity measu 
ments were made 4 or 5 days after injection of the de 
and were continued for up to 22 days. Biological half) 
values were computed graphically for individual m — 
from plots of log,, radioactivity against time. These hoy 
life values were averaged and the standard error evalua” 
for each experiment and for each method (Table 1). T 
individual values are shown in Fig. 1. 

These experiments suggested that there was no differer 
in the rate of y-globulin turnover between the two sexs 
In order to verify this, 15 male and 15 female mice l 
strain 129 were injected with labelled normal y-globu _ 
and the rate of breakdown followed by the body-cou_ 
method. Average half-life values of 4-6 + 0-ll and 4+9: 
0-17 days were obtained respectively for male and feme 
mice. The difference between these values is not statist. 
ally significant. : 

The values calculated from body and serum cour 
were in close agreement with the starch-gel values. T 
starch-gel method provided three half-life values f- 
y-globulin, corresponding to the turnover rates of the tot: 
78 y-globulin (Ty), and Sy, and the Fy fractions. Table: 
shows the average half-life values obtained by the stare 
gel method. The difference in rate of turnover betwee 
the Sy and Fy globulin fractions of normal y-globulin we 
see i helis significant. 

In normal iodine-131-labelled y-globulin preparatiox 
the initial ratio of the radioactivity in the two fraction. 
expressed as Sy/Fy. was about 1-5-2. However, wit, 
labelled immune preparations, produced from two differe 
strains of mice immunized with different transplanta 
tumours, ratios of about 6-8 were observed. Simila 
relative increases in concentration of a slow electre 
phoretic fraction of the 8 -globulin have been observe. 
semi-quantitatively in the immune response of the mous 
to other antigens, and agglutinating antibody wes largel 
confined to this slow fraction®. The extremely low lev 
of radioactivity associated with the Fy fraction of th 
immune y-globulin preparation made it difficult experi 
mentally to obtain a value of the half-life of this fraction 
with any degree of accuracy. 




























Table 2. MEAN BIOLOGICAL HALF-LIFE VALUES OF NORMAL MOUSE SERU 
7S y-GLOBULIN FRACTIONS E 
Half-life (days) 
Total 7S y-globulin (Ty) 424012 
Slow fraction Sy) S640-14 
Fast fraction (Fy) 4640-16 





















»2007 October 16, 1965. 





immune y-globulin preparation had a longer half- 
normal mice than the sponding normal 
preparation. This difference was highly signifi- 
ly. This effect might have been produced 
of long-lived impurities in the immune 
ions which were absent in the normal preparation. 
Har consideration could, of course, apply to the 
id Fy fractions. There was no evidenc >, however, to 
te that the immune y-globulin was significantly less 
han the normal y-globulin. Since §-globulins had 
etected as minor impurities in both preparations 
wadiography, it was possible that the differences in 
lism rate might be correlated with small differences 
„level of this impurity. Mouse $-globulins were 
_ from serum using DEAE-‘Sephadex’ chromato- 
7, Preliminary experiments showed that the rate 
over of 8-globulin in the normal mouse was very 
to that of 78 y-globulin, indicating that 8-globulins 
e not responsible for any of the observed differences. 
was found necessary to use freshly isolated y-globulins 
1 fresh sera or sera stored at — 20° C for only a short 
e.: y-Globulin isolated from serum which had been 
1 at — 20° © for 18 months behaved normally 
starch-gel electrophoresis, immunoelectrophoresis and 
timentation velocity analysis. However, when labelled 
d re-introduced into mice, it was found to have a half- 
e of only two days. The fact that the decay of this 
lobulin was constant for some 20 days shows that this 
is not denatured protein in the usual sense. It seems 
obable that this y-globulin had undergone some degree 
imited aggregation. Such aggregation phenomena in 
Jed y-globulin preparations have been reported by 
her workers®:*, Limited aggregation of the molecules, 
wo or in vitro, may be responsible for the observed 
rences between the Sy and Fy fractions. 
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In summary, these studies indicate a mean biological 
half-life of about 4:2 days for normal mouse y-globulin. 
The turnover rate did not appear to be influenced by either 
the sex or the strain of <he mouse. The use of starch-gel 
electrophoresis for separating the labelled y-globulin has 
made it possible to examine the rates of turnover of two 
fractions of the y-globulia. These fractions, corresponding 
to molecules migrating with different mean mobilities when 
electrophoresed, had mean half-lives of 3-6 days (Sy) and 
4-6 days (Fy) respectively. The fractions are probably 
identical with those ideatified by Fahey on the basis of 
immunological differences and on their electrophoretic 
mobility on starch-gel. 

Immunization of 129strain mice with transplantable 
tumour type BP8 preduced hyperimmune y-globulin 
which had a longer half-l:fe than the corresponding normal 
y-globulin preparation when re-introduced into normal 
129-strain mice. The reasons for this are unknown, but 
it appears that this effect is not produced by long-lived 
impurities in the immune y-globulin preparation. The 
considerable increase in che radioactivity ratio, Sy/ Fy, of 
immune y-globulins as compared with normal y-globulins 
may indicate a specific response to immunization in some 
fraction of the 75 y-globulin and not in the 7S y-globulin 
as a whole. 
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LABELLING OF MOUSE THYMOCYTES IN VIVO WITH TRITIATED 
THYMIDINE FOR CELL TRANSFER EXPERIMENTS 


By Dr. KIRSTINE BORUM * 


National Bacteriological Laboratory, Stockholm, Sweden 


-N experiments designed for the tracing of tritiated 
_ thymidine-labelled donor thymocytes after injection 
recipient animal it is of importance that the donor 
ispension should have a high percentage of labelled 
In autoradiographic detection of transfused cells, 
nably high grain count per cell is also desirable. 

. single injection of tritiated thymidine 15—20 per 
nd 6-1 per cent? of mouse thymocytes are reported 

been labelled, and 7-17 per cent? of guinea-pig 
ocytes. 

itro culturing of thymocytes in a medium con- 
g tritiated thymidine has also been applied. With 
thod 9 per cent of rat thymocytes!, 6-8 per cent 
a 2 per cent’ of guinea-pig thymocytes, and 6-7 per 
ent of mouse thymocytes? were found to be labelled. 
_ Repeated injections of tritiated thymidine in vivo have 
vena higher yield of labelled cells in the thymus. 
tt et alf, in rats, obtained a proportion of labelled 
nocytes of 50 per cent after injections every 4 h for 
and Murray et al.’ report a proportion of 50 per cent 
ree. intraperitoneal injections. In young mice 
found a maximum count of 54 per cent after six 
s every fifth hour. 


















Tritiated thymidine (Schwarz) with a specific 


nt ddress:: Department of Rheumatology, University Hospital, 


activity of 3 ¢./mmole was diluted in nine volumes of 
sterile saline to a concertration of 0:1 me./ml., and 1 or 
2 uc. per g body-weight was injected intraperitoneally 
at 12 h intervals (Table 1). | 

From } to 34 h after the last thymidine injection the 
mice were killed in ether and the thymuses removed 
immediately. One half the organ was fixed in 4 per 
cent neutral buffered formol and embedded in paraffin. 
Histological sections were Feulgen stained and, after 
being thoroughly rinsed in distilled water, were coated 
with ‘NTB; (Kodak) photographic emulsion in the dark 
room. Autoradiographs were exposed at 4° C for five 
weeks and developed, fixed and rinsed in tap water for 
half an hour, and thereafter in distilled water. The other 


Table 1. LABELLING PERCENTAGE OF THYMUS CELLS AFTER INTRAPERI- 
TONEAL INJECTIONS OF TRITIATED THYMIDINE INTO CBA MALE MICE 
Age at No. of Killed, hours after 
Mouse ist inj., injee- Dose ist Last Labelling 
No. days tions HEIE inj. inj. percentage 
Bt 51 5 3} 30 2 45 
z al b 2 50 z 53 
3 51 6 l 634 34 46 
4 51 6 2 634 34 B4 
5 51 7 1 754 3h 6G 
6 51 7 2 75} 33 65 
Ti 11 & 2 842 ł 8S 
10-15 * 48 8 2 85. t 8&4 


* The thymus glands of mice Nos. 7-9 and 10-15 were pooled. 
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half of the thymus was made into a cell suspension. The 
organ was cut with fine scissors and gently pressed 
through a stainless-steel mesh into a small volume of 
Tyrode’s solution. For the preparation of smears one 
part of the cell suspension was mixed with an equal volume 
of normal mouse serum. A small drop of this mixture 
was placed on a glass slide which immediately before had 
been smeared with a solution of 20 per cent mouse serum 
in 0-25 M sucrose. As the sample of the cell suspension 
came into contact with the still moist area on the glass 
slide, it would spread evenly when the slide was tilted 
slowly. It is believed that this technique for making 
smears will cause little damage to fragile cells. After 
drying in cool air, the smears were fixed in absolute 
methanol for one hour and prepared for autoradiography 
as described above for the sections. After processing, 
rinsing and drying, the smears were stained through the 
‘NTB, film with Giemsa stain by the method of Gude 
et al.’ (Fig. 3). The percentage of labelled cells was 
determined by counting 1,000 cells. A density of four 
grains over a cell area corresponding to that of a small 
lymphocyte was considered as significant labelling. The 
labelling percentages will be seen in Table 1. 

The size of the thymus in the donor animal is also of 
some importance in the preparation of labelled thymocyte 
suspensions. To study the changes in size with age, 
male and female mice were killed at intervals from the 
day of birth to the age of one year and their thymuses 
weighed. In male CBA mice, the thymus reaches its 
greatest weight at the age from 20 to 30 days, in the 
females at the age from 25 to 35 days. The weight of the 
thymus in relation to body-weight as a function of age 


0 10 20 30 40 50 


60 
Days 2468 1012 
Months 


Fig. 1. Weight of thymus in relation to body-weight for male and female 

mice as a function of age. Each column E seng the mean of values 

from several animals with ages within the interval indicated: days 10-14 

from saven mice, days 15-19 from seven mice, days 20-24 from four mice, 

and days 25-29 from four mice. The single lines represent values for one 
or the average of two mice from the same day 
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Fig. 2. Autoradiograph of Feulgen-stained section of mouse thymus. 


The mouse was, at the age of seven weeks, given seven injections of- 
Virtually all © 


tritiated thymidine intraperitoneally at 12-h intervals. 
cells in the thymic cortex are labelled. (x 250) 
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Fig. 3. Autoradiograph of Giemsa-stained smear of a thymus cell sus- 

pension. From the eleventh to the fifteenth day of age the mice received 

eight intraperitoneal injections of tritiated thymidine. All cells except a 
small lymphocyte carry label. (x 1,000) 


is shown in Fig. 1. It appears that the relative siz 
reaches a maximum between 10 and 15 days of age ts 
male mice and between 15 and 20 days of age in female 
mice. As the highest labelling percentage in our study 
88 per cent, was also obtained at the age interval from 
11 to 15 days in the males, this age seems most favourable 
from the point of view of isotope economy in labelling 
the thymus with tritiated thymidine for the purpose o 
making cell suspensions. 

The high labelling percentage after several injectior 
of tritiated thymidine every twelfth hour is due to th: 
fact that virtually all cells in the thymic cortex carr; 
the label (Fig. 2). In the not so densely populated thymi 
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illa the labelled cells are scarce. From autoradio- 
phic studies of cellular kineties in mouse thymus?’ 
e is evidence showing that the population of lympho- 
es in the thymic cortex is renewed every fourth 
_ Therefore, for purposes of labelling it seems to be 
less to continue injections of tritiated thymidine for 
ger than four days because of the continuous loss 
abel from the thymus, probably due to emigration 
nall thymocytes. Augmenting the dose of tritiated 
1idine from 1 to 2 uc. per g body- weight appears 
give a higher labelling percentage. It is for the 
sstigator to decide whether the possible radiation 
nage from the higher dose will be acceptable in his 
rimental set-up. 

eluminary results from experiments where the donor 
mocyte suspension pooled from mice Nos, 7-9 was 
ected intraperitoneally into isologous mice showed 
t land 4 days after the injection labelled lymphocytes 


NATURE 


255 


were found in the spleen and lymph-nodes, and more 
diffuse labelling was noted in the liver. No labelling 
was detected in the thyraus. 

This study was supported by a grant from the Swedish 
Medical Research Counc, project F-0143—B—A. 
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EFFECT OF A PYRIMIDOPYRIMIDINE DERIVATIVE ON THROMBUS 


FORMATION IN THE RABBIT 
By Dr. P. R. EMMONS, M. J. G. HARRISON, Dr. A. J. HONOUR and Dr. J. R. A. MITCHELL 


Department of the Regius Professor of Medicine, Radcliffe Infirmary, Oxford 


ORN, Honour and Mitchell’ showed that the systemic 
J administration of adenosine and 2-chloradenosine 
podified the behaviour of platelet thrombi in injured 
—“teries in the rabbit. They suggested that if these sub- 
“ances proved to be free from toxic effects, they might 
> of value in the prevention and treatment of human 
_ascular thrombosis. Adenosine is a powerful vasodilator’, 
“ad produces a marked fall in arterial blood-pressure ; 
moreover, it is rapidly broken down in the body by 
gamination. 2-Chloradenosine is more resistant to 
-eamination’, but produced respiratory arrest in two of the 
abbits examined by Born, Honour and Mitchell!. When 

unag et al.’ reported that a pyrimidopyrimidine deriva- 
¿ve (RA8-‘Persantin’; Boehringer-Ingelheim, Ltd.) re- 
arded the rate of disappearance of exogenous adenosine 
om whole blood in vitro, it seemed possible that this 
mpound might be used to potentiate exogenous adeno- 
1e în vivo, and permit the anti-thrombotic effect observed 
orn, Honour and Mitchell' to be obtained with lower 
3. A detailed examination of the properties of the 
xound was therefore undertaken®. In concentrations 
4M, RAS was found to inhibit the platelet aggrega- 
oduced in vitro by adenosine diphosphate (ADP); 
genous adenosine had to be added to produce this 
: = Tt therefore seemed profitable to examine the 
flecks of RAS on thrombus formation im vivo, and this 
article reports the results of these observations. 

Grey chinchilla rabbits of either sex (29-46 kg) were 
sed, Eech rabbit was anaesthetized with urethane 
6-Oml. per kg of a 25 percent solution in 0-9 percent sodium 
chloride injected intraperitoneally) and a tracheotomy 
mbe was inserted. Arterial blood-pressure was recorded 
kymographically from a cannula in the femoral artery 
and intravenous injections were given through a polythene 
annule tied into the left external jugular vein, the catheter 
in perfused with normal saline at a rate of 0-1 ml./min 
setween injections. Blood samples for platelet clumping 
were. withdrawn from a polythene cannula passed down 
the left common carotid artery into the aorta. Between 
samples the cannula was occluded with a wire stilette, 
d- the samples were collected into all-glass syringes, 
bricated with silicone fluid (MS 550; Hopkin and Wil- 
jams). Platelet-rich citrated plasma was then prepared, 
and. its clumping activity was determined by the Born 























optical density method’, the details of the techniques 
used being set out fully elsewhere’. 

The right cerebral cortex was exposed and the vessels 
on its surface observed es deseribed by Honour and Ross 
Russell*. Two degrees of arterial injury? were used to 
assess the effects of RAB 

(a) Major injury. Ar artery was pinched firmly with 
needle-pointed ophthalmic forceps, causing bleeding 
and the formation of a haemostatic plug outside the vessel. 
Inside the vessel a steady succession of white platelet 
masses or ‘white bodies’ formed at the site of injury and 
embolized. By observing the size of the emboli and by 
timing their rate and duration of production, the activity 
of the site could be assessed. 

(b) Minor injury. Ar. artery was gripped gently with 
the forceps. This did net produce bleeding and no white 
bodies formed spontaneeusly. When solutions of ADP, 
adenosine triphosphate (ATP) or 5-hydroxytryptamine 
were applied to the external surface of the injury, platelet 
masses formed in the lumen and embolized for as long as 
the application was contmued. By applying the agents in 
a standard way (1 drop/see for 1 min) and by testing pro- 
gressively lower concentrations, the lowest concentration 
of each agent which prodaced white bodies was determined. 

(A) RAS given after major injury. Table 1 summarizes 
the results obtained in 7 rabbits which were given a single 
intravenous injection of RA8. In each case, @ major 
injury had been inflicted at least 30 min before the injec- 
tion, and the steady production of white bodies had been 


Table 1. EFFECT or INTRAVENO?S INJECTIONS OF RAR ON THE PRODUCTION 
AND EMBOLIZATION OF WEITE BODIES AT MAJOR INJURY SITES 


Interval 
from 
Rabbit F.A8 dose Effect injection Duration of effect 
to effect 
(mg) mg/kg) (min) 
T 40 103 White bods formation 1 Still present af 5 h 
stopped 
iy 10 30 ey i @ Present at 4h 
THE 10 27 ba a 2 Present at 3h 
Ad 19 24 i 3 Present at 3h 
5 p5 10 Present at3h 
vI i 03 Small, ‘fragraentary white 8 20 min, bat masses 
bodies fermed, which still abnormal at 4h 
washed sway as they 
develope. 
VIL 025 0-06 Small white bodies which 5 H min 


did not stack at bifurca- 
tions 








A8 was given, 1 hita: body. formation: ‘was completely 
abolished, and did not start again during a prolonged 
period of observation. In these rabbits, a qualitative 
change in the character of the white bodies was noted 
in the interval between the injection of RA8 and the 
cessation of activity: the masses became smaller, were 
pink, floceular and less well defined. They streamed 
away rapidly from the site and did not become impacted 
at bifurcations. These changes were similar to those ob- 
served by Born et al.t when adenosine and 2-chloradenosine 
were given. The lower doses (rabbits VI and VII) did not 
abolish white body production, but profoundly modified 
the activity of the site. The white bodies produced were 
very small, in comparison with those seen in the control 
period, and for a period of 20 min and 11 min respectively 
in these two rabbits, the platelet masses consisted merely 
of swirling fragments which did not stick at bifurcations. 

(B) Behaviour of major injuries inflicted after RAB 
injections. Major injuries were inflicted on two rabbits, 
and observed for 15 min, during which period a steady 
succession of dense white bodies formed and embolized. 
When these masses left the injury site they stuck at bifur- 
cations. Each rabbit was given 10 mg RA8 intravenously 
and in 2 and 3 min respectively tha initial injury sites were 
inactive. Major injuries were then inflicted at intervals 
after the RA8 injection, new arterial systems being used 
for each injury. Table 2 shows that the duration of white 
body formation at each new injury site increased with 
the passage of time after RA8 administration. The nature 
of the masses produced also showed a graded response 
with time: injuries inflicted immediately after RA8 could 
only produce a faint hazy mass, while at longer intervals 
after the injection the masses became larger, more per- 
sistent and more dense. None of the injuries produced 
an unusual amount of bleeding, and firm external haemo- 
static plugs formed on the outside of the injured vessels 
in the usual way. Even the injuries inflicted immediately 
after the RA8 had been given showed a normal haemostatic 
response, although these sites could only produce feeble, 
transient white bodies. Born et al.) found a similar dis- 
sociation between haemostasis and thrombosis when 
adenosine and 2-chloradenosine were given, and this 
holds out the hope that effective antithrombotic drugs 
may be found which do not prejudice haemostasis. The 
‘dissociation between external and internal platelet plug 
- formation may mean that the stimulus to platelet aggrega- 
tion in blood shed from a vessel is different from the 
mechanism which operates within the lumen, or that the 
mechanism is the same, but that the initial response of 
the injury site is so intense that it cannot be blocked by 
any of the agents so far tested. 

(C) Effect of RA8 on minor injuries. Table 3 shows the 
-effect of RAS, 10 mg given intravenously, on the lowest 
concentrations of the three clumping agents which were 
able to produce white bodies when they were applied 
to a minor injury site. Eighteen min after RA8 had been 
given, the response to 5HT had been abolished, while the 
end-point levels for ADP and ATP had only changed by 
a factor of two and four respectively. However, the 
character of the ADP and ATP response had been pro- 
foundly changed. Under control conditions, increasing the 
concentration of the locally applied substances above the 





Table 2. DURATION OF WHITE BODY FORMATION AT MAJOR ĮNJURIES 
INFLICTED AT VARIOUS INTERVALS AFTER A SINGLE INTRAVENOUS INJECTION 
or RAB 


Interval between RAS Duration of white 


Rabbit RAS dose injection and injury body formation 
(mig) (mg/kg) (min) (min) 
Vill 10 2-4 2 2 
15 4 
40 7 
RO 18 
IX 10 27 3 3 
7 10 
32 15 
60 35 
107 37 
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TP AND GHT WHICH WERE OA 
OF PRODUCING WHITE: BODIES AT A MINOR INJURY SITH 


Minimal oou concentration {agimi 


Substance Before 18 mi At 30-min inter- 5 h afte = 
RAB after RAS “vals after RAS RABS 
ADP 8 16 Not tested 8&8 
ATP 2 3 Not tested 2 
DHT = 


No effect from No effect from No effect 
250 250 250 


CONCENTRATION OF SHT WHICH WAS CAPABLE OF PRODUCING WHITE 
AT A MINOR INJURY SITE 


EAS dose Minimal effective concentration of 5HT (ug: 
(mg). (mg/kg) at specified intervals after RAB injectii 
0 0 0-5 
():25 0-09 +6 min 2-0 
0-5 0-17 +3 min 3-0 
1-0 0-34 +2min 64:0 


end-point produces progressively larger, denser and m: 
persistent bodies; after RA8 this graded response was | | 
and ADP and ATP at concentrations of up to 250 yg/ 
produced the same faint, transient masses which the e 
point concentrations evoked. 5h after the RA8 inject 
the site still did not respond to 5HT, 250 ug/ml., wher 
it had regained its responsiveness to ADP and A” 
the end-points having returned to their pre-RA8 lew 
and the normal gradation of response being restored. _ 

Table 4 shows that the effect of RA8 on the 5HT ser _ 
tivity of a minor injury site is closely related to the dosa 
used, 0-25 mg giving a four-fold decrease in sensitivi 
0-5 mg a sixteen-fold reduction and 1-0 mg reducing ito 
a factor of 1/128. In rabbit X (Table 3), which receiv . 
10 mg RA8, the change in SHT response persisted. 








1-75 rng, spread over 97 min, the SHT responsiveness w 
beginning to return some 60 min after tho last RB. 
injection. 

(D) Effect of local application of RA8. A major inju : 
was inflicted, and was observed to produce dense, adhere 
white bodies for 23 min. RA8, 500 ug/ml. in physiologie 
saline, was then applied to the externa: surface of “ 
injury at 1 ml./min for 5 min. As soon as the applicati - 
began, the white bodies became smaller (only growi 
half-way across the lumen before embolizing, where. 
they had previously been filling the whole lumen) a 
were less dense, appearing to wash away as rapidly- 
they were forming. Twenty-one min after the beginni 
of the application, the site became inactive and did n- 
regain its activity in a 200-min period of observatic. 
107 min after the application, the responsiveness of t 
site to ADP, ATP and 5HT was tested. ADP and a” 
both produced characteristic white bodies (end-poir, 
2 ug/ml. for each agent with a normal gradation of respon. 
to higher concentrations) while 32 ug/ml. of 5HT w 
needed for white body production. Higher concentratic 
of 5HT produced white bodies similar in size, density ar 
duration to those seen with the end-point concentratio’ 
A second major injury was then inflicted, and after it } 
produced white bodies for 15 min, RA8, 500 ug/ml., we 
applied as already described here. Once again, there we 
immediate reduction in the size of the white bodies, a 
20 min after the application, the site became inactive. 

A major injury was inflicted on another rabbit. Tr 
site produced huge, tenacious white masses for 26 mis 
RA8, 100 ug/ml. in saline, was then applied, and with 
I min the white mass present at the site began to bres 
up and wash away. Small, fragmentary white bodie 
continued to form, but 37 min after the start of i 
application the site became quiescent and remaing 
so for the remaining 2 h in which the preparation wä 
observed. : 

(E) Effect of RA8 on circulating platelets. The inhibitor 
effect of RA8 applied locally to injured arteries shows the 
the agent can act directly on the injury site, but in 
of the reduction of im vitro platelet clumping acti 
observed by Emmons ef. al. when RAS was added t 
platelet- rich plasma systems, we measured the clumpin 
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ty of rabbit platelet-rich plasma before and at 

ls after an injection of RAS. Two samples of 
ial blood were obtained, and RA8, 10 mg, was then 
intravenously. Further arterial blood samples 
btained 2, 10-19, 20-40 and 60-90 min after the 
ion. Platelet-rich citrated plasma was prepared, and 
umping response to ADP 1-5 ug/ml. was measured. 
each sample the maximum fall in optical density 
erved after the addition of ADP was expressed as a 
ntage of the fall in optical density produeed by high- 
| centrifugation. The mean percentage fall in optical 
ty for the two control samples was then taken as 
7, and the clumping activity at the various times after 
‘was expressed as a ratio of this control level. The 
-eontent of platelet-poor plasma was measured 
rofluorimetrically as described by Beisenherz et al.™. 

results are shown in Table 5. There was a marked 
uction in ADP-induced clumping 2 min after the 
mection of RA8; in the next sampling period this inhibi- 
on was less marked, and thereafter platelet-clumping 
__ tivity had returned to its control-level. 








ble 5. MEAN CLUMPING ACTIVITY WITH ADP 1-5 4G/ML. EXPRESSED AS 
-STIO OF CLUMPING ACTIVITY IN CONTROL PERIOD, AND MEAN PLASMA 
RAS LEVELS, IN 6 RABBITS GIVEN 10 MG RAS INTRAVENOUSLY 


Time (min) after Chimping Plasma RAS level 
RAB injection ratio (etfml.) 
2 76 3°05 
10-19 0-88 0-82 
20-39 0-99 0-48 
80-89 0-95 een 


mental actions, for it increases glucose consumption and 
reduces lactic acid formation in the hypoxic heart**. This 
finding may relate to the work of Frimmer et al.™*, who 
ghowed that RA8 was fixed by mitochondria and that it 


reduced the critical oxygen pressure in tissue culture 
studies. In ischaemic heart muscle, RAB increases the 


adenosine content; this increase results from decreased 
nosine breakdown, rather than increased formation’>. 
RAB might therefore interfere with white body formation 
in our injured arteries by allowing adenosine to accumulate 
at the injury site. However, topical and systemic RA8 
produce immediate inhibition, whereas there is a lag of 
some 30 min after systemic adenosine administration 
before an inhibitory effect is seen, while topical adenosine 
is inactive. It therefore seems probable that RA8 
‘interferes directly with the formation by the injury site 
of the white-body producing substance. Alternatively, 
it may affect the way in which the thrombus-forming 
<message is propagated through the growing platelet mass. 
After injury, the first layer of platelets to adhere to the 
ury site must be capable of transmitting information 
coming cells, and this process continues until the 
completely blocks the lumen. RA8 might be acting 
© circulating cells, and rendering them incapable of 
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propagating the injury message. The methods of studying 
platelets described here may not be capable of detecting 
this change. It would ke of interest to know whether a 
major injury site rendered inactive with RA8 is free from 
platelets, because the site is no longer producing the 
injury substance, or whether it is covered with a thin 
layer of platelets which are not propagating the injury 
message. We hope that 3lectron micrograph investigation 
will help to resolve this question. 

As RA8 exerts such e powerful anti-thrombotie effect 
in injured arteries, couldLit be of value in the management 
of human vascular thrcembotic disease? Mitchell’ has 
suggested that there are two alternative models of throm- 
bus formation. In the frst, hitherto normal circulating 
cells encounter an abnermal arterial segment. This is 
the situation in the injured rabbit cortical arteries which 
we have used to investigate RA8. In the second system, 
the circulating cells are already abnormal and are ready 
to adhere together; tke location of the thrombus is 
determined, not by a raessage from an abnormal vessel 
wall, but by critical fow situations which permit cell 
collision and adhesion. We do not know which of these 
model situations is relevant to human disease, but would 
point out that our studies on the efficacy of RA8 only 
pertain to thrombus formation in injured vessels, and we 
need further information on the action of RA8 in man. 

We have examined tae effect of intravenous and oral 
RAB on the behaviour of human blood platelets’, and 
have shown that spoxmtaneous platelet aggregation is 
reduced. Further examination of the clinical effects of 
RAS in thrombotic disease is clearly called for; unlike 
adenosine and 2-chloradsnosine, which would need detailed 
toxicity investigations before they could be used thera- 
peutically, there is already a substantial corpus of informa- 
tion available about RA8. It appears to be remarkably 
non-toxic for a drug with such varied and powerful 
actions. Kadatz'! showed that in mice the acute DD,» for 
intravenous RA8 was 1&) mg/kg, while for oral administra- 
tion it was 2,150 mg/kg. In long-term investigations, dogs 
were given 20 mg/kg/day, and rats received 100 mg/kg/day, 
without ill effect. We have used 600 mg/day by mouth 
in man® obtaining plasma RA8-levels of up to 5 pg/ml, 
(10 M) without ill effect. One undesirable property 
of RA8 might be its hypotensive effect; but in our anaes- 
thetized rabbits we did 20t observe a reduction in pressure 
of more than 30 mm mercury. This is in accordance with 
the experience of Kadatz and Beisenherz’”, who found 
a similar fall in blood pressure in dogs given 1-0 mg/kg 
(18-5 mm pressure rediiction) to those given 4-0 mg/kg 
(23-8 mm pressure fall). We would therefore suggest that, 
in addition to the coatribution made by RAS to the 
investigation of experimental thrombus formation, its 
lack of toxicity makes it a suitable material for clinical 
investigations in man. 
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STEADY STATE 
By Da. GORDON ALLEN 


National Institute of Mental Health, National Institutes of Health, Bethesda, Maryland 


N a steady state, a transient condition is maintained by 
continuous repetition. A complex system (for example, 
an organism) may be essentially in a steady state with 
respect to all major components, while minor components 
continue to change. A chemical mixture containing active 
reagents and continually replaced at a slow rate with 
freshly mixed solution approaches a steady state gradually. 
In such an ‘open’ system, systematic changes will pre- 
sumably become smaller and smaller until they reach the 
level of random molecular events. A late, small systematic 
change and even a single molecular event might. be detect- 
able if amplified in some way. 

Catalysis and especially autocatalysis seem to offer 
promise as amplifiers. In an open chemical system, a 
late-appearing minor product which inhibited or catalysed 
some early and major reaction might alter the number or 
proportions of the recognized components. Such a 
catalyst, interesting in itself, could be inferred from its 
effects on the system even if it was below the minimum 
concentration for direct assay. Thus, if one cannot 
deliberately use catalysis to detect late changes in an 
Open system, one may investigate late changes in the 
hope of detecting interesting examples of catalysis. 

With respect to molecular species having individually 
small probabilities of occurrence, the mixture would con- 
tinue to change indefinitely. The more probable molecules 
would appear early and frequently; the least probable 
molecules, only singly and at long intervals. One of these 
rare molecules, even if it were a powerful catalyst, could 
not exert enough effect on other reactions to be detected 
daring its lifetime. However, such a molecule might 
catalyse the formation of one of its own precursors. If in 
its lifetime the first molecule of catalyst increased the 
amount of precursor enough to make probable the for- 
merly improbable synthesis of catalyst molecules, an 
autocatalytic system would result. The precursor and all 
derivatives including the catalyst would tend to increase 
until side reactions or the reverse of the catalysed reaction 
imposed a new steady state. If the reactants in the 


catalysed step were sufficiently abundant, one or more of 


the derivatives could reach detectable levels so that the 
new mixture would be recognizably different from the 
original. 

This phenomenon, a late change due to the origin of a 
self-catalysing system, will be referred to as mutation in 
the common non-technical sense of the word and also in 
analogy with genetic mutations in organisms. Such a 
mutation can be defined operationally as a permanent 
change of composition in an established steady state such 
that the new composition can be induced in another 
similar mixture by a small inoculum from the original. 
It is not important whether the catalyst was present at 
very low concentration in the first steady state, or 
whether it appeared after an interval as a single, improb- 
able molecule; these conditions are interchangeable with 
changes in volume and molar content of the system. 

The general interest attached to homogeneous catalysis 
by organic molecules and particularly to simple self- 
reproducing systems'-> prompted the search described 
here. Despite negative results, it is reported as an 
investigation of evolution in a chemical system‘, distinct 


from the already frequent and successful investigations of 


processes which could initiate chemical evolution’. Since 
there would be little reason for others to repeat the 
negative experiments, the findings and methods will not 
be described in complete detail. It is appropriate, how- 
































ever, to report the number and diversity of experim 
and the analytical effort which will have to be improvw 
if the demonstration of mutations in chemical system 
to succeed. 

To maximize the number and rate of reactions and 1 
hkehhood of catalytic effects, it seems appropriate to 14 
highly reactive compounds at moderately elevated te 
peratures and in maximal concentration consistent w 
a homogeneous solution. An approximate steady st 
can be maintained by periodic renewal of part of 
mixture. Recognition of late changes which yielded n 
products would require only standardized analysis a.’ 
detection, not identification of components. One : 
more new spots appearing during chromatography afe 
a solution had apparently stabilized, or a sharp change 
relative intensity of certain spots, would direct attenti 
to possible catalysis by a late product. A mutation wor 
then be indicated if the old and new chromatograp 
results could be produced side-by-side in simultaneos 
analyses of two freshly-started solutions, one of whic 
had been ‘seeded’ with the old solution. Even if no chang 
had been detected in the original steady state, a repre 
ducible difference between seeded and unseeded solutior 
would demonstrate an effect of inoculation that migh 
represent catalysis. 

The experiments were conducted in 100-ml. samples * 
side-arm flasks half immersed in oil at 90° C. The flask 
were connected through reflux condensers to a slow} 
flowing stream of nitrogen under slight positive pressure _ 
Most. of the seeding tests were conducted in smale . 
samples in side-arm test-tubes with cold-finger condenser 
The basic reagents, formaldehyde and cyanide, wer 
selected as the most reactive one-carbon compound 
readily obtainable in a high state of purity. Ammonié 
allyl alcohol, diacetyl and pyruvic acid were added singl 
or in combination to some solutions, and in two solution. 
cyanide was omitted. Each of nine combinations we 
replicated in solutions buffered at pH 7 and pH 9 wit 
sodium, chloride and phosphate ions. Table 1 shows the 
main reagents in the eighteen experiments. = 

ixperiments 17 and 18 were initiated just two mont} 
before the end of the project, but the other experiment 
ran for between 14 and 20 months. The initial renewa. 
schedule was 10 per cent daily, and after 2-4 months the 
interval was lengthened to 20 per cent semi-weekly owm 
10 per cent weekly in different experiments. A number 
of the solutions were eventually modified by addition of 
minerals in catalytic quantities: MgSO,, CaCl,, CuSO,, 
FeSO,, MnCl,, ZnCl, KI, I,„ and reduced sulphur as 
cysteine. Continuous ultra-violet radiation? was sup- 
plied in experiments 17 and 18 and in the last four month 
of experiments 13-16 by means of pencil-shaped mercury” 
vapour lamps mounted in the side-arm stoppers and 
dipping under the surface of the solutions. 

Samples were analysed by evaporation to dryness under 
nitrogen at 40° C, and the initial distillate v was collected 

Table 1, MOLAR CONCENTRATIONS OF PRINCIPAL REAGENTS 


Odd-numbered solutions were DATEL at pH 9; even-numbered solutions - 
ae Pp 

Exp, (solutions) 

7 9 HH 


1 3 5 tt 1 15 17 

2 4 6 8 10 12 14 16 18 
Sodiumcyanide 01 01 03 03 03 63 n 3 QI 0 
Formaldehyde 0-1 Qi O38 0-3 0-3 }-3 3 1 (hl 
Ammonium 

hydroxide Di 0-3 0-3 03 0-3 1 OL | 

Allyl alcohol 01 OL OL % 
Diacetyl Qi Qi O-1 
Pyravie acid OL 0-1 l 
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r gas chromatographic analysis. The residue after dis- 
llation was extracted in turn with methyl acetate and 
"ethanol and was finally re-dissolved in water. The three 
esulting extracts were chromatographed in two dimen- 
ons on thin layers of silica gel. Three pairs of solvent 
uxtures were devised to give good separations of each 
Extract in the early experiments (Fig. 1), but for the more 
omplicated solutions these systems were supplemented 
‘ith one-dimensional chromatography in other solvents 
Wig. 2). The dry chromatograms were in most cases 
yrayed with alkaline KMnQ,, yellow spots on the pink 
sackground were marked to indicate their order of appear- 
mee, and the results were recorded as negative photo- 
wraphic prints before they began to fade. In most of the 
seeding tests, carbon-14-labelled formaldehyde and/or 
anide were used and autoradiograms were made, Some 
ial particularly in the seedmg tests, were 
xamined by means of more sensitive or more specific 
ation reagents or were viewed under ultra-violet light. 
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ical thin-layer chromatograms of solution 3 in the steady 
state. A, Methyl acetate extract; B, methanol extract; C, extracted 
residue. Each fraction was chromatographed with a different, appro- 
priate pair of solvents, but there is some duplication of separated com- 
pounds in successive chroma 


Fig. 1. 


NATURE aso 





Fig. 2. Methyl acetate extracts chromatographed in a water-free n brosna 


to separate compounds that coalesced near the front in the usual two- 

dimensional analysis (compaze with Fig. 1 A). Extracts of four pairs of 

solutions obtained in seedingtests of experiments 15, 16, 17, 18; the left 
member of -ach pair had been seeded 


Hydrogen cyanide im aqueous ammonia is known to 
produce a large variety of biologically interesting com- 
pounds spontaneously. Oro’ identified seven compounds 
inleuding adenine. At least 75 ninhydrin-reacting com- 
pounds have been distinguished after hydrolysis of the 
products and at least fi'ty compounds absorb or fluoresce 
in ultra-violet light*. The reactions of alkaline cyanide 
with formaldehyde also proceed rapidly and yield a 
variety of compounds’. In the experiments recorded 
here, cyanide and formaldehyde yielded 27 reproducible 
spots on chromatograms of the entirely non-overlapping 
aqueous and methyl acetate extracts when permanganate 
was the location reageat. Autoradiography revealed as 
many as 48, and many additional spots could be detected 
by fluorescence. Four strong spots were ninhydrin positive 
and many others revealed nitrogenous content by reacting 
with sodium hypochlorte or tertiary butyl hypochlorite. 
A few spots gave one or more positive tests for double 
bonds, phenols, esters and aldehydes. Gas—liquid 
chromatography of the formaldehyde-cyanide mixtures 
in a steady state revealed from three to five products; 
but the method woule not have detected highly polar 
compounds. 

Addition of other reagents resulted in more numerous 
products. Thus, gas chromatograms of solutions 15 
through 18 all had at least 19 indicated peaks in addition 
to those obtained with the reagent blanks (Fig. 3). 
Solutions containing diacetyl acquired a surface film and 
a variable amount o` brown turbidity or sediment. 
Changes in renewal schedule and addition of minerals 
had surprisingly little effect on most of the chromato- 
grams. Ultra-violet light had little effect in the turbid 
solutions, but changed solutions 13 and 14 rather exten- 
sively. In addition to the regularly appearing spots, 
others occurred in only a few analyses or „were poorly 
differentiated. Some which appeared late in the investi- 
gation could be attributed to improvements in technique 
or to changes in the experiments. While the less-reliable 
spots could not be takem as evidence of mutation in them- 
selves, they could be examined to advantage in the 
seeding tests, in which seeded and control solutions were 
analysed simultaneous y and compared in fine detail 
(Fig. 2). 

The reactions proceeded rapidly in all solutions, 
yielding yellow or red-brown colour in the first hour and 
going on to nearly black in many of the mixtures. Nearly 
all spots which appear on chromatograms could be found 
at 24 h, and after four days there were only minor changes. 
In experiments 1-8, control solutions were majrtained 
without renewal for several weeks; they yielded pro- 
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Fig. 3. Gas—liquid chromatogram of volatile fraction, solution 17. The 
two deflexions below the base-line correspond to increases in sensitivity 
‘by factors of 200 and 2, respectively. The second peak coincides with 
that. of one reagent, “allyl alcohol, Column used: ‘Castorwax’ on 
Chromosorb W° (HMDS) (Wilkens Instrument Co.), 2 meters 


gressively simpler chromatograms, and alkaline solutions 
1 and 5 lost colour. 

No good evidence of mutation was found. A few differ- 
-ences between seeded and contro! solutions were observed, 
but. .these were either not reproducible or could be 
attributed to late reaction products in the seeding solu- 
tions, detectable at the effective dilution of about 1: 20. 
The only observed late change in a stable mixture was 
seen in the physical characteristics of solution 1. After 
about five months this solution became relatively resistant 
to evaporation in the analytical procedure. This change 
did not coincide with any detectable change in the 
chromatograms; it was not perpetuated in seeding tests 
and disappeared from the flask within three weeks. 

„Failure to demonstrate mutations in these experiments 
-does not, of course, prove that mutations cannot occur. 

The variety of reagents and conditions was limited and 
detection of products was not exhaustive even at con- 
-centrations of more than 10'* molecules in 100 ml. How- 
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the total number of molecular species produced an 
opportunity to. catalyse ongoing. synthesis- 
their own precursors was probably many hundred. 
addition, contamination by micro-organisms must ha 
added innumerable compounds of known biologi 
activity. The reaction conditions were intentiona 
inimical to reproduction by whole organisms and wo 
have quickly degraded their enzymes, but some nativ 
compounds and many modified ones would have bee 
stable. If any of these contaminating compounds co 
have been produced in one or more of the solutions, th 
had an opportunity to catalyse their own synthesis € 
that of their precursors. 
It is possible that similar experiments with differe | 
reagents might yield detectable mutations; in that even% 
the required catalysis may depend on rather specie | 
reagents and conditions, and is not a frequent phenomeno | 
at low levels of molecular complexity. It is also possibl 
that some of the molecules occurring in these experiment 
did catalyse steps in their own synthesis, but that i 
efficiency of the catalysis or slow intervening steps pre 
vented detectable change. Several such mutations woule 
have to accumulate and provide a more or less complet: _ 
‘metabolic’ system! before any catalysts could reach con) 
centrations that would alter the major components. I. 
such a low level of efficiency is characteristic, mutation _ 
can be deteeted only in more prolonged experiments, bai 
more sensitive analytic techniques, or by the application” 
of quantitative and statistical methods. ae 
These experiments were initiated at the Geophysioas 
Laboratory, Carnegie Institution of Washington, under thy, 
sponsorship of Dr. P. H. Abelson. I thank Dan F. Bradley — 
of the National Institutes of Health, for his advice during 
a training period, and Frank Eisenberg, jan., Seymour Le 
Friess, Thomas C. Hoering, Patrick L. Parker and Hans 
Weil-Malherbe for further advice. 
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PLAQUE-FORMATION BY NON-IMMUNE AND X-IRRADIATED LYMPHOID 
CELLS ON MONOLAYERS OF MOUSE EMBRYO CELLS 


By GORAN MOLLER and ERNA MOLLER 


Department of Tumcur Biology, Karolinska Institutet Medical School, Stockholm 


HE demonstration that immune lymphoid cells 

are capable of killing histo-incompatible target cells 
in vitro has greatly facilitated the examination of the 
mechanism of cellular immunity in tissue transplanta- 
tion!*, Various characteristics of the cytotoxic effect 
of humoral antibodies and sensitized cells on different 
targets: appear to justify the conclusion that they act by 
< different mechanisms. Thus, cytotoxicity caused by cellu- 
lar immunity does not require the participation of com- 
plement in contrast to the action of humoral isoantibodies. 
Furthermore, target cell death was detected after 24—48 
h, subsequent to treatment with immune lymphoid 
cells, whereas humoral antibodies killed within 1 h in the 
presence of complement?. As a matter of fact, an antagon- 
istic relationship exists between cellular and humoral 
immunity in tissue culture and in vivo as well**: pre- 
treatment of neoplastic target cells with humoral iso- 


T e antibodies inhibited the cytotoxic effect of immune 


lymphoid cells partly or completely, presumably by com- 
petition for the same antigenic determinants. 

A fundamental difference was revealed betwee 
eellular and humoral immunity by the finding tha i 
target cell death subsequent to treatment with immune 
lymphoid cells could be ascribed to close contact with the 
foreign histocompatibility antigens carried by the lym- 
phoid cells?. It could be shown that normal allogenic 
lymphoid cells were as efficient in killing target tumour 
cells in vitro as immune cells, provided that they were 
aggregated to the targets by phytohaemagglutinin. : 
heterologous antibodies; aggregation of isogenic lym- 
phoid cells had no detectable effect. The cytotoxic 
action of non-immune lymphoid cells was not caused 
by the induction of a primary immune response in vitro 
since semi-isogenie F, hybrid lymphoid cells killed the 
parental target cells efficiently, although they were genet- 
ically incompetent to respond immunologically’. The 
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ults suggested that immune lymphoid cells were 


uipped with a specific receptor making them capable of 
ecoming attached to the target cells; target cell death 
vas not due to an immunological reaction, however, but 
_ »ppeared to be related to a non-immunological recognition 
rocess of antigenic and/or structural incompatibility, 
= bading to cell death by so far unknown reactions. This 

»yhenomenon has been termed antigenic recognition. 

In the work recorded here a plaque-technique was used 
>o evaluate the effect of normal lymphoid cells aggregated 
so monolayers of embryonic target cells. Particular 
nterest has been focused on the importance of genetic 
ljisparity between the non-immune lymphoid cells and the 
smbryonic targets. 

Monolayers of mouse embryo cells were prepared by 
seating fragments of embryos (14-19 days old) with 
)-25 per cent trypsin for 1 h at room temperature. The 
cells were washed and suspended in lactalbumin in 
arle’s solution supplemented with 10 per cent foetal 
alf serum. 107 Trypan blue unstained cells were added 
each 10 cm diameter Petri dish and 3 x 10° cells to each 
ish with 5 em diameter. After 24-48 h inoculation the 
medium was replaced with Parker’s Medium 199 supple- 

mented with 10 per cent calf serum and containing phyto- 
haemagglutinin diluted 1/50-1/100. One hour later 0-1 
ml. of a lymphoid cell suspension containing 5-10 x 10° 
cells was carefully dropped on to a limited area of the 
monolayer culture. The lymphoid cells usually occupied 
an area with a diameter of 1-2 cm, but did not spread 
further and became firmly fixed to the monolayer culture 
due to the presence of phytohaemagglutinin. Each Petri 
dish received lymphoid cells at 3-4 different spots, one 
suspension always containing isogeneie cells. 

In some experiments the lymphoid cells were irradiated 
with 1,500 r. 1-2 h prior to the addition on to the mono- 
layers. Irradiation was carried out with cell suspensions 
in Petri dishes. The dose of irradiation was sufficient to 
prevent the division of the lymphoid cells completely 
as shown by their failure to incorporate thymidine 
labelled with carbon-14 subsequent to stimulation with 
phytohaemagglutinin. In contrast a marked stimulation 
of isotope incorporation was observed with non-irradiated 
cells after 24 h. 

The effect of aggregation of non-immune lymphoid 
cells on embryonic target cells was evaluated by the 
appearance of plaques in the monolayer culture at the 
site of lymphoid cell introduction (Fig. 1). An analogous 
technique has been described by Granger and Weiser* 
for the detection of cytotoxic effects mediated by immune 
macrophages on monolayer cultures of neoplastic cells. 
In our system the plaques were seen macroscopically as a 
clear circular area in the monolayer (Fig. 1). Microscopic- 
ally the plaques were found to contain a few scattered 
embryo cells, usually surrounded by aggregated lymphoid 
cells (Fig. 2). In cases where no plaques developed the 
monolayer cells were intact and surrounded by dense 
aggregates of lymphoid cells. 

The addition of allogenic or semi-isologous F, hybrid 
spleen or lymph node cells on to monolayers of parental 
embryo cells in several different strain combinations led 
to the appearance of plaques, whereas isogenic lymphoid 
cells had no detectable effect (Table 1, Exps. 1-7). The 
plaques appeared at the same time in each experiment, 
but the time needed for detectable plaque formation varied 
between 1 and 6 days in different experiments. In the 
majority of the experiments the cultures were observed 
for 4-7 days after the first appearance of the plaques, 
but no further plaques were found to appear. It cannot 
be stated with certainty that plaque formation was caused 
by target cell death, but the results are in agreement 
with the earlier findings, demonstrating that both F, 
and allogenie cells were capable of killing parental 
neoplastic target cells in vitro. The previous investigations 
led to the conclusion that close contact with foreign 
histocompatibility antigens resulted in the target cell 
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death. It was of considerable interest, therefore, to study 
the effect of parental l=mphoid cells on F, hybrid targets, 
since the parental lymphoid cells are not expected to 
contain any antigens fereign to the target cells. 
Non-immune parental lymph node or spleen cells were 
found to be fully competent to induce the appearance of 
plaques in the majority of cases studied (Table 1, Exps. 
8-13). Thus, parental lymphoid cells behaved as allo- 
genic cells in this respect. However, exceptional results 
were obtained with some parental lymphoid cells. Thus, 
CBA, C3H and DBA/2 cells failed to induce plaques 
on hybrids with strair A as the other partner, although 
both non-immune A parental lymphoid cells and allo- 
genic cells were efficient. It is not possible by the tech- 
nique to differentiate »etween a complete non-reactivity 
and a decreased efficiercy of the lymphoid cells. However, 
recent findings’ obtained with a quantitative test system 
described previously*?* showed that non-immune parental 
lymphoid cells of the genotypes mentioned killed effi- 
ciently semi-isogenic F, hybrid targets. It seems possible, 
therefore, that the present results are due to quantitative 
factors. The failure of CBA, C3H and DBA cells to affect 
the hybrid targets was not limited to hybrids with strain A 
as the other partner, bat was also with (A.SW x CBA)F, 
hybrids and with allogenic (5M) target cells. A discrepancy 
between the effect of two parental cells on hybrid targets 
was also noticed in one experiment with A and C57BL 





1 
Fig. 1. Macroscopic appearance of plaques on (A x COTBL)F, mouse 
embryo cells. At the indicated sites were added (A x C57BL)F, (1), 
A (2) and A.CA (3) -X-irradiated (1,500 r.) lymphoid cells 





Fig. 2. Microscopic appearance of plaques on (A x C57BL)F, mouse 

embryo cells subsequent tc additicn of irradiated A lymphoid cells. The 

destroyed monolayer is sees in the upper part of the figure, whereas the 
unin terrupted monolayer is seen in the lower part 
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cells on F, embryo cells: only the A lymphoid cells induced 
plaques. However, in another experiment the C57BL 
cells were efficient, again emphasizing the importance of 
quantitative factors in the formation of plaques. 

The findings that parental lymphoid cells are capable 
of killing hybrid targets as a rule require a modification 
of the concept that in vitro cytotoxicity is caused by target 
cell contact with foreign histocompatibility antigens, 
since the parental lymphoid cells do not contain any 
foreign isoantigens. The experimental findings might be 
explained by two alternative possibilities: (1) Target 
cell death is the consequence of close contact with a 
structurally different but antigenetically not necessarily 
incompatible cell surface. Although the parental lymphoid 
cells do not contain isoantigens foreign to the hybrid 
targets, the cell surface structures are necessarily different. 
(2) The lymphoid cells are killed primarily by the contact 
with the foreign antigens on the target cells and their 
death affects the viability of the target cells secondarily. 
The correct alternative is not yet known. 

Since F, lymphoid cells are efficient against parental 
embryonic target cells the possibility that plaque-forma- 
tion can be ascribed to a primary immune response is 
unlikely. However, in the experiment with allogenic 
and parental lymphoid cells the necessary requirements 
for an immune response are present. Although the tissue 
culture conditions and the speed of the reaction make 
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this possibility less likely, experiments were perfo 

to examine the effect of heavily irradiated lymphoi 
cells on the monolayer cultures. The cells were giv 
1,500 r. which completely inhibited the phytohaem 
agglutinin-induced stimulation of DNA synthesis. It w 
found that X-irradiation did not detectably inhibit t 
ability of hybrid lymphoid cells to cause plaques o 
parental embryo cells (Table 1, Exps. 5 and 7). Neith 
did X-irradiation affect the plaque-forming efficiency c 
allogenic and parental lymphoid cells (Table 1, Ex 
5, 7, 10). Thus, lymphoid cell division is not a nece 
prerequisite for the effect. 

A few experiments were performed to study the ability 
of erythrocytes to induce plaques on monolayer cult 
Addition of allogenic or parental erythrocytes on 
embryonie targets did not result in plaques, whereas th 
same number of lymphoid cells were efficient in the sa 
Petri dishes (Table 1, Exps. 1 and 4). Since red cells ara 
known to contain considerably fewer H-2 isoantigenic 
determinants than lymphoid cells* it cannot be excludec 
that quantitative factors regarding antigenicity were 
responsible for the discrepancy. 

The results reported substantiate the earlier conclusio 
that a non-immunological recognition process is initiated 
by the close contact between antigenically and/or strue- 
turally incompatible lymphoid cells and target neoplastic 
and embryonic cells, which results in damage or deaths 










Table 1, PLAQUE-FORMATION BY NON-IMMUNE AND IRRADIATED LYMPHOID CELLS AND ERYTHROCYTES ON MONOLAYER CULTURES OF MOUSE EMBRYO CELLS 


























Added cells 
Exp. Target 
No. genotype Genotype Type 
l A.S A. SW lgt (1) 
C57BL lal (1) 
ASW Red cells 
Ch7BL Red cells 
2 A lgl 
ASW lyt 
3 5M lgt 
(Ax C5TBL)F, lgl 
(A x C57L)F, lal 
DBA lal 
| C34 lgl 
4 A.SW ASW lgl 
ACA lgl 
| A lal 
ASW Spleen 
ACA Spleen 
A Spleen 
ASW Red cells 
A.CA Red cells 
A Red cells 
5 | ASW ASW lgl 
| ACA Iql 
(A.SW x ACA)PF, lal 
6 C3H C3H lal 
CBA Igl 
A lgl 
5M lal 
(A x C3H)F, lal 
7 A A lgl 
| ChTBL lal 
(Ax A.CA)F lgl 
| (A x C5TBL)F, jal 
8 (A x COTBL)F, (A x C5TBL)F, lgl 
A lgl 
C5TBL lgl 
ASW lal 
9 (4 x C5TBL)F, (A x C5TBL)F, igi 
g 
| A.CA lgl 
| (A= C5FBL)F, Spleen 
| A Spleen 
A.CA Spleen 
10 (AxCS7BL)F, | (AxCS7BL)P, lgl 
| A lol 
C57BL lg? 
| ACA igi 
11 (A x DBA)F, (A x DBA)F, | lgl 
| A lgl 
DBA lgl 
A.SW lgl 
12 (A x CBA)F, (4 xCBA)P, lol 
g 
| CRA lyt 
| | A.SW lgl 
13 (CBA x A,SW)F, | (CBA x ASW)F, lgl 
CRA lgt 
| ASW Igl 
A lgl 
5M | lgt 


| 





lgl =lymph node cells. 
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the target cells. Lymphoid cell division is not involved 
the process. It appears likely that the target cells are 
led as a consequence of contact with incompatible 
tigens or surface structures carried by the normal 
nphoid cells and not by immunological reactions of 
nventional types. According to this concept cellular 
munity might be the expression of a more general 
logical phenomenon, which may function as a cell-to- 
ll homoeostatic mechanism tending toeliminate cells with 
sered cell surface structures and which may be, there- 
re, important as a control mechanism against neoplasia 
id other aberrations of cell differentiation. 
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AEASUREMENT OF UNSTEADY STATE GROWTH RATES ‘DF MICRO-ORGANISMS 
By Pror. R. I. MATELES, D. Y. RYU and T. YASUDA ~ 


Department of Nutrition and Food Science, Massachusetts Institute of Technology 


HE measurement of growth rates of micro-organisms 
by determining the rate of change of the concentra- 
mion of a cellular component such as protein, DNA, or 
= NA is well established?, as is the use of dry weight or 
ptical density measurements on the growing culture to 
pproximate the dry weight?. Most frequently these 
echniques are applied during the phase of growth known 
4s ‘log phase’, and the growth rate is determined simply 
»y plotting the logarithm of the optical density (or dry 
veight, protem concentration, etc.) versus time. Because 
he growth rate remains constant for at least several 
yenerations under most conditions of culture, the accuracy 
3f the estimation is increased by plotting a number of 
gooints and determining the best straight line, the slope of 
which 1s used to calculate the growth rate. 

For studies of growth rates under conditions where the 
growth rate 1s changing with time, these techniques are 
unsatisfactory because a ‘best straight line’ does not exist, 
and estimation of the slope of a curved line is not reliable. 
We have found that a technique combining continuous 
culture with continuous indirect measurement of the cell 
mass concentration permits accurate estimation of 
unsteady-state growth rates. 

The method is based on the principle of measuring 
continuously the concentration of a single nitrogen source 
in the medium on which a micro-organism is grown in 
continuous culture. Typically, the nitrogen source is an 
ammonium salt, although the use of an amino-acid or 
other nitrogen source would be equally satisfactory, 
provided that an assay exists suitable for use with a 
continuous analyser such as the Technicon ‘AutoAnalyzer’. 

By writing material balances on the growth vessel, the 
following equations are obtained?: 


a, = uNe — DNe 


dN 

a = DN,— DN — uNe (2) 
where N represents the concentration of source nitrogen 
in the growth vessel, Ne represents the concentration of 
cellular nitrogen in the growth vessel, N, represents the 
concentration of source nitrogen in the incoming medium, 
u represents the specific growth or nitrogen assimilation 
rate, D represents the dilution rate or the ratio of medium 
flow rate to medium volume contained in the growth 
vessel, and ¢ represents time. In the absence of excretion 
of nitrogen compounds and significant changes in intra- 
cellular amino-acid pools, the nitrogen assimilation rate 
will correspond to the growth rate‘. 

The growth rate determined in this manner would 
correspond to a growth rate measured by following the 
increase in Kjeldahl nitrogen incorporated by the cells. 
For the case in which the nitrogen source is made the 
growth-rate-limiting nutrient, the following equation’ 
also applies. 


(1) 


and: 


Umax 
b= aN (3) 
in which u max represenss the maximum growth rate of the 
cells in the presence of an excess of limiting nutrient, and 
Kss a constant. For nutrient-limmuited conditions in a 
continuous culture, the concentration of limiting nutrient 
in the culture vessel az steady-state is independent of its 
concentration in the incoming medium. 
When N, is held constant, equation (2) can be rearranged 
to yield the growth rata in terms of the other variables: 


dN 


Thus, in order to calculate the instantaneous growth rate, 
one need only determine from the recorder-chart the value 
of N at some time ?, estimate the value of dN /dt by numeri- 
cal methods, and knowing D and N., calculate the growth 
rate, m. 

The sensitivity of this technique resides in the fact 
that changes in N are easier to observe and measure 
accurately than changes in Ne, as may be seen from 
Table 1. 

As Table 1 shows, during the first minute after the 
change in growth rata, the concentration of ammonium 
nitrogen in the medium more than doubles while the cell 
nitrogen concentration falls by less than 2 per cent. The 
change in ammonia concentration is readily measurable 
with a Technicon. ‘AutoAnalyzer’, while it would require 
unusually precise meesurements to detect a difference in 
cell dry weight or opt-cal density of 2 per cent. 

We have applied this method to the problem of determ- 
ining the behaviour of a microbial culture during a ‘shift 
up’. In this case the shift up was obtained by increasing 
the dilution rate of the culture, rather than by shifting to 
a richer medium capable of supporting faster growth. 
The organism used was Escherichia coli B, growing at 
37° C in a well-stirred growth vessel holding 200 ml. 
of M-63 medium® contaiming glycerol as a carbon source 
and ammonium sulphate (63 mg of ammonium nitrogen/1.) 
as a nitrogen source. The medium was fed from a reser- 
voir by a ‘Sigmamotor’ pump. A sample of broth and 
cells from the growth vessel was taken continuously by a 
Technicon ‘AutoAnalyzer’, and the concentration of dis- 
solved ammonia was determined using an alkaline phenol- 
hypochlorite technique’. Glucose in the medium inter- 
fered with this assay and therefore glycerol was used as 
carbon source. 


Table 1. CHANGES IN THE CONCENTRATION OF CELLULAR NITROGEN (Ne) 
AND MEDIUM NITROGEN (NY IN A CONTINUOUS CULTURE AFTER THE MICRO- 
ORGANISM’S GROWTH RATE SUDDENLY FALLS TO ZERO 


Time (min) N (mg/l) Ne (mgjl.) 
0 1 99 
1 2°6 97-4 
2 4-2 95°38 
3 58 94°2 


Calculations made for a continuous culture with. D=1-0 h-t; N,=100 mg/l. 
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Fig. 1. Results of an unsteady-state experiment ın which ammonium 
nitrogen was the limiting nutrient 


B, = 0-410 ho! 
D, = 0-830 h—! 


Actual Curve 





0 10 20 30 40 50 
Time (min) 


fig. 2. Evidence that the jump in growth rate (see Fig. 1) is not an 
artefact. NV; represents the steady-state concentration of ammonium 
nitrogen in the growth vessel prior to the increase in dilution rate 


Prior to the unsteady-state growth rate measurements, 
a steady state was maintained for at least 15 h. Then an 
increase in dilution rate was made, the concentration of 
ammonium nitrogen determined as a fanction of time 
after the step change in dilution rate, and the instantane- 
ous growth rate calculated from data obtained from the 
plot of N versus time. The calculations were carried out 
on an IBM 7094 digital computer because they involved 
the manipulation of considerable data. 

The results of a typical run are shown in Fig. 1, for 
which D, = 0:41 h~ and D, = 0-83 h-!. It appears that 
the growth rate rose about 0-2 h~t immediately after the 
dilution rate change and then slowly rose further, over- 
shooting a new steady-state growth rate, and then settling 
back into a steady state. That the instantaneous rise is 
real, and not an artefact introduced through numerical 
differentiation, is shown in Fig. 2, in which In(N, — N i/ 
NV, — N) versus time is plotted. The slope of the curve is 
equal to D — u (ref. 8). The solid line indicates -the 
results that would be obtained if the growth rate remained 
at the value it had prior to the dilution rate change. 
Since the actual line is not tangent to the solid line, it 
indicates that a real increase in growth rate occurred 
at the time of the dilution rate increase, and since the 
line has a constant slope for about 15 min, that the growth 
rate stayed constant at 0-63 h-t for about 15 mim before 
increasing further over the course of the next few hours. 

Table 2 shows the results of a series of experiments 
made at a number of dilution rates and dilution rate 
changes. For small dilution rate changes, the perturba- 
tion in ammonium nitrogen concentration was absent or 
small, indicating that the growth rate accommodated 
the dilution rate change, whereas when the dilution rate 
change increased, the ability of the cells to increase their 
growth rate was not sufficient and a large perturbation in 
ammonium nitrogen was observed. 
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Table 2. RESULTS OF STEP RESPONSE ON NITROGEN-LIMITED CULTU 
1 2 3 4 5 6 7 
AD (h-") 0-18 0-19 0-19 0-29 0-42 0-47 0-48 
D, (h~ 0-286 0316 0525 0-492 0410 0-377 0-38 
D, (bh? 0466 0-503 0710 0777 ©0830 0845 0-87¢ 
Maxımum deflexion 
of N (mg/.) — — — 17 70 115 23-2 
Time at which N 
reaches max (mun) — — — 35 60 70 130 
Time to reach new 
steady state (h) — — — 1:25 3-0 4:6 12°5 
max (h!) — — 1:0 0-91 0:93 1:0 
Comment No deflexion Very small 
deflexion 


In order to determine whether Monod’s equatio 
(equation (3)) could be used to represent unsteady-stat 
growth rates, equations (1), (2) and (3) were solved by 
numerical method using the digital computer. Regardles 
of the magnitudes of the constants pmax and K, or th 
parameters N, and D, the transient growth rate calculate 
on the assumption that Monod’s equation is applicabl. 
always lacks a maximum and is a smooth transitio» 
between the two steady states’. Clearly the experimente 
curve (Fig. 2) departs significantly from Monod’s mode> 
Thus, during transient o-crition of a continuous culture 
Monod’s equation may :. + be used to relate growtl 
rates and concentrations o limiting nutrient. 

In contrast to the results of Kjeldgaard, Maalge anc 
Schaechter!, we have found that the cell can increase its 
rate of protein synthesis immediately after a shift up, anc 
that this small increase is then followed by a prolonged 
gradual increase. The discrepancy between the present 
findings and the earlier ones may be ascribed to the 
relative insensitivity of the direct measurement of the 
growth rate by following changes in optical density, or 
protein concentration as practised by the earlier workers. 

The possibility that the immediate increase in the 
nitrogen assimilation rate, here interpreted as the growth 
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Fig. 3 Incorporation of uracil-C and 1-leucine-*H by E. colt B before 


and after change in dilution rate. The medium contained 10 mg of 
l-leucine and 10 mg of uracil per litre in addition to the ingredients con- 


tained in M-63 medium used in the previous experiment. Ten ue. of 
I-leucine--H apd 10 uc. of uracil-C were added to the culture 9-1 min 
prior to the change ın dilution rate. At the time indicated by the arrow, 
the dilution rate was increased from 0 45 h-~! to 1-16 h-. Samples were 
taken approximately at 1-min intervals, added to an equal volume of 
ice-cold 6 per cent TCA, and at the conclusion of the experiment filtered 
through a ‘Millipore’ filter, washed, and counted by a liquid scintillation 
counter. The counts were corrected for dilution of the radioactive 
tracer ın the culture vessels by incoming medium containing only un- 
labelled J-leucine and uracil, and for the cell concentration 
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‘ate, represented a preferential increase in the rate of RNA 

synthesis alone rather than an increase in the rate of both 
srotein and RNA synthesis can be excluded on the basis 
>f the experimental results depicted in Fig. 3. The results 
slearly indicate that at the time of the change in dilution 
«ate, the rate of uncorporation of both 1-leucine-“H and 
aracil-4C increased sharply, implying that the rates of 
mprotein and RNA synthesis increased. 

The results recorded here further indicate that protein 
and RNA biosynthetic activities in the cell are not at the 
maximum levels of their capacities under the given condi- 
tions, since the rate of nitrogen assimilation 1s increased 
immediately when the feed rate of limiting nutrient is 
increased. 

In the experiments described here, it was found that all 
the nitrogen ın the medium could be accounted for as free 
ammonium nitrogen; the cells did not excrete any inter- 
mediary products of nitrogen metabolism. This might 
not always be true, particularly under conditions in 
which the carbon source is the limiting nutrient, and it 
would be desirable to make certain that the nitrogen in 
the medium is all in the form which is being assayed. 
This can be done by collecting on ice a portion of effluent, 
centrifuging to remove cells, and comparing the ammonium 
nitrogen analysis of the cell-free medium with a total 
nitrogen analysis. 

These results clearly indicate that, contrary to the views 
of Herbert’, a significant lag in adjustment of growth 
rate to dilution rate does exist, and that this lag must be 
taken into account in experimenting with single or multi- 
stage continuous culture systems. For example, determ- 
ining the apparent maximum growth rate (max) from 
the slope of a plot of In x versus ¢ may underestimate the 
true Umax: 

It should be noted that it is not necessary for the nitro- 
gen source to be the limiting nutrient in order to use this 
technique for studying unsteady-state growth rates. All 
that is required is for the concentration of the nitrogen 
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source in the growth vessel to be low relative to its 
concentration in the reservoir. This could be accomplished, 
for example, by havmg the carbon source as limiting 
nutrient and using a concentration of nitrogen source in 
the medium sufficient to leave five or ten parts per million 
unused under steady-state condition. For most cases, 
this concentration wili be in excess, that is, the growth 
rate of the organism will not be affected by small changes 
in the concentration of nitrogen source. Using this 
technique it would bə possible to study the effects on 
growth rates of concentrations of inhibitory substances 
too low to study by standard techniques, because they 
would not stop growth entirely but only reduce the growth 
rate slightly for short periods of time. 

The calculations were performed on an IBM 7094 
digital computer at the Computation Center of this 
Institute. 

This work was sup2orted in part by grants from the 
U.S. National Science Foundation (@—21389), the U.S. 
National Aeronautics and Space Administration (NSG- 
496), and the Edanros Research Foundation, and was 
reported in part at tke 145th and 148th meetings of the 
American Chemical Society. 
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PROTONATION EQUILIBRIA AND ALKALINE HYDROLYSIS OF GLYCINE 
ETHYL ESTER 


By Dr. MARGARET ROBSON* 
Department of Chemistry (University of St. Andrews), Queen’s College, Dundee 


N the past decade, interest has developed in the inter- 
action of metal ions with biologically important com- 
pounds, for example, amino-acid esters and peptides. The 
complexing tendencies of such molecules, the stabilities 
and reactivities of the resulting complexes have been 
investigated’, but very little systematic work has been 
carried out. The followmg account describes preliminary 
work towards such an investigation. 

The proton ionization equilibria of glycine ethyl ester 
and glycine, and the alkaline hydrolysis of the ester, have 
been examined prior to a detailed analysis of the metal 
ion complexing and catalysis. 

The ionization constants were measured at 25° + 0-05° 
C and 0° + 0-05° C; and at three differing ionic strengths 
in the case-of the ester. Values for the pKa of glycine* 
have been reported and temperature coefficient data” are 
available. The glycine work was therefore carried out 
mainly as a check on the accuracy of the ester measuro- 
ments. pH titrations were carried out using a Radiometer 
pH-stat titrator, coupled with a Radiometer pH scale 
expander. Alkali was added from an all-glass micrometer 
syringe. The pH assembly was operated manually. 
Where necessary, the ionic strength was brought to the 
required value by addition of potassium bromide solution. 
pKa, at 25° C for glycine was estimated by decreasing the 


* Now Dr. Margaret Robson Wright. 


pH of the initial solution to approximately 2:5 by addition 
of hydrochloric acid. pKa values were calculated from 
selected points (on the average, sixteen points were 
chosen) along the <itration curve using conventional 
mothods®. An average of five titrations were performed 
for each ionic strength. pH values were converted to 
concentrations using the Davies equation’, and equi- 
librium constants thus calculated (Table 1) are concen- 
tration quotients. For the ester, drifting values, which 
were a result of hydrolysis, were obtained at high pH. 
pKa values indepeadent of ionic strength are expected 
in the ionization of glycine ethyl ester (H+E — H+ + E), 
and this is confirmed by the results. The scatter in values 
at 26° C is much higher than at 0° C. This is expected as 
a consequence of the increased rate of hydrolysis at 25° C. 
The average value at 25° C, 7:72, agrees well with 7:73 
reported by Emerson and Kirk*, and with an estimated. 


value of 7°76 (ref. 91 based on a ApK (NH,CH,COO-— 


Table 1 
Tonic 
Acid Temp. strength pKa PEKo 

Glycine ethyl ester 25° C 0:05 7-71,+0-01 — 

hydrochloride 0-075 7°74,+0-°01, — 

0-100 7 70, t 0:02, EEE 

0° C 0 01 8 35, + 0-00, — 

0-10 8-40, +0 01, <= 
Glycine 25° C 0'1 2:33, 40-02 9-61; +001; 
0°C 0-1 — 0-30, + 0 00; 
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NH,CH,COOK#) of 2:02. It is also close to the value for 
the methyl ester, 7-66, found by Edsall”. 

pKa values strongly dependent on ionic strength are 
expected for the second ionization of glycine (H+G= 
Ht + G), and approximately independent of ionic 
strength for the first ionization (H+G H+@G + H+). Thus 
for comparative purposes a thermodynamic PKaa, 9°84., 
was calculated from the second ionization using the 
equation : 

2Az*4/I 
Teo + 0-227. 

This value compares favourably with that of 9-78, (ref. 5), 
as does the value reported here, 2:33,, with that listed’, 
2:35% for the first ionization. 

Table 2 hsts AGS, AHO, ASO and TAS® values for 
the ionizations, assuming AH® independent of T from 
0° C to 25° C, along with analogous values calculated from 
Edsall’s!® data on glycine methyl ester over the smaller 
temperature range (20°-30° C), and from tabulated data’ 
for the second ionization of glycine. 


log Kamp = log Ke = 


Differences m pKa for the processes 
NH,CH,COOEt(aq)= NH,CH,.COOEt(aq) + Ht(aq) 
NH,CH,COO-(aq)= NH.CH,COO-(aq) + H+(aq) 


are predominantly due to a difference in AS® for the 
ionization process. Qualitatively a process, electrically 
neutral species —> 2 ions, would be-expected to have a 
more negative AS® than the process ion — ion. This is, 
m fact, observed, while no great difference in AH® is 
found. Values of AS® for the ionization of carboxylic 
acids! (for example, — 22 cal mole-? deg.-! for acetic acid) 
are considerably more negative than that for the second 
ionization of glycine. The low value of | AS} for glycine 
seems related to the existence of the dipolar zwitterion. 
Comparable AS© values to that of the ester are found in 
monobasic amine acids". 

The alkaline hydrolysis of glycine ethyl ester has been 
investigated at an ionic strength of 0-1, and at 25° C and 
0° C over a wide pH range. The kinetics were followed 
by a pH-stat device which enables the pH to remain 
constant by automatic and recorded addition of alkali. 
The accuracy of the results is limited by the accuracy 
with which the machine can maintain a constant pH. 
The following equilibria, and reactions are involved: 


+ K, 
NH,CH,COOEt(aq)= NH,CH.COOEt(aq) + H+aq) (1) 


NH,CH,COO-(aq)= NH,CH,COO-(aq) + Ht(aq) (2) 
NH,CH,COOEt(aq) + OH-(aq) ua 
NH,CH.COO-(aq) + EtOH(aq) (3) 
NH,CH,COOEt(aq) + OH-(aq) -> 
NH,CH,COO-(aq) + EtOH(aq) (4) 


It follows that the total alkali uptake, assuming the 
reaction to go to completion, is given by the expression: 


Vo = [ester }initially 


All pseudo first-order rate plots were calculated on this 
basis. At high pH, where the runs were taken to com- 
pletion, good agreement with the observed Vo was 


obtained. Second-order rate constants were estimated 
from the pseudo first-order rate constants by division by 
Table 2 . 
Glycine ethyl ester Glycine second 
hydrochloride ionization 

AG © as keal mole + 10-45 +10-50* +13 06 +13-164 
AH © keal mole +97 +12-10* +108 +11:367 
TAS® cal mole? °K —2-7 +56 * ~ 8-6 —6-1+ 
TAS n keal mole- —0:8 +17* —25 —1-8ł 


* Glycine methyl ester—Edsall (ref 10) | 
} Robinson and Stokes: Electrolyte Solutions 


AG © caleulated from —RTInK. 
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Table 3 
Temp. Protonated ester Non-protonated ester 

0° Cc ik * = 230 k=8-5 

25° © k*=1,130 k=35 6 
Eag*=106 Ea=94 

A*=74x 10% A=3x10' 
AS*ftiy,= — 12 ASis = — 23 


Rate constant ın units: 1 mole—! min-'. 

Activation energy in units. keal mole-?. 

Entropy of activation: cal mole ° K~. 
the hydroxide 10n concentration calculated from the pH 
of the run (or average pH if drifting with time occurred, 
and the Davies equation’. Second-order rate constants 
were found to vary with hydrogen ion concentration. The 
pH range extended from 9-6 to 11:7. Fig. I gives the 
results for some 50 runs at 25° C. 

There ıs a large scatter of points, about the line drawn, 
but a ‘deviations plot’ shows the scatter to be random, 
in marked contrast to the situation where no variation 
with concentration 1s assumed. 

If the kinetics follow the scheme outlined previously 
and corrections have been made for the protonation 
equilibria, involved: 

kopsa = k*[H+E] + kL] 
where @ represents the initial total ester concentration 
(that is, [tE]. + [E]. If, to a first approximation, 


[E] = a, then: 
(k* — k) [EF] 
Kops = k + =i 
A higher approximation would give: 
[HE+] [H+] 
kots = k + (E* — BN — E 


Such a correction is well within the experimental errors 
and, therefore, pointless. 

Thus an observed rate constant varying with [H+] 
should be found, and a plot of kops V [H*] should give k 
as intercept, and k * calculable from the gradient. Table 3 
summarizes the data for experiments at 25° C and for a 
few experiments at 0° C. Provisional estimates of £4, A, 
ASt are given. 

The Bjerrum!? type equation representing the effects 
of electrostatic interactions between a charged substituent 
and the reaction site in the transition state is: 

k* ( = Z1Z7e* z 

k 7 °XP\ DETR (5) 
where k* and & are the rate constants for reactions 
involving the charged molecule and uncharged molecule, 
respectively, z;e is the charge on the initial molecule, and 
zje is the charge developed at the reaction site. R is the 
distance between the charges. 

Thus: re 

Ne*z;i24 | 
Ee = pR tt Dp ap ‘S) 


where E.* and E are the activation energies for reactions 
involving charged and uncharged molecules, respectively. 
N is Avogadro’s number. 
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Fig. 1. Variatton of observed rate constant with hydrogen ion concen- 
tration at 25° C - 
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As: 
(1+ Dar) 
l + pam < 0 

əx aqueous solutions, H* > or < E depending on 
-hether z, and z; are of unlike or like sign, respectively. 
‘or the system reported here 2:2; < 0, and thus E* > E. 
‘he preliminary results indicate that this may be so. 
chis effect has been noted previously for zz; < 0 (ref. 
3) and z,z, >0 (ref. 14). The present case, however. 
xrovides a much more direct test of effects of 
tharges in so far as the two molecules being compared 
NH,CH,COOEt, NH,CH,COOEt) differ, apart from 
sharge, only in respect of the hydrogen. With substances 
nvestigated previously the comparison made was of the 
sype SO,-(CH,),COOEt with CH,(CH,),COOKt. 

From equation} (5) a value of R, 1-8 A, ıs found 


assuming D to be the macroscopic dielectric constant. . 


This can, in turn, be used to find #* — # equal to 
approximately 1:0 kcal mole-’. Further refinements 
using a Kirkwood—Westheimer!*-Tanford*® procedure in- 
dicate a value of approximately 1 6 kcal mole-* (Dg= 14, 
R=4:85 A). 

The effect of charge on rate should be apparent in the 
pre-exponential terms. For reaction involving the charged 
species, formation of the transition state involves a 
decrease ın net charge and thence an increase in entropy. 
due to release of water molecules of solvation on formation 
of the transition state. A less negative AS®, relative to 
that for the uncharged species, 1s expected. This is 
tantamount to saying that there ıs an enhanced prob- 
ability of reaction (relative to a neutral molecule-ion 
reaction) when two ions of opposite sign approach each 
other. 

The alkaline hydrolysis of glycine esters has been 
examined previously, but no variation with pH has been 
noted. Bell and Coller?* investigated the hydrolysis over 
the pH range 9-70-11:55, but found no pH dependence. 
Other authors did not carry out the reaction at varying 
pH values. Reported values of the rate constant for the 
hydrolysis at 25° C are: (a) Bell and Coller, 50-4 |.mole~ 
min-!; (b) Gustafsson!?, 36 lmole-t min-!; (e) White, 
Manning and Li?, 44 lmole-! min; (d) Gelles and 
Robson! (for methyl ester), 39 ].mole-? min-?. 

Conditions for values (b) and (c) are not reported, but 
from the experimental technique it seems safe to conclude 
that the pH was probably greater than 10. These data 


+ Values of the rate constants at infinite dilution were calculated, prior to 
substitution into equation (5). 
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are thus consistent with the present investigation and 
agree well with work on the methyl ester. 

It can be seen tha- the effect of temperature on the 
overall observed rate, and on the gradient of the kobs V 
[H+], is complex; dapending on the temperature co- 
efficients of k, k* and K,. Knowing these coefficients it 
is possible to predict that the pH dependence will be 
larger (and consequently more easy to measure) at tem- 
peratures > 25° C, and work ıs in progress to extend the 
measurements. 

Preliminary work Fas been carried out on the cupric 
ion catalysis. Titration curves for the ester in the presence 
of varying quantities of cupric ion suggest the presence 
of complexes such as Cu#, Cuf#,. 

Preliminary kinetic work shows that in addition to the 
hydroxide ion catalysed hydrolysis, a series of consecutive 
pseudo first-order reastions are occurring which can be 
initially interpreted as: 

k 
E + Sut + OH- —> 


Ka 
E + CuGt + OH- —— 


ka 
E + X + OH- 


— 
where CuG'* is copper monoglycinate, and X 1s some, as 
yet, undetermined reactant. This is analogous to pre- 
vious work!* where a maximum in the rate was obtained 
at pH 7-8 for ky, k, and ky. 

I thank Dr. E. Gelles for suggesting this topic, and Dr. 
P. G. Wnght for helpful discussion. This work was 
carried out during the tenure of the Edward A. Deeds 
junior fellowship of Queen’s College, Dundee. 
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DIFFUSIVE TRANSPORT RATES IN STRUCTURED MEDIA 
By Pror. A. B. METZNER 


Department of Chemical Engineering, University of Delaware, Newark, Delaware 


Tar purpose of this short artıcle is to call attention to 
the ımportance and potential applications of the 
abnormal diffusive transport rates recently observed in 
suspensions and in polymeric solutions and to offer a 
tentative interpretation of these phenomena. 

The experimental results obtained for a variety of 
systems are given in Table 1; ıt is not the purpose of this 
article to present a complete review of all available data 
and additional results are given both in the references 
quoted in Table 1 and in other related paperst?. The 
important point to be made is that not infrequently the 
addition of either suspended solids or polymeric material 
to a homogeneous liquid increases the diffusive transport 
rates of some third species in this medium. This is not 
the case for all systems or at all concentration-levels, but 
when it does occur the changes may be appreciable (up 
to 40 per cent in the case of the data of Table 1, and 
significantly larger effects have been noted’). Presumably, 


even greater effects would be possible by optimizing the 
relevant factors involved, if these were understood, since 
the data given in Tabl= 1 represent only measurements on 
systems chosen more or less at random rather than with the 
view of finding max-mal effects of this kind. As the 
diffusivity increases are obtainable using either suspended 
solids or dissolved macromolecules, the total effects 


obtainable in biological media containing both kinds of , 


constituents could conceivably be very appreciable and 
significantly affect thea rates of respiratory and cellular 
ingestive processes of living organisms or the operability 
of machines designed to provide such functions. Thus 
the problem under dissussion may be of interest in rather 
broad areas of biophrsics and bioengineering as well as 
in polymer and colloid science. 

Students of the diffusive behaviour of polymeric mole- 
cules in solution have pbserved or predicted effects which 
may have a common molecular origin, although, except 
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Table 1. MEASURED DIFFUSIVITIES 
Diffusivity, 
Diffusing Medium used Temp. (cm*/sec Investiga- 
solute (° C) x 10°) tors 

Ethylene Water 18 ~1-10 Astarita’s.t6 
Ethylene 05% CMC* 18 1:06 Astarita 
Ethylene 1:09 CMC 18 1:08 Astarita 
Ethylene 2-0% CMC 18 1-29 tari 
Carbon dioxide Water 18 1:72 Astarita 
Carbon dioxide 0:122% Carbopol+ 18 1-82 Astarita 
Carbon dioxide 0:132% Carbopol 18 1:82 Astarita 
Carbon dioxide 0-172 ie Carbopol 18 1:98 Astarita 
Carbon dioxide 0-222% Carbopol 18 2°16 Astarita 
Carbon dioxide 0-375% CMC 18 1-72 Astarita 
Carbon dioxide 075% CMC 18 2°06 Astarita 
Carbon dioxide 1:50% CMC 18 2-44 Astarita 
Carbon dioxide 3-80% Bentonitic 

clay in water 18 1 91 Astarita 
Carbon dioxide 501% Bentonitic 

clay in water 18 2 02 Astarita 
Carbon dioxide 65-10% Bentonitic 

clay in water 18 2°40 Astarita 
Benzoic acid Cyclohexane 25 1-18 Hopper"? 
Benzoic acid 2% PIBt 25 1:35 Hopper 
Benzoic acid 4% PIB 26 0-92 Hopper 
Acetic acid ater 20 1 24 Perry!’ 
Acetic acid 4% CMC 20 1:63 Heertjes 


et al.%8 


* CMC denotes 
water. 


tA water soluble synthetic polymer: solution concentrations studied as 
indicated. 


ł Two wt. per cent of polyisobutylene dissolved in cyclohexane. 


carboxymethylcellulose (wt. per cent given) dissolved in 


in the case of a small number of lucid publications‘-*, the 
actual phenomenon has frequently been obscured by the 
dedicated devotion of the authors in this area of science 
to the reporting of phenomena in terms of empirical 
coefficients of obscure origin and value, as well as by the 
fact that the macromolecular transport rates are, at best, 
frequently quite low. The transport characteristics of 
systems in which the diffusivity increases with increasing 
concentration of the polymeric molecules involved have 
been shown to be closely related to the second virial 
coefficient of the solution and hence, among other vari- 
ables, to the partial molal volume of the polymeric 
solutet-’. However, the extension of these considerations 
to make it possible to predict the behaviour of an ordinary 
(that is, not macromolecular) solute, in a polymer solution 
or a colloidal suspension, would appear to require addi- 
tional considerations. 

Such considerations appear to be embodied in a recent 
analysis of diffusion in liquids! which enables the predic- 
tion of diffusivity in terms of the molecular geometry 
(size) of both the solute and the solvent constituents and 
the intermolecular force fields of each. If, as indicated 
by the high values of the second vinal coefficient of the 
polymeric solutions of interest, the molecular ‘packing’ 
of the solvent molecules in the neighbourhood of a macro- 
molecule is lower than in the bulk of the solution, a region 
of low resıstance to mass transport will have been provided. 
In fact, since the term reflecting such decreased inter- 
molecular packing appears in an exponentials, small 
changes in intermolecular spacing would be predicted to 
have major effects on the diffusivity. Similarly, in the 
case of diffusion in a slurry of colloidal particles, the 
intermolecular packing at the particle surface would be 
expected to be less than in the bulk of the fluid just 
from the usual geometric considerations of molecular 
packing at all planar surfaces. The visualization of the 
transport process therefore becomes one in which the 
addition of certain polymeric materials or colloidal solids 
to a continuous fluid may lead to the creation of a struc- 
tured medium in which the packing of the fluid molecules 
in the immediate neighbourhood of the added macromole- 
cule or particle is lower than in the continuum itself; 
these regions of low packing may represent regions of 
very high ‘conductivity’ for the diffusing species, depend- 
ing in turn on their size and on the intermolecular force 
fields of the several species involved. The macromolecular 
or colloidal particles, of course, may also block the path 
of a diffusmg species when the low-density ‘short circuit’ 
around the particles does not exist, as discussed elsewhere}, 
and either mechanism could predominate, depending on 
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the molecular force fields involved. The magnitude < 
the diffusivity ın a ‘high conductivity’ environment < 
the added species may in principle be predicted b 
extensions of the previous analysis of diffusion in liquid 
although in practice several difficult steps remain to t 
overcome before the extension is a quantitative one. 

The effect of regions of abnormally high or low diffusivit, 
on the macroscopic diffusivity of the medium as a whol 
may be computed from the analogous analysis of conduc 
tion of electricity or heat in structured media®-!2, providin,, 
the distribution of these regions is random and th: 
particle asymmetry may be considered adequately. / 
random distribution of these regions would appear to b 
reasonable in an undeformed fluid, but imposition o 
rapid rates of deformation of the fluid could be expectec 
to lead to asymmetric mass transport properties. Thi: 
problem has been investigated in steady laminar shearing 
flow fields over rather broad ranges of shear rate, using 
both suspensions and polymeric solutions, and no measur 
able effects have been found?.3. The implications of this 
apparent inconsistency are not known at present. 

Finally, it should be noted that the conductivity of the 
medium may become independent of that of the high» 
conductivity phases or regions if the ratio of conductances 
is sufficiently great" and, if this is presumed to be the 
case, some predictions of the diffusivity characteristics 
of the structured medium may be made without detailed 
knowledge of the actual diffusivity in the regions in the 
immediate neighbourhood of the dispersed matter. 

In summary, it is seen that diffusive transport rates in 
liquids may be increased appreciably by creation of 
structured media through the solution of macromolecular 
species in the fluid or by the suspension of colloidal 
particles in it. Presumably, even much greater effects 
than those noted so far could be obtained by optimizing 
the relevant parameters. These effects would appear to 
have potentially important implications in those areas of 
physics and engineering involving biological or polymeric 
materials. A tentative hypothesis, which assumes the 
creation of a structured fluid medium having regions of 
high diffusivity in the immediate vicinity of the added 
particles or molecules, is advanced as a possible explana- 
tion of this phenomenon. Methods of developing this 
hypothesis, which proposes a mechanism analogous to 
that of conduction of heat or of electricity in disperse 
systems or of diffusion in crystalline solids", are discussed. 

This work has been supported by the National Science 
Foundation. I thank Prof. Astarita and Dr. Secor for 
letting me see their papers prior to publication, and Prof. 
Astarita for many stimulating discussions of the problem. 
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By Pror. 


,URING an investigation of the highly complex 
action of w-chloroacetylamino dyes with wool, 
yer and paper chromatography have been widely 
r the detection and identification of the reaction 
s. From time to time it was noticed that with 
es used the Ry values, relative to one another, 
considerably, although the final order of separation 
a given mixture using a particular solvent was the 
-Rp values were observed to be dependent on the 
ntration of material initially loaded on to the 
aper. A number of workers have referred to such con- 
nitration effects. Akerfeldt! found that the final area 
the spot was directly proportional to the load of 
aterial applied. Fowler’, using sucrose, found a linear 
ationship between the logarithm of the spot length 
Wi the logarithm of the load initially applied. He also 
bserved that at low concentrations the plot of spot 
sength against the logarithm of the load applied was 
linear. Fisher, Parsons and Morrison’, discussing quan- 
titative paper chromatography, also found a linear 
relationship between spot length, or spot area, and the 
logarithm of the spot content when using certain amino- 
acids and the sugars xylose and arabinose. Miyaki* found 
: that the logarithm of the difference between the initial and 
- final lengths of the spot was a linear function of the con- 
centration of material initially present in the spot. The 
effect we have observed is, however, not so much an 
_ Increase in the length of the spot but a definite increase 
in Rr with increase in the load applied. 
-. Giddings and Keller’ developed an equation relating a 
given number of molecules Na in a spot, the distance 
< moved, and the mean diffusion coefficient of the particular 
material in the support. We have sought to explain in 
-rather different terms the concentration effects we have 
observed using an equation based on present-day theories 
of the adsorption of dyes by textile substrates. 
This considered that the effects arise from a Freundlich 
-type of adsorption of the dyes by the support medium. 
The literature contains references to the desirability of 
ling the use of supports towards which the com- 
nds under examination show strong substantivity, but 
account seems to have been taken of the possibility of 
nges in the pattern of chromatographic behaviour 
ng from relatively weak substantivity effects. 
it is assumed that the distribution of substance 
een the eluent and the support obeys a Freundlich 
rm, and if Dp denotes the concentration of adsorbed 
rial in equilibrium with Ds, the concentration of the 
ance in the eluant, then: 
ara Dp = K,Ds* 
where K, is a constant and æ< 1. 
_ If it is further assumed that the velocity with which 
the substance under examination moves relative to the 


solvent front is proportional to the coneentration not 
? adsorbed, then: 























Rp = K,Ds 


ies oA the total concentration of the substance in the 
D is equal to Dr + Ds, then : 


ater + 


P > Ds, that i is, quite a aa — of adsorption 
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NCENTRATION EFFECTS IN CHROMATOGRAPHIC ANALYSIS 
I. D. RATTEE, D. M. LEWIS and Dr. C. B. STEVENS 


Department of Colour Chemistry, University of Leeds 


~ 


> K, 
log D = log iz + æ log Rr 


Roses a linear ee should exist bones 







if ibs substantivity for the support median of the 
stance loaded is sufficiently high. The accuracy of 1 
prediction will vary according to the scale of the error 
introduced by assuming D*> Ds. With the low solvent) _ 


support ratios obtained in chromatography this should, 


in fact, even hold with compounds which show only 
moderate substantivity to the particular support medium, 
Certainly using azo dy2s of the type described here and 
paper as the support, L will in most circumstances exceed 
Ds quite considerably. 

Two orange dyes were used: 


OH 
Í 
Tm N= aed on Mol. wt. 442 
NaO, AN, NH.CO.CH,.Cl 
fi) 
OF 
on } N= N PNS A Mol. wt. 456 
` ean Nao, s WY \4 NH.CO.CH,.Cl 


(it) 

Chromatograms wore run using “Whatman 3/1? paper 
as support, n-butyl alcohol/acetic acid/water (4: 2.: 1) as 
the eluant and enclosing the chromatogram in an all-glass 
Shandon tank, containing, in the bottom, sufficient eluent 
to saturate the atmosphere in the tank. All the runs were 
continued for 21 h at 20° C. 
area were formed on the starting line. The distance 
between the starting point and the maximum concen- 
tration point of eack. spot was measured, An EEL 
densitometer was used to determine the maximum con- 
centration points. Simce the behaviour of both dyes at 
each concentration was determined at the same time 
under identical cond:tions, the distances moved were 
equivalent to the Ry values. The results are shown in 
Table 1. 

Fig. 1 shows the plot of the logarithm of the distance 
against the logarithm: of the load. In both cases the 
predicted linear relatzon was obtained up to an initial 
load of about 0-1200 mg. 

Further evidence that substantivity plays a major part 
in determining the movement of the spots was obtained 
by examining the effect of different eluents. Using n-butyl 
alcohol/pyridine/water (1:1:1), under which conditions 


Table 1 


Concentration of criginal 


dye solution Gmg) Distance (L) moved (era) 


D Dye (i) Dye (ii) 
0-0125 16-80 16-10 
00250 17-50 16-75 
0-0375 18-20 17-20 
00500 18-50 17-50 
0625 19-40 17-86 
0-0750 18-10 18-00 
00875 19-60 18-20 
09-1000 19-10 18-40 
0-1125 19-80 18-40 
0-1250 19-80 18°50 
01370 18-75 18-56 
01820 20-00 18-50. 
0-1750 2010 18-60 
01870 1860 


For each dye spots of equal 
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pa 


eig 
a 





1-20 1-22 1-24 126 128 1-30 1:32 
Log L 
Fig. 1 


hydrogen bonding of the dye to the substrate, and hence 
dyə-substrate sensitivity, is reduced, the spots were far 


qos 
aad 





a 





more compact, but the distances travelled were still ae p, 
depəndent on cənzentration, though to a lesser extent. = 4 
he concentration of dye in the load has also been vin Sg 
found to influence the chromatographic behaviour of ete A = -a 
mixtures of dyes: 2: c- ty 
Descending chromatograms were run for 21 h in n-butyl TR a sow, 
alcohol/azetie acid/water (4:1:2) under the same con- aja + 
ditions as before. The dyes used in these experiments cL. (ae 
were: < Sues T j -8 j 
i oS oC $ 
: 9 9 s me 4 
| Sior: J 





OH aa . 
Cumin 66: (R.D.) Fig, 2 
CH, Na0,8/ N N \NH.CO.CH,.C! 
OH r P $ r i PA cy š : K ) 


N===N (H.D.) 


a NaO NH, 
Spots of equal area containing these dyes in different 
proportions were produced as follows: 
[R.D.] constant (1) 
[H.D.] increasing (from right to left) 
The resulting chromatogram is shown in Fig. 2. 

It will be seen that the expected increased movement 
of dye H.D. with increasing concentration occurred. Dye 
R.D. behaved in exactly the same way even though it 
was applied in constant concentration. (Note: dye H.D. 
is the spot with the lower Rr value.) 

[R.D.] increasing (right to left) (2) 
[H.D.] constant 

The resulting chromatogram is shown in Fig. 3. In 
this case no obvious mixture effects were observed except 
that a slight retarding of the movement of dye R.D. is 
observed when this result is compared with that shown 
in Fig. 4 (a). 





[R.D.] increasing (left to right) (3) +3 
[H.D.] increasing (right to left) dano U 
The resulting chromatogram is shown in Fig. 5. The a E Ye : 
position of the spots (on the extreme left) containing most gaoa ASE ` 
dye H.D. and least dye R.D. shows that dye R.D. is phy je i 
held back. Particularly marked separation of the spot AQ 
containing most dye R.D. and least dye H.D. occurred T 
(on extreme right of Fig. 5). a 
It is obvious that the chromatograph behaviour of a g 


mixtures of dyes is affected by differences in the sub- ' 
stantivity of each dye for the support. That this is the z - 
case with the adsorption of direct dyes on cellulose has 





But/Ac 
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en shown by several workers. It has been observed 
at the equilibrium adsorption of a particular dye from 
solution containing a mixture of dyes is lower than from 
solution containing this dye alone (Boulton, Delph, 
xthergill and Morton’; also Neale and Stringfellow’). 
ich behaviour is considered to be due to the following 
-suses: (1) Competition between the different dye anions 
or the available surface sites. (2) The effect of each dye 
. contributing to the surface charge on the fibre, and to 
1e sodium ion concentration in it. (3) Interactions 
stween the dyes in solutions. 
In chromatography (1) is especially important since, 
nder the conditions used, the support will be approaching 
aturation with dye. Applying all these factors to paper 
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chromatography, one would expect the behaviour of a 
dye in mixtures to ciffer from that when it alone is 
present, especially in the case of dyes which are sub- 
stantive to the suppor». It would therefore appear to be 
important that this possibility should be taken into 
account, when using paper chromatography, in order to 
detect and separate dyes in mixtures. 

* Åkerfeldt, S., Acta Chem. Scand., 8, 521 (1954). 

* Fowler, H. D., Nature, 168, 1123 (1951). 

? Fisher, R. D., Parsons, D. 8. and Morrison, G. A., Nature, 161, 764 (1948). 

t Miyaki ef al., J. Pharm, Soc. Japan, 71, 249 (1951). 

* Giddings, J. C., and Keller, E. A., J. Chromat.,2, 626 (1959). 


* Boulton, J, Delph, A. E., Fothergill, F., and Morton, T. H., J. Text. Inst., 
24, 113 (1933). 


' Neale, S. M., and Stringfellow, W. A., J. Soc. Dyers’ Col., 59, 241 (1943). 


GEOCHEMISTRY OF ANDESITES AND THE GROWTH OF CONTINENTS 
By Pror. S. R. TAYLOR and Da. A. J. R. WHITE 


Department of Geophysics and Geochemistry, and Department of Geology, 
Australian National University, Canberra 


HE growth of continents is one of the basie problems 
in geology. The rate of denudation is sufficient to 
erode continents to very low levels in periods brief 
(10-50 x 10° years) compared with the extent of geological 
time’. Accordingly, it is necessary to have a process by 
which material is added to the continents, not only to 
keep pace with the denudation, but also to allow for some 
growth. The chemical differences between continental 
crust and either oceanic crust or mantle demand that a 
chemical fractionation process operates as well as a simple 
addition of material. 
Of the observable geological processes, basalt igneous 
activity is seen to add material from the mantle to the 


crust in both oceanic and continental regions. Granitic 
rocks and their associates seem to be derived from within 
the deep crust. In orogenic regions eruption of andesitic 
lavas and ash is the Gominant voleanie activity and adds 
material to the surfece at rates of perhaps 1 km? per 
year’. These orogenie zones are here interpreted as areas 
of active continental zrowth, as suggested by Wilson**. 

The andesites possess the following properties: 

(1) They appear te be restricted to orogenic belts and 
are absent from oceanic areas. 

(2) They are the most voluminous eruptive rock in 
these belts. Other recks have occasionally been referred 
to as andesites (Table 1) but are excluded from this study. 
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Table 1. NOMENCLATURE OF ANDESITHS AN À ALOGOUS. ROCES 
T i oe aa Present 
a Some past usage a ‘nomenclature 
Cale-alkaline Andesite Andesite 
 -yoleanie. series . ‘= omenilo. andesite 
Alkali voleanie.. Andesine andesite } Alkali . Hawaiite (ref. 3) 
series © Oligoclase basalt ; andesites Mugearite (ref. 3) 


Trachy andesite (soda-rich) 


Benmoreite (ref, 4) 
ere rouge (pocasi rich} 


Tristanite (ref. 4) 


Tholeiitic voleanic Andesite 
series Pigeonitic andesite - Icelandite (ref. 5) 
Tholeiitic andesite 


They are developed in minor amounts in both continental 
and oceanic environments by fractional crystallization 
of basaltic magma*~ and are different petrographically 
and chemically from the true andesites. 

(3) There is a common, but not universal association of 
more silica-rich rhyolites, ignimbrites and dacites. 

(4) True basalts are often absent, or present in minor 
amounts; only occasionally are they abundant (for 
example, Japan). 

(5) The andesites frequently contain glass, are typically 
porphyritic and the plagioclase exhibits reverse and 
oscillatory zoning indicating non-equilibrium conditions 
during crystallization. Present data suggest that they are 
characterized by hypersthene in the groundmass. 

(6) They are broadly uniform in composition, although 
commonly associated with minor more basic andesites, 
containing large crystals of olivine and pyroxene. 

(7) Their composition bears a general resemblance to 
previous estimates of that of the continental crust. 

In Table 2, the average composition is given of well- 
described andesites from New Zealand*’, Saipan’, 
California’ © and Japan'!*, Two recent estimates. 4 
of the composition of the continental crust are also given. 
The average composition of the common igneous rocks, 
granite and basalt is also given. Fig. 1 shows a com- 
parison of the composition of the continental crust, 
averages of granite and basalt, and the range in composi- 
tion of andesites (filled rectangles). The unfilled rectangles 
represent the composition of rarer basic andesites, possibly 
resulting from accumulation of olivine and pyroxene 
crystals. 

It is apparent from Table 2 and Fig. 1 that the com- 
position of andesites bears a general resemblance to that 
of the continents. The major anomaly is the potassium 
content, which is too low by a factor of two. Possible 
explanations of this will be discussed later. Because of 
the importance of the andesites, a programme of geo- 
chemical research has been started, and determinations 
of major and trace elements, and Sr isotopes has. been 
carried out on samples from New Zealand and Japan. 


100 


10 


Wt. (per cent) 


1-0 





Fig. 1. Comparison of the major element composition of andesites, 

banalt, granite and continentali crust. Filed rectangles, andesite: 

unfilled rectangles, basic andesite; O, erento Xi x, basalt; —, continental 
“rus 
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Cascade Provinces in western United States, in orde 
sample widely the circum-Pacific belt. Full details 
samples, analytical methods and individual determi 
tions will be given elsewhere. 

The major and trace element data already avails 
permit some tentative conclusions to be drawn. Ð 
for the strontium isotopes will be presented separatel 
The major elements were determined by conventia 
wet chemical methods, and the other elements by a c 
bination of X-ray fluorescence, spectrochemical”® and sp 
source mass spectrographic** techniques. l 

The trace element data are shown in Fig. 2. Aver: 
basalt and granite abundances are shown, with the esti 
tion for the continental crust, based on a 1: 1 mix ofa 
and basic rocks. Although there is a general simila 
between the andesite composition and that of this averag 
the concentrations of many elements In andesites a. 
lower than this crustal average. These include bari 
rubidium, nickel, yttrium, lithium, thorium, caesiur 
uranium, tin and the rare earth elements. Except f 
nickel, these elements are all typically strongly conce _ 
trated upwards in the Earth since their large size, . 
valency, makes it difficult for them to enter the princi 
crystal phases in the mantle*!:**, They are all typical 
concentrated in the last stages of fractionation, ar 
resemble potassium among the major elements in t 
respect. K/Rb ratios for the common New Zealar 
andesites are 240, and 330 for the Japanese. The mo 
basic andesites have ratios up to 340 for the New Zealan 
rocks, and 510 for the Japanese. The rare earth element: _ 
although apparently lower in absolute concentration _ 
show similar patterns to those of well-mixed cruste 
sediments, when normalized to lanthanum — 1:00. This 
shown in Fig. 3 for the odd-numbered rare earths. : 

The trace element data provide limitations to the variou | 
theories of origin of andesites. These theories fall in 
three main categories: (1) Fractionation of basic magm 
under oxidizing conditions. (2) Assimilation, contamin. 
tion or mixing of acid and basic material. (3) Primar 
andesite magma developed by partial or complete meltin, 
of deep crustal or upper mantle material?®. a 

Volume relationships are generally not in favour of a, 
origin by fractionation of basic magma. It is possibli 
that the nickel content is too low for such an origin, bu | 
the trace element data do not exclude this possibility 
The second alternative seems to be excluded by th 
present data. The low content (in andesites) of element: 
such as potassium, rubidium, uranium, thorium, ra 
earths, tin and lithium on the basis of any reasonable 
proportions of admixed granite rule out this mechanism 
Preliminary results for strontium isotopic ratios suppo 
this conclusion?*$. 

Because of the serious limitations to the first process or 
geological grounds and to the second on geochemicta 
arguments, the third process merits serious consideratio 
The relatively thin crust of about 30 km thickness prese: 
in typical orogenic areas?* raises difficulties for an origi 
by fusion or partial fusion of deep crustal material. Ter 
peratures to be expected at these depths are appropriate 
to the formation of granitic rocks®, but may not be suffi 
cient to form melts of andesitic composition. Experi 
mental data bearing on this problem are lacking. 








Table 2. AVERAGE COMPOSITIONS OF ANDESITE, CONTINENTAL Crust 4 am 
COMMON Rock TYPES mate 
Average Average Average os 
andesite Continental crust granite Fan ee 
A (refs. } D (refs. E (refs. - 
6-12) (ref, 13) (ref. 14) 15-18) 15, 17). 
SiO, 80-1 54 80-3 74-2 48-9 ai 
Ala 172 15-8 15-6 14-7 167 .- 
Fed 6-1 71 ce a2 1-7 
MgO a5 4-2 3-9 6 BP 
Cad 7i 6-6 FTR 20 10-8. 
Na,O0 33 31 $2 35 KA B 
K,0 1:3 23 2-5 42 (araa 
TH, 7 1-2 10 5 1-8. 
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‘Fig. 8. Comparison of the odd-numbered rare carth abundance patterns, 
“normalized to lanthanum, for andesites, basalt, granite and sedimentary 
tka, Filled rectangles, andesite; unfilled rectangles, basic andesite; 
O, granite; x, basalt 






d ig sites are derived from the mantle, then the mantle 
h rogenic zones must differ significantly from that 
tinental shields or true oceanic areas, from 
e erupted. Recent workers. in seismo- 


a that the upper mantle beneath orogeno 





Comparison of trace element composition of andesites, basalt, granite and con- 
Filled reotangoa, andesite; unfilled rectangles, basic andesite: QO, granite; 
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Zones is: characterized by a an n anomalously : : 


ioe: than nord: a m 
There 


low-density upper mantle. 
are derwed from this low-density ; zone by 
partial melting, then they could : 
major contribution to the growth 
tinents. 
This dip edgar encounters thed a 















PEA oat with prosent enti OB oi 
of ie oOTIpORHON. The followin aea 


(1) Potassium and the wlied elements 
which are typically concentrated by 
fractionation processes might. be over 
estimated in the continental crust. 
elements could be concentrated in’ the 
upper and depleted in the lower crust so 
that sampling is overweighted in their 
favour. A lesser concentration of these 
elements in the crust would remove some 
difficulties for a chondritic Earth model#'. 
Hence +he composition of andesites may 
represeat a more satisfactory overall 
average for the composition of the con: 
tinenta: crust than previous estimates. 

(2) The additional potassium, and other 
elements, could be provided by the acid 
voleanis rocks of rhyolitic composition 
commonly associated with andesites. 

(3) Although we ourselves favour a philosophy based on 
the uniformitarian appzoach to geology”, it is likely that 
the mantle has become depleted in potassium and related 
elements with time. Many of these elements should. 
appear in the first products of partial melting. Thus 
recent andesites, studied here, could contain less of these 
elements than those cf remote geological epochs. The 
composition of the confinental crust would then represent 


the average of andesites erupted over a period of at least ; 


3 x 10° years. Work is proceeding to test these several 


alternatives. 
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is thus a correlation between . 
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LETTERS TO THE EDITOR 


ASTROPHYSICS 


Interstellar Obscuration 


AN accurate extinction curve with a standard error of 


+ 0-008" which has been derived for a region in the 
direction of Cygnus (looking along the spiral arm) from 
spectrophotometric observations at the Royal Observa- 
tory, Edinburgh', shows a pronounced discontinuity in 
slope at 4300 A. This feature as well as recent rocket 
observations? rule out the possibility that the interstellar 
dust is made up of iron or ice particles. Hoyle and 
Wickramasinghe® have suggested that graphite particles, 
formed on the surface of carbon stars, could be ejected 
into interstellar space by radiation pressure, and 
Wickramasinghe* finds that such carbon particles may 
become covered with ice mantles. The wave-length 4300 A 
is close to that at which the refractive index of graphite 
particles begins to change, the extinction of graphite 
being remarkably close to a 1/A law in the region 
0-8 < A+ < 2-3 and thereafter deviating from such a law 
more or less according to particle size’. Nandy and 
Wickramasinghe‘ have shown that the observed extinction 
curve for Cygnus can be well reproduced by the assumption 
of graphite cores with radii less than ~ 0-06y covered with 
ice mantles. 

Similar obsorvations have been made at this Observa- 
tory in the direction of Perseus (across the spiral arm)’. 
The extinction curve for Perseus shows that the change of 
slope occurs at the same wave-length, 4300 A, as found 
for Cygnus stars; but that the slope of the ultra-violet 
part of the extinction curve relative to the blue part 
decreases by 30 per cent as compared with that in Cygnus 
(Fig. 1). The Perseus curve can be well represented by a 
Gaussian distribution of graphite particles with a 
dispersion of +0-Olu centred at 0-06 (ref. 6). 

The difference between the Cygnus and Perseus extine- 
tion laws could be explained if the interstellar matter 
were made up of particles covered with metallic impurities 
and aligned in a magnetic field’. The alignment properties 
of the particles would be different in Cygnus from those in 
Perseus because of the different angles of viewing, and the 
ratio of the slope of the ultra-violet part of the extinction 
curve to that in the blue would be expected to depend on 
the angle of viewing and the polarization of starlight per 
unit obscuration’. However, the work of Underhill and 
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I 2 3 


1fA 
Fig. 1, Interstellar extinction curve in the direction of Cygnus and 
Perseus, Crosses denote results i Cygnus and filled circles results for 
Perseus 

















Walker!®, who examined the obscuration of stars in < 
southern sky, and of Johnson shows that the variatior 
the law of obscuration is not dependent on the angl 
viewing. | 

More light can be thrown on this matter by examin 
the obscuration of the star HD 23512 in the yor 
Pleiades cluster. This relatively nearby cluster is in 
Cygnus arm and is embedded in nebulosity. The polari 
tion per unit obscuration of the star HD 23512 is the sa 
as the average value in Perseus and about four times t] 
in Cygnus. | 

This star has now been examined both here and 
Mendoza. The Edinburgh results agree well with th 
of Mendoza (Fig. 2). The extinction curve of the Pleia 
star is found to be almost the same as that for stars in 
Cygnus region, but significantly different from that 
Perseus. 


15 





= 05 
0 
~ 05 
V2 
Fig. 2. Pleiades extinction curve as compared with that for Cygnus. 


The vertical line denotes the uncertainty cf the point, @, Pleiades | 
(Edinburgh); ©, Pleiades (Mendoza); x, Cygnus 











The theoretical model which fits the Cygnus curve giv 
the value of the ratio of total to selective absorptio 
R = 3-1. The extrapolation of infra-red measurements € 
Mendoza for the Pleiades star gives R = 3-6. An indirec 
measurement of R from measures of the line Hy in th 
Pleiades stars gives R = 3-1 (ref. 13). : 

The extinction of the Pleiades star does not show an 
correlation of the slope of the ultra-violet part of the 
extinction curve relative to the blue part with the polarize 
tion per unit obscuration. The variation in the extinctio 
law cannot be explained therefore by differences in the 
alignment of the particles. x 

The space distribution of stars observed for the examina’ 
tion of extinction is illustrated in Fig. 3, which show 
schematically the three spiral arms of the Galaxy. It is of 
interest to note that the Cygnus extinction curve. is 
representative of the majority of stars in the Cygnus arm. 
In the direction of Perseus, the spiral arm can be easily: 
reached, and the stars situated in a small region in the 
Perseus arm exhibit an extinction law different from that 
in Cygnus. Whether or not the Perseus law is representa~ 
tive of the Perseus arm in general has yet to be investi- 
gated. Few data exist as yet for stars in the inner arm. 
The difference between the Cygnus and Perseus extinction. 
laws can be explained if it is assumed that the extinction, 
in Perseus is due to graphite grains only, and that in 
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“gnus to graphite cores with ice mantles. It appears 
erefore that there exists a regional variation in the 
anposition of the interstellar dust particles which may be 
cher a difference between the Cygnus and Perseus arm 
a local variation within the Cygnus arm. The difference 
auld be due to different physical conditions or to actual 
ional variations in chemical abundances. Further tests 
‘ould come from the investigation of extinction in the 
sssiopeia and Cepheus regions, which is now in progress 
are, and also from rocket observations. 
I thank Mr. I. Nicolson and Mr. David Sugden for 
assistance with the reduction of the Pleiades plates. 
E K. NANDY 


WWandy, K., Publ. Roy. Obs. Edin., 8, 142 (1964). 







©., Mon. Not. Roy. Astro. Soc., 189 (in the press). 
d Guillaume, C., Nature, 207, 366 (1965). 
., Publ. Roy. Obs. Edin., 5 (in the 


Nandy, K., Publ. Roy. Obs. Edin., 5 (in the press). 
«Greenberg, J. M., and Meltzer, A. 3., Astrophys. J.. 132, 667 (1960). 
‘Wilson, R., Mon, Not. Roy, Astro. Soe., 120, 51 (1860). 

Vanes, A. B., and Walker, G. H., Mon. Not. Roy. Astro. Soe. (in the 
_ prèssa). 

Johnson, H. L., Astrophys. J., 141, 923 (1965). 


“Mendoza, V. E. E., Tonantzinila y Tacubaya, 4, No. 26 (1985). 
Guthrie, B. N. G. (personal communication). 


New Limits to the Angular Sizes of Some 
o Quasars 
« In previous experiments at Jodrell Bank the angular 
-zes of discrete radio sources have been investigated by 
eans of long baseline interferon eterst?. The highest 
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‘ig. 3. Projection on the galactic plane of all stars observed for the study of interstellar 
tinction. Open circles refer to photoelectric measures, closed circles to 
-yeasurtes. The hatched lines represent the distribution of OB clusters, associations, and 
UIT regions, and crosses represent directions of new galactic iongitude on a cirele 6 kilo- 
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were thus shown to be smaller than 0-4 sec 
ofarc. In & further attempt to resolve these 
sources another experiment has been carried 
out using the Mark I 250-ft. radio telescope 
at Jodrell Fank, and one of the 82-ft. radio 


BS telescopes #perated by the Royal Radar 


Establishment, Malvern. The separation of 

Ne these telescopes is 127 km, in a direction 
\ which is clese to north—south. This inter- 
\ ferometer worked on a wave-length 4 = 0-21 
m, so that the maximum resolving power was 
more than taree times greater than had been 
obtained in the previous observations. The 
effective resolving power changes as sources 
are observed in different directions, but its 
maximum value is greater than 600,000 
wave-lengths for most sources. With this 
baseline the output fringe frequency pro- 


+90° 


duced as the radio source moves through the od ee 


lobes of ths interferometer pattern varies 
with hour aagle from 0 to as much as 40 e/s. 
An almost identical frequency was produced 
continuously by a digital ‘fringe speed 
machine’ ard this was subtracted from the 
interferomeser output, so that the fringe 
patterns displayed on the chart recorder 
were normaly slower than 0-5 cycles/min. 
A microwave link system was established 
between the two observatories, via two 
repeater stations. A new very-high-fre- 
quency phase-locking system was also 
developed, with equipment at each site. 

During those observations, the five sources 
which had not been resolved previously 
(3C 119, 286, 287, CTA 21 and 102) all gave clear 
fringe patterns over a wide range of hour angles, 
though for only one soarce did the amplitude remain 
approximately constant. These sources are listed 
in column 1 of Table 1L. Column 2 shows their cata- 
logued® flux density, S, at à = 0-21 m. The observed 
fringe amplitudes were normalized by daily observa- 
tions of the source 3C 147, which was found to give 
clear fringe patterns at all hour angles. Corrections 
arising from various instrumental effects have been. 
applied to these normalized values of fringe amplitude. 
Tt was found that wher the sources were observed at 
elevations less than 15° these corrections were frequently 
greater than 20 per cent, and such observations have not 
been used. The correesed values of fringe amplitude 
have been calibrated by considering the maximum value 
observed for each source. which is shown in column 3 of 
Table 1. It was found that these maximum values are in 
an almost constant ratio to the total flux from each 
source, as shown in column 4, the mean value of these 
ratios being 14-1 + 0-9. 

A constant ratio in column 4 would be obtained if the 
minimum linear dimensions of all these sources were 
similar, and they were at comparable distances, and were 
partially resolved to the same extent by effective baselines 
between 500,000 and 60,000). This is an improbable 
situation, and it seems more likely, as we assume, that 
each source was unrescived by the effective baseline 
at which the maximum value of fringe amplitude was 


Tahle 1. RADIO SOURCES SMAEZLER THAN 0-1 SEC OF ARC IN AT LEAST 
ONS DIMENSION 


Wax. fringe amplitude, A, 


Flux 5 observed with tracking 
Source até=Q21m interferometer of aerial AIS 
{fax units) * spacing 005,0004 
(arbitrary units) 
3C 119 RBS 125 +10 W718 
3C 286 13-1 +0°4 245 + 20 16-215 
3C 287 76415 95+ 5 12-5 + 2-5 
OTA 21 30408 115410 14:44+2-6 
CTA 102 o6+1-6 95 + 10 144420 
Mean value 141409 


* One flux unit = 10 Wm lea". 


Oo 08. 
ra “fringe. patterns observed at this baseline, a pronounced 
-minimum would have been observed every 10-15 min at 
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“Tabl a Data ow Ka 2e ae A 


Total flux density. (1962 =) gs 
Flux ratio componen B: 4 (1902-0 y 5; 
Therefore component ‘then 165 and B, 
Long baseline interferometer (1965- 5) 

Two parts of one component. gave 
Total power measurements (19658) A +B 
Provisional interpretation (1965-7) 


Component A is still 16-6 flux units, and component B is now 30 flux units, 
Flux ratio B : A now 1°84, 









we, oa 3 Ia aii 


3042 flux units 
48+ 1-5 flux units 








with the hee: aali a it is aed that the int 
ferometer observations refer to the component B, & 
that the flux of this component has now increased to 
flux units, that is, by approximately 30 per cent in th 
years. It is not known which part of component B ł 


Table 3. CURRENT INTERPRETATIONS OF THE RADIO MEASUREMENTS OF THE ANGULAR AND LINEAR DIMENSIONS OF SOME QUASARS 


peng eo A RR RYO VP tt ALAA RE AA PSP -PPPSPS AVS PEVIURAR-AN-OUW rete tet were errr PPAF ELSPA PRA SARAHB Ranana 
e tuppaa r memanng mannan eee ee: : 





i Approximate linear dimensions {parsecs) 


| If sources ‘local 














| | 
: j 
| Source Redshift | Remarks on individual sources : If redshifts 
| z | cosmological * | at about 10 Mp 
| 3C 2738 | 0-158 | Source has two components 10-5 see apart in position angle 644° sad colo a of A and B j 950 
| | | Component RB, coincident with optical quasi-stellar object, has two parts, Each part smaller than 170 | 5 
| each smaller than 0:1 sec, separation probably 0-4 see. Aft A=@21 m separation probably 700 | 20 
| flux of component B has increased by approx. 30 per cent in 2-7 yr 
Component A has dimensions 5 x 1-5 sec flux probably unchanged 8,500 x 2,500 
3G 48 0-367 At A=0-73 m, elliptical, 04 by <0-3 sect të 1,100 x < 900 
f° BE 4? 0-425 | At A=6-21 m, this source has two components (ref. 9) 

i | Separation 62 2 see = 180,000 
i | Each component < 10 sec, but little ue <2 geci < 30,000 but > 6,000 
BC 147 0-545 | At A=0-73 m, elliptica! 0-6 by <0-4 sect 2, 000x < t 200 

BC 254 0734 | At å=189m, ~fsee. No structure ol See af any wave-length ~ 21,000 
| BE 286 0-86 i At 4=0-21m, 0-12 by <0-1 sect 420 x < 350 
; 2C 245 1029 | AftA=1-89m, >12sec. No structure measurements at any wave-length? | > 41,000 
| CTA 102 1-03 | At i=l m, <0-1 sec in all position angles < 860 
i 3C 287 1055 | At 4=0-21 m, 0-14 <0-1 sect 500 x < 360 
i 8C 9 | 2012 | At aé=is9m. > 10sec. No structure measurements at any wave-length¢ > 32,000 





* These linear dimensions have been caleulated for model universes (ref. 4) in which the acceleration parameter go= +1. 
{1+ 0-52) which for these sources lies in the range 1-2-01. 


multiplied les a faciar 
+ Results (ref. 7) of detailed analysis of observations at 4=0-73 m 





If gg= 0, these values mast 


t None of the available evidence suggests that the source ons uins. fine structure within this elliptical component, but further analyses or observations 


even higher resolution could conceivably reveal a more complex structure, within these overall dimensions, as in the case of 3C 2738. 

§ Fringe patterns corresponding to partial resolution of this source were recorded during the observations at 4=0-21 m described above, 
yet been analysed in sufficient detail to improve significantly the earlier interpretation of the angular structure of this source. 

© A weak source at 4=073 and 4=0-21 m. Even if it were unresolved, the signal-to-noise ratio would be poor under optimum conditions, and the fin’ ae 


They have nh, : 






pattern might not have been recognized during those observations which were attempted. 


observed. This means that each of these sources 13 
smaller than 0-1 sec of are in at least one direction. 
The source CTA 102 did not appear to be resolved at 
any hour angle when its elevation was greater than 15°, 
so that its angular size is shown to be less than 0-1 sec of 
arc in all position angles. Each of the other sources was 
partially resolved at some hour angle, and the correspond- 
img maximum angular dimensions (assuming gaussian 
source models) were in the range 0-12-0-16 sec of arc, 
as shown in column 5 of Table 1. 

The quasar 3C 273 was also observed and was found 
to give clear fringe patterns of unexpectedly large ampli- 
tude with one well-marked minimum near meridian 
transit. Observations of lunar occultations of this 
source show that it consists of two components, A and B, 
the centres of which are 19-5 sec apart in position angle 
If both these components had contributed to the 


most hour angles. As these frequent minima were not 
observed, it follows that only one component of the 
source is small enough to give fringe patterns at this base- 
line, and that it, in turn, probably consists of two parts, 
which are each smaller than 0-1 sec of arc. 

As only one minimum was cbserved, the angular 
separation of these parts and the position angle cannot, 
by inspection, be determined uniquely, though they may 
be obtained in due course by more detailed analyses. If 
it is assumed that this position angle is also 044°, the 
separation is of the order 0-4 sec of are. 

- This interpretation of our observations, when calibrated 
with the factor derived from the sources discussed earlier, 
shows that the two parts of one component of 3C 273 
are now giving a flux density not less than 30+2 flux 
units. As may be seen in Table 2, this is significantly 
greater than the value of 23-3 flux units derived for the 
brighter component, B, from the ratio given by the 
occultation observations of 1962-9. The total flux from 
. this source was therefore re-measured recently, with the 
` Mark I telescope at Jodrell Bank, and compared with the 
radio galaxies 3C 348 and 353. These measurements show 







increased. This conclusion may be compared with tk _ 
measurements reported by Dent? which show that ¢ 
8,000 Me/s, where almost all the radiation comes from 
component B, the flux has increased by 40 per cent i 
2-5 years. l 
We have summarized in Table 3 our current inteni 
pretations, based on these and earlier measurements, č 
the angular dimensions of the ten quasi-stellar source 
the redshifts of which have been published!*, Possibl 
ralues of the linear dimensions of the radio-emittin.. 
regions of these sources are shown in columns 4 and: È 
Those in column 4 have been calculated on the hypothesi 
that the redshifts of these sources arise from the genera, 
expansion of the Universe, and so corr espond to eee 
greater than 600 Mpe. The values given in column 5 are 
calculated on the hypothesis suggested by Hoyle an 
Burbidge®, that the emitting regions are at distances o 
order 10 Mpc, and their redshifts arise from very hig} 
intrinsic velocities of recession of the individual objects 
R. L. ADG 
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RADIOPHYSICS 
Scintillations on the Small Diameter Radio 
E Sources 


IRREGULARITIES in the solar wind appear to be respons- 
e for the rapid scintillations on the radiation from small 
ameter radio sources, and for some of the fine structure 
Jovian decametric bursts*. At the Arecibo Ionospheric 
9servatory the irregularities as well as the sources are 
ing examined by their scintillations. Early results of 
_is programme have been reported by Cohen and Drake’. 
purpose of this communication is merely to report 
at the scintillation phenomenon has been seen over an 
anded range of frequencies and positions, and that it 
very strong and persistent. 
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are shown. Time constant 0 


The scintillations are very strong when the 
urce is very narrow and close to the Sun. 
or example, on May 23, 1965, CT.A-21 was 
bout 11° from the Sun. At 430 Mc/s the 
intillations were very strong, with minima 
bout 0-2 the mean value. As another 
example, on June 13, 1965, 3C—138 was 
about 7° from the Sun. Strong scintillations 
were observed on 195, 430 and 611 Mc/s. 
On all these frequencies the minima were 
about half the mean value. These observa- 
tions were made with the 1,000-ft. spherical 
reflector, using point feeds giving beam- 
widths of 33’, 16’ and 14’ at 195, 430 and 
611 Mc/s, respectively. Small diameter 
sources, such as C7'A—21 and 30-138 (ref. 4), 
can readily be found by their very strong 
scintillations, if they are close to the Sun. 
The very narrow sources, furthermore, always scintillate, 
even when they are far from the Sun. Fig. 1 shows 195 


Spectral density 





0 i 2 3 4 5 6 7 8 9 


Time lag (sec) 
; tocorrelation functi in arbitrary units) for 30-298 (scin- 
basa) ond 30-317 m fane tina), Samples im kec taken 10 i. 
i per sec for 5 min; 90 are shown 
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Fig. 1. 195 Mc/s records of 3C-298 and 3C-317, May 22, sve. Successive on-off records 
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Mc/s records of 30-298 and 30-317, taken on May 22, 
1965, when 3C-298 was about 11 h east of the Sun. The 
two sources have approximately the same strength, as 
shown by the records; 3C—298 scintillates, but 30-317 
does not. The effect of scintillations shows up strongly in 
Figs. 2 and 3. Fig. 2 shows the unnormalized autocorrela- 
tion functions obtained ‘rom 5-min samples of the records, 
sampled 10 times per sec. Tho 3C—317 autocorrelation 
function has essentially the same strength and shape as 
those functions obtained when tracking the cold sky; 
it is an exponential with e-+ width equal to the output time 
constant of the radiometer. The autocorrelation function 
at zero lag is proportions! to the variance of the fluctuating 
output signal, and so the root mean square fluctuation 
level for 30-298 is twee that which would have been 
expected in the absence of scintillations. The scintillation 
index for 37-298 is 0-041. (Index is defined 
as excess root mean square fluctuations 
divided by antenna temperature.) 

Fig. 3 shows the power spectra of the 
radiometer output signals, obtained by com- 
puting the approximate Fourier transforms 
of the autoeorrelation functions. The 3C—298 
spectrum has excess energy only at low 
frequencies. This excess is the scintillation 
spectrum; it is roughly gaussian in shape, 
with an e> width of 0-55 + 0-05 o/s. The 
peaks at 3:3 c/s are apparently due to 
aliasing. 

A short radiometer time constant is 
required fer scintillation observations, since 
the fluctuations may have periods of 1 sec 
or less. This results in a poor signal-to- 
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Fig. 3. Power spectra (in arbitrary units) for 3C-298 (scintillating) and 3C-317 (non- 
scintillating) 


noise ratio for weak soarces. Digital processing, however, 
can greatly increase the visibility of the scintilla- 
tions. 

I thank E. E. Salpeter for his advice, and Mrs. N. Earle 
and Mrs. S. Jack for assistance with the calculations. The 
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University with the sapport of the Advanced Research 
Projects Agency unde= a research contract with the Air 
Force Office of Scientific Research. 
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PHYSICS 


Combined Very High Pressure/High 
Temperature Calibration of the Tetrahedral 
Anvil Apparatus, Fusion Curves of Zinc, 
Aluminium, Germanium and Silicon to 
60 kilobars 


IN apparatus of the tetrahedral anvil or of the ‘belt. 
type’, where a solid-pressure transmitting medium such 
as pyrophyllite is used, the relation between load and 
pressure is fairly complicated’. The pressure calibration 
at room temperature is frequently made in terms of the 
usual resistance transitions in bismuth, thallium and 
barium’. There is no guarantee that such a calibration 
will be valid for the high-temperature range up to more 
than 1,000° C in which such apparatus is often used. 

To check on this point, the tetrahedral anvil apparatus 
has been used to determine the melting points of zinc, 
aluminium, germanium and silicon as a function of the 
pressure inferred from a room temperature calibration. 
These results can then be compared with previous de- 
terminations®-* using piston and cylinder apparatus for 
which the temperature dependence of the load versus 
pressure calibration would be expected to be relatively 
small. 

The NBS-type tetrahedral anvil apparatus used had 
1-90-em edge cemented (6 per cent cobalt) carbide anvils, 
and the 2-38-cm edge tetrahedra were made from pyro- 
phyllite (‘Alsil grade). The experimental arrangement is 
shown in Fig. 1; the two alternative thermocouple 
positions shown gave identical results. The thermocouples 
used were chromel/alumel, and were of the sheathed 
“Thermocoax’ type with a sheath diameter of 0-5 mm: 
these were carried directly into the tetrahedron through 
an edge. No correction was applied for the effect of pres- 
sure on the thermal e.m.f. Melting was detected by simple 
thermal analysis, with the thermal e.m.f. displayed against 
a constant time base on a fast-acting XY recorder, since 
the cooling rate of the tetrahedral apparatus is rapid 
(400°/see from 1,000° C). 

The materials used in these experiments were 99-99 per 
cent pure or better and, to minimize possible contamina- 
tion of the sample by its container, the following procedure 
was adopted. At a given anvil load, temperature was first 
raised slowly to ~0-7 of the expected melting point. 
Temperature was then increased rapidly (using the fast 
thermal response of the apparatus) by switching a suitable 
resistance from the primary of the heater power supply 
transformer. When melting was indicated by the 
appropriate ‘arrest’ on the rise curve, the heater supply 
was disconnected and the cooling curve taken. This 
ensured that the sample was heated in contact with its 
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Fig. 1. Cooling curve of sine specimen cooled from 720° C at 32 kbar, 
showing ‘arrest’ due to freezing. Inset shows tetrehedron arrangement 
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Fig. 2. Fusion temperatures as a function of pressure. (a) Zinc and 

aluminium: @) germanium and silicon, ©, ref. 3; +, refs. 4 and 5; 

x, ref. 6; O, present work, pressures inferred from room temperature 
calibration 


surroundings for a few seconds only, and X-ray mierc 
probe analysis of selected specimens confirmed that m 
significant contamination had occurred during the heatiny 
cycle for any of the materials in tantalum containers 
In view of previous experience®, suggesting that molyb 
denum is a suitable container for aluminium, it is interest 
ing to note that we have found evidence of considerabh 
reaction between these metals at high pressures, especial: 
at temperatures approaching 1,000° C, where depression 
of the freezing point by as much as 50°C have beer 
observed. X-ray microprobe analysis confirmed that ¢ 
reaction had occurred in these cases with the formation o 
an intermetallic compound, probably MoAl,. 

A typical arrest corresponding to solidification for i 
zine specimen cooled from 730° C is shown in Fig. l. ly 
general, well-defined ‘arrests’ of this type were obtainec 
during these experiments, and there was no evidence o: 
supercooling despite the high cooling rates. Quite fre 
quently ‘arrests’ began with a region of finite slope rathei 
than an accurate horizontal; in these cases the point oi 
inflexion was taken to indicate freezing. The maximur 
error of measurement in these experiments is about + 5° C. 

Fig. 2 shows the fusion curves to 60 kbar, pressures being 
inferred from a subsidiary room pressure calibration with 
a similarly sized test sample. All measurements were made 
during the loading evcle and the repeatability of pressures 
isin the range + 1-5 kbar. These results are compared with 
two previous investigations: (1) Butuzov® used relatively 
large samples pressurized either in argon or pentane sc 
that truly hydrostatic conditions were obtained. Melting 
temperature was determined by differential therma 
analysis, and pressures by a manganin gauge with an 
accuracy of 0-Lkbar. (2) Using piston and cylinder appar- 
atus with tale as the pressure-transmitting medium, 
Kennedy and Newton* have determined the fusion curve of 
zine, Jayaraman, Klement, Newton and Kennedy? that ol 
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injum, and Jayaraman, Klement and Kennedy® that 
ermanium and of silicon. Pressure was inferred from 
on force and area, with a correction for piston friction, 
ng an accuracy of 1-0 kbar. 

ig. 2 shows a very satisfactory agreement between the 
on curves obtained in the present work and a linear 
apolation of those of Butuzov? for zine and aluminium: 
her, that, in the range up to 60 kbar and 1,100° C, 
onable agreement is also obtained with the curves 
ined in refs. 4 and 6 for zine, silicon and germanium. 
sidering that the various determinations were made in 
ely differing types of apparatus, and in particular that. 
tuzov’s conditions were truly hydrostatic, it is a reason- 
© conclusion that the effect of temperature on the 
A/pressure calibration curve for the tetrahedral 
paratus is small, certainly less than +3 kbar at 50 kbar 
11,000° C. 

here is a significant difference, amounting to 8 kbar 
50° C) at 40 kbar and 900° C, between the present 
wts for aluminium and those of ref. 5. It is possible 
it at least some of this effect is due to the reaction 
tussed above between molten aluminium and the 
lybdenum containers used in the latter work. 

In a recent determination of the phase diagrams of 
icon and germanium, Bundy’ used a modified ‘belt: type 
apparatus to produce pressures up to about 200 kbar and 
900° C. With this apparatus a large pressure rise due to 
wal heating at the specimen was inferred, which was 
ughly proportional to the product. of the initial pressure 
id the temperature rise, and would amount to about 
}kbar at 50 kbar and 1,000°C. The compatibility of the 
‘esent results with those of other workers implies that 
ich a large effect is not encountered with the tetrahedral 
apparatus as used in this work. 

~ We thank Miss A. Thake, who carried out many of the 
periments, and L. Hailes for the microprobe analysis of 
| pecimens; we also thank C. H. L. Goodman for discussion. 
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JA New Absolute Determination of the 
Acceleration due to Gravity at the National 
Physical Laboratory 


Aw absolute determination of the acceleration due to 
gravity at a site in the National Physical Laboratory 
-has recently been completed. It is the first to be made by 

timing the symmetrical up-and-down motion of a body 
moving freely under gravity, and the uncertainty of the 
result is considerably less than that of any previous 
measurement. 

If a body is timed as it crosses two horizontal planes 
with a vertical separation H, and if the time interval 
between crossings of the lower plane is T, and of the 
upper plane T., then: 

oo 8H 

l ToT, 

LA correction has to be applied for the decrease of gravity 
: with height. 

= {n the present experiment the planes were defined 
‘optically by pairs of horizontal slits and the moving 
object was a glass ball which focused one slit of a pair on 
-the other when it was symmetrically between them. One 
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slit was illuminated and a photomultiplier behind the 
other recorded the flash of light as the ball passed. The 
pairs of slits were incoxporated in composite blocks of 
fused silica, the vertical distance (1 m) between the blocks 
at the upper and lower pesitions being measured by means 
of an interferometer. 

The advantages of this method have been discussed 
recently! and it is suffice ent to say that they have been 
fully borne out; in particular the measured acceleration is 
independent of air resistance. 

The measured value of gravity, reduced to the British 
Fundamental Station in the National Physical Labora- 
tory*, is 981 181-77 mgel, with a standard deviation of 
0-13 mgal (1 mgal = 10- m/sec?). 

The uncertainty comes mainly from microseismie 
disturbances, An earlier determination at the National 
Physical Laboratory with a reversible pendulum? gave a 
value of 981 183-2, s.d. 0-7 mgal at the British Funda- 
mental Station. The difference of 1-4 mgal from the new 
result is just twice the standard deviation of Clark’s value. 
Comparisons with other determinations will be discussed 
in the full account of the measurements which will be 
published later. 

A. H. Coox 
Standards Division, 
National Physieal Laboratory, 
Teddington, Middlesex. 
* Cook, A. H., Metrologia, 1, 84 (1.965). 
“The British Fundamental Gravity Station, Nature, 178, 704 (1954), 


* Clark, J. S., Phil. Trans. Roy. Soc., 288, 65 (1939); Jeffreys. H., Mon. Not. 
Roy. Astron, Soe., Geophys. Supp.. B, 398 (1949), 


Deformation of Gas Bubbles and Liquid 
Drops in an Electrically Stressed Insulating 
Liquid 

THE recent paper by Garton and Krasucki! is of con- 
siderable interest and reminded me of some of the work 
I undertook about five years ago?. I observed a similar 
phenomenon under different conditions. This brief note 
is to bring to notice some of my results obtained at that 
time, which serve as further evidence that gas bubbles and 
liquid drops always tenc to elongate in the direction of the 
applied field in an insulating liquid, irrespective of whether 
the permittivity of the bubble or drop is larger or smaller 
than that of the surrounding liquid. 

A glass test cell 5in. x 3in. x 2 in. was used, contain- 
ing a pair of parallel brass plane electrodes of size 4 in. x 
2 in. with a separation of 0-5 in. aligned horizontally. The 
test cell was fully fillec with transformer oil, and an air 
bubble or a water drop could be introduced into the cell 
through two small holes in the top and the bottom of the 
cell. The pressure on tae liquid was kept at atmospheric 
pressure and the temperature 20°C. The air bubble was 
injected through the bortom hole and it moved up through 
the centre of the liquid gap by buoyancy force, while the 
water drop was injected through the top hole and it moved 
down through the centre of the liquid gap by gravitation 
force. The 50-c/s a.c. feld was first applied and a photo- 
graph was taken when the bubble reached the centre of the 
liquid gap. This methed was different from that adopted 
by Garton and Krasucii, who deliberately eliminated the 
buoyancy force by rotating the test cell to maintain the 
bubble in a fixed positicn. However, their results and mine 
agree qualitatively. Fig. 1 shows an air bubble elongated 
at 22-5kV and 28-5 kV though they were slightly distorted. 
Fig. 2 shows a water drop elongated and a large drop 
bursting into many droplets at 6 kV. The bubbles and 
drops in (a), (b) and (c) of Figs. 1 and 2 were not originally 
identical in size, since the device could not control their 
sizes accurately, But st can be seen that the greater the 
difference in permittivity between the bubble (or drop) 
and the insulating liquid, and the larger the original size 
of the bubble (or drop, the smaller is the electrical field 
required to cause elongation—as predicted by theory? ?, 
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It should be noted that the experimental conditions 
were somewhat different from the assumed conditions 
on which the theory was based. For example, the bubble 
size under experimental investigation was not so small 
compared with the liquid gap that the charge distribution 
on the electrodes before and after the introduction of a 
bubble was identical with the case for a field of fixed 
source distribution. This point must be borne in mind 
when comparing experimental results with theory. 
Furthermore, free charges inside or outside the bubble 
may also influence the deformation, Allan and Mason? 
have reported that under certain conditions the fluid drops 
were flattened into oblate spheroids in the field. This 
phenomenon may possibly be due to the attractive force 
between positive and negative charges accumulated on 
the bubble surface, which, so far, has been ignored in the 
theory. More work, both theoretical and experimental, 
is necessary in order to clarify many points which are still 
not understood. 

K. C. Kao 
Department of Electrical Engineering, 
Royal College of Advanced Technology, 
Salford. 
* Garton, C. G., and Krasucki. Z., Proc. Roy. Soc., A, 280, 211 (1964). 


* Kao, K. C., Brit. J. App. Phys., 12, 629 (1961). 
* Allan, R. S., and Mason, 8. G., Proe. Roy. Soc., A, 267, 45 (1962). 


GEOPHYSICS 


Variation megs s to Latitude of the 
Electron Content of the lonosphere near the 
Auroral Zone 


Some evidence has been obtained from single-frequency 
Faraday measurements using the satellite 1963-49C, 
reported by Liszka and Taylor’, that the sub-satellite 
electron content, ns, of the ionosphere at high latitudes 
may consist of two components. The first component, 
which decreases gradually with increasing latitude, is 
probably produced by ultra-violet radiation from the 
Sun; the second, irregular, component seems to dominate 
at latitudes greater than 65° N. It was suggested that 
the latter could either be produced by low-energy cor- 
puscular radiation, or that it could be a manifestation of 
transport processes. Some more accurate measurements 
of the electron content at high latitudes, obtained from 
differential Faraday observations of the multifrequency 
beacon satellite S-66 (1964-64A), now show that the 
first explanation of the irregular component seems more 
plausible. 
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The electron contents have been calculated using d 
from 40 and 41 Mc/s records of S-66 made at Kiru 
Sweden (67:8° N., 20-4° E.), during the first two mon 
of the satellite’s life. The method was the same as 
used for the reduction of two-frequency Moon radar 
m was calculated at each Faraday null time and plot 
as a function of sub-ionospheric geocentric latitu: 
Some of the resulting curves are shown in Figs. 1 and 
those corresponding to a time of day shortly before lo 
noon are given in Fig. 1 and those to a time shortly 
local midnight in Fig. 2. All these results refer to 
second half of November 1964. It can be seen that ne 
noon ne decreases with latitude; small irregularities oft 
occur at latitudes of about 65° N. Night-time curv 
particularly those from 03-04 local time, show a gradu — 
decrease of n: up to about 60° N., followed by an increas 
up to values at least as great as those observed at 50° - 

It may also be noted that the electron contents show) 
here are, on average, lower than those obtained fro 
single-frequency records by assuming the effective thic 
ness of ionosphere to be 350 km (ref. 1). Equivalent s 
thicknesses were calculated using simultaneous values # 
maximum electron density, Nmax, obtained from tk 
equation: 










N max(e/em) = 1-24 x 10*(f,F2)? 


where f,f2 is the ordinary wave critical frequency i 
Mc/s. For this purpose f/, /2 values from six Scandinavia’ 
stations, covering an interval of 10 degrees of latitude 
were used. The results show that at high latitudes th 
effective thickness is much less than 350 km during the 
daytime, and sometimes less than 200 km. However 
when the second component of nè was present, effective 
thieknesses a few times larger than 350 km were obtained 
As an example, effective thicknesses obtained for one oł 
the transits shown in Fig. 2, transit No. 658, are given 
in Table 1 (Nov. 27, 1964, 0200 local time). 


Table 1 
Geographic f,F2 Effective 
Station latitude (° N.) Mejs) thickness (km) 
Sodankylä T4 20 650 
Lycksele 847 1:9 413 
Uppsala 59:8 2-0 222 


An examination of f,/2 values shows that in many 
cases during the night-time, N max changes with latitude 
in the same way as n, that is, it shows a definite minimum 
value. As an example, N max values from 03 to 04 local 
time of November 22 are shown in Fig. 3. This phen- 
omenon may also be found during the early morning 
hours on averaged world contours of f,/2 published by 
Martyn’. 

Any transport of ionization is almost certainly directed 
along the magnetic field lines, that is, nearly vertically, 
and it seems unlikely that the large increase of the 


ne, 10** e/em?* 
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Fig. 1. Electron contents for a number of satellite transits short! 
local noon during the second half of November 1964 plotted as a 
of geocentric latitude 
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o Electron contents for a number of satellite transits shortly after 
midnight during the second half of November 1964 plotted as a 
function of geccentric latitude 
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‘Fig. 3. Electron densities at the maximum of the F-layer, Nmax, from 
“03 (O) to 04 (@) local time on November 22, 1964, plotted as a functicn 
a of the geographic latitudes of the ionosonde stations 


lectron content up to the satellite altitude (1,000 km) 
an be due to this cause. It would mean that there are 
st least as many electrons above 1,000 km as below; 
slectrons which can, moreover, in certain. conditions move 
lownwards. There is at present no evidence for the 
yxistence of such a reservoir of ionization in the upper 
F-region, though there are few relevant high-latitude 
ybservations. Thus it seems more reasonable to attribute 
‘he increase of n; to low energy corpuscular radiation, 
xossibly electrons, producing additional ionization in the 
onosphere at auroral latitudes. Their energy must be 
ess than 1 keV since electrons with higher energy reach 
altitudes below 180 km without ionizing the F-layer*. 
Further investigation of electron contents at auroral 
latitudes is needed before any definite conclusions can be 
n. It is already clear that the S~66 satellite is an 
llent instrument in this type of investigation. 

s work was supported by the Cambridge Research 
oratories, OAR, through the European Office of 
ospace Research, U.S. Air Force (contract AF 61(052)- 
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GEOLOGY 








lothurian Sclerites from the Speeton Clay 
ING an examination of the Foraminifera from the 
retaceous clays of Speeton, Yorkshire, a number 
ples were found to contain holothurian sclerites. 
18 an unexpected oceurrence, as Frizzell and Exline! 





NATURE 


281 


have pointed out that virtually no work has been pub- — 
lished on sclerites fron: strata of Cretaceous age. The — 

only previous records o” Cretaceous holothurian sclerites _ 
are Calcliguia (?) hucket Frizzell from the Gault of | 











Pomerania, Theelia rotula (Egger) from Germany and — = 


Hemisphaeranthos franki (Miller) from the Turonian of © 
Germany. ‘Chiredota’ “rom the Hauterivian of France 
were noted by Deprat®, and Wetzel? obtained sclerites 
from a Baltic flint whica Defiandre-Rigaud* identified as 
Myriotrochites elegans (&chlumberger), Chiridotites atavus 
(Waagen) and Chiridowtes ef. ingens (Joshua). More 
recently Kemper’ recorded “Holothurienreste’ from the 
Hauterivian of Germany, though he did not describe them. 
A systematic search for holothurian spicules in more 
than two hundred micropalaeontological residues of the 
Speeton clay, mainly frem the type locality but also from 
borehole material, revealed several horizons which 
contained a large number of holothurian remains... All 
were obtained from strata of Hauterivian and Barremian | 
age. ee 
The sclerites from Speeton belong to four families, 
Achistridae, Theeliidae, Stichopitidae and Priscopeda- 
tidae; all are well preserved and free from matrix and. 
secondary growth. Of particular interest in the Barre- 
mian clays is the occurrence of the Family Achistridae, 
which is represented by “he species Achistrum (Cancellrum). 
monochordata Hodson, Harris and Lawson. This is a 
sclerite in the form of a hook, with a terminal loop which 
is crossed by a single cross-bar. Forty-one examples of 
this species have so far been found. With this record of 
Achistrum (Cancellrumy monochordata: the range of the 
Family Achistridae, previously regarded as being from 
the Devonian (7?) to the Jurassic, can now be extended 
to include the Lower Czetaceous. | 
It is interesting to note that A. monochordata is a 
common form species in the Oxfordian®’, though the 
specimens from the Barremian are generally smaller than 
those from the Jurassic The widths of the terminal loop 
in the specimens from Speeton range from 0-090 mm. to 
0-144 mm, while those from the Oxfordian range from 
0-162 mm to 0-324 mm. | 
So far as I am aware, holothurian sclerites have not 
previously been recorded from the Cretaceous of Britain. 


B. N. FLETCHER 
Department of Geology, 
University of Hull. 
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8 Kemper, E., Geal. Jb., 80, 4561963), 7 sas 
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CHEMISTRY 


Polyamide Layer Chromatography of DNP — 
Aamino-acids , 

Mertuops for the ideatification of DNP amino-acids by 
paper or thin-layer chromatography were used to 
determine the N-ternzinal group in polypeptide struc- 
tures. Recent deveiopments in silica-gel thin-layer 
chromatography have made possible the rapid identi- 
fication of amino-acids in biological mixtures’. 

The separation of various DNP amino-acids on a poly- 
amide column was developed by Steuerle and Hille? and 
by Grassmann et al.*, but no practical method for separ- 
ating micro samples by polyamide thin-layer chromato- 
graphy has been deve.oped. 

The polyamide layer (Chen-Hsin-Tang Chemicals Co., 
No. 75, Section I, HanKou St., Taipei, Taiwan), according 
to Wang‘, gave better results and durable polyamide 
layer. We have applisd this polyamide layer to several 
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DNP-pe- Lea {Paso RY {35 0-33 O77 
DN P-L-Agp 27 OBE 17 (25 6] 
DN P-DL-Met O69 72 0:37 O21 0-69 
DNP-Ala FDR 5S 35 0-34 0-70 
bit- DN THis 0-60 P12 Failing Tailing 0-79 
DN P--pu-Val 1-80 0-74 0-56 36 O76 
bis DN P-Lys aug 0-69 is Talling O44 
DN P~Thr 30 Bt 0-32 0-34 “7G 
DN P--Tsoteu O85 (82 57 (28 O77 
A, a Butanol-acetic arid (9: 1). B, 2-butanone~chloroform—formic acid 
($:7:4): C, ethanol-water (63:37). D, dimethyHormamide-acetiy acid~ 


Water-ethanol (5: 10:30:20); E, methanol-formie acid (9: 1), 

DNP amino-acids. Five solvent systems: solvent 4, 
n-butanol-acetie acid (9:1); B, 2-butanone—chloroform— 
formic acid (3:7:1); C, ethanol-water (63:37); D, 
dimethylformamide~acetic acid-water-ethanol (5: 10:30: 
20); Æ, methanol-formie acid (9:1), were excellent for 
one-dimension chromatography. The Rp values and the 
time required for plate development are shown in Table 1, 
and Fig. la shows a typical ultra-violet contact photo- 
graph of these chromatograms. 





b 


Plate: 15 em x15 ent; solvent system: 2-butanone-CHCOL-HCOOH 
Key: 1, DNP-Isoleu; 2, DNP-Thr: 

DNP-pL-Met; 8 DNP-H-Asp: 9, DNP-pL-Len: 
DL-Ser: 11, e-DNP-Lys—HC! 


{è 
Fig. 1. 
183 em. 
DN P-His: 6, DNP-Ala; 7, 


In both solvent systems C and D, the times required for 
development are faster than solvent system 4, but some 
of the DNP amino-acids give tailing spots. Solvent B 
exhibits a completely different tendency in Rp values. 
The similar effect of chlorinated hydrocarbon was also 
observed in phenols*. The solvent system D is the same 
as that used by Grassmann et al? for column chromato- 
graphy. 
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This durable polyamide layer with high resolution mig 
be a promising method for the identification of DP 
amino-acids, 
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Distribution of Plutonium in Serum Proteins 


following Intravenous Injection into Rats 

Previous workers have shown that sera of variow 
mammals are capable of binding plutonium. Hunts ane 
Barron! prepared serum from dogs which had bee 
intravenously injected with a hexavalent plutoniur. 
citrate complex. Electrophoresis of th 
serum in & Tiseliws type of apparatu. _ 
showed that the 8-globulin fraction coms — 
mnes with the plutonium, Beliayev?, usin 
paper olectrophoretic methods, showec — 
that plutonium is beund principally to the | 
globulin fractions. The serum used ir” 
this latter piece of work was obtained from | 
rats 24 h after intraperitoneal injection o 
a totravalent plutonium citrate complex. 
The results obtained by Beliayev were not 
very reproducible, due possibly to buffer. 
salt interactions and the influence of the 
electric field. Accordingly we have mease: 
ured the distribution of intravenously ” 
injected tetravalent plutonium in the blood 
serum of the rat. The results presented.” 
here show that in blood obtained from the 
rat within 0-5 h of injection, the plutonium 
is bound to the transferrin proteins. 

The serum used for this work was prepared by Dr. D. M. 
Taylor of the Institute of Cancer Research, Sutton, Surrey. 
The plutonium stock was Pu(NO,), in nitric acid. Immedi- 
ately before injection of about 0-F ue., the sample was 
diluted with water. The elapsed time between dilution of 
the sample and its injection into the rat was short. Con- 
sequently the principal plutonium species injected into 
the rat was the tetravalent one. The rat 
was killed within 30 min of the injection. 
The blood was allowed to elot at room 
temperature for 2 h, stood overnight at 4° C, 
and then centrifuged. The supernate was 
stored at — 20° C until required. 

The blood proteins were separated into 
three fractions by the relatively mild 
method of gel-filtration, and further re- 
solved by ion exchange as described by | 
Gelotte, Flodin and Killander®. The distri- = 
bution of the serum proteins in the eluates 
was determined speetrophotometrically at 
254 mu. The relative plutonium content of — 
protein samples was determined by count- 
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Fig. 2. Plate: 15 em x15 cm: solvent system: first, BuOH-AcOH (9:1) 12 em; second, ing the delayed neutron emission following _ 7 
2-butanone-CHCh-HCOOH (3:7:1) 13 cm. Key: 1, eDNP-Lys-HCl: 2, his-DNP. NE de Se ee ee eo EE 
His, 3, DN'P-H-Asp: 4, DNP-pu-Ser; 5, DNP-Thr: 6, DNP-Ala: 7, DNP-—pu-Met: neutron irradiation. Delayed neutron emis- 


a, bis-DNP-lve: 9, DNP- 


‘The combination of solvent systems 4 and B in two- 
dimensional development was also tried. This is shown 
in Fig. 2a and b. Leucine and isoleucine cannot be separ - 
ated clearly by these systems because these two are too 
closely related in structure. 

The polyamide layer gives less diffused spots and better 
separation than silica-gel thin-layer chromatography. 


sion induced by thermal neutron irradiation 

of fissile nuclides is a highly specific pro- 

perty, and has been used by Amiel! as an analytical method 

for the determination of uranium-235. The plutonium 

supplied by the Radiochemical Centre, Amersham, is 

free from other fissile elements, hence Amiel’s method was 
used as a simple and rapid method of analysis. 

Plutonium was found to be present in the albumin/ 

transferrin fraction only, following protein resolution by 
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‘Fig.1. Chromatography of the transferrin/albumin fraction on a column 

‘of DEAE- Sephadex 4-50’. Elution was started with 0-1 M 2-amino 

4-hydroxymethylpropane 1 : 3 diol (ris) and its hydrochloride in 0-1 M 

sodium chloride, pH 8-0, followed by a gradient of 0:1 M-2-0 M Natl in 

Yi M tris-HCl. The fraction volumes were about 35 ml. —, Trans- 
mission; ——— ~, radioactivity 


Sephadex G-200’ gel-filtration. Resolution of the albumin/ 
ransferrin fraction into its components by DEAE- 
Sephadex 4-50 and subsequent delayed neutron counting 
showed plutonium to be present in the transferrin fraction 
mly as depicted in Fig. 1. Additionally the protein 
actions were characterized by electrophoresis on cellulose 
xcetate strips, using veronal buffer at pH 8-6 and staining 
with Ponceau S (ref. 5). Autoradiography of the unstained 
slectrophoresis strips demonstrated that the plutonium 
migrates at the same rate as the transferrin. 


G. Boocock 
D. S. POPPLEWELL 


Atomic Weapons Research Establishment, 
Aldermaston, Berkshire. 
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` ‘Far-infra-red Spectra of some Square-planar 
= lons 


THERE are three different assignments of the infra-red- 
active modes of K,PtCl, in the literature’*. One was 
based on a low-resolution spectrum! and is thus mis- 
leading. The other two authors differed in their assignment 
of va and v, but their data are in good agreement except 
that Mathieu et al. reported a band at 160 em~? which was 
not found by either Sacconi et al.? or by ourselves, We have 
observed the spectrum of K,PtCl, to 40 cm~ and support 
Sacconi’s results and assignment for the following reasons. 

(1) The site symmetry of [PtCl,]?- in the potassium salt 
is the same as that of the free ion. It is thus difficult. to 
aceount for the triplet nature attributed to v, by Mathieu 
et al. (2) The band near 110 cm- assigned by Mathieu 
et al. to v is absent in the spectrum of Magnus’s green salt, 
and can be assigned to a translational lattice mode of the 
potassium ions, three of which should be infra-red-active. 
We find additional lattice modes at 87°5 and 59 cem, 
which may also be associated with the potassium ions. 
-We have made the first observations of v, and v, for 
K,PdX, (X = Cl and Br), of v, for KAul,, and of the 
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complete far-infra-recé spectra of [M(NH,),) [WC] 
(Af, M = Pd, Pt]. Our assignments for the complex ions 
in these compounds are supported by the band width 
considerations: those bands assigned to Gu modes are 
sharp and narrow, wh.le those assigned to e, modes are 
at least twice as broad. A similar band width effect is 
seen in v(CO) bands fer complexes of the type (CQ), 
(7-arene). 


Table 1. INFRA-RED-ACTIVE da a (CM!) OF SOME SQUARE-PLANAR 
ONS 

tg (gu) ¥al€y) volta) Other bands 
K,PtCl, 1745 326 194 108-5, 87-5, 50 
K,yPdCh, 168 $32 190-5 111, 90 
K,Pd Br, 106 254 136 ROS : 
IPEN Ha)a] 1415 = 234 266, 82:5, 74 
Ptch |} 175 310 198 
PANH: hi 144 a 226 263, 45, 80-5 
[PEEL] 174 321 187-5 
EPEN Hh] 136:5 ~m 245 364, ZRA, 038, 83 
Paj” 163-5 332-5 224 
KaAul, -l 1905 — ven 


All the ions in the complexes [47(NH,),] [LM Cl] have 
site symmetry Cy. Taere should not therefore be any 
splitting of existing degeneracies, but the Raman-active 
v, in the free ions sheuld become infra-red-active. We 
have not observed it, bat we do find a weak-medium band 
at 266 cm (M = M’ = Pt), 263cm- (M = Pd, MW’ = Pt) 
or 288 cm~ (M = Pt, M’ = Pd). This is very low for v, 
for any of the complex ions and we tentatively assign it to 
a combination of v, of the ammine complex ions with a 
lattice mode. There ie no evidence that the metal-metal 
interaction in Magnus’s green salt has any significant 
effect on the infra-rec. spectra of the complex ions, as 
compared with K,PtCh, and {[Pt(NH,),|Cl,. In particular, 
the da, out-of-plane deformation bands of [PtCl,|’- are 
constant in both frequency and intensity. 


D. M. ADAMS 
D. M. MORRIS 
Department of Chemistry, 
University of Leicester. 
Adams, D. M., and Gebbie, &. A., Spectrochim. Acta, 19, 925 (1982). 
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Methane-rich Perchloric Acid Flames 


THe study of flames supported by the vapour of 72 
per cent perchloric acid’? has been continued by an 
investigation into methane-rich premixed flames of 
perchloric acid. Perckloric acid flames have already been 
shown to have no effeetive lower flammability limit since 
a decomposition flame of the acid vapour alone ean be 
stabilized?. It has new been found that mixtures con- 
taining up to at least 84 per cent methane in perchloric 
acid are flammable; this corresponds to 20 times as much 
methane as in a stoichiometric mixture, whereas methane- 
oxygen mixtures are only flammable up to 61 per cent 
methane®, corresponding to 3-1 times as much methane 
as in a stoichiometric mixture. 

The methane—perchbbric acid flames were stabilized on 
cylindrical ‘Pyrex’ burners of internal diameter of 1-13- 
25-4 mm surrounded ky a 65 mm jacket tube so that the 
flames were burning in an atmosphere of argon. The 
apparatus was preheased to 210° C by nichrome heating 
wire in order to maintain the perchloric acid in the 
vapour phase. All the flames were at atrnospheric pressure. 

Burning velocities, temperatures and burnt gas com- 
positions were measured for flames containing 2—18 times 
as much methane as is required for a stoichiometric 
mixture. No carbon formation, as revealed by luminous 
yellow streaks or zones, was found with any of these 
flames. Burnt gas cormeentrations for methane, hydrogen, 
carbon monoxide, carbon dioxide and water in molecules 
per 100 molecules of initial methane are presented as a 
function of the mixture ratio, à, in Fig. 1 (the diluent 








_ < waa hydrogen chloride 
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water is not included f 
ratio in the mixtur 
in a stoichiomet 







ded by the fuel/oxidizer ratio 
xture.. The other major product 
2 ide and minor products were methyl 
chloride, chlorine and C, hydrocarbons. 

"The large amount of methane in the burnt gas is remark- 
able. It is possible to calculate an effective mixture ratio, 
p, where 9 is the fuel reacted/oxidizer ratio in the mixture 
divided by the fuel/oxidizer ratio in a stoichiometric 
mixture. The value of 9 so calculated is 2 for any value 
of }>2. In other words, for flames containing more than 
twice the methane required for a stoichiometric mixture, 
the additional methane does not react and acts solely as 
a diluent. The flame temperatures measured with 0-002 
in. Pt/13 per cent Rh-Pt thermocouples were compared 
with theoretical equilibrium temperatures calculated by 
- (a) assuming that all the methane reacts, and by (b) 


assuming that only two moles react (that is, A=2) and 


that the rest of the methane acts solely as a diluent. The 
- experimental temperatures confirm that methane-rich 
perchloric acid flames are in fact à= 2 flames diluted with 
methane. 

Carbon formation would not be likely in a A=2 flame 
(O/C ratio 2-0) and it is suggested that it does not oceur in 
the richer flames because the flame temperature is in- 
sufficient. Addition of oxygen to methane-rich perchloric 
acid flames raises the flame temperature and carbon 
formation ensues. This observation supports the idea 
that carbon formation is not observed in the methane-acid 
flames because the flame temperature is too low. 


Molecules per 100 tnolecules of 
initial methane 





13 14 15 18 


2 3 46 6 7 8 
Mixture ratio (4) 


Fig. 1, A, Methane; B, water; C, hydrogen; D, carbon monoxide; 
E, carbon dioxide 


9 10 il 12 


-The finding that only two molecules of methane react 


per molecule of perchloric acid is interesting. It cannot 


be directly compared to the situation with methane-rich 
oxygen flames since there is a paucity of sampling data. 


~The only comprehensive study is that made by Townend 


in 1927 into the explosion of methane-oxygen mixtures at 
~ pressures of 6-150 atmospheres‘. If it is assumed that the 


` earbon produced in his experiments came from the pyro- 
_ lysis of unreacted methane during the cooling of the post- 
_ . flame gases, it is possible to calculate an effective mixture 
_ ratio, 9, in the same way as has been done for perchloric 


_. acid flames. For mixtures with }=4 and 5 the value of 

9 is close to 2, Further discussion is unwarranted since 
it is not certain that carbon is formed in this way. It 
would be interesting to sample premixed methane-rich 
oxygen flames under increased pressure to determine 
whether methane-oxygen flames are also essentially 4=2 
flames. 

A mechanism can be proposed for the basic steps in a 
methane—perchloric flame. These must be different from 
those in a methane-oxygen flame since: (a) methane- 
perchloric acid flames have burning velocities about three 
times faster than the corresponding methane-oxygen 
flame’; (6) addition of oxygen to methane-rich perchloric 
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downstream of the acid zone!. Consequently, it is sugg 
ted that initial attack of the methane is by reaction wi 
chlorine-oxygen radical or a chlorine atom. 
HCIO; HO: + 00y 
ClO, —>C10:+ 0, 
CH,+ClO--CH, + HOCI 
HOCI-->HO: +Cl- 
CH, + Cl-+CH,- + HCl 


While ClO has been written as the chlorine-oxyg 
radical, since it has been suggested that it will be « 
efficient chain carrier®, other chlorine—-oxygen species cou 
equally well be written in its place. 

I thank Dr. A. R. Hall for his advice. 
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BIOCHEMISTRY 


Polymorphism of Lactate Dehydrogenase 
Isozymes in Pigeons 


RECOGNITION of the molecular heterogeneity of enzyme: _ 
in single organisms has offered a new dimension fo | 
studying the genetic control of enzyme synthesis. In thè 
case of lactate dehydrogenase (LDH) five distinct type: — 
(isozymes) can be identified in most mammalian anc | 
avian tissues by the method of starch-gel electrophoresis!-™ 
Each isozyme is a tetramer formed by the association 
two monomers, A and B (ref. 4), so that the polypeptide 
composition of LDH-1 through LDH-5 respectively may _ 
be written as follows: ABa, ABs, A,B,, A,B, and A,B, — 
Genetic investigations*-’ have shown that the synthesis. 
of the A and B sub-units is under the control of two 
different structural genes, a and b. Hence the isozyme: 
composition of each tissue depends on the relative activity 
of the genes at these loci. ee 

The finding of unusual isozymes, ‘band X’ isozymes, ini 
testes from sexually matured animals provided new | 
information on the genetic control of LDH synthesis. | 
The ‘band X’ isozymes are present only in mature testes, 
their appearance coincides with initiation of spermato: — 
genesis, and they comprise the predominant isozymic _ 
forms of LDH in mature sperm®-19, These observations _ 
suggested that a third genetic locus was responsible for- 
the synthesis of yet another distinct kind of LDH sub- 
unit, a C-polypeptide, in mature testis. Genetic evidence: 
for the existence of this locus was the discovery of two. 
allelic forms of the c gene in wild pigeons". ae 

Therefore, at least three structural genes are involved _ 
in LDH synthesis. In the pigeon, assuming homozygosity 
for the a and b genes, three genotypes are possible: 
abe abc’ abe’ peor 


abe’ abc’ be” 
at the b locus, and thus have identified the genotypes that 
will be required for a future analysis of linkage relation- 
ships among the genes controlling LDH synthesis. 
Racing homer pigeons, wild park pigeons, ‘Whit 
Carneau’, ‘White King’, and ‘Silver King’ pigeons were. 
used in this investigation. Most of the racing homer and. 
pure-bred pigeons were males, whereas the wild populatio 
comprised approximately equal numbers of males and 
females. Methods for preparation and electrophoresis of. 
tissue homogenates and haemolysates, localization of 

























We now present evidence for allelism _ 
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fe 1. DISTRIBUTION or CLASSES I, I, AND ITI IN THREE DIFFERENT 
PIGEON POPULATIONS 


Population No. of pigeons in each class Allele frequencies 
I H I LB LE’ 
ed Obs. 864 56 1 0-97 0:03 
Exp. 863 57 1 
ing homer 207 0 0 to 0 
yite King’ 
tite Carneau’ 215 0 0 10 0 
ver King’ 


JH isozymes in starch gel, dissociation and recombina- 
n of LDH polypeptide sub-units, and determination of 
cal LDH activity were similar to those previously 
_ seribed?®, 
A survey of the isozyme composition of tissues from 
proximately 1,000 wild pigeons showed that in terms 
its isozyme phenotype each bird could be placed into 
e of three major classes which arbitrarily have been 
signated I, II and III. Examples of each class of 
_ttern for breast muscle are shown in Fig. 1. The class I 
ttern exhibits five areas of enzyme activity, LDH-5, 
and -3 being the darkest bands. The staining of 
H-1, -2 and -3 in the class II pattern of breast muscle 
markedly diminished. Only three areas of activity are 
*esent in the class IIIT pattern. The darkest band has 
e same electrophoretic mobility as LDH-5, and the 
sher two bands migrate more slowly than LDH-4 and 
H-3. 
Heart zymograms of the same pigeons from which the 
‘east muscle patterns were obtained are also presented 


.Fig.1. The class I pattern exhibits most of its activity 
©) (+) 

aN 
j ot \9 





BREAST MUSCLE 
a 
w 
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HEART 










1+ Il] 


| I + Iil 
_(Recomb) 





Lactate dehydrogenase isozymes in breast muscle and heart 

from classes I, It and III pigeons. The homogenates were electro- 

Penal simultaneously in the same starch gel, and the conditions for 

oening LDH were identical. The pa tterns of a mixture of equal 

parts of class I and class ITI hearts before and after treatment with 

sodium “ hloride and ee ary and freezing are designated I+ IIT and 
(Recomb) respectively 
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in the LDH-1 area, and ess in LDH-2. Two minor bands 
can be seen on the anodal side of LDH-1. Five isozymes 
are present in the class I pattern, and the distribution of 
activity among the isozymes appears to be in the propor- 
tions of 1: 4:6:4:1. The pattern of the class III heart, 

except for intensity of isozyme staining, is identical to 
that of class ITI breas; muscle. Several other tissues 
from each pigeon were examined. In general, the differ- 
ences in patterns of tissues with predominantly B poly- 

peptides, for example, gizzard and kidney, paralleled the 
changes exhibited by heart. The characteristics of 
zymograms for tissues having mostly A polypeptides or 
equal amounts of each polypeptide were similar to those 
described for breast muscle. 

In most mammalian and avian species adult heart 
muscle is rich in LDH-F and LDH-2. Thus the presence 
of a major isozyme in the class ITI heart with an electro- 
phoretic mobility identzal to that of LDH-5 led to an 
investigation of some of its other physicochemical proper- 
ties. When tissue homcgenates from pigeons with class I 
patterns were heated at 70° C for 15 min, isozymes with 
two or more A polypeptides, that is, LDH-3, -4 and -5, 
were inactivated. Inactivation of the B polypeptides did 
not occur until homogenates were heated at 80° C for 
15min. The heat inact-vation properties of the isozymes 
in homogenates of the class II and III heart were identical 
to those observed for the class I hearts. Inhibition 
investigations with par@amino-salicylic acid showed that 
concentrations of inh®itor which decreased LDH-5 
activity in class I tissues did not alter the activity of the 
isozymes in homogenates of class I, II or III hearts. 

These experimental results suggested that the major 
isozyme of the class II. heart does not contain A poly- 
peptides, but that it represents polymerization of a B 
variant, B’, the electrophoretic mobility of which is 
identical to that of the 4 polypeptide. Likewise the class 
II heart pattern can >e explained by assuming that 
equal amounts of the ncrmal and variant B polypeptides 
are being synthesized. If the polypeptide compositions 
of the major isozymes in the class I and ITI heart patterns 
are designated B, and EF", respectively, then the isozymic 
complement of class II heart would be as follows: B,B’,, 
BB’, B,B’,, B,B’, and BB’. In order to determine if 
the B and B’ polypeptides could combine to form func- 
tional enzyme units, € mixture of equal amounts of 
class I and III heart homogenates was treated with 
0-5 M sodium chloride and 0-1 M phosphate and frozen 
for 24 h prior to electrephoresis'*. As shown in Fig. 1, 
dissociation and re-association of the polypeptides 
resulted in the appearance of two new isozymes, and the 
pattern resembled the zrmogram of a class II heart. 

The nature of the twc minor bands on the anodal side 
of the major isozyme m class III tissues is unknown. 
Since the electrophoretic mobilities of the A and B’ 
polypeptides are identical, then only one isozyme should 
be visible in the class IT” patterns. Two minor bands are 
also present on the anodal side of LDH-1 in the pattern 
of class I heart. Perhaps these minor components are 
related in some way tc the synthesis of the B and B’ 
polypeptides. 

Evidence for the genetic control of the three classes of 
isozyme patterns was obtained by measuring their 
relative frequency in cifferent populations of pigeons. 
The data listed in Table 1 show that the distribution of 
the three classes in the wild-type population agrees with 
that expected according to the Hardy—Weinberg law for 
a single pair of alleles. All the racing homer and pure- 
bred pigeons exhibited slass I patterns. 

A conclusive demonst*ation of the mode of inheritance 
of the different class patterns was accomplished by carrying 
out appropriate breeding experiments. Adult wild 
pigeons were classified by electrophoresing haemolysates 
of blood obtained from a wing vein, and only class II 
pigeons were selected for the breeding colony. Twenty- 









yoquivocally show that theirs i is salin 
at the b joous 3 in wild pigeons. The biological significance 
of the three classes of patterns is unknown. The B’ 
polypeptide has never been observed in tissues from 
racing homer or pure-bred pigeons, and only one of the 
921 trapped wild pigeons was B’B’. This pigeon appeared 
healthy, and the total LDH activities of heart, thigh 
muscle, breast muscle and testis were normal. The 
successful production of B’B’ pigeons in the breeding 
colony will facilitate more extensive studies on the 
selective advantage or disadvantage of the B’ variant. 
This work was aided by grant HD 00994-01 from the 
National Institutes of Health. We thank Dr. C. L. 
Markert for his advice. 
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Metabolism of 5-Chloro-2-cyclohexyl-l-oxo-6- 
_sulphamoyl Isoindoline, Clorexolone (M and 
B 8430) 


-CLOREXOLONE (M and B 8430) is a powerful oral 
diuretic! with pronounced antihypertensive properties 
even when administered in sub-diuretic doses*. It has 
certain structural features in common with chlorothiazide 
and with chlorthalidone, but is unique in containing the 

cyclohexane-isoindoline structure. 


ČH, 
oy one y 


NH,SO, Moo 
a 


_ Although the metabolism in animals of cyclohexane 
a and: its simple derivatives, for example, methyleyclo- 
-hexanes, hexanols and hexanones, has been studied in 
_ detail by Williams et al.5-5, there is little information about 
more complex derivatives. We have, therefore, examined 
the fate of clorexolone in experimental animals, and to a 
lesser degree in man, with two objects in mind. We 
wished, first, to establish that the compound was not 
stored in the body, and, secondly, we required information 
about the principal metabolic pathways operating in man 
and in the most closely related-~-in this biochemical 
context—-animal species. 

Preliminary investigations showed that colorimetric 
and spectrophotometric methods of estimating clorexolone 
and its congeners were insufficiently sensitive to permit 
quantitative experiments to be carried out with doses 
that approached those used therapeutically. They were, 
however, adequate to permit the conclusion that, in 
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red investigations, that the principal metabolite appes 
to be monohydroxylated, possibly in the cyelohex 
nucleus. It was clearly undesirable, however, to- 
solely on techniques which depended on excessive dos 
~-absorption, excretion and metabolic patterns may 
atypical in such circumstances—and most of our- 
liminary work was therefore carried out with clorexol 
labelled with carbon-14 in the isoindoline methylene gr 
(see formula). F 

It will be seen from the tabulated results of the th. 
experiments, in rats, one beagle dog and one whip 
that there is no significant accumulation of car bon 
after periods ranging from 48 to 72 h. 

Recovery of “C-labelled clorexolone after administratic 
two Wistar rats. Two Wistar rats, each weighing 22 
received an oral dose of C-labelled clorexolone (0 
mg/kg) which was six times the dose necessary to prodi 
a three-fold increase in sodium excretion. Each anin 
received 0-38 uc. of carbon-14 = 


PERCENTAGE RECOVERY OF MC-LABELLED DRUG 0- 


Table 1. 
Time (h) 
Sample 0-24 24-48 48-72 0-72 
Urine 40i 55 02 458 
Faeces 31:0 18-2 0-0 49-2 
Total 71-1 237 02 950 


Recovery of “C-labelled clorexolone after administrata 
to a beagle dog. A beagle weighing 12-5 kg received an o 
dose of C-labelled clorexolone (0-34 mg/kg), which w 
approximately three times the dose necessary to produ 
a three-fold increase in sodium excretion. The to 
amount of radioactive compound administered was equi 
alent to 5-0 pe. of carbon-14. 


Table 2, PERCENTAGE RECOVERY OF “C-LABELLED DRUG 





Time (h) 
24-42 


Sample 0-18 18-24 42-72 0-72 
Urine 5A 5 50 0-0 0-0 63-5 
Faeces memmen 27-5 0-2 27-7 

Total 58 5 50 275 0-2 $1+2 


* The animal failed to produce any faeces in the first 24 h. 


Recovery of C-labelled clorexolone after administrat 
to a whippet. A whippet weighing 5-7 kg received è 
oral dose of C-labelled clorexolone (0:83 mg/kg), whie- 
was approximately eight times the dose necessary 
produce a three-fold increase in sodium excretion. T 
total amount of radioactive compound administered W. : 
equivalent to 12-7 ue. of carbon-14. ae 


Table 8. PERCENTAGE E OF HC-LABELLED DRUG 










me (h) 

Sample 0-24 24- S 48-72 0-72 
Urine O5-4 3:2 0-0 98-6 
Faeces —* 40 2:2 6-2 
Expired CoO, 0-0 0-0 0-0 0-0 

Total 954 72 22 104-8 














* The animal failed to produce any faeces In the first 24 h. 


In the experiments involving the rats and the beag 
the carbon-14 content of the samples was determined 
means of an end-window Geiger counter, whereas in 
experiment with the whippet a liquid scintillation tee 
nique was used. 

We wished to confirm that the main metabolic chang 
produced in the molecule involved the introduction of 
single hydroxy] group and that the pattern of metabolis 
in the dog conformed closely to that operating in ma 
Preliminary investigations with the urine of volunt 
had suggested that there was a great similarity betw 
metabolic routes in man and dog. : 

Early experiments in which dogs received very ` : 
doses of non-radioactive clorexolone suggested the p 
ence of three metabolites in the urine. After separa 
on silica-gel chromatoplates, using acetone as the deve 
ing solvent, these three compounds were  visib. 
fluorescent spots when viewed in ultra-violet lig 
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ip 5 Examination of the arin from: the whippet 
ad 1 the radioacti pound, in a dose 
ating he therapeutic dose, confirmed that 
jole: of the administered carbon-14 was excreted in 
n of these three metabolites, which will hereafter 
eferred to as compounds A,, A, and B. These experi- 
is also established that there were no significant 
erences in the metabolic patterns of large or small 





aving established this fact, it was then possible to 


ap: daily doses of anlabooe clorexolone at I g/kg 


collected daily and the three compounds were separ- 
‘by extraction with ethyl acetate, thin-layer chromato- 
aphy on silica and fractional cryatallization. 
Direct comparison, by chromatography and by infra- 
and mass spectrometry, of metabolite A, with an 
thentic specimen of  5-chloro-2-(3’-hydroxy-cyclo- 
xyl)-1-oxo-6-sulphamoyl isoindoline showed that the 
o compounds were identical. Complete identification 
the major metabolite, B, has not yet been established. 
ra-red and nuclear magnetic resonance examinations 
ggest that it contains an equatorial hydroxyl group. 
-position of this group will be restricted to the 2’ or 
position, since A, is the equatorial isomer of the 3’ 
sition, and the 1’ position has been eliminated by the 
_aclear magnetic resonance investigations. The chromato- 
eaphic and infra-red characteristics of metabolite A, 
ggest that it also is monohydroxylated in the cyclo- 
xyl nucleus. 
Three metabolites which had chromatographic and 
.fra-red characteristics identical with those obtained 
_ °om dog urine have been similarly isolated from human 
nine. Thirty litres of urine were collected over a 2-day 
_ eriod from a patient who was receiving 50 mg of clorexo- 
me orally each day. Metabolite B was obtained crystal- 
ne, but the other two compounds were more difficult to 
varify and their identification depended on physical 
haracteristics in solution. 
It is evident that neither clorexolone nor its meta- 
_wolites are stored in body tissues and that, although the 
_ompound itself is not excreted unchanged, metabolism 
ond elimination occur solely and completely by way of 
_exidative monohydroxylations of the cyclohexane nucleus. 
“We thank Miss H. N. Grant for preparing the MC- 
abelled material, and Drs. R. I. Reed and H. C. Hill for 
be mass spectrometric examinations. 
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= Formation of Hydroxamates during 
Proteolysis by an Enzyme System from Yeast 


‘Durie re-investigation of an enzyme system from 
east previously reported to form ‘activated’ peptides? 
nsive proteolysis was noted and enzyme-catalysed 
xylaminolysis of protein was suspected as the 
of hydroxamate formation®. Acyl-enzyme com- 
yore | visualized as intermediates rather than some 
ctivated’ peptide originally suggested by Cooper 
‘he main evidence for the latter hypothesis had 
the appearance, after paper electrophoresis of the 
ucts of the reaction in the absence of hydroxylamine, 
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of a band which gave a positive reaction to the hydroxyl- 
amine ferric chloride test. This test, however, may be 
misleading when conduzted on paper*.. The formation of 
hydroxamates from protein substrates by other proteolytic 
enzymes was also demonstrated? and is presumably 
analogous to the well-known transamidation reactions 
recorded by many autkors*-*, Such reactions have only 
been unequivocally demonstrated using simple substrates 


but have been invoked to explain the formation of. Ge 


plasteins’° and energy-independent incorporation o 
amino-acids into mitockondrial protein". 

Some further characteristics of the yeast enzyme sys 
are reported here. : 





further purified by absorption on to a hydroxyapatite- 
cellulose column! in @01 M phosphate buffer, pH 6-8, 
and subsequent elution with 0-5 M buffer of the same pH. 

After extensive dialyss the protein was freeze dried. 

Enzyme reactions were carried out at 37° in 0-035 M iris 
buffer, pH 7-5, in the presence of ‘low salt’ hydroxyl- 
amine! (2:5--4-0 umole) in a final volume of 33 ml. 
Additions of amino-acids, etc., were made in the same 
final volume after the respective solutions had been 
adjusted to pH 7-5. Eeactions were terminated by the 
addition of 21-3 per cent (w/v) trichloroacetic acid in 0-43 N 
hydrochloric acid (2 ml}. After centrifugation the extinc- 
tion of the supernatan: at 280 mp was observed. The 
supernatant (3-0 ml.) was also mixed with 6-6 per cent 
FeCl,.6H,O in 0-1 N hydrochloric acid (0-5 ml.) and the 
extinction at 540 my observed after 5 min. Owing to the 
extreme sensitivity of the colour yield to minor changes in 
pH (ref. 14), the pH of the final mixture was observed and, 

before interpolating the hydroxamate concentration, the 
colour yield was correctad to pH 1-0, using graph of colour 
yield expressed as percentage of that at pH 1-0 plotted 
against pH. Glycine hydroxamate was used as a standard. 

Each determination wes also corrected using a blank of 
identical composition to which trichloroacetic acid was 
added prior to addition of enzyme. 

The formation of hydroxamates closely paralleled 
proteolysis in autolytie experiments (Fig. 1) and when 
additional protein subs:rate was present. Both activities 
are heat labile and reversibly inhibited by p-chloro- 
mercuribenzoic acid, thus resembling the more stable of 
the two enzymes obtained from yeast by Lenney*. 
Contrary to the earlier -eport', no evidence was found for 
any energy-dependent hydroxamate formation except 


2-0 01 
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3 
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fa 
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Fig. i. Hydroxamate formation during autolysis of erude veast enzyme 


in the presence of 2-7 mmole SH,OH. Incubation time: 18h, Increase 
in Esso mu (O) inerease in Ea mu of Fe*+/hydroxamate complex ( @) 







The crude yeast enzyme was prepared _ 
in essentially the mannor described by Cooper et al and — 
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Table 1. Errect or ATP ox HYDROXAMATE FORMATION DURING 
AUTOLYSIS OF YEAST ENZYMES 
Hydroxamate 
formed in 

75 min 

(umole) 
Crude enzyme b mg), NIOH (3-7 mmole) 1:55 1-75 
a plus ATP (50 umole), MgCl, (33 umole) 1:24 1:43 
= N plus ATP, MgCl, and amino-acid mixture * 115 1-24 
ay 5: plus amino-acid mixture only 1:00 0-85 


*8:3 ymole glutamic acid and tyrosine and D 6 umole methionine, 
phenylalanine and tryptophan in eris buffer, pH 7 


in the presence of amino-acids (Table 1). The highest yield 
of hydroxamate was, however, invariably observed in the 
absence of any additions. It is of interest to note that, in 
comparable experiments (Table 1), this system can produce 
up to 60 per cent of the hydroxamate observed in an 
apparently ATP-dependent system which was obtained 
by Schuurs ef al. by a somewhat different procedure, 
from baker’s yeast. The Dutch authors recognized that 
their system was proteolytic in nature and, most signi- 
ficantly, that added peptides could not be activated?’. 

It appears to be particularly difficult to interpret 
results based on the formation of hydroxamic acids when 
using crude enzyme systems which may contain proteases. 
This is especially true if trying to demonstrate peptide 
activation. Proof of such activation apparently requires 
a defined substrate and unequivocal identification of the 
reaction products". 

We thank Dr. A. H. Cook for his advice. 
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Brewing Industry Research Foundation, 
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Hydrolysis of Two [70-Oestradiol Glycosides 
by Rabbit Tissue Glycosidases 


It has recently been shown! that the rabbit excretes 
17a-oestradiol as the 3-glucuronoside-17a-N-acetylglu- 
cosaminide. To the best of our knowledge this is the 
first N-acetylglucosaminide of a non-sugar to be found in 
animals, although 8-N-acetylgluccsaminidase is widely 
distributed in animal tissues?. It was the object of the 
work recorded here to determine whether the steroid 
N-acetylglucosaminide was effectively hydrolysed by 
the tissue enzyme in rabbits, and whether the enzyme 
distribution, when measured with this naturally occurring 
substrate, was the same as that found by previous investi- 
gators®:* who used synthetic substrates. We also wished 
to compare the relative ability of different tissues to 
remove the glucuronic acid and the N-acetylglucosamine 
from the oestradiol molecule. 


Four rabbits were injected subcutaneously with 50 
day of oestrone benzoate in sesame oil. On the second ¢ 
an intravenous injection of 50-pe. of 176- -oestradiol-6,7 
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(sp. act. 150 uc./ug) was also given. Oestradio; 
glucuronoside-17a-N-acetylglucosaminide was isola: 
from the urine as previously described’. A sample of: 


di-glycoside was incubated in 0-5 M acetate buffe 


pH 5-0 with @-glucuronidase (‘Ketodase’, Warner- 
cott) Ocstradiol-17«-N-acetylglucosaminide was- 


tracted from the buffer with ethyl acetate and pur 
by countercurrent distribution’. After crystalliza 
from aqueous methanol, the product had a spe 
activity of 156 ue. jromole. Another sample of the 
glycoside was incubated in 0-5 M citrate buffer at ; 
4-2 with almond emulsin in the presence of 10 mg/ml. 
saccharo-1,4-lactone. The buffer was extracted exha 
tively with ethyl acetate and the extract distribu 
through 99 countercurrent transfers in ethyl acete 
butanol-water, 3: 1:4. A single radioactive product w. 
a K value of 5-2 was located. This material was dissolv 
in water and, on the addition of a few drops of chlorofor: 
yielded a semi-crystalline product of specific activ 
167 uc./mmole. The infra-red spectrum of this compou 
confirmed its structure as an oestrogen glucuronoside, & 
treatment of the material with §-glucuronidase yield. _ 
17a-oestradiol. | 

Oestradiol-17«-N-acetylglucosaminide has an extrem 
low partition coefficient between chloroform and wate 
That of the 3-glucuronoside is even lower. A conveni 
method of measuring the hydrolysis of these glycosid. 
by tissue enzymes was therefore to extract the release 
steroid from the incubation medium and assay the radi: 
activity in the extract by liquid scintillation spectr 
metry. In our hands this method has given accurate ar 
reproducible results, and chromatography of the extrac’ 
has shown that the chloroform-soluble radioactive materi 
liberated from both glycosides by tissue enzymes is uw 
changed 17x-oestradiol. | 

Organs were dissected from rabbits immediately afte 
killing. Aliquots of the tissue were homogenized in aceta ye 
buffer at pH 4-5 and in citrate buffer at pH 4-2. A 10 pe. 
cent w/v ratio of tissue to buffer was used in each case 
Aliquots of homogenate were diluted to 10 ml. with tk 
appropriate buffer, and the radioactive glycosides (abou 
100 ug/g tissue) were added in 504 of ethanol. 8-Glucurc 
nidase activity was assayed in acetate buffer usin: 
oestradiol-3- glucuronoside as substrate, and B-N- scot 
glucosaminidase was assayed using oestradiol-17a-N -acetyl 
glucosaminide in citrate buffer’. 

At buffer concentrations of 0-5 M, the B-glucuronidas:: 
of both liver and kidney displayed the two pH optimay, 
at 4:5 and 5-2, observed by previous workers®, with tha 
at pH 4-5 predominant. If lower buffer concentration 
were used, effects such as those obtained by Fishman 
were observed, in that several optima appeared, at rathew 
variable, but usually quite acid, pH values. A similaw 
problem was encountered when attempts were made t 
assay §-N-acetylglucosaminidase at low buffer concen 
trations, and a smooth pH curve with an optimum & 
4-2-4-4 was only obtained at a citrate concentration of 
0-5 M. Accordingly, the assays of both enzymes were 
carried, out in 0- 5 M buffers. T 

















the steroid E S a and the A eer aaa atin 
is shown in Table 1. The overall distribution of both 
enzymes is broadly similar to that reported by previous: 
workers®:* for the rat and mouse. Female rabbit liver’ 
shows a much higher glucuronidase activity toward the: 
steroid substrate than any other tissue. The activity is’ 
nearly three times as high as that of male liver. In the 
rabbit, as in other species’, the epididymis has a very high 
level of 8-N-acetylglucosaminidase, and this tissue bas the 
lowest ratio of 8-glucuronidase/6-N-acetylglucosaminidase 
activity. The spleen of both sexes is remarkably active in 
hydrolysing both oestradiol glycosides—-the female spleen 
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` HYDROLYSIS OF 17 a-OESTRADIOL GuxcostpEs BY RABBIT TISSUES 

a in vitro | 

are. expressed as ug of substrate hydrolysed per g of tissue at 37°, 

ions with liver tissue wee for 4h; yer all other tissues the incubation 
me was 


5007 


tio of 
Tiss Oestradiol- 17 a-Ocestradiol p-glucuronidase to 
ale: F, Penile) 17 a-N-acetyl- glucuronide f-N-acetyigiucos- 
s glucosaminide aminidase activity 
M. 4-64 248-0 53-4 
H 652 696-0 105-7 
yM 38-64 51:87 1-34 
y. 48-93 69-72 1-42 
M 128-7 378-0 2-04 
TE 191-10 372-96 1:95 
a M 2-94 714 2-43 
2°73 O24 3°38 
intestine F 88:01 67-20 1-77 
intestine F 30-45 90-72 2-98 
14°28 25-83 Li 
16-52 54-81 3°30 
157-29 55-86 0-36 
13-86 45°57 3:29 


2 g the highest 6-N-acetylglucosaminidase activity, on 
t weight basis, of any tissue tested. 

e results indicate that oestradiol-17«-N oe 
cosaminide is cleaved, under in vitro conditions, by th 
scetylglucosaminidase present in rabbit teas 
ther this reaction has any significance a vivo is 
ing investigated. 
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Metabolites in Urine of Rats on Diets 
containing Aldrin or Dieldrin 


-Usne a fly bioassay technique, Kunze and Laug! 
sported the presence of toxicant in liver, kidney, abdomi- 
al fat and urine of rats fed dieldrin or aldrin. They 
wbserved that the toxicant in kidney and urine occurred 
mainly i in males, with traces only in females. This toxicant 
-a male kidney and urine differed from either dieldrin or 
drin because it could be readily destroyed by treatment 
with 2 per cent alcoholic KOH, a property not shared by 

he parent substances. Since these observations, a number 
‘investigators?’ have reported findings which indicate 
resence of derivations of dieldrin and aldrin in tissues 
rine. These are assumed to be metabolites and can 
st readily distinguished from dieldrin and aldrin by 
increased hydrophilic properties. 

s of interest to investigate these metabolic deriva- 
further by the use of electron-capture gas chromato- 
y, a tool of great sensitivity in the detection and 
isolation of chlorinated insecticides. 

m Mature male and female Sprague-Dawley rats within a 
weight range of 250-350 g were fed diets containing 
dieldrin or aldrin for 120 days. Two levels of each insecti- 
“were fed, namely 1 p.p.m. and 25 p.p.m. These 
srresponded respectively to average daily intakes of 0-015 
ig and 0-375 mg per rat. A control group was maintained 
n a standard ‘Purina’ laboratory chow. Analyses showed 
hi diet to contain no detectable aldrin or dieldrin within 
he limits of detection in a 100-g sample, but traces of 
. nd related derivatives were found. 

D ‘ing the experiment, urine samples were collected at 
vals and at termination a final sample together with 
er, kidney and abdominal fat tissues. All specimens 
re extracted with ethyl ether, the extracts made to 
olume. and suitable aliquots prepared for gas chromato- 
raphy. Careful consideration was given to the possibility 
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that the 25 p.p.m. leves could be grossly toxic, or suffi- 
ciently embarrassing to the metabolic machinery to cause 
qualitative differences in response between high and low 
dosages. 

The gas chromatographic analyses were carried out in a 
Barber-Colman ‘Model 10° gas chromatograph, utilizing 
a 4-it. U-shaped glass celumn. The column consisted of a 
2-5 per cent coating of &F-96 on ‘gas Chrom P.’, 100-120 
mesh. The temperatures of the column and the electron- 
capture detector were 170° and 200° C, respectively. The 
detector cell applied vokage was set at 18 V for optimum 
detection of chlorinatec hydrocarbons. The system was 
able to detect readily 15 x 10-* ug of aldrin, 20 x 10-* ug 
of isodrin and 40 x 10-* ug of dieldrin or endrin. | 


Illustrative tracings saown in Fig. 1 are representative ee a 


of gas chromatographic determinations made on urines 
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Fig. 1. Representative gas chromatograms of the ether Bee ibe of the 

urine from control and expedsimenta! rats. In all cases 2-6 «al. solution 

injected represented 15 yl. urine, Standard solution: 2-5 gl. represents 

2-25x10-* ug aldrin, 2-5 xI0-* ug isodrin, 2:25«10-* ug dieldrin, 
3x10 eg endrin, respectively 
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standards appears predominantly i in male urine, and only 
small amounts in female urine. Smaller quantities of a 
second metabolite No. 2, with even longer retention time, 
can be observed in about equal quantities in male and 
female urine. The latter peaks are not to be confused 
with two of unknown origin that appear in the control 
urines of both sexes. It should be especially noted that 
aldrin and dieldrin produce the same metabolites No. 1 
and No. 2, From the type of column used, the longer 
retention times for both metabolites indicate that they 
are more polar than the parent substances. Furthermore, 
on. hydrolysis of the urine extracts with alcoholic KOH, 
- both metabolites disappear. This is in contrast to dieldrin 
cand: aldrin, which are alkali-stable. The epoxidation of 





oo aldrin to dieldrin both in vitro and in vivo has been well 


established? and can be readily confirmed in our tracings. 
What is of interest, however, is that the animals which 
were. fed dieldrin also appear to excrete small amounts of 
aldrin in the urine. These results cannot be explained on 
the basis of aldrin contamination of dieldrin, within the 
range of detectability of aldrin stated earlier. Preliminary 
results, notably on kidney extracts, show that the profile 
of metabolites in this tissue is similar to that in urine, with 

-preponderance of metabolite No. 1 in the male kidney and 
~ sensitivity to alkaline hydrolysis. 

No gross toxic effects at the 25 p.p.m. levels of dieldrin 
and aldrin were observed. Further, the gas chromato- 
graphic tracings made on extracts from the urine of 
animals exposed to 1 p.p.m. did not differ from those 
exposed to the higher levels except quantitatively. Shorter 
oral exposure to aldrin or dieldrin of rats indicates a 
similar profile of metabolites. It is of interest to note, 
however, that in some preliminary intravenous trials only 
minimal amounts of metabolites were observed in urine. 


P. R. Darra 
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dJ. O. WATTS 
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M. J. NELSON 
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Electrical Activity in Human Uterine Muscle 

i Strips 

r spite of increasing interest in functional disorders of 
jan uterus and clinical investigation, the obste- 

as little control apart from stimulation of uterine 


~~. contractions. Premature labour leading to prematurity is 


at the present time the greatest single preventable cause 
of neonatal morbidity and mortali ity*-*. Much of the 
present-day investigation attempts empirically to use 
smooth muscle relaxants to prevent premature activity, 
without a basic understanding of the mechanism of normal 
uterine muscle control. It is not known, for example, how 
oxytocin exerts its stimulatory action on the gravid uterus. 

We have succeeded in recording action potentials from 
human uterine muscle strips. The amplitude and speed of 
propagation of the potentials have been correlated with 


tention time longer than any of the drin 





sal surface intact. The strip was trimmed to approximat 1 
45 x 5 x 2 mm and immediately placed in a solution 
Krebs solution, previously saturated with 95 per cent. 
and 5 per cent CO,. Time elapsing from removal to m 


bath was approximately 5 min. In the pregnant cas 
the strips were taken from the imcision site, which w 
made in the low transverse cervieal region. Strips w 
occasionally removed from the anterior fundal regi 
during sterilization procedures 2-4 days post-partum. 
The muscle was then tied, serosa! side up, to two clam 
One clamp was fixed while the other was connected t 
Grass strain gauge. The muscle was then immersed in 
bath of Krebs solution, maintained at 37° C with 95 
cent O, and 5 per cent CO, bubbling. The strain gauge 
connected to one channel of a Beckman—Offner mul 
channel recorder. Two blunt glass-pore electrodes w 
then separately placed on the surface of the muscle fon 
intact serosal surface) a measured distance, 5-10 mr 
apart. Each electrode was then connected to separ 
channels of the Beckman--Offner recorder. The level of 
bath solution was adjusted to cover the muscle surface 
5-10 mm to prevent drying and to maintain adequ 
nutrition and temperature control (Figs. 1 and 2). ae 
In the pregnant strips, the initial action potentials as 
recorded immediately before the onset of the contractie __ 
(Fig. 3). They have a characteristic configuration: & _ 
initial positive deflexion followed by a rapid negatis 
deflexion, a rapid return to base-line with a slight ove. 
shoot to the positive side, then a slow decay to bore Hy 






Teo glass pore electrodes 


Schematic illustration of technique used to record both mechani 
eal activity and action potentials 


Fig. 1. 


Platinum wire electrode 


Glass tubing 
Filled with electrolyte a 
<—-—~~ Surface of mused 
(Krebe-Nediun) | 


Tip was fire polished till smaller than 
vaual approx. diameter 0,5 am, and amocth. 


Fig. 2. Smooth glass-pore electrode used for recording action potentials m 
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3. Electrical and mechanical activity recorded from a nt, 

uterine muscle strip. Compare the interval between the initial 

tion potentials to that from the non-pregnant muscle. Paper speed 
30 mm/sec or 6 squares/sec 











of the action potentials, also the distance separating action 
from the 


two recording electrodes. Paper speed 15 mm/sec 
or 3 squares/sec 


= 4. Electrical and mechanical activity recorded from a non-pregnant 
, uterine muscle strip. Note the onset of the tension prior to the 
uent potentials are of lesser amplitude and do not 
10w the initial positive deflexion. 

In the non-pregnant strips the initial potentials are 

_ corded after the contraction has begun (Figs. 3 and 4). 
he initial action potentials from a representative 
son-pregnant muscle averaged 0-189 mV and were propa- 
ated at an average of 0-69 cm/sec. The comparable 
_ gures for the initial action potential from a typical preg- 
ant muscle were 0-35 mV and 13-3 cm/sec. This wide 
ifference between voltages and conduction velocities of 
ion potentials has also been found to occur in non- 

ant and pregnant rabbit uterine strips‘. 
If we assume that only an action potential can initiate 
| ine contraction, then in the non-pregnant muscle the 
ing of appreciable tension change before the first 
»ecorded action potential must result from the slow propa- 
mation of electrical activity. Calculations based on the 
naximum time required for propagation of the action 
sotential from either end of the muscle to the electrode 
_ndicated that the slow conduction velocity could have 
explained the measured delay in the appearance of the 
ion potential following the onset of contraction. Fur- 
er studies will be required to establish that slow propa- 
tion is indeed the explanation for the delayed onset of 
Brotion potentials in non-pregnant uterine strips. If the 
electrodes are randomly placed on the muscle surface and 
ion potentials originate at random spots, we would 
| smc on occasion to record the action potentials before, 
»or earlier in, the contraction. To date there has been no 
-evidence to suggest a specialized pacemaker in the uterus, 
though pregnant strips always propagated action poten- 
tials from the fundal area distally in the instances when 
the spatial origins of the strip were known. 

The action potentials, following the initial one which 
were recorded throughout the contraction in the pregnant 
strips, appeared to be isolated and non-propagated. The 
absence of the initial positive deflexion also suggested that 
they are not produced by a wave of depolarization from 
an adjacent area. It is tempting to assume that the 
difference in the electrical activity in pregnant and non- 
presen muscle is due to the great difference in hormone 

ce present, and work is in progress on this aspect 
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Release of Plasminogen Activator by the 
Isolated Perfused Dog Kidney 


Boop contains a proenzyme, plasminogen (profibrino- 
lysin), which is converted to the proteolytic enzyme 
plasmin (fibrinolysin) by plasminogen activator. The 
level of plasminogen activator in the blood is increased 
in conditions of stress and after injection of epinephrine 
or nicotinic acid'*. The origin of blood plasminogen 
activator has not been essablished with certainty although 
it has been suggested taat it may be derived from the 
plasminogen activator activity found in association with 
the endothelial lining of vessel walls*-*. In dogs, blood 
fibrinolytic activity can be increased by intravenous 
injection of a number of vasoactive drugs*?, but vasodila- 
tive drugs (for example, histamine) appear to be more 
effective than vasoconstrictive ones*. 

We have studied the effect of histamine on the release 
of plasminogen activater by the isolated perfused dog 
kidney. A total of seven experiments were performed, 
using healthy mongrel degs anaesthetized with ‘Nembutal’ 
(25 mg/kg). One kidney was removed to serve as control. 
The contralateral kidney of the dog was carefully freed 
from surrounding tissues, and the renal artery and the 
renal vein were ligated at their junction with the aorta 
and vena cava, respectively. A polyethylene catheter 
was inserted into the renal artery and another into the 
renal vein and the kidney perfused in situ with unoxygen- 
ated Locke’s solution (H 7-3) at 37° C until the effluent 
fluid had become competely clear and virtually free of 
red blood cells. Clearence of blood required from 180 
to 480 ml. of Locke’s sclution. The effluent fluid during 
this initial perfusion period was collected in 100-ml. 
flasks. The kidney was then further perfused with 
Locke’s solution and the perfusate collected as seria) 
5-ml. aliquots. At intervals histamine phosphate (Bur- 
roughs Wellcome and ©., Tuckahoe, N.Y.) was injected 
through the arterial catheter. The histamine was dis- 
solved in Locke’s solusion at a final concentration of 
1 mg base per ml. Eazh dose was 100 pg of histamine 
base per kg body-weight of the intact dog. The rate of 
perfusion was maintained at about 33 ml. per min through- 
out the whole experiment. Occasional red blood cells in 
samples of perfusate were removed by centrifugation at 
4° C. The fibrinolytie activity of the perfusate was 
determined on unheated* and heated’? bovine fibrin 
plates prepared as described previously". The protein 
content of the perfusate was measured by reading the 
optical density at 280 my and was expressed in terms of 
ug tyrosine per ml. Glutamic oxalacetic transaminase 
levels were measured sccording to the method recom- 
mended by the Sigma Chemical Co. (St. Louis, Missouri) 
and using their reagents. 

For the histological study of plasminogen activator in 
kidney tissue, a modified Todd’s technique’ was used. 
Fibrin slides were prepared by clotting 0-6 ml. of a mixture 
of equal volumes of bevine fibrinogen solution (Bovine 
Fibrinogen, Behringwerse, Marburg/Lahn, Germany), 2 ¢ 
per cent, and calcium chloride solution (0-05 M), with 0-1 
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ml. thrombin solution (Bovine Thrombin Topical, Parke, 
Davis and Co., Detroit, Michigan), 20 N.1.H. units per ml., 
on a 5 cm x 2 cm area of a standard microscopic glass 
slide. Veronal—hydrochlorie acid buffer according to 
Owren™ was used to dissolve fibrinogen and thrombin. 
A block of tissue including a pyramid and its overlying 
cortex was excised in a transverse plane from the centre 
of the kidney. It was frozen at — 20° C and sections 10u 
thick were cut with a freezing microtome. These sections 
were placed on the fibrin slides and incubated in a moist 
chamber at 37° C. After different intervals, slides were 
removed from the incubator and fixed in formaldehyde 
vapour and 10 per cent formol—saline solution. After- 
wards, the slides were stained with Harris's haematoxylin 
and lithium carbonate and mounted in glycerine jelly. 

The perfusate obtained before injection of histamine 
had low fibrinolytic activity and sometimes had no 
activity at all. In each experiment the injection of a first 
dose of histamine through the arterial catheter was followed 
immediately by the appearance of increased amounts of 
plasminogen activator in the perfusate. The perfusate 
had no measurable lytic activity on heated bovine fibrin 
plates, indicating that the active material was plasmino- 
gen activator. Injection of histamine was not followed 
by a significant change in the level of glutamic oxalacetic 
transaminase or in the protein content of the perfusate. 
Intra-arterial injection of a second dose of histamine after 
a short interval had no effect on the release of plasminogen 
activator into the perfusate. The results of a typical kidney 
perfusion experiment are given in Fig. 1. 

The plasminogen activator content of frozen sections 
of the perfused, histamine-treated kidney and the con- 
tralateral control kidney was compared in each experi- 
ment; in 4 of the 7 experiments the histamine-treated 
kidney showed considerable decrease of the plasminogen 
activator activity normally found in association with the 
vasa recta™ of the subcortical zone. Fig. 2 demonstrates 
the decreased amount of plasminogen activator activity 
in a perfused kidney as compared with the normal, con- 
tralateral kidney of the same dog. 

The presented data provide evidence that, in an isolated 
perfused organ, histamine stimulates the release of 
plasminogen activator into the perfusing fluid. The con- 
siderable depletion of plasminogen activator in the sub- 
cortical zone of four perfused kidneys suggests that the 
wall of the vasa recta is a source of releasable plasminogen 
activator. The fact that the level of glutamic oxalacetic 
transaminase, a common intracellular enzyme, does not 
increase suggests that plasminogen activator release is not 
accompanied by a significant degree of cellular necrosis. 
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Fig. 1. Fibrinolytic activity, glutamic oxalacetic transaminase level and 

protein content of perfusate of a kidney perfusion experiment. Hist- 

amine, 100 ag per kg body-weight of the intact dog, was injected through 
the arterial catheter at the times indica by the arrows 
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Perfused kidney 


Control kidney 











Fig. 2. Unstained sections of a control and perfused, histamine-trea 

kidney of a dog. Both sections were incubated at 37° C on unhea 

fibrin slides for 130 min. The dark areas indicate lysis of the fibrin lay 

It can be seen that there is complete lysis over the subcortical zone in t 

control kidney whereas the — = 7 perfused kidney shows lit 
ytic activity 


Tissular hypoxaemia may have played a part in t. 
histamine-induced release of plasminogen activator sin, 
these experiments were performed on anoxaemic orgar 
It cannot be ruled out that histamine releases plasmino 
activator by a direct effect on endothelial cells of s 
vessels or capillaries, although it has been impossi 
to demonstrate such an effect on walls of large veir 
Injection of histamine into an isolated venous segme 
of the dog or incubation of an everted jugular vein of t 
dog in histamine solution does not decrease plasminoge 
activator content of the vessel wall*:!5. 

A more likely explanation is that the release of plam 
minogen activator by histamine is attributable to tł 
vasoactive effects of this drug. Assuming that the amour 
of plasminogen activator released is directly proportions 
to the area of perfused inner blood vessel surface, the oper 
ing up of a large number of small blood vessels by histæ 
mine in the perfused organ can be expected to increas 
plasminogen activator release. 

We thank Dr. G. D. Penick for advice and Mrs. C. K 
Taylor for assistance in this work, which was supported be 
grants from the National Institutes of Health (14-0635 
and from the American Cancer Society. 
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Thinning of the Human Cornea on Awakening 


Muca remains unknown about the mechanism 
whereby the cornea maintains its shape, thickness, 
and transparency. Maurice! points out that the observed 
negative water pressure inside the cornea and the positive 
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ure in the aqueous humor and tears bathing the 
are noe to continuous swelling and, therefore, 
. fines. Some propos AY R main- 
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ye 
EBS operare to Maintain constant corneal aines, 
process can be disturbed by elosing the eyes for an 
rmore. They showed that the rabbit cornea thinned 
our per cent over a period of two hours after the eye 
opened. The thinning was attributed to evaporation 
ront (water) from the tears to produce a hypertonic 
film which withdrew water from the cornea by an 
ic effect. Conversely, when the eye was closed and 
yathed in isotonic tears, the cornea swelled. They 
idered the other two environmeéntal factors which 
ige when the eye is closed, namely temperature and 
gen tension, to be ineffective in changing thickness. 
e corneal temperature of the closed eye is about 4° C 
ove that of the open eye. The oxygen tension of the 
ithelial surface of the closed eye must be about 50 mm 
rcury (the average between venous and arterial blood) 
hereas the open eye in air is exposed to 155 mm mercury 
exygen tension. 

_. The slow blinking rate of the rabbit (once every 10 min, 
: _ompared with the human rate of 12 blinks per min) 
_uggests that evaporation from the human eye may not 
pe the samo as from the rabbit eye. We have, therefore, 
“measured the thinning of the in vivo human cornea after 
he eye is opened on awakening’. 
‘The subject, a Caucasian female 20 years of age, was 
astructed to tape her left eye closed immediately on 
awakening i in the morning, usually after 6-8 h of sleep. 
The tape was removed in the laboratory about 30 min 
ater and corneal thickness measured as a function of time 
for several hours. Normal blinking was allowed at all 
‘times. Corneal thickness measurements were made by 
aising a Vickers optical beam splitter fitted into one tube 
of a binocular microscope on a Thorpe-type slit-lamp‘. 
"The slit-lamp projects a vertical light beam about 1 mm 
“wide and I em long. In traversing the cornea it ilum- 
inates, by scattered light, the cross-section of the cornea 
that is observed in the microscope and beam splitter. By 
adjusting the beam splitter to give first a coincident 
image and then side-by-side images, the thickness can be 
obtained through a calibration which uses five corneal 
contact lenses of known thickness and refractive index. 
‘The calibration curve is shown in the insert of Fig. 1. 
‘The theory of such im vivo corneal thickness measure- 
monte has been reviewed by von Bahr*. 

“Because of the large spacial variation in the thickness 

of the human cornea, a critical feature of this experi- 







A 











3 z 
oe i 0.6 0.6" 
wee y az a 
B: 0-61 is 04% 
A E Fi Gp = 
go Lyg be 
g z t tj 
Bo 5x02 oza 
CER . ot u 
Z 0-60 ra 
a 0o 8 
S 400 800 
E BEAM SPLITTER - UNITS 


30 60 90 120 150 
Time (min) 
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ment was repeating tne measurements at a constant 
corneal position. All parts of the slit-lamp assembly 
were rigidly fixed by camps. The subject was held in a 
reproducible position by a dental-mould mouthpiece 
and head-bar which were fixed to a sturdy mounting on a 
weighted table. The standard fixation light on the slit- 
lamp was covered wit. a disk about 3 cm in diameter 
with a l-mm hole in the centre. This provided a small 


fixation light to reduce eye movements. Only when the x 
biomicroscope was properly aligned was a bright image — 








produced by specular reflexion from the Sen 

tear surface. | 
Measurements were made on four separate lays. — 

About ten settings of the beam splitter were made in each | 


ad À : 


5-min period for the first 80 min and then in 5-min periods: ae 


separated by 15-min incervals for the remaining 80 min. 


Fig. 1 shows a corneal thickness as a function of time. : a 
The cornea on awakering appears to be about 36 per à = < 
The normal-thickness base =~ 


cent thicker than normal. ms 
line was obtained by continuing the measurements, insome — 
eases, to 6h. The thickened cornea returns to normal in 
about I h. 

The maximum corneal swelling of about 4 per cent is the 
same for rabbit and man. However, the rabbit cornea 
returns to normal thicxness in 0-5 h (ref. 2) whereas the 
human cornea requires about 1 h. This can be explained 
by the lower blink rate of the rabbit. At this lower rate 
the tears concentrated by evaporation are replaced only 
infrequently, whereas im man there is frequent replacement 
of tears and, therefore, less-concentrated tears. Corneal 
thinning is probably caused by extraction of water by the 
osmotic pressure of hypertonic tears. A lower hypertoni- 
eity, accompanying tne higher blinking rate in man, 
would give slower thimning. 

We thank Miss Mary Linda Morrison for being the 
subject. The Vickers beam splitter was loaned to us by 
the Corneal Center, New York. This work was supported 
in part by U.S. Public Health Service research grants 
NB 04810 to R.B.M. and HE 06796 to LF. 
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Use of Polyethylene Glycol in Investigations 
of Absorption of Fat 


In 1957 Borgström et al.’ introduced the use of un- 
absorbable polyethylene glycol (PEG) for quantitative 
investigations of abserption of fat, protein and carbo- 
hydrate from the intestine. Stimulated by their com- 
munication, a number of authors?-* used PEG to examine 
absorption. (After the administration of PEG and a food 
mixture of known composition in the withdrawn specimen 
of the intestinal consents the PEG concentration and 
investigated nutrients are estimated. From the two 
values the percentage ratio of the absorbed nutrient is 
calculated.) 

Wiggins and Dawsen', however, directed attention to 
the fact that in the stomach a dissociation of PEG and 
the fat from the food mixture takes place; PEG remains 
mainly in the aqueous phase, which passes more rapidly 
into the intestine tham the lipid phase. In a preliminary 
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Table 1. INFLUENCE OF PEG on THE LIPOLYTIC Activity OF HUMAN 
DUODENAL JUICE 


Lipolytic activity as percentage of ey ig control specimen 


Final conc. Juice 1 u ce 3 
of PEG/ml. (25 per centl) (3-5 percentil} (11 per cent1.)* 
0-5 160 83-5 104 
1-0 68 109 104 
2-6 — 73-5 90 
4-0 76-5 855 100 
5-0 50-0 735 101 


* Percentage of lipolysis in control specimens after incubation for 30 min. 
Composition of incubation medium: 6-2 ml. olive oil; 0-2 ml. phosphate 
buffer pH 6-5; 0-5 ml, PEG solution (1, 2,5, 8, 19 mg/l ml. duodenal juice). 


experiment we investigated the stability of the food 
mixture (1 part olive oil, 4 parts dried milk, 1 part dex- 
trose, 8 parts water) during incubation with human 
gastric juice, 1:1, at 37° Œ. It was revealed that the 
presence of PEG in a concentration of 5 mg/ml. distinctly 
promotes the breakdown of the food mixture. 

The adverse effect of PEG on the stability of the emul- 
sion system of the mixture brings up the question of how 
this substance participates in the breakdown of fats by 
pancreatic lipase. So far as we know, reports on this 
problem are lacking; we investigated therefore the effect 
of PEG on lipolysis in a model experiment in vitro. 

As a source of lipase we used an aqueous 0-1 per cent 
extract of acetone powder of hog pancreas and fresh 
human duodenal juice. Olive oil served as substrate. 
The final concentration of PEG (molecular weight, 4,000) 
varied between 0-5 and 5 mg/ml. (In the experiment 
three different preparations of PEG were used. We thank 
Prof. B. Borgström and Prof. A. M. Dawson for kindly 
supplying specimens of PEG.) The exact composition of 
the incubation medium is given in the legend of Table 1 
and Fig. 1. The degree of lipolysis was assessed from the 
difference of free fatty acids (NEFA) estimated in the 
incubation medium by Dole’s method’ at the onset of 
and after the incubation. The results are expressed as 
the percentage activity of the control specimen which did 
not contain PEG. 

In the experiment with pancreas extract it was found 
that in the presence of PEG the lipolytic activity was 
inhibited, depending on the concentration of PEG. As is 
apparent from Fig. 1, the inhibition is in general the 
greater, the smaller the amount of lipase in the incubation 
medium. 

In the subsequent experiment we replaced the synthetic 
digestive mixture by human duodenal juice. It was 
revealed that also in this system PEG exerts an inhibitory 
effect (Table 1). Contrary to the first experiment, the 
effect of PEG rather varied; it attained a decrease up 
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mg PEG/1 mil. 
Fig. 1. Infuence of PEG on the breakdown of olive oil by an extract of 
hog pancreas, Composition of incubation medium: 0-1 ml. olive oil; 
ti mb O-2 M CaCl,; 0-2 mil. is 0-2 M, pH 80; 0-2 ml. lipase extract; 
0-25 ml. PEG solution 2, 4, 10,16, 20 mg/l mL: 01ml. H,0. Incubation 
period 30 min. v axis, final concentration of PEG; y axis, percentage 
Upolytic activity of control specimen (without addition of PEG). 
@, O-1 per cent lipase extract; O, 0-02 per cent lipase extract 
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to 50 per cent, however, not observed with low lips 
activity. The inhibitory effect of PEG may be explair 
perhaps by its adverse action on the stability of the fo 
mixture. This assumption requires, however, furtk 
confirmation. In any event, our finding supports 
view® that PEG is not very suitable for the accure 
quantitative investigation of absorption of fat. A sat 
factory reference substance should have the followi 
properties: (a) it must not be absorbed; (b) it must 
influence gastric emptying; (c) it must be soluble in t 
same medium as the substrate; (d) it must not affect t 
digestion and absorption of the investigated substance, 

From experiments of Wiggins and Dawson as well 
ours presented in this communication, it is obvious th 
PEG does not meet the latter two conditions, so far 
lipids are concerned. i 

Experiments in vitro revealed that PEG inhibits lipa 
from hog pancreas and human duodenal juice; it is the 
fore not very suitable for use as a reference substance 
investigating absorption of fat, at least in conditions wi 
low lipase activity. 
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PHARMACOLOGY 


Some Effects of Drugs on the Isolated 
Superfused Carotid Body 


Tue isolated superfused carotid body preparatior _ 
described by Eyzaguirre and Lewin', and used by them 
to investigate some properties of the carotid body, is ¢ 
useful method for investigating chemoreceptor activit 
without need for concern about changes in the blooc. 
supply. This communication reports the results of ar 
examination of the effects of a number of compounds or | 
the activity of chemoreceptors in such a preparation 
Some of these drugs would normally be expected t 
modify the blood flow through the carotid body and hence 
indirectly to affect the chemoreceptor activity. Th 
changes in activity which they induce thus, here, represen 
the direct actions of drugs on the chemoreceptors. Ir 
addition, the effect of changes in the calcium ion concen 
tration of the superfusate has been investigated because 
there is evidence? that transmitter release at a number 
of sites may be related to calcium ion concentration. = 

The experiments were performed on the carotid body — 
and sinus nerve removed from 18 cats lightly anaesthetized < 
with sodium pentobarbitone. The superfusion technique ` 
was similar to that described by Eyzaguirre and Lewin}. 
and the bathing fluid was Krebs’s solution equilibrated 
with 95 per cent oxygen, 5 per cent carbon dioxide, main- 
taining the pH at 7-4. This was also confirmed by direct - 
measurement. Five reservoirs were available so that 
different drug mixtures could be applied. | 

The sinus nerve was laid on a stainless steel back plate. 
and cisseeted under liquid paraffin floating on the Krebs’s — 
solution in which the carotid body was suspended. Action ` 
potentials were recorded through a bipolar platinum wire ` 
electrode and the nerve impulses could be photographed 
from an oscilloscope and counted on a ratemeter with a 
chart recorder giving a permanent record. | 

The effects of a number of drugs were tested on the- 
chemoreceptor activity when the rate of flow of the super- 
fusate was increased so that the discharge fell to a mini- 
mum, and when a maximum hypoxie response was pro- 
duced by raising the carotid body into the liquid paraffin. 

































October 16, 1965 


ormer could be held constant over long periods and 
_ latter was repeatable. 

sacetylcholine (ACh) in a concentration of 10-10- 
l. always caused slight excitation, though adrenaline 
-noradrenaline (NA) and isopropylnoradrenaline (IP) 
sited in concentrations of 10-5 g/ml. Lower concen- 
“tions were without effect. In two experiments, hexa- 
honium bromide (C6) 10 g/ml. blocked the ACh 
ation and was without effect on the hypoxic response, 
e the converse was the case and in the other this 
contration was without effect. C6 alone did not 
ige the resting rate. 

he most consistent blocking effeets were seen with 
halide which, in concentrations of 10-3 g/ml., invariably 
pressed the resting discharge and depressed the hypoxie 
“sponse. In addition, it blocked ACh and IP excitation. 
results with dichloro-isopropylnoradrenaline (DCI) 
_ve more variable, but either it had no effect or depressed 
ae resting rate and hypoxic response at 10-3 g/ml. 
-Phenoxybenzamine in concentrations of 10- g/ml. 
creased the discharge rate at maximum flow, an effect 
“nich was slow in onset and long-lasting. In one test it 
eked the excitation previously produced by NA. 
_peridyl-methyl benzodioxane (933) in low doses, 
#-610-5 g/ml., similarly caused excitation. Neither drug 
ad constant effects on the maximum hypoxie discharge 
ate, which was little changed. 

Bretylium tosylate at a concentration of 10- g/ml. 
»pressed the resting discharge and maximum hypoxic 
sequency and blocked ACh excitation. Its administration 
as also usually associated with depression of action 
tential amplitude. 

The effect of reserpine could not be adequately tested, 
or it usually precipitated out in the superfusate. 

In four experiments the effect of changing the calcium 
m concentration was investigated. Superfusion with 
Krebs’s solution containing no calcium chloride caused 
n increase in the spontaneous activity at maximum flow 
ate, while raising the calcium concentration by two or 
our times depressed this activity. 

The experiments have also provided the opportunity 
or examining the statistical properties of the nerve 
pulse pattern. In three experiments single unit chemo- 
eceptor afferent preparations were made and the dis- 
ribution of intervals between action potentials was 
malysed in the manner described by Biscoa and Taylor’. 
Chis analysis showed that the mean interval and the 
standard deviation of twenty successive intervals were 
similar for mean intervals larger than approximately 
300 msec, but that the S.D. became progressively smaller 
shan the mean for intervals shorter than this. This result 
s similar to that previously obtained with the im vivo 
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serfused carotid body’. An equality of mean and standard | 


leviation is a property of a random interval distribution’. 
-Tt seems clear that ACh, NA, A and IP can all cause 
xxcitation of carotid body chemoreceptor afferents, pre- 
sumably in this preparation by an effect other than on 
she vascular bed. High concentrations are required, and 
tis not necessary to suppose that ACh, for example, is 
xcting here as a chemical transmitter, for its excitant 
affects on nerve endings are well known’. The results 
with hexamethonium are equivocal, and on the basis of 
this evidence there can be no serious disagreement with 
Douglas’, or with the criticisms of the notion that ACh is a 
transmitter at this site??!!, One of the more interesting 
results is the effect of nethalide, a B-adrenergic blocking 
drug, for its effect was consistently obtainable and unlike 
bretylium, for example, it did not depress the action 
potential height, an effect which may be related to the 
local anaesthetic action of bretylium'™. According to 
the theory expounded by Douglas and Rubin’, and Douglas 
and Poisner*, and the evidence of Philippu and Sehümannt, 
on release of catecholamine from the adrenal gland, the 
changes in activity produced by calcium should be the 
converse of those seen here if transmitter release were 
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calcium dependent. But the changes in activity with 
the calcium ion concentration are explicable in terms of 
direct effects on nerve andings', and do not yield any 
information about transmitter release, if indeed a trans- 
mitter exists. 

I thank Mr. J. O. Yates for his assistance. 


T. J. Brscor* 


Agricultural Research Ceuncil Institute 
of Animal Phys:ology, 
Babraham, Camoridge. 
* Present address: Department of Physiology, Australian National 
University, Canberra. 
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Lethal Effects of Aggregation and Electric 
Shock in Mice treated with Cocaine 


Sensory stimuli previded by aggregation! or sub- 
maximal electric shock? become incompatible with life in 
mice treated with low coses of amphetamine. Effects of 
aggregation’+ or electra shock® on brain levels of nor- 
epinephrine are also modified by amphetamine. Amphet- 
amine inhibits the uptake of norepinephrine by tissues in 
vitro®:? and in vivo*. Termination of the biological actions 
of norepinephrine to a large extent depends on the 
tissue uptake or ‘recapturing’ of the free norepinephrine’. 
It is therefore postulated that toxicity of sensory stimuli 
in treated mice is partly due to the interference by amphet- 
amine of the ‘recapturing’ of norepinephrine liberated 
from sympathetic nerves due to stimulation. 

Cocaine, like amphetamine, also blocks the tissue uptake 
of norepinephrine in vitro! and in vivait, The present 
report describes the lethal properties of sensory stimuli in 
the mice treated with cocaine. 

Swiss albino random-2red male mice weighing 25-28 g 
were placed in shock apparatus or aggregation cages im- 
mediately after intramascular injection of cocaine. Al 
other drugs were injected intraperitoneally. The shock 
apparatus was similar to one described by Weiss et al.’, 
while aggregation was according to Cohen and Lal’. In 
isolation, only one mouse was placed in each cage, while 
10 mice in a cage constituted aggregation. Shocks were 
provided for 4 h. There were no deaths with chlorproma- 
zine or reserpine when given alone and the mice were 
aggregated. Reserpine produced some deaths among 
shocked mice. 

Data given in Table 1 suggest that aggregation or 
shock became lethal to mice treated with sub-lethal doses 
of cocaine. Asis seen frcm Table 2, the enhanced lethality 
of aggregation was completely prevented by pretreatment. 
with adequate doses ef chlorpromazine or reserpine. 


Table 1. TOXICITY or SENSORY STIMULI IN MICH TREATED WITH COCAINE 
Experimental 4-h mortality 
Cocaine, mg/kg conditicns Dead/injected % 

Q* Tsolated 0/30 

Aggregated 0/30 0 
Shocked: 0/20 0 
50 Isolated. O/14 ü 
Aggregated 1/20 5 
Shocked 5/24 20 
100 Isolated. 1/10 10 
Aggregated 13/20 65 
Shockeé 16/24 63 


* Mice were injected with 90 mg of sodium chloride per kg of body-weight 
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VETH COCAINE* 





` Dead/injeeted o% 





13/20 65 

Ory rine F 9/10 90 
Chlorpromazine. 20 Aggregated — 0/10 0 
Reserpine © 5 Aggregated 1/10 10 
Sodium chloride 90 Shocked 15/24 63 
Chiorpromazine 5 Shocked 6/10 60 
Chlorpromazine 20 Shocked 1/10 10 
Reserpine 5 Shocked 4/10 40 


* 100 mg of cocaine per kg of body-wt. was injected 1 h after ehlorprom- 
azine or 4 h after reserpine into all the mice, 


Chlorpromazine also protected shocked mice. Effect of 
reserpine in shocked mice was inconclusive since in shocked 
mice reserpine exhibited some toxicity of its own. 

Recently several investigations have demonstrated rapid 
and specific uptake of circulating norepinephrine by tis- 
sues!4.15,18. sympathetic nerve endings, and isolated 
granules from nerve endings!*. In isolated perfused heart, 
more norepinephrine is lost by tissue uptake than by 
enzymatic metabolism”. Denervation'®, which depresses 
tissue uptake of norepinephrine, produces supersensitivity 
to injected norepinephrine. 

On the basis of these observations it has been suggested 
_ that intensity or duration of biological action of circulating 
or locally released norepinephrine is limited to a large 
extent by ‘recapturing mechanisms’. Interference with 
these mechanisms by drugs or other procedures may result 
in increased and prolonged pharmacological effects of exo- 
genously or endogenously released norepinephrine. Present 
studies of effects of sensory stimuli in presence of cocaine 
or amphetamine provide in vivo evidence of an exaggerated 
sympathetic syndrome. Excessive sensory stimuli liberate 
norepinephrine through central and peripheral sympathetic 
discharge. Inactivation of liberated norepinephrine by 
‘recapturing mechanisms’ is prevented by cocaine or am- 
phetamine, resulting in prolonged and intense action of 
norepinephrine on tissue, causing tissue damage and 
death. Pretreatment with normal noradrenergic blocking 
agents may provide protection against the exaggerated 
sympathetic syndrome. 

HARBANS LAL" 
RICHARD D. CHESSICK 
Psychiatry Service, 
Veterans Administration Research Hospital, 
Chicago, Hlinois, 

" we renent address: University of Kansas School of Pharmacy, Lawrence, 
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Interference by the Carcinogenic 4-Nitro- 
quinoline N-Oxide of Tryptophan and 
Indole Uptake in Escherichia coli 

THe potent water-soluble carcinogen 4-nitroquinoline 
N-oxide (NQO) is remarkably versatile and thus 
represents a good means of discerning pre-requisites for 
carcinogenesis. NQO condenses readily with sulphydry] 
groups; is mutagenic to bacteria, tobacco mosaic virus, 
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rgillus nager'; inhibits incorporation of p 
32 into nucleic acids of Ehrlich ascites carcin 
*; induces nucleolar ‘caps’ in Chang liver cells*; 
inhibits growth of the flagellates Ochromonas da 
Euglena gracilis, of Corynebacterium bovis, and of 






cells? ; 





photosynthetic purple bacterium Rhodopseudomo 
palustris. These growth inhibitions are competitiv 


annulled by L-tryptophan; D-tryptophan is also effec 
The competitive annulment ratio is 0-2 mg/ml. tryptoph 
NQO 2 ug/ml. 
This growth competition suggests that NQO uptake 
mediated by a tryptophan transport mechanism‘. 
investigate this possibility, two tryptophan-requir 
mutant strains of Æ. coli, T3 and T24 (cultures obtair 
from Dr. C. Yanofsky), both utilizing tryptophan 
indole were investigated. NQO was tested for int 
ference with the inducible tryptophan permease of bi 
strains by a modified Burrows and DeMoss* techniq 
24 mg (dry weight) log-phase cells were collected on 
‘Millipore’ cellulose filter (0-05y pore size) and washed 
80 see with isotonic C- and N-free medium and the filtr 
discarded. C- and N-free medium+ tryptophan — 
indole) at equimolar concentrations was then washed ò 
the cells for 40 sec and this filtrate collected. Absorban, 
of the medium + tryptophan or indole was measur. 
before and after exposure to NQO by means of a Beckm _ 
DU spectrophotometer set at 280 mu. ae 





Table 1. INTERFERENCE BY 4-NITROQUINOLINE N-OXIDE OF L-TRYPTOPH 
AND INDOLE UPTAKE IN E, coli 
(Readings as absorbance at 280 my) 


Control Cells exposed to 4x 10+ 


Readings : 
before (after NQO for 5 min (readi 
Additions exposure 40sec taken after 40 sec wash 
to cells washing) with C- and N-free medi 
NOO 4x 10*M 9-002 0019 0-008 
L-Tryptophan 0-5 xi04*M 043 0-30 0-42 
Indole 0-5 x 10-4 M 0-195 0-04. 0:15 


Introduction of NQO at 4x 10-4 M (shown by viabilit) 
investigations to be non-inhibitory in a culture of th: 
density) into the growing culture completely inhibite 
uptake of L-tryptophan and inhibited indole uptake b 
80 per cent within 5 min (Table 1). Both strains behave. 
alike. Ei 

These results are construed as supporting our earl 
idea that ability to deceive tryptophan transport systeme 
may underlie the carcinogenic specificity of polyeyeli 
carcinogens. | 

This work was supported by grant 827 from th 
Damon Runyon Memorial Fund for Cancer Research. = 

A. C. ZAHALSKY 
S. L. Marcus 
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HAEMATOLOGY 


Plasma Co-factors in Adenosine Diphosphate- 
induced Aggregation of Human Platelets 

THE aggregation of washed human platelets in vit 
by adenosine diphosphate (ADP) requires calcium and 
stimulated by the addition of platelet-free plasmat. Th 
identity of the plasma activity has been the subject oi 
recent conflicting reports. Helem and Owren? hay 
suggested that the plasma factor is that entity missing 
in von Willebrand’s disease; but others?-+ have found 
that ADP-induced platelet aggregation proceeds normally 
in plasma from patients with established von Willebrand's. 
disease. McLean et al.’ and Cross‘ have indicated that. 
fibrinogen may be the plasma co-factor, and Caent has 
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tly suggested that both fibrinogen and the anti- 
Willebrand factor participate in ADP-induced 
elet aggregation. 
e experiments described here were undertaken in en 
rt to clarify the nature of the stimulatory activity of 
sma on ADP-induced aggregation of washed human 
telets. Platelets were collected and processed with 
onized equipment from normal subjects and from a 
ient with established von Willebrand’s disease, using 
acid-citrate anticoagulant of Aster and Jandl. 
telet-rich plasma was prepared by centrifugation at 
g for 15 min at 23° C. Platelet pellets were obtained 
further centrifugation at 2,500g for 5 min at 4° ©. 
: platelets were resuspended with a Pasteur pipette in 
ntner’s platelet buffer’, modified in that the final 
cose concentration was 2 g/l. and the final pH was 
. The platelets were washed twice in the same buffer 
. were finally resuspended in the same medium at a 
1 concentration of 7 x 10%/ml. The suspended platelets 
ld be kept in this medium at 4° C for as long as 4 h 
th no evidence of spontaneous aggregation and with no 
minution of sensitivity to ADP. Platelet aggregation 
a8 measured by turbidometric methods similar to those 
Born and Cross! and O'Brien’. To 1 ml. of platelet 
pension were added saline, the plasma or serum fraction 
be examined, and calcium chloride. The pH of the 
_ ixture was then titrated to 8-3 by the addition of 0-1 N 
_ dium hydroxide, and the reaction was initiated by the 
dition of ADP. The final volume of the reaction mixture 
jas 2-5ml. The final calcium chloride concentration was 
7x102 M. Final concentration of ADP was 10- M. 
fhe optical density of the suspension was determined at 
30 my in a spectrophotometer placed over a rotating 
magnet. The platelets were continuously stirred by a 
_eflon’-coated bar placed in the cuvette. The pptieal 
ensity contributed by the platelets was determined by 
djusting to zero the absorbance of an identical reaction 
Aixture in which platelet buffer replaced the platelet 
_aspension. The optical density of the platelets was 
-etermined immediately and at 60 sec following the 
addition of ADP. The decrease in absorbance was 
-xpressed as the percentage of initial optical density: 
A optical density in 60 sec < 100 
initial optical density 

The stimulation of ADP-induced platelet aggregation 
sy Saline, by citrated human plasma heated to 56° for 
min (from which the precipitated fibrinogen had been 
wemoved by centrifugation), by thrombin-free human 
erum heated at 56° for 10 min, and by human fibrinogen 
fraction I-0) is shown in Table 1. In the presence of 
aline alone some aggregation of platelets occurred. There 
vas little additional aggregation when heated plasma or 
reated serum was added individually. Whole plasma 
sroduced a marked increment of platelet aggregation. 
fibrinogen alone stimulated platelet aggregation, but not 
© the same extent as whole plasma. In contrast, the 
.ddition of heated plasma and fibrinogen together, or of 
1eated serum and fibrinogen together, reconstituted the 
mtire activity of the whole plasma. Identical results 
vere obtained using whole plasma, heated plasma or 
serum drawn from the patient with von Willebrand's 
lisease (Table 1). Heated plasma dialysed extensively 
against 0-154 M saline was as effective as non-dialysed 
plasma when added to fibrinogen. The entire activity of 
the heated plasma could be recovered in the fraction 
precipitated by ammonium sulphate at 45 pər cent 
saturation. In other experiments purified human fibrino- 
ren: (94 per cent clottable protein) was used instead of 
fraction IT-0 (70 per cent clottable protein). No significant 
differences were noted when the more purified preparation 
was: used, 

| The concentration dependence of the ADP-stimulated 
reaction on whole. plasma, on heated plasma in the 
sresonce of non-limiting amounts of fibrinogen, and on 
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Table 1, INFLUENCE OF WHOLE PLASMA, HEATED PLASMA, HEATED SERUM, 
AND FIBRINOGEN ON ADP-INBUCED AGGREGATION OF WASHED HUMAN 


PLATELETS * 
4 roe aac (per cent) 
Addition (ml) Normalt von Wilebrand t 

Whole plasma, 0-8 29-1 36°5 
Fibrinogen (5°5 mg/ml. ), 03 8-9 j» 
Heated plasma, 0-8 2-9 4-1 
Heated serum, 0-8 TË 55 
Heated plasma, 0-8 + fibrinogen, 0-3 27°9 37-0 
Heated serum, 0:5 + fibrinogen, #3 29-9 32°5 


* Stimulation of ADP-inducec. aggregation above that seen in the presence 
of saline alone. The average 4 wbsorbance of 5 experiments with saline alone 
was 03 per cent, 

1 Average of 4 experiments. 

> in these experiments washed normal platelets were used. No significant 
differences were observed wher von Willebrand platelets were used with 
either normal or von Willebrand plasma or serum, 


fibrinogen in the presence of non-limiting amounts of 
heated plasma is shown in Figs. l and 2. The percentage 
decrease in optical density due to saline alone has been 
subtracted from each point plotted. The shape of the 
whole-plasma curve is complex. A plateau of activity 
was repeatedly observed between 0-05 and 0-12 mil. of 
plasma, suggesting the interaction of more than one 
plasma component. Mo plateau was evident in the 
heated plasma plus fibrmogen curve which demonstrated 
consistently greater activaty than that of the corresponding 
concentration of whole plasma until maximum activity 
was reached. Similarly, no plateau was observed in the 
fibrinogen curve, which reached maximal activity at a 
final fibrinogen concentration of 0-34 mg/ml. Similar 
curves were obtained with the von Willebrand’s plasma. 
It is apparent that the heat-stable protein is not 
consumed in coagulatien, since heated serum was as 
effective as heated plasma. It is also evident that the 
heat-stable plasma factor required for ADP-induced 
platelet aggregation is not missing in the plasma of a 
patient with classical von Willebrand’s disease. The 
mechanism whereby fibrinogen stimulates the ADP- 
induced aggregation is not immediately apparent. It is 
clear, however, that the partieipation of fibrinogen is not 
dependent on a thrombm catalysed conversion to fibrin, 
since the aggregation proceeds fully in the presence of 
heparin. In addition, electron micrographs of ADP-induced 
platelet aggregates show no evidence of fibrin formation. 
These findings are similar to those reported by Caen‘. 
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Fig. 1. Influence of plasma concentration on ADP-iInduced placelet 

aggregation. Solid circles indicate effect of Incremeots of whole plasma. 

Open triangles indicate effect of Inerements of heated plasma in the 

presence of non-limiting fibrinogen fpnenmanon 
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Fig. 2. Influence of fibrinogen concentration on ADP-induced platelet 
aggregation, in the presence of non-limiting heated plasma concentration 
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These experiments demonstrate that at least two plasma 
factors, fibrinogen and a heat-stable plasma protein, 
distinct from the anti-von Willebrand factor, participate 
in ADP-induced platelet aggregation in the presence of 
human plasma. 
This work was supported by U.S. Public Health grant 
HE-06316. We thank Dr. Herbert 8. Strauss, Children’s 
Medical Center, Boston, Mass., for making available to 
us the patient with von Willebrand’s disease. We also 
thank Dr. Alan Johnson, New York University School of 
Medicine, for providing us with the purified fibrinogen. 
One of us (D. D.) is the recipient of a career development 
award from the U.S. National Heart Institute. 
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A Modification System for Fingerprinting 
Haemoglobin 

THe technique of ‘fingerprinting’ developed by Ingram! 
has proved to be of great value in the molecular analysis 
of haemoglobins. In principle, it is a com- 
bined paper electrophoresis and chromato- ~- 
graphy of the peptides released by enzymatic 
digestion of haemoglobin. This enables the 
location of a probably occurring difference to 
a particular peptide. The method has 
proved its importance especially in the 
detection of amino-acid differences in normal 
and abnormal haemoglobins. This communi- 
cation describes a modified system for finger- 
printing haemoglobins. 

In Ingram’s procedure the first stage, paper 
electrophoresis, is performed in Michl’s 
volatile buffer*: pyridine—glacial acetic acid- 
water (20 : 0-4 : 20 by vol.) pH 6-4. Another 
volatile buffer, pyridine—glacial acetic acid- 
water (1 : 10 : 20 by vol.) pH 3-6, is preferred 
when only one-dimensional electrophoretic 
separation is desired. Ascending chromato- 
graphy (stage 2) using the solvent n-butanol- 
glacial acetic acid-water (30:10:10 by 
vol.) was used by Ingram in his first investi- 
gation. Baglioni? has obtained improved sep- 
arations with a solvent made up of pyridine- 
isoamylalcohol—water (35 : 35 : 30 by vol.). 

The solvent butanol—acetic acid—pyridine— 
water (50:72 : 15:60 by vol.), as proposed 
by Hill et al.*, has also been used with 
success. The disadvantage of a system 
with the strongly smelling pyridine is that it 
requires special conditions. 

In our work on animal haemoglobins we 
have found that buffer made from ammonia- 
formic acid, and a solvent made from 2,6- 
lutidine-water, are very satisfactory for 
fingerprinting of haemoglobins. Equal 
amounts of 1 M ammonia and 0-5 N formic 
acid are mixed (final pH 6-5). If one- 
dimensional electrophoretic separation is 
desired, ammonia (0-5 M)-formie acid (1 N) 
buffer of pH 3-6 is preferred. The buffers 
can be used several times, but the pH 
should be checked between each running. 
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Fig. 1. Photograph of fingerprinting of cattle EEEN 
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Whatman paper 3 MM, dimension 48 cm x 38 cm, ¢ 
respo to the size of the apparatus used in our w 
(AB Analysteknik, Vallentuna, Sweden), is dipped into 
buffer and excess liquid removed by blotting firmly | 
tween sheets of dry filter paper. The paper is then p 
on a horizontal siliconized glass plate, which is cooled 
water. After application of the sample the moist pa 
is covered with a sheet of polyethylene, and a weigh 
glass plate. Since the apparatus consists of two elect 
cells two papers could be run at the same time. A vol 
of 30 V/cm is applied for 2-5 h. The papers were dried 
60° in a current of air for not less than 4 h. 

Descending chromatography in 2,6- lutidine-wa 
(122 : 60 by vol.) was carried out for about 20 h. 
the solvent is running rather fast (3-5 cm/h) the botta 
edge of the paper is serrated with scissors as this 
even flow of the solvent off the end and helps to straigh 
any irregular solvent front. Thə paper is again dri 
in a current of air at 60°. The peptide spots we 
revealed by dipping the paper into 0-2 per cent ninhydr 
in acetone, and allowing development to take place 
room temperature or in a warm place not more than 4 
When a specifically staining test was needed, the ninhy 
drin colour was blanched by dipping the paper in a solutic 
of 1 N hydrochloric acid—acetone (1: 4)* followed Ł 
development with the reagents for sulphur‘, tryptophar 
and histidine’. Alternatively, the sequence fae 
sulphur and tyrosine reagent* was used. 

In Fig. 1 are shown the fingerprints of tryptic di 
of cattle haemoglobin F and B obtained with this system — 






















More than 20 peptides can be seen. The details of th 
result will be given elsewhere®. 
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Band F in ammonia-—formate 
buffer, pH 6-5, and 2,6-lutidine—water solvent 
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PATHOLOGY 


Blood Group Secretion Factors in 
Bronchogenic Carcinoma 


As” a continuing study of our original report which 
alt with investigations of salivary blood group secretion 
metastatic cancer patients!, we uridertook an analysis 
the frequencies of secretion (Se) and non-seecretion (sese) 
ated to particular cancer sites. This approach has been 
ed by Desai and Creger? in gastric cancer and by several 
vestigators i in benign disease conditions*~*. The original 
emise, as extensively used in blood types and disease 
aalyses®, is that these genetic factors will remain stable 
_ad not fluctuate during a disease process. 

As the numbers of cancer cases increased in the various 
iptegories of organ sites, our attention was drawn to the 
gh secretion (Se) rate among the bronchogenic cancer 
watients. This selection of secretors did not appear 
wa the other high-incidence tumours such as colon and 
weast cancers. We thoroughly reviewed, therefore, 
MI the bronchogenic tumours in this series to eliminate 
may possible metastatic lesions and found 88 primary 
_ronchogenic carcinomata falling into the three main 
_istological divisions of squamous, undifferentiated and 
,denocarcinoma. Whether metastases had occurred or 
lid rot concern us in this investigation since our 
ation. was designed only to record ABO blood 
‘and the saliva secretor or non-secretor factors (Se 
e Seepeatively). 
ble 1 shows the secretor status of patients with the 
) istological types of bronchogenic tumours. Accord- 
the usual distribution of secretion of ABH in the 
20-2 of these 88 patients should have been non- 
i rs, whereas only five appeared. One of the five non- 
wecretors had a bronchogenic adenoma of questionabie 
ancy, but was included in order not to show any 
‘he scarcity of non-secretion in each histological 
shows that there is no selection for one type. A 
of significance reveals a high value when compared 
ur control series and indicates a probability incon- 
sistent with a chance occurrence. The number of tumours 
each histological group is comparable with a large 
nal series’, and, therefore, supports the assumption 
-case distribution is within reasonable bounds of 
è gained from other studies. 
gives the ABO blood groups of lung cancer and 
cases. Although an excess of group A individuals 
wer group O individuals were afflicted with broncho- 
sarcinoma. E A with raataa t e A test does 





























Table 1, SEORETION Factors IN E ‘PROVED 


BRONCHOGENIC CARCINOMA | 
Histological type ` H 4 
Un differen- p Gino 
Source Squamous tiated- -carcinoma Total 
Se ese Se “Bese. -Se sese É 
Holy Cross 10 1 133 i0 9 1 34 
St. Mark's 23 2 23 i1 5 0 54 
Total 33 3 36 1 j4 1 88 
Se, secretor, sese, non-secretor. 
| a 
Beonchogenic 
cancer Control * 
Secretors 83 721 
Non-secretors 5 223 


*= 13-10 or P=0-001. 
$ 94 44 normal controls as published (ref, 1). 





Table 2. COMPARISON OF BLOOD SROUPS OF CANCER OF LUNG AND CONTROLS 
Cancer Control . 
No. Percentage No. Percentage 
oO 34 39 265 46 
A 42 48 222 38 
B 7 & 67 12 
AB 4 5 24 4 
Total 87 190 578 100 


x= 1:88, P=0-1, 


et al.*, but their excess of A was only noted in cases of 
undifferentiated bronchogenic carcinoma. 

This finding of excess secretion of blood group substances 
among patients with bronchogenic carcinoma. seems to 
parallel to some extent the findings of Desai? in patients 
with stomach cancer. Eoth mucosal surfaces are potent 
secretors of blood group substances whereas, in contrast, 
we do not obtain a significant deviation in colon cancer 
where the mucosa is low in blood group substance. Two 
possible explanations immediately occur: (1) that water- 
soluble blood group substances attract or alter carcinogens, 
favouring neoplasia or, perhaps, (2) that Lewis substance, 
the material produced in greater quantity by non-secretors, 
might reject, because ef its chemical configuration, a 
carcinogen making it less effective. 

Another interesting possibility lies in the known content 
of sialic acids in blood group substances. This component 
of mucopolysaccharides adheres closely to cell surfaces 
and is known to affect the ‘stickiness’ of cells*, A combina- 
tion of sialic-acid-contaming mucoids, which are known 
to be elevated in lung cancer®, and a carcinogen could 
conceivably alter the mmicosal cell surface by prolonged 
stimulation bringing a»sout dysplastic and neoplastic 
changes. Whatever the actual mechanism involved, 
this finding offers a valuasle lead in the future investigation. 
of bronchogenic carcinoma. 

This work was supported by research grant C 5965 from 
the National Cancer Institute, Public Health Service, 
Department of Health, Education and Welfare, Bethesda, 
Maryland. 
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Induction of Intestinal Tumours by N-Ethyl- 
N-nitrosourethane 

INTESTINAL tumours, though very rare in laboratory 
rodents, have been induced by several types of carcino- 
genic agents, including polycyclic aromatic hydrocarbons, 
4-dimethylaminostilbene, 2-acetyl-aminofluorene and 
radiation!»?, However, so far, no such tumours have been 
induced by alkylnitroso-compounds, which are able to 
induce tumours in many organs*. Attempts to induce 
tumours of the colon by repeated rectal application of 
diethylnitrosamine led to liver, but not to local, tumours’. 

It is of interest, therefore, that when N-ethyl-N-nitroso- 
urethane (ENU) in 50 per cent aqueous ethanol was 
given to rats, males and females, by intraperitoneal 
injections, 3 out of 6 rats which survived more than a 
year developed adenoma and adenocarcinoma of the 
mucosa of the ileum. The tumours were multiple and 
were found in two male and one female rat, killed 16-5, 
20 and 18 months after the first and 6, 9-5 and 7-5 months, 
respectively, after the last of four doses of ENU, about 
20 mg per rat, in toto. The tumours formed large cauli- 
flower-type nodules, up to 1:5 em diameter, obstructing 
the lumen, and caused enormous distension of this part of 
the intestine. Some of the nodules penetrated into the 
muscle layer of the intestinal wall. N-Methyl-N-nitroso- 
urethane, the methyl-homologue, is only now being 
tested by the intraperitoneal route in rodents. 

R. ScHOENTAL 
Medical Research Council Laboratories, 
Toxicology Research Unit, 
Woodmansterne Road, 
Carshalton, Surrey. 
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BIOLOGY 


Influence of Hexadecane on Absorption of 
Carbon Dioxide by Plants 


Resvutts of recent investigations concerning the influence 
of hydrocarbons and a petroleum oil on apparent photo- 
synthesis in Citrus sinensis! and Bauhinia blakeana? have 
focused my attention on the significance of stomatal 
distribution in a plant’s response to the application of 
hydrocarbons. For example, using infra-red carbon 
dioxide analysis with sequential multi-point sampling’, it 
has been shown that an application of a paraffinic hydro- 


carbon to either the upper or lower surface of the leaves of - 
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Bauhinia blakeana results in a decrease of absorptior 
cerbon dioxide while a similar application to the leg 
of Citrus sinensis results in a decrease of absorption 
carbon dioxide only when applied to the lower surfa 
the leaves. Since these results are corollary to the distri 
tion of stomata in these species they suggest penetra’ 
only through stomata with consequential interference 
absorption. The present investigation was initiated. 
order to clarify further the role of stomatal distributi 

With the following exceptions, infra-red carbon dio 
analysis as previously described? was used. Leave 
Heliconia humilis were enclosed in water-cooled pla 
chambers which permitted sequential sampling for 5- 
periods from either the lower or upper surfaces. The lea 
were sufficiently Uluminated from above to obtain ma 
mum apparent photosynthesis (carbon dioxide absorpt 
from both surfaces. After a pattern of carbon diox 
absorption was established for both surfaces, applicatic 
of hexadecane were made using a settling tower load. 
from an aerosol container. The amounts of hexadecag 
ware determined gravimetrically. ; 

The result of an initial application of 79 g/cm? on t 
upper surface is shown in Fig. la, while the result of. _ 
initial application of 126 ug/em? on the lower surface. _ 
shown in Fig. 16. For clarification the dark perio. _ 
(respiration or carbon dioxide evolution) have been om: _ 
ted. Corrections have been made for minor fluctuations — 
carbon dioxide in air. 

Initially, and as anticipated from the distribution = 
stomata in this species, approximately 20 times as mar 
on the lower surface as on the upper, a greater amount 
carbon dioxide is removed from the air stream passing ov: 
the lower surface’. With the application of hexadecane 
either surface a depression of carbon dioxide absorption = 
obtained. It should be noted that the application to tk 
upper surface did not interfere with absorption fros 
the lower surface; and, conversely, the application to tk 
lower surface did not interfere with absorption from th: 
upper surface. These results suggest the lack of comple 
hydrocarbon penetration at the levels used. 

Recovery from the application appears to correlate wit. 
the dissipation of the hydrocarbon. Complete recover 
from the application applied to the lower surface occurree. 
in about 6 h, while complete recovery from the applicatio | 
to the upper surface was not apparent until after stomata 
opening the following morning. The variance between th- 
time of complete evaporation of the hydrocarbon from thy 
aluminium paper strips and complete recovery of carbo 
dioxide absorption can undoubtedly be attributed to th 
‘threshold levels’ that result from sorption. | 

The results unequivocally demonstrate the significance 
of stomatal distribution in a plant’s response to the 


o 125 ee 
=a 0 


Air 


oe ETE SES ELE EIE ZES ETE TTY ETT ee TIE ET oe TE CE Tee L Tee te Tie fee vee Pee fie foe tre Pre tte 








Ce E EE EE EPET ee ee ae ee a ET EE EE TE ee ee EE ee Sa En E 


upper 





Hours 
b 


Concentration, pom of earbon dioxide in air stream from 3 channels sampled sequentially. Each large dot represents one 5-min 
ine represents evaporation of hexadecane from aluminium paper strips, za/eom?. a, Application to upper surface; b, 
application to lower surface. 


Dark periods not shown 



















ication of hydrocarbons along with the nature and the 
t of hydrocarbon applied. They also suggest, since 
ese experiments no visual injury was apparent, a more 
cal definition of ‘phytotoxicity’. _ 

1is work was supported by the Petroleum Research 
d administered by the American Chemical Society. 
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-Social Companions and the Mother-Infant 
Relationship in Rhesus Monkeys 


“Tus development of behaviour in a young primate is 
duenced by both the physical and social characteristics 
its environment. Paramount among the latter is the 
other, while later other infants are important as play 
mpanions*. Previous investigations** of group-living 
esus monkeys suggested that adult females, other than 
-e infants own mother, might also play an important 


art, both by themselves showing maternal, social, play, 

meressive and other types of behaviour towards the 
_fant and by influencing the nature of the mother—infant 
lationship. For example, one adolescent female which, 
‘jth the male’s support, frequently interacted with the 
yo infants in the same group, made their mothers 
«tremely restrictive. In consequence, the infants lived 
onfined lives: while seven other group-living infants 
“ere recorded more than 2 ft. from their mothers in a 
jean of 37 per cent of our observation periods when 
7-18 weeks old, these two practically never went this 
ar from their mothers up to this age. 

In the experiment recorded here we attempted to 

.ssess the extent to which such a factor operates in other 
sroup-living infants where the effect is not so obvious. 
Nine mother—infant pairs each living in groups of a male, 
hree or four females, and their young, were compared 
with four mother~infant pairs living alone. In both cases 
she cages were 18 ft. x 10 ft. x 8 ft., communicating 
with an indoor room 6 ft. x 6 ft. x 8 ft. (ref. 5). Routine 
watches were made between 0900 h and 1300 h G.M.T. or 
8.S.7. for at least 6 h a fortnight until the infants were 
a year old. Data were recorded on check sheets by 0-5 min 
periods. The levels of significance are based on the 
Wileoxon matched-pairs signed-ranks test, l-tailed, unless 
otherwise stated. 
Differences between the group-living and the isolated 
mother—infant pairs were of two main types. First, the 
isolate infants ranged more freely. They spent less time 
on the nipple, less time on their mothers but off the 
nipple, more time off their mothers (Fig. 1), went to a 
distance of 2 ft. from their mothers more often, and spent 
longer bouts off their mothers (all P < 0-005). An 
increase in distance between mother and infant from less 
than 2 ft. to more than 2 ft. was more often due to the 
mother moving away in the isolates than in the group- 
living pairs, and a decrease was less often due to the 
mother (both P < 0-005). 

A- second group of differences between isolate and group- 
living mother-infant pairs we ascribe to the absence of 
other social companions for the former, Thus, although 
the isolate infants went to a distance from their mothers 
more frequently than the group-living ones, the number of 
0-5 min periods spent wholly more than 2 ft. from their 
mothers during the second half year was less. Similarly, 

the frequency with which the 2-ft. radius around the 
mother was crossed was greater for the isolates (both 
:P < 0:005). The isolate infants thus returned to the 
proximity of their mothers more often. The proportion 


soo7 October 16, 1965 NATURE 301 


100 


Percentage of 1/2 min 
Ge 
Loe) 





50 


25 
Weeks 
Fig. 1 


of attempts made by the infants to attach to the nipple 
which led to acceptance by the mother was lower for the 
isolates {P < 0-04, 2-tailed sign test). Furthermore, 
grooming of both infant by mother (P < 0-005) and 
mother by infant (not significant) was higher for the 
isolates. 

The results thus indicate that the relationship between 
rhesus mother—infant pairs is influenced in at least two 
ways by other members of the group. The presence of 
other adult or adolescent females results in the young 
infant ranging less freely from its mother, the effect being 
mediated largely through the mother’s behaviour. The 
presence of social companions results in the infant re- 
turning to its mother jess often than it would in their 
absence, and in consequence being rejected by her less 
often. 

Y. Spencer-Booru 
R. A. HINDE 
M. BRUCE 
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ENTOMOLOGY 


Bilateral Asymmetry: a Larval Polymorphism 
in some Argid Sawflies (Hymenoptera, 
Symphyta) 

BILATERAL asymmetry is virtually unknown among 
insects, other than as a rare aberration. Pasteels? has 
briefly noted the occurrence of colour asymmetry in 
larvae of Arge ustulata (L.) in Belgium and the Tyrol. 
Intensive collecting in south-eastern England and north- 
western Scotland has shown British populations of 
A. fuscipes (Fallén) and A. ustulata feeding on birches 
(Betula pendula Roth and B. pubescens Ehrh.) to 
consist of symmetrica. and asymmetrical individuals. 
Both forms appear to be present in proportions too large 
to be attributable to rəcurrent mutation alone. Unfor- 
tunately, however, samples from particular localities 
have so far been too small to allow accurate frequency 
determinations. Nevertheless, assuming genetic control, 
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Figs. 1 and 2. Flat mount in ‘Euparol’ of cast cuticle of asymmetrical 


last instar larva of A. fuscipes showing detall of cuticle of first abdominal 
segment. Fig. 1, part of darker left side. Fig. 2, corresponding part of 
right side. Scale, 0-2 mm 


this phenomenon would appear to constitute a true 
polymorphism (Ford*). 

The symmetrical larvae of both A. fuscipes and A. 
ustulata are pale green on both sides, while the asymmetri- 
cal forms have one side distinctly darker green than the 
other. In all British examples so far examined the left 
has been the darker side, contrasting with the condition 
described by Pasteels! from continental examples in 
which the right was always the darker. The asymmetry 
seems to be a property of the cuticle alone. In our material 
the deposition of melanic pigment was heavy in the cuticle 
of the left side but negligible on the right side (Figs. 1 and 
2). On the dark side the pigment is concentrated into 
small, closely scattered, spots which appear to have 
coalesced to form larger areas at the bases of the major 
bristles (Fig. 1). This distribution of melanin has the 
effect of darkening the outward appearance of the under- 
lying green pigment. 

The larvae of A. fuscipes and A. ustulata are leaf 
edge-feeders, particularly on birches in Britain. Asym- 
metrical larvae have always been found in the field feeding 
with their darker left sides uppermost, and they will 
readopt this attitude after being disturbed. The food- 
plant leaves are considerably darker green above than 
below so that an asymmetrical larva correctly oriented is 
remarkably cryptic to the human eye when viewed 
from either side. In view of the selective advantage 
this type of asymmetry would appear to confer on edge- 
feeding larvae, it is remarkable that it is such a rare 
phenomenon. Even in Arge larvae presumably there 
must be some associated disadvantages which serve to 
maintain the polymorphism (Ford’). 

The situation is further complicated by taxonomic 
difficulties. A. fuscipes and A. ustulata are very closely 
allied forms and their larvae cannot at present be separ- 
ated with certainty. Preliminary breeding experiments 
suggest that the two ‘species’ may be only seasonal forms 
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of a single species. It is hoped to carry out larger-9© 
breeding work with material from different areas in o 
to solve the taxonomic problem. Genetic analysis 
means of large-scale rearings is also urgently needed. 
should be noticed that the adult sawflies show no obv 
asymmetry whatever their larval type. 
M. F. CLARIDG 
J. M. EpINxGTON 
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Feeding Mechanism of Blood-sucking 
Arthropods 


Ir now appears to be established'~* that blood-suck. — 
arthropods feed, in the main, either from the lumen 0: 
blood vessel or from a blood pool resulting from 
laceration of blood vessels. Occasionally an insect whi 
a vessel feeder will take part of its nourishment fro 
blood pool; but, except for the mosquito, this appears 
be of unusual occurrence. In vivo observations on no 
sensitized hosts have shown that a considerable number 
argasid and ixodid ticks, at least one horsefly and t 
tsetse fly are pool feeders, while several fleas, three speci 
of triatomine bugs and the bed-bug are vessel feeder 
The present consensus of opinion is that the mosquito 
largely a vessel feeder, although Gordon et al.’ give reasor ~ 
for believing that a proportion, at least, of the insect 
blood meal is derived from haemorrhages formed in th 
tissues. 

While the list of arthropods on which investigations ¢ 
this nature have been carried out may look imposing, them 
are, nevertheless, some significant gaps in our knowledge 
Hitherto, for example, no information has been availabl 
for such medically important insects as the stable-fly 
biting midges, simuliid flies and lice. It is in order te” 
provide some of the answers that the investigations on the 
stable-fly (Stomoxys calcitrans), the valley black-gna 
(Leptoconops torrens) and the hog-louse (Haematopinus 
suis), summarized in this communication, have beer 
undertaken. 

These investigations have shown that both the stable- 
fly and the valley black-gnat, on laboratory white mice. 
are true pool feeders. The stable-fly s a proboscis 
which is not unlike that of the tsetse-fly but the labellar 
teeth are much coarser. The proboscis is introduced intow 
the tissues somewhat like a cylindrical drill, the stout 
labellar teeth producing a haematoma from which the fly 
feeds. On the other hand, the feeding mechanism of the 
valley black-gnat generally resembles that of the horse-fly, 
Haematopta pluvialis. The mandibles cut the tissues with 
a scissor-like movement while the maxillae move rapidly 
to and fro. 

Observations on Haematopinus suis were carried out on 
the ear of a laboratory white mouse. Following the 
introduction of the proboscis into the skin, the haustellum 
is everted and the strikingly flexible stylet bundle probes 
the tissues until a suitable blood vessel is located. This 
work has shown unequivocally that the hog-louse is a true 
vessel feeder. 

Arthropods which feed from small vessels have hitherto 
been known as ‘capillary feeders’. The term ‘capillary 
feeder’ cannot, however, be regarded as strictly correct if 
the capillary is defined as a small vessel of approximately 
Tu in diameter’, since observations on feeding carried out 
over the past few years have shown that feeding is not 
generally from capillaries but usually from venules or 
small veins. The term ‘vessel feeding’ should replace 
‘capillary feeding’ before usage fossilizes the expression. 
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‘inally, attention needs to be directed to the difficulty 
rienced in translating succinctly into certain foreign 
guages the expressions ‘pool feeder’ and ‘vessel feeder’ ; 
Bier the term must be directly borrowed from English, 
ich is not always satisfactory, or else requires cumber- 
ne translating. The introduction of two terms derived 
m Greek roots is therefore proposed for more universal 
plication, ‘solonophage’ (from the Greek ow Ahy = pipe 
d mayo = eating) for vessel feeder, and ‘telmophage’ 
«om the Greek Téħug = pool and payo = eating) for 
ol feeder. 
This work was supported by U.S. Public Health Service 
search grant Al 04189-02 from the International Center 
« Medical Research and Training Program, Office of 
ternational Research, National Institutes of Health. 
«thank Prof. James Douglas, professor of parasitology in 
e University of California School of Veterinary Medicine 
Davis, California, where this work was carried out, for 
e provision of facilities. 
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MICROBIOLOGY 


Metabolism of Nucleic Acids and Protein 
in Starving Bacteria 


Dure an investigation of metabolic processes in 
tarving bacteria we observed that a significant net 
ynthesis of deoxyribonucleic acid (DNA) took place in 
hem!; no increase in the amount of ribonucleic acid 
RNA) and protein could be detected (unpublished results). 

The procedure in the foregoing experiments was as 
‘ollows. Log-phase cultures of Escherichia colt B grown in a 
ninimal medium were collected by centrifugation at an 
»ptical density of about 0-200, washed and re-incubated in 
acetate buffer (pH 7) at 37° C with aeration. Samples for 
biochemical analysis were taken immediately after re- 
suspension and at the time intervals indicated in Fig. 1. 
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Fig.1. DNA, BNA and protein content in Escherichia coli B incubated in 
acetate buffer. The content of these macromolecules in the bacteria at 
0 minis taken as 100 per cent 
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Chemical fractionation of the bacteria, as well as the 
determination of DNA. was carried out by Burton’s 
method?, RNA was detarmined according to Mejbaum‘®, 
and protein as describec by Lowry et al.‘. 

As seen in Fig. 1, the amount of DNA increased during 
90 min incubation by aktout 30 per cent, while no biosyn- 
thesis of RNA or protein could be observed. Thus we 
postulated that the nuciesic acid’s precursor pool must be 
in this case preferentially utilized for DNA synthesis 
which is, consequently. favoured in some way in the 
starving bacteria. 

To verify this hypothesis on a similar but more specific 
system, we used. a ‘urac-]-less’ mutant of E. cola B, which 
is capable of synthesizing only about 5 per cent of RNA 
and protein if no uracil is added to the growth medium. 

E. coli B U- was incubated in ‘3 x D’-medium', to 
which 30 ug/ml. uracil was added. At an optical density 
of about 0-150, 0-02 ue. ml. of “C-uracil (specific activity 
6-5 uc./umole) was adijed to the suspension, and the 
incubation was continued for a further 2 min. The 
suspension was then quickly chilled, centrifuged in the 
cold, and washed twice by cold physiological saline. The 
bacteria were resuspenced at the same optical density in 
cold ‘3 x D’-medium containing no added uracil, and 
re-incubated at 37° C with aeration. Samples for analysis 
were taken immediate-y after resuspension and after 
10, 20 and 30 min incubation. 

Chemical fractionation was carried out by a somewhat 
modified form of the Schmidt—Tannhauser method’. The 
radioactivity of the acid-soluble, as well as of the DNA- 
and of the RNA-contaming fractions, was counted in a 
gas flow counter on planchets, after having dried on them 
200 ul. of the corresponding extracts. 

The results are summarized in Table 1. It is evident 
that there is a steady increase in the radioactivity of the 
DNA-containing fraction, while the activity of the acid- 
soluble fraction decreases rapidly. There is also a tem- 
porary increase of the redioactivity of the RNA-containing 
fraction, which, however, is not very significant if the 
initial high activity of RNA is taken into account (see 
data under B in Table 1). 


Table 1. PERCENTAGE OF RADIOACTIVITY FROM C-URACIL IN THE DNA, 
RNA AND ACID-SOLUBLE FRACTIONS 


0 min 10 min 20 min 30 min 
Fraction A B A B A B 
(%) (%) (%) (%) 
DNA 5-1 100 95 186 124 243 139 272 
RNA 50 7 100 880 109 848 104-5 84:0 104 
Acid-soluble 14:2 100 2°5 17-6 33 23°2 2-1 14:8 


A, Percentage of total radioactivity from all three fractions. 
B, Relative change in radioastivity, compared with counts at 0 min 


Table 2 
C min 20 min 
Fraction A* B A 
DNA 8-4 100 16-8 200 
RNA 72:0 100 80:7 113 
Acid-soluble 19:6 100 2-5 13 


*4 and B asin Table 1. 


Data comparable with those in Table 1, but obtained in 
another experiment of the same type, are shown in Table 2. 
In this experiment DNA was isolated after 20 min 
incubation of the bacterial culture, by Spirin’s method’, 
and hydrolysed by 72 per cent perchloric acid, the bases 
being isolated and separated by paper chromatography’*. 

After elution of she ultra-violet-absorbing spots, 
measurable radioactiv-ty was found only in the spots 
with the Rr corresponimg to those of cytosine and thy- 
mine, the specific activities (c.p.m./umole) being: for 
cytosine, 0-929; for thymine, 0-790. 

The presence in thymine of radioactivity comparable 
with that of cytosine indicates that the radioactivity 
from ™C-uracil was indeed incorporated into DNA 
molecules. This incorporation proceeds in spite of the 
very limited endogenoas pool of uracil and goes on even 
when incorporation into RNA stops altogether. 

These data seem to support our assumption as to the 
preferential utilization. of nucleic acid precursors for DNA 
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synthesis in bacteria, incubated under starvation condi- 
tions or in a deficient medium. 
The starving bacteria, incubated in acetate buffer, 
contain also an amino-acid pool which is, however, not 
utilized for protein synthesis, as can be seen in Fig. 1. 
This observation may point to the possibility that the 
limited potentiality of utilization of energy for anabolic 
processes in the starving cells is also oriented in the first 
place toward DNA synthesis. If this assumption was also 
shown to be correct, it would indicate that in our systems 
the kinetics of biochemical reactions on the precursor’s 
level are such that processes leading to DNA synthesis are 
favoured over those leading to the synthesis of other 
macromolecules. 
This work was performed with the financial support 
of the Federal Foundation for Scientific Research. 
B. BRDAR 
E. Kos 
M. DRAKULIĆ 
Laboratory of Cellular Biochemistry, 
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VIROLOGY 


Transmission of Guamá and Oriboca Viruses 
by Naturally Infected Mosquitoes 


Mosr of the present knowledge about the ability of 
mosquitoes to serve as natural hosts for arthropod-borne 
viruses is based on two methods. The first consists of 
triturating the wild-caught mosquito and inoculating it 
into a laboratory animal; subsequent virus isolation 
proves natural infection of the mosquito but not ability to 
transmit. The second consists of infecting the mosquito 
on a viraemic laboratory host and demonstrating trans- 
mission by bite to another laboratory host. This method 
demonstrated the ability to transmit, but may not reflect 
what happens under natural conditions. The technique 
described here makes possible a demonstration of trans- 
mission by naturally infected arthropods. 

Mosquitoes captured during the first half of 1964 in 
mouse- and chicken-baited traps in the Instituto 
Agronomico do Norte forest near Belém, Brazil, were 
identified while alive and liberated in screened holding 
cages (100 cm x 100 cm x 115 em) in the forest. A 
separate cage was set up for each mosquito species 
examined. Families of 3-day-old Swiss mice with the 
mother mouse were placed in the cages to provide a blood 
meal. These mice were observed for subsequent illness on 
the chance that the wild-caught mosquitoes might have 
been naturally infected with arthropod-borne viruses and 
have transmitted them to the mice. 

Between February 24 and June 30, 2,846 Culex 
(Melanoconion) taenopus females were released in their 
cage and 68 families of mice exposed, each for a 24-h 
period. Guamá virus was isolated from the blood of a 
mother mouse exposed on April 14. 

Between January 30 and June 30, 2,860 Culex 
(Melanoconion) females, of a species morphologically 
similar to ‘Culex No. 9’! of Trinidad, were released in 
another cage and 109 families of mice exposed. Oriboca 
virus was isolated from a baby mouse exposed on May 9. 

The transmission of Guamá and Oriboca viruses to 
Swiss mice by naturally infected Culex (Melanoconion) 
has thus been demonstrated. This same technique was 
used by Sérié et al.? to transmit yellow fever to laboratory 
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mice by the bite of naturally infected Aedes simps 
in Ethiopia. 
AMAZONIA TODA 
Belém Virus Laboratory, ROBERT E. SHOPE 
Instituto Evandro Chagas, 
Belém, Pará, Brazil. 


* Aitken, T, H. G , Jonkers, A. H., and Worth, ©. B , Ann. Microbiol. ( 
de J.),11, Part A, 67 (1963). 


* Sérié, C., Andral, L., Lindrec, A., and Neri, P., Bull. World Hlth. Org , 
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CYTOLOGY 


Circulation in the Cell 


THE rapidity with which cells respond to the presen 
of solutes or suspensoids in their immediate vicini 
has made the problem of the permeation of the cell 
matter of major interest, but the question of how su 
stances are distributed once they have entered the ce 
has not commanded nearly so much attention. I she 
propose that the rapid distribution of nutrilites ar 
reactants within the microcosm of the protoplast (that i 
inside the plasma membrane) is effected by an activ 
circulatory apparatus, by which fluid is forced throug 
pores ‘by hydrostatic pressure, somewhat analogous t 
the apparatus by which a corresponding circulator 
distribution is effected in the macrocosm of the anim: 
body. The concept of the cell-circulation is based almos 
exclusively on work with the yeast cell; but there ar 
many indications which suggest that the conclusions ar 
generally applicable. Many cellular membranes, whic 
were previously thought to be intact, have been shown b. 
electron microscopy to possess systems of pores. Pore 
which have been first observed by electron microscop: 
have been afterwards observed by direct light microscopy 

The circulation-hypothesis explains the rapid distribu. 
tion of cell-substances which is inconsistent with : 
diffusion hypothesis. The fact that cells continuously 
change in their ability to take up substances from the 
external milieu is indisputable. It seems unrealistic 
however, to try to account for such changes by change: 
in the composition of the membrane because a mino» 
change, which might accommodate one substance, would 
certainly alter the behaviour of the membrane to a variety 
of other substances. It seems essential that any hypothe- 
sis should require that the structural integrity of the 
membrane-systems should remain unaltered throughout 
the life of the cell. It is interesting in this connexion that 
Lehninger? has suggested: (a) that membranes are usually 
assembled in situ; (b) that protein synthesis is concerted 
with phospholipid synthesis in such a manner that the 
two syntheses are mutually dependent; (c) that membrane 
synthesis occurs by a process in which the lipid and protein 
components of the membrane serve as ‘structural tem- 
plates’ for each other, to form a thermodynamically 
stabilized end-product; (d) that each membranous struc- 
ture may produce new membrane from proteins and 
lipids present in the protoplasm by using the pre-existing 
membrane as a template. 

Although genes might change by mutation to produce 
enzymes which might be able to synthesize new mem- 
brane-components which might be able to alter the 
selective permeability of the membrane, it seems unlikely 
that changes in permeability are primarily due to such a 
mechanism. It seems much more likely that genes con- 
trolling the entry of a substance into the cell do so by 
eliciting the production of an enzyme which converts the 
substance into a form which can pass through the cellular 
membrane. According to the receptor hypothesis?, 
genes act only in response to the contact stimulus of an 
inducer. As a general corollary to this hypothesis, a 
large molecule which might not be able to pass through 
the intact barrier of the plasma membrane and which 
could not enter any ‘normal’ membrane in metabolically 
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ificant amounts (that is, in amounts detectable by 
iges In oxygen consumption and carbon dioxide 
duction) might, nevertheless, be assumed to act as an 
uctor of enzyme at the molecular level. Minute 
yunts might be able to enter the cell-circulation by 
serfections (due to pinocytotic pores or fissures) which 

Id act as inductors of enzymes by making contact 
mat the gene-receptor in amounts: which might not be 

-ectable by metabolic measurements. 

Jn the circulation theory the permeability of each of 

ı cell membranes is assumed to remain virtually un- 
«nged throughout the metabolic processes, and no 

‘ymes are assumed to be elicited which change the 

‘meability of the membrane per se. This theory does 

> require that permeation be purely by diffusion nor 

slude the possibility that permeation may be facilitated 
specific energetic mechanisms. It is assumed that 
uptive permeation in the yeast cell is usually effected 
contact of large molecules with hydrolytic enzymes 
aiich have been induced by a few molecules of the in- 
ctor and that the enzymes are afterwards expelled 
© the cell wall, or the nucleoprotein layer. In the 
cleoprotein layer? the extra-protoplastic enzymes, 
uich were induced in the cell by adaptive processes, 

‘drolyse large molecules into smaller ones which move 

ach more rapidly through the plasma membrane, 

ssibly by facilitated transport. The nucleoprotein 
yer performs the same function for the yeast cell that 

o small intestine and the lymphatic system perform for 

© vertebrate organism. 

After the plasma membrane has been passed and the 

ibstance has entered the cytoplasm, the cell circulation 

spidly distributes the materials through the cytoplasm 

id inside the nuclear apparatus. The ‘pump’ controlling 

16 cell circulation is located in the nuclear apparatus and 
itablishes a flow from the cytoplasm into the interior of 
16 nucleus that ensures a relatively rapid movement of 
«aterials from the external milieu to the surface of the 
awromosomes. The motive power for the pump is furn- 
hed by the ‘pumping units’ of Oestergren*, who proposed 
nat the spindle is coated with units which carry on a 
jumping activity’ by which the chromosomes are moved 
9 the poles. Oestergren et al.t have suggested that sub- 
sances are transported on and within the spindle by a 
umping activity which drives materials from the equator 
1 the two opposite directions while the spindle substance 
mains stationary. The pumping activity carries both 
hromosomes and acentric bodies to opposite poles of the 
ell much as sailboats are driven by the wind. I have 
ssumed® that the pumping units (‘spindle-micellae’) are 
tored in the spindle reservoir of the yeast cell (which 
orresponds to the resting telophase nucleus) enclosed 
vithin the nuclear membrane and oriented to pump 
sytoplasm through the nucleus over the surface of the 
liffuse chromosomes. In the yeast cell an exit port leads 
rom the spindle reservoir into the nuclear vacuole and 
1ydrostatic pressure inflates the vacuole to an almost 
serfect sphere. Two exit (extruder) ports in the vacuolar 
nembrane permit the slow discharge of a ribbon of endo- 
dlasmic reticulum, the attached ribosomes (carrying 
nessenger RNA) and other solid materials from the nuclear 
vacuole into the cytoplasm’. But the solutes, especially 
she methylated nucleotides of the nucleolus, from which 
she transfer RNA is synthesized in the cytoplasm (on the 
surface of the mitochondria) pass rapidly through the 
nembrane of the nuclear vacuole into the cytoplasm on 
she stream which enters the cytoplasm through this thin, 
readily permeable barrier. The membrane of the spindle 
reservoir is impermeable to nucleotides. 

Fig. 1 shows the ‘flow sheet’ of the cell. (1) The cell 
wall is composed largely of polymers of hexoses or hexose 
derivatives. (2) Tho nucleoprotein layer is confined be- 
tween the coarse network of the cell wall and the much 
less permeable plasma membrane and contains an abund- 
ance of a variety of enzymes which were produced inside 
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the cell. (3) The plasma, membrane is a typical, protein- 
phospholipid, biological membrane, impermeable to most 
sugars larger than hexoses. (4) The cytoplasm is a limpid 
fluid in which the cellw_ar organelles are suspended. (5) 
A thick, relatively impermeable, protein-phospholipid 
membrane containing both entry (6) and exit (9) ports 
surrounds the spindle reservoir. The spindle reservoir 
contains the diffuse chromosomes (8) and the pumping 
units (7). The diffuse chromosomes are expelled into 
the nuclear vacuole (10° from the spindle reservoir where 
they become condensed chromosomes. Each particulate 
gene carried on the histone backbone (11) of the chromo- 
some contains a proteimaceous receptor (12) and a double 
loop of structural DNA (13) on which messenger RNA 
(14) is synthesized. (1&) The membrane surrounding the 
nuclear vacuole is very thin, easily permeable and quickly 
destroyed by most cytological fixatives. In life, it is 
maintained in a condition of turgor by the hydrostatic 
pressure of the nuclear pump. The endoplasmic reticulum 
and its attached ribosomes (15) are extruded into the 
cytoplasm through a port (16) in the vacuolar membrane. 
The nuclear vacuole contains the nucleolus (17) in which 
the nucleotides from which transfer RNA is later syn- 
thesized are collected and methylated. The cytoplasm 
contains mitochondria in three different states: transfer 
RNA is synthesized from nucleolar nucleotides on the 
surface of the mitochondrion (19). In this state, the mito- 
chondrion absorbs ultra-violet and stains with uranyl 
acetate. (20) The mitocEondrion is the site of fat synthesis 
and in this condition is highly refractile in the light micro- 
scope and electron transparent. (21) The cristate mito- 
chondrion, closely assodated with the endoplasmic reticu- 
lum, is the cytoplasmic source of ATP. 

This work was supported by U.S. Public Health Service 
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GENETICS 


Schizophrenia as a Genetic Morphism 


Huxley, Mayr, Osmond and Hoffer recently proposed?! 
the hypothesis that schizophrenia was a genetic morphism. 
This was based on three main streams of evidence: 
(1) genetic; (2) climcal; (3) biochemical. Baldessarini 
and Snyder? criticized this hypothesis for being premature. 
But every hypothesis is premature, for once the basic 
data are well established hypotheses are not required. 

As the biochemical-clinical member of our group, I will 
refer to certain errors in the Baldessarini critique. 

The arguments on which the adrenochrome hypo- 
thesis was based depend not only on the presence of 
adrenochrome in tissues, but also on a very compre- 
hensive number of facts recently reviewed by me’. 
The evidence is both indirect and direct, that is, based on 
the reports of many independent scientists that adreno- 
chrome or adrenolutin was found by them in body fluids. 
These works have not been referred to by the two critics. 
Nor have they referred to work by Axelrod‘ at the U.S. 
National Institute of Mental Health, who demonstrated 
the conversion of adrenaline into adrenochrome in salivary 
tissue. 

They further state, “It is thus quite unlikely that adreno- 
chrome or adrenolutin are unique biochemical factors in 
schizophrenia”. We at no time claimed these chemicals 
were “unique to schizophrenia”, but instead attempted 
to show that adrenochrome was present in normal 
people and was diverted in greater concentration to 
adrenolutin in schizophrenics. 

They further suggested that the mauve factor first 
reported by Irvine’ and Hoffer and Mahon‘ could be related 
to dietary factors. Had they read Irvine it would have been 
apparent this was one of the remotest possibilities, since 
dietary factors were investigated and excluded by Irvine. 
The Irvine and the Hoffer and Mahon factors are essen- 
tially alike although the Irvine factor may contain more 
components. Both methods were cross-validated against 
each other. The mauve factor test has been used routinely 
in three psychiatric centres in Saskatchewan for up to 
five years, and has consistently been related only to 
severity of the psychiatric condition. It will, therefore, 
follow from the critics’ position that a main variable in 
production of these illnesses is dietary—a novel idea. 


A. HOFFER 


Psychiatric Research, 
Department of Public Health, 
University Hospital, 
Saskatoon, 
Canada. 
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Identical S Alleles in Different Botanical 
Varieties of Brassica oleracea 


SELF-COMPATIBILITY is rare in marrow-stem kale ( Bras- 
sica oleracea var. acephala) and usually occurs only in 
plants which have S alleles low in the dominance series. 
In such plants, genes, independent of the S alleles, deter- 
mine self-compatibility!. In other botanical varieties of B. 
oleracea self-compatibility is common and this suggests 
that these varieties might have the S alleles of low domi- 
nance found in marrow-stem kale. 

Five inbred plants of marrow-stem kale, each homozy- 
gous for a different S allele, four of which had been 
identified in self-compatible plants, were crossed as males 
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to Brussels sprouts (B. oleracea var. gemmifera), to a 
plants of dwarf curly kale (var. acephala), savoy cabb 
(var. sabauda), purple-sprouting broccoli (var. italica) : 
to one wild cabbage plant. Each of the five S alleles w 
identified in at least one of the botanical varieties. T 
allele S, was found in all the botanical varieties tested < 
was active in 19 of the 48 plants examined (Table 
another allele, Sis, occurred in three of these variet) 
and the five S alleles accounted for more than one thir 
the total number of S alleles present in these plants 
out of 96). 


Table 1. NUMBERS OF PLANTS IN WHICH THE S ALLELE WAS ACTIVE IN 
TIGMA 
No. of plants 
Botanical variety examined S alleles 
2 5 15 26 ‘ 

Brussels sprouts 30 10 6 2 0 
Dwarf curled kale 9 2 0 2 2 
Purple-sprouting broccoli 5 4 0 1 0 
Savoy cabbage 3 2 0 0 0 
Wild cabbage 1 1 0 0 0 

Totals 48 19 6 6 2 


In the stigmas of plants with unidentified S alleles, 
can always be recognized because it is active ın combir 
tion with each of the fifteen different S alleles fre 
marrow-stem kale, with which it has been tested. In ka, 
S, is recessive in the pollen with thirteen S alleles, incor 
pletely recessive with one, and active with two others ves 
low in the dominance series. Hence, the proportion 
plants with S, active in the pollen to those with S, activ 
in the stigma indicates the dominance of the other 
alleles in a sample. Of the ten plants of Brussels sprouts , 
which S, was active in the stigma, S, was also active in tl 
pollen in six. This confirms that there is a higher propo 
tion of S alleles low in the dominance series in Brusse 
sprouts than in marrow-stem kale. Of the four purple 
sprouting broccoli plants which had S, active in tl 
stigma, only one had this allele active in the pollen. 

These results suggest that horticultural varieties « 
Brassica, oleracea may differ from agricultural kales i 
having a smaller number of S alleles, more of which ar 
low in the dominance series and which therefore allow 
higher proportion of self-compatible plants. Such dim 
ferences could be a direct consequence of the number c 
plants selected to produce basic stocks. A commercie 
variety of marrow-stem kale may be based on severe 
hundred mass-selected plants, whereas a variety of Brus 
sels sprouts may be derived from a few rigorously selecte: 
plants. Selection of a few plants would reduce the numbe 
of S alleles, and subsequent seed multiplication wouk 
favour the retention of partially self-compatible plant 
with S alleles low in the dominance series. Thus, Sampson’ 
found in Calabrese green-sprouting broccoli (var. italica 
that four plants from a population had only four different™ 
S alleles, and he observed that “this represents a remark 
ably high concentration of S alleles but may be due to 
sampling rather than to any intrinsic feature of broccolim 
population structure’. The present results suggest that 
Sampson’s sample may be representative of the broccoli» 
population. 

The high proportion of plants in the different botanical 
varieties, which have allele S,, is surprising. It is unlikely 
that it has spread during the last century by cross- 
pollination between breeders’ distinct basic stocks of 
cabbage, Brussels sprouts and curly kale. S alleles are 
remarkably stable (Lewis? found no new alleles for self- 
incompatibility in 22 million gametes of Oenothera) so that 
independent mutation to allele S, in different botanical 
varieties of B. oleracea can be ruled out. In potatoes, also, 
S alleles appear to be very stable; Dodds‘ found the same 
S alleles in diploid cultivated species and in polyhaploids 
of autotetraploid ‘Andigena’ potatoes. It is therefore 


- probable that allele S, occurred in the ancestral B. 


oleracea, from which the present botanical varieties have 
evolved. In addition, because relatively small numbers of 
plants are selected to maintain basic stocks of these 
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eties, it is probable that S, must have some inherent 
ctive advantage. 


EEN o. 5007 


K. F. THOMPSON 
J. P. TAYLOR 


ıt Breeding Institute, 
Trumpington, 
Cambridge. 


»mpson, K. F., Plant Breeding Institute, Cambridge, Ann. Rep., 41 
1959—1980). 


npson, D. R., Genetics, 42, 258 (1957). 
«wis, D., Heredity, 5, 399 (1951). 
dds, K. S., John Innes Institute, Ann. Rep., 52, 22 (1961). 


VETERINARY SCIENCE 


Association of Adenoviruses with Bovine 
Respiratory Disease 


\ STRAIN (WBE 1) of bovine adenovirus (BA) was 
lated in primary cultures of bovine kidney (BK) and 
ind to be antigenically distinct from BA type 1 and 
m type 2 (ref. 1). The WBR 1 strain has therefore been 
posed as the prototype strain of BA type 3. 
To assess its pathogenicity for cattle, 8 colostrum- 
rived calves were inoculated intranasally on the day of 
‘th with 10 ml. of BK culture fluid containing WBR 1 
‘ain and with a further 10 ml. intratracheally 24 h 
er. The inocula had a mean titre of 10*° TCID,, 
r ml. The calves were kept individually in isolation 
d then killed 4 days (3 calves), 7 days (3 calves) or 3 
mnths (2 calves) after inoculation. 
During the week following inoculation, the calves 
owed clinical evidence of disease manifested by pyrexia 
d a mucoid nasal or conjunctival discharge which lasted 
4 days. One calf was dyspnoeic and two other calves 
ed 3 and 6 days post-infection respectively. Five of 
«© calves also developed a diarrhoea during the time of 
7rexia. Virus was recovered either from the faeces or 
om nasal and conjunctival secretions, for up to 11 days 
‘ter inoculation; on one occasion, virus was recovered 
«om the nose of a calf at 3 weeks. At necropsy, areas of 
msolidation, colapse and emphysema were evident in 
arying degree in the lungs of each calf. In calves killed 
; 4 days, the lung lesions were present mostly in the 
ilar region, whereas in those killed at 7 days, they 
«tended to the periphery of most lobes. There was lymph- 
lenitis of the lymph nodes draining the pneumonic lungs. 
1 the calves killed 3 months after infection the gross 
ulmonary lesions were small and discrete. 


Table 1. 







Tissues 






Lung lobes: 
R. apical 
R. cardiac 
R. diaphragmatic 
Intermediate 















Conjunctiva 

Nasal m/m 
Retropharyngeal LN 
Tonsil 


arynx 
Tracheal m/m 
Bronchial LN 
Mediastinal LN 
Cardiac muscle 
Oesophagus 
Abomasum 
Jejunum 
Colon 
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Histological examinations indicated that the prime 
lesion was a proliferative bronchiolitis associated with 
necrosis and desquamation of epithelium. These changes 
resulted in occlusion of the bronchioles with consequent 
alveolar collapse. Typical adenovirus intranuclear 
inclusions, in varying stages of development, were present 
in-the lungs, tonsils anc tracheal mucosa, as well as in 
the retropharyngeal, mediastinal and bronchial lymph 
nodes. In the calves killed at 3 months both the gross 
and histological lesions! were minimal and consisted of 
some degree of lymphoreticular hyperplasia accompanied 
by patchy areas of scar tissue. 

Two control calves inoculated with uninfective BK 
culture fluid were killed for examination after 4 and 7 
days respectively. Both calves remained normal and 
free of virus throughout end no macroscopic or histological 
evidence of infection was noted in either animal. 

Two further calves were killed 7 days after inoculation 
with a comparable dose >f WBR 1 virus which had been 
pre-treated with tryps:n to remove possible ‘toxic’ 
factors of the type associated with human adenovirus 
type 5 (ref. 2). There was a similar clinical response but, 
at necropsy, the gross lung lesions were minimal and 
comparable to those seer. in the calves killed at 3 months 
after infection with untreated virus. Cells with inclusions 
were again present in the respiratory tract but were 
difficult to find. This finding suggests that the trypsin- 
sensitive factor associated with the virus assists in the 
production of the pneum2nic lesions observed previously. 

Virus was recovered post mortem from various tissues 
from all the calves inoculated with virus, including the 
lungs of the calves killec at 4 and 7 days or those which 
died, but not from the lungs of those killed at 3 months or 
from those inoculated with trypsin-treated virus (Table 1). 
Immunodiffusion tests on the sera, of all the calves showed 
that adenovirus group-reactive precipitating antibody 
developed in 3-4 weeks after infection and could persist 
thereafter for at least 2 months. 

These experiments indicate that the WBE 1 strain of 
BA type 3 is pathogenie for calves, and the results will 
be reported in detail elsewhere*. Serological evidence has 
been adduced previously that adenoviruses are associated 
with bovine respiratory disease in the field’. In further 
investigations with pair2d serum samples from affected 
or in-contact cattle, significant increases in adenovirus 
group-precipitating ant-body have been observed in 
approximately 30 per cent of 150 disease outbreaks over 
the past 2 years®. The majority of such outbreaks 
attributed to adenovirus infection have occurred during 
the winter months, with peak incidence during the earlier 


RECOVERY OF WBR 1 STRAIN OF BOVINE ADENOVIRUS TYPE 3 FROM TISSUES OF CALVES post mortem 
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months of the year. Available evidence suggests that 
significant increases in neutralizing antibodies to BA types 
1, 2 and 3 occur in the sera of cattle involved in respiratory 
disease outbreaks in Britain’ and that ıt is also possible 
that further, undefined serotypes of bovine adenoviruses 
may be involved. 
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Hepatic Tumours in Ducks fed a Low Level 
of Toxic Groundnut Meal 


THE toxicity of certain samples of groundnut meal has 
been shown to be due to fungal metabolites, collectively 
known as aflatoxin, produced by strains of Aspergillus 
flavus). The carcinogenic effect of such meals for rats, a 
species relatively resistant to the acute effect of aflatoxin, 
has been demonstrated?— and it has since been shown that 
crystalline aflatoxin is carcinogenic for these animals::®. 

Young ducklings are the most susceptible animals to 
the acute effect of aflatoxin’. This communication 
describes the change found in ducks fed for a prolonged 
period on a ration containing a low level of toxic groundnut 
meal. 

Thirty-seven 7-days-old Khaki Campbell ducklings 
(group A) were fed a commercial poultry ration free of 
aflatoxin to which was added 0-5 per cent toxic Brazilian 
groundnut meal which contained approximately 7 p.p.m. 
aflatoxin (assayed as aflatoxin B). Sixteen control 
ducklings (group B) of the same age and breed were fed 
the commercial ration without added groundnut meal. 
All birds received tap-water ad lib. They were brooded 
for the first three weeks in electrical tier brooders and 
thereafter housed in arks on pasture. Weights were 
recorded weekly for the first 14 weeks of the experiment. 
Deaths in both groups were recorded and tissues retained 
for histological examination. The survivors in both 
groups were killed fourteen months after commencement 
of the feeding trial. 

Tissues were fixed in formal-saline, embedded in paraffin 
wax, sectioned at 7y. and stained with haematoxylin and 
eosin. Liver sections were, in addition, stained with 
Masson's trichrome stain and frozen sections were pre- 
pared and stained with oil red O. 

Plotting the mean weight of the birds in the two groups 
against time showed no significant differences in the slope 
of the two regression lines, but the differences between 
means for the groups were significant at week 3 (group A 
11-6 oz., group B 15-2 oz. (P<0-05)), week 4 (group A 
16-0 oz., group B 22-3 oz. (P <0:01)) and week 5 (group A 
23:5 oz., group B 27:9 oz. (P<0-05)) but not at any 
other time to week 11. From weeks 11 to'14 there was 
no longer a linear weight increase in either group; the 
controls remained at a higher mean level than the treated 
birds and this difference was highly significant (P <0-01) 
on mean values alone. 
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During the first four weeks of the experimental per» 
nineteen birds in group A died. On histological ext 
ination lesions consistent with poisoning due to aflato 
were present in the liver of all of them although in tł 
birds death was ascribed to other causes. In the follow 
7 months a further seven birds in group A died, or w 
killed, and in each of these hepatic lesions consistent v 
aflatoxicosis were present. 

In group B four ducks died due to bacterial dises 
and two were killed because of severe trauma inflic 
by their pen-mates. On histological examinations of 
livers from these birds there was no evidence of aflatc 
cosis. 

Fourteen months after commencement the survivors 
both groups, consisting of eleven in group A and ten. 
group B, were killed. Macroscopic lesions were confi 
to the livers; those from birds in group A were atrophi 
putty coloured and contained numerous yellowish fc 
lesions 1-2 mm diameter. In four of the six drakes th 
were, in addition, solid yellow-coloured nodules vary 
in size from 1 to 3 em diameter. In four of the five duc 
in addition to the small focal lesions, there were nodu 
in the livers between 0-5 cm and 2-0 cm in diameter. 
group B, comprising six drakes and four ducks, one dre 
had a number of small irregularly-shaped necrotic lesic 
in the liver. Apart from this there were no other mac 
scopic lesions in the organs of the birds in this group 

The small focal lesions present in the livers of all bi 
in group A were lymphoid foci composed mainly 
mature lymphocytes surrounding degenerating hyp 
plastic bile duct epithelium. There were no mitc 
figures but, peripherally, there was infiltration, in so 
cases extensive, of lymphocytes between the hepatic ce 
The larger nodules were liver tumours of two typ 
thickly encapsulated, vacuolated hepatomata compot 
of hypertrophic ballooned cells occasionally containi= 
giant vesicular nuclei with very prominent nucleoli, a 
cholangiomata composed of dense masses of well-differe 
tiated bile ducts (the cells of which showed very f 
mitotic figures) surrounded by a thin fibrous capsu 
This variation in cell type is seen in hepatic tumours 
rats fed aflatoxin and other carcinogens’. In the liver 
one duck tumours of both types were present, in thr 
ducks and two drakes there were hepatomata, and in ti 
of the other drakes cholangiomata occurred. 

After 14 months eight of eleven birds fed a rati 
containing 0-5 per cent toxic groundnut meal develop 
hepatic tumours whereas none occurred in ten birds f+ 
the same ration without groundnut meal. The aflatox 
B, content of the tumour-inducing ration for ducks w 
approximately 0:03 p.p.m. compared with 0-4 p.p 
required to produce hepatic tumours in rats within 1: 
18 months*®. The single oral LD; dose of aflatoxin fi 
male rats is 7:2 mg/kg® compared with 0-4 mg/kg fv 
male ducklings®. The relative susceptibility of ducks ar 
rats to both the acute and hepato-carcinogenic effect : 
aflatoxin is therefore comparable. 

I thank Dr. J. G. Campbell of the British Empi» 
Cancer Campaign for Research, Edinburgh, for his advic 
and Miss C. N. Hebert of this Laboratory for statistic 
analysis. 


VOL. 20€ 


R. B. A. CARNAGHAN 
Central Veterinary Laboratory, 
Weybridge. 
1 Sargeant, K , Sheridan, A., O’Kelly, J., and Carnaghan, R. B. A., Natur 
192, 1096 (1961). 
E ti M. C., Jenkins, F. P., and Philp, J. McL., Nature, 192, 109» 


* Schoental, R., Brit. J. Cancer, 15, 812 (1961). 


1 Le N E., Frayssinet, C., and Boy, J., O.R. Acad. Sci., Paris, 225, 78 


* Butler, W. H., and Barnes, J. M., Brit. J. Cancer, 17, 699 (1963). 

° Dickins, F., and Jones, H. E. H., Brt. J. Cancer, 17, 691 (1963). 

7” Asplin, F. D., and Carnaghan, R. B. A., Vet. Rec., 78, 1215 (1961). 
8 Butler, W. H., Brut. J. Cancer, 18, 756 (1964). 


s Car B. B. A, Hartley, R. D., and O’Kelly, J., Nature, 200, 110 


io 5007 October 16, 1965 
FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, October {8 


ASTICS INSTITUTE, PLASTICS PROPERTIES DISOUSSION CIRCLE (at the 
deville Hotel, Mandeville Place, London, W.1), at 3 p.m.—Mr. D. A. 
“Impact Testing and Brittle Failure”. 


{IVERSITY OF LONDON (in the Botany Theatre, University College, Gower 
3t, London, W.C.1), at 5 p.m.—Prof. B. A. D. Stocker’ ‘‘Salmonella 
gens—Structure and Genetics” (further lecture on October 25). * 


ITISA COAL UTILIZATION RESEARCH ASSOCIATION (in the Lecture 
atre, Institution of Civil Engineers, Great George Street, London, S W.1), 
.30 p.m.—Prof. B. D Spalding: “Heat Transfer Aspects of Coal Utiliza- 
” (Fourteenth Coal Science Lecture). 


\CIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
«are, London, S TH: at 5.30 pm.—Dr J H. Hamence. “The Public 
lyst’s Approach to Pesticide Residues’. 


{STITUTION OF MECHANICAL ENGINEERS, INTERNAL COMBUSTION ENGINES 
sUP (at 1 Birdcage Walk, Westminster, London, 8.W.1), at 6 pm— 
sussion on “Whither Small V-form Diesel Engines?” 


,OYAL INSTITUTE OF CHEMISTRY (at Enfield Technical College, Queensway, 
maiders End), at 7 p.m.—Mr. W. G. Busbridge: “Isotopes in Industry”. 


OYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 8.W.7), 
spree m.—Dr. Charles Swithinbank: “A Year with the Russians in 
arctica”. 


Tuesday, October 19 


JNIVERSITY OF LONDON (in the Anatomy Theatre, University College, 
w Street, London, W.C.1), at 1 15 p.m.—Dr. D. McNally: “Are Stars 
«49 e as 


JNIVERSITY OF LONDON (at Imperial College of Science and Technology, 
«ndon, S.W 7), at 1.30 p.m.—Mr. E. F. Schumacher: “Sources of Under- 
nding. Is Observation Enough °?” * 


UNIVERSITY OF LONDON (at the Institute of Education, Malet Street, 
adon, W.C.1), at 5.15 p m —Mr. John Maddox. “The Nuffield Founda- 
n Science Teaching Project”. * 


EMNSTITUTION OF CIVIL ENGINEERS (at Great George Street, London, 8.W.1), 
5.30 p.m.—Mr. C D Brown “Design and Construction of the George 
‘eet Bridge Over the River Usk, at Newport, Monmouthshire”. 


RESEARCH DEFENCE SOCIETY (in the Physiology Lecture Theatre, Univer- 
y College, Gower Street, London, W.C 1), at 5.30 p m.—Prof. D. D Reid’ 
‘Tice and Men in Medical Research” (Thirty-fourth Stephen Paget Memorial 
scture), followed by the Annual Gencral Meeting. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 5.30 p.m.— 

‘of. R. King’ “Energy”. (Afternoon lecture for Sixth Form Boys and Girls 

n TETI London and the Home Counties. To be repeated on October 
4, an = 


UNIVERSITY OF LONDON (at Imperial College of Science and Technology, 
ndon, S.W.7), at 5 30 p.m.—Prof. C. B. Alcock: ‘‘Problems with Solutions: 
Chemical View of High Temperature Materials” (Inaugural Lecture). * 


SOCIETY OF CHEMICAL INDUSTRY (joint meeting of the Heavy Organic 
Fhemicals Group and the Plastics and Polymer Group, at 14 Belgrave Square, 
«ondon, §.W.1), at 6 pm.—Mr. J. H. Briston: “The Use of Chemical Pro- 

icts in Packaging”’. 


PLASTICS INSTITUTE, LONDON SROTION ENGINEERING SUB-GROUP (at the 
Wellcome Building, Euston Road, London, N.W.1), at 6.80 p.m.—Dr. C. 
“endrick: “Quality Control ın the Mass Production of Plastics Mouldings”. 


Wednesday, October 20 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Ju Cane Road, London, W.12), at 2 p.m.—Dr. B. W. Meade: “Laboratory 
Aspects of Drug Overdose”. * 


INSTITUTION OF CHEMICAL ENGINEERS (at the Institution of Civil Engineers, 
Yreat George Street, London, §.W.1), at 5.30 pm.—Dr. A. J. V. Underwood, 
).B.E.: “Chemical Engineering—Reflections and Recollections”. 


INSTITUTION OF ELECTROKIO AND RADIO ENGINEERS (at the London 
3chool of Hygiene and Tropical Medicine, Keppel Street, Gower Street, 
Condon, W.C.1), at 6 p.m —Diseussion on ‘“Computer/Instrument Inter- 
aces”. 

INSTITUTION OF MECHANICAL ENGINEERS, STEAM PLANT GROUP (at 1 
Birdcage Walk, Westminster, London, 8 W.1), at 6 p.m —Mr. R. Carstairs. 
“Six Years’ Operation of Cyclone Boilers at Thornton Power Station”. 


SOCIETY OF ENVIRONMENTAL ENGINEERS (in the Mechanical Engineering 
Department, Imperial College, Exhibition Road, London, §.W.7) at 6pm. 
ao be J. Lewis and Mr. A. S. Evans: “Radio Frequency Interference 

n oO # 


OIL AND COLOUR CHEMISTS’ ASSOCIATION (in the Small Physics Lecture 
Theatre, Imperial College of Science and Technology, London, S.W 7), at 
7 p.m.—Mr. P. Fink-Jensen (Denmark). “Rheological Properties of Paint and 
ane ay Instruments for Measuring Them” (European Co-operation 

ecture). 


UNIVERSITY OF LONDON (at the Institute of Neurology, National Hospital, 
Queen Square, London, W C.1), at 7 p m.—Prof. N. S. Sutherland: “Atten- 
tion and Learning in Ammals”,* 


ROYAL INSTITUTE OF CHEMISTRY (joint meeting with the South-East 
Essex Technical College and School of Art Chemical Society, at Longbridge 
Kopa: Dagen Am, Essex), at 7.30 pm.—Meeting on “Computer Apphcations 

n emistry”. 


Thursday, October 21 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University College, 
Gower Street, London, W.C.1), at 1.15 pm.—Mr. M. J. Brown “Do We 
Need Cities ?” * 


UNIVERSITY OF LONDON (at Imperial College of Science and Technology, 
eee 8.W.7), at 1.30 p.m —Mr. Patric Dickinson: “Computer versus 
ea r”. k 
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CHEMICAL SOOIETY (in the Large Chemistry Lecture Theatre, Imperial 
College, London, S.W.7), at 2 pm.—Symposium on “Organic Chemical 
Approaches to Biosynthesis”. : 


INSTITUTION OF CIVIL ENGINZERS, ENGINEERING MANAGEMENT GROUP 
(at Great George Street, London S W.1), at 5 30 p m —Informal Discussion 
on ‘Management Training for Engineers” Introduced by Mr D L. Marples. 


UNIVERSITY OF LONDON (in the Beveridge Hall, Senate House, London, 
W.C.1), at 5.30 p m.—Sir George Sodber ‘‘Scientific Progress and the Pattern 
of Medical Care”. (First of fifteen lectures on “The Scientific Basis of 
Medicine” organized by the British Postgraduate Medical Federation.) * 


INSTITUTE OF REFRIGERATION (at the National College for Heating, 
Ventilating, Refrigeration and Tan Engineermg, Southwark Bridge Road, 
London, S.E.1), at 6 p.m.—Mr. E. Woodcock. “Cooling Coil Evaluation”. 


SooreTy FOR ANALYTICAL CHEMISTRY, Biological Methods Group (at “The 
Feathers”, Tudor Street, London, E C.4), at 6.30 p m.—Discussion Meeting 
ga ane and Abuse of Statistics in Biological Assays” opened by Mr. K. L. 

mith. 


ROYAL SOCIETY OF TROPICAL FIEDICINE AND HYGIENE (at Manson House, 
26 Portland Place, London, W 1), at 7.30 p m.—Prof. G. Macdonald: “On 
the Scientific Basis of Tropical Hygiene” (Presidential Address). 


UNIVERSITY OF LONDON (at Wye College, Wye, Ashford, Kent), at 8.15 
p.m.—The Rt. Hon. Lord Northbourne’ “Religion and Science’. * 


Thursday, October 2i—Friday, October 22 


POWDER METALLURGY JOINT GROUP OF THE IRON AND STEEL INSTITUTE 
AND THE INSTITUTE OF METALS, in association with the BRITISH METAL 
SINTRRINGS ASSOCIATION (in the Hoare Memorial Hall, Church House, Great 
Smith Street, London, 8.W.1), at 11 a.m. on Thursday and 10 a.m. on Friday 
—Annual Meeting. 


Fridey, October 22 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9 p.m.— 
Dr. B. D. Shaw: ‘‘“Explosives’’. 


Saturday, October 23 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, London 
Road, Forest Hill, London, 8.623), at 3.30 p m.—Mr Poul Rovsing Olsen 
(Copenhagen): “The Greenland Eskimos and Their Music”. * 


Moncay, October 25 


PLASTICS INSTITUTE, LONDON SECTION REINFORCED PLASTICS SUB- 
GROUP (at the Wellcome Buildirz, Euston Road, London, N.W.1), at 3 p m. 
—Symposium on “‘The Changing Face of Reinforced Plastics”. 


PLASTICS INSTITUTE, PLASTICS PROPERTIES DISCUSSION CIRCLE (at the 
Mandeville Hotel, Mandeville Elace, London, W.1), at 3 p.m.—Mr. E. B. 
Atkinson: ‘Flow Behaviour of Molten Polymers”. 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 8.W.7), at 
5 p.m.—Prof. E. G. Bowen: “Tre Welsh Colony in Patagonia”. 


BRITISH SOCIETY FOR THE HISTORY OF SCIENCE (in the Council Room of the 
Science Museum, Exhibition Road, London, S.W.7), at 5 30 p.m.—Dr. F. W. 
Gibbs “Gunpowder Priestley ard Dictionary Johnson”. 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, London, S.W.1), 
` Sn p.m:—Sir John Cockcroft, O.M., F.R.S.: “Competitive Nuclear 
ower”. 


INSTITUTION OF ELECTRONIS AND RADIO ENGINEERS, JOINT I.E.E.— 
LE.R.E. COMPUTER GROUPS (at the Institution of Electrical Engineers, 
Savoy Place, London, W.C.2). at 5.30 p.m.—Prof. W. J. Poppelbaum’ 
“‘Opto-Electronics”’. ‘ 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND STUDENT 
SECTION (at Savoy Place, London, W.C 2), at 6.30 p.m.—Mr. J. T. Bull: 
“Aa C, Traction Power Supplies’ (Chairman’s Address). 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

ASSISTANT LECTURER or LECTURER (preferably with a special interest in 
analysis) IN PURE MATHEMATICS—The Registrar, University College of South 
Wales and Monmouthshire, Cardiff (October 20). _ 

ASSISTANT LECTURER or COBLEGE LECTURER (with an honours degree in 
agricultural science, chemistry or biochemistry with suitable postgraduate 
experience) IN AGRICULTURAL OHEMISTRY—The Secretary and Bursar, 
University College, Dublin, Republic of Ireland (October 22). 

ASSISTANT LECTURER (with a good honours degree or equivalent and 
preferably some research or ‘ndustrial experience) IN BOTANY; and an 
ASSISTANT LECTURER (with a good honours degree or equivalent and prefer- 
ably some research or industrial experience) IN ZOOLOGY—The Academic 
Registrar, Brunel College, Woodlands Avenue, London, W.8 (October 22). 

COLLEGE LECTURER IN GENETICS IN THE AGRICULTURAL BIOLOGY DEPART- 
MENT, FACULTY OF GENERAL AGRICULTURE—The Secretary and Bursar, 
University College, Dublin, Republic of Ireland (October 22). 

SENIOR LECTURER IN MéTHEMATICS—The Registrar, Loughborough 
Training College, Loughborouzh, Leicestershire (October 22), 

COMPUTER OFFIOER (with a suitable university degree and experience in 
computer programming and operation) AT THE TIDAL INSTITUTE AND 
OBSERVATORY—The Registrar, The University, Liverpool, quoting Ref. 
CV/296/N (October 23). 

KEEPER (with a good honours degree in botany and/or the Museums 
Association Diploma; an interest in economic botany, museum experience of 
fieldwork, and preferably a working knowledge of at least one modern foreign 
language) OF BoTaNny—The Lirector, City of Liverpool Museums, William 
Brown Street, Liverpool, 3 (October 23). 

PHYSICS LABORATORY TECHNICIAN FOR A GROUP ISOTOPE LABORATORY— 
The House Governor (A), Charing Cross Hospital, London, W.C.2 (October 
23). 
Gaia STOREKEEPER (with 2xperience in the supply and maintenance of 
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LECTURERS IN ENGINEERING MATHEMATICS—The Registrar, The Univer- 
sity, Newcastle upon Tyne 2 (October 27), 

CHAIR OF THERMODYNAMICS AND FLUID MEOHANICS IN THE DEPARTMENT 
OF MECHANICAL ENGINEERING—The Secretary, The Queen’s University, 
Belfast, Northern Ireland (October 30). i 

LECTURER (registered medical practitioner holding the D.P.M., with broad 
experience of different aspects of psychiatry) IN PsyCHIATRY—The Registrar, 
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ENGINEERING—The Assistant Registrar (Science and Engineering), The 
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MENT—~The Director, An Foras Taluntais (The Agricultural Institute), 33 
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SENIOR DEMONSTRATOR (with a degree in psychology and preferably some 
research or teaching or professional experience) IN PSYCHOLOGY at the Uni- 
versity of Queensland, Australia—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, S.W.1 
(London and Brisbane, November 5). 

SENIOR LECTURER or LECTURER (with an honours degree in zoology) IN 
ZOOLOGY at the University of Canterbury, Christchurch, New-Zealand—The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 (New Zealand and London, November 5). 

OF FLUID MECHANICS AND HYDRAULIO ENGINEERING at Imperial 
-College of Science and Technology—The Academic Registrar, University of 
London, Senate House, London, W.C.1 (November 12). 

HEAD OF THE DEPARTMENT OF MATHEMATICS, South Australian Institute of 
Lechnology—The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, 8.W.1; or The Registrar, South 
Australian Institute of Technology, North Terrace, Adelaide, South Aus- 
tralia (Australia, November 12). 

CHAIR OF PHYSICS at Fourah Bay College, The University College of Sierra 
Leone—The Secretary, Inter-University Council for Higher Education 
Overseas, 33 Bedford Place, London, W.0.1 (November 15). 

LECTURER or SENIOR LEOTURER in the School of Botany, University of 
Melbourne, Australia—The Association of Commonwealth Universities 

- (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 (Australia and 
London, November 15). 

LECTURERS (with a good honours degree and a keen research interest in 
any branch of electronics and control engineering) IN THE ELECTRONICS AND 
CONTROL DIVISION, School of Engineering Science—The Registrar, Uni- 
versity College of North Wales, Bangor, North Wales (November a). 

MASTER TO TEACH GEOGRAPHY AND MATHEMATICS—The Master, Dulwich 
College, London, 8.E.21. 

MASTERS TO TEACH (4) PHYSICS AND (b) MATHEMATICS (sixth form work)— 
The Headmaster, Forest School, Snaresbrook, London, E.17. 

POSTDOCTORAL FELLOW (preferably with some experience in X-ray crystal- 
lography) IN THE DEPARTMENT OF CHEMISTRY, to collaborate with Dr. B. 
Stevens In a study of the photochemistry and radiation chemistry of crystal- 
line aromatic compounds—The Registrar, The University, Sheffield. 

POSTDOCTORAL RESEAROH BIOcHEMMIST to join a group engaged in study- 
ing the control of protein biosynthesis in animal cells—Prof. H. R. V. 
. Arnstein, Department of Biochemistry, University of London, King’s 

College, Strand, London, W.C.2. 

PROFESSOR IN PHYSICAL CHEMISTRY—Prof. Harry E. Gunnung, Head, 

Geparimens of Chemistry, University of Alberta, Edmonton, Alberta, 
anada. ° 

RESEARCH ASSISTANT (Academic) IN THE DEPARTMENT OF PHYSICS to 
assist In an investigation into laser-induced surface damage under the 
direction of Prof. S. Tolansky, F.R.S.—The Secretary, Royal Holloway 
College (University of London), Englefield Green, Surrey. 
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Save operator time, increase speed and The brilliant new Unicam SP.800 Spectrophoto- 


ai s - . í meter is setting new standards in ultraviolet and 
effici ency WI th Unicam automation for. visible spectroscopy. The widely acclaimed flat 


ENZYME REACTION RATES bed presentation, the beam balance smoothing 


cam and the unique second sample position are 


LIQUID COLUMN CHROMATOGRAPHY among the features which establish it as the 


outstanding U.V. spectrophotometer. Additionally 


ALL ROUTINE ULTRAVIOLET AND ee offers automation equipment which 

VISIBLE SPECTROSCOPY AUTOMATIC interchange of up to 4 sample 
and 4 reference cells 

Please send for descriptive brochure AUTOMATIC re-cycling over any preselected 


wavelength range 
- AUTOMATIC recordings at predetermined time 
intervals 


Unicam Precision Spectrophotometers 


Unicam Instruments Ltd. York Street + Cambridge - Telephone Cambridge 6163] - Telegrams: Unicam Cambridge - Telex 81215 
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SOLE DISTRIBUTORS IN U.K. OF SCHOTT INTERFERENCE FILTERS 


HENDREY SPARK RECORDER Type 1487A~ 
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Compact and weatherproof, this single channel recorder is light in 
weight and easily portable. The Perspex window gives a clear view 
of the heat-sensitive chart for approximately 6 in. of its length. 


The instrument can also be used mounted on bench, wall or panel 
and is supplied with mounting plate incorporating three anti-vibration 
mountings which render the instrument shock-proof and vibration- 
proof to service standards. 


An _ electro-magnetically operated stylus, operated by a separate 
switch not supplied with the recorder, provides transverse markings 
near the edge of the chart. Provision is made for an external alarm 
circuit which can be pre-set to operate at any deflection from zero to 
full scale by means of a control on the case. 


Sensitivity—50 micro-amps. Full scale. Supply—i2 Volt, D.C. 
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0-50°/, DIVIDED To 0:2°/, 
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We are now able to offer this popular laboratory 
instrument with a sugar scale only, expanded to the 
maximum limit and sub-divided at intervals of 0-2% 
up to 50% and thence to 95% at intervals of 0-1 %. 

Other features remain the same—back illumination 
for dealing with dark solutions, fixed horizontal 
prism box and totally enclosed glass arc with etched 
graduations. 
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IMPROVING THE CIVIL SERVICE IMAGE 


LTHOUGH the Civil Service Commission and recruit- 
ment to the Civil Service have been mentioned in 
scent books and pamphlets dealing with Civil Service 
form, such reference has been mainly incidental and it 
as been left for the Estimates Committee in its sixth 
sport for the session 1964-65* to examine recruitment 
«o the Civil Service in any thorough fashion. Even so, 
Who Estimates Committee was indebted to the Acton 
ciety Trust for financing a survey of the attitudes 
owards an administrative career in the Civil Service of 
tudents at a civic university. As the Estimates Com- 
aittee observes, this underlines the recommendation in 
«cs fifth report for this Session that it should be authorized 
© appoint temporary outside advisers and to obtain 
sistance from outside—any expenditure involved being 
zorne on the Vote of the House of Commons. Much of 
he value of the report, in fact, derives not from 
‘he Committee’s examination of witnesses but from 
she memoranda which were submitted in evidence 
™y the Acton Society Trust and others—without 
whose co-operation the scope of the enquiry would 
Mheve been severely restricted and its authority much 
‘diminished. 

The enquiry was concerned both with the work of the 
‘Civil Service Commission and with the role of the Treasury 
in recruiting and with direct recruitment by other Depart- 
ments. The Commission’s responsibilities are now limited 
to the selection and certification of people for permanent 
posts, under regulations made by the Commissioners and 
approved by the Treasury. Unestablished posts are now 
filled by arrangements made by Departments, sometimes 
assisted by the Commission, and subject also to the 
approval of the Treasury. The Estimates Committee’s 
recommendations are few, but the imphecations of the 
report are far-reaching: the difficulty which the Civil 
Service has consistently experienced since the Second 
World War, especially in graduate and professional 
recruitment, and in obtaining as many recruits as it needs, 
is set in the perspective of to-day’s needs generally. The 
right questions are asked not simply about recruitment 
itself but about the opportunities open to recruits and the 
use that is made of them. 

The report deals first with the pattern of recruitment, 
and here the figures quoted show that since 1954, while 
needing more recruits, the administrative class only 
maintained the number of assistant principals recruited 
and failed to maintain its share of a rapidly increasing 
field of possible candidates. Moreover, at a time when 
the fields of university recruitment were widening, the 
proportion of administrative class recruits from these 
wider fields was falling, and although until 1963 little 
difficulty was experienced in recruitment to the executive 
class. vacancies in some departmental executive classes 
were not being filled. In the 1964 report of the Commis- 
sion, however, reference is also made to a shortage in the 
general executive class—the class which is broadly re- 
sponsible for the wide range of managerial and adminis- 
trative functions in the Civil Service and which has 
traditionally recruited from school-leavers with at least 
two passes in the Advanced Level Examinations for the 
General Certificate of Education. 

* Sixth Report from the Estimates Committee together with the Minutes of 
the Evidence taken before Sub-Committee E and Appendices, Session 1964-65 


—Recruitment to the Civil Service. Pp. xxxviii+269. (London: H.M.S.0., 
1965.) 26s. net. 


In many respects, recruitment to the specialized classes 
of the Civil Service, which include the Scientific Civil 
Service and a range of technical and professional classes, 
is @ lighter problem than that of recruitment to the 
administrative or executive classes—recruiting procedures 
being faster and more flexible and often undertaken by 
the departments. Even so, the Civil Service is at a dis- 
advantage in the competition with other employers, even 
when the lengthy procsss of open competition, interview 
and certification 1s cot needed for temporary posts. 
Direct appointment by establishments is not possible and 
Civil Service pay structures do not permit any recognition 
of the really first-class man on entry. Finally, scientific 
and technical work in the Civil Service is necessarily more 
organized than in the tniversities, which since the Second 
World War have been ane of the main competitors for the 
best graduates. Certamly, there is not the same freedom 
of publication, thougk the rules concerning publication 
have recently been liberalized. 

Of interest in this connexion are some observations on 
factors influencing the choice of employment in a 
memorandum from ths Civil Service Commission. It is 
admitted that salaries are much more favourable to the 
universities than to she Civil Service compared with 
before the Second Warld War, but it is considered that 
attraction to the administrative class lies other than 
in the cash rewards. In the scientific officer class, the 
Civil Service has much to offer young graduates in the 
way of interesting work in their own field with unusually 
good experimental fasilities and reasonable stability in 
the programme of wor, and in general the Scientifie Civil 
Service probably ranks second to a university appoint- 
ment in the minds of good young scientists. There is, 
however, a tendency for the young scientist to try a 
period in industry. To meet this, the Service has in 
recent years resorted to temporary recruitment direct by 
departments with subsequent confirmation by the Com- 
mission when both sides have made up their minds. 
Nevertheless, the Cammission admits that the Service 
does not attract as many of the really outstanding 
young scientists as it would like and that it is possible 
that this is due in par> to the failure of the system of pay 
on entry to allow recoznition of the really first-class man. 

In the same context may be noticed some remarks in a 
memorandum from tke Acton Society Trust on possible 
reasons why graduates from universities other than Oxford 
and Cambridge do not choose careers in the Civil Service. 
It is unlikely that the differences can be attributed to 
different sources of social origin in students, although this 
may partly explain tha popularity of school teaching as a 
career. The nature of the recruitment process may be a 
hindrance, and an Acton Society Trust report on the arts 
graduate in industry pointed to a higher wastage among 
those who had been recruited into general training 
schemes than among those who had been recruited for 
specific posts. Moreover, an applicant for a career in the 
administrative class is really required to take on the job 
for the whole of his working life. This may well be a 
deterrent, as is also tke picture of the administrative class 
as ‘the talented amesteur’, overdrawn though this has 
always been. Nor has this yet been remedied by the 
reforms which have followed the Plowden Report, and 
the Civil Service cortinues to under-play the need for 
formal training for members of the administrative class. 
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It is at this point that the memorandum touches on 
the Civil Service Commission itself, which, it suggests, 
contributes to the present unsatisfactory image of the 
Civil Service through the rather negative way it handles 
its recruitment programme for the administrative class. 
Before examining that criticism of the Commission, 
some further points in the memorandum on the attitude 
of students may be noted. The exploratory enquiry con- 
ducted by the Trust indicated that some 60 per cent of 
science students at the University of Hull had no particular 
careers in mind. Most of the students thought that 
university teaching and school teaching were the careers 
most likely to offer a high degree of personal freedom in 
carrying out one’s job, private industry and commerce 
getting a middle rating, followed by the Scientific Civil 
Service with the administrative class last. After university 
teaching, the Scientific Civil Service was regarded as the 
career most likely to offer opportunity of using the know- 
ledge acquired in reading for a degree, and the adminis- 
trative class again came last—though it was rated better 
as regards opportunity for easy transfer of jobs in mid- 
career. Moreover, except for the nationalized industries, 
where the opportunity was regarded as equal, between 
60 and 85 per cent of the Hull students thought they stood 
less chance than graduates from Oxford and Cambridge, 
especially for the administrative class, closely followed by 
university teaching. More than half the students regarded 
working in London for the duration of their careers as a 
definite disadvantage; almost a third were indifferent, 
and only 12 per cent thought it an advantage. By far the 
most attractive feature of the administrative class to 
the students seemed to be its security of tenure, but this 
and other attractive features did not offset the fact that 
they gave it a low rating on those attributes which they 
held to be important in comparison with other jobs. 

The extent of the knowledge of the students about the 
Administrative Civil Service was clearly small. The image 
of the Administrative Civil Servant which is based on 
that knowledge is a definite obstacle to recruitment and 
one that must be rectified. For this the present publicity 
techniques are inadequate and a new and more direct 
approach seems necessary. However, it should be noted 
that the Acton Society Trust thought that the facts about 
Civil Service recruitment were still extremely scarce 
and that a full-scale investigation into undergraduates’ 
attitudes towards the Civil Service as a career should be 
undertaken on behalf of the Civil Service Commission as 
an essential pre-requisite to discussion. Meanwhile, the 
shortage of talented graduates and the efficiency of the 
Civil Service compel the Civil Service Commission to 
continue and increase its efforts to broaden the appeal of 
the administrative class. Whatever changes may be made 
inside the Service itself, the Commission must pursue a 
more aggressive recruitment policy for this class and do 
so imaginatively. The criticism is levelled also at the 
publicity of the Commission and at the university 
appointments boards. The latter are not so efficient as 
they might be; they are understaffed, and while they are 
often ill-equipped to give vocationel guidance, for most 
of them, in quantitative terms, the administrative class 
is unimportant. 

This criticism of the Civil Service Commission appears 
to have been accepted by the Estimates Committee. In 
a long memorandum on recruitment to the Civil Service, 
in which he also suggested that difficulties in recruitment 
and the lıke were due mainly to lack of experienced 
research staff and of money and could be remedied by 
closer collaboration between the universities, the Civil 
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Service and a Social Science Research Council, Pr 
W. J. M. Mackenzie expressed the opinion, based - 
extensive personal experience, that the Civil Serve 
Commission acts impeccably within its terms of refererx 
Witnesses before the Estimates Committee both from t 
Commission and from the Treasury conceded that 
change in the range of the Commussion’s functions hi 
occurred ın recent years, which was not envisaged in tl 
original Order in Council, nor provided for in the Order 
Council of 1956, from which the Commission derives i 
authority. The Estimates Committee agrees that the 
are strong arguments for keeping the related functions 
recruitment and selection together within one agenc. 
and believes that little would be gained by the Con» 
mission’s attempting to restrict itself to the functior 
contained in the original Orders in Council. It did nc 
pursue the wider question whether the final responsibilit 
for recruiting policy and management should remain wit 
the Treasury or whether the functions of the Commissio: 
itself should be extended, as Mr. S. Brittan suggested i 
his recent book*, and merely note with apparent approve 
Prof. Mackenzie’s comment: “The problem is whethe 
the Commission’s terms of reference are right”. 

Prof. Mackenzie wrote his memorandum before th 
publication in the winter issue of Minerva (3, No. 2, 172° 
1965) of Prof. R. J. Stone’s article “A. Model of th 
Educational System”, which illustrates the type o 
serious research and analysis which he regards as neces 
sary in answering the questions from the Estimate: 
Committee. He suggests, however, that two vital moder: 
functions are now lost to view in the Victorian traditior 
which still appears to underlie the work of the Commission 
The notion that numbers of corrupt persons are trying t4 
insinuate themselves and their friends into the public 
service is archaic: in the modern world the Commission 
is the recruitment section of the personnel division of a» 
large organization. If it cannot find its recruits, it must 
first look in a sophisticated way at the employment 
market and at what the organization offers to the market. 
If candidates of the right type cannot be found, it must 
report back fearlessly and constructively to the higher 
level. Secondly, the Civil Service is perhaps unique among 
lay organizations in having no public relations depart- 
ment, and Prof. Mackenzie suggests that the Commission 
cannot possibly do its job to-day unless it is able to face 
its competitors squarely. In his view, its function must 
be that of a recruitment and public relations department 
for the Treasury Department, which is now responsible 
for the personnel policy and general efficiency of the Civil 
Service. He regards the Commission es a well-run body, 
but considers that a symbolic break with the Victorian 
tradition might be an advantage. In this view he differs 
from the Fabian Group, which in 1964 proposed that 
personnel management should be transferred from the 
Treasury to a reformed Civil Service Commission strength- 
ened by new appointments and by staff from the Treasury. 

In this long memorandum, Prof. Mackenzie makes many 
pertinent observations and comments, of which only a 
few can be noted here. He pays tribute to the outstanding 
success of the British Civil Service in the organization. 
and management of routine clerical work, but he does not. 
see how its strong executive structure can be maintained 
except by upgrading the status and salaries of the 
executive class and its related departmental classes. 
Challenging the idea of the amateur, he points to some 
five respects in which the task of the administrator calls 


* The Treasury under the Torves, 1951-1964 By Samuel Brittan (Pelican 
Book A 722.) Pp. 375. (Penguin Books, Ltd , London, 1964.) 6s. 
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different types of special or professional knowledge 
l skill. After reminding us that the pool of really good 
eral graduates increases much more slowly than the 
al output of graduates, he points to five weaknesses in 
present intake from the universities. The proportion 
candidates with a solid first-class academic record 
sears to be declining; the net is not flung wide enough; 
ile the proportion of social scientists, particularly 
nomists, is rising, there are very few natural scientists 

1 virtually no technologists; entrants come straight 

m university to service in a Department and lack 

ining and practical experience of the world; there are 

7 chances of varying the pattern of a career between 

xy and distinguished success, even of unofficial meeting 

«d argument with contemporaries. 

Prof. Mackenzie’s comments on the scientific and pro- 
«sional classes offer some constructive guidance to the 

mmission in pursuing a realistic policy which takes 

© account of the variations between different fields; if 
ese comments are heeded, they could help to correct 

e attitude which in the mind of the Estimates Com- 

ittee is responsible, as much as the general image of the 

vil Service, for the poor response in the civic universities. 

appeared to the Estimates Committee that the Com- 
ission’s procedures still concentrate on keeping people 
it rather than on attracting them. The many advantages 
hich the Civil Service has to offer are not being com- 
unicated to the relevant audience, and the Commission 

18 not always translated its understanding of the need 
«r effective public relations into the most effective public 
ations. 

So far as the Civil Service Commission is concerned, 
10 Estimates Committee makes four specific recom- 
1endations. Alone, or in conjunction with the Treasury, 

Me Central Office of Information or an outside agency, 
ho Commission should examine the effectiveness of its 
aethods of advertising and publicity. With the Treasury, 
he Commission should undertake a follow-up survey of 
xecutive officers, if necessary on a sampling basis, to 
Metermine the efficiency of selection methods and to 
solate particular reasons for wastage in the early years of 
‘ervice. The Commission should also seek to quantify 
he categories of graduates from which entrants to the 
Sivil Service are drawn, and the two posts at principal 
‘evel recently sanctioned by the Treasury to improve 
xontacts with teaching staff at universities should be 
used to improve contacts with civic universities as well as 
Oxford and Cambridge. 

Apart from criticizing the approach of the Civil Service 
Commission to the whole problem of recruitment, the 
Estimates Committee comments at some length on its 
advertising and publicity, particularly in relation to the 
impact of recruitment for the Civil Service on the man- 
power situation generally—an aspect which incidentally 
is emphasized in the subsequent White Paper outlining 
the National Plan. The Committee is also critical of the 
liaison with both the schools and the universities, especially 
of the reliance on the appointments boards, the efficiency 
of which has been questioned both by the Acton Society 
Trust in its memorandum and earlier by the Heyworth 
Committee of the University Grants Committee which 
examined the work of the Boards. It is also critical of 
delays in selection procedure, the responsibility for which 
rests as much on the Civil Service as on the Commission 
itself. The staff side considered that the clerical class was 
at present losing the best potential recruits because of the 
time taken to recruit. Mr. B. J. Holloway, in a memor- 
andum, pleaded for the exercise of greater imagination 
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end less rigidity by the Commission. He also credited 
the Scientific Civil Service with being the only section of 
the Civil Service that had really faced the problems of 
competitive recruitmens, and pointed out that firms 
like Imperial Chemical Industries, Ltd., and Unilever 
could reach a decision in an urgent case on a first-class 
man in ten days from start to finish. Certainly he felt 
that the Civil Service could not expect to keep its can- 
didates if it kept them waiting to the present extent. 

The Estimates Committee’s enquiry involves both short- 
term and long-term considerations, and in the latter 
especially are involved the whole structure of the Service 
and the desirability or not of radical changes in that 
structure. These issues are raised to some extent in Prof. 
Mackenzie’s memorandum and even more so in one from 
Mr. D. N. Chester, the Warden of Nuffield College, Oxford. 
However, although these memoranda are interlocked with 
some of the questions considered here they are more 
conveniently considered together with related issues later. 
Meanwhile, it should suffice to add that, in spite of its 
specific criticism, the Estimates Committee is confident 
that the Civil Service’s fine tradition of ability and 
integrity is still very much alive to-day. Moreover, while 
its structure and its public image may well need review 
in the light of modern needs, the Civil Service would 
emerge from such enquiry strengthened in publie esteem 
and in its ability to discharge its responsibilities. 


HIGHER EDUCATION AND POLITICS 


Eighteen Plus 

Unity and Diversity in Higher Education. Edited by 
Marjorie Reeves. Pp. 226. (London: Faber and Faber, 
Lid., 1965.) 25s. net. 


O short account corld do justice to the many thoughts 
expressed in this series of essays on the problems 
which confront the world of higher education in the 
post-Robbins age. In >ne sector of this world we are 
witnessing a crisis in the university more acute than that 
about which Sir Walter Moberly wrote. Time alone will 
show the extent to which this crisis can be overcome. It 
was perhaps one of tha inevitable consequences of the 
Robbins philosophy thet the dichotomy between institu- 
tions of higher education should be sharpened. This is 
diametrically opposed to what the Robbins Committee set 
out to achieve, namely, the integration of higher education. 
The removal of the collages of advanced technology from 
the control first of the local authorities and then of the 
Department of Education and Science has put these last- 
named organizations on the defensive—a defensive which 
is now beginning to take the form of attack. 

Mr. A. Crosland, the Secretary of State, in a surprisingly 
candid speech at the celebration of the seventy-fifth 
anniversary of the foundation of Woolwich Polytechnic, 
in April this year, has given a clear indication of Govern- 
ment policy, in which the thinking of the Department of 
Education and Science is no doubt reflected. In this 
speech, the text of which has been given very wide 
circulation, a clear d:stinction is drawn between the 
public sector of higher education, “under social control 
and directly responsive to social needs”, and the autono- 
mous sector, by implcation oblivious to social needs. 
This is a harsh judgment on what the universities have 
accomplished in the years since the Second World War. 
Mr. Crosland indicated also that the Council for National 
Academic Awards is to be an instrument of policy im 
building up the public sector of higher education parallel 
with the development of the autonomous sector. In my 
view, there can be on*y one outcome of the attitude of 
mind displayed in thes philosophies. We shall see, with 
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the passage of time, growing indignation at the iniquities 
of selection at eighteen plus and a growing clamour for the 
autonomous sector to be integrated with the public sector 
and brought under ‘social control’. As Dr. Brian Wilson 
says in his chapter on the needs of students, in Eighteen 
Plus: Unity and Diversity in Higher Education, “‘the real 
issue of the times is not whether we shall have more 
university education but whether we shall maintain 
university education at all”. 

The sixteen contributors to this symposium write 
mostly on topics which have already been extensively 
discussed. Most of the papers were, in fact, first given at 
a conference in September 1963, that is, before publication 
of the Robbins Report. They deal with a variety of 
topics within the field of higher education and express 
many different points of view. These are linked and co- 
ordinated by a series of interesting commentaries by Miss 
Marjorie Reeves, Fellow of St. Anne’s College, Oxford, 
who also contributes a chapter on ‘Prestige’. This 
unsolved problem of the relative esteem to be accorded to 
different institutions and courses probably does more 
damage to the cause of higher education than any other 
single factor. 

Dr. G. Templeman describes the considerations which 
have led to increasing concentration on single-subject 
degree courses and makes a plea for the enlargement of 
our notion of university duty so as to cover wider educa- 
tional responsibilities. ‘Do students need an ivory 
tower?’’, asks Miss Reeves in introducing Dr. Wilson’s 
chapter on student needs. He paints a gloomy picture of 
threats to university values and refers to the temptation 
to project an image as a substitute for building a reputa- 
tion; to dilution by new types of discipline; to the in- 
creasingly professionalized attitudes of academic staff; to 
pressure by clientele with its demand for a qualification 
and a good time; and to public demand, characterized by 
growth, status inflation and eventual devaluation. Prof. 
W. R. Niblett discusses further the influence of expansion 
on traditional values. Prof. H. Butterfield, in a chapter 
on the “Springs of Intellectual Vitality’, describes the 
infectiously stimulating atmosphere of the Cavendish 
Laboratory of the 1920’s and what flowed from this. 
Several contributors refer to the present gulf between the 
generations which is apparently Jess acute in the sixth 
form than at the university. In her chapter on sixth-form 
studies, Dame Joyce Bishop deplores the stultifying 
influence of pressure from the universities. 

Mr. J. Maitland-Edwards describes the role of technical 
colleges in higher education, and Miss Monica Wingate 
the place of the training colleges (now renamed colleges 
of education). Mr. B. Gowenlock deprecates the ‘‘aca- 
demic rat-race”’ of the university of to-day. Perhaps the 
most significant comment is by Mr. D. Jenkins, who 
points out that education, like war, has now become too 
important to be left to the experts. This is a stimulating 
and challenging book which merits study by all who are 
interested in higher education. JAMES Cook 


FRONTIERS OF CERTAINTY 


Beyond the Edge of Certainty 

Essays in Contemporary Science and Philosophy. Edited 
by Robert G. Colodny. (University of Pittsburgh Series 
in the Philosophy of Science, Vol. 2.) Pp. vii+287. 
(Englewood Cliffs, N.J., and London: Prentice-Hall, Inc., 
1965.) 70s. 


B® YOND the Edge of Certainty is a collection of essays 
typical of much present-day thought in regions 
common to philosophy and science. The reader, however, 
will not be wholly at ease until he recollects what in fact 
happened to pure mathematics in the nineteenth century. 
During those years the modern concept of proof was born. 
To some it may have seemed like an almost endless pro- 
liferation of detail: nevertheless, such a view would be 
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wrong. What was emerging was a deeper grasp of func 
mentals, and a severe tightening of the screw as to wł 
constitutes validity. To-day, we are witnessing someth: 
of the same kind in the realm of physics, a ruthless qu: 
for greater rigour. The search is probably more diffic» 
than before, if only because at some stage Nature w 
present her bundle of brute facts, and as we try to un 
it a number of intractable items always fall out. This 
where the strain is greatest between those who, li 
Dirac, take beauty as the criterion (and indeed this is t 
more inspiring attitude), and those who maintain tk 
agreement with experiment—although subject to chan 
as technique advances—is at any moment of history t 
final court of appeal. 

One thing is fairly clear: the progressive refinement 
laboratory processes and instrumentation will not 
itself resolve the dilemma, since the burden of proof li 
in the nature of physical law, and the way in which v 
tend to interpret 1t. Yet the whole movement is histori 
ally conditioned: cosmic physics would be nowhe 
without Newton and Laplace. Equally, the quantu. 
rises majestically from the matrixes of Hamilton, and tł 
frustration of those who clung to the pattern of continuita 
to explain the behaviour of radiation. As the editor » 
this book observes, the pressure ıs now for ‘fine grain» 
and the right to question everything. 

The various authors react as follows: ‘“Newton’s Fn: 
Law”? (Hanson) is discussed as a means of entry int 
natural philosophy; it is not axiomatic ın the sense c 
being self-evident. It needs, as it were, the constan 
vigil of experience to support its status as a principle. 

“The Origin and Nature of Newton’s Laws of Motion 
(Ellis) reveals their probable Cartesian origin. They ca 
scarcely, therefore, be claimed as a product of inductio: 
from experiment: indeed, we have some latitude of choic 
as is shown by the possibility of constructing differen 
principles of natural motion. In ‘‘A Response to Ellis’ 
Conception of Newton’s First Law” (Hanson) commen 
is made on the contrast between kinetics and dynamice 
a distinction concerned with how bodies actually mov: 
compared with how they would move in certain circum 
stances. “ʻA Philosopher looks at Quantum Mechanics’ 
(Putnam) finds no satisfactory interpretation as we 
know the subject to-day. It may still be necessary tc 
go on searching for hidden variables. ‘‘The Thermo. 
dynamics of Purpose” (Hawkins) is a study in natura. 
teleology; this includes an interesting reconsideratior 
of the green planet Earth, envisaged as a unique heat 
engine. “The Physics of the Large” (Morrison) looke 
for a compact theory of the universe, and what constitutes 
the units of terrestrial life. ‘Problems of Empiricism” 
(Feyerabend} is by far the longest article in the series, 
and leads to the conclusion that the tenet is both incom- 
plete and contains undesirable assumptions. The former 
limitation is removable if the relation between man and 
the universe is accepted as a cosmological hypothesis. 
Finally, “The Ethical Dimension of Scientific Research” 
(Rescher) brings us face to face with those moral problems 
which the success of the scientific method has forced on 
us. It amounts to a deliberate assertion that we are 
responsible for our talents, and for whatever may follow 
from their cultivation and deployment. 

F. I. G&G. RAWLINS 


ASPECTS OF LEARNING 


How and Why do we Learn? 
Edited by W. R. Niblett. Pp. 196. (London: Faher and 
Faber, Ltd., 1965.) 21s. net. 


HIS series of essays springs from a series of public 
lectures given at the University of London Institute 
of Education. Publication in book form is perhaps a good 
way of making some of the lectures by this very distin- 
guished, and very mixed, group of contributors available 
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a wider public. But the form, which seems to be 
soming more popular, is itself a questionable one. Many 
the lJecturers/authors are clearly handicapped by the 
iitations of time and space and one cannot help regret- 

:g that Prof. Wiseman and Prof. Morris were not able to 

velop their subjects more fully. Moreover, this particular 
MMlection is an extreme example of the mixture of styles 

d levels from which this form almost inevitably suffers. 

1e lectures/essays fall into three marked classes: Prof. 

iseman on ‘“‘Learning versus Teaching” and Prof. Morris 
“How does a Group Learn to Work Together” review 
ith great learning, but necessarily in very condensed 
«cm, the latest research findings in these fields and support 
eir views with copious references; Dr. Wall, Dr. Taylor 

id Dr. Kay are more concerned to put forward personal 

terpretations of their subjects “Learning to Think”, 

Learning to Live with Neighbours”, and “‘Programmed 
«earning’’; Miss Lee’s essay on ‘‘Perception, Intuition and 

sight” falls half-way between the two groups. Finally 
«o have in Part 2 three personal essays by writers who 

‘e not professional ‘educationists’: Stephen Potter, Lord 
«aradon and Richard Hoggart. 
The student who is looking for a handy summary and 
athoritative list of sources will probably find the first 
«coup most useful. The general reader interested in 
Jucation will get little from these but much from the 
xcond group, while the third group are only marginally 
alated to the title of the collection. 

There are important points excellently made in many of 
‘he essays; for example, Dr. Wall’s warning that an 
ajudicious use of visual aids may tend to fixate children 
t a pre-conceptual stage and make it harder for them to 

“‘evelop verbal symbolization; or Dr. Kay’s suggestion that 

“he next and really important development in programmed 
earning should come with the instruction of groups rather 
shan individuals. If there is a theme which emerges more 
han others it seems to be a growing recognition of the 
mportance to learning of relationships within the group 
ind a diminished interest in the paradigm case of an 
ndividual in a ‘learning situation’. In this respect Dr. 
Taylor’s is one of the most interesting and certainly 
among the best written of the essays. 

The three tail-pieces are all worth reading, though 
whether it was worth reprinting them in this series seems 
to me more doubtful. Richard Hoggart deals firmly but 
justly with the claim of the advertisers that they are 
really exceptionally honest public benefactors. Lord 
Caradon’s analysis of the genuine concept of trusteeship 
is sad in its over-optimistic predictions about the future 
of Cyprus. But the most fascinating is Stephen Potter’s 
revelation of how one man has learnt to enjoy so much of 
life. How many of us, I wonder, realized that before he 
turned to gamesmanship he had edited the Nonesuch 
Chaucer? A. D. C. PETERSON 
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COSMIC RAY PHYSICS 


Cosmic Ray Physics 
By A. E. Sandstrom. Pp. x+421. (Amsterdam: North- 
Holland Publishing Co., 1965.) 80s. 


Pees the past twenty-five years a world-wide 
network of stations has been built up to record the 
intensity variations of the secondary cosmic rays reaching 
the surface of the Earth. The detectors comprise neutron 
monitors which respond to the nucleonic component of the 
secondary radiation and counter telescopes and ionization 
chambers which mainly record the mu-meson component. 
Information on the energy and directional dependence of 
the intensity variations of the primary cosmic rays far out 
in interplanetary space is obtained by correcting for 
atmospheric effects and for the deflexion of the charged 
particles in the geomagnetic field. 

Cosmic Ray Physics, by Sandstrom, provides a compre- 
hensive account of the methods used in these cosmic ray 
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studies and of the results found. Secondary production 
and cascade processes ir the atmosphere are outlined, and 
the radiation detectors now in use are described. A 
detailed account is given of the statistics of particle 
counting with especial emphasis on the errors involved in 
the harmonic analysis cf the daily variation in mtensity. 
Some difficulty exists in locating the direction of aniso- 
tropies in the primary radiation due to the large opening- 
angles of cosmic ray telescopes and to the scattering of 
secondary particles in the atmosphere. Further, there is 
the large dispersion in the magnetic deflexion of different _ 
energy primary particles in the Earth’s field. Sandstrom 
describes what is known about these optical aspects of 
cosmic ray telescopes. 

The well-established intensity variations of the primary 
cosmic rays are the elevsn-year cycle, inversely correlated 
with solar activity; ths Forbush decreases in which a 
short-term fall of intensity by up to 15 per cent takes 
place and which may last far a week or more, and the 
diurnal variation of approximately 0-2 per cent in ampli- 
tude. There are also var:ations correlated with the twenty- 
seven-day period of solar rotation. Sandstrom describes 
the variations, in particular giving a detailed account of 
the different types of onset and decay of Forbush events. 
Various theories to exp:ain these primary particle modu- 
lations are briefly outlined. Sandstrom favours the solar 
beam model in which glasma from the Sun streams out, 
carrying with it a rathe> regular, frozen-in magnetic field. 
Owing to the plasma mction a terrestrial observer also sees 
an electric field. Forbush decreases are interpreted in 
terms of particle energy-loss in the electric field together 
with a screening effect of the magnetic field in the beam. 
Some early space-probe observations are used to support 
this interpretation. Experimental results on the daily 
variation indicate a small excess of particles coming from 
the evening side of the Earth. Various theoretical inter- 
pretations are advanced. including the possibility that this 
simply represents cosmic rays co-rotating with a large- 
scale magnetic field, atvached to the Sun, but extending 
far out into interplanetary space. The propagation of 
solar flare particles to the Earth is discussed in terms of 
the solar beam theory. Rather short chapters are devoted 
to extensive air showers, the problem of the origin of 
cosmic rays and the radiation trapped in the magneto- 
sphere. 

The aim of much cosmic ray work is to understand the 
interaction between the energetic particles, fields and 
plasma in interplanetary space. Direct measurements are 
now made of all these physical quantities using vehicles 
such as the Interplanetary Monitoring Platform (IMP) 
series of eccentric orbit satellites. An important early 
result from IMP is the confirmation of the idea that the 
interplanetary field can be roughly represented by a spiral 
lying in the ecliptic plane. However, the sea-level record- 
ing on which Sandstrom mainly concentrates yields 
important complementary results to the satellite work, 
especially with regard to the accurate measurement of 
small variations occurrmg over long periods. 

The book may be recommended to undergraduates 
taking a special course in cosmic rays and to graduates 
and research workers in the field. J. J. QUENBY 


SEDIMENTARY STRUCTURES 


Atlas and Glossary of Primary Sedimentary Structures 
By F. J. Pettijohn and P. E. Potter. Pp. xv +370 (includ- 
ing plates). (Berlin, Göttingen, Heidelberg and New 
York: Springer-Verlag, 1964.) 59 D.M. 


Wa first concern ofall geologists is to describe logically 
and accurately the effects wrought by past events in 
the history of the Earzh. Any tool that assists the pro- 
fessional geologist or student in training in this task is 
therefore to be welcomed. With their book Atlas and 
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Glossary of Primary Sedimentary Structures, Prof. F. J. 
Pettijohn and Prof. P. E. Potter make a notable addition 
to the resources of undergraduates reading earth science 
and of teachers in the field of soft-rock geology. The Atlas 
will also he valued by those professionals whose work les 
largely outside the stratigraphical and sedimentological 
fields. 

Most of the book is taken up with 198 photographic 
plates illustrating many different kinds of sedimentary 
structure, the majority or which are dependent on current 
action or on deformation of the sediment prior to lithifi- 
cation. Most of the plates represent natural or artificial 
rock-exposures, but twenty-nine come from the field of 
present-day sedimentary environments. The plates are 
preceded by a brief statement in which primary sediment- 
ary structures are defined and classified. After the plates 
comes a glossary of names and terms commonly applied to 
sedimentary structures. The text and descriptions of the 
plates are also given in German, French and Spanish. 

The scope of the book is a very fair measure of the 
advances in descriptive knowledge of sedimentary struc- 
tures made since Sorby, in Britain, and Hall, in the United 
States, began work in this field more than a century ago. 
The authors’ aim is descriptive and the adopted classifi- 
cation of structures logical within the self-imposed limita- 
tions of a field guide. Notwithstanding, a classification 
based on genesis of the higher ranks of structure will be 
regarded by many teachers as equally valid within these 
samo limitations, on the grounds that the description and 
analysis of a body of rock should be so arranged as to 
provide the most direct path to an interpretation. Thus, 
for example, load casts were perhaps better illustrated 
with ball-and-pillow, ripple marks with cross-stratification, 
and current crescents with flute marks, than with the 
structures chosen as immediate neighbours for them in 
the Atlas. 

Although the book is wide in scope there are important 
omissions. Aeolian dunes and related phenomena are 
treated very sketchily, although a wealth of photographic 
data exists for this important group of structures in both 
North America and Europe. A much fuller treatment of 
trace fossils could have been given without the authors 
having risked over-specialization. Many teachers will 
regret that there is no discussion of the limitations of 
rock-exposures as evidence of the complete form of sedi- 
mentary structures. In the case of cross-stratification, for 
example, surely some of the many plates used to illustrate 
this structure could have come from outcrops that pro- 
vided more than one plane of section. Such evidence is 
all too rare, but because three-dimensional views are 
provided is to be valued the more highly. 

The Aélas is well produced and the publishers are to be 
congratulated. The plates are excellent technically, if 
over-abundant in the case of certain structures, and the 
number of printer’s errors is relatively small. However, it 
is a pity that a text is not provided in Russian, in view of 
the large amount of sedimentological work published by 
Soviet scientists in recent years. None the less, Profs. 
Pettijohn and Potter have performed a notable service, 
and their book is to be warmly recommended to teachers 
and students alike. J. R. L. ALLEN 


A JOURNEY THROUGH MODERN 
BIOCHEMISTRY 


Essays in Biochemistry 

Vol. 1. Edited by P. N. Campbell and G. D. Greville. Pp. 
xi+170. (Published for The Biochemical Society by 
Academic Press, London and New York, 1965.) 188. 6d. 


HE major purpose of Essays in Biochemistry is to 
provide the advanced student with an annual group 
of essays, less detailed than the usual specialist reviews, 
at a price that is within the scope of students’ budgets. 
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In addition, the editors hope the essays will be helpful 
teachers and research workers as a vehicle to transp 
them to sectors of the biochemical front where they € 
not personally engaged. With the ever-increasing diver 
fication and pace of biochemical research, the seco 
objective seems at least as important as the first. 

Volume 1 opens with an account by H. G. Wo 
and M. F. Utter of the role of carbon-dioxide fixation 
metabolism. The three main mechanisms of carbo 
dioxide fixation, which involve formation of carbon—carb. 
bonds, are described and the metabolic significance of su: 
reactions in gluconeogenesis, fatty acid synthesis æ 
metabolism of propionate is critically assessed. The secor 
essay, by R. E. Davies, describes the gradual elucidation. 
the mechanism of muscular contraction. Although +) 
author begins with the ancient Greeks, he rapidly pr 
gresses through the important pre-war work of R. Hi 
K. Lohmann, W. A. Engelhardt and others to the massr 
effort which has been undertaken in the past two decad: 
and finally to his own detailed theory. One is left with tl 
impression that the time is ripe for a determined effort » 
investigate the mechanism of muscular contraction at 
molecular level. The important problem of determinir 
nucleotide sequences in nucleic acids has been surveyed b 
K. Burton. After describing the analytical methods use 
for the separation and determination of fragments « 
nucleic acids, the author discusses enzymatic and chemici 
methods of degrading nucleic acids and determining th» 
sequence of oligonucleotides. The prediction that th 
complete sequence of transfer ribonucleic acids will soo 
be known has already been vindicated by Holley et a 
(Science, 147, 1462; 1965). The remaining articles o 
oxidative phosphorylation (D. E. Griffiths) and the photc 
synthetic electron transport chain in plants (R. Hill) ar 
closely related. These are difficult subjects, both for th 
student and the research worker, and the authors hav: 
produced excellent accounts of them by leaving out a lo 
of detail and work which is of nebulous significance at th» 
present state of our knowledge. The final article m parti 
cular is written in a refreshing style; it requires considerabl: 
courage to summarize a lifetime’s work in a few pages anc 
devote a significant proportion of the available space’ tc 
indicate the problems that remain to be solved. R. Hill’: 
account of the knowledge that accrued from his early 
work on haematin and haemoglobin should be an object 
lesson to young research workers to familiarize themselves 
with work that is proceeding in fields contiguous to their 
own. 

For me, it has been a rewarding experience to journey 
through these carefully distilled accounts of present-day 
important topics to within sight of our present horizons. 

D. T. ELMORE 


ENGLER REVISED 


Syllabus der Pflanzenfamilien 

Von A. Engler. II Band: Angiospermen—Ubersicht über 
die Florengebiete der Erde. Zwolfte volhg neugestaltete 
Auflage. Herausgegeben von Prof. Hans Melchior. Pp. 
666. (Berlin-Nikolassee: Gebriider Borntraeger, 1964.) 
110 D.M. 


NGLER’S Syllabus has been a valued work of reference 

for systematic botanists since its first publication in 
1892. With the appearance of the present volume covering 
the angiosperms the twelfth edition is completed, the 
volume dealing with the wide range of organisms from 
bacteria to gymnosperms having been published eleven 


years ago. 


The volume has been completely rewritten by eleven 
contributors, the whole being edited by Prof. Hans 
Melchior. The numerous illustrations are all new, the old 
blocks having been destroyed during the Second World 
War. Many of the well-known, one may almost say 
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niliar, features of the original work are retained: the 

“ormation about economic and, particularly, medicinal 

ants, the extensive use of Unterreihen, and so on. There 

S, however, been a considerable rearrangement of the 

jor taxa, the most conspicuous feature of which is the 
~aansfer of the Monocotyledoneae to the end. Perhaps of 

«eater significance is the fact that the Pandanales, with 
ich the original Engler sequence of orders started, are 

zw placed near the end of the monocotyledons, presi m- 

aly an acceptance of the view that the apparent sim- 

‘icity of their flowers is the result of reduction, not an 

dication of primitiveness. 

In curious contrast to this is the retention of the 

oetalous dicotyledons in the traditional order at the 
moginning of that group, in spite of their syncarpous 

«varies and the widely held view that anemophily is a 
xcondary development in flowering plants. There is thus 

2 apparently unexplained inconsistency between the 

rinciples adopted for classifying the monocotyledons 
prad the dicotyledons. This is perhaps not very important. 
‘Vhat does seem to be of much greater importance arises 
om. the old, but often overlooked, question: ‘“What is the 
surpose of this classification ?”. The original Syllabus is 
he basis for the arrangement of many large herbaria and 
=umerous Floras, and so forms a guide to them; it is also 
o familiar to most taxonomists that when they want to 
ook something up they rarely need to refer to the index. 
—Che new edition has, at present, neither of these merits 
ind, because of the labour involved, no large herbarium 
will be rearranged according to 1, so it will still be neces- 
sary for a working taxonomist to be familiar with the old 
Mingler system and the Bentham and Hooker system, and 
poerhaps some others. 

The urge to ‘improve’ systems of classification by 
smaking them more ‘natural’ is one to which many, perhaps 
«most, taxonomists succumb sooner or later. It is an 

understandable and perhaps laudable urge, but it seems 
to me unfortunate when it is given rein in a standard 
work of reference. In such works, for practical purposes 
an unchanging classification, even though rather artificial, 
is the most convenient. It is interesting to see that the 
differences between the Engler and the Bentham and 
Hooker systems, formerly so great, are now diminished. 

In spite of this drawback, the twelfth edition of the 

Syllabus is a most valuable reference work, with its 
admirably clear descriptions of orders, sub-orders, 
families, sub-families and tribes, and the brief, but often 
illuminating, mention of important genera and species. 
It is particularly useful to have notes on pollen morphol- 
ogy, embryological characters and anatomical peculiar- 
ities included in the family descriptions. The bibliography 
is extensive and up to date, though perhaps rather 
deficient in its coverage of Russian literature. There are, 
inevitably, a few misprints, for example, Astrodiscus for 
Astrodaucus and Bifora radicans for B. radians; other- 
wise the book is well printed and the illustrations are 
clear and informative. It is certainly a work to keep near 
at hand. T. G. Torr 


PERISHABLE RICHES 


Fısh as Food 

Edited by Georg Borgstrom. Vol. 3: Processing, Part 1. 
Pp. xiv+489. 125s. Vol. 4: Processing, Part 2. Pp. 
xiv+518. 132s. (New York: Academic Press, Inc.; 
London: Academic Press, Inc. (London), Ltd., 1965.) 


| the preface to Volume 4 of this book the editor says 
that fish as food is part of the epic of mankind. But, 
he points out in Volume 3 that: “Only through wise 
utilization and efficient processing is it possible to save 
these extremely perishable riches of the oceans and 
fresh waters and place them within reach of the consuming 
public independent of seasons and of fishing fortunes ...”’. 
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After death, fish deteriorates extremely quickly: even 
when packed with ice, biochemical changes commence 
immediately as indicated by the progressive accumulation 


`of dimethylamine ın the flesh. For reasons not yet under- 


stood calamitous breakdown of fish catches may some- 
times occur to produce, for examplo ‘jellied’ plaice or 
‘milky’ hake. When environmental temperatures rise 
above 0° C spoilage car. convert a ‘‘bin of sound fish to a 
soup or porridge. .. .”” m 24h. 

The value of fish as food for man and its perishable 
nature have led from arcient times to the use of methods 
of preservation. Until comparatively recently. salting, 
drying and smoking were used. In addition to these 
techniques increasing vse has been made since the last 
century of cooling and canning, and more recently of 
chemical additives. 

No method of fish preservation is free from possible 
hazards. More than 4,000 years ago a Chinese wrote about 
the red discoloration of sea-water when it was allowed to 
stand and evaporate. This discoloration is due to the 
‘red-halophil’ bacteria which can grow in high concentra- 
tion of salt and are the cause of the repulsive smell which 
sometimes develops in salted cod. Whereas most foods 
keep as well at temperstures up to 5° C as at 0° C, this is 
not the case with fish, the bacterial contaminants of which 
begin to flourish as soon as temperatures rise above freez- 
ing-point. Preservation of fish by cooling therefore re- 
quires special means of refrigeration. 

By and large, man has been successful in preserving 
fish so as to allow its wie utilization as food. Fish sauces, 
fish pastes, marinades, anchovies and other products have 
become established either as essential or luxurious items 
in the diets of different countries. The biological mechan- 
isms of many traditional processing methods, and even 
the composition of some fish products, are not known. The 
techniques have evolved, not by the application of scien- 
tific knowledge, but from trial and error or by force of 
circumstance. The higa cost of salt about 200 years ago, 
for example, probably led the people of northern Sweden 
and Norway to use less of it than was needed to prevent 
growth of bacteria. As» result fermentation occurred and, 
by good chance, gave a product, fermented herring, which 
is harmless to eat and nas become prized as a delicacy. 

The practice of foo€ technology is increasing rapidly, 
and as it does so much new knowledge and many scientific 
and technical probleme become apparent. This 1s particu- 
larly so in the case cf fish processing; the discussions 
contained in the two vclumes under review reveal the com- 
plexity of the problems and also that much is being done 
to try to resolve them. It is not enough to know that our 
forefathers preserved fish by smoking them in the house- 
hold chimney. On the scale that smoking of fish is now 
required it is necessary to know about the chemical and 
physical nature of smcke itself, the costs of producing it, 
and how temperatures in smoke kilns can ‘be controlled. 
The fish sauce of Vietnam is known in France as an 
exotic addition to the diet. But, in a world facing catas- 
trophic shortage of food, the product may have much 
greater sigificance for as revealed by modern analytical 
techniques, it contains appreciable amounts of essential 
amino-acids. Until about thirty years ago the watery by- 
product obtained in the process of making fish meal was 
discarded. But the release of this waste not only caused 
serious pollution, but was a loss of valuable material. Fish 
solubles are now used as additions to animal feeds; they 
promote growth not only because of their vitamin content, 
but also because of the presence of a ‘fish factor’ the 
nature of which is unknown. 

These are but one cr two examples of the many topics 
discussed by the diffrent authors of the two volumes, 
which bring to completion the treatise, Fish as Food. Dr. 
Borgstrom is to be congratulated on editing, and sub- 
stantially contributicg to, a work which will surely 
remain for many yesrs the standard exposition of the 
subject. G. R. WADSWORTH 
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The Basic.Laws‘of.Arithmetic 
Exposition of the System. By G. Frege. Translated by 
M. Furth. Pp. lxiii+ 143. (Berkeley and Los Angeles: 
University of Califorma Press; London: Cambridge 
University Press, 1964.) 40s. 


T is scarcely surprising that Frege’s two great works, 
the Grundlagen der Arithmetik (1884) and the two- 

volumed Grundgeseize der Arithmetik (1893, 1903), made 
little contemporary impression. Freges view, that 
mathematical propositions are truths of pure logic, ran 
contrary to accepted philosophical opinions of the day; 
his style, partly because of the severely abstract topic, 
was crabbed, and his symbolism idiosyncratic. Russell’s 
almost accidental discovery of Frege’s work, and his 
celebrated antinomy which struck away the basis of 
much of Frege’s elaborate construction, gave due recog- 
nition, to Frege as a great pioneer in the field of mathe- 
matical logic. Mr. Furth provides a new translation, of 
the introductory parts of the Grundgesetze, with the 
appendix in which Frege somewhat pathetically announces 
the receipt of the Russell paradox just as his own work 
was completed and sets about trying to repair the damage. 
An, introduction of some 50 pages discusses Frege’s work 
and explains his themes, his language and symbolism, 
and adds a very necessary account of the way in which 
certain technical terms have been translated. Frege 
hoped to start with a small number of logical truths and. 
a small number of rules of inference, and thence derive 
all the superstructure of arithmetic and analysis. Perhaps 
to-day there is less interest in building the superstructure 
than in examining the logical foundations, and Frege’s 
semantics and his whole philosophy of language seem 
more relevant to modern enquiry than his inferred con- 
sequences. 

A mathematical classic has been defined as “a book 
which must be written but need not be read”; it may be 
asking too much of modern students that they should 
read the originals, but Mr. Furth gives them a good 
opportunity of understanding why books such as Frege’s 
had to be written. T. A. A. BROADBENT 


The Application of Continued Fractions and Their 

Generalizations to Problems in Approximation Theory 
By A. N. Khovanskii. Translated by Peter Wynn. 
(Library of Applied Analysis and Computational Mathe- 
matics.) Pp. xii+212. (Groningen: P. Noordhoff, 
Ltd., 1963.) n.p. 


HIS book is written in a pleasant and easy style. It 

is a welcome addition to the sparse and inaccessible 
literature on the application of continued fractions to 
approximation theory. The advent of digital computers 
has renewed interest in this subject as in many situations 
it provides a more efficient form of approximation than 
power series or other forms. The book provides a suitable 
introduction to the larger and more theoretical treatise 
on the subject by H. S. Wall. 

The first chapter (75 pages) is introductory ; it describes 
various notations and basic concepts: convergents and the 
related recurrence relations, equivalence between con- 
tinued fractions and power series and their transforma- 
tions, convergence and its domain, and convergence tests 
for various forms of continued fractions. 

The second chapter (75 pages) derives a continued 
fraction expansion for the solutions of various differential 
equations of the Riccati type. This leads to the expansion 
in continued fraction form of a comprehensive list of 
basic mathematical functions: binomial, trigonometric, 
exponential, logarithmic, hypergeometric, Bessel’s, gamma 
functions and others. 

The last two chapters describe various further techniques 
such as the derivation of continued fractions expansions 
using Cesaro summation methods and the use of matrices 
to describe generalized recurrence relations and their 
convergence. I. M. KHABAZA 
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Determination of pH 

Theory and Practice. By Dr. Roger G. Bates. Pp. xv 
435. (New York and London: John Wiley and Sor 
1964.) 100s. 


HIS book 1s a revised and enlarged version of Elect 
metric pH Determinations by the same author. T 
scope of the book has been extended to include no 
instrumental determinations of pH and these are ful 
surveyed and contrasted with instrumental measurement 
The early chapters of the book are devoted to ti== 
various definitions of pH scales from theoretical ar 
practical points of view; these are extended to par 
aqueous and non-aqueous systems. The treatment of tl 
theoretical aspects is clearly stated with concise defin 
tions of terms, symbols and conventions in accordan 
with the International Union of Pure and Applied Cher» 
istry recommendations. A discussion of the choice ar 
use of secondary standards is mcluded in a chapter o 
pH standards, while the primary standards are ful 
defined and tabulated. The performance of primar 
standard solutions is usefully summarized. 

Various forms of electrodes used with pH instrument 
are fully discussed. These include hydrogen, quinhydrone 
antimony, silver/silver chloride, calomel and glass elec 
trodes. Understandably, the various commercial elec 
trodes and types of pH meters reviewed are mainly c 
American origin. 

The book 1s concluded with a short section on th 
principles of automatic control using pH sensing systems 
Regrettably, a number of useful tables are lost in th 
general text of the book; one would have expected suc 
tables as those denoting pH values of standard buffe 
solutions to have been included in the appendixes. i 
these days of high cost books this is remarkably gooc 
value for money; it is clearly presented and readable. 

R. SAWYER 


VOL. 208 


L’Homme Face a Son Destin 
Par Charles Léopold Mayer. Pp. 251. 
Marcel Rivière et Cie., 1964.) n.p. 


N this little volume the reader will find the results of a 

philosopher’s thoughts extending over a quarter of æ 
century. It 1s distinguished by its lucid French logic, 
combined with a certain classical inevitability of argument 
There are thirty-four short chapters, and their genera 
trend can be seen as an attempt to expose the main facets 
of human experience, giving due weight to both sides of a 
question. For example, no absolute truth can be claimed, 
but only relative truth, and one law to govern the universe 
(necessity), or failing that, the law of chance. An inter- 
esting quasi-mechanical principle is introduced, namely, 
that of “least irritability’? which controls the behaviour 
of the living world much as Maupertuis’s law of least 
action functions in dynamics. For the author, Nature 
is amoral, but axiological judgments belong to human 
beings. It may well be, too, that natural law is a useful 
and necessary fiction, though no less a person than 
Leonardo da Vinci venerated it, and in terms of it made 
both artistic and technical progress. 

If an estimate is to be made of the value of a collection 
of meditations such as this, it is perhaps prudent to 
recommend it as an academic study, since its conclusions 
are significant, but not immediately applicable to the daily 
round and common task. Much of it is in the style of 
soliloquy, very attractively expressed in the French idiom. 

F. I. G. RAWLINS 


(Paris : Édition: 


The Thymus in Immunobiology 

Structure, Function, and Role in Disease. Edited by 
Robert A. Good and Ann E. Gabrielsen. Pp. xxii+778. 
(New York and London: MHoeber Medical Division, 
Harper and Row, 1964.) 24.50 dollars. 


“HIS volume is based on the proceedings of the first 


International Symposium on the Thymus, and, 
with its contributions by 72 authors, collects together 
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tof the groundwork on which our present knowledge 
based. Of the 36 contributions, most are concerned 
h the relation of the thymus and bursa of Fabricius 
$ ymphocytopoiesis and the development of immune 
ponsiveness. Much of this material has been published 
where, and some has been reviewed also. Thus, it is 
ity that this book was not published more promptly 
the symposium (held in 1962) when it might have 
greater value. 
lany of the old problenis still remain: there is still no 
ineing evidence that the thymus, either directly or 
the lymphocyte, has any trophic function on other 
es; and there is still no convincing way of determin- 
ig whether thymic lymphocytes have an epidermal or 
1esodermal origin. However, the distinct functions of 
ẹ thymus and bursa in the chicken become clearer now 
‘thymectomy has been achieved while leaving the 
a intact. 
‘There are lighter moments: as when one author 
resents the same unconvincing experiment which he 
rst described in 1953. Another author, starting with an 
lée fixe that the thymus is concerned with growth, is 
_oontinually frustrated by finding that each of his age! 
_trowth factors is a general tissue constituent, The 
inical papers, though often long-winded, are perhaps 
be most valuable, since much of this material is not 
‘always readily accessible. Here is a fascinating collection 
f facts which will correct any tendency to over-simplify 
_ rom. the results of pure research. 

‘There are many illustrations, which are mostly good, 
although the finer points of lymphoid tissue structure are 
not well conveyed by the usual black-and-white print. 
While the book will be of value in some libraries, there 
amay be few individuals to whom it is worth the high 
“cost. R. B. TAYLOR 
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pAdvances in Enzyme Regulation 

“Vol. Edited by George Weber. (Proceedings of the 
‘Sooond Symposium on Regulation of Enzyme Activity 
and Syntheses in Normal and Neoplastic Liver, held at 
Indiana University School of Medicine, Indianapolis, 
Indiana, September 30 and October 1, 1963.) Pp. xii+ 
405. (London and New York: Pergamon Press, 1964.) 
100s. net. 


SHE symposia on “Regulation of Enzyme Activity 
and Syntheses” seem now to be established annual 
crete, and the proceedings of the second meeting show 

that enzyme regulation in mammalian systems is now- 
adays the subject of as much research as is that of miero- 
organisms. 
The volume, like the symposium, is arranged in six 
sections, each under a distinguished chairman. The first, 
‘on the regulation of gluconeogenesis, contains valuable 
discussions on the roles of the enzymes pyruvate carboxyl- 
ase, phospho-enol-pyruvate carboxylase and fructose 
diphosphatase in gluconeogenesis and suggests an action 
of insulin as a repressor of some essential enzymes of this 
pathway. The second and third sections remain centred 
on carbohydrate metabolism and present data on acetyl- 
coenzyme A metabolism, the role of some steroids in 
gluconeogenesis, human hypoglycemia and the regulation 
of glucokinase. The synthesis of this last enzyme 
is inducible, being stimulated by glucose and by 
insulin. 

‘Section four, on feed-back regulation in hepatic systems, 
contains papers on the enzymes lactic dehydrogenase, 
‘aspartic transcarbamylase and phosphofructokinase, on 
glucose regulation of enzyme synthesis and on regulation 
of cholesterol biosynthesis. Section five includes discussion 











ne transaminase; the final section, on enzyme 
regulation in hepatomata, presents st udies of the variation 
nzyme. activities in tumours of different character- 
‘istics. Some correlation between enzyme activities, meta- 
a bolic patterns and growth rates is analysed. 
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The volume is attractively presented, and represents 
a valuable progress report on a very active field of 
research . =C. J. R. THORNE 


Seed-borne Fungi 

Description of 77 Fungus Species. By J. P. Malone and 
A. E. Muskett. (Proseedings of the International Seed 
Testing Association, Vol. 29, No. 2.) Pp. 179-384. 
(Wageningen: Association Internationale d’Essais de 
Semences, 1964.) n.p 


SHE authors of Seed-borne Fungi are well known for 
their experience ia seed testing, and theirs is a.com- 
pact and strictly prectical production. 


photographs of growth habit, fructification and/or spores, — 
as may be appropriace to the species. The approved — 
method of testing for its presence is indicated under 
each. Most of the furgi found on germinating seeds are 
harmless saprophytes but it is important that the tester 
shall be able to recognize these for what they are, and 
they are accordingly igured as carefully as the known 
parasites. The latter include 5 smuts (one, however, & 
common, contaminant “rom cereal weeds) and 14 ascomy- 
cetes, or conidial states presumed to belong to ascomy- 
cetes. The 57 species im 36 genera of saprophytes described 
include 4 genera of aseomyeetes which normally produce 
perithecia, under test sonditions, including 11 species of 
Chaetomium, 2 of Melanospora and 2 of Sordaria, all 
clearly figured, as well.as 4 genera of phycomycetes. The 
fungi are arranged alphabetically, irrespective of their 
systematic position, octen under the name of the ascus 
state even though only the conidial state is to be expected 
to appear under the tes: conditions. This has the awkward 
effect of dispersing the species of Pusarzum described under 
Fusarium, Gibberella and Griphosphaeria, while those of 
Helminthosporium have to be sought under that name and 
under Cochliobolus and Pyrenophora. The treatment is 
not consistent, for Betrytis cinerea appears under that 
name, not as Sclerot-nia fuckeliana, nor does Clado- 
sporium herbarum masquerade under Mycosphaerella 
tulasnei, though to find Stemphyliwm botryosum we must 
look under Pleospora herbarum. Such difficulties as may 
arise from this treatment are resolved by an adequate 
index, but if one has to find a species through the index 
after all, the advantage of an alphabetical arrangement 
over a taxonomic one is lost. One feels that a taxonomic 
arrangement based on. conidial states where they exist 
would be more helpful +o an inexperienced worker seeking 
to name an unfamiliar species. R. W. G. DENNIS 


Methods for the Examination of Root Systems and Ro ots 
By Dr. J. J. Schuurman and Dr. M. A. J. Goedewaagen. 


Pp. 86. (Wageningen: Centre for Agricultural Publica- 
tions and Documentation, 1964.) 10.50 D.fl.; 21s.; 3 
dollars. 


HE underground parts of plants have been con- 

sistently neglected. by botanists, most of whom have 
little idea how to set about investigating the morphology 
of a root system. Thie little book is therefore to be wol- 
comed, for it describes concisely the various methods of 
investigation which heve been used, those favoured by 
the authors being supported by numerous practical hints. 
The methods covered include the ie leat a ni a soil 


of ee ‘roots elds a ae eae return 
of information. Production of the book is good; but 
the reader will enceunter a few eccentricities of 


vocabulary, such as pendulum for crank handle. 
W. D. CLAYTON 


After a brief : i 
historical introduction. the book contains a description of | i 
77 species of seed-borne fungi, each illustrated by clear 
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THE SMITHSONIAN INSTITUTION, WASHINGTON, D.C. 


COLOURFUL academic procession opened the 

three-day (September 16-18) celebration, marking 
the two-hundredth anniversary of the birth of James 
Smithson, founder of the Smithsonian Institution, Washing- 
ton, D.C. Prof. S. Dillon Ripley, the present chief 
executive and secretary of the Institution, said that the 
bicentennial paid tribute to the Institution’s past, 
affirmed its intent to fulfil a vital role in society, and 
examined the nature of knowledge and creative discovery 
as conceived by James Smithson and as understood 
to-day. 

On September 16 the procession, which began with a 
clarion call from a tower of the world-famous red Smith- 
sonian ‘castle’, included some 500 world scholars and 
scientists. Colonel John H. Magruder, of the U.S. 
Marine Corps, acted as the grand marshal, leading the 
distinguished gathering from the original Smithsonian 
Institution building across the Washington Mall, to a 
site near the Museum of Natural History. 

Here, the President of the United States addressed the 
delegates in an outdoor convocation. Dr. Leonard C. 
Carmichael, former secretary of the Smithsonian, also 
gave an address, the substance of which follows. 

Smithson, an English scholar, scientist, and prominent 
member of the Royal Society of London, left his entire 
estate to the United States, a country he had never seen, 
“to found at Washington an establishment for the increase 
and diffusion of knowledge among men”. He died in 
Genoa, Italy, in 1829. 

To-day, his ‘legacy’ comprises twelve far-reaching 
units: 

(1) The Museum of Natural History, which has 
separate offices of anthropology, ecology and systematics, 
and departments of vertebrate and invertebrate zoology, 


. Ss 





entomology, botany, palaeobiology, and mineral sciences — 
and an oceanography programme. 

(2) The Museum of History and Technology, whic 
has departments of science and technology, arts an. A 
manufactures, civil history, and armed forces history. 

(3) The National Air Museum, containing the world 
largest collection of historical aviation and aeros 
material. 

(4) The Freer Gallery of Art, specializing in near an 
far eastern art. 

(5) The National Collection of Fine Arts. 

(6) The new National Portrait Gallery, which wi 
feature portraits and statues of men and women who hav 
made significant contributions to the history, develo 
ment and culture of the United States. This gallery wi 
not be fully developed until 1967. 

(7) The National Zoological Park. 

(8) The International Exchange Service, which ex 
changes scientific, cultural, literary, and governmenta 
publications with other countries. 

(9) The Science Information Exchange, which receives 
organizes and disseminates information about scientific 
research in progress in the United States. 

(10) The Astrophysical Observatory, located at Cam- 
bridge, Massachusetts. 

(11) The Canal Zone Biological Area, a biological pre- 
serve located on Barro Colorado Island in Gatun Lake, _ 
Canal Zone. 

(12) The National Gallery of Art, which has a separates” 
Board of Trustees. 

The John F. Kennedy Center for the Performing Arts, 
to be built soon in Washington, is also a bureau of the 
Smithsonian Institution, administered separately by its 
own Board of Trustees, 
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JAMES SMITHSON: PATHFINDER IN SCIENCE AND PHILANTHROPY 


By Dr. LEONARD CARMICHAEL 


Vice-President for Research and Exploration, U.S. National Geographic Society, 
and Former Secretary of the Smithsonian Institution 


“Why did he do that?” Her Majesty Queen Elizabeth, 
the Queen Mother, asked me. I was walking with her as I 
howed her the Museum displays of the Smithsonian 
titution. I had just said that James Smithson, the 
titution’s founder, was an English philanthropist who 
iad never been on the American continent, but when he 

lied he left his whole large fortune to found the Smithsonian 

` an Washington. 
“Why did he do that?” I had to reply that no one 
1ew. But, as a partial answer, I would like to say some- 
hing of the life of this idealistic lonely English scientist 
hose bequest has done so much for America and for the 
‘world and whose birth 200 years ago is now being 
honoured. 

The basic facts of the life of this benefactor are sad and 
hard. H. R. Tedder, his English biographer, says he was 
“a man of gentle character whose life was devoted to 
study uncheered by domestic affection’. He was the 
natural son of Sir Hugh Percy, first Duke of Northumber- 
land of the third creation. This nobleman, in spite of a 
reputation for arrogance, was one of the great figures of 
his day. A contemporary called him the handsomest 
man in England. He had a large personal fortune and he 
held many posts of honour. He served as a Privy Councillor 
and Lord-Lieutenant of Ireland. His own family name 
was Smithson before it was changed to that of Percy by 
Parliament. 

James Smithson’s mother was a widowed heiress, Mrs. 
Elizabeth Hungerford Keate Macie, who was herself 
descended from King Henry VII through the line of the 
Dukes of Somerset. Much of his mother’s considerable 
wealth came from her own family, the Hungerfords, and 
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from the estate of her deceased husband, John Macie, a 
country gentleman of Bath, Somerset. Her son, James, 
was born in France m 1765, and for this reason it was 
later necessary for him to be naturalized as an English 
subject, even thougk both his parents were English. 
Strangely, when this petition was granted by the Crown, 
it contained unusual provisos. It granted James the 
advantage of being a British subject except for certain 
stipulations such as that he was never to be allowed to be a 
member of the Privy Council or of Parliament or to be a 
civil or military officer. Neither could he receive any 
hereditaments from the Crown. Thus, unlike many scien- 
tists of his day and ous, he was never knighted. 

J.C. Long, who has recently written a new life of Smith- 
son based on extensive research in England and to whose 
scholarship I owe mueh in preparing this address, points 
out that these restrictions in his grant of naturalization 
were most extraordinary. He feels that they must have been 
inserted by someone with power in court circles who 
wished to guard against a possible political challenge later 
in life by this personsble, wealthy, and well-born young 
man. Since the Duke had been a Privy Councillor, the 
specific mention of this office as barred to his natural son 
may not be without significance in hinting at the author of 
the surprising prohibitions. Many facts about Smithson’s 
life are in doubt and may always remain so, because his 
personal papers, which were sent to America when his 
Institution was founded, were lost in the disastrous 
Smithsonian fire of 1365. Two hundred of Smithson’s 
unpublished manuscriots and thousands of items of his 
personal memorabilia and his mineral collection of some 
ten thousand specimens perished at that time. 


Museum of History and Technology, Smithsonian Inatitw ion 
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In 1782, at the age of seventeen, James matriculated at 
Pembroke College, Oxford. Here, because of his family, 
he wore the special gown and had the privileges of a 
‘gentleman commoner’. On matriculation he signed the 
thirty-nine articles of the Church of England, and through- 
out his life he remained loyal and constant in his member- 
ship in this church. This was true even during the 
extensive periods of his life whieh were spent on the 
Continent of Europe. 

James mastered well the regular classical studies of his 
period at Oxford. Almost from the first, however, he 
became interested in the then extra-curricular activity of 
the study of experimental science. Soon he was recognized 
as one of the leading authorities at Oxford in the infant 
science of chemistry. He also became an intensive student 
of geology and mineralogy. While still an undergraduate 
he was a scientific member of an important and well- 
organized geological expedition under the direction of a 
distinguished French mineralogist. 

At twenty-one years of age, in 1786, he graduated with 
the degree of master of arts. His already achieved dis- 
tinction as a chemist is attested by the fact that eleven 
months after he received his degree he was elected a 
Fellow of the Royal Society. He seems to be the youngest 
man ever to have received this honour. The Royal Society, 
then as now, was recognized as having no peer among the 
learned academies of the world. It is indeed amazing to 
think of a scientist of twenty-two being able to write 
after his name the great letters, F.R.S. 

He soon established himself as an almost-official 
helper and close colleague of Henry Cavendish, the dis- 
coverer of hydrogen and one of the most distinguished 
scientists of the eighteenth century. This scholarly man, 
son of Lord Charles Cavendish and grandson of the Duke 
of Devonshire, was the possessor of a large personal 
fortune, but he elected to live almost a hermit’s life and 
to develop the excellent private laboratory in which 
Smithson worked with so much satisfaction. 

James Macie, as Smithson was known at that time, also 
established close friendships with other scientists in 
London and especially with Sir Joseph Banks, president 
of the Royal Society. Other friends were Sir Humphry 
Davy and the American-born Benjamin Thompson, 
Count Rumford. 

Before his mother’s death she expressed the wish that 
her son adopt the name Smithson, his father’s family 
name. As I have noted, his father had taken the name 
Percy when he was created Duke of Northumberland. It is 
interesting that Smithson’s mother and also Sir Hugh’s 
wife were related by blood to the Percy family, but the 
Duke himself was not. In 1801 the petition for his change 
of name was granted, and thereafter the founder of the 
Institution is officially James Smithson. 

Asa young scientist Smithson was assiduous in attend- 
ing meetings of the Royal Society and was active in his 
own programme of experimental research. He soon began 
the publication of important scientific papers. To-day we 
hear of the so-called ‘publish or perish’ policy of some 
large universities. Smithson would have passed this test 
with honour. In all he published some twenty-seven 
papers in the most respected scientific research journals 
of his day. 

Smithson never married, and in spite of the gay world 
into which he was born and his ample fortune he devoted 
his life to study and research. Not only was he active in 
scientific associations but he also visited and worked with 
leading research men of his day in Berlin, Paris, Rome, 
Florence, Genoa, and Geneva. He knew France well under 
the monarchy, but when anti-Royalist sentiments became 
common in Paris he found himself sympathetic with 
them. Indeed, all his life he was philosophically favourable 
to a repubhean form of government rather than to a 
monarchistic one, but he deeply disapproved of the excesses 
of the French Revolution. He did, however, understand 
its basis in the errors of the old régime. He wrote in this 
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connexion: “Stupidity and guilt have had a long reig 
and it begins indeed to be the time for justice and comm : 
sense to have their term’. 
No one knows how close Smithson was to his: au 
cratic, handsome, and politically powerful father, 
Duke of Northumberland, or to the Duke’s other childr 
who were his half-brothers and -sisters. It is interest 
that one of his half-brothers, Earl Perey, who later $ 
ceeded his father as Duke of Northumberland, was 
Lieutenant-General of the British forces during th 
American Revolution. He led British troops back fror 
the battle of Lexington and Concord. He secured h 
recall from America because he had long disapproved ¢ 
the policy of George III towards the colonies. Generi 
Percy, indeed like James Smithson and some other mer 
bers of his family, was a very moderate Tory and mue 
attracted to republican theories. He was known as a 
admirable landlord and as a most generous officer by thos 
under his command. How much these attitudes an 
especially his view of America influenced his younge 
half-brother, James, we probably will never know. 
James Smithson was disturbed by the success 
Napoleon in Europe, but he continued to visit th 
Continent for study and research. In 1807, he was 
seized as a prisoner of war by the Napoleonic authoritiee 
as he was about to sail back to England from Denmark. 
His treatment as a prisoner was harsh, and he never fully 
recovered from the chest illness which he aequired at this 
time. Almost certainly as a result of the intervention oF 
his friend Sir Joseph Banks of the Royal Society, the 
of Denmark interceded on behalf of Smithson. Even wit 
this help, although his lot was brightened, he did no 
succeed in returning to England until Napoleon’s power 
waned after the disastrous Russian campaign of 1812. 
In 1800 and 1801, before these difficult prison years 
Smithson had been one of the group which established in 
London the Royal Institution. This new organization: 
had and has a remarkable mission which in many ways 
suggests the purposes of Smithson’s own later institution: 
in Washington. The purpose of the Royal Institution as. 
set forth in its charter is: : 
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“For diffusing the knowledge and facilitating the general 
introduction of useful mechanical inventions . . . and for 
teaching by courses of philosophical lectures and experiments 
the application of science to the common purposes of life.” 


As I have already stated, most of Smithson’s own seien- 
tific work dealt with chemistry or mineralogy and with © 
what would now be called applied science. One of his most- 
notable contributions was his development by the ingenious > 
use of the still-primitive chemical methods available of- 
the basie distinction between the native carbonates and 
silicates of zine. As a result of this work the beautiful 
and economically important zine carbonate ore is now 
called ‘smithsonite’. One of Smithson’s real rnemorials at 
his Institution in Washington is a specially constructed 
case in which various forms of brilliantly coloured smith- 
sonite slowly revolve on a turntable so that each year 
hundreds of thousands of visitors to the Institution’s 
Hall of Minerals and Gems can see the full beauty of the 
founder’s great mineral. 2 

Smithson also was one of the pioneers in what is to dey ie 
called microchemistry. He was able to analyse quite 
minute quantities. On one occasion he effectively identified — 
the salts in solution of half a drop secretion from a human. 
lacrimal gland. He also developed a method for the detec. 
tion of very minute quantities of arsenic and mercury. =) 

In spite of his concern with experimentation he was also. 
interested in the theory and philosophy of science. One of — 
his papers deals in an effective way with the errors ofa 
contemporary scientist who tried to see unjustifiable — 
biblical significance in fossil bones collected in a Yorkshire. 
cave 

Smithson was well aware of the insufficiency of saae 
knowledge of his time. He said: “What we know in 
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aacistry bears so small a proportion to what we are 
rant of; our knowledge in every department of it is so 
ymplete, consisting so entirely of isolated points, thinly 
tored, like lurid specks on a vast field of darkness, that 
~mcesearches can be undertaken without producing some 
s leading to consequences which extend beyond the 

«ndaries of their immediate object’. 

Ie was also far ahead of his time in concerning himself 

h the fundamentals of scientific research and scientific 

th. At one point he wrote in adumbration of much 

er knowledge: ‘“The particle and the planet are subject 
=the same laws, and what is learned of one will be known 
mathe other”. 

m he eighteenth century was not a period noted for great 
‘sonal morality on the part of many members of its 
althy and influential families; but no breath of scandal, 
xn by surmise, has attached itself to James Smithson. 
may be noted, however, that he did have one form of 
‘reation that may call for the raising of at least some 
per modern. eyebrows. He liked to gamble. He was 
ll known ın the casinos of European capitals. But 
iithson was a good mathematician, and he early con- 
iced himself that the only consistent winner in a gambl- 
z hall was the proprietor. He even calculated with care 
rat such a man’s winnings were apt to be. Because of 
is knowledge he always limited his expenditures at the 

™ible of chance to a predetermined sum which was well 

thin his means for an evening’s entertainment. 
Three years before his death Smithson wrote his famous 
ill. It began as follows: “I James Smithson Son to Hugh, 
st Duke of Northumberland, and Elizabeth, Heiress of 
«œ Hungerfords of Studley, and Niece to Charles the 
‘oud Duke of Somerset, .. make this my last Will and 
3stament...”. The Will provided that the income of his 
tate should go to his nephew, and if the nephew later had 
iildren the principal should go to them. But if his 
aphew should die without heirs he bequeathed the whole 
? his property, ‘‘to the United States of America to found 
5 Washington under the name of the Smithsonian 
astitution an establishment for the increase and diffusion 
f knowledge among men”. 

On June 26, 1829, Smithson died in Genoa, Italy. In 
nis city he had close scientific colleagues. He had been a 
evout attendant at the Church of England services in that 
ity, and it was after services in this church that he was 
uried inthe Protestant cemetery of that city. To-day there 
3in the English Church of the Holy Ghost at Genoa a fine 
va8-relief monument to Smithson erected by the Regents 
f the Smithsonian Institution. 

His nephew died without heir on June 5, 1835, and 
even. weeks later President Andrew Jackson in an address 
o Congress made formal recognition of the gift to the 
\merican nation. 

After prolonged discussion and largely as a result of 
he effective work of John Quincy Adams, who had 
‘eturned to the House of Representatives after his period 
ıs President of the United States, an act authorizing the 
Jmithsonian Institution was passed by the Congress and 
signed by President Polk on August 10, 1846. The 
English gold sovereigns in which the bequest was paid 
were brought to America and recoined at the Philadelphia 
Mint. In new American money the bequest was 508,418-46 
dollars. 

The bequest may not seem very great to-day, but at that 
time it was correctly recognized as a most significant sum. 
No comparable amount of money then existed in America 
in any university or other establishment to be used as an 
endowment to support research or the diffusion of know- 
ledge. 

Under the administration of the first Smithsonian 
secretary, the distinguished scientist Joseph Henry, and 
with the support of an able Board of Regents, the Institu- 
tion was soon actively engaged in its work of fostermg new 
scientific research. Through the years Smithson’s phrase, 
“the diffusion of knowledge”, has been interpreted at his 
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Institution to mean the issuing of books and monographs 
and the development of truly instructive museum displays. 
At least 12,000 separate publications have been issued by 
the Smithsonian Institution. 

At about the turn of the century word was received that 
land changes were threatening the area of the cemetery in 
which Smithson was buried in Genoa. The Regents of the 
Smithsonian delegated thəir very distinguished member, 
the great telephone invensor, Alexander Graham Bell, to 
go to Genoa and investigate the condition of the founder’s 
grave. As a result it was decided that Smithson’s remains 
should be brought to Waskington. His marble sarcophagus 
was transported with honour to the United States, and 
borne from the Washingtan Navy Yard to the Institution, 
accompanied by a troop of cavalry, a detachment of 
Marines, and the Marine Band. To-day, under En glish 
and American flags, the sarcophagus rests in a beautiful 
chapel in the Institution.s original building on the Mall 
here in Washington. 

So, as we think of Smitason’s quiet and useful years and 
of his amazing gift to the United States, we can again con- 
sider the Queen Mother’s query: “Why did he do that 1”. 
Still it must be said no one can answer this question with 
assurance, but I hope som; people may feel with me that an 
understanding of Smithson’s life makes it apparent that 
he was a prudent but true son of the ‘Enlightenment’. 
In youthful and active America he saw much that was 
hopeful for the human, raze everywhere. His own Institu- 
tion has certainly been tzue to his ringing charge, and in 
each year since its founding it has transformed some good 
aspect of his dream into solid serviceable reality. 

When the Smithsonian was established, Washington 
was a swampy and fever-ridden community of some 5,000 
people, and the country of which it was the capital had 
scarcely begun the kind of scientific research which even 
then was providing much humanly important, pure and 
applied knowledge in the older Kuropean countries. The 
careful handling of the income from Smithson’s bequest 
and of funds provided by other gifts, and above all by 
appropriations of the Cangress of the United States, has 
allowed the Smithsonian Institution through the years to 
serve as a pioneer in the establishment of the great 
scientific tradition of the United States. To-day and 
indeed through all its years, the success of the Smithsonian 
has been due in large part to the devotion of its always- 
eminent and always diligent Board of Regents. 

The utterly unselfish generosity and the broad and wise 
terms of Smithson’s bequest aroused great interest ın 
the United States and indeed in the world when it became 
known. In many ways shis unprecedented gift still helps 
set a pattern for charitable and educational benefactions. 
Histories of the development of the great philanthropic 
foundations of the United States which are doing and have 
done so much for the warld rightly begin with a reference 
to James Smithson’s beneficence. 

As a man Smithson wes a loyal son of England. But as a 
scientist his horizon always was global. He once wrote: 

“The man of science ic of no country, the world is his 
country, all mankind Ais countrymen”. Surely those 
of us who have been privileged to know Smithson’s Insti- 
tution intimately cannot help feeling that by his gift he 
established an Institution which certainly in the future, 
as in the past, will continue the great work of the increase 
and diffusion of knowledge in a way that will benefit all 
menkind everywhere. 

It is well that the following words of Smithson himself 
are cut in the stone of the Institution’s great, new Museum 
of History and Technology: 


“Every man is a valuable member of society who, by his 
observations, researches, and experiments, procures knowledge 
for men .. . it is in his knowledge that man has found his 
greatness and his happiness, the high superiority which he 
holds over the other animals who inhabit the earth with him, 
and consequently no igrorance is probably without loss to 
him, no error without evil... .” 
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Such a “valuable member of society” indeed was James 
Smithson, the sagacious, far-sighted and truly philan- 
thropic founder of the now honoured and superlatively 
useful Smithsonian Institution. 


SCHOLARLY SESSIONS AT THE SMITHSONIAN 
BICENTENNIAL CELEBRATIONS 


The following sessions were held during September 
17-18. The chairman is named (in brackets) followed by 
the speakers. 


(1) Man’s Origin and Progress (Dr. Cary] P. Haskins, 
president of the Carnegie Institution and regent of the 
Smithsonian Institution): Prof. F. L. Whipple, director of 
the Smithsonian Astrophysical Observatory; Prof. Claude 
Levi-Strauss, director of the Institute of Ethnology, 
University of Paris. i 


(2) Environmental Influences on Man (Dr. Crawford H. 
Greenewalt, chairman of the Board, E. I. du Pont de 
Nemours and Co., and regent of the Smithsonian Institu- 
tion): Dr. Ian McTaggart Cowan, dean of the faculty of 
graduate studies, University of British Columbia; Prof. 
J. Robert Oppenheimer, professor of physics and director 
of the Institute of Advanced Study, Princeton, formerly 
director of the Los Alamos Scientific Laboratory. 


(3) Man and Technology (The Hon. A. M. Burden, 
former American Ambassador to Belgium and regent of 
the Smithsonian Institution): Prof. Herbert Butterfield, 
master of Peterhouse and professor of modern history m 
the University of Cambridge; Dr. Lewis Mumford, 
president of the American Academy of Arts and Letters. 


(4) Inheritance, Values and Creativity (The Hon. 
John Nicholas Brown, former assistant secretary of the 
U.S. Navy for Air and regent of the Smithsonian Institu- 
tion): Prof. G. Evelyn Hutchinson, Sterling professor of 
zoology, Yale University ; Sir Kenneth Clark, former direc- 
tor of the National Gallery, London; Mr. Arthur Koestler, 
author. 
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(5) Man’s Developing Intellect and Attitudes : 
George H. Mahon, United States Representative (Te 
and regent of the Smithsonian Institution): Prof. Jere 
S. Bruner, professor of psychology and director of 
Center for Cognitive Studies, Harvard Univers 
Prof. Stephen E. Toulmin, professor of the history 
ideas and philosophy, Brandeis University, former dire» 
of the Nuffield Foundation Unit for the History of Id 
London. 


JAMES SMITHSON MEDAL: ROYAL SOCIETY 
OF LONDON 


The James Smithson Medal, instituted in memory of 
British founder of the Smithsonian Institution, is 
award for distinguished contributions to “the incre 
and diffusion of knowledge among men”, the role of 
Institution as set forth by James Smithson in making 
bequest of his fortune to the United States. 

The Medal is the creation of Paul Vincze of Lond 
following closely a medallion made in 1817 by the w 
known. sculptor and engraver at the Paris Mint, Niche 
Pierre Tiolier, which was marked on the back in Smithso 
own. hand as “my likeness”. Vincze has created on 
obverse a portrait of James Smithson, surrounded by 
name and dates of his birth and death, 1765-1829. T 
reverse bears a rendering of the familiar outline of 1 
first Smithsonian building, for which the cornerstone w» 
laid on the Mall on May 1, 1847. 

The Medal was presented for the first time on Septeml 
18, 1965, to the Royal Society of London, during the rece 
bicentennial celebration. In the future it will be present 
for exceptional achievement in the various disciplines 
science and the humanities embraced, by the Smithsoni. 
Institution. 

The first Smithson Medal for outstanding contributio 
in the fields of science, technology, history, and art w 
presented by Robert V. Fleming, chairman of the Board 
Riggs National Bank and also chairman of the Executi 
Committee of the Board of Regents of the Smithsonie 
Institution. 
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THE BIOSPHERE 


By Pror. HAROLD F. BLUM* 


National Cancer Institute, National Institutes of Health, Bethesda, and Department of Biology, Princeton University 


| eN in the biosphere—whether biological or 
cultural—is based on the persistence of patterns 
which are on occasion subject to alteration, the altered pat- 
tern persisting in turn until another alteration occurs. The 
genotype pattern of a species persists through replication 
in the germ cells from generation to generation, subject 
to rare modification which constitutes mutation. Cultural 
patterns are also perpetuated; we do not know much 
about the mechanism in this case; but it is clear that 
they may persist for long periods although readily modi- 
fiable when circumstances arise!. 

Perpetuation makes possible the selection of some 
patterns—according to the dictates of environment or 
other factors—with the consequent rejection of others, 
for example, the natural selection of a mutant form from 
a number of possible alternatives. By restricting our 
view to the selected patterns and disregarding the rejec- 
tions we see evolution as an increase in order, although 
the order is related inversely to the number of rejections. 
We may picture the increase ın order in the evolving 
system as accompanying the addition of facets of pattern 
to the pattern as a whole; somewhat analogous to 
increase in order with growth of a crystal. Smce change 
in pattern is relative to existing pattern, the number of 
facets may be expected to grow exponentially; thus 

* Present address P.O. Box 704, Princeton, New Jersey, U.S.A. 


increase in order 1s accompanied by limitation of suk 
sequent change to a general type of pattern, but at th 
same time the possibilities of change within the scope c 
that pattern may increase. 

Analogy may be made to a computer, where the numbe 
of possible answers is decreased by selection of one answe 
instead of another, each question being postulated on th: 
previous one*. The increase in order of the evolvin; 
system should, then, be expressible in a form similar tc 
that applied to computer operation: 


Í 
fi 


where — As is the negentropy change, f is the number off 
facets of biological or cultural pattern in the evolving» 
system, q is a constant, and In indicates the natural 
logarithm. Successful mutations and adopted cultural 
innovations represent additions of facets to respective 
existing patterns. 

Perpetuation of both genetic and cultural patterns 
depends on perpetuation of the kinds of organisms which 
carry them. This involves maintenance as well as repro- 
duction, paid for in terms of free energy amounting to 
about 2 x 108 kg cal/yr captured from sunlight by 
photochemical reduction of carbon dioxide. The fraction 
of the total froe energy expenditure which supports the 
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tion of changes in pattern directly concerned in the 

Tease of negentropy must be extremely small, so no 
asion of the second law of thermodynamics need be 
sailed in the increase of order which accompanies 

«olution. 

Although the supply of free energy limits the rate of 
«cumulation of negentropy, it does not control the direc- 
«n which evolution may take, any more than the amount 

electrical energy supplied to a computer influences 

e answers it gives to questions. Thus, although the bio- 
here is ultimately dependent on the Sun for its supply 

energy, the course of evolution may be treated as 
rtually independent of events in, and properties of, the 
liverse beyond Earth’s limits. Some influence from 
itside our planet must, of course, be admitted—the rate 
` occurrence of mutations may be influenced by 1onizing 
diation from external sources, and investigation of the 
avens has played a profound part in Man’s cultural 
rolution—but we may neglect these as minor factors in 
ir view of the process as a whole. 

Evolution in the biosphere does not constitute move- 
ent toward greater order per se; but is guided by 
nanges in specific properties, as contrasted with changes 

« number of arrangements of properties ın terms of which 
aange in order is measured, and these two things need 

g ‘ot run closely parallel. (May we not think of free energy 

3 depending on specific arrangements of microscopic 
roperties, as contrasted to the number of arrangements of 
uicroscopic properties in terms of which entropy is 
neasured ?) For example, natural selection of a mutant 
‘ver a parent form depends on specific properties of the 
wo phenotypes and on specific properties of the environ- 
aent with which they impinge—the resulting change in 
he genotype pattern entails, but does not depend on, a 
hange in order. 

Whether dealing with computer operation or with 
volution, the assumption is usually tacit that increase in 
order is accompanied by increase in meaning’, which must 
gresumably be defined in terms of specific properties. 
Even though we might conceive of measuring meaning in 
serms of all the specific properties of the system, we would 
still not know how to fit our measurements into the same 
‘dimensional framework with the number of facets of 

orderly pattern. In practice we assess meaning in terms of 
subjective judgments (although sometimes this is con- 
cealed), thus substituting attributed meaning for the true 

meaning we cannot hope to measure; this would seem a 

potential source of error in thinking about the evolution of 
living systems. 

It may be useful to formalize this situation by assuming 
quantitative relationship between attributed meaning, 
true meaning, and orderly arrangement of facets, repre- 
senting this by: 


No. 5008 


pin toy oie (2) 
m My 


1 1 





where m 1s a quantitative measure of true meaning, m’ a 
measure of attributed meaning, and v and x’ are respective 
constants which we imagine can be related to each other 
and to g within a common dimensional framework, 
although knowing that this cannot really be done. 

Exponential growth of each of the variables, m’, m 
and f, expressed in equation (2), may be rationalized on 
the basis that change in pattern 1s always relative to exist- 
ing pattern, whether involving change ın number of facets 
or specific change in properties, and that our subjective 
estimates presumably follow the latter in a general way. 
Thus, in whatever terms measured, the addıtion of each 
facet increases the possibility of expansion of the pattern. 
We may, for example, expect culture to evolve expon- 
entially because usually each cultural innovation increases 
the chance of further innovations!; even when there may 
be loss of facets, this should be relative to the existing 
pattern. 
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Evolution of the biosphere may be thought of as com- 
posed of many interplaying parts, and equation (2) may 
be applied to the whole or to a single one. In practice, 
our attention is usually focused on a particular part, say 
the species of a given genus or a single aspect of culture, 
which it ıs convenient to treat as a separate system 
independently of the whole. In so doing, however, we 
should not lose sight of the possible effects of other parts 
on the one we study, bus we cannot expect to fit x and x 
for different parts into the same dimensional framework. 

The changes in specific properties which may be 
regarded as steps in evorution—successful mutations, and 
cultural innovations—may be thought of as chance events 
distributed successively in time. But since any given 
step depends on an ex:sting pattern, the probability of 
the step occurring must be relative to the existing pattern, 
and hence not to be treated as a strictly random happen- 
ing. Thus, the rate of evolution cannot be regarded as 
completely independent of the pattern of the evolving 
system, but for purposes of description we may write: 

la 


= | foar (3) 
l 
where f(t) is a function- which may take a variety of 
shapes; the equation is written for attributed meaning 
since it is this we perforce investigate. 
In the simplest form equation (3) might take, f(t) 
would be a constant, œ: 





we’ In —; 
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mM» 
M = at (4) 

Equation (4) should be thought to hold in only a 
statistical sense, since it is unlikely that all evolutionary 
steps can be given equal weight or that they occur at 
regular intervals of time, as the equation might imply. 
Such simple exponential growth seems fairly closely 
followed, nevertheless, in some instances, by various 
aspects of cultural evclution for short periods of time®, 
and by number of species of molluscs’. But it would 
seem impossible that s curve of this form could be fol- 
lowed indefinitely, evolution being eventually restricted 
for various reasons; for example, increasing adaptation 
to an ecological niche would seem to impose restrictions 
on evolution of the g-ven species, development of one 
aspect of culture may place restrictions on another, and 
the size of the system must itself umpose limits. 

If we assume that the probability of selecting new 
facets of pattern falls off exponentially with time due to 
such restriction, we may write as a general expression: 


x In 





jan M a ee 
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where B and y are constants, and e indicates the base of 
natural logarithms. 

Curves described by equation (4) may represent early 
parts of curves descriked by equation (5), since for small 
values of ¢ the function (1—e-”) is very nearly equal to 
yt. On the other hanc, for large values of ¢ the function 
approaches unity, thus describing approach to a static 
condition, as may be exemplified ın the brachiopods and 
in Sphenodon, where zhere has been little evolution for 
very long periods of time. In a preliminary search I have 
not found many data on biological evolution which seem 
appropriate for such analysis. On the other hand, aspects 
of cultural evolution often indicate relative growth; some 
curves approach a limit after the manner of equation (5), 
others follow equation (4) more or less closely, but some- 
times show fluctuations which suggest acceleration and 
deceleration of relative growth. It 1s proposed. to discuss 
elsewhere a variety of curves describing aspects of cul- 
tural evolution, among which there may seem little 
similarity’ at first glance; but which may be reasonably 
well fitted by equation (3) when simple, logical forms are 
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assigned to f(t). All this suggests that evolution follows 
variations on an exponential theme, and may be thought 
of as a relative growth process. 

Let us imagine, for purposes of contrast, an environ- 
ment with a fixed number of ecological niches each one 
of which can best be filled by a species having a specific 
inherited pattern. Then, given adequate time, all species 
with inherited patterns that do not fit best will be 
eliminated, leaving every niche perfectly filled. In this 
kind of panglossian world, where everything happens for 
the best if one waits long enough, evolution might be 
expected to follow a more or less linear course, and to 
have only one ultimate outcome. One wonders at times 
whether some such a world is not tacitly assumed in a good 
deal of present thinking’. Recent achievements in bio- 
chemistry indicating nice evolutionary series of molecular 
structure may have encouraged this thinking*®: but such 
series are, of course, to be expected if evolution follows a 
course of relative growth. 

If one adopts the idea that each chance step in evolution 
can only be taken in terms of an existing pattern—which 
seems imposed by modern concepts of genetics—one 
admits the possibility that evolution in another biosphere 
than ours might, although starting from nearly identical 
initial conditions, arrive at an array of species and cultures 
widely different from those we know, or even none what- 
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soever. Only by tacitly disregarding the possible altern___ 
pathways open each time a facet of pattern was select 
does one arrive at the notion of inevitableness in evc 
tion; yet selection from among alternate pathways is 
essence of Darwinian theory. l 

I thank Prof. Roger S. Pinkham for his advice. 

Note added in proof. After writing this article, one 
Sir Karl Popper has appeared (Nature, 207, 233; 19> 
which has been taken by at least ane reader to suggest t 
evolution in the biosphere runs counter to the second pmm 
of thermodynamics. (My book, Times Arrow œ 
Evolution, Princeton Univ. Press, 1951, revised printi 
Harpers, 1962, is wrongly cited there, which may 
confusing to a reader wishing to examine the original sta 
ments referred to.) In both this and another recent pa 
(Nature, 206, 131; 1965) it is pointed out that a thern 
dynamic balance sheet cannot be drawn. up for evoluti» 
in the biosphere, because the dimensions of the syste 
cannot be properly evaluated; but there seems no reas» 
to assume that the second law is disobeyed. 


-1 Blum, H; F., Amer. Scientist, 51, 32 (1963), 


2 Blum, H. F., Nature, 206, 182 (1965). 

? Lehman, H. C., Social Forces, 25, 281 (1947). 

t Cailleux, A., C. R. Soc. Geol. France, 222 (1950). 

$ Fremlin, J. H., Nature, 207, 668 (1965). 

° Ehrensvard, G., Life: Origin and Development (Chicago Univ. Press, 1962) 


NEWS and VIEWS 


Pacific Science Center Foundation Arches of Science 
Award : Dr. Warren Weaver 


Dr. WARREN WEAVER has been elected to receive the 
Arches of Science Award of the Pacific Science Center 


Foundation. This comprises a cash prize of 25,000 dollars 


and a gold medal. It will be presented to Dr. Weaver at 
the Pacific Science Center on October 25. The Arches of 
Science Award is presented to an American who has made 
“the outstanding contribution to the public understanding 
of the meaning of science to contemporary man”. The 
first recipient of the Award, Dr. Weaver is well known as 
a “communicator of science’, and is recognized as one of 
the outstanding public interpreters of the scientific 
revolution of the past half-century. Associated with the 
Rockefeller and Sloan Foundations for more than thirty 
years, he is also an internationally known mathematician, 
administrator of some of the leading scientific research 
institutions in the United States, an author, editor and 
lecturer. In announcing the Award, Dr. Edward E. 
Carlson, president of the Pacific Science Center Founda- 
tion, said: “Dr. Weaver’s selection for this new Arches 
of Science Award adds prestige comparable to the highest 
prizes for science achievement. The scientific community, 
because of their regard for Warren Weaver, is character- 
izing the Award as an American Nobel Prize—and it is 
significant that more than fifteen Nobel Laureates .in 
science have received Dr. Weaver’s early recognition and 
support’. 

During his response to the announcement of the Award, 
Dr. Weaver said: ‘Most of the previous significant 
rewards for scientists have been given exclusively for 
what the individual has done inside of science, strictly 
for notable contributions to scientific research. Individuals 
who can make such contributions clearly deserve society’s 
highest honours. But the relations of science to society, 
to our total culture, and incidentally to our government, 
are now quite unlike what they were even twenty-five 
years ago. It is essential that we to-day have individuals 
who are capable of understanding science, and who are 
willing to live their lives partly within science but also 
_ partly within the world of affairs. These persons, working 
at the interface of science and society, are more than 


useful—they have become essential”. Sponsor of tl 
Award is the Pacific Science Center Foundation of Seattl 
Washington. The Foundation is a non-profit agenc 
composed of business, scientific and educational leaders : 
the Pacific north-west who have been jomed by leadir 
men of science throughout the nation to create an activ 
and permanent centre dedicated to increasing the publ: 
understanding of science. The Foundation operates tt 
Pacific Science Center which was the popular U.S. Scienc 
Exhibit at the Seattle World’s Fair of 1962. The Arche 
of Science Award was named for the five instantly recog 
nizable arches soaring into the sky above the Pacifi 
Science Center. The arches have become symbols of th 
technological strides and superior climate for science an: 
science understanding emerging from the Pacific north 
west. 


New Zealand Department of Scientific and Industria 
Research : Dr. K. A. Wodzick 


Dr. K. A. Wopzicxi, director of the Animal Ecology 
Division of the New Zealand Department of Scientific 
and Industrial Research, retired recently after holding 
the position for sixteen years. Dr. Wodzicki was born inm 
Poland and educated at the University of Cracow where 
he completed his M.Sc. and Ph.D. degrees. After serving 
as a lecturer at this University he was later appointedil 
professor of animal physiology at the University of 
Warsaw, where his research work was concerned mainly 
with the genetical and ecological aspects of birds end 
animals. At the outbreak of the Second World War he 
escaped to France where he joined the Polish Government 
in Exile, and in 1941 was appcinted es its Consul-General 
in New Zealand. In 1946 he was employed by the Depart- 
ment of Scientific and Industrial Research to survey 
the wild-life problems in New Zealand, and following the 
preparation of his report—which was later issued as a 
Departmontal Bulletin—it wes decided to set up an Animal 
Ecology Section of the Department with Dr. Wodzicki 
as officer in charge. Under Dr. Wodzicki’s direction 
the Section has undertaken basic research on the ecology 
and physiology of introduced small animals, such as 
rabbit, hare and the mustelid family, and of birds such as 
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s. Dr. Wodzicki made a special study of the gannets 
sh nest at Cape Kidnappers, Hawke’s Bay. This study 
scognized by ornithologists as one of the most reward- 
of 1t8 type carried out anywhere, and has produced a 
it deal of new information about this bird. 


Dr. J. A. Gibb 


ym. J. A. GIBB, who will succeed Dr. Wodzicki as 
«ctor of the Animal Ecology Division of the Department 
Scientific and Industrial Research, was born in Dorset, 
sland, and educated at Sherborne School and at the 
miversity of Oxford, where he gamed his M.A. and 
hil. in zoology for research work on bird and insect 
sulations carried out at the Edward Grey Institute. 
«ring the Second World War he served with the Royal 
illery in the Mediterranean Sector. Dr. Gibb joined 
» New Zealand Department of Scientific and Industrial 
search in October 1957 as-an animal ecologist, and was 
t in charge of the Division’s major research project in 
sbit ecology concerned with a study of population 
aamics and feeding behaviour. In 1963 Dr. Gibb 
ited the United Kingdom and the United States to 
end a meeting of the British Ecological Society and to 
«it various research institutions; ın 1964 he visited 
astralia to attend a conference on ‘Vermin Control”. 


Mr. E. W. Hullett 


Mr. E. W. HULLETT has retired as director of the Wheat 
search Institute of the New Zealand Department of 
ientific and Industrial Research. Mr. Hullett went 
the University of Canterbury (New Zealand), where 
v gained his M.Sc. degree with honours in chemistry. 
ə was later awarded a National Research fellowship 
r study overseas, and on return to New Zealand became 
lecturer at Lincoln College before joining the staff of 
e Wheat Research Institute in 1934; in 1936 he was 
ypointed chief cereal chemist, and in 1950 succeeded 
T. O. Frankel as director of the Institute. Mr. Hullett 
as specialized in cereal chemistry and its application 
) milling and baking techniques, and under his director- 
up the milling and baking industries have benefited 
weatly from the research undertaken and the testing and 
iformation services provided by the Institute. 


Mr. R. W. Cawley 


Mr. R. W. CAwLEY has been appointed director of the 
Vheat Research Institute in succession to Mr. E. W. 
f{ullett. Mr. Cawley graduated M.Sc. with honours in 
hemistry from Auckland University College in 1948. 
After lecturing for two years at Massey University, 
2almerston North, he was appointed to the staff of the 
Nheat Research Institute as assistant chemist in 1950. 
Jis research work has been concerned with cereal bio- 
hemistry, particularly with the process of dough fermenta- 
ion. In 1963 he was granted a research fellowship at the 
Wheat Research Unit of the Commonwealth Scientific 
ind Industrial Research Organization, Australia, where 
10 made a special study of pentosans, and their role in 
sread-making 
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Mr. N. Modriniak 


Mr. N. MODRINIAK has retired from the position of 
superintendent of the Geophysical Survey, Geophysics 
Division, New Zealand Department of Scientific and 
Industrial Research. Mr. Modriniak, who was educated 
at Leoben, Austria, arrived in New Zealand in 1927 
and was engaged on geophysical prospecting with private 
companies for the following six years. In 1933 he joined 
the New Zealand Department of Scientific and Industrial 
Research, and until the outbreak of the Second World 
War he was concerned mainly with prospecting alluvial 
deposits for gold. In this period he pioneered the use in 
New Zealand of seismic methods for the investigation of 
shallow structures. Mr. Modriniak was among the first 
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to become interested ın the possibility of deriving power 
from geothermal steam in New Zealand, and the explora- 
tion of geothermal resources led to a major expansion 
of the Geophysical Survey in the late 1940s. During the 
early 1950s, when interest in and optimism about New 
Zealand’s oil resources were at a low ebb, Mr. Modriniak 
persevered with seismic reflexion tests in the major 
sedimentary basins with the view of stimulating the interest 
of the major oil companies. While geothermal power, 
engineering end oil have been the main concerns of Mr. 
Modriniak as a Government scientist, he has always been 
actively interested in the fundamental geophysical struc- 
ture of New Zealand and the south-west Pacific region 
generally. 


Dr. T. Hatherton, O.B.E. 


Dr. T. HATHERTON has been appointed to succeed 
Mr. N. Modriniak as superintendent of the Geophysical 
Survey, Geophysics Division, New Zealand Department 
of Scientific and Industrial Research. Dr. Hatherton 
was born in Yorkshire and received his education at 
Normanton Grammar School and the Universities of 
Birmingham and London. In 1950 he became the first 
United Kingdom recipient of a New Zealand National 
Research Scholarship and went to New Zealand to carry 
out research on the magnotie properties of New Zealand 
voleanic rocks, for which he was awarded a Ph.D. by the 
University of London. Dr. Hatherton spent several 
seasons in Antarctica during 1955-64, and wintered over 
at Scott Base in 1957 as leader of the International 
Geophysical Year party. For this work he was awarded 
an O.B.E. and a Polar Medal for 1958. In 1959-60 Dr. 
Hatherton spent a year at the California Institute of 
Technology on a Commonwealth Civil Service (Harkness) 
fellowship. He is editor of a treatise on Antarctica, 
recently published in the United Kingdom, New Zealand, 
and the United States. 


Promotions at Woods Hole Oceanographic Institution 


In recognition of scientific achievements of major 
importance over the past several years, the Woods Hole 
Oceanographic Institution has promoted seven members 
of its scientific staff to higher positions. Foremost among 
these was the appointment of Dr. Howard L. Sanders 
(zoologist) to the position of senior scientist, the highest 
rank of scientific appomtment which is made by the 
Institution. Other appdntments were to the position of 
associate scientist, and these included Dr. Carl O. Bowin 
(geologist), Dr. John E. Gordon (chemist), Dr. Robert R. 
Hessler (palaeozoologist), Dr. Richard M. Pratt (geo- 
logist), Dr. John M. Teal (biologist), and T. Ferris Web- 
ster (geophysicist). Dr. Sanders has been a member of 
the staff of the Woods Hole Institution since 1955 when 
he received his doctoral degree from Yale University. 
His special scientific inserest lies in the area of marine 
benthic ecology, but he has also made extensive investi- 
gations of crustacean phylogeny. Of the other members 
of staff recently promoted, Dr. Bowin has made intensive 
studies of the density iustribution of the Earth’s crust 
and upper mantle. He has also done much to develop 
new techniques for the use of a digital computer on board 
a research vessel at sea. Dr. Gordon, on the other hand, 
has investigated electrolyte and non-electrolyte inter- 
actions in sea water, while Dr. Hessler has been concerned 
with studies on the evolution and morphology of Arthro- 
poda and deep-sea animal communities. Dr. Pratt’s 
special interest 1s in deep-sea topography. Dr. Teal has 
concerned himself with physiological ecology, and Dr. 
Webster with ocean current measurements. 


Recruitment to the Civil Service 


Tu sixth report of the Estimates Committee for the 
session 1964-65, dealing with recruitment to the Civil 
Service, is discussed on p. 311, but the report is noto- 
worthy for the memoraada submitted in evidence. Among 
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these, those submitted by the Civil Service Commission 
on the function and organization of the Civil Sorvice 
Commussion and that of the Treasury on recruitment to 
the Civil Service may be mentioned. Recruitment to the 
Crvil Service is dealt with in memoranda by Prof. W. J. M. 
Mackenzie, by Mr. B. J. Holloway, by the staff side of the 
Crvil Service National Whitley Council, and by the Acton 
Society Trust. The last-mentioned 1s supported by a 
further memorandum on the attitudes of civic university 
students towards an administrative career in the Civil 
Service. This is based on a survey of third-year under- 
graduate students at the University of Hull, undertaken 
following a suggestion made in the statement of evidence 
made to the Committee by the Acton Society Trust. A 
further memorandum on recruitment to the Civil Service 
is by the Warden of Nuffield College, Oxford, Mr. D. N. 
Chester. Another on the same subject by the Business 
Economists Group 1s also appended; the Institution of 
Professional Civil Servants has a memorandum on 
recruitment to the professional and technical classes; 
finally, one on the recruitment of girls to the Civil Service 
is submitted by Miss Margaret Miles. 


Anglo-Romanian Agreement on Co-operation 


A FORMAL agreement on co-operation has been con- 
cluded between the Royal Society and the Academy of 
the Socialist Republic of Romania with the signature mm 
Bucharest by Academician D. Dumitrescu, First Secretary 
of the Romanian Academy, and in London by Sir Patrick 
Linstead, Foreign Secretary of the Royal Society. The 
agreement makes provision for; (1) the annual exchange 
of three scientists from each side for lectures and visits 
to specialized scientific institutions in the other country 
for periods of fourteen days ; (2) the annual exchange of 
up to two scientific research workers from each side, for 
a nine-month period ın each case, to study fundamental 
problems in some aspects of the physical and biological 
sciences, including their applied aspects. The agreement 
also calls for the exchange of periodical publications of 
the two sides and for the encouragement of further such 
exchanges of publications in specialized branches of the 
physical and biological sciences between the respective 
corresponding institutions in the United Kingdom and 
Romania. 


Eleventh Pacific Science Congress 


THE eleventh Pacific science congress of the Pacific 
Science Association will be held at the University of 
Tokyo, Japan, during August 22-September 10, 1966, 
under the auspices of the Science Council of Japan. The 
maugural meeting will be held on August 22 and the 
general meeting on September 3. The first week of the 
congress will be devoted mainly to symposia, the second 
to divisional meetings and the third to scientific tours. 
The organizers are not limiting the number of scientists 
attending the congress. The branches of science covered 
by the Pacific Science Association include: meteorology ; 
oceanography; geophysics; geology and soil science; 
biology; agriculture; forestry; animal science and con- 
servation; fisheries; marme and froshwater sciences; 
nutrition; public health and medical science; social 
sciences; anthropology; geography; scientific informa- 
tion and museums. Symposia and divisional meetings 
will be held on specific topics in these fields. There will 
also be two congress symposia on (a) population problems 
in the Pacific, and (b) air and water pollution in the Pacific 
area, a3 well as four special symposia with exhibitions and 
demonstrations on vessels and instruments for oceanic 
and freshwater research, marine park, primate biology of 
the Pacific area and tsutsugamushi disease It is hoped 
that various meetings of other international scientific 
organizations will be held in Japan concurrently with the 
congress. 

The Royal Society, as the United Kingdom repre- 
sentative institution in the Pacific Science Association, 
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will be sending an official delegation of ten member 
the congress. Members attending other meetings tc 
held concurrently with the Pacific science congress 
invited to become members of the congress, anmi 
addition any qualified scientist may attend the cong 
and participate in the two weeks of meetings with. 
presenting a paper Representative institutions h 
been requested to accredit all members of the congres: 
the Organizing Committee, and any United King 
scientist planning to attend is asked to inform 
Executive Secretary, the Royal Society, Burlington Ho» 
London, W.1. 


High-pressure Science and Technology 


THE recent international conference on “High Pi» 
sures’, held at Le Creusot, France, emphasized 
important common interests, particularly in engineer 
and, experimental techniques, which link all high-press 
activities. At a special meeting, British delegates HEN 
that better interchange of information between speciali: 
activities would greatly accelerate progress in the Unm- 
Kingdom. A committee was elected to: (1) organ 
meetings promoting contacts between specialists 
different fields at which informal discussion would 
encouraged; (2) provide a source of information on hi 
pressure activities in Britain, and liaison with Americ: 
Continental and other groups; (3) set up an associati 
which all interested in high pressures could join; (4) ¢ 
as an advisory body to the Government and ott 
authorities. The committee was chosen to represent 
variety of interests and will be enlarged as necessa 
Members are: K. E. Bett (Imperial College of Science aw» 
Technology); C. ©. Bradley (National Physical Labc 
atory); C. H. L. Goodman (Standard Telecommuniceti« 
Laboratories, Ltd , Harlow, Acting Chawman); W. R.P 
Manning (St. Albans, Herts). All groups in Brita 
working with high pressures are urged to write to the cor 
mittee giving a brief outline of their interests. This w 
enable a provisional directory of high-pressure researc 
to be compiled which will be circulated to all who wri 
in. It will also form the basis for the association, and f: 
deciding the topics for the first research meetings. Lette 
should be sent preferably to the acting chairman, but ar 
committee member would be pleased to answer querie 


Scientific Periodicals from the U.S.S.R. 


THe 1966 catalogues of Russian newspapers ar 
magazines procurable on a subscription basis throug 
national agencies for Soviet books lst several hundre 
scientific periodicals and more than 250 sections of th 
Journal of Abstracts and the Engineering Index, all <c 
which are readily obtainable by Western readers if order 
are placed six weeks in advance of publication. An un 
welcome feature of these 1966 lists 1s the rising cost c 
Russian journals of an academic or technical characte 
the price of which in most instances has advanced b> 
18-19 per cent since 1963. Annual charges for volume 
of the Journal of Abstracts (Referatwnyt Zhurnal) serie 
have gone up by some 30-40 per cent in the same periodm™ 
In numerous instances these Russian scientific periodicals 
characterized a decade ago by their relative cheapness 
are now appreciably more expensive than their Wester: 
counterparts. It is significant that no comparabl. 
advances are scheduled in the price of newspapers 
popular magazines and propaganda literature. 


Soils of the Mendip District of Somerset 


A. RECENT memoir of the Soil Survey of Great Britain, 
by D. C. Findlay, gives an account of the soils and land- 
use of the region between Weston-super-Mare and Bridg- 
water and extending inland to Shepton Mallet (The Soils 
of the Mendip District of Somerset. Sheets 279 and 280. 
Pp. viiit204+9 plates. Harpenden: Rothamsted 
Experimental Station, 1965. 35s.). The area surveyed 
extends to 279 square miles and includes the Mendip 
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end of limestone plateau at about 800 ft., surmounted 
four Old Red Sandstone hills, and the flat belt of 
1vium, constituting the Levels, along the eastern side 
the Severn Estuary. Exposed rocks range from the 
vonian to the Jurassic systems, while the superficial 
vosits accumulated since the Pleistocene period include 
‘ads of estuarine and riverine alluvium interbedded 
h peat. Distance from the coast and increases in. 
itude account for wide variations m local chmate and 
ith of growing season. For example, the average 
nfall 1s about 32 im. on the coast and 50 in. on the 
thest ground; sunshine and temperature display 
ailar tendencies, while moisture-deficient periods may 
ist during six months on the coast but only during 
me and July on the Mendips. There is a short dis- 
ssion of the vegetation changes brought about by 
xarances of the oak—ash woodlands of the uplands, by 
‘ricultural improvements ın the vales and by peat 
tting on the moors. Six chapters are devoted to an 
planation of soil formation and classification, and to 
tails of the mapping units, including profile descriptions 
id analytical data. The soil conditions are then discussed 
relation to land-use and types of farming, and there is 
useful appendix dealing with the land-use limitations 
` the soil series. There ıs a list of references, a subject 
«dex, and two maps. 


ropical Timbers 


From Belgium comes a very detailed account of the 
mbers of 67 tree species of the Congo (Publications de 
Institut National pour l Etude Agronomique du Congo. 
vois du Mayumbe. Par Joseph Fouarge et Georges 
terard. Pp. 579+57 planches. Bruxelles: Institut 
Yational pour Etude Agronomique du Congo, 1964). 
‘hese are the principal timber species of Mayumbe, but 
aot a few are to be found in the West African high forest 
md others are very closely related species. Each species 
s treated separately. The results of physical and mech- 
mical tests are listed and notes are provided on the 
lative susceptibility of the tumber to insect and fungal 
yttacks. For many of the species a set of four micro- 
ohotographs illustrates anatomical characteristics, and 
shese are accompanied by detailed descriptions. A final 
section to the volume is intended for tumber merchants 

and others interested in the uses of timbers, but a word 
of warning is added directing attention to variations 
which may occur in the same species. Statistics of the 


physical and mechanical properties and the relative 
durability are tabulated and sections are given recom- 
mending timbers for particular purposes such as cabinet 
work, furniture, mouldirgs, carpentry, turnery, shingles, 
pulleys, sleepers, paving-plocks, piles, sluice-gates, marine 
constructional work, small boats, berrel-making, matches, 
pulping and other uses. This is a most useful reference 
work and the authors deserve praise for what they have 
accomplished 


Announcements 


Pror. J. C. WHEATLEY, University of Illinois, has been 
awarded the fourth Simeon Memorial Prize in recognition 
of his outstanding work on the properties of liquid 
helium-3 at very low temperatures. The Prize of £250 
was established as a memorial to Sir Francis Simon and 
is awarded by the Committee of the Low Temperature 
Group every two or three years for outstanding con- 
tributions in the field of low-temperature physics. 


THE second conference on ““The Countryside in 1970” 
will be held in London curing November 10-12. Further 
information can be obtuined from the Royal Society of 
Arts, John Adam Street, London, W.C.2. 


A symMpostum on “Tne Chemistry and Technology of 
Polyvinyl Chloride” will be held at the Bradford Institute 
of Technology during Movember 5-6. Further informa- 
tion can be obtained from the Registrar, Bradford 
Institute of Technology, Bradford 7. 


A COLLOQUIUM on “Diet and Diabetes”, arranged by 
the Scottish Group of tae Nutrition Society, will be held 
at the Royal Infirmary, Edinburgh, on October 30. 
Further information can be obtained from Dr. C. F. 
Mills, Rowett Research Institute, Bucksburn, Aberdeen. 


A SEMINAR on “Formulating International Science 
Policy”, arranged by the Science of Science Foundation, 
will be held at the Fourdation on November 15. Further 
information can be obtained from the Science of Science 
Foundation, c/o the Cita Foundation, 41 Portland Place, 
London, W.1. 


A MEETING on ‘‘Nuclear and Engineering Ceramics’’, 
arranged by the Basie Science Section of the British 
Ceramic Society, will be held et Harwell during October 
25-27. Further information can be obtained from Dr. 
J. P. Roberts, Houldsworth School of Applied Science, 
the University, Leeds 2. 


THE NIGHT SKY IN NOVEMBEEF. 


All times are in Universal Time 


MOON 
New Moon 23d Odh 
Full Moon 9d 04h 
PLANETS 
Times of Rising (R) and Setting (S) during the month 
Name R/S Beginning Middle 
Mercury — Unfavourable for observation 
Venus S 18h 25m 18h 35m 
Mars S 18h 20m 18h 10m 
Jupiter R 19h 05m 18h 00m 
Saturn S lh 20m Oh 25m 


CONJUNCTIONS WITH THE MOON 


Venus 27d 06h, 0:7° N. 
Mars 26d 05h, 2° N. 
Jupiter 12d 08h, 3° S. 
Saturn 8d 22h. 3° N. 


End Mag. Dg (10° miles) Zodiacal position 
91 — 
18h 55m — 4-1 63 — 
18h 05m +14 190 Sagittarius 
16h 55m — 2°2, 399 Gemini—Taurus 
23h 30m +11 865 Aquarius 


Dg is the distance of planet from the Earth on the 15th of the month 


OCGULTATIONS OF STARS BRIGHTER THAN MAGNITUDE +6 AT GRELNWICH 


Star RID Time Mag. 

69 Aqr D 3d 18h 08 4m +58 

89 Pse D 7d 02h 58 8m +58 

121 Tau R 11d 20h 153m +53 

37 Gem R 18d 04h 11 0m +58 

x Gem R 13d 21h 44:4m +37 

y Vir D 18d 03h 25 6m +42 

vy VII R 18d 04h 29 2m +42 

(D, disappearance, R, reappearance) 
METEORS 
Name Active period Date of maximum Radiant Remarks 
Taurids Oct. 26d-Nov 16d 1d-10d 54° R A.+14° Dec. Early stages favourable 

Leonids 14d-17d 16d 152° R.A. + 22° Dec. Unfavourable because of 


moonlight 
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SECOND INTERNATIONAL CONFERENCE ON PROTOZOOLOGY 


i fie first International Conference on Protozoology 
was held in Prague in 1961, and the second at the 
Imperial College of Science and Technology m London 
during July 29-August 5, 1965. Approximately 570 
delegates attended the Conference from 26 countries; 
370 papers or films were read or shown. 

In place of full proceedings, a shortened version of the 
papers was printed and given to delegates on arrival 
at the Conference, in a volume entitled Progress in Proto- 
zoology’. This service was much appreciated and certainly 
is preferable to reports of congresses, which are not pro- 
duced sometimes until as long as seven years after the 
meeting has ended, while the abolition of formal proceed- 
ings allows speakers a greater freedom to speculate and 
report on very recent work. 

The patron of the Conference was H.R.H. the Duke of 
Edinburgh; the honorary president was Prof. E. Fauré- 
Fremiet, and the Conference was organized by a national 
committee under the chairmanship of Prof. P. CG. C. 
Garnham. 

The annual meeting of the Society of Protozoologists 
was heid under the presidency of Jobn Corliss (Chicago) 
during the course of the Conference. 

The Conference was divided into two parts: the morn- 
ings were devoted to plenary sessions based on single 
topics; the afternoons to special symposia and contributed 
papers in four simultaneous sessions. At the end of the 
afternoons, ciné films were shown. The plonary sessions 
were selected tò give non-specialized workers the present 
views on the following subjects: morphogenesis and life- 
cycles, types and preservation of strains, genetics, bio- 
chemistry and physiology, cytology and ultrastructure, 
and locomotion. 

The afternoon sessions were devoted to specialized 
subjects, mcluding : marine protozoa, piroplasms, proto- 
zoa Of invertebrates, metabolism and drug action, cultiva- 
tion of Protozoa, ecology of free-living Protozoa, ecology 
and host—parasite relationships, and little-known parasitic 
Protozoa. The remainder of the contributed papers were 
arranged around their individual subjects, such as Tozo- 
plasma, malaria parasites, coccidia, and ciliates. The day 
after the close of the Conference itself, a symposium was 
held on the classification of the Protozoa, when various 
schemes, originating from the Society of Protozoologists, 
from the U.S.S.R. and from Poland, were discussed. No 
finality was reached, but arrangements have been made 
for the continuation of this discussion by the International 
Commission on Protozoology. This body was formally 
instituted at the Conference, following a proposal by 
Prof. Pierre de Puytorac (Clermont-Ferrand). It has the 
responsibility for organizing future International Con- 
ferences, to work for the establishment of relations with 
other international biological organizations, such as the 
International Union of Biological Sciences and Unesco, 
and particularly to appoint various committees to consider 
such subjects as the preservation of types, the maintenance 
of culture collections, the revision of systems of classifica- 
tion of the Protozoa, and the participation of proto- 
zoology in the International Biological Programme. The 
Conference itself passed a resolution requesting that the 
World Health Organization should be invited to convene 
a meeting for discussing how international co-operation 
could assist in the preservation of strains and types of 
Protozoa. The Conference also resolved that an abstracting 
service for protozcology is highly desirable, and the 
feasibility of the provision of this service is to be investig- 
ated. The final resolution of the Conference was that the 
third International Conference on Protozocology should be 
held in Leningrad in 1969. 


The importance of the Protozoa in the whole field 
genetics was emphasized by Sonneborn (Indiana), w 
pointed out that while work on viruses, bacteria, “yeas 
etc., appeared to have overshadowed that on Protoze 
it was nevertheless the protozoologist who, in the past, h 
pioneered a number of important routes for use in gene 
genetics. The Protozoa are likely to become increasing 
important in this field, by virtue of their special suitabili 
for investigating certain types of genetical activi» 
including the special role they have in cytoplasmic ger 
tics. This aspect was further developed by Preer (Phi! 
delphia) in a discussion on Kappa and its relatives; 
showed that the mate-killing mu particle is maintain 
by the gene M, by producing “‘ ‘metagons’—particles whi» 
prevent destruction of mu. Metagons in extracts preve: 
loss of mu in metagon-depleted paramecia. The latter a 
produced by treating mate-killers with ribonuclease | 
replacing M genes by m genes using suitable crosses ar 
autogamy. Metagons are present in the RNA extracts 
from ribosomes of paramecia bearing the M gene. Met 
gons hybridize well with DNA from paramecia containir 
M genes and poorly with DNA fram paramecia containir 
m genes. Consequently metagons are thought to tł 
messenger RNA. Metagons from paramecia, whe 
introduced into certain ciliates such as Didinium, becom 
self-reproducing, like RNA viruses”. Recent Russian wor] 
for example, by Judin (Leningrad), involving nuclea 
transplantation and amoebae, appears to minimize th 
control of genetic effect by the cytoplasm; he conclude: 
that the inheritance of all the characters studied is cor 
ditioned exclusively by the nucleus. Grell (Tübinger 
explained the new ideas on sexuality in foraminiMl 
erans, in particular autogamy or the mating of gamonts 
which could be differentiated into two morphological; 
similar types, reacting differently in the course of thei 
lives. 

There were numerous contributions from the French 
School (headed by Fauré-Fremiet, de Puytorac, Hovasse 
Savoie, Mme Noirot-Timothée and others) on the ultra 
structure of the ciliates, and the structures were not merelu 
described, but also considered fram the point of view o 
their nature, morphogenesis, and mode of action. 

The paper by Satir (Chicago) presented evidence for ¢ 
sliding filament mechanism in the peripheral fibres o.» 
flagella and cilia. The ‘doublets’ consist of a longer ano 
shorter filament; the shorter filaments are apparently 
different in the two cases and they are always distal to the 
cell. of origin compared to the longer filaments. This 
agrees with expectations for sliding-filament models of 
filament function where the filaments at the bottom of the 
cross-section would move out past those at the top to 
accommodate curvature. 

Progress has also been made in other aspects in the study 
of flagella and cilia. The great versatility of these organ- 
elles, especially in relation to the presence and arrange- 
ment of mastigonemes, was stressed by Jahn (Los Angeles). 
The mathematical analysis of the hydrodynamic principles 
involved in both flagella and cilia has advanced. consider- 
ably, as illustrated by the papers of Rikmenspoel (New 
York), Holwill (Dorking) and Machin (Cambridge). 
Further, the co-ordination of ciliary action was shown by a 
number of speakers to be mediated mechanically and not, 
as has often been assumed, by the transmission of neuro- 
motor impulses by infra-ciliary fibres. The Polish workers 
in particular (Dryl, Grebecki and others) reported exten- 
sive experimental work correlating various forms of ciliary 
activity with surface potential, thereby providing a 
physiological interpretation of ciliate movement and 
reaction (for example, the induction of anodal galvano- 
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s In Paramecium caudatum by membrane calcium). 
delson and Warmouth (Boston) made an attempt to 
onstrate learning in Paramecium caudatum, in which 
sated mechanical stimuli, paired with light or absence 
ght, were presented to individual animals in a desig- 
od region of a capillary test chamber. The animals 
—sided the area in which the mechanical stimuli were 
xn only under conditions of low-intensity illumination. 
aough avoidance persisted for a period of several 
utes following cessation of mechanical stimuli, this 
sonse cannot be interpreted as learning since it was not 
endent on pairing of any other stimulus with the 
shanical stimulus. Further, during stimulation of one 
nal, a second animal also present in the chamber, but 

' receiving the stimuli, developed the avoidance re- 

nse to the area in which the first animal was stimulated. 

ce it is unlikely that mechanical stimulation produces 
«nges directly in the medium, it 1s suggested that a 
terial is elaborated by paramecia in response to noxious 
nulation. A simpler aspect of locomotion was beauti- 
ly demonstrated by Freyvogel (Basle) in a speeded up 
.6-film to show the movements of malarial ookinetes. 
recent years their inherent motility had been denied. 
© film clearly demonstrated that two types of movement 

» to be distinguished: in the first the ookinete is 

ached to the substrate with one pole as @ sucker; 

th the free part of the body it carries out circling move- 
ants, but it remains on the spot. By the second a more or 
ss even locomotion is made possible; this is brought 

‘out by circular contraction waves which originate at the 

«terior pole and which migrate on the surface of the body, 

3ll over its central portion. With reference to the sub- 
«cate these contraction waves remain on the spot and the 

‘otoplasm with its inclusions is driven forward through 

wm. In this way, on one occasion, an ookinete was 
iown to cover about 100u within 40 min. 

Few papers dealt with amoeboid movement, doubtless 

acause this has been the subject of a recent symposium 
sewhere, but the demonstration by Seravin (Leningrad) 
1at amoeboid locomotion is produced not by a single 
«ut by many physiological mechanisms strikes a new note. 
While the importance of the organelles, as revealed 
y electron microscopy, is fully recognized, Cheissin 
BLeningrad) pointed out that their presence or absence 
™hould not be regarded as an indication of the taxonomic 
“osition of the organism concerned; such organelles have 
» common function throughout the animal and plant 
Ingdoms, and their existence is an indication of function 
ather than of taxonomy. On the other hand, as Jahn 
Los Angeles) states, locomotion itself has always been 
egarded as the most important and generally accepted 
ingle taxonomic criterion of non-fossil Protozoa from sub- 
shyla to species, and this function of the organism is 
lependent on such organelles. Polyansky (Leningrad) 
xxtended these ideas in an interesting discussion on 
svolution in the Metazoa and Protozoa; in the former, 
here 18 a tendency to & decrease in the number of organs, 
a the latter an increase (polymerization). This is accom- 
wlished either by increasing their actual number (for 
example, the nuclei of opalinids), their duplication as in 
Guardia or their differentiation into two types as in the 
macro- and micro-nuclei of ciliates. A further extension 
of the process is by polyploidization with the emergence 
of new evolutionary forms. 

The foregoing topics largely concerned the free-living 
Protozoa, although many of the conclusions can also be 
applied to the parasitic forms. The latter represent 
specialized subjects, progress on which has advanced since 
the preceding conference on predictable lines. 

The subject of piroplasms was selected as representing 
an area where important gaps in knowledge exist, in the 
hope of stimulating fresh work, but unfortunately little 
major progress in relation to the life-history of these 
organisms or even on their taxonomic position has yet 
been. effected. 
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It was obvious that a great deal of work is being done 
on. the biochemistry of ths Trypanosomatidae, and this is 
commencing to throw ght’ on their phylogeny and 
classification. Guttman (New York) explained the different 
nutritional requirements :n special media of Leishmania, 
Leptomonas and Crithidia. 

Artificial immunization of animals against the malaria 
parasite (Margaret Weiss, Michigan) and the trypanosomes 
(Soltys, Cambridge) has at last been accomplished. In 
the former case, mice wsre actively immunized by the 
Injection of a strain of Plasmodium berghei which had 
become non-invasive for mice. This strain had lost its 
infectivity for mice, thcugh not for rats, following a 
number of sojourns in tissue culture in a medium con- 
taining hamster serum. An initial immunizing dose con- 
taining few parasites wes followed 2 weeks later by a 
booster injection contain:ng 1-2 million parasites of the 
same strain. The mice were afterwards challenged by the 
parent strain which kills control mice: within 3 weeks. 
Immunity was slow to develop, and during an initial 
period extending for about 4 weeks after the booster 
injection the mice were particularly susceptible, and 
succumbed even faster than the controls to challenge 
infection with the virulent strain. But after this sensitive 
period good immunity developed which was solid in many 
cases; in others single parasites were seen, and in a few 
cases peak parasitaemias of 1-2 per cent red blood cells 
parasitized were observed. This degree of immunity per- 
sisted for about 4 months. Soltys showed that T'rypano- 
soma brucei, inactivatec by treatment with B-propio- 
lactone, could be used as a living vaccine to protect mice 
against the homologous, virulent strain. 

The recent discovery ky Mme Landau (Paris) of a new 
species of rodent malaria parasite is likely greatly to facili- 
tate malaria, research, because Plasmodium chabaudi 
represents a model whers an infection in a small labora- 
tory mammal can be used with much greater ease and 
success than the well-known P. berghei in mice or P. 
cynomolge or P. knowles: in monkeys. The latter systems 
present many technical <lifficulties; on the contrary, the 
new species is easily transmitted by mosquitoes and 
enormous numbers of excerythrocytic forms are produced. 
This work stems from ths highly successful recent experi- 
ments of Yoeli? (New York) on the transmission of P. 
berghei and the discovery of its exoerythrocytic cycle 
in the liver of mice and Lamsters. 

Further knowledge of the ultrastructure of the Sporozoa 
was advanced by Scholtyseck’s (Bonn) work on sporo- 
zoites of Eimeria perferans, Cheissin’s (Leningrad) on 
E. bovis, Sheffield and Hammond’s (Utah) also on E. bovis, 
Vivier’s (Lille) on gregazines and coccidia, and Bardele’s 
(Tubingen) on Hucoccidium dinophili. 

A special topic of the first Conference was Toxoplasma; 
little new information has emerged in the past four years 
relating to the life-history of this organism until very 
recently when Hutchinson (Glasgow)? described the 
apparent transmission af Toxoplasma through the egg of 
Toxocara catta. He did not give a paper on this subject, 
but discussed the implications in the session dealing with 
the organism. 

A newly discovered disease of man, due to the free- 
living amoeba, Hartmar-ella castellanii, was described by 
Culbertson (Indiana), who gave details of his experimental 
work with this organism in rabbits and mice, and showed 
slides of the organism as found in the tissues from 7 fatal 
human cases. 

The role of Pneumocrstis carinii as a pathogen of man 
becomes more formally established following papers by 
Kučera (Prague), Frerkel (Kansas) and Yaeger (New 
Orleans}. P. ©. ©. Garnaam 


1 Intern. Congr. Ser., No. 91 Excerpta Medica Foundation, Herengracht 
119-123, Amsterdam, ©). 


2 Yoeli, M., Trans. Roy. Soe Trop. Med. Hyg , 59, 255 (1965). 
3 Hutchinson, W. M., Nature, 208, 961 (1065) 
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TYPOGRAPHY 


T an mformal meeting of editors of journals ın 
which bacteriological papers appear, and some other 
interested persons, it was agreed that a greater uniformity 
in typography was desirable; the following proposals, 
which arose from the meeting and from subsequent 
discussion, may be of wider mnterest. 

It must be made clear that these proposals are concerned 
solely with typography and not with the more controversial 
subjects of classification or nomenclature. 

(1) Nomenclature. The International Code should be 
followed. (International Code of Nomenclature of Bacteria 
and Viruses: Bacteriological Code: Ames, Iowa, Iowa 
State University Press, 1959.) 

(2) Major ranks, such as the names of orders, tribes or 
families, are written in roman with an initial capital; for 
example, linterobacteriaceae 

(3) Binomials consisting of genus and species together 
are italicized, only the genus having a capital letter; for 
example, Staphylococcus aureus. [Note: A bmomial which 
is considered invalid may be enclosed in quotes; for 
example, ‘Bacillus typhosus’ .] 

(4) Sub-species (varieties) are italicized, without a 
capital, and preceded by ‘subsp.’ (or ‘var.’) ın roman; for 
example, Corynebactertum diphtheriae subsp. mites. 

(5) Strains are prmted in roman and are capitalized 
only when derived from proper names; they are preceded 
by ‘strain’ in roman or may be regarded as part of a 
trivial name (see $); for example, Staphylococcus aureus 
strain Oxford, the Oxford staphylococcus. 

(6) Groups and types are printed in roman and desig- 
nated by capital letters and arabic figures respectively ; 
for example, Streptococcus pyogenes group A type 1. 

(7) Generic names are italicized either when used alone 
to mean the whole genus as a genus or followed by ‘sp.’ or 
‘spp.’ to indicate a culture which has been identified only 
as far as the genus. Otherwise when used either as nouns 
or adjectives they are regarded as trivials and printed mn 
roman; for example, the genus Brucella . . ., culture 
yielded Bacillus sp., some escherichias may have 
salmonella antigens. 

(8) Specific epithets are occasionally used alone, and 
are usually regarded as trivials and printed ın roman; for 
example, the strains were of the abortus type. 

(9) Trivial names should be in roman type and capital- 
ized only when derived from proper names. (Not when 
names of diseases are used.) Generic names may be used 
trivially; for example, meningococcus, Koch—Weeks 
bacillus, haemophilus, spirochaete, typhoid bacillus. 

(10) Anglicized plurals may be used for trivial names to 
avoid classically derived forms which may appear pedantic 
or clumsy; for example, salmonellas, mycoplasms, 
actinomycetes, psoudomonads, leptospires. 

(11) Hyphens should be used sparingly and never in 
italicized binomial (or trinomial) forms. A single word 
must be used to avoid confusion; for example, Salmonella 
choleraesurs, Bacillus pseudotuberculosisrodenteum; but 
note: Salmonella paratyphi B. 

(12) Abbreviations should be used with caution. 
Generic names may be abbreviated to a single capital 
letter except: in titles; in summaries; when first men- 
tioned in the text and when any possibility of confusion 
could exist; for example, S. aureus (see Cowan, S. T., 
Science, 120, 1103; 1954); specific epithets should never 
be abbreviated, except possibly in tables. 

(Note: Special ad hoc abbreviations may sometimes be 
acceptable in text-books or abstract journals, so long as 
they are clearly explained in the text.) 

(13) Salmonellas present a special problem as their 
nomenclature is still m dispute. It is not the purpose of 
this communication to discuss the merits of the various 
proposals but to suggest appropriate typography. The 
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following examples illustrate some of the ways in which 
same culture may be described. (a) A separate species, : 
so written as a binomial in itahes with the specific epit 
in latinized form and in lower case; for example, & 
monella londonensis (this example is after Haupt, citec 
Bergey’s Manual, sixth ed The latinized form of the w: 
‘London’ should, in fact, be ‘londiniensis’). (b) As abc 
but with the specific epithet unlatinized; for examr 
Salmonella london. (c) A variety of a large inclusive spec 
and so written with the epithet in lower case italics; » 
example, Salmonella kauffmanw var. londonensis. (d) 
serotype of a large inclusive species and written m rom 
with an initial capital if derrved trom a proper name; 
example, Salmonella kauffmannii [serotype] Lond 
(e) A trivially named serotype written in roman throug 
out with an initial capital if indicated; for examp 
Salmonella London. 

(14) Notes: (1) Specific epithets should be a single we 
in lower case, but serotypes, being trivials, may have mc 
than one word and capitals where required. See pars. 
and 11; for example, Salmonella saintpaul, c.f. Salmone 
Samt Paul. (ii) A hybrid or bastard composed of » 
italicized generic name and a roman serotype cannot 
defended and should not be used; for example, Salmone: 
London. 

(15) The nomenclature of salmonellas is discussed mo 
fully by Cowan, 8. T. (Bull. Hyg., 32, 101; 1957). Her 
we would merely suggest that wherever possible a sing» 
usage should be adopted for use in a single communicatio 


A Note on the Typography of Other Micro-organism 


(16) Fungi and protozoa. Nomenclature is governe 
by the international botanical and zoological codes. M 
general, our suggestions for bacterial typography cou” 
apply. 

(17) Viruses. The nomenclature of viruses 1s at preser 
being considered by the Provisional Virus Nomenclatur 
Committee of the International Association of Mierc 
biological Societies. Until their findmgs have bee 
accepted. and approved we consider that names of viruse 
should be regarded as trivials The following tentativ 
suggestions for their typography may be helpful! 
(a) Viruses named after a disease should be wmtten a 
separate words in lower case roman, except where th: 
name of the disease 1s derived from a proper name; fo 
example, measles virus, poliomyelitis virus, varicella 
zoster virus, herpes simplex virus, Newcastle disease virus 
(b) Viruses named after a place or person should be writter 
as separate words with an initial capital; for example 
Coxsackie virus. (c) Classical or euphonious syntheti 
prefixes should be combined with the suffix ‘virus’ anc 
written as a single word in lower case; for example 
adenovirus, cytomegalovirus, echovirus, picornavirus 
pohovirus. (d) Unpronounceable synthetic prefixes shoul 
be written as a separate ‘word’ entirely in capitals; fo: 
example, LCM virus. 

Among those who make these recommendations are 
Sir Christopher Andrewes, formerly deputy director 
National Institute for Medical Research: Dr. H. J. ÇD 
Burke-Gaffney, editor, Bulletin of Hygiene; Dr. S. T 
Cowan, director, Central Publie Health Laboratory 
formerly curator, National Collection of Type Cultures 
Dr. R. M. Fry, editor, Journal of Hygiene; Dr. J. C 
Kelsey, editor, Monthly Bulletin of the Manistry of Healti 
and Public Health Laboratory Service: Section IL; Prot 
C. L. Oakley, editor, Journal of Pathology and Bac 
tervology; Mr. A. F. B. Standfast, editor, Journal fo 
General Microbiology; Mr. G. Sykes, editor, Journal o 
Applied Bacteriology. 
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ANGLO-AFRICAN JOINT RESEARCH SCHEMES AND RECRUITMENT 


CONFERENCE was held under the auspices of the 
Centre of African Studies, University of Edinburgh, 
association. with the Ministry of Overseas Development, 

. “Joint Research Schemes and Recruitment”, at the 
«niversity of Edinburgh during September 13-17. 

Ninety delegates from universities, training colleges and 
«lleges of advanced technology ın Scotland, the North of 
ngland and Northern Ireland and Africe attended the 
mference. Representatives came from thirteen British 

stitutions of higher education and fourteen African, 
agether with representatives of the British Ministry of 
verseas Development, the Commonwealth Association 

7 Architects, the Architectural Association, the British 
ouncil and the Inter-University Couneil for Higher 
iducation Overseas. 

Although this conference was called originally to discuss 
ynt research schemes between institutions of higher 
-dueation in Scotland, the North of England and Northern 
reland and African universities and also recruitment in 
his northern region of Great Britain for African uni- 
versities, it soon extended its terms of reference to 

enclude almost the whole field of relations between 
3ritish and African higher educational institutions. 

“his tendency undoubtedly grew from the fact that 
oth the British and African universities find themselves 
n an exciting period of parallel development in a rapidly 
shanging world. 

In the past it has been common to consider that the 
«elations between British and African universities were 
heavily weighted on the side of British initiatives. It soon 
emerged from the conference, particularly as a result of 
the contributions of the African delegates, that this was a 
two-way traffic and that the British universities would 
also benefit from an extension of their relations at all 
levels with African universities. 

The conference, in 1ts conclusions, stressed the necessity 
of improving, in all their ramifications, the channels of 
communication between British and African universities. 
Not only was it necessary to improve the existing channels 
of communication between the Ministry of Overseas 
Development, the Inter-University Council for Higher 
Education Overseas, and British and African higher 
educational institutions and to improve the information 
services on African educational possibilities ın Great 
Britain of British professional organizations, but 1t was 
also important to set up regional committees of British 
universities to improve their own communications with 
African universities. In particular, there should be a 
committee of the Scottish, North of England and Northern 
Ireland universities, training colleges and colleges of 
advanced technology for this purpose. 

A major decision of the conference—one in which it 
struck out ın a new direction in British—African higher 
educational relationships—was that throughout the British 
Isles a number of committees based on the major academic 
disciplines and organized on trans-university lines should 
be set up to initiate new joint research schemes and 
activities between British and African academic institu- 
tions and to review existing joint activities periodically. 

The conference urged that a directory of research in 
progress in African universities should be produced as 
soon as possible. Furthermore, ıt urged that a directory 
of specific post-graduate opportunities in British unı- 
verrities (their individual research interests and achieve- 
ments; tho facilities which they offered for research: the 
size of their post-graduate departments; and their 
reputations in their respective fields) aimed at the par- 
ticular needs of African post-graduate students should be 
compiled as soon as possible. This, it was suggested, 
should be revised frequently, in order to present the 


potential African postgraduate student with as up-to- 
date a picture as possib:e of postgraduate prospects ın a 
rapidly changing scene 

Tho conference stressed strongly the importance of both 
official and unofficial fucds being made available, not only 
in improving the conGtions of secondment of British 
academic workers in «african universities but also for 
improving the position of the permanent staff, many of 
whom were from Great Britain, in African institutions of 
higher education. The financial implications of second- 
ment from British to African universities should give 
greater attention to ensuring that seconded personnol do 
not lose financially, as is so often the case, during their 
period of secondment t an African university. Careful 
safeguards to this effect should be written into their 
agreement with an Affican university. Greater efforts 
should be made at ths British end to supply African 
universities with technicans and ‘middle level’ administra- 
tors and secretaries. 

Secondment of senir personnel (such as deans of 
faculties and heads of desartments) from British to African 
universities, it was ccnsidered, should be for periods 
sufficiently long to ensare that programmes which such 
individuals initiated in African universities were properly 
launched. 

The conference direc.ed special attention to the prob- 
lems of African post-graduate research students and 
stressed that greater atcention should be given to placing 
them in those British universities in which their interests 
and talents could be most effectively developed. Depart- 
ments in British univecsities should be discouraged from 
assumumg responsibility-for African postgraduate students 
for whom they could rot provide viable research topics, 
adequate supervision and the necessary materials for 
research. 

In its detailed consrleration of joint research schemes 
between British and African higher educational institu- 
tions—many of which were developed in detail in a series 
of inter-disciplinary Ciscussion groups—the conference 
stressed that British universities should endeavour to 
participate in existing omt research schemes with African. 
universities and ın sch2mes which have been initiated in 
African untversities themselves. While recognizing, how- 
ever, that such approaches are less wasteful in time, money 
and manpower than joint research schemes launched in- 
dependently in Great Britain, 1t was considered important 
not to discourage incependent schemes in those fields 
where British institutzons of higher education were in & 
position to give a lead to African universities. 

The conference urged that experiments should be made 
by the universities of Scotland, the North of England and 
Northern Ireland in setting up international halls of 
residence and British—African halls of residence in order to 
go some way towards ameliorating the growing crisis In 
student accommodaticn in British universities. 

The extent of the conference’s detailed deliberations will 
be reported in the Proceedings which ıt is hoped to publish 
shortly. In anticrpat-on of these, it should be indicated. 
that those deliberatiors ranged into unexpectedly detailed 
fields. For example, here was a lively discussion on the 
necessity of continuirg the external examiner system mmn 
African universities. Again, 1b was suggested by a con- 
siderable number of individuals at the conference that 
there were certan fioHs such as African history in which 
external examiners could be used from African universities 
in British universities. 

Finally, the conference expressed a strong wish that the 
many recommendaticns for umproving relations between. 
British and African tniversities which had been made in 
its various sessions should be translated into action as 
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soon as possible at all levels, both institutionally and 
individually. The conference saw in thesuggestionindicated 
here that academic disciplinary committees should be 
established for this purpose, one of the most hopeful signs 
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for the future. It was considered that in their meetings 
the future such academic disciplinary committees shot 
consider the possibility of holding further confereaces 
the kind held in Edinburgh. 
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MODERN TECHNIQUE IN RESTORATION OF ROMAN MOSAICS 


HERE is an inborn fascination to many of us, besides 

archaeologists and historians, in the discovery and 
unearthing of relics of life as it existed centuries ago. 
None of these is perhaps more generally exciting and 
popular than the Roman mosaic pavements, those skilfully 
constructed floorings m regular cubes of stone of many 
colours, beautifully contrived in patterns and pictures, 
frequently found in western Europe, far less common in 
Britain. Proof of life as it existed in Yorkshire during 
A.D. 100-400, as evidenced by the discovery of two excel- 
lent examples of Roman mosaic handiwork, is furnished 
by the Rudstone pavement, a few miles inland from 
Bridlington (1933), and by one at Brantingham, near the 
north bank of the Humber, a few miles west of Hull, 
unearthed in 1962. Some faithfully illustrated records 
of these two mosaics and particularly the manner of their 
preservation, are contained in a recent publication entitled 
Araldite in the Restoration of Roman Mosaics *. 

At Rudstone three mosaics were originally uncovered 
and housed on site for many years. However, they began 
to deteriorate and were ultimately removed to Hull 
Museums for permanent preservation, this work being 
undertaken by the Museum staff and successfully com- 
pleted in 1962. “One mosaic, 12% ft. x 10% ft., has a 
figure of Venus as its centrepiece; another, 11 ft. by 11 ft., 
shows a geometric pattern, while the third, depicting 
marine life, measures 10 ft. x 5 ft. These panels are now 
beautifully displayed in the museum.” Their removal 
from site was, however, a matter of great concern and 
cost. The geometric panel, for instance, with its steel 
reinforcement, weighed 43% tons; its display on a wall 
entailed the use of temporary scaffolding for its erection, 
a costly and laborious job. The lessons had been_learnt 
with these Rudstone mosaics the hard way; when it came 
to the question of lifting the newly discovered Branting- 
ham pavement, different methods of preservation were 
resorted to, involving the use of an ‘Araldite’ (CIBA) 
epoxy resin formulation and a novel technique. 

The Brantingham pavement apparently formed the 
foor of the largest room in what is thought to have been 
a distinguished Romano-British villa. It originally 
measured 36 ft. x 26 ft. It is the largest oxample of 
Roman, mosaic work so far discovered in Yorkshire. Un- 
fortunately part of this mosaic had suffered damage by 


* Ciba {A.R.L.), Ltd., Technical “Notes” (July, 41965): Araldite in the 
ieee of Roman Mosaws. Pp. 12. F(Duxford: Ciba (A.R.L ), Ltd., 


collapse into flues of an underlying hypocaust, but 
number of large panels were well preserved, remove 
and are now in course of preparation for exhibition in Hi 
Museums. Some smaller sections of the mosaic we. 
taken away flat, but other larger portions were transporte 
by what is known as the ‘rolling-up’ technique. Briefh 
the procedure is as follows: to ensure absence of moistur 
æ motal scaffold frame is erected over the pavement ar 
on this a plastic sheet is stretched; butane gas heate» 
are then directed on to the pavement for some three day 
or so; at the end of this drying, two coats of a polyviny 
chloride solution are spread over the mosaic, a bandag 
material laid thereon, and a top sealing coat of polyvinyl 
chloride. The next operation—a difficult one—is th 
actual rolling up of the pavement; according to thi 
account: “This was done on @ cardboard roller, 2 ft. ir 
diameter, strengthened internally and filled with a suitabl)- 
axle. The tesserae (the individual stone cubes forming 
the pavement) were cut away from the mortar with long 
iron, blades and several workers helped to turn the rolle» 
and ensure that the pavement was evenly wound. As 
they went on to the roller, the layers were interleavec 
with two sheets of corrugated paper and a strong dust 
sheet which was pulled tightly over the tesserae to keer 
them in place”. Thus the sections of the pavement are 
transported to the museum. 

The unrolling stage is the next operation and it is here 
that the ‘Araldite’ resin plays its part. The major 
sections of the pavement are unrolled face down on a 
sloping surface; the edges are boxed in with timber to 
make a container for the backing; any loose mortar is 
cleaned off; then an ‘Araldite’ coat is applied together 
with chopped glass fibre. Finally, this is backed up with 
2 in. of vermiculite and iron reinforcing bars bonded with 
an ‘Araldite’ resin formulation. The whole process 
results in a light but rigid structure. Compared with the 
Rudstone mosaic panels, it is estimated that this technique 
results in the weight of the Brantingham panels being 
less than a quarter per unit area. 

The great advantages of these cured ‘Araldite’ epoxy 
resins for this sort of work are their stability, resistance 
to chemical attack and moisture. Furthermore, they 
possess strong adherent properties to a host of different 
materials, such as stone, glass fibre and vermiculite. Jt is 
indeed no boastful claim that “‘. .. these beautiful pave- 
ments are now permanently preserved for the benefit of 
posterity ...” 


A PROPOSAL ON NATURE’S TIME-SCALE 
By Pło. NEIL G. McCORMICK 


Department of Microbiology, School of Medicine, University of Virginia, Charlottesville 


e has become increasingly obvious through the various 
cosmological and relativity theories that we live in a 
non-linear universe. As has been aptly pointed out?, there 
is a tendency to make simplifying assumptions about all 
observable phenomena in order to explain them in a linear 
manner. In a way this has lulled us into the belief that 
most processes may be considered to exist in some theoreti- 
cally idealized state. Hence, many observations of non- 
linear processes are compromised by considering “. . . 
equations to be linear for a sufficiently small displacement 


... or, “. . . in a certain range the curve can be approxi- 
mated by straight lines as shown”. However, these 
idealized assumptions (that is, homogeneity, friction- 
lessness, weightlessness, temperature of absolute zero, 
perfect gas, perfect vacuum, etc.) are never observed in 
reality, and in all likelihood never occur in Nature. Even 
though such assumptions may aid greatly in understand- 
ing the mechanisms involved, they do not lead to a complete 
description of the process. As stated by D. W. Thompson? 
in a discussion concerning the regeneration ef tadpole 
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s: **. . . 1t is obvious that the value which we have 

nd for the latter portion of the curve (however closely 

«6 conformed to) is only an empirical value; it has only a 

porary usefulness, and must in time give place to a 

«mula which shall represent the entire phenomenon, 

m start to finish”. 

[his communication proposes a non-linear function of 

16 which appears to describe the time-course relation- 
«ips of a variety of processes, 

Several proposals have been made recently on re- 

aluating some of the basic units of measurement. 

wldwin and Tonks? propose the adoption of a logarithmic 
essure scale which would encompass both extreme 
cuums and high pressures with equal facility. The 

thors emphasize the advantages of converting to a 

zarithmic scale and refer to the established precedence 

r such a scale in the pH system. This scale would permit 

e recording of vacuums approaching that of an absolute 

«cuum, a limit (it should be emphasized) which has never 

eon attained experimentally. Likewise, a proposal for the 
teration of the temperature scale has been advanced by 
eorgian‘! in which he maintains that new units are neces- 
ry to describe the proper dimensions for temperature, 
1at is, specific energy. When the proper conversion is 
ade, the gas constant, R, becomes unity and the Boltz- 
‘ann constant, k, is recognized as the reciprocal of the 
vagadro number. In addition to the resulting simplifica- 
on it may be appropriate to consider the temperature 
zalo as logarithmic also. As in the case of an absolute 
acuum, a temperature of absolute zero is a limit which 
1ay be closely approached but never attained. The 
doption of logarithmic scales would provide a continuous 
onnecting link between the infinitesimally small and the 
afinitely large. 

Proposals which consider the nature of macrocosmic 
ime as exponential or logarithmic functions have been 
advocated by Milne and by others5-’. A logarithmic 
1ature to psychological perceptions of time has also been 
.oted®:*, If time is truly non-linear then this non-linear 
unction should be equally applicable to processes describ- 
ng microcosmic events. In whatever process the time 
oarameter is involved there should exist some descriptive 
unction which incorporates a non-linear function of time. 

An investigation of the kinetics of germination of 
bacterial spores has led to the derivation of an empirical 
equation which accurately describes the sigmoidal 
Kime-course curves obtained?°-14, The equation, 
Y = exp(—kt~), may be converted into a linear function 
by plotting log log 1/ Y versus log t, where Y is the fraction 
of the process completed in time ż, k is a function of the 
intercept at log ¢ = 0, and —c is the slope. 

The equation also successfully describes the sigmoidal 
time-course curves obtained from a variety of different 
processes. Further applications suggest that time-course 
curves which appear to be hyperbolic rather than sigmoidal 
are also described by the equation. Representative types 
of time-course curves from a variety of processes are 
shown in Fig. 1. The time-scale is expressed in arbitrary 
units depending on the nature of the specific process 
being measured. Curve A is representative of processes 
which appear to reach completion very rapidly, such as 
fast chemical reactions and, if inverted, even survival 
curves. Curves B and D represent processes describmg 
rectangular hyperbolas passing through the origin, such 
as observed with many enzymatic and chemical reactions. 
Curves C and # represent processes which describe 
sigmoidal time-course curves such as growth, certain 
chemical reactions, spore germination, enzyme induction, 
and a whole host of other naturally occurring prenomena. 
Curve F represents the type of process which appears to 
be linear with time, such as one which completes only a 
very small fraction of the total process during the period 
of observation. The curves shown in Fig. 1 were all 
generated by +se of the equation by assigning to the 
constants, c and k, the values given in Table 1. 
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Table 1 THE VALUES OF THE CONSTANTS USED IN THE EQUATION Y= 
exp(—&t-°) TO GENERATE THE CURVES IN FIę&. 1 
Process c k 

A 3°725 00002286 

B 0:6502 0 3558 

C 1 536 3°224 

D 0 4307 1 709 

E 1:096 6 909 

F 0 3010 4:606 


Because of the variety of processes which have been 
examined and found to conform to the equation, the follow- 
ing premise is suggested: the time-course curves of all 
natural processes are sigmoidal whether or not an induc- 
tion period or inflexion pomt can be detected during a 
particular observation. Examination in the classical 
sense of curves A, B and D m Fig. 1 suggests that a tangent 
to the curve at the origm might be constructed and that 
the slope of such a line would give the maximum rate of 
the process. These suppositions have been extensively 
utilized in the formulation and development of classical 
kinetic theory. The same argument holds for curve F in 
which it appears that a straight line passing through the 
origin may be drawn through the points. If the foregoing 
premise is true, however. then all the curves actually must 
possess an inflexion pant at a time other than zero 
although it may approach zero to any degree desired. 
Since each of the curves depicted was generated by the 
equation Y = exp(—f:-°), the inflexion points may be 
estimated mathematically#*. Inspection of curves A, B 
and C suggests that they tend toward a limit of 1-0. 
However, this limiting value is not as apparent with the 
remaining curves. Curva F may appear either to increase 
indefinitely (if considerel a straight line) or to approach a 
limit significantly less than a value of 1-0 (if curvature is 
acknowledged); however, the equation used to generate 
each curve is based on a limiting value of 1-0 as time 
approaches infinity. Curves D and # also appear to 
approach limits somewhat less than the maximum of 1-0 
even when the usual methods of extrapolation to infinity 
are employed. It can bə estimated by means of the fore- 
going equation that process F would require 2:82 x 10° 
units of time to reach 9C per cent of completion, process D 
would require 750 units of time, and process Æ, 64 units of 
time. Thus, the equilibzium value of a process determined 
by application of the foregoing equation may be appre- 
ciably greater than the value estimated by extrapolation 
procedures at present available. 

Investigation of the possible physical significance and 
properties of the equaticn has led to the formulation of the 
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Fig 1. Time-course curves typical of various types of processes generated 


by the equation Y=exp(—*t*) The corresponding values for the 
constant are given in Table 1 
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Fig. 2. Exponential relationships of the times required for processes 
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time required for the reference process (C) to achieve the same fraction of 
completion i 





following hypothesis: all naturally occurring phenomena 
proceed according to exponential functions of time and 
each process in Nature conforms to its own unique time 
scale. The refutability of the hypothesis may be examined 
by testing a corollary to the hypothesis; namely, that a 
process need not necessarily be timed by a clock, but may 
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be ‘clocked’ by reference to any other reaction in Natur 
That is, the time required for any specific process in Natu: 
to attain a certain degree of completion (or fraction of 1 
limiting value) is exponentially proportional to the tin 
required for any other natural process to attain the san 
fraction of completion. This is illustrated in Fig. 2. Th 
times required for the process represented by curve 
(the reference ‘clock’ in this case) to attain various fra 
tions of completion (superimposed scale) are plotted alor 
the abscissa while the times required for each of the othe 
processes to reach the respective fractions of completio 
are plotted along the ordinate. If a complete and accurat 
record of the reference process is known, and if the exter 
of completion of the second process is known at two diffe» 
ent times then the course of that process may be predicte 
for any time. The dashed line represents a guideline o 
the reference curve C plotted on both the ordinate an: 
abscissa. 

The final proof of the hypothesis lies in testing the fore 
going corollary with accurate data from a wide variety © 
different processes. In order to calculate the fraction o 
completion at any time and to apply the experimente 
data, it is imperative that the exact zero time be know: 
as well as the true limiting (or equilibrium) value of the 
process as time approaches infinity. 

This work was supported in part by U.S. Public Healt 
Service research grant AI-06037—01 from the NIAID, anc 
by Research and Development Funds, University o. 
Virginia. 
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SUBCUTANEOUS SARCOMATA IN HAMSTERS INDUCED BY ROUS 
SARCOMA VIRUS (BRYAN) 


By Pror. M. L. EIDINOFF, B. BATES, M. STEINGLASS and Pror J. R. HADDAD 


Divisions of Biophysics and Microbiology, Sloan-Kettering Institute for Cancer Research, New York 


VW the investigation reported here was begun 
(June, 1964) the Bryan strain of the Rous sarcoma 
virus (RSV) had been found to be oncogenic for fowl only, 
while several strains of RSV, including the Carr—Zilber 
and Schmidt—Ruppin, produced tumours in a variety of 


Table 1. 








Pock- 
Group Inoculum forming Ani- 

units mals | 0-14 
A RSV (Bryan) * 2x 104 21 0 
B RSV (Bryan) + reconstituted 1x 10° 122 0 
C RSV (Bryan) plus hamster embryo 1x 105 37 0 

extractt 

D RSV (Schmidt-Ruppin)§ 25x10? 24 0 
E RSV (Schmidt-Ruppin)§ 1x10! 71 0 
F Hamster embryo extract 40 
G Eagle’s basal medtum 71 
H No injection 37 





mammalian species!-*. The experiments of Stewart and 
Landon (reported by 8. E. Stewart at the Stern symposium, 
‘Perspectives in Virology”, February 1964) suggested that 
RSV (Bryan) could be ‘activated’ to be oncogenic for 
mammals by suitable treatment with a hamster embryo 


INCIDENCE OF TUMOURS FOLLOWING INOCULATION OF ROUS SARCOMA VIRUS IN NEW-BORN HAMSTERS 


Incidence of tumours (days) 











| Di 
15-20 | 21-30 | 31-60 | 61-90 191-2001 














0 1 0 0 1 1 2 18 | 10 
1 12 4 2 7 25 26 71 | 27 
8 2 1 0 6 2 17 18 | 49 
2 2 0 0 4 2 8 14 | 36 
1 8 12 8 18 10 42 19 | 69 
ol) A 0 29 0 

: 1 0 70 0 

0 87 0 








* Combined data from several experiments using CT 951, CT 955 and CT 957. Original sample (in 0-05 M sodium citrate) diluted with Eagle’s basal medium 


plus 5 per cent calf serum. 


I Bryan stocks, pelletized and resuspended in Eagle’s basal medium plus 6 per cent calf serum. 


See text for preparation of sample. 


§ Schmidt—Ruppin strain, Lots 11 and 29, University Laboratory, Highland Park, New Jersey. Samples diluted with Eagle’s basal medium plus 5 per 


cent calf serum 
T The experiments were terminated at 200 days. 
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t*. These findings led to an investigation in our 
oratory in which RSV (Bryan) was inoculated into 
-born hamsters under several experimental conditions 
luding treatment with hamster embryo extract. We 
e found that RSV (Bryan) can yield sarcomata in 
nsters following inoculation (10*-10° pock-forming 
ts in 0-1 ml.) in new-born hamsters in the absence of 
extract from rapidly growing tissue. Since these 
periments were started, Rabotti et al. have reported the 
mation of gliomas and choroid plexus papillomata 
juced by intracerebral inoculation of RSV (Bryan) in 
w-born hamsters’. 

RSV (Bryan, lots CT 951, CT 955 and CT 957) was 

eovided by Dr. W. Ray Bryan, National Cancer Institute, 
a partially purified, pelletized preparation stored in 

J5 M sodium citrate. RSV (Schmidt—Ruppin, lots 11 

„d 29) was supplied by University Laboratories, Highland 
ark, New Jersey. Viral suspensions and contro! materials 

-1 ml.) were inoculated subcutaneously (at the nape of 

e neck) into golden Syrian hamsters (Manor Farms, 
bow York) 24-48 h after birth. Virus preparations were 
_ssayed in pock-forming units by enumeration of pocks on 

e chorioallantoic membrane of chick embryos using 

dard procedures’. 

In order to prepare RSV (Bryan), ‘reconstituted’ 
Wable 1, Group B), a pellet was prepared by centrifuga- 
on at 40,0009 for 1 h followed by resuspension in Eagle’s 

medium plus 5 per cent calf serum to the original 
lume. To prepare hamster embryo extract containing 
*SV (Bryan), embryos taken one day before parturition 
“ere minced and an equivalent volume of virus suspension 
vas added. This mixture with an equal volume of 0-153 M 
otassium citrate (with 1-5 mg per cent hyaluronidase) 
vas homogenized (‘Virtis 45’) at 4° for five 1-min runs at a 
wetting of 10 with a 20-sec rest between runs. Eight 
olumes of 0-153 M potassium citrate were then added. 
“he mixture was allowed to stand at room temperature 
sor 30 min and afterwards kept at 4° for 24h. The mixture 
vas sedimented (International centrifuge) for 20 min at 4° 
nd 1,500 r.p.m. and the supernatant was removed and 
»pun again as above. The supernatant was cleared at 
.8,000g for 1 min (Servall centrifuge). The virus was then 
relletized at 40,000g for 1 h (Spinco L) at 4°. The pellet 
was resuspended in a volume of Eagle’s basal medium plus 
5 per cent calf serum equal to the original volume of virus 
suspension. The preparation of hamster embryo extract 
twithout addition of virus) was similar to that already 
described here and used as a control inoculum (Table 1, 
Group F). 

The combined results of several experiments using RSV 
(Bryan), 10° pock-forming units, are shown in Table 1, 
Group B. Since the presence of 0-05 M sodium citrate in 
the RSV (Bryan) was observed to be toxic to the new-born 
hamsters, the virus suspension was ‘reconstituted’ at full 
titre in Eagle’s basal medium plus 5 per cent calf serum. 
Progressively growing sarcomata had been observed in 26 
of the 122 animals when the experiments were terminated 
after 200 days. Approximately half the animals receiv- 
ing 1 x 10° pock-forming units of RSV (Bryan plus 
hamster embryo extract) developed tumours (Group C). 
Using a dose of only 2 x 10* pock-forming units of RSV 
(Bryan), about 10 per cent of the animals developed 
tumours (Group A). 

Of the 148 control animals either inoculated with 
hamster embryo extract or Eagle’s basal medium or not 
inoculated at all, no tumours were found after 200 days 
(Groups F, G and H). 

Several experiments using the Schmidt-Ruppin strain 
are also summarized (Groups D, E). Based on the pock- 
forming units of RSV administered, the Schmidt—Ruppin 
strain was more oncogenic for the new-born hamsters 
used in this investigation than was the Bryan strain. 

The results for Group B and C (Table 1) suggest a 
slightly enhanced oncogenic activity for the RSV (Bryan) 
exposed to the treatment with hamster embryo extract 
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described here. After we had observed substantial 
oncogenic activity in hamsters using the RSV (Bryan) 
samples available in our laboratory, we abandoned any 
further search in our system for the identity of the 
‘activating factor’ suggested by the work of Stewart and 
Landon‘. 

The tumours were histclogically sarcomatous (Fig. 1A), 
poorly differentiated and similar to those described by 
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Fig. 1. Sections of tumoursin hamsters inoculated at birth with Bryan 
strain of Rous sarcoma vimis (haematoxylin-eosin stain, x 128). A, 
Poorly differentiated sarcomm. Pleomorphism; multiple nuclei; mitotic 
figure (lower left). Bryan CY 957; 2x 10‘ pock-forming units diluted in 
Eagle's basal medium plus 5 ver cent calf serum, Tumour onset: 24 nage; 
excised after 10 days; 3:3 g. B, Metastasis to lung. Bryan CT 955, 
pelletized and resuspended in Eagle’s basal medium plus 5 per cent calf 
serum. 1 x 10° pock-forming units; tumour onset 25 days; excised after 
13 days; 199 g. C, Fibrosarcoma., Bryan CT 951; pelletized and 
resuspended in Eagle's basa medium plus 5 per cent calf serum; 1 x 10° 
pock-forming units; tumour onset 17 days; excised 37 days after onset; 
3-8 g. D, Strap cells (in centre) suggesting rhabdomy n the 
vicinity of skeletal muscle not shown in the 
pelletized and resuspended in Eagle's basal medium plus 5 per cent calf 
serum. 1 19° pock-forming ane ey 3 onset 18 days; excised after 
ays; 32g 
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Ahlstrom and Forsby? using the Schmidt—Ruppin strain 
of RSV. The latter virus strain was also used in our labora- 
tory as a control and produced similar tumours (Groups D 
and Æ, Table 1). In a few instances, metastasis to the 
lungs was observed (Fig. 1B). In some tumours the cells 
were sufficiently differentiated to suggest a fibrosarcoma 
(Fig. 1C). In several cases, when the tumour was invad- 
ing skeletal muscle fibres, the latter appear to have been 
transformed to rhabdomyosarcomatous cells (Fig. LD). 
The formation of rhabdomyosarcomatous cells when 
the tumour produced by either the Bryan or Schmidt— 
Ruppin strain invades skeletal muscle suggests that the 
virus can induce several tumour types depending on the 
tissue infected. This suggestion is further supported by 
the production of ghomata and choroid plexus papillomata 
following intracerebral inoculation of the Bryan virus 
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strain into new-born hamsters? and the production . 
pleomorphic ghomata following inoculation of tl 
Schmidt—Ruppin strain’. 

We thank Mr. Stephen Goldberg for his assistance ar 
Drs. W. Ray Bryan, 8. E. Stewart and J. C. Landon fe 
their advice. This study was aided by grants from tk 
National Cancer Institute (C-3811> and the Atomie Energ 
Commission AT (30—1)-—910. 
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IMPLICATIONS OF THE IMMUNOLOGICAL THEORY OF CANCER TO 
MULTIPLE CAUSES 


By Dr, MARY R. ANDERSON and Pror. H. N. GREEN 


Department of Experimental Pathology and Cancer Research, University Schoo! of Medicine, Leeds 2 


XPERIMENTAL neoplasia has been induced in 

animals by radiation’, by viruses®3, and by intrinsic 

and extrinsic chemical carcinogens. In man, too, these 
factors have been associated with cancer. 

The evidence is still uncertain that the virus is more 
than a passenger in the cancer cell in man, but the 
lymphomatous tumour described by Burkitt’ among 
children in Uganda suggests that viruses can cause 
some types of human cancer. Brookes and Lawley*® 
maintain that carcinogens act by altering the nucleic 
acids binding to the adenine or guanine components of 
DNA. Gause et al.? recently described lesions in the DNA 
molecule, caused either by ultra-violet light or 5-fluoro- 
uracil, which they think are repaired by deoxyguanilie and 
deoxycytidilic acids. X-rays also can cause breaks in the 
DNA and RNA molecule’. Nowell and Hungerford’ found 
loss of a normal chromosome in human myeloid leukaemia; 
Court Brown et al.!° described the Philadelphia chromo- 
somal abnormality in the bone marrow in myeloid leuk- 
aemia, and Upton! found this Philadelphia chromosome 
in irradiated bone marrow. So far, no consistent genotype 
abnormality has been found in malignant cells from fixed 
tissues’*, although karyotype abnormalities have been 
found in most cases of chronic myeloid leukaemia, in 
acute leukaemia’! and in the bone marrow cells of 
patients with malignant lymphomas. Witts! has 
described an association between the experience of foetal 
irradiation and the subsequent development of leukaemia, 
and Holland?’ has pointed out that patients with Down’s 
syndrome (small acrocentric additional chromosome and 
mongolism) experience eighteen times the national 
average of leukaemia. 

A low concordance for the incidence of cancer in mono- 
zygotic twins has been noted, however, which argues 
against chromosomal abnormality being a direct cause of 
carcinogenesis!®. Recent work by Rich et al.!® on virus- 
induced murine leukaemia suggests that aneuploidy 
results from, rather than initiates, the disease. The 
observations of Sulzberger, Sherwin and Hermann?’ 
suggest that a chemical could be a carcinogen in one 
species, and cause contact dermatitis in another. Tf 
protein binding were the sole mechanism involved in the 
actiology of chemical carcinogenesis by skin painting, one 
would expect tumour formation in a species such as a rat 
or mouse where carciuiogen—protein binding has been 
deseribed*!. In species which do not show protein binding 
such as the guinea-pig®*, the skin would be expected to 
be inert. Sulzberger has shown, however, that guinea- 


pig skin responds by developing contact dermatitis tc: | 
chemicals which, in other species. cause tumour formas" 
tion. ; 

The precise site of attack of carcinogens in the chemica’ 
induction of cancer is not yet known. Green? suggested 
that carcinogen—protein complexes were formed at lipo- 
protein sites on the cell surface, and the resultant comas 
plexes altered the antigenic nature of the cell, whict 
called forth an immune response from the host. The 
immune attack deleted, or occluded, the tissue specific. 
antigens on the cell surface, causing a loss of cell identity... 
He first proposed this immunological theory of cancer ine 
1954 (ref. 24), when he suggested that loss of identity 
markers in, or on, the cell (tissue specific antigens) caused 
a displaced cell to be antigenetically anonymous, and that 
this anonymity was the fundamental cause of cancer. 
The maintained loss of tissue specific antigens (TSA) 
through subsequent cell generations may imply an 
alteration in the nucleic acids in all neoplasia, such as has 
been suggested for virus- and radiation-induced cancers. — 
However, this is not necessarily so, as heterologous | 
tumours have been grown for severai generations in normal 
adult animals after having been induced under acquired 
tolerance®®. These tumours re-grew in their species of 
origin only when induced under acquired tolerance again. 

Boyden’! has described a cytophilie antibody which is 
only elicited to an antigen plus Freund’s complete 
adjuvant, and which adheres to selective cells that can 
then absorb the antigen. He suggests that this antibody - 
plays a part in the reaction of delayed hypersensitivity, 
and is normally masked in the serura by excess of classical - 
antibody, which competes for the amtigen with that small — 
fraction of cytophilic antibody not attached to the cells. — 
It is thought that any antibody, or antibodies, taking part > 
in carcinogenesis must be similarly masked by the classical — 
responses, It is believed that, in cancer, this antibody, 
acting on the cell surface, deleting the tissue specific _. 
antigens, and rendering the cell anonymous, possibly also 
modifies the surface membranes so that the malignant ~ 
cell has a metabolic advantage over normal cells. 

There is evidence that malignant cells have all, or nearly 
all, the species and iso-antigens®?~**, so the cell surface 
may have been incorporating serum protein into the cell. 
The tumours in foreign hosts appeared to have been. 
‘heterogenized’ by binding host proteins, and this antigenic 
alteration was apparently maintained through several 
generations. It is believed that TSA-depleted cells repli- 
cate in a manner similar to these heterogenized tumours, 








October 23, 1965 


nd that at somatic cell division the nucleus 1s unable to 
-econstitute deleted cell components. 
Hamburg and Svet-Moldavsky*® altered the antigenicity 
{f trypsinized tumour cell suspensions by virus infection. 
-his antigenic change prevented the tumour growing in 
ormal mice of the strain of origin and caused enhance- 
«nent in mice pre-immunized with the specific virus. 
dabel*!, Sjogren et al.?? and Sachs®* all reported inde- 
«“endently on polyoma-induced tumours which could not 
‘row in the pre-immunized strain of origin unless a very 
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arge number of tumour cells were injected. This is - 


svidence of malignant cells incorporating a virus which 
sartly alters the antigenic state of the cells so that an 
njection of a small number of heterogenized tumour cells 
regressed in a susceptible, pre-immunized host. An 
njection of a larger number, however, was able to grow 
nd kill the host. 

Loss of tissue-specific antigens in tissues undergoing 
sarcinogenic change has been shown to take place*!~%’. 
[f the TSA ıs deleted it must, presumably, leave a 

Mhitherto unexposed site open to immunological attack, 
«and this could, at any rate theoretically, modify the anti- 

mgenic nature of the cell. It is possible that a structural 
alteration, resultant on loss of TSA in or on the cell 
membranes, may also alter the functional behaviour of 
these membranes. Evidence has been presented to try 
to demonstrate this alteration in function, which is 
believed to be immunologically recognizable®*. Rat spleen 
was sensitized to a piece of autologous 20-methylchol- 
anthrene-induced tumour enclosed in a ‘Millipore’ chamber 
and replaced intraperitoneally. Cell suspensions were 
made of the autologous liver and tumour. Autologous 
tumour and sensitized spleen suspensions were injected 
subcutaneously into one flank of a guinea-pig, while the 
other flank received sensitized spleen and autologous 
liver cells. It was found that the experimental flank 
showed a larger flare than the control side, thus the sensi- 
tized spleen appeared to be capable of recognizing auto- 
logous malignant cells. This again suggests some antigenic 
alteration. 

It is believed that there is a structural alteration in the 
membranes of a malignant cell that can be caused by 
factors which are endogenous or exogenous to the cell. 
This is supported by the work of Oppenheimer et al.**, 
who induced sarcomata in rats to subcutaneous implants 
of strips of ‘Cellophane’, whereas Goldhaber*® did not get 
sarcomata to subcutaneous ‘Millipore’ implants, which are 
porous. A mechanical alteration in the physical environ- 
ment of the cell caused by an impermeable strip could 
possibly induce an alteration in the surfaces of adjacent 
cells, and initiate an immune response. 

If an increased permeability to nutrients of the cyto- 
plasmic membranes of malignant cells is postulated, the 
cell may be working under a metabolic advantage com- 
pared with normal cells, which, with the advance of the 
disease, may possibly cause gradual protein depletion of 
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the host. This could kə one of the causes of cachexia, and. 
of the specific impairment of antibody formation, as 
compared with othez patients, recently described in 
malignant disease*!, : 

It is possible that 2 variety of agents, which act on 
different cell comporents including spontaneous gene 
mutations, find thei- ultimate expression at the same 
cell sites and, by inducing an antigenic alteration on the 
cell surface, initiate aa immune response which can cul- 
minate in malignancy 
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SELF-ADAPTIVE CONTROL AND THE RESPIRATORY SYSTEM 
By Dr. l. P. PRIBAN and Dr. W. F. FINCHAM 


Autonomics Division, National Physical Laboratory, Teddington, Middlesex 


N order to design an experimental investigation of a 
complex biological system it is desirable, 1f not essential, 
to have a model or hypothesis which will explain the opera- 
tion of the system. This is a short report of a study result- 
ing in a hypothesis which offers a simple explanation of the 
normal behaviour of the entire respiratory control system. 
Wherever possible the hypothesis is based on structures 
and mechanisms known to exist. 


There are many Smularities between the mechanism 
controlling respiration and those used in the control of 
some engineering plants. Therefore, engineering concepts 
have been applied to examine the respiratory system. The 
main principle under-ying the operation of this system 1s 
that of self-adaptive -ontrol. An adaptive control system 
(also called self-optumizing) operates by continuously 
maximizing an over-ell performance index in the presence 


340 


Respiratory 
gas exchange 
ratio of 
haemoglobin 
D HbCO2 
O HbO> 
mols CO2 
mols Oo 


Fig. 1. Relation between the respiratory variables of blood (based on data from ref. 3) 


of major external disturbances. This is achieved by adjust- 
ing the characteristics of the system). 

The respiratory control system may be considered to 
consist of three interacting control loops. The processes 
associated with these loops are: 

(1) Chemical control. The process by which for any given 

metabolic exchange requirement of both oxygen and 
carbon dioxide the level of ventilation is kept at a mini- 
mum. 
(2) Muscle control. The process by which for any level of 
ventilation demanded by the blood chemistry, a pattern of 
activity of respiratory muscles is selected in which the 
average expenditure of energy is kept at a minimum. 

(3) Airway control. The process by which for any 
alveolar gas exchange requirement the energy required to 
ventilate the dead space is kept at a minimum. 

Each of these processes is co-ordinated and controlled 
by the over-all controller, a network of respiratory neurones 
in the brain. The controller predicts the activity which will 
keep the performance of the respiratory system at its 
optimum. For this prediction the controller uses informa- 
tion fed back during previous breaths. 


Chemical Control 


An examination of the physico-chemical properties of 
blood, in particular of haemoglobin, shows that there is 
an acidifying (Bohr) effect when haemoglobin is oxygen- 
ated in the absence of carbon dioxide. This effect is a func- 
tion of pH and occurs in the range pH 6-9. 
It is maximal at pH 7-4 (ref. 2). The 
presence of carbon dioxide changes this 
effect. Above certain values of the partial 
pressure of carbon dioxide, pCO, and pH, 
oxygenation tends to make blood more 
alkaline’. The presence of carbon dioxide 
also increases the buffer power towards 
addition of fixed acid or fixed base. The 
relation between the function of haemo- 
globin and the respiratory variables may be 
represented by the shape of a hill (Fig. 1). 
This shows that the maximum number of 
molecules of carbon dioxide that can be 
exchanged per molecule of oxygen occurs 
at pH 7-4 and'a pCO, = 40 mm mercury, the 
values normally found in arterial blood. 
Results by Naeraa, Strange Petersen and 
Boyet suggest that the partial pressure of 
oxygen, pQO,, is also involved in determin- 
ing the optimum operating range of haemo- 
globin. It is likely that at a lower pO, the 
base of the hill is smaller (Fig. 2). 


Nose 
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Fig. 3. Control of the respiratory gas exchange. 
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Engineering processes having these character- 
istics are often controlled by so-called hill- 
climbers. These are designed to drive the 
operating point of the process toward some 
optimum position which maximizes a perform- 
ance index, for example, minimum operating 
cost. The mechanism involved basically finds 
the direction to this position by measuring, for 
example, the slope of the hill, and uses this 
information to move the operating point in this 
direction. 

A signal which can be used by the body to 
define the operating point of the blood are the 
fluctuatious in pCO, and pH in the arterial blood 
produced by breathing. At a constant frequency 
and depth of breathing these fluctuations are 
minimal at the optimum operating point and 
increase on moving away from this (Fig. 2). A 
theoretical analysis showed that the fluctua- 
tions in the arterial pCO, increased with in- 
creasing metabolic (exercise) carbon dioxide 
production’. It was suggested that these 
fluctuations and slower ones might have been 
signals involved in the control of ventilation. The fluctua- 
tionsin arterial pH dueto breathing that have been recorded 
in resting man show a swing of 0-01 to 0-015 pH units®. 

A control system which will keep the blood variables at 
the optimum values with minimum ventilation is the 
biological hill-climber shown in Fig. 3. Its goal is to keep 
the pH-pCO, fluctuations at a minimum. The magnitude 
of the signal in the arterial blood is determined by two 
factors. One is the mean level of ventilation which 
determines the position of the operating point. The other 
is the perturbation due to breathing which causes the 
fluctuations of pH and pCO, in the blood. This perturba- 
Max 
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Fig. 2, The control and functional characteristics of blood 
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Error signal 


‘Noise’ is used to describe signals 
that are important in keeping the system operational, but which have no relevant 
control component 
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on signal f(pCO., pH), and a signal which is a function of 

+e signal controlling breathing are combined in the detec- 
or to give an error signal. The control signal input to the 
etector is necessary to give the sign of the error signal 
nd also to make allowance for changes in the depth and 
«equency of breathing. The natural choice for the detec- 
or is the area postrema. The relevant factors are its 
tructure”?, its closeness to the medullary respiratory 
«eurones and the relative absence of the blood-brain 
„arrier in the area®. The error signal from the detector is 
ed back to the neural control where the control signal is 
torrected in the direction that will take the operating 
voint of the blood towards the optimum. This control 
vill keep the ventilatory gas exchange equal to that re- 
ywred by the metabolism of the body. 

In order that this control can be effective (in particular 
hat associated with the perturbation signal due to breath- 
ng) it is necessary that the noise-level in the mixed venous 
olood, of which the random fluctuation about the mean 
evel of the pO, is a component, is kept at a minimum. 
This would be accomplished if the proportion of the 
cardiac output distributed to a particular region were a 
«function of the metabolism in this region. Such control 
will optimize the respiratory function of the circulation. 
Receptors ofthe type found by Hughes’, lying on the venous 
side of any tissues, could be part of the control mechanism 
which accomplishes this control. The adjustment of the 
peripheral circulation through the corresponding tissue 
would be via the autonomic nervous system. 

The brain is without an oxygen store and its metabolism 
is essentially aerobic, so that its functioning is critically 
dependent on a satisfactory oxygen supply. The arterial 
chemo-receptors lying in the circulatory path to the brain 
would seem to be in the most suitable position to detect 
any potential lack of oxygen supply to the brain and bring 
about a feed-forward compensatory adjustment to the 
cerebral circulation and to the cardiac output generally as 
well as influencing respiration. This emergency type 
control mechanism is considered to bring about a rapid 
qualitative (coarse) adjustment which over-rides the 
optimizing control mechanism discussed. 
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Muscle Control 


The muscles that are used for breathing may also be 
involved in maintaining posture or in producing movement 
of the trunk and limbs. Taking up a new posture or move- 
ment of limbs may result in a new pattern of breathing, 
for example, a new frequency of breathmg and/or a new 
mean thoracic volume. The response usually takes a few 
breaths to settle down and is associated with a different 
spatial and temporal distribution of muscle activity. 

This aspect of respiratory control involves muscle 
spindles and spinal cord structures. It has received con- 
siderable attention!°-!2 since Nathan and Sears® showed. 
its importance in normal breathing. The general arrange- 
ment of the structures is shown in Fig. 4. 

The behaviour of this sub-system may be described in 
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Fig. 5. Neuro-muscular control system 

contours represents va-ues of muscle activity on the grid of 
a muscle map (Fig. 5). The physical properties and the 
structure of the chest respiratory apparatus are such that 
progressively more energy 18 required for operation towards 
the extremities of the system. This property is represented 
by contours of performance index values on the muscle 
map. The performanze index is defined in terms of the 
maximum number of -units of ventilation obtainable per 
unit energy expenditure in the respiratory muscles. The 
contours are different Tor different levels of ventilation and 
different postures. The function of the control process is 
seen as the matching of the muscle activity contours with 
the performance index contours of highost value. 

The highest level cf control is the neural respiratory 
activity in the brain as represented by brain activity 
contours. The nervous activity is seen as equivalent to 
energy, for it is the signal determining the instantaneous 
energy expenditure during a breath and the duration of a 


terms of a number of time-varying contours. One set of breath. Once a breath has begun this control activity 1s 
not modified during natural breathing. The 

Map of brain Spinal cord Map of muscles that are activated are selected by a 
respiratory distribution muscular respiratory scanning process involving the fusimotor 

neurones switch apparatus (y-loop) system (Figs. 4 and 5). The scanning 
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process selects the route of activation by a con- 
tinuous appraisal of the muscle tension as de- 
termined by the muscle spindles. In this way 
the output from the spindles determines the 
spatial dissribution of muscle activity. The 
muscles wizh the maximum performance index 
correspond to those in which the spindle output 
is at a minimum. This scanning process prob- 
ably involves a low-amplitude 10-c/s component 
of muscle activity. 

The prozess selects the optimum pattern of 
respiratory muscle activity by making the best. 


342 


choice of inspiratory and expiratory muscles to be 
activated. It does this even when some of the muscles 
concerned with respiration are also involved in producing 
movement or maintaining posture. 

The spindles also feed back information to the brain". 
If the muscles shorten according to the predicted control 
signal then the muscle tension corresponds to the electrical 
activity. In this condition the ratio of the signal output 
from the spindles to the input to both muscles and spindles 
is unity and no correction of the brain activity (which 
determines the pattern of the next breath) is necessary. 
If, however, the load on the muscles has changed, the 
information fed back alters correspondingly. This informs 
the brain about the new state of the muscular system and 
enables it to make a new prediction of the optimum 
activity. 

Airway Control 


Temporary blocking of the vagus nerve causes an 
increase in the variance of the depth and frequency of 
breathing’. This implies that the energy consumption 
was increased for the same level of ventilation. The vagus 
nerve carries both the efferent fibres to the smooth muscles 
in the airway walls and afferent fibres coming from the 
receptors in the airway walls’®. 

From the structure‘and behaviour of the respiratory 
system one can predict that the function of the airway 
control mechanism is to keep the airway diameter adjusted, 
by means of the smooth muscles, to those dimensions at 
which the forces acting on the walls of the airway due to 
the main muscles, are minimal. The brain activity and 
corresponding activity in the vagus nerve are seen as 
determining the size of the airway diameter at any instant 
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relative to the activity of the main respiratory muscle 
The purpose of the airway control process is to attain tl 
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condition of the airways in which the energy required j= 


both ventilate the dead space and overcome airway resis 

ance is minimal. The process controlling this optimizatio 
must, therefore, interact with the chemical control an 
muscular control mechanism. 


Over-all Control of Respiration 


The function of the over-all control process is the cor 
bination of the functions of the three sub-systems—that 1s 
to regulate respiration so that this is accomplished wit. 
the minimum consumption of energy. The control ensure: 
that the ventilatory gas exchange and the metabolic ga 
exchange are equal. 

The control action of the entire system is seen as bein, 
divided according to their importance into three levels o 
control (Fig. 6). A high level defines the total amount o 
energy, E, to be expended in a breath and the time, + 


over which it is to be dissipated. It does this by evaluatin gam 


the optimal predicted activity of a breath with the actua 
activity in that breath. The result is the prediction o 
the next breath in terms of energy and time. 

The optimal prediction by the high-level controller is 
the activity that should keep the operating point of the 
blood at the optimum while using a minimum of energy 
The prediction is conditioned by the response of the system 
during previous breaths. 

An intermediate-level controller interprets the orders 
from the higher level and produces a more detailed tem- 
poral distribution of the pattern of activity. It also» 
produces some spatial resolution of activity. A low-level 
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Fig. 6. Organization of structure and function of the over-all respiratory control system 
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ontroller accomplishes the fine spatial resolution of 
~ «etivity. This resolution has also a small temporal com- 
donent. 

Consider a control sequence: a change in the operating 
Joint of blood may be the result of a change in: (1) 
ventilation; (2) metabolism; (3) efficiency of airway con- 
rol, The chemical detector mechanism effectively 
jetermines both the magnitude and the direction of the 
operating point of blood from the optimum value. It does 
this by comparing the chemical state of the blood in the 
E fow (probably two) breaths with that in earlier 

reaths. The purpose of the comparison is to decıde 
whether or not a change of respiratory energy dissipation 
«is required to change ventilation. 

In order to resolve ventilation into tidal volume, V2, 
and breath duration, +, the main controller uses the pre- 
vious prediction, that 1s, the memory of the activity 
controlling the present breath and the error signals fed 
back from the muscular sub-system and airway sub- 
system. These error signals contain the information about 
the mismatch in performance with respect to the best 
input to the sub-system. These data are reduced at the 
low and intermediate level controllers so that only the 
significant information about the accuracy of the pre- 
diction is fed back to the main controller. 

The prediction and relative adjustment of the values of 
V: and + at which the mean value of E is at a minimum 
(for a given ventilatory demand) involve information 
passing around the control loops in the three sub-systems. 
That such a control process exists is suggested from an 
analysis of small variations in V: and + which have been 
observed during breathing1’. The values of V: and t are 
positively correlated. The average cycle time for these 
variations is 3-6 breaths, while the cycle time expected 
from a random process is 3 breaths. The shortest cycle 
time of a search process of a controlled system of the type 
discussed in which there are delays and which 1s subjected 
to random disturbances would be expected to have a 
length of 3—4 breaths. 

The function of any sub-system or component of the 
respiratory system can be represented by contours having 
values of a functional index, as was done for the respira- 
tory muscles. The index contours of many, if not all, 
structures take the form of a hill. The over-all purpose of 
the control is to regulate the different functions so as to 
obtain coincidence of the hills representing the different 
components. In other words the individual component 
systems are adjusted so that these operate at their optima. 
By combining the hills representing different structures 
the map of functional index contours of the entire system 
is obtained. In this context the over-all control should be 
seen as @ hill-climbing process involving an over-all 
functional hill of the respiratory system. 

The nervous activity associated with a conscious volun- 
tary effort is seen as over-riding the self-optimizing control 
process for a short period. Similar nervous activity 1s 
thought to produce the sharp rise in ventilation at the 
beginning of exercise!*. The immediate response would 
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seem to be a very qualitative increase in tidal volume 
(or Æ). This may be seen as a feed-forward signal anticipat- 
ing an increase in veatilatory requirement. The adjust- 
ment of the total level of ventilation V; and + to the 
optimum values can.shen occur in the usual time. The 
selection of the optimal pattern of respiration for a new 
posture or during movement also involves the spinal 
mechanisms and muscle receptors (Fig. 6). This aspect is 
more complex than has been implied here. More details 
about the structures sand mechanisms involved have been 
discussed by C. von Huler™. 

Only the essential Doints have been presented here to 
describe a new way Df thinking about the organization 
and mode of operation of the respiratory control system. 
The underlying prinezple of operation, the maximization 
of an average functional index, may be applied to the study 
of most complex systems, even to the entire living organism. 
Certain of the aspects of respiratory control are discussed 
elsewhere In more detail and in relation to new experi- 
mental findings!®. Ths relevance of this type of investiga- 
tion to understandng such aspects of respiratory 
impairment as those producing the sensation of breathless- 
ness are also discussec elsewhere**. 

We thank Dr. A. M. Uttley, superintendent of the 
Autonomics Division, National Physical Laboratory, for 
providing facilities at the laboratory, and Mr. P. H. Ham- 
mond for initiating and guiding this interdisciplinary 
investigation. 

This work was supported by a grant from the Medical 
Research Council. 
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REACTION OF HUMAN LYMPHOCYTES IN TULTURE TO 
COMPONENTS OF THE MEDIUM 


By G. J. JOHNSON* and Pror. P. S. RUSSELL 


Department of Surgery, Harvard Medical Schocl, and General Surgical Services, Massachusetts-General Hospital, Boston, Massachusetts 


HE in vitro lymphocyte transformation reaction has 
already found many applications!*. In the hands of 
Bain, Vas and Lowenstein’, and Bach and Hirschhorn? it 
has been shown to be potentially of use for histocompat- 
ibility matching in human beings. However, in order to 


* Present’ address: Woolwich Memorial Hospital, Shooters Hull, London, 
E.18. 


be able to discriminste between members of a family 
when. choosing a suitable donor for tissue transplantation, 
fine degrees of difference in stimulation of lymphocytes 
must be capable of dezection. 

Early in the development of this system for human 
histocompatibility testing, using a modification of 
Hirschhorn’s technique’, it was found that an unexpectedly 
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Table 1. REACTIONS OF LYMPHOCYTES TO MEDIUM 
Additions to % Large cells plus mitoses at 7 days 
Eagle’s medium REH. CC. EO. ER. BW. DO. 
Foetal calf serum + pen. 
and strep. 296 248 189 190 278 226 
Foetal calf serum alone — 20:5 162 — 31:1 15:7 
ay-Calf serum + pen. and 
strep. 16-6 — — 69 16-9 6°8 
Autologous serum -+ pen. - 
and strep. 6-8 4:6 5:9 5-5 6-6 23 
Autologous serum alone — 2:0 5:3 3-4 3°7 1-9 


large number of blastoid cells and mitoses occurred 
in the control culture tubes, that is, those tubes in which 
the lymphocytes of one individual were cultured alone 
in the medium for 7 days. The present experiments were 
designed to investigate the hypothesis that these ‘high 
control counts’ might represent a primary immune 
response to various constituents of the medium. 

The semi-purified lymphocytes used in these experi- 
ments were prepared from 50 ml. of venous blood drawn 
into a syringe containing 3 ml. of heparin (1,000 units/ml.). 
Gelatine (‘Plasmagel’*) was added in the proportion of 
3 : 25 of blood, and mixed in 50-ml. centrifuge tubes, 
inclined at 45°. After 40 min the red cells were sedimen- 
ted. The supernatant, containing white cells and gelatine 
in addition to plasma, was transferred to 100-ml. bottles, 
and a knife-point of iron powder’? added. These bottles 
were incubated at 37° C, with agitation, for 1h. The 
plasma was then spun in 15-ml. tubes in an International 
Clinical Centrifuge at 400 r.p.m. for 3 min. At this speed 
almost all those granulocytes which had engulfed iron- 
particles were sedimented. The remaining cells were then 
obtained from the supernatant by centrifugation in new 
tubes at 1,850 r.p.m. for 4 min, washed with Eagle’s 
medium, and counted. The majority of these cells were 
typical small lymphocytes but there was an average 
granulocyte contamination of 38 per cent. 

The cells were grown in 110 mm x 16 mm culture tubes, 
tightly closed, in a medium consisting of Eagle’s minimal 
essential medium with 20 per cent foetal calf serum, 1 
per cent L-glutamine (200 mM) and 125 units penicillin 
and 125 y-streptomycin/ml. For each subsequent varia- 
tion in the medium there were 2 parallel tubes and also 
phytohaemagglutinin (“Difco M’) controls. 

The cells were developed after 7 days by treatment with 
1 per cent sodium citrate solution (to separate the clumps 
of cells) and fixation in 25 per cent glacial acetic acid in 
absolute ethyl alcohol. A minimum of 1,000 cells, fixed 
on slides and stained by Jenner—Giemsa, were counted 
microscopically by a standardized technique. One person 
counted the whole of one experiment without knowing the 
identification of the slides. The percentage of large cells 
plus the percentage of mitoses were added to give the 
‘percentage of change’. The final result was the average 
of the counts of 2 parallel tubes. 

A few of the large cells possessing large, pale nuclei with 
two or three nucleoli had a grey cytoplasm which differed 
from the densely basophilic cytoplasm of the typical 
lymphoblasts. ‘These cells were considered to be macro- 
phages. Some other cells could not be put into either 
category. Therefore, all these cells with large nuclei 
which were clearly of a different size and type from those 
of the small lymphocytes were counted together as ‘large 
cells’. The great majority of them, however, were 
typical lymphoblasts. 

In the first 30 normal individuals it was found that the 
percentage of change in control tubes containing the total 
medium ranged from 5-0 to 48-0 per cent, with an average 
of 17-2 per cent. 

This variable but high count in the controls was at first 
ascribed to the granulocyte contamination. However, 
the percentage of enlargement bore no relation to the 
percentage of granulocytes in each lymphocyte prepara- 
tion. Even a 99 per cent pure lymphocyte preparation 
from. peripheral blood gave an 11 per cent change when 
grown alone in the medium. 
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Therefore, the possibility that the ‘high control counts 
represented a primary immune response to variou 
constituents of the medium was tested by deleting thes 
constituents in & step-wise fashion. The foetal calf serur. 
was replaced by new-born calf serum from which the y 
globulins had been removed! or autologous human serur» 
(prepared from fresh clotted blood), and the penicillin an: 
streptomycin mixture was also removed. The resultan 
step-wise reduction in counts in six different individuals i 
shown in Table 1. 

Except in two instances where duplicates were not com 
pleted, each compartment in Table 1 represents the mear 
of two assays. ‘The two assays obtained for these 23 pair» 
were tested to determine whether chance circumstance 
could account for discrepancies which existed or whethe> 
unknown factors were responsible. Separate y? value: 
on the original cell counts computed by a four-folc 
contingency table from 13 pairs totalled 16 (degrees o. 
freedom=13; P>0-1). The remaining 10 pairs each hao 
large y? values, suggesting that the assays were not true 
duplicates. 

Therefore, in subsequent comparisons to determine the 
significance of the effect produced by foetal calf serum ox 
penicillin and streptomycin, the only cell counts usecMiii 
were those derived from pairs where good agreement 
existed. 

In considering the effect of the presence of foetal calf 
serum in the medium instead of autologous serum, 4 
comparisons between 8 compartments revealed a highly 
significant difference (x?= 1,100; d.f.=4; P < 0-001). 
Similarly, 4 comparisons of the values in the presence and 
absence of penicillin and streptomycin were also signifi- 
cant (y?= 52; d.f.=4; P<0-001). 

The values obtained when ay-globulin calf serum was 
used were among those in which less satisfactory agree- 
ment between the duplicate assays was found. Therefore, 
in comparing these results with those for foetal calf 
serum on one hand, or autologous serum on the other, 
the assay selected to represent the ay-globulin serum was 
the one of the pair which was closest to the value with 
which it was being compared. This selection provided 
the least favourable value for demonstrating differences 
between the ay-globulin serum and adjacent compart- 
ments. Despite this conservative method of analysing 
the data, the differences for 4 comparisons in each 
direction are significant (for each xy’*>120; d.f.=4; 
P <0-001). 

At first glance the criticism might be raised that these 
results could be accounted. for on the basis of nutrition: 
that foetal calf serum is a better nutrient than ay-calf 
serum or autologous human serum. There are three 
reasons for thinking that this is not the case. 

(i) The percentage of cells which are transformed by 
three days under the influence of phytohaemagglutin is 
consistently greater when the medium contains autologous 
serum than when it contains foetal calf serum. 

(2) In other experiments in which cells sensitive to 
tuberculm or Candida antigen are stimulated by these 
antigens, the net count (the count in the stimulated culture 
minus the count in the controls) is greater when the 
medium contains autologous serum than when it contains 
foetal calf serum. 

Both these results suggest that the autologous serum is 
in fact a better nutrient than is foetal calf serum. 

(3) The addition of penicillin and streptomycin to the 
medium significantly increased the percentage of large 
cellis and mitoses. It would seem to be more likely that 
these antibiotics are acting as antigens or as stimulants, 
than that they improve the nutritive properties of the 
media. 

In the experiments in Table 1, a semi-purified lympho- 
cyte preparation was used; however, if the same type of 
experiment was attempted using the total white cells 
present in the supernatant after sedimentation of the red 
cells with gelatine, the results were more erratic; the step- 
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is ‘possible ti that, in pdd tö ‘the cameos of the 
dium, white blood cells other than small lymphocytes 
md granulocytes play a part in producing the ‘high 
‘ontrol count’. McFarland and Heilman’ have recently 
reported their observations on living cultures which 
ggest that the macrophages play an important part in 
he transformation of lymphocytes. to lymphoblasts. The 
reparation of the semi-purified lymphocytes used in the 
periments reported here involved a stage of incubation 
nd mild agitation with iron powder. This was followed 
yy centrifugation at low speed. Examination of both the 
sediment and supernatant from this centrifugation reveals 
hat the supernatant contains the nuclei of disrupted 
_ monocytes. Almost all the monocytes are removed from 
. the lymphocyte preparation, not by engulfing iron and 
- being sedimented, but by destruction. Monocytes, which 
are present in greater numbers in the total white blood 
cell preparations, may cause, or permit, & spontaneous 
_ enlargement in the cultures which is not so clearly con- 
trolled by alteration of the constituents of the medium. 
A similar ‘high control count’ has been observed with 
-the total white blood cells of the rat in culture. Unlike 
the human situation, these counts could not be reduced 
_ by subtraction of foetal calf serum or penicillin and strep- 
- tomycin. These experiments have not yet been repeated 
_ with purified lymphocytes. 
The time curve of the reaction of human lymphocytes to 
foetal calf serum shows that there is an upswing at 7-8 
days. By contrast, the reactions of lymphocytes from 
individuals sensitive to PPD or Candida antigen, when 
‘“eultured with these antigens, show their main response 

at five to six days. It may be that this difference in the 
-timo of development of large cells reflects the difference 
“between a primary and secondary immunological response 
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of the lymphocytes. If that were the: case, the rda 
foetal calf serum would be a primary response. 

Another observation emerges from. these experii 
This is the apparent ‘summation’ effect produced | 
addition of antigens. The impression is gained that the 
addition of antigens of different specificity causes addi- 
tional lymphocytes to become involved in the reaction. Ao 
similar observation was made by Chapman and Dutton?® 
in rabbits. The responses of lymphoid cells fro 
munized rabbits tc the simultaneous presenci 
immunizing antiger (heterologous serum. 
allogeneic lymphoid cells was greater than th re 
either alone. ine 

These results are encouraging from the. poni of vi 
the application of this system to histocompatibility test- 
ing. It is reasonable to think, from what has already been. 
shown, that allogeneic lymphocytes which differ from each 2 
other by two antigeas of the same strength would stimu- 
late one another to a greater extent than if they were to se 
differ at only one of «he two sites, : 

It is hoped that the avoidance of suban in “the , 
medium which, by taemselves, will stimulate the lympho- 
cytes to enlarge anc divide will make it easier to detect 
minor differences in antigenicity between potential 
allograft donors. 

This work was supported by U.S. Public Health Service 
grants AM 07055 and AJ 66320. We thank Dr. B. A. 
Barnes for his assistance with the analysis of the data. 
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EFFECT ON CULTURED HETEROPLOID HUMAN 


EMBRYONIC LUNG CELLS 
By Dr. MARVIN S. LEGATOR, SAVERIO M. ZUFFANTE and ANTHONY R. HARP 


Bureau of Scientific Research, Division of Pharmacology, Tissue Culture Section Food and Drug Administration, 
U.S, Department of Health, Education and Welfare, Washington, D.C. 


FLATOXIN, a mixture of metabolites produced by 

a A. flavus, has been characterized chemically’, and 

eee Soasitive methods for the detection of the major aflatoxin 
i -components have been reported*:?. In certain sensitive 

animal species this group of mycotoxins is acutely toxic at 
-Jow concentrations, usually showing hepatotoxicity. In 
_ addition to its acute toxicity, aflatoxin B, is an exceed- 
ingly potent carcinogen in rats' and trout?. In biological 
` ostudies the major effort has been directed towards the 
-development of bioassays to augment and confirm the 
~--ehemical procedures of analysis. There have been few 
> -reports on the biological action of this group of toxins 
“and only three reports on the action of aflatoxin in an 
 pitro systems. Juhasz and Greczi found that low con- 
gentrations of various groundnut samples destroyed 
lItured calf kidney cells’. Smith found that the toxicant 
hibited the incorporation of “C-leucine into protein in 
rious liver preparations's; Legator and Withrow 
ported that the crude and crystallized aflatoxin prepara- 
ns suppressed mitosis in cultured human diploid and 
neteroploid embryonic lung cells’*. The experiments 
reported here were designed to expand the information 











form and added to the eulture vessel. 


concerning the biological activity of aflatoxins in cell- 


culture. The effect of aflatoxin on cell growth, cell 
morphology, and the synthesis of DNA was investi- 
gated. | 

A heteroploid human embryonic lung cell line, D-132, 
was used. The cels were cultured in monolayer, using 
basal medium (Eagk>) with Earle’s ‘BSS’ and 10 per cent 
calf serum. Aflatoxin was added to the growth medium 
by one of the following procedures: 

(1) The chemical was dissolved in propylene glycol and 
added directly to tae culture medium. The amount of 
solvent in the culturs medium never exceeded 0-1 percent; 
this concentration :n preliminary experiments was ten 
times below any devectable toxic concentration. 

(2) The aflatoxin preparation was dissolved in chloro- 
The chloroform 
was removed under nitrogen and sterile medium was 
added. 

Usually, to achiere maximum solubility, the uninocul- 
ated medium contaming the toxicant was sonicated in a 
Branson ‘S-75 ung for 30 sec. After sonication the 
medium was inoculated with approximately 100,000 
cells per c.c. of medium. The cells were incubated at 
37° C in an atmosphere of 3 } pa cent carbon dioxide. 
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Cell growth in the presence of aflatoxin. To determine 
the effect of aflatoxin on cell growth, cells were counted 
by a Coulter counter, and protein and DNA were determ- 
ined. An aflatoxin preparation (495) containing 15 
per cent aflatoxin B,, 9 per cent G, and less than | per 
cent B, and G, was used. The final concentration added 
to the culture vessel was based on the known concentra- 
tion of B, and G, in this preparation. Up to the 48th 
hour after the addition of the toxicant, cells exposed to 
0-05, 0-1, 0-5 and 1:0 p.p.m. increased in number; the 
0:05 p.p.m. concentration differed very little from the 
control. There was little increase in cell numbers between 
48 and 93 h at 0-05, 0-1 and 0-5 p.p.m. At 1-0 p.p.m. 
there was a slight decrease in cell numbers. During this 
same period of incubation the cells in the control divided 
rapidly. At the highest concentration used, 5-0 p-p.m., 
there was an entirely different response, since only a 
negligible amount of growth was found at any of the 
time-intervals investigated. Fig. 1 summarizes the 
results of this experiment. 

DNA was determined according to the method of Webb 
and Levyt; protein was assayed according to the method 
of Lowry et al.. The DNA and protein determinations 
essentially confirmed the results obtained with the cell 
count determination. Fig. 2 indicates the effect of 0-5 
p-p-m. on protein content when the cultures were examined 
over an incubation period of 4-93 h. 

To determine the viability of the cells after various time 
exposures to aflatoxin, trypan-blue was used as a vital 
stain. No difference was found in viability between the 
control and the cells exposed to the toxicant except at 
the concentration of 5-0 p.p.m. 

Morphology and giant cell formation. The L-132 cells 
exhibited many abnormal morphological patterns including 
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Fig. 3. Giant cells. showing vacuoles after exposure to aflatoxin, 1 p.p.m., 


vacuolization and an accumulation of cellular debris. 
Cell vacuolization was similar to the response reported 
by Smith in monolayer growth of monkey kidney cells". 
In addition there was an abnormally high number of giant 
cells. Fig. 3 illustrates a typical giant cell showing cell 
vacuolization after an exposure to 0-1 p.p.m. of aflatoxin. 
To determine the number of giant cells, cells were trypsin- 
ized and fixed in acetic acid—ethanol (1:3) and stained 
with 1 per cent toluidine blue. Approximately 4,000 cells 
were counted to determine the number of giant cells 
in the population. The normal population contained 
approximately 0-3 per cent giant cells. After an exposure 
of 8-12 h to | p.p.m. crystallized aflatoxin B,, a 92 per 
cent increase in giant cells was found over the control. 
To determine the persistence of giant cells after exposure 
to the toxicant, L-132 cells were exposed to 1 p.p.m. of 
aflatoxin (495) for 24 h. After this exposure period the 
medium containing the toxicant was removed and fresh 
medium minus the toxicant was added. The number of 
giant cells was then determined at various time-intervals 
after the removal of aflatoxin. After a 24-h exposure to 
aflatoxin, followed by removal of the chemical, an 81—100 
per cent increase in giant cells was found for a period up 
to 10h. From 12 to 24h after the removal of the toxicant, 
proportionately fewer giant cells were found. Table 1 
shows these results. 

Autoradiographic studies. To determine the effect of 
aflatoxin on DNA synthesis, tritiated thymidine was 
employed. The labelling procedure was essentially that 
of Moorhead and Defendi'*. The cells were incubated 
in the presence of aflatoxin for 16 h before ‘pulsing’. 
The cells were then exposed for 20 min to tritium-labelled 
thymidine at a concentration of 0-5 ye. per ml. The 
medium was removed and replaced with 50 per cent fresh 
medium and 50 per cent of the medium that had been 
removed before pulsing. After a further 12 h the cells 
were removed, fixed and dipped in NTB2 liquid emulsion 
(Eastman Kodak Co., Rochester, N.Y.), and the slides 
were incubated for 10 days before being developed. 


Table 1. GIANT CELL FORMATION AFTER EXPOSURE TO AFLATOXIN 


Hours after removal Increase over control 
oy; 
6O) 


of aflatoxin (9 
0 81 
2 Sl 
6 92 
8 8R 

10 100 
12 70 
14 68 
18 70 
20 60 
9- 51 
24 34 
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Fig. 4. Inhibition of DNA synthesis after 16 h exposure to aflatoxin 
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Fig. 5. Inhibition of incorporation of tritiated thymidine into DNA after 
exposure to aflatoxin, 1 p.p.m., for various time intervals 


lhe number of labelled cells was determined, a minimum 

of 1,000 cells being counted for each determination. 
In this study the aflatoxin (495) and crystallized aflatoxin 
B, were used. A 40 per cent inhibition of DNA 
synthesis was produced by 0-1 p.p.m. of B, and more than 
80 per cent inhibition of DNA synthesis by 1 p.p.m. of 
aflatoxin (495). The crude aflatoxin (495) at 1 p.p.m. was 
more effective than 1 p.p.m. aflatoxin B,. The results 
of this experiment are summarized in Fig. 4. 

Fig. 5 shows the inhibition of DNA synthesis after 
exposure of cells to 1 p.p.m. aflatoxin (495) for various 
time-intervals from 4 to 12 h. During this period, DNA 
synthesis was reduced by 4-84 per cent. 

Discussion. A probable sequence of events for the effect 
of aflatoxin on this biological system can be constructed, 
based on the present investigations and the previous work 
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on mitotic suppression® The earliest effect of this toxicant 
is to suppress DNA synthesis and mitosis; this effect is 
detectable within the first few hours after exposure of the 
cells. The inhibition effect on division and DNA synthesis 
leads to the survival cf the cell in a non-dividing stage 
which can be quantitated after 48 h of exposure to 
aflatoxin. In the static population there is no equilibrium 
between the lethal effects of the chemical and the number 
of dividing cells. This has been shown by the viability 
counts. The abnormal production of giant cells could well 
be accounted for by the enlargement of non-dividing 
cells. The giant cell formation seems to be of the non- 
syneytial type seen in tissue culture cells infeeted with 
certain viruses, and & associated with cells in which 
mitosis has been arrested in metaphase’, 

The suppression of mitosis, inhibition of DNA synthesis, 
and formation of giant cells in this system, as well as the 
previously reported earcinogenic action of aflatoxin, 
may well indicate that aflatoxin affects biological systems 
much as do known alkylating agents. Alkylating agents 
that are chemically reactive compounds are known to 
interact with nucleophilic (electron-rich) centres of 
receptor molecules of the cell*. Dickens and Jones have 
shown that aflatoxin, as well as other chemicals that 
contain an x-8 unsaturated lactone ring, are carcinogenic’. 
It is possible that this fanetional group may be responsible 
for the overall biological effect of aflatoxin. 

Alkylating agents ars known to be mutagenic, carcino- 
genic and anti-neoplastic®. The carcinogenic effect may 
well be a manifestation of the mutagenic action®™*. If 
aflatoxin is a unique alkylating agent, the demonstration 
of mutagenicity and evaluation as a candidate anti-neo- 
plastic agent may be “he next steps in investigating its 
biological effects. 
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NICOTINAMIDE MONONUCLEOTIDE PYROPHOSPHORYLASE ACTIVITY 
IN ASCITES CELL EXTRACTS 


By Pror. L. S. DIETRICH, L. FULLER, |. LEONOR YERO and LAURA MARTINEZ 
Department of Biochemistry, University of Miami School of Medicine, Florida 


ICOTINAMIDE MONONUCLEOTIDE (NMN) 
pyrophosphorylase activity has been detected 
previously in acetone powder extracts of erythrocytes? 
and ascites cells*. In both these cases, the Km for the 
nicotinamide was extremely high, being 0-1 M and 
approximately 0-1 M for the erythrocyte’ and ascites 
acetone powder extracts*, respectively. The very low 
affinity for nicotinamide would seem to indicate that the 
physiological role of this enzyme in the biosynthesis of 
nicotinamide adenine dinucleotide from nicotinamide is 
doubtful. Work in our laboratory has shown that the 


supernatant fluid obtamed from ascites cells homogenized 
in a tris-chloride buffer contains NMN-pyrophosphorylase. 
The enzyme, in this crude form, has a Km for nicotinamide 


of 1-6 x 10 M and requires adenosine triphosphate 
(ATP) as well as 5-phosphoribosyl-l-pyrophosphate 
(PRPP). 


Ehrlich-Lettre ascites cells were grown in Swiss albino 
(Webster) mice, 2-3 months of age. Cells were gathered 
7-10 days after incubation and collected in heparinized 
vessels. Pooled cell suspensions were centrifuged at 
600g for 5 min at room temperature and the supernatant 
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fluid discarded. "The al 


cells were thon “suspended in- “9 volumes of 0- 05 tris- 
chloride. buffer, pH 7-3, and homogenized for 1-2 min 
employing a homogenizer of the Potter-Elvehjem type. 

The supernatant fluid obtained by centrifuging this homo- 

genate at 21,500g for 30 min served as the enzyme 
source. 

Assay of NMN-pyrophosphorylase activity. Reaction 
mixture contains : 0-3 ml. of ascites supernatant, 0-7 pmoles 
PRPP, 2-0 umoles ATP, 10 umoles MgCl, 0-1 umoles 
nicotinamide-¥C (8-0 pc./urnole) and 50 umoles of tris, 
pH 7:3, in a total volume of I ml. Incubation was carried 
out at 37° C for 1 h, at which time the reaction was stopped 
by heating in a boiling water bath for 1} min. The samples 
were then. centrifuged and the supernatant material was 
chromatographed in paper employing the solvent C of 
Preiss and Handler*. The areas corresponding to NMN 
were cut out and counted in a liquid scintillation spectro- 
meter as previously described‘. 

The requirements for the NMN-pyrophosphorylase 
activity of ascites cells is shown in Table 1. Mgt+, PRPP 
and ATP are required for the compiete reaction. Stimula- 
tion produced by ATP appears to be specific, not being 
replaced by guanosine triphosphate (GTP), uridine 
triphosphate (UTP), and cytidine triphosphate (CTP) or 
the di- and mono-adenine derivatives. 

Identification of enzymatic product as NMN. The 
reaction product obtained has been characterized employ- 
ing four different paper chromatographic systems: the 
solvent B and C of Preiss and Handler’, isobutyrate- 
ammonia’, and N-butanol saturated with water in an 
NH,HCO, atmosphere? and paper electrophoresis. Under 
these conditions the unknown behaved in an identical 
manner to NMN. Mild alkaline hydrolysis with NH,OH 
resulted in the release of a radioactive compound that 
behaved in an identical manner to nicotinamide in the 
aforementioned chromatographie and electrophoretic 
procedures. 

A Lineweaver—Burk plot of the NMN-pyrophosphorylase 
activity in ascites cell supernatant employing nicotinamide 
as substrate is presented in Fig. 1. The Am for nicotin- 
amide. calculated from these data is 1-62 x 10-5 M. 

Optimum-pH experiments for the enzyme under these 
conditions demonstrate that the enzyme has a broad peak 
exhibiting maximum activity from pH 6-5 to pH 9. No 
attempt was made to determine whether the decrease in 
activity at either side of the broad activity peak is revers- 


Table 1, 





EXQUIREMENTS FOR THE NMN-PYROPHOSPHORYLASE ACTIVITY 
IN ASCITES CELLS 


NMN formed/ral, reaction 


Fiask addition mixture;h (¢.p.m.) 
Complete medium 96.900 
~ ATP 5.800 
— PRPP 4,400 
—Me** 3,7 
m= ATP + ADP 18,540 
~ ATP + AMP 5840 
— ATP + GTP 16.046 
—— ATP + UTP 18,680 
-~ATP+CTP 8,100 


Reaction pie ane contained 0-7 smoles PRPP, 2-0 wmoles nucleotide, 10 
ae a Ot pmoles of nicotinamide-7-"C and 50 umoles of tris, pH 7-3. 
Table 2 FACTORS AFFECTING NMN-PYROPHOSPHORYLASE ACTIVITY IN 

ASCITES CELL EXTRACTS 


Activity (e.p m. jml. 
reaetion mixture/h) 


Control supernatant 113,600 
Boiling H,O bath 2 min 20 
65° C for 1 min $2,246 
Crude homogenate 40,620 
Acetone powder extract * 1,852 
Supernatant from protamine sulphate + 
_ precipitation 109,92 
Stored overnight 4° C 115,250 
_ Stored overnight — 20° C 7,805 
Phosphate, pH. 7-3, 0-04 M 40,800 
Pyrophosphate, pit 7 73, O63 M 2,272 


* K Acatons powder obtained from aliquot of ascites supernatant used in 
these studies. Acetone powder extracted in 9 volumes of 0-05 M tris, pH 7-3. 
# 0-2 volumes of a l per cent protamine sulphate solution added. 
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Fig. 1. Lineweaver-Burk plot of pyrophosphorylase activity employing 
nicotinamide as substrate 


ible. However, exposure of the enzyme to a pH of 4-8 for 
short period of time does irreversibly inhibit the enzyme 

Under the condition of the assay the enzymatic activi 
is proportional to enzyme concentration and time | 
incubation. The effect of various inhibitors and treatmer 
on the activity of NMN-pyrophosphorylase activity 
ascites cells is presented in Table 2. The enzymatic activit 
is destroyed by boiling, freezing or exposure to cold aceton 
It is inhibited by phosphate and pyrophosphate. Tt 
onzymal ic activity is stable to storage at 4° C overnight an 
55° C for 1 min. No activity was lost during protami 
sulphate treatment of the supernatant. The activity ¢__ 
whole homogenate is considerably less. As 

The presence of an enzyme capable of convertin, 
nicotinamide to NMN in the presence of PRPP and AT. 
with a Km for nicotinamide of 1-6 x 10- M is significan 
and demonstrates that these cell types possess the e 
matic capacity to convert nicotinamide directly to N. 
without necessitating deamidation of nicotinamide 
nicotinic acid’ and the subsequent utilization of the Preis 
Handler pathway? to NAD. The ascites cells studiew 
contain endogenous nicotinamide levels of approximate 
4 mumoles’/g wet weight (unpublished data). Thus, it 
feasible that this reaction could, in the absence of inhib 
tors, proeeed at a significant rate in intact cells. ne 

The marked stimulation of NMN pyrophosphoryiseiy 
activity by ATP is similar to that observed for nicotinix 
acid mononucleotide pyrophosphorylase activity 
Whether the function of ATP is to control the directio 
of the reaction, as has been recently demonstrated by 
Nakamura et al.® for nicotinic acid mononucleotide, 
pyrophosphorylase, remains to be determined. 

Evidence that NMN-pyrophosphorylase is not the s ` 
enzyme that catalyses the conversion of nicotinic aei 
nicotinic acid mononucleotide is demonstrated by the fa 
that NMN-pyrophosphorylase is irreversibly inactiva 
at pH 4:8 while the nicotinic acid mononucleotide 
pyrophosphorylase activity of the extract remains | 
altered. 

This work was supported by grants AM 03049-05 ar J 
CA 04868-05 and a career development award 
K3-GM-15,186 from the United States Public Health 
Service. 
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MATURATION IN VITRO OF MOUSE, SHEEP, COW, PIG, RHESUS MONKEY 
AND HUMAN OVARIAN OOCYTES 


By Dr. R. G. EDWARDS 
Physiological Laboratory, University of Cambridge 


HE investigation of early development in many 
mammalian species is restricted by the difficulty of 
obtaining sufficient numbers of oocytes and embryos at 
icular stages of development. Post-dictyate ovarian 
- ocytes are usually obtained after stimulation by luteiniz- 
Bi inet (LH) either during the female cycle or after 













injection of exogenous hormone, and ovulated eggs 
be obtained in relatively large numbers after super- 
vulation treatments. While these methods are highly 
tisfactory for many types of investigation, they are 
bviously unsuitable in the examination of species such as 
rimates or man where the effect of exogenous hormones 
is undesirable or inadequately understood and in experi- 
ments demanding very large numbers of oocytes. An 
alternative technique has been reported in rabbits! and 
rodents*, namely, to liberate the oocyte from its follicle 
into a culture medium whereon the prolonged dictyate 
stage is abruptly terminated, the germinal vesicle breaks 
down, and meiosis is resumed at diplotene/diakinesis 
within 2-3 h. But, with dog, primate and human oocytes, 
the germinal vesicles persisted after 20 h of culture*. The 
results of the present work indicate, however, that in 
many if not all mammalian ies the culture of liberated 
oocytes for periods longer than 20 h will induce a resump- 
tion of meiosis at a rate exactly comparable to that 
occurring in vitro after an injection of LH into the mother. 
With this technique it should eventually be possible to 
study pre-ovulatory development, and perhaps fertiliza- 
tion and pre-implantation development in various species 
including man. 


Maturation of Oocytes in vitro 


Oocytes from mice, pigs, cows, sheep, monkey and man 
were liberated from their follicles into a culture medium 
containing heparin to prevent clotting of the follicular 
fluid, and then cultured in various media: Waymouth’s 
Medium MB 752/1 (ref. 3), Medium 199 (ref. 4), or Hanks’s 
saline supplemented with human and/or calf serum, anti- 
biotics, various other additives, all media being buffered 
with bicarbonate (pH 7-2) against 5 per cent carbon 
dioxide in air. Samples of the oocytes were examined 
as whole mounts stained with aceto-orcein at various 
intervals after liberation in order to record the presence 
of a germinal vesicle or the stage of meiosis. The culture 
techniques were designed to encourage the migration of 
the corona and cumulus cells from the oocytes on to the 
‘Falcon’ plastic used for culture, for these cells mako 
microscopy difficult and are difficult to remove enzymat- 
ically. In almost all species examined a low proportion of 
the oocytes a polar body and were at meta- 
phase of the second meiotic division (metaphase-II) or 
were pycnotic when recovered; these oocytes were usually 
devoid of granulosa cells and were presumably atretic®. 

Mouse. With Difco Medium 199 supplemented with 
15 per cent serum, 80 per cent of the oocytes resumed 
meiosis (Table 1), which is in good nt with earlier 
estimates*. The hormonal state of the mother had no 
detectable effect on the proportion of oocytes resuming 
their maturation. A high pH in the medium, prolonged 
exposure to heparin, or high concentration of antibiotics 
(1,000 1.v./ml.) reduced the proportions maturing, often 
to nil. Almost all maturing oocytes reached early anaphase 
of the first meiotic division (anaphase-I), their rate of 
maturation to this stage being similar to the rate found 


in vivo after in jecting LH into the mother‘. Some oocytes 
became blocked in their maturation at early anaphase-I 
(Fig. 1), while the remainder progressed normally to meta- 
phase-II and extrusion of the first polar body (Table 1). 
The block at early anaphase-I will be discussed below. 
Table 1. MATURATION OF MOUSE OOCYTES IN DIFCO MEDIUM 199 WITH 
15 PER CENT BOVINE SERUM AND 100 e S CILLIN/mal, 
ee siage o 


Duration Germinal Meta- Early gs bel see ee ai y o 
of culture vesicle phase- ana- 
(h) (dictyate) I phase-I cron’ polar aT 
0 76 1 -— -—— 
8-5 8 7 11 — y 
10 9 5 15 6 1 
12:5-13 8 -— 3 — 27 
15 16 — 18 -— 31 
18 4 — 3 — 9 


* These oocytes were presumably atretic. 

After priming mice with folicle-stimulating hormone Spore gry followed 
by Lii-pre agenda amrun ree fap are in anaphase between 8 and 11 h after the 
ease pe extrusion begins at 10 h and is v virtually complete 

eth pomi uy Mo hatter tin LE tnisotion (at. 6). 


Cow. Ovaries were obtained from two cows in the 
luteal and one in the follicular stage of the cycle. Nine 
of the oocytes were examined immediately, and each 
possessed a germinal vesicle. The remaining 14 oocytes 
were cultured and all aad a polar body and were in meta- 
phase-II when examined 31 h later. Ovulation occurs 
24-36 h after injecting LH into cows’, 

Sheep. Ovaries were obtained from two sheep in their 
follicular phase. Ten oocytes examined immediately 

rminal ~esicle. Six oocytes examined after 
22-5 h in culture wers in metaphase-I, and out of seven 
examined after 46 h four had a polar body and were in 
metaphase-II, Polar body extrusion in vivo requires 
less than 40 h after am injection of LH into the mother’. 

Pig. I am indebtel to Dr. C. Polge for permission to 
quote these results of our joint work. In this species, a 
delay of 20-24 h occurs between the injection of LH into 
the mother and the breakdown of the germinal vesicle’. A 
similar delay in vitro efter liberation of the oocytes would 
help to explain our earlier results where germinal vesicles 
persisted for 20 h in cultured human and primate oocytes. 
Pigs were killed on day 12 of their cycle, that is, when 
corpora lutea were still active and the numbers of Graafian 
follicles maximal, or ən day 18, when the corpora lutea 





Fig. 1. Mouse oocyte blecked In its maturation at early anaphase-I. 
[an ae a e chromosomes are oxiendsd along it, Whole 
mount stained in E000 to-orcein, (x 1,500) 
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Fig. 2. Metaphase-IT and first polar body (slightly out of focus in lower 
part of figure) in a cultured pig oocyte. Whole mount stained in aceto- 
oreein (x 675) 





Fig. 3. Group of metaphase-II chromosomes in a human egg. Slight 
ressure applied after staining has brought many of the chromosomes 
Into focus but has destroyed the outlines of the spindle. Whole mount 


stained in aceto-orcein, <x 600) 


had regressed and the wave of atresia had passed. In 
culture there was a delay of 20-24 h before breakdown of 
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Rhesus monkey. Ovaries from 4 monkeys were availabiiii 
Polar body extrusion required approximately 30 
(Table 2). Several oocytes displayed blocking at anaphas 
I, especially if grown in Burroughs Wellcome Medium 19 
Ovulation occurs 24-48 h after the injection of LH ine 
female monkeys". 

Man. Only small pieces of ovary from patients unde 
going surgery for various disorders were available, ar 
the number of oocytes from any one piece were seldo 
sufficient to provide samples for examination after diffe 
ent periods of culture. All oocytes from one Steir 
Levanthal patient failed to mature in vitro and have bee 
excluded from Table 2. This might have been an examp 
of the endocrinological state of the mother influencir 
the maturation of oocytes in vitro. Several oocyte — 
examined after 24 h had prometaphase chromosomes — 
Polar body extrusion evidently required a maximum c€ 
40-48 h (Table 2, Fig. 3). Ovulation occurs 24—48 
after the injection of LH into women", 
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Block in Development at Early Anaphase-| 


The block at anaphase-I might have physiologica 
significance, for a natural arrest of development eccurs i: 
most mammalian species at late metaphase-II just befor 
fertilization. With Difco medium 199 supplied ready fo 
use, between 10 and 45 per cent of mouse oocytes wer» 
blocked in replicate cultures (Table 1), whereas witl 
Burroughs Wellcome 10 times concentrated 199 approxi 
mately 80 per cent were blocked, the great majority a 
early anaphase-I and a few at telophase (Table 3). Irw 
many blocked oocytes a distinet bulge from the vitellus 
could be seen next to the spindle after fixation. Matura- 
tion was blocked rather than delayed, for prolongi 
the culture period did not alter the incidence of block 
oocytes (Tables 1 and 3). Examination of the list 
contents of the two media 199 revealed no differences i 
composition to explain why one should cause more block- 
ing than the other, the major difference being the inclusions 
of Earle’s saline in Burroughs Wellcome 199 as opposed — 
to Hanks’s saline in Difco 199. 

Nevertheless, blocking was evidently due to deficiencies» 
in the culture medium as shown by the following experi- 
ments. First, a sample of mouse oocytes was divided into 
three groups and cultured in Difco 199, Burroughs 
Wellcome 199, or a mixture of equal parts of the two. 
The incidence of blocking was profoundly influenced by 



















the germinal vesicle, and meiosis was then resumed Table 3, MATURATION OF MOUSE OOCYTES IN BURROUGHS WELLCOME 199 
(Table 2). Most oocytes had polar bodies, and were in WITH 15 PER CENT te cet ee com 
metaphase-II after 43 h in culture (Fig. 2), although some Ceuta dimi TR p Tate seas Motathecsai 
were blocked at early anaphase-I. The rate of maturation of culture vesicle Meta- Early hase-I or and first 
was similar in oocytes from pigs killed on the 12th a ee ae iii opts polar rigi 
or 18th day of the cycle, and was closely comparable with 13-14 8 3 18 > 4 
that occurring in vivo during the natural cycle or after 16-17 15 2 16 2 4 
Sa Ng > A 18-19 34 8 58 6 11 
injecting LH into the mother’. 25 y BS 5 2 6 
Table 2, MATURATION OF PIG, RHESUS MONKEY AND HUMAN OVARIAN OOCYTES in vitro 
| Stage of development of the oocytes 
Duration Germinal | Late anaphase-I | Metaphase-Il 
No, of of culture vesicle Prophase-I Metaphase-I Early or and first 
animals (h) | (dictyate) anaphase-l | telophase- | palar body 
8 0 20 | ʻi | atl =< ul = aa 
17:5-20 14 3 5 = aeng 
24-2 6 i1 _ z — — 
29-30 10 | — 5 2 — i 
43-46 17 — — 2 3 20 l 
Rhesusį 4 | 0 19 _ - a fig 3 
23 10 5 5 oor. — i 
29 8 | — l 2 1 i 
| 41 š — 1 4 — 2 
Man | + 0 Il — | is B ii Ai 
| 24 7 7 n = Ss 
40 2 a l _ — 141? 
48 6 on a= a = 342? 
| 6 — 2? — — g= | 





* Several degenerating. 
+ Pieces of ovary from several donors. 
4 Oocytes from two monkeys grown in Burroughs Wellcome 199 were blocked at early anaphase-I at 41 h. 
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Stage of development 
z of the oocytes 
is Any ext Suet: phd 
ee A EXTA p Qe» p p- 
~ Medium * treatment or early : first 
anaphase- olar body 
199415 per cent p p y 
ne serum a 3 32 








parts, Difco 199+ 
urroughs Wellcome 199 
; per cent bovine 


hs Wellcome 199+ 
voent bovine serinm = 18 v4 


aca 6 39 


















$9+15 per cent Mice super-ovulated, 

ne serum oocytes recovered 
Fei 2h after HCGT 7 12 

99+15 per cent Pig follicular fuid 
ine serum (33 per cent v/v) 3 5 
follicular fluid — 14 5 





1.0, penicillin added to all media. 
CG, human chorionic gonadotrophin. | 


a culture medium (Table 4). Secondly, mice were 
eaper-ovulated with gonadotrophins®, and 2 h after the 
ection of HCG their oocytes were liberated. Polar 
ody extrusion from these oocytes would have occurred 
vivo within 9h. After 15 hin Difco 199 and 15 per cent 

alf serum, 7 of the 19 oocytes were blocked. Thirdly, 
_ven the use of neat or diluted pig follicular fluid failed 
alleviate the block in mouse oocytes (Table 4). 
Various attempts, so far unsuccessful, have been made 
-alleviate the block at anaphase-I by modifying the 
alture medium. Blocking could not be attributed to 
eparin, the source of serum or distilled water, the pH 
the medium (although higher pHs reduced the propor- 
on slightly), or to the antibiotics in the medium. Nor 
-as the incidence of blocked oocytes been influenced by 
Whe provision of feeder cells (L-strain or granulosa mono- 
ayers), addition of extra ATP, addition of extra oxidized 
ond/or reduced glutathione in case extra disulphide or 
aulphydryl groups were required by the oocytes for 
naphase separation!®, addition of folinie and ascorbic 
cids to facilitate the shedding of RNA attached to 
‘hromosomes at metaphase™, or changing the gas phase 
0 5 per cent carbon dioxide in oxygen. Fertilized 1-celled 
mouse eggs are difficult to grow in vitro and the block at 
early anaphase might be due to similar deficiencies in the 
aulture medium. 





Experimental Studies with Oocytes maturing in vitro 


- Qocytes maturing in vitro are evidently not atretic. 
This is shown by: (1) the similarity in all species examined 
between the duration of maturation in vitro and in vivo; 
.2) the profound influence of the culture medium on the 
incidence of blocking an early anaphase-I; and (3) observa- 
tions that matured rabbit! and pig oocytes can be 
fertilized in vivo and that the fertilization of matured 
human oocytes can proceed in vitro at least as far as pene- 
tration of spermatozoa into the perivitelline space“. 
The technique thus promises to provide excellent material 
for investigating the dynamics of early mammalian 
development. For example, the role of the centrioles in 
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meiosis and fertilizatior. could be investigated using the 
techniques applied to the sea-urchin egg!*; the spindle 
of the second maturatioa division is formed within 30 min 
of the previous telophase-which implies a rapid re-organiza- 
tion of the centrioles. Distinct asters with astral fibres. 
attached to the nearest point on the egg membrane could 
be seen in several mouse oocytes at the first and second 
meiotic division, and this eccentric attachment of the 
fibres to the membrane could account for spindle rotation 
at telophase and the smallness of the polar bodies. Chrom- 
osome mechanics at raciosis could also be examined, 
especially with reference to meiotic anomalies leading to 
trisomy in oocytes from older women’. 


The technique also ofters the opportunity of investigat- cee 
ing early development in species difficult to study other- 


wise, for example, pranates, and of obtaining many - 


cocytes and increased rumbers of progeny from valuable =... 
livestock by egg transfer. Large numbers of oocytes can o-o 


be handled in culture: we have handled up to 700 pig - 
cocytes on several collections without undue difficulty™. 
With these numbers it should be possible to apply bio- 
chemical analyses to raammalian eggs similar to those 
applied to invertebrate and amphibian eggs. Ribosomal 
RNA is synthesized dering the pre-ovulatory and pre- 
neurula stages in amphibians, sRNA and mRNA synthesis 
increasing considerably during late cleavage". A similar 
situation might hold in mammals, where increasing 
amounts of RNA are synthesized after the second cleav- 
aget, Several phenorrena occurring in the mammalian 
morula might be relased to the initiation of mRNA 
synthesis at this stage, for example, the initiation of 
heterochromatin in tae sex chromosomes and sex 
chromatin in the nucleas?’. 
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MECHANORECEPTORS (PACINIAN CORPUSCLES) — 
By Dr. O. B. ILYINSKY 


NVESTIGATING various properties of Pacinian cor- 
puscles we found that in a number of cases their 
ectrical response contains positive deviations of potential, 
ne origin of which is impossible to understand within 
the limits of present concepts of their activity'-*. Some 

eculiarities of this phenomenon are discussed in the 
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present article. A detaled description of the experimental 
technique has been presented elsewhere®-*. 

Fig. 1 demonstrates gradual reaction of the receptor 
elicited by mechanical shocks of triangular form. It is 
seen that with increase in duration of the stimulus the 
response declined in amplitude, decreased in rate of rise 
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and increased in duration. In some 
records*-* a little hyperpolarization of 
gradual character appears. It may be 
noticed also that the appearance of 
depolarization is associated only with 
the effect of the posterior front of the 
stimulus. Its anterior front either pro- 
duces no changes or gives rise to positive 
deviations of the potential. The diminu- 
tion in the amplitude and in the rate of 
rise of the gradual response of the 
receptor with the decrease of the velocity 
of displacement has already been de- 
seribed®. 

It is well known?’ that the capsule 
of the receptor, while strongly attenuat- 
ing the static component of the stimu- 
lus, conducts its dynamic component 
well. The prolongation of the triangular 
stimulus is actually equal to the increase 
in duration of the dynamic component 
of such stimulation. Therefore the 
observed increase in the duration of the 
gradual response means that the receiv- 
ing elements of the mechano-sensitive 
membrane of the Pacinian corpuscles 
adapt themselves to the long-lasting 
stimulus much more slowly than was 
previously thought (see also refs. 11 and 
12). The fact that the reactions of the 
receptor to the ascending and descending 
parts of the mechanical shock differ is 
more difficult to understand, for it is 
well known:*:* that responses of the 
intact corpuscles to the on- and off- 
stimuli are more or less identical. Furthermore, it is now 
clear* that mechanical shock produces oscillations in the 
capsule of the receptor which, provided the stimulation is 
sufficiently long, induce off-reaction, that is, the mechan- 
ism of generation of off-responses is actually the same as 
that of on-responses. If the amplitude of mechanical 
stimulus is sufficiently large these oscillations evoke 
multiple responses of the receptor (see also Fig. 2, 11). 

The systematic study of a great number of receptors 
showed that, in practice, depolarization of the nerve ending 
is always accompanied by hyperpolarization phenomena 
and not infrequently the reactions to anterior and posterior 
fronts of the stimulation may be essentially different especi- 
ally when long-lasting triangular (sinusoidal) mechani- 


Fig. 2. 





Fig. 1. Changes in the response of mechanoreceptor (lower beam) caused 

by alterations in duration of mechanical stimulation (upper beam). Peak 

potentials are blocked by procaine. Calibration 500 uV; time mark 
(msec): 1-7, 5°0; 8, 10-0 
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Response of the receptor under different conditions of stimulation (11 different 
Pacinian corpuscles). 
shock (lower beam) is diminished in relation to 6a and the direction of the shock is changed. 
In 7b, the receptor is killed and the absence of mechanical artefact in the system of recording 
under stimulation greater than in 7a is demonstrated. 
changed as compared to 8a. 
appearance of depolarization responses in almost all records in switching off the stimula- 
tion is evidently connected with the origin of oscillation process in the capsule of the 
receptor (see record 11); time mark: 1, 3, 5:0 msec; 2, 

6,7, 9, 2°0 msec; calibration: 1, 3, 4,5, 6,7, 8,11, 20-0 nV; 2, 30-04V;9, 10,150 aV 


In 65, amplification in the system of recording the mechanical 


In 8b the direction of shock is 
Peak potentials in 8b, 9, 10 are blocked by procaine. The 


5, 8, 10, 11, 4-0 msec: 4, 3-0 msec: 


cal shocks are applied. Records presented in Fig. % 
illustrate the phenomena in question. It can be seer 
that the amplitude, rate of rise, duration and shape of the 
positive response of the receptor vary both from experi 
ment to experiment and in the same experiment. The 
appearance of hyperpolarization is in no way connectec 
with the moment of the spike origination and is observec 
even in its absence. However, positive deviations of the 
potential are most clearly observed on the background off 
the preceding depolarization. The character of the 
reaction is to a great extent determined by the amplitude 
and duration of the mechanical shock as well as by the 
site of its application, ete. 

It is known"™ that the nerve ending in the Pacinian 
corpuscle has the shape of an elliptic cylinder. Hubbard’™ 
suggested that the ratio between the great (a) and small 
(b) transverse axes of the nerve ending is increased by 
stimulation. Consequently the surface of the receptor 
membrane increases, which results in excitation. 

However, the increase in the ratio a:b occurs only if 
the mechanical stimulus is applied along the axis ‘bh’. 
The stimulus directed along the axis ‘a’ decreases the ratio 
a:b and consequently decreases the surface of the receptor 
membrane. Suppose that depolarization of the nerve 
ending membrane is caused by an increase (distension) 
and hyperpolarization by a decrease (constriction) in 
the surface of the latter. Then stimulation applied along 
the axis ‘6b’ would produce depolarization, while that 
falling in the direction of the axis ‘a’ would evoke hyper- 
polarization. In experimental verification of this assump- 
tion possible appearance of oscillation processes in the 
capsule of the receptor had to be taken into consideration®. 
In this connexion short-lasting shocks with considerable 
amplitude and rate of rise were not to be used, as the 
phenomena of hyperpolarization would have been masked 
by arising depolarizing responses. 

In Fig. 3 are shown oscillograms which demonstrate a 
good agreement between expected and experimental 
data. It is obvious that with rotation of the corpuscle 
around its longitudinal axis the anterior front of the long- 






ig. 3. Functional asymmetry of the receptor. Top: scheme of supposed 
rrelation between the direction of stimulus and position of the nerve 
nding (its small transverse axis). Bottom: correspomling schemes of 
naes of Pacinian corpuscles in two different experiments. In 2 
en blocked by PRA time Henig ante Land 2,40; calibration 
: 1,1 NE: 










ting stimulas which is responsible for depolarizing 
action produces hyperpolarization responso and vice 
rsa. It should be noted that roverse-directed deforma- 
n due to elastic properties of the capsule at the moment 
cessation of stimulation arises? and therefore the 
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posterior front of the stime ine acts contrary. to th 
anterior one. 

On the basis of the data obtained, the responses © = 
Pacinian corpuscles presented in Figs. 1 and 2 may be. 
readily explained (a detailed consideration of the hy 
polarization phenomencn will be presented elsewhere). 
Positive deviations of petentials are usually accompanic i 
by some decrease in tne receptor excitability (Fig. 


ef. 2a and 2b); therefore, on the analogy with jnhibitary n S 
synaptic potentials, thee may be referred to as inhibitory Bee a 


receptor potentials (IRP), while the negative changes in 
the potential may be ca led excitatory receptor potentials 
(ERP). 

In view of the data obtained the participation of 
mediators in the processes of excitation of Pacinian 
corpuscles™ seems scaresly feasible. 
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NVESTIGATIONS by Coombs et al. on mixed agglutina- 
tion! and mixed antiglobulin tests? have revealed that 
an antibody combined with its specific antigen on a cell 
_ may have a free antibody combining site capable of react- 
ing with another molecule of its specific antigen. In the 
mixed agglutination testa these free combining sites are de- 
mocted with antigens (immunoglobulins for the mixed anti- 
globulin tests) attached to red cell indicators. We have 
nvestigated the use of antigens (immunoglobulins) 
Mabelled with fluorescein? 4 in a similar system using frozen 
Mtissue sections? as primary antigens. ‘This method may 
Mbe referred to as mixed antiglobulin immunofluorescence 
ATE) or mixed immunotiuorescence (MIF). Unfortunately 
he latter term may be confused with the ‘mixture of 
olours’> obtained by labelling with different fluoro- 
hromes, so that the cumbersome but more accurate term 
labelled antigen indirect IF staining’ may be preferable to 
eseribe the method. For the sake of clarity the estab- 
lished ITF (indirect immunofluorescent) staining pro- 
| edure® may now be referred to as the labelled anti- 


























inbelled ores nm Caer IF” or ` MIF method: 

Fig. 1 provides a diagrammatic comparison of the prin- 
iples involved in labelled antiglobulin and labelled antigen 
ndirect IF staining. Table 1 summarizes the specific 
technaques employed in the labelled antigen or MIF 
ining method. 

Serial dilutions of human sera containing tissue anti- 
ies were tested on frozen sections of tissue cut in a 
ostat®, Labelled immunoglobulins were prepared by 
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conjugating either coramercial human serum fraction 
FIL or IgG prepared ky DEAE chromatography. For 
conjugation, 0-08 mg FITC/mg protein was found to 
yield satisfactory reagents (FITC, fluorescein isothio- 
cyanate, was obtained from Nutritional Biochemicals 
Corporation, Cleveland. Ohio). Both the antiglobulin 
(step 3) and the normal rabbit serum used as the diluent 
(after 1:15 dilution im buffered saline) of the labelled 
antigen (step 5) were heat-inactivated before dilution 
because some slight enkbancement of MIF staining (some- 
times as much as a whole dilution in the staining end- 
point of the human serem) could be effected thereby. 

The precipitating activity of the antiglobulins and of 
the labelled antigens previded estimates of their respective 
antibody and antigen activities. A concentration of 
L unit/ml. of antiglobalin was defined as the highest 
dilution which would give a visible line of precipitation 
in a standard agar-gel ciffusion precipitation test (6 wells 
8 mm from a centre well, all 2-6 mm in diameter) using 
serial 2-fold dilutions of the antiglobulin 1 in the peripheral 
wells and 1 mg/ml. of IgG or FII in the centre well. 


Conversely, 1 unit/ml. of labelled immunoglobulin was 
Table 1. PROCEDURE FOR MIXED ANTIGLORBULIN OR LABELLED ANTIGEN 
INDIRECT TF 
Time 
Step Reagents Canditions imin) 
1 Human sera serial dilutions to end-point 20 
z Wash PO, buffered saline 8G 
$ Anti-human Heeted 56’ C30 min, diluted to 1-4 units 26 
immunoglobulin 
4 Wash PO, buffered saline 60 
5 Labelled haman Tilted to 1-2 units in heated normal 20 
immunoglobulin rébbit serum (1/15 dilution) 
6 Wash POs buffered saline 120 
7 Ghyeerin mount 11C baffer: 9/10 glycerin 








h 2 units of an 


a. -on the relation between the unitages of antiglobulins and 


labelled immunoglobulins and their respective reactivity 
» in MIF staining will be made at a later date". 
~~ Phosphate-buffered saline? served as a diluent for all 


io. reagents as well as a washing solution. Prolonged washing 


(60 min for steps 2 and 4 and 120 min for step 6 in Table 1) 
was used to minimize non-specific staining. While some 
exploratory studies indicated that washing times of 20, 
20 and 120 min (for steps 2, 4 and 6, respectively) might 
yield equally satisfactory results, the prolonged washing 


_. times listed in Table 1 were adhered to throughout most 


of these investigations to provide an added margin of 
. safety. Fluorescence microscopy was performed as 
_ described previously’. 

_ Studies of MIF or labelled antigen IF staining revealed 
that under the conditions used non-specific staining 


ve ranged from an undetectable to a low acceptable level. 


The latter appeared as a dull-green background staining 
“which could readily be distinguished from specific IF 
staining. In most of these investigations it was difficult 
to distinguish between some traces of green auto-fluores- 
cence of tissue and traces of non-specific staining. 

The appearance of specific MIF staining patterns given 
by tissue antibodies, such as antinuclear factor® (ANF), 
could not be distinguished qualitatively (in readings of 
coded preparations) from those obtained in parallel studies 
by the established labelled antiglobulin indirect IF 
staining procedure. At the quantitative level, comparisons 
were made by titrating human sera (usually in doubling 
dilutions) to IF staining end-points. An end-point was 
defined as the highest dilution of the patient’s serum 
which yielded an IF staining reaction clearly distinguish- 
able from that of negative control sera. Preparations 
were randomized and read as unknowns by two or more 
observers. Under these conditions, IF staining end-points 
varied by as much as plus or minus one doubling dilution. 
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UE stai 

es i Sera tested ET cay eee aa 
Case Type of il. o anti-human* anti-human’ 
antibody Sera, MIF TF MIF HE 

B None 1:25 me = iz 

D ANF* 1: 100 + * + + 

1: 200 + + + 

1; 400 + + + 

1: 800 we Ww Ww 

1: 1,600 Ww ~~ — 

W Nucieoli 1:25 + -+ = 

1:50 Ww W ~ 


* IF, immunofluorescence. MIF, mixed (antiglobulin) IF or labei 
antigen indirect IF, IIF, indirect IF or labelled antiglobulin ITF. > 

Rabbit and goat anti-human antisera to human IgG, Other antib 
could be demonstrated in these by immunoelectrophoresis but did 
appear to be relevant to the MIF or the IIF staining reactions as judged 
comparison with monospecific antisera to IgG., 

ANF, antinuclear factor. 

+, moderate to strong positive. 

W, weak positive. 


Table 2 summarizes some typical titrations perform 
with human sera containing two types of antibodi 
Titrations were performed by the labelled antigen a 
labelled antiglobulin methods using both goat and rab 
antisera to human immunoglobulins. For both the M 
and IIF staining 4 units of the goat antiserum were us 
while the rabbit antiserum was used at dilutions contar 
ing 2 units and 1/5 units for the MIF and IF staini 
respectively. Both antiglobulins contained not only ant 
bodies to human JgG (as indicated by their unitage) by 
also antibodies to other serum proteins as revealed k- 
immunoelectrophoresis. For MIF staining 2 units of 
labelled human immunoglobulin (FIT, Koch Light Labors 
tories, Ltd., Colnbrook, Buckinghamshire) with an estin 
ated molar fluorescein to protein ratio of 8-1/1 was use 
as antigen for the top layer. ; 

The serum of patient D, as shown in Table 2, yielded 
nuclear staining titre of 1:800 or 1: 1,600 by both th. 
MIF and the IIF staining methods under the conditior 






used. Essentially comparable results were obtained wits 
the goat and rabbit antiglobulins. Similarly, the seru», 


of patient W, which contained antibcdies to nucleol - 
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slded comparable reactions by the MIF and ITF staining 
xethods with the rabbit antiglobulin. However, the 
Jat antiglobulin only yielded a detectable reaction by 
IF, not by the MIF staining method. This is the most 
iscrepant result in this series of experiments; it is doubt- 
al if much significance can be attached to it because the 
ifference is close to the limits of error of the method 
-Œr dilution). 

_. Several types of tissue antibodies (probably all auto- 
ntibodies) were tested by both the MIF and ILF staining 
ethods. The results of these studies are summarized 
Table 3. 








able 3. EXAMPLES OF TITRES OBTAINED WITH SOME HUMAN ANTIBODIES 
“TssuE ANTIGENS BY THE LABELLED ANTIGEN (MIZ)* AND LABELLED 
: ANTIGLOBULIN (ITF)* INDIRECT TP * STAINING METHODS 


Systems tested 






Type of Literature Examples of titres 
antibody ref, Tissues By MIF By HE 
“antinuclear factor 8, 9,17 
Smooth Caif thyroid 1: 200 1: 200 
Speckled Calf thyroid 1: 200 1: 400 
ucleclar Calf thyroid 1:50 1:50 
hyroid microsomal 10 Human thyroid 1: 100 1: 100 
ofusele striations 11, 12 Human heart 1: 100 1: 200 
Skin antibodies: 
oo atercellular 13 Guinea-pig lip 1:30 1:90 
Basement zone 13 Guinea-pig lip 1: 2707 1:2707 
Cytoplasmic 14 Guinea-pig lip 1:30 1:30 


* Abbreviations as for Table 2. 
+ No end-points were obtained in these particular titrations. 


Antinuclear factors*-*:!7 of various sorts could be demon- 
strated by both MIF and IIF staining as shown in Table 3. 
Midentical staining patterns were seen in preparations 
stained by the two methods. IF staining of thyroid cells’ 
-yielded strongly positive reactions by the labelled antigen 
wnethod. Preliminary studies of muscle autoantibodies 
found in sera of patients with myasthenia gravis™-!? 
yielded comparable reactions by the two IF staining 
methods. Three types of skin antibodies™' could be 
wdemonstrated by MIF staining as well as IIF staining 
_ The prime objective of these investigations on labelled 
antigen indirect IF staining was to seek a better under- 
standing of the quantitative relationships that obtain 
‘in the conventional labelled antiglobulin method. The 
“approach used in these investigations was that of chess- 
‘board titrations. Fig. 2 illustrates the results obtained 
“in one experiment of this type. An antiglobulin mono- 
specific for IgG was tested at varying dilution against 
doubling dilutions of an ANF. The precipitation end- 
point of this antiglobulin (1 unit per ml.) was 1:32. The 
labelled IgG antigen used for the top layer has an estim- 
vated F : P ratio of 3-6/1 and was used at a concentration 
of 1 unit/ml. (0-05 mg protein/ml.). 
< The results summarized in Fig. 2 reveal that the ANF 
titre maintains a plateau (in the range of 1: 200-1 : 400) 
own to an antiglobulin dilution of 1:32 (1 unit/ml.). At 
igher dilutions of the antiglobulin the ANF titre declines, 
alling off to a negative reaction at $ of a unit per ml. 
‘These observations provide a basis for making the 
ollowing assumptions in quantitative studies of indirect 
‘staining (both IIF and MIF). (1) Titration of a stand- 
human serum yields a constant IF end-point (+1 
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Antiglobulin 
anti - human tgG) 


Fig. 2 


dilution) over a range cf antiglobulin dilutions, forming a. 


plateau in a chess-boare titration as in Fig. 2. The highest _ ; 
antiglobulin dilution in this plateau yielding the maximal >o 


titre (+1 dilution) of IF staining for a given human serum 
is the antiglobulin plateau end-point. (2) The antiglobu- 
lin plateau end-point is roughly proportional to the pre- 
cipitation end-point of the antiglobulin. (3) Non-specific 
staining is proportionai to the fluorescein concentration 
in the conjugate dilution used for IF staining. (4) The 
titre of IF staining obtained with a given human serum is 
proportional to the F : P ratio of the labelled antiglobulin 
(in HEF) or labelled antigen (MIF). It must be added that 
over-conjugation, that is, too high a fluorescein to protein 
(F : P) ratio, so alters the protein that it gives rise to 
unacceptable non-specific staining’. (5) In labelled 
antigen indirect IF steining the maximal titre obtained 
with a given human serum is maintained over a range of 
dilutions of the labelled antigen of the top layer, again 
in a plateau fashion. The highest antigen dilution in 
this plateau which yie'ds maximal titres is the labelled 
antigen plateau end-point. This labelled antigen end- 
point is also roughly proportional to its precipitation end- 
point. 

More recent studies™:!6 have revealed that essentially 
these assumptions hold true for either MIF staining or 
HEF staining. 

From the foregoing it appears that the control of the 
following is required sor quantifying indirect immuno- 
fluorescence: (1) Characterization of antiglobulins by 
immunoelectrophoresis (2) Titration of antiglobulins 
by precipitation tests (for MIF staining the labelled 
antigen must also be titrated). (3) Estimation of the 
fluorescein concentratvons and fluorescein tc protein 
ratios in conjugates. These parameters are minimal 
requirements for quaatitative indirect immunofluores- 
cence. 

This work was supported by the Nuffield Foundation 
(E. H. B.) and U.S. Public Health Service grant DE~- 
01801-03. We thank Miss Natasha Bell for assistance. 
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ees REACTIONS OF dieien MUS ON BELA RATS 


By Pror. BRANISLAV D. JANKOVIĆ, Dr. KATARINA ISAKOVIĆ and JOZEF HORVAT 
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T is now clear that the thymus has an important role right depilated flank. Differential leucocyte counts wei 
A in the development of immunological capacity in performed on tail blood taken 2 days after the first sk 
mammals’. __ Neonatal thymectomy is followed by a test. At 11 weeks all animals were killed and the medi: 
-striking depletion of lymphocyte population in various  stinum was inspected grossly and histologically for th 
aa lymphoid tissues?, The immunological role of the thymus presence of thymic remnants. Axillary lymph nodes an 
~~ has been considered by many investigators to be in the spleen were taken for histological appraisal. 
main indirect, this organ providing the body with cells Immunological responses of thymectomized and contr 
which colonize different lymphoid tissues where they rats, untreated or treated with the cell-free fraction - 
undergo further immunological maturation. Such a allogeneic thymus, are given in Table I. Delayed reactior 
cellular function of the thymus does not, a priori, exclude to bovine serum albumin were sharply reduced in untreate 
the possibility that the thymus may have endocrine thymectomized rats. In contrast are the delayed hype 
activity® and that the development of the immune system sensitive responses of thymectomized animals trea 
. may be influenced by active principles elaborated by the with thymic lipid. At the time of the second skin test: 
thymus and discharged into the circulation’. Interest in delayed reactivity in those rats was comparable to that o 
this possibility has been revived recently by Szent-Györgyi non-thymectomized controls. The responses of thymec: 
et al", who isolated two substances from thymus, among tomized rats treated with central nervous tissue lipit 
other organs, capable of affecting tumour growth. The (CNS lipid) fell between those of untreated thymectomizec 
observations presented here form part of a large experi- rats and those of thymectomized rats repeatedly injecte 
ment in which various fractions of rat thymus have been with thymic lipid. 








used in attempts to restore immunological potential to Untreated thymectomized rats showed a moderate 
rats thymectomized at birth. retardation in weight gain, a low incidence of wasting, 


Thymuses from 18-28-day-old outbred albino rats were disease and a marked reduction in circulating lymphocy 
used as source for the preparation of lipid fraction: 12 g (Table 2). The body-weight of thymectomized rats 
tissue was homogenized with 150 ml. of saline, followed injected with thymic lipid, on the other hand, was com _ 
by lyophilization of homogenate. Dried tissue was parable to that of sham- operated and intact controls _ 
extracted with chloroform—methanol (2:1 by volume) No wasting disease was seen in this group, and there was 
at boiling-point for 12 h. The lipid fraction from whole a partial restoration of total number of lymphocytes ir 
rat central nervous tissue was prepared in a similar way. the peripheral blood. Histological examination of spleerss 
Lipid fractions were emulsified separately in saline before and lymph nodes from thymectomized rats, untreated or 
injection. Inbred Lewis strain rats (Microbiological treated with central nervous tissue lipid, revealed a 
Associates, Washington) were used in the experiment. profound depletion of small lymphocytes, whereas th 
Thymectomy was performed at birth, and operated plasma cell population was found to be normal’. Th 
animals were divided into three groups. The first group absence of small lymphocytes was less striking in thè 
was treated with the thymus lipid fraction; the second spleen of thymectomized animals treated with thymi 
group with the central nervous tissue lipid, and the third lipid, and in the lymph nodes masses of these cells wer 

group was not treated. Two control groups of normal rats larger than in other thymus-free rats which were no 
were also included. One control group (sham-operated) injected with thymic lipid. There were many foci o 
was treated with the central nervous tissue lipid, whereas cellular proliferation in the cortical areas of those lymp 
another group (anoperated rats) was untreated. Each nodes. These histological findings fit fairly well with th 
es -treated thymectomized or sham-operated rat received a immunological responses of thymectomized animal 
=o totalof 11 injections, beginning at 21 days and ending at treated with thymus lipid fraction. ae 
$8 days of age. The individual inoculations contained None of several thymic materials used by other authors®- 


2-6 mg of thymus or nervous tissue lipid extract. Thymec- has been effective in preventing wasting disease or in’ 
--tomized animals showing the wasting syndrome were 
excluded from the experiment. 

















Table 2. BODY-WEIGHT AND TOTAL LYMPHOCYTE Count IN TREATED AN) 


At 8 weeks all rats were immunized with crystallized UNTREATED THYMECTOMIZED AND CONTROL Rats 
bovine serum albumin dissolved in saline and mixed with 


; Average body Average total 
o BR. equal volume of complete Freund’s adjuvant. 0-1 ml. Group No. of Treatment weight at 11 lymphocyte ` 





<0 of a stable water-in-oil emulsion (0-8 mg of bovine serum rats WERS (RI OOUNTALI WEERT 
albumin) was injected into the left hind foot-pad. The Thymectomized Pe aa pid a Eat | 
_. first skin test was done 10 days, and the second 18 days, 12 Thymus lipid 189-4 10.183 
= after immunization. 40 ug of bovine serum albumin in eee + o yare nai 
0-1 ml. saline were injected into the skin of either left or Sham-operated 10 CNS lipid 188-2 12892 





Table 1. DELAYED HYPERSENSITIVITY TO BOVINE SERUM ALBUMIN IN TREATED AND UNTREATED THYMECTOMIZED AND CONTROL KATS 





| Skin test at 10 days Skin test at 18 days 
| | No.of | _No. of rats with reaction: : _No. of rats with reaction: 
1 ‘ats 
| | m 
Thymectomized | 10 NE | 9 1 9 0 9 1 9 
i 9 i CNS ‘lipid i a 3 i 0 a z = : 
12 ; Thymus lipid | 3 7 2 0 I 1 4 


Non-thymectomized : l ; 3 . . : . ; : 
Intact © 10. | -— CD e 2 4 o ooe oO l e A o e 
Sham-operated : 16 ONS lipid 0 : } : . i 3 ; 3 i 4 






















ig vaco competence "A thymectomized 
has. been claimed, however, that injection of 
xtracts into animals ‘pro ces a temporary 
i lymphocyte number”. The results presented 
gest that the thymus is capable of elaborating 
principles which influence immunological reactivity 
rmectomized rats in terms of restoring their immune 
ential. One could assume that the humoral activity 
he thymus, as described in this experiment, might be 
lar to the activity exerted by the tumour growth- 
_ omoting substance isolated by Szent-Györgyi et al.. 
hould be mentioned, however, that Dalmasso et al. ; 
d to restore immunological potential to neonatally 
mectomized animals by repeated injections of ‘pro- 
one’. The reported humoral activity of the thymus 
ems to be related to thymic lipid, lipoprotein or lipo- 
. ible components. Several injections of highly polymer- 
ad. deoxyribonucleic acid isolated from young rat 
mita inereased, to some extent, the delayed hyper- 
nsitivity response in rats thymectomized at birth 
npublished results). Thus the immunological reactivity 
»tained was quantitatively similar to that of rats treated 
th central nervous tissue lipid, but it never reached the 
vel of delayed reactions observed in thymectomized rats 
jected with thymus lipid fraction. 
_ Thymus lipid(s) exerted restorative effects on lympho- 
_ytes in the circulation and lymphoid tissues. This 
vides the histological substrate to the corrected 
somunological inadequacy, but does not itself explain 
ae re-population of lymphoid cells, that is, whether 
umoral thymic factor(s) act solely by stimulating 
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mesenchymal cells of lymphoid tissues, or through 1 he 
mechanism of immune recognition. Although the preser 
results do not offer evidence as to the thymus cells to _ 


which humoral function could be attributed, it might. be S ae 
assumed that this activity is related to the central cellular. 


architecture of this orgen. The implied humoral role of 
the thymus, however, ie not inconsistent with the possi- 
bility that the thymus azts as the source of cells involved 
in delayed hypersensitivity responses. 

This work was supported by grants from the Yugoslav 
Foundation for Scientitie Research (Belgrade), and in- 
part by the National Institutes of Health (Bethesda). 
Part of the work was carried out while one of us (B. D. J.) 
was a member of the Department of Bacteriology ando- 
Immunology, Harvard Medical School, and Allergy Unit, 
Massachusetts General Hospital, Boston. Ai 
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PRECIPITIN ACTIVITY IN THE SERA OF PATIENTS WITH DEFICIENCY 
OF 8-LIPOPROTEINS (ACANTHOCYTOSIS) 


By Dr. R. F. MURRAY, jun. 
The National Institutes of Health, Bethesda, Maryland 
AND 
Pror. B. S. BLUMBERG* 


institute for Cancer Research, Philadelphia, Pennsylvania 


THILE searching for isoprecipitins in the sera of 
“yY multiply-transfused patients’, the sera from two 
pationts with a deficiency of 8-lipoproteins were tested by 
jouble diffusion in agar? against a panel of normal human 
sera. Weak but definite precipitin lines formed. The lines 
were stained by the specific lipid-stain, sudan black B (ref. 
3). The studies reported here were undertaken to confirm 
this observation and to characterize the reaction further. 
Sera which had been stored at — 25° for approximately 
one year were available from the two original patients 
(M.S. and A. C.), and fresh specimens were obtained from 
two additional patients (L. Z. and N. 8.) with the same 
disease. The precipitin reaction was detected in all of 
these, with the exception of a second specimen from M. 8. 
Serum from N. S. showed the strongest reaction of the 
four specimens tested. The best results were obtained 
when reactant proportions of two (N. 8. serum) to one 
(normal serum) were used. Precipitin lines that developed 
within 16 h and stained with sudan black B were observed 
between N. S. and 29 of 30 sera from American white 
individuals. Under similar conditions sera from L. Z. 
and A.C. gave weaker and less-well-defined reactions. The 
low-density lipoproteins (specific gravity < 1-063) from 36 
individuals were isolated by flotation in a salt medium of 
specific gravity 1-063 by ‘the method of Havel et al.‘ 
y-five of these 36 isolated lipoprotein specimens 
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reacted with serum from L. Z., A. C. and N.S. (Fig. 1). 
The isolated hpoproteirs failed to react with any of ten- 
fold concentrated sera from ten normal, white individuals. 
The > 1-063 fraction ef the fractionated sera did not 
produce a precipitin resection even when concentrated by 
ultrafiltration to a degree comparable to that of the low- 
density lipoprotein fraction (ten-fold concentrated). 

In order to characterize the precipitin in the sera of 
the acanthocytosis patients, the immmunoelectrophoretic 
method of Grabar and ¥ orcad was modified as follows. 
Sera from A. C, and L. Z. were concentrated three-fold by 
ultrafiltration, placed ir. m centre well, and subjected to 
electrophoresis in 1 per vent agar in veronal buffer, pH 8-6, 
iome strength 0-05, for 1h at 6 V/em. Isolated low- 
density 8-lipoprotein was placed in one trough and whole 
serum in the other. A smgle are developed when the whole 
serum was used, and tw> ares formed opposite the isolated 
low-density ĝ-lipoprotein. The arc common to both 
troughs was broad, with indistinct borders. It had a 
cathodal mobility intermediate to that of B- and y- 
globulins. The second erc had an anodal migration which 
corresponded to that cf albumin or an «,-globulin, and 
was about one-half as intense as the slower arc. Both ares 
tended to form very near the trough, and neither altera- 
tion of the concentration of reactants nor moving the 
trough farther from tae well influenced their position 
significantly (Fig. 1}. “he clearest arcs were noted when 
isolated lipoprotein dileted 1 : 3 with saline was used. 
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Specific goat anti-human immunoglobulin antisera 
obtained from Dr. W. Terry, National Institutes of Health, 
were used in an attempt to relate the precipitin activity 
in the acanthocytosis serum to that of three of the known 
immunoglobulins (yA, yM and yG)’. The position of the 
major component was similar to but not identical with 
that of the yA-immunoglobulin (Fig. 2). Serum from 
patient A. C. was absorbed in the test-tube and in agar gel 
with these three antisera, but the precipitin activity was 
not removed. Five ml. serum from patient A. C. was 
subjected to column chromatography on DEAE in 
phosphate buffer at pH 7-0. The serum was placed on a 
column l cm x 25 cm and the protein fractions were 
eluted in a stepwise fashion using 0-005, 0-025 and 0-5 M 
phosphate buffers. The precipitin activity could not be 
demonstrated in any of the four fractions obtained despite 
five- to ten-fold concentration of each of the fractions. 

Serum from patient A. C. was tested, using the 
Ouchterlony technique, against the isolated 6-lipoprotein 
specimens from 24 normal individuals. This same panel 
was tested with the human anti-$-lipoprotein antiserum 
C. de B.’. Nineteen of the 24 specimens reacted with C. de B. 
while all 24 of the specimens reacted with serum from 
patient A. ©. The precipitin reaction with A. C. occurred 
after 4 h, while that with C. de B. occurred after 16 h. 
Precipitin ares with C. de B. formed approximately midway 
between the centre (antiserum) and peripheral (panel sera) 
wells, while that with patient A. C. formed immediately 
adjacent to the peripheral well. These observations suggest 
that the precipitins in the acanthocytosis sera are different 
from those developed in multiply-transfused patients. 
Other experiments were performed which showed that the 
precipitin band stains only weakly, if at all, with the 
protein stains, azo carmine and amido black LOB, but 
strongly with lipid stains. Repeated testing of a single 
normal serum specimen under the same experimental 
conditions usually, but not always, produced a precipitin 
line. The failure of precipitin band formation was not 
related to variations in pH, temperature, or buffer compo- 
sition. The reaction did not fix complement using the 
technique of Sever*. The complex formed between the 
C. de B. antiserum and §-lipoprotein does not fix comple- 
ment, but the reaction does conform to most other criteria 
for an antigen-antibody reaction’. 

These findings and several recent reports in the literature 
suggest that the reaction observed is probably a non- 
specific precipitation reaction. 





Fig. 1. The upper portion shows a representative Ouchterlony pattern, 
The centre well contains serum from a patient with deficiency of f-lipo- 
iroteins. Peripheral wells contain isolated low-density §-lipoproteins, 
Che lower portion is an immunoclectrophoretic pattern of the serum from 
an acanthocytotic patient showing precipitin activity in the 8y y-globulin 
amd a,-globulin regions. Trough A contains horse anti-human anti- 
serum. Trough B containe isolated low-density §-lipoproteins 





Fig. 2. Immunoelectrophoretic pattern of the serum of a patient with 
acanthocytosis, comparing the position of the precipitin region with that 
of known immunoglobulins, Wells contain the serum of patient A. C. 
Trough A contains goat anti-yM antiserum. Trough B contains isolated 
low-density §-lipoproteins. Trough C contains goat anti-yA antiserum 


Tomasi!’ noted that certain extracts of human organ 
gave a non-specific precipitation reaction with norm 
human sera using a modified Ouchterlony technique 
He presented evidence that albumin was the reactive) 
component in the serum and that the tissue extrac 
component migrated slightly toward the cathode or 
immunoelectrophoresis. Toichman and Vogt'' also notec 
non-specifie precipitation reactions occurring between the 
sera of patients with tuberculosis and old tuberculn 
obtained from an H37Rv strain of M. tuberculosis. Theys 
identified the serum component as an «,-lipoprotein by its 
immunoelectrophoretic mobility. The same serum com 
ponent was also found in sera of normal individuals as wel 
as in sera of patients with carcinoma of the lung. They 
further suggest that Tomasi’s serum component as well as 
that of Peetom et al. (who reported a precipitations 
reaction between normal human and certain animal serai 
and haemolysates of normal human red cells) are also «,- 
lipoprotein in nature. Other authors':'* have reported™ 
non-specific precipitin reactions between tissue extracts 
and normal sera, but such a reaction has not been previously 
reported between two human sera or with the low-density 
8-lipoprotein of human sera. In addition, preeipitin 
activity is found in two fractions of the acanthocytotic 
serum. It is possible, however, that the x,-globulin fraction 
contains antibody activity, since G. Strejan and I, 
Flechner were able to produce antibody with «,-globulin 
mobility in rabbits?!. 

In summary, the following findings support the 
hypothesis that the precipitin activity in the acantho- 
cytosis patients is probably non-specific. 

(1) The precipitin arcs on immunoelectrophoresis have 
an atypical appearance compared with those seen using 
human, anti-human lipoprotein antisera such as C. de B. 

2) Precipitin activity is noted in the albumin or æ- 
globulin region. Non-specific precipitin reactions, which 
have been previously described, also occurred in these 
regions. 

(3) The precipitin activity was not removed by absorp- 
tion with three common anti-immunoglobulin antisera. 

(4) Precipitin activity has been demonstrated with 
nearly all the normal sera against which it has been tested. 

(5) Precipitin bands stain well with lipid stains but 
weakly, if at all, with protein stains. 

(6) It is unusual for antibody activity against the same 
antigen to develop in two classes of immunoglobulins in 
the same individual. 

(7) The complex formed does not fix complement. 

Neither demonstration of a classical antigen-antibody 
precipitation curve nor localization of the precipitin 
activity in the B- or y-globulin region on immunoelectro- 
phoresis is sufficient evidence to classify the reactant in the 
acanthocytosis patient’s serum as an antibody". Niece 
and Barrett** noted an atypical precipitin band when 
chymotrypsin was tested in agar against an anti- 


no 5o08 October 23, 1965 


arboxypeptidase antiserum produced in rabbits. The 
and was unlike that produced with carboxypeptidase A 
md stained with sudan black but not with bromphenol 
«lue. The antiserum would neither agglutinate latex 
«articles coated with chymotrypsin nor provoke passive 
utaneous anaphylactic reactions in guinea-pigs with 
chymotrypsin as antigen. Both phenomena occurred 
vhen carboxypeptidase A was used as antigen. They 
oncluded that the precipitin was spurious, probably 
‘esulting from precipitation in the agar of lipid released by 
mzymatic degradation of the lipoproteins in the anti- 
serum. The precipitin bands noted in our experiments are 
similar to theirs and may also result from the action of an 
mzyme or enzymes in the serum of these patients with 
leficiency of B-lipoproteins. 

A reaction between the low-density 8-lipoproteins and 
swo components in the serum of patients with deficiency of 
3-lipoproteins is clearly demonstrated for the first time. 

MMurther work is required to determine whether these 

components are peculiar to the sera of acanthocytotic 

atients and whether they are a result of, or play a part in 
rodeon of, the deficiency of ß-lipoprotein. 
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DOUBLE CHROMOSOME REDUCTION IN A TETF.APLOID SOLANUM 
By G. E. MARKS, Dr. R. K. McKEE and Dr. J. B. HARBORNE 


John Innes Institute, Bayfordbury, Hertford 


EPEATED attempts to cross Solanum demissum 

(2n = 6x2=72) with S. stoloniferum (2n = 4x = 48) gave 
one seeded berry containing one seed. This yielded a 
plant (M.271) which had 2n=4%7=48, instead of the 
expected 2n = 5%v=60. The cytological, morphological 
and biochemical studies of M.271 reported here provide 
good evidence that it is a true hybrid and therefore the 
product of double chromosome reduction. 

The plants used in this investigation were as follows: 
Parents. Solanum demissum (C.P.C. 2249) (dms 2249). 
This clone, collected by Dr. J. G. Hawkes in 1949 in Hidalgo 
State, Real del Monte, Mexico, 1s morphologically typical 
of the species. It is both male and female fertile, producing 
94-6 (+ 1-64) per cent stainable pollen of a regular diameter 
and a mean of 96 seeds per berry on self-pollination. 
Solanum stoloniferum (C.P.C. 2282.2) (sto 2282.2). This 
clone was grown from seed collected by Dr. J. G. Hawkes 
in 1949 in Puebla State, Mexico. It is a form of the species 
characterized by dark green leaves, many interjected 
leaflets, a high leaflet index and blue flowers. It sets 
abundantly seeded berries by self-pollination. 

Hybrid M.27]. This one seed obtained in the cross 
dms 2249 (9) x sto 2282.2 (3) germinated and grew very 
slowly into a small plant with extremely short internodes 
and a tufted, almost cushiony habit; it produced only a 
single flower. By contrast, when grafted on tomato. its 


Table 1. LEAF CHARACTERS OF PARENTS AND HYBRID 





growth was upright ard vigorous, it produced long inter- 
nodes and flowering was profuse and continuous. Com- 
parison of the leaf ani flower characters of 4.271 with 
those of its parents (Table 1) shows that in most ways it 
resembles the demissu-n parent more closely than it does 
sto 2282.2. A predominance of demissum would also be 
expected in a pentap_oid hybrid (2n = 60—3 dms+2 sto 
genomes). Morphologrally, M.271 resembles polyhaploid 
S. demissum (2n = 3x = 36)!-3 and could be taken for one 
were it not for its chromosome number. An analysis of 
meiosis gave the resulss shown in Table 2. 

M.271 has no stainable pollen and attempts to back- 
cross it by both parents as males gave one berry when 
sto 2282.2 was used. '‘Lhis contained two seeds, but neither 
germinated. 


Possible Origins 


There is no definite morphological evidence to suggest, 
let alone prove, that J/.27] is a true hybrid of S. demissum 
x S. stoloniferum. Before giving the biochemical evidence 
on this point, we may 2onsider three other possible origins, 
as follows: 

(1) Contamination. It is possible that M.271 is a hybrid 
between dms 2249 anc a diploid Solanum, since three such 
species, S. chomatophyllum, S. santolallae and S. verru- 
cosum, were growing ir the same glasshouse as S. demissum 
and were being used in the same crossing programme. 





dms 2249 , 271 sto 2282.2 ; amn 
Mean* (range) Mean* (range) Mean* (range) However, all attempts-to cross demzessum with these diploids 
Pairs of lateral: leais 2:90 (2-3) 2 00 (0) 8-40 (3-4) failed, and, in additi, M.271 shows no evidence of the 
umber of Interjec © jo i 
leaflets 2°55 (1-4) 0 90 (0-1) 6-40 (3-10) characteristic morphclogy or phenolic pattern (see later) 
Terminal leaflet index 58 (52-68) 61 (50-72) 66 (60-73) of any of these spesies. Hybrids between demissum 
Breathe, and verrucosum have been recorded‘®: they differ both 
Length ; š 
* Based on ten measurements. morphologically and cytologically from M.27]1. 
Table 2. MEIOTIC AND FERTILITY DATA 
Netosis in pollen mother cells 
Per cent +S.£. 
Plant Mean + §.E. per cell stainable 
No. of | (-—] | —— Term pollen 
cells IV TII II I Xta coeff. 
sto 2282.2 25 0 0 24-00 0 32 64+0 51 0 56 60 444 02 
M271 25 0 08 1°48 + 0 25 12 64+ 0°36 17 96+ 0 40 2234+073 0:72 0 
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(2) Female parthenogenesis. Polyhaploid plants of 
S. demissum are occasionally produced as a result of 
female parthenogenesis in selfed progenies of S. demissum? 
or in progenies obtained from crosses between demissum 
and diploid species®:*.?, All had 2n = 3x = 36 except for two 
plants: one which Dodds? found to have 2n=32+3=39 
and another which Beamish’ found to have 2n = 2x + 2 = 
26. 

A tetraploid plant could arise parthenogenetically from 
a hexaploid only by an extremely abnormal maternal 
meiosis. Meiosis and embryo-sac development were there- 
fore studied in ovules of dms 2249, using sections stained 
with Heidenhain’s haematoxylin. Meiosis was regular and 
embryo-sac development was of the type normal for 
S. demissum®. Thus the occurrence of a parthenogenetic 
tetraploid seedling of demissum is extremely unlikely. 

(3) Male parthenogenesis. M.271 could have conceivably 
arisen by male parthenogenesis, in which case it would be 
genetically equivalent to a segregate in a progeny raised 
by selfing sto 2282.2. Such a progeny was grown and all 
the individuals were found to resemble closely the parent 
plant; furthermore, all were fertile and set berries by self- 
pollination. ‘Thus, this parental clone is highly homo- 
zygous, and it is therefore inconceivable that a male 
parthenogenetic seedling should resemble demissum rather 
than its stoloniferum parent. 


Biochemical Evidence 


Except for the anthocyanin pigments of flowers which 
exhibit dominant-recessive relationships in their inherit- 
ance, the genetic control of most chemical constituents 
is more or less quantitative and hybrids contain most or 
all of the substances present in the parents®. Thus chemical 
constituents characteristic of presumed parents can give 
good evidence of the origin of a putative hybrid. On this 
assumption, the flavonol glycosides of the flowers and the 
leaf alkaloids of dms, sto and M.271 were examined, since 
these substances were known to show significant variation 
among the wild tuber-bearing Solanum species. 

Phenolic patterns in flowers. Ten flavonol glycosides 
are known to occur (and vary) in potato flowers!*. Their 
distributions in 1.271, in its putative parents and in three 
related diploid species were therefore examined (Table 3). 
The results eliminate the possibility that M.271 could have 
arisen by a chance hybridization between demissum and a 
related diploid species. The following points about the 
phenolic patterns of the flowers may be noted. 

(1) The pattern of M.271 is identical with that of 
demissum, agreeing with the morphological evidence (see 
earlier) showing that demissum is the predominant parent. 

(2) The pattern of M.271 does not disagree with the idea 
that stoloniferum is the other parent. One constituent of 
stoloniferum, it is true, is not present in the hybrid. This 
substance, luteolin 7-glucoside, though characteristic 
of the species, is not always present: it was lacking in 
four out of 38 clones examined!®. Its absence from M.271 
is therefore not critical. 


Table 3. PHENOLIO CONSTITUENTS OF FLOWERS 


ales oo in 
dms chm * san ver 
2249 M. 271 2252.2 2708 26519 2644 
Flavonol glycosides 
Kaempferol 3-glucoside 
Kaempferol 3-rutinoside 
Kaempfero ! 3-sophoroside 
Kaempfero 3-(26- 
glucosylrutinoside) 

Quercetin 3-glucoside 
Quercetin 3-rutinoside 
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* Also contains two other unidentified flavonol glycosides. 
Key: dms—demissum; sto—stoloniferum; chm—chomatop 
santollalae; ver—verrucosum. 
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Table 4. ALKALOIDS IN THE LEAVES 
Products of acid py crores 
Plant Alkaloid R* oc Ret Aglycone(s) Sug. 
dms Demissine 0-94 029 Demissıdine Xylose, ee. 
2249 and galactose 
sto Solanine 10 0-28 Solanidine amnose, 
2282.2 a-chaconine 1°35 0-46 glucose and 
galactose 
M271 eee ai 0-88 0-30 Demissidine Rhamnose, 
New aie: + traces of xylose, glucos 
ine glycoside ~137 048 solanidine§ and galactose 
a-chaconine (?)} 


Ei, i Tepis to a-solanine: chromatograms run on citrate-buffered Wha 
gper in butanol-citric acid—water. 
ae Ceo grams run on silica-gel plates in acetic acid—ethanol (1 : 3). 
Identified as as a mixture of two components, since this spot gave a stro1 

Dragendorf reaction for alkaloid but only a weak reaction with Clarke 
reagent (used for detecting solanidine glycosides in the presence of demissidir» 
glycosides, which do not react). 

§ Solanidine was detected, in the presence of demissidine, by the use í 
Sarett’s reagent (compare ref. 13). The crude mixture of alkaloid aglycone 
failed to respond to the nitroso test, indicating that tomadine was absent. 


(3) The pattern of M.271 is quite different from tho: 
of the three diploid species (Table 2), which makes it ver 
unlikely that any of these species is involved in its paren’ 
age. Thus, all three not only contain kaempferol as we 
as quercetin glycosides but, in addition, the glycosid 


“patterns (sophoroside, glucoside and (2¢-glucosylrutin¢ 


side)) are quite different from M.271 or its parents (whic 
have only the 3-rutinoside). Production of (2¢-glucosy. 
rutinoside) in flowers of S. stoloniferum and S. chacoens 
is known!® to be controlled by a dominant gene G 
(3-rutinoside being the recessive character), and it ie 
unlikely that this glycosidic form would not appear i» 
hybrids involving chomatophyllum or verrucosum. 

Alkaloids of the leaves. Steroidal alkaloids occur, com> 
bined with sugars (branched tri- or tetra-saccharides)pa 
quite characteristically in the genus Solanum, and thei 
distribution has been studied intensively in recent years?” 
While glycosides of solanidine are widely distributed i 
the tuberous solanums, those based on demissidine are 
found only in S. demissum. Thus it should be possibl: 
to characterize hybrids of demissum with other species -o1 
the basis of their alkaloid content and this has, m fact 
been done with M.271. 

The alkaloids of both parents were examined, with the 
results shown in Table 4. The clone of S. demissum con 
tained the expected demissine!? and S. stoloniferum 
contained solanine and «-chaconine, the two commonesi» 
potato alkaloids. M.271 contained three glycosides o 
which two corresponded in Fp value with glycosides from 
the different parents, that is with demissine and a-chaco 
nine; the third appeared to be a new demissidine glycoside 
On acid hydrolysis, these glycosides together yieldec 
demissidine, with traces of solanidine, and four sugars 
glucose, galactose, xylose and rhamnose. Thus, M.27r 
has the aglycones of both parents and also the constituent 
sugars of both, since the bound xylose is derived from» 
S. demissum and the bound rhamnose can only have come 
from S. stoloniferum. 

Since major intraspecific variation in alkaloid content is 
unknown in the potatoes, this result is effective proof that 
M.271 is a true hybrid between S. demissum and 5S. 
stoloniferum. 


Origin of M.27| 


The morphology and biochemistry of M.271 indicate 
that it is far nearer its female parent, demissum, than it 
is to stoloniferum, suggesting that double chromosome 
reduction occurred in the latter, the male parent. 

Meiosis was normal in the sample of pollen mother cells 
examined from sto 2282.2 (Table 1). However, pollen grain 
measurements from ten different anthers showed a range 
of size within each anther. Using within-anther variance 
as a measure of this variation, Bartlett’s test showed a 
highly significant heterogeneity between anthers ( 7,9] 
487.4). Furthermore, the mean variance within anthers of 
sto 2282.2 was above that for other stoloniferum clones. 
Pollen stainability was also extremely variable in sto 
2282.2, ranging from 12 to 75 per cent per anther. Of a 
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ample of 1,000 ‘good’ pollen grains 5-6 per cent had 
lameters equal to or below the modal diameter of pollen 
rains measured in a diploid species. Since, within species, 

mane size of a pollen grain is often correlated with its chrom- 
some number, it is quite likely that some of the small 
ollen grains found in sto 2282.2 were double-reduced, 
7ith 12 chromosomes. 

Matsubayashi“ found that certain clones of stoloni- 
srum produced occasional tripolar spindles at MI of 
aeiosis which resulted in hexads containing six nuclei 
f almost equal size. Such a mechanism could well be the 
ource of double-reduced pollen grams. Unfortunately 
. re-investigation of meiosis in sto 2282.2 is umpossible 
ince the clone was lost through virus infection. There is 

“herefore no information about the cytological mechanism 
f the presumed double reduction. 


No 5008 


Discussion 


Double reduction has been invoked on a number of 
»ecasions to account for the appearance of unusual 
1ybrids. Thus Steere!’ obtained diploid progeny which 
esembled both parents, from the cross Petunia axillaris 
2n=2a=14) x P. hybrida (2n=4¢%=28). Nishiyama!’ 
nade similar observations on Avena hybrids, Karpre- 
shenko!? on Brassica x Raphanus crosses and Ewart and 

«wValker!® on Poinsettia. In the cherry, three diploid 
sultivars are reputed to have arisen from crosses between 
liploid Prunus avium and a tetraploid cultivar, ‘May 

BOuke’!®; Darlington?® thought that the chromosome 
iumber of the parents disproved the supposed origin of 
shese cultivars but, in retrospect, it now seems that the 
original interpretation is worth reconsideration. 

In none of these examples is there definite proof of 
ouble chromosome reduction: for the potato hybrid, 
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although direct cytological evidence is lacking, the 
biochemical data appear to be decisive. The fact that 
Matsubayashi™ independently obtained a tetraploid plant 
from the same cross tkat produced 47.271 suggests that 
double chromosome reduction may be less uncommon 
than we think. But it sesms unlikely that it is an important 
general mechanism in Wature for decreasing chromosome 
numbers. 

From a biochemical point of view, M.271 is particularly 
interesting since it cortains a new hybrid substance, a 
glycoside of demissidine not present in either parent. 
The identification of the sugar linkages in this glycoside 
will clearly be of interest, as it should throw some light 
on the control of alkaloid glycoside synthesis, about which 
very little is at present known. 
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RETICULOCYTE RIBOSOME FRACTION WITH AN EXCEPTIONAL 
CAPACITY FOR POLYPHENYLALANINE SYNTHESIS ; 


By Dr. JOHN O. BISHOP 


Institute of Animal Genetics, Edinburgh 


ETICULOCYTE ribosomes, isolated from the cell 
lysate by differential centrifugation, form a hetero- 
geneous population with respect to size'-4 The accepted 
unit is the ribosomal monomer, with a sedimentation 
coefficient in the region of 80S (ref. 5). Polyribosomes‘ 
(or ergosomes®) consist of aggregates of two or more 
monomers, held together probably by a strand of informa- 
tional RNA. Two types of ribosomal sub-units are also 
found, with sedimentation coefficients of about 60 S and 
40 S (ref. 3). 

It is widely recognized that the monomer is the active 
unt in protein synthesis. However, the monomers found 
free in the cell lysate do not synthesize protein?-4; those 
ribosomal monomers which make up the polyribosome 
do so, each monomer synthesizing a single polypeptide 
chain’ ®. In this communication the term ‘monosome’® 
is used to refer to any ribosomal monomer which is not 
incorporated in a polyribosome. It is convenient to be 
able to refer in molar terms to the monomers which 
constitute the polyribosomes, and to the monomers which 
would be formed by the aggregation of a given quantity 
of sub-units. The term ‘monomer equivalent’? is used to 
refer to the amount of any given homogeneous or hetero- 
geneous ribosome preparation equal in mass to a ribosomal 
monomer. The term ‘native’, used to describe a particular 
ribosome species, indicates that it was found in the cell 
lysate. This does not imply that it is present as such 
within the cell. A ‘derived monosome’!® is one released 


from a polyribosome durmg protein synthesis in the cell- 
free system. ‘Derived sub-units’ are sub-units prepared 
by dissociation of moncsomes®. 

The macromolecular components required for the 
synthesis of polypeptid> under the direction of synthetic 
polynucleotides are activating and transfer enzymes, 
transfer RNA, and ribcsomes. In the preparations used, 
the predominant riboscmal species has usually been the 
monosome. The newly synthesized polypeptide chains 
are sometimes found associated with artificial polyribo- 
somes which are thougat to consist of two or more ribo- 
somal monomers attached to a single polynucleotide 
molecule!!-“4, These sediment in a centrifugal field more 
rapidly than the monosomes!)-!%. In none of the cases 
cited has more than a small proportion of the available 
ribosomal material been seen to become involved in the 
formation of complexes with polynucleotide. This 
suggests that only a minor ribosome fraction is capable of 
reacting with the synthetic polynucleotide. 

This conclusion has recently been confirmed by measur- 
ing the chain-length o? the polyphenylalanine which 1s 
synthesized in the reticulocyte cell-free system under the 
direction of polyuridylic acid (poly U)”. Total phenyl- 
alanine incorporation in this system rarely exceeds 5 mz 
moles per mg of ribosomes, or, taking the molecular weight 
of the monomer to be 4 x 10° (ref. 21), 20 phenylalanine 
residues per monomer equivalent. The average chain- 
length was found to be of the order of 200 phenylalanine 
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Fig. 1. Polyphenylalanine synthesis by native and derived monosomes 
following zone sedimentation. (a) Native monosomes, (b) Derived 
monosomes. The broken lines show optical density at 260 mu: solid 
lines show polyphenylalanine synthesis, measured as c p m. incorporated 
per 0 2 ml. under the standard assay conditions described below. The 
direction of sedimentation 1s from right to left. The preparation of 
monosomes 1s described in the text One ml. of the monosome fraction, 
ın standard buffer containing 5 per cent sucrose, was layered on a 29 ml., 
10-23 per cent sucrose gradient, prepared in standard buffer, and centri- 
fuged for 10 h at 25,000 r p.m. in the Spinco ‘No. 25’ rotor at 0° C 
Suitable dilutions of fractions 1 to 10 were assayed spectrophoto- 
metrically. Fractions 2 to 10 were assayed for polyphenylalanine 
synthesis in the cell-free system by mixing 0'2 ml with an equal volume 
of a solution containing, in moles: ATP, 0 28, GTP, 0-08, creatine phos- 
phate, 2-8; MgCl,, 2, tris-HCl, pH 7 2,16; glutathione, 6; 17 L-amino- 
acids, 001 each; and umformly labelled ™“C-phenylalanine, specific 
activity 10 o miolo (approximataly 5,000 cp.m per umole), 002, 
together with 5 ug creatine kinase, 50 ug yeast sRNA?*, 25 ug poly-U and 
1:5 mg of an enzyme fraction prepared by precipitating the ribosomal 
supernatant between 40 and 70 per cent ammonium sulphate satura- 
tion’. The optimum amount of KCI (20 moles) was introduced with 
the gradient fraction. The mixtures were incubated for 40 min at 37° C 
and chilled. 01 ml. of 6 N NaOH was added and af.er 2 min at 37° C 
the mixtures were again chilled and 2 ml of 10 per cent TCA was added. 
After 30 min at room temperature the precipitates were collected on 2- 
cm diameter ‘Oxoid’ membrane filters, washed 8 times with 5 per cent 
TCA, twice with ethanol/ether (1/1) and once with ether. Radioactivity 
was measured using a ‘“Tricarb’ liquid scintillation counter, by placing the 
filter in a 20 ml. vial conta:ming 15 ml. of counting fluid (0'5 per cent 
w/v PPO, 0:03 per cent w/¥ dimethyl POPOP in toluene) 


residues!”. If one monomer equivalent is involved in the 
synthesis of each chain, then only 10 per cent of the ribo- 
somal material is active in polyphenylalanine synthesis. 

This paper shows that two minor ribosomal species, the 
native ribosomal sub-units, are very active in poly- 
phenylalanine synthesis. Both types of sub-units are 
required, together with poly-U. The specific activity of 
sub-units is 3—4 times greater than that of monosomes. 
Up to 80 phenylalanine residues are incorporated in the 
cell-free system per sub-unit pair. 

The ribosomes used in these experiments were prepared 
from rabbit reticulocytes!®. The cells were washed 3 
times by centrifugation and lysed by stirring for 2 min 
at 0° C with 3 volumes of buffer (10 mM tris-HCl, pH 8-1 
at 0°, 30 mM KCl, 2 mM MgCl,). Lysis was terminated by 
adding 0-45 times the original cell volume of ice-cold 2 M 
sucrose. Cell debris was removed by centrifuging for 
15 min at 13,000g. Ribosome fraction P1 was the pellet 
obtained by centrifuging the clarified lysate for 1 h at 
30,000 r.p.m. in the Spinco ‘No. 30’ rotor (78,000g). 
Measurements? made with the analytical ultracentrifuge 
with Schlieren optics showed P1 to contain polyribosomes 
and monosomes in the approximate proportion of 2: 3, 
together with a trace (about 5 per cent) of ribosomal 
sub-units. Fraction P2H was the pellet obtained by 
centrifuging the lysate for 2 h. The composition of 
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Table 1 


Conditions Fraction P2H Fraction P2-4 
Complete system 0 644 0-219 
Plus 40 zg poly-U 2 895 2 040 


One mg of the rıbosome fraction was incubated at 37° C for 40 min in 
total volume of 0 4 ml. containing other reagents ın the amounts given in tl 
legend to Fig. 1. The samples were precipitated, collected, washed ar 
counted as described there. Phenylalanine incorporation is presented as n 
moles of phenylalanine incorporated per mg of mbosomes. 


P2H was similar to that of P1, but ıt contained highs 
proportions of monosomes and sub-units. Fraction P2- 
was the pellet obtained by centrifuging the 2-h supernatar 
for 4 h. This fraction consisted largely of monosome 
(about 70 per cent) and sub-units (20 per cent), and cor 
tained no polyribosomes except for a small proportion c 
dimers (about 10 per cent). Purified native monosome 
were prepared by zone centrifugation: 1 ml. (15-20 mp» 
of fraction P1 in standard buffer (0:1 M KCl, 1 mM tris 
HCl, pH 8-1 at 0° C, 1-5 mM MgCl,) containmg 5 per cen 
sucrose was layered on a 29-ml., 10-23 per cent sucros 
gradient prepared in standard buffer, and centrifuged fo 
8 h at 25,000 r.p.m. (Spinco ‘No. 25’ rotor). The bottor 
5 ml. of the gradient was diluted with 15 ml. of standan 
buffer and centrifuged for 3 h at 78,000g to obtain a pelle 
of purified native monosomes. The pellet from the 8-} 
gradient contained polyribosomes virtually free o 
monosomes. These were gently resuspended and ‘derived 
monosomes were prepared from them by incubation in thx 
complete cell-free system (see legend to Fig. 1). The 
mixture was diluted with 7 volumes of standard buffer, 
and a pellet, which contained both derived monosomes 
and residual polyribosomes, was obtained by centrifuging 
for 3h at 78,000g. The derived monosomes were separated 
from polyribosomes during the subsequent analysis 
(Fig. 1). 40-S native ribosomal sub-units were purrfieom 
by centrifuging 1 ml. of fraction P2~—4 through a 29-ml. 
10-23 per ‘cent sucrose gradient (in standard buffer) for 
10 h at 25,000 r.p.m. in the Spinco ‘No. 25’ rotor. 40-S 
sub-units were well resolved, but 60-S sub-units appeared 
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Fig. 2. Polyphenylalanine synthesis by ribosomal fractions following 


zone sedimentation. (a) Optical density at 260 my (broken line) and 
polyphenylalanine synthesis (solid line) measured as c p.m incorporated 
under the standard assay conditions described ın the legend to Fig. 1. 
(b) Specific activity, asc p m, incorporated per mg of ribosomal material. 
Direction of sedimentation from right to left Fraction P2-4 (1 ml.) 
was applied to a 29-ml sucrose gradient (10-23 per cent) in standard 
buffer and centrifuged at 25,000 r.p m for5ih. Thirteen 2 2-ml. fractions 
were collected and assayed as described 1n the legend to Fig. 1 
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E shoulder on the monosome peak (see Fig. 3). 3 ml. 
the 60-S shoulder was applied to a 53-ml. 20-33 per 
t sucrose gradient and centrifuged for 10 h at 25,000 
.m. in the Spinco ‘No. 25.2’ rotor. The 60-S sub-units 
mace resolved from contaminating monosomes and 40-S 
)-units as a clear peak near the middle of this gradient 
8- 4) ° l 
m?oly-U was synthesized as previously described”. The 
paration used in the experiments had Sw = 9:3, 
1 an average chain-length of about 300 residues, determ- 
“od by measuring the inorganic phosphate released by 
terial alkaline phosphatase. 
The very low polyribosome content of fraction P2—4 
ss reflected in a low level of endogenous protein synthesis 
the cell-free system (Table 1) compared with fraction 
2H. In contrast, poly-U-stimulated phenylalanine 
sorporation, was rather higher in fraction P2-4, relative 
P2H. Amino-acid incorporation by both fractions, 
1ether endogenous or poly-U-stimulated, was com- 
ately dependent on the addition of ATP. 
Polyphenylalanine synthesis by native and derived mono- 
wnes. Purified native monosomes were centrifuged 
rough a 29-ml. sucrose gradient for 10 h (Fig. la). A 
aglo peak of optical density was found towards the 
»ttom of the gradient. When the fractions were assayed 
xr their capacity to synthesize polyphenylalanine in 
«© cell-free system with added poly-U the amount of 
mthesis followed the optical density profile closely. In 
parallel experiment derived monosomes were analysed 
. the same way with similar results (Fig. 16). However, 
1e specific activity of the derived monosomes was about 
=) per cent greater than that of the native monosomes 
fig. 1 and Table 2). 
In a previous report!’ it was suggested that polypheny]- 
Manine synthesis by ribosome fractions containing a high 
roportion of polyribosomes was partly due to monosomes 
sleased from polyribosomes during the synthesis of 
aemoglobin in the cell-free system. Here the activity of 
lerived monosomes is clearly demonstrated. The activity 
both types of monosome in this experiment represents 
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zone sedimentation. (a) Optical density at 260 mæ (broken line) and 

polyphenylalanine synthesis (solid line). (b) Specific activity. Direction 
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Fig. 4. Purification of native 60-S sub-units. Optical density (broken 

line) and polyphenylalanine syathesis as c.p.m. incorporated per 0-13 ml. 

in the absence (closed circles) and in the presence (open circles) of 40-S 

sub-units (5'6 ug). Direction of sedimentation from right to left. The 

preparation of 60-S sub-units is described in the text. Twenty-eight 

fractions of about 2 ml. were a ae Assay conditions were as for 
1g. 


the incorporation, of less than 20 phenylalanine residues 
per monosome. If the sverage chain-length is about 200 
(ref. 17), less than 10 par cent of these monosomes syn- 
thesize polyphenylalanine. The lesser activity of the 
native monosomes most probably indicates that a lower 
proportion, is active; sinse the derivation of the two types 
was rather different, it zs quite likely that one was more 
extensively inactivated than the other. However, the 
alternative interpretation, that the two types of monosome 
synthesize different lengths of polyphenylalanine, remains 
as a possibility. 

Polyphenylalanine synthesis by native ribosomal sub- 
units. To determine which components of fraction P2-4 
were active in polypherylalanine synthesis, 1 ml. of the 
fraction, was centrifuged for 5 h through a sucrose density 
gradient (Fig. 2), bringing the preponderant ribosome 
species, the monosomes, to the middle of the pradient. 
Setting the peak opticel density at 80 S, the remainder 
of the gradient was calibrated by the approximation of 
Martin and Ames?®, The 40-S ribosomal units were 
partially resolved, form-ng a shoulder at the trailing edge 
of the monosome peak. Endogenous protein synthesis 
was measured by incubating aliquots of the gradient 
fractions with C-pherylalanine in the cell-free system 
in the absence of poly-U. No significant phenylalanine 
incorporation was observed. When poly-U was added to 
the cell-free system extensive phenylalanine corporation 
occurred (Fig. 2a). A single peak of activity was found, 


Table 2. COE eee BY SUCROSE GRADIENT RIBOSOME 
RACTIONS 


Approx- Phenyl- Specific activity 
imate Volume alanine (phenylalanine 
Exp. Fraction sedimen- analysed incor- residues per 
tation (ml ) poration, monomer 
coefficient (c p m.) equivalent) 
Fig, 1a 4 80 S 0-2 673 9 
2-5 (av.) 10 
Fig. 1b 5 0s 2 818 13 
2-5 (av.) 14 
Fig. 2 7 80 S 0:2 1,473 24 
9 50 S 02 1,499 62 
Fig. 3 3 80 S 0-2 1,510 20 
8 60 S 0'2 1,864 62 
9 55 S$ 0-2 1,228 69 
7 60 S 0-1 658 42 
12 os 0-1 41 3 
7+12 605+40£ 0-1 each 2,358 80 
Fig. 4 16 60 S 0:13 11 4 
40-S sub-units 0:07 20 3 
60S+402 0:18+0 07 239 24 


The fractions were assayed 2s described in the legend to Fig.1. Specific 
activity is calculated from the-optical density and phenylalanine incorpora- 
tion of the fractions taking the opuca density of a 1 mg per ml. solution of 
ae oe to be 12 and the molecular weight of the monosome as 4x 10° 

ref. 21). 
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overlapping the optical density peak, but displaced 
towards the top of the gradient. The fraction with 
maximum activity lay between 60 and 70 S. A distinct 
peak of specific activity was also found (Fig. 2b), and the 
fraction with the highest specific activity lay still nearer 
to the top of the gradient, between 50 and 60 S. In the 
monosome region (80 S) the specific activity was three 
times lower. The peak fraction, fraction 9, incorporated 
approximately 60 phenylalanine residues per monomer 
equivalent (Table 2). Similar profiles, though showing 
lower levels of incorporation, were obtained when the 
fractions were incubated with smaller (8 ug) or greater 
(80 ug) amounts of poly-U. 

In order to separate the various types of ribosome more 
completely, a similar sample of fraction P2—4 was centri- 
fuged through the same gradient for 10 h (Fig. 3). Mono- 
somes were found at the bottom of the gradient, clearly 
separated from the 40-S sub-units. The 60-S sub-units 
formed a shoulder on the trailing edge of the monosome 
peak (fractions 6-8, Fig. 3a). Haemoglobin was partly 
resolved from heavier contaminating proteins at the 
upper end of the gradient (fractions 15-24). Aliquots of 
the gradient fractions were incubated with poly-U and 
*C-phenylalanine in the cell-free system. Two peaks of 
activity were observed. The first tended to follow the 
monosome optical density profile, but merged into the 
second, which was maximum at about 60 S. The optical 
density and incorporation profiles resolved into a single 
peak of specific activity (Fig. 3b) with its maximum at 


about 55 S. Once again, the specific activity in the- 


monosome region was about three times less than the 
maximum specific activity (Table 2). 

The results show that the ribosomal sub-units are very 
active in polyphenylalanine synthesis. If both types of 
sub-unit were required, this would explain the fact that 
the highest specific activity is found between, 40 and 60 S, 
where the two types of sub-unit probably overlap on the 
gradient. A direct demonstration of the requirement for 
both sub-units was obtained by mixing fractions from the 
10-h gradient. When fractions 7 and 9 were incubated 
together, polyphenylalanine synthesis was 3:5 times 
greater than the sum of the two when incubated separately 
(Table 2). 40-S sub-units (fraction 9) showed little activity 
when. incubated alone but the 60-S fraction, as isolated 
from the 10-h gradient, had considerable activity. Since 
the 60-S sub-units were poorly resolved, their activity 
might be due to contamination either by monosomes or by 
40-S sub-units. To test this possibility the 60-S fraction 
was applied to a second gradient and centrifuged for a 
further 10 h. This separated the 60-S sub-units from 
contaminants which appeared as minor peaks on each 
side of the 60-S peak (Fig. 4). At this point the 60-S 
sub-units no longer showed any capacity for polypheny]l- 
alanine synthesis when incubated alone, but considerable 
activity was found when 40-S and 60-S sub-units were 
incubated together (Table 2). The profile of polyphenyl- 
alanine synthesis in the presence of 40-S sub-units followed 
the optical density profile of the 60-S sub-units quite 
closely (Fig. 4). The greatest specific activity observed 
in, this experiment corresponded to the incorporation of 
24 phenylalanine residues per monomer equivalent, 
which is much lower than the values found in the previous 
experiments (Table 2). This may be partly because in 
the assays of the peak tubes the ratio of 40-S to 60-S 
sub-units was about 5:1 on a molar basis. In fact, about 
60 phenylalanine residues were incorporated per 60-S 
sub-unit present. A second factor may be the inactiva- 
tion of purified sub-units. Variable inactivation (10-60 
per cent) occurred when, the sub-unit fractions were held 
at 0° C for the period of the second gradient run. 

These experiments show that native ribosomal sub- 
units participate with poly-U in the synthesis of poly- 
phenylalanine. Alone, each type of sub-unit appears to be 
inactive. The obvious inference is that the two types 
co-operate in the synthesis of each polyphenylalanine 
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molecule. In these experiments sub-units incorpori 
up to 80 phenylalanine residues per monomer equival» 
Taking 200 as the chain-length of polyphenylalar 
synthesized in the reticulocyte system!’, 40 per cont 
the sub-units would be participating in polyphenylalar 
synthesis, if each chain, is synthesized by a single pain== 
sub-units. If more sub-units were required, the prog— 
tion of active sub-units would be higher, and the fig 
of 80 residues sets at 2-5 the upper limit to the number! 
pairs which might be involved in the synthesis of a sin__ 
polyphenylalanine molecule. These arguments are ba» 
on the assumption that a given sub-unit can participe 
in, the synthesis of only one polyphenylalanine: molecu 

Discussion. The native ribosomal sub-units descrit__ 
here have sedimentation, coefficients of about 40 and 6( 
(ref. 7), as have the derived sub-units prepared by 1 
disaggregation, of monosomes®. Under conditions whjæm 
have been, reported to effect the reaggregation of deriv 
sub-units®, native sub-units are completely stabl 
Furthermore, native sub-units are isolated from the c 
lysate under conditions in which monosomes are stab 
These facts suggest that there is an inherent structur 
difference between native and derived sub-units, althou; 
it is clear that before a definitive statement can be man 
the differently derived sub-units must be compared siw 
by side. 

It has not yet been determined whether the nativ 
sub-units are in sub-unit form during polyphenylelanir 
synthesis, or whether they are aggregated together t= 
form monosomes or higher order structures. 

The specific incorporation figures for native monosome 
and sub-units (Table 2) allow an estimate to be made 
the relative contributions these fractions would make t 
total polyphenylalanine synthesis in cell-free system: 
Native sub-units make up about 15 and monosomes abou 
60 per cent of the total ribosomal material in the clarifie: 
lysate (unpublished experiments). In the lysate, abou 
60 per cent of polyphenylalanine synthesis would be du 
to both native and derived monosomes, and about 4m 
per cent to sub-units. The same would be true of purifiec 
systems using ribosome preparations which had beer 
sedimented long enough to precipitate all sub-units, thar 
is for 3-4 h at 78,000g. Where shorter sedimentatiorz 
times are used the proportional contribution of the 
monosomes will be greater. The same will be true of pre 
incubated systems, regardless of the method of prepara. 
tion, since pre-incubation under conditions favouring» 
protein synthesis leads-to the disappearance of sub-units’. 

E. coli ribosomes have rather different properties than 
reticulocyte ribosomes, and it is not at all clear what 
homologies, if any, exist between ribosomes and sub-units 
from the two organisms. Green and Hall?? isolated sub- 
units from an H#. coli lysate which failed to aggregate under 
conditions which led to the aggregation of derived F. coli 
sub-units. It is possible that these correspond in some way 
to the native reticulocyte sub-units, but it is not known 
whether they are active in polyphenylalanine synthesis. 
Gilbert“, and Okamoto and Takanami**, prepared two 
types of ribosomal sub-unit from Æ. colt and showed that 
when incubated together, but not when incubated alone, 
they would synthesize polyphenylalanine. In each case 
the sub-units were prepared after the complete dissocia- 
tion of all monosomes. It is therefore not clear whether 
the activity observed was due to the derived or the native 
sub-units. 

The question amses of whether native sub-units or 
monosomes or both are responsible for the initiation of 
endogenous polypeptide chains, the chains of the globin 
molecule in the present case. Recent evidence’, much of 
it indirect, indicates that sub-units are required. In 
certain, circumstances a simple one-to-one relationship , 
was demonstrated between the number of sub-unit pairs” 
available and the number of chains initiated. Strovigy 
indications were found that monosomes do not initiate 
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ìn the other hand, Hardesty et al.1° and Lamfrom and 
opf*4 have suggested that monosomes do initiate globin 
ins. Under the conditions used by these authors for 
preparation, of monosomes, sub-units would have been 
aggregated. It is likely, however, that the monosomes 
re not resolved from the disaggregated sub-units. The 
mosomes used by Goodman and Rıch? in reaching the 
ne conclusion from experiments with an ascites cell 
stem were more thoroughly purified. However, it is 
«t known whether or not ascites cell native sub-units 
suld be aggregated under the conditions of isolation. 
The results presented here support the idea that sub- 
its are active in polypeptide initiation; but at first 
‘ht they tend to contradict the conclusion that mono- 
mes are inactive. Monosomes are clearly shown, to be 
tive in polyphenylalanine synthesis, although less 
than sub-units. However, it is by no means certain 
‘at the properties of poly-U and the endogenous informa- 
snal RNA are the same. Secondly, in the experiments 
ported here the ratio of poly-U molecules to ribosomes 
as of the order of 100:1. In the endogenous situation 
is likely to be less than 1:1. The reactivity of the 
bosome fractions with poly-U may not be a certain 
«dex of their behaviour either within the cell or in the 
sll-free system without added polynucleotide. 
I thank Mrs. Norma Robertson for her assistance, and 
fr, B. B. Cohen for his advice. This work was supported 
wy grants from the Medical Research Council. 
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INTERMEDIATE STATES IN THE PRECIPITATION OF HYDROXYAPATITE 


By Pror. E. D. EANES, Da. I. H. GILLESSEN and Pror. A. S. POSNER 
Hospital for Special Surgery, Cornell University Medical College, New York 


i O distinguish between the physico-chemical and 

physiological factors underlying the formation of 
biological hydroxyapatites, mvestigations have been 
undertaken in this laboratory on the ageing of aqueous 
preparation of synthetic calcium phosphates. In these 
studies, chemical and X-ray diffraction analyses are being 
employed to elucidate certain aspects of the nucleation 
and growth dynamucs of the emerging solid phase under a 
wide variety of experimental conditions. The present 
article describes the precipitation behaviour of these 
calcium phosphates under conditions of high pH and high 
initial concentrations of reactants, and gives a descrip- 
tion of some of the alterations which occur in the physical 
and chemical properties of the solid phase while in 
contact with the preparative solution. 

To minimize the formation of more soluble acid phos- 
phates, the following hydroxyapatite preparation, & 
modification of one proposed by Hayek and Stadimann’, 
was employed: 0-250 molar solutions of (NH,),HPO, 
were rapidly added while stirring to 0-750 molar solutions 
of either Ca(NO,)..4H,0 or CaCl,.6H,0 to achieve a final 
phosphate concentration of 0-15 molar in the Ca/PO, 
molar ratio 1:71. All solutions were brought to a pH 
value of 10:5 with concentrated NH,OH before mixing. 
-The reactions were carried out at 25° C in closed systems 
to minimize CO, absorption. Constant stirring kept the 
slurry in intimate contact ‘with the reaction solution for 
periods up to 2 weeks. Samples of the reaction slurry were 
withdrawn at fixed intervals after initial mixing for 
chemical, pH and X-ray diffraction analyses. To avoid 
changes in the solid during the drying of the slurry, all 
samples were lyophilized. The samples chosen for chemical 
studies were washed four times with ammoniated wash 
water (pH 10:5) before freeze-drying and then analysed 
for Ca by standard EDTA titration techniques and for 
` PO, by the, differential spectrophotometric technique of 
Clee and Deitz?. - The supernatant and washings were also 
analysed for Ca and PO.. 


X-ray diffraction patterns of the samples were recorded 
on an electronic diffractometer equipped with a scintilla- 
tion counter and a pulse-height analyser. Nickel-filtered 
copper Kg radiation wes employed. The scattering region 
24-36°20 was principally surveyed; this portion of the 
diffraction pattern inzludes the main hydroxyapatite 
diffraction profile. Because of extensive overlaps, only the 
002 peak at 25-8°20 was sufficiently resolved for line-breadth 
measurements. The width at one-half the maximum 
height of this peak, Bı 2 was measured in degrees 20 and 
corrected for instrumental aberrations according to the 
method of Warren’. The quantity, 1/812, which is pro- 
portional to the mear crystallite size and/or degree of 
perfection in the direcsion along the c-axis of the crystals 
was taken as the məasure of the crystallinity index. 
Since it was observed qualitatively that variations in the 
degree of resolution cf the remainder of the diffraction 
pattern parallel the changes in the 002 reflexion, this 
crystallinity index carn be taken as representative of the 
crystal as a whole. 

The initial solid phase, which separated immediately 
on mixing of the reactants, was ‘non-crystalline’ 
inasmuch as the diffraction patterns showed no discrete 
diffraction peaks (see Sig. 1A). The molar Ca/PO, ratio of 
this amorphous phase after washing was well below the 
1-71 ratio of the overall reaction system and was found to 
be dependent on the Ca salt used in the preparation. 
The molar Ca/PO, ratio was remarkably consistent for 
any given salt; a ratic of 1-52 was found when the nitrate 
solution was used, a value of 1-46 was observed when the 
chloride solution was used. At most only 90 per cent of 
the total Ca availabls in solution was incorporated into 
the amorphous phase while the unincorporated Ca either 
remained in solution or was washed out of the precipitate. 
No detectable amount of PO, was found in either the 
reaction solution or the wash waters after solid formation. 

X-ray diffraction patterns taken on the unwashed, 
freeze-dried product, as well as patterns taken directly of 
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the slurry, centrifuged to remove excess water, established 
that the ‘non-crystalline’ character of the precipitate 
persisted in contact with the precipitating solution for 
several hours before completely transforming into a poorly 
crystalline hydroxyapatite (Fig. 1B). The observable 
conversion of the pre-apatitic phase into hydroxyapatite 
did not occur abruptly, but extended over a period of 
about 2 h. Measurements made on the 002 diffrac- 
tion peak of samples collected during this period revealed 
that even though there was a continuous five-fold increase 
in. relative peak area, indicative of a five-fold increase in 
converted apatite, the diffraction breadth remained un- 
changed at l/Bija = 1:44/°28 (s = +0-04), a value smaller 
than normally found in poorly crystallized bone apatite‘. 
When the pre-apatitic phase has fully converted, as 
evidenced by the constancy of the 002 diffraction peak 
area, & gradual sharpening of the 002 reflexion was 
observed (1/8,;, = 1:75/°26 at 25 h, 1/By_ = 2°39/°20 ab 
two weeks). 


Increase in the Ca/PO, molar ratio of the solid and — 


corresponding decreases in the concentration of solution 
Ca occurred concomitantly with the crystallographic 
conversion. By the end of two weeks the Ca/PQ, molar 
ratio of the solid had increased to 1:67+0-01, equalling 
thet for pure hydroxyapatite and the Ca in solution had 
been considerably reduced from 10 per cent to about 2 
per cent of the total Ca available in the solution at the 
start of the reaction. As before, no phosphate was detected 
in the reaction solution. An overall Ca/PO, molar ratio in 
slight excess of 1:67 was employed in these experiments to 
ensure that the final ratio of the solid was independent of 
the availability of solution Ca. The pH of the reaction 
solution, on the other hand, dropped from 10-5 to a value 
of 98 immediately on mixing and remained at this 
value during the entire period of crystallization. The 
crystal-chemical events described here were greatly 
accelerated when the reaction was conducted at 30°5° C 
instead of 25° C. 

The ageing of freshly precipitated calcium phosphate as 
prepared under conditions described in this article can be 
divided into three stages (Fig. 2). The first stage, which 
commences immediately on mixing and continues for 
about 5 h, is characterized by an amorphous-like diffraction 
pattern which does not undergo any overt changes. 
Stage two is marked by the progression from a barely 
discernible apatitic profile superimposed on the amorphous 
pattern to a fully developed apatite pattern with the 
complete disappearance of any underlying amorphous 
features. The third stage covers the period following 
total conversion of the amorphous phase to a crystalline 
apatite and is characterized by the constancy of the 002 
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Fig. 2, The curve connecting the closed circles shows the per cent conver 


sion of non-crystalline to crystalline calcium phosphate (4/4,) as » 
function of time. The plot connecting the open circles indicates the droy 
in solution Ca concentration (mg Ca/m}.) with time 


peak area. This final stage commences about 7 h aft 
the reaction is initiated, and continues indefinitely. 

Despite the apparent constancy in the diffractic 
pattern, the first stage is not chemically static. Slight bes 
significant decreases in solution Ca occur during th» 
period (from 1-20 mg/ml. to 1-02 mg/ml. ; Fig. 2). Moreove 
the demarcation between stages one and two is arbitraridl 
based on the initial appearance of a discrete apatite diffra 
tion pattern. Since the 002 peak area at the beginning « 
the second stage is already about 1/5 the value achieve 
at maximum conversion, it is clear that about 20 per cen 
of the amorphous material has been converted to tb 
erystalline-phase by the time stage two can be detectec 
Thus, crystallographic as well as chemical changes ar 
taking place in this initial period. Nearly coincident wit! 
the emergence of a discernible diffraction profile, how 
ever, is a more rapid decrease in solution Ca-levels (fron 
1-02 mg/ml. at the beginning of stage two to 0-42 mg/m! 
at the end; Fig. 2). In addition, the 002 diffractio: 
peak, once discernible, proceeds to develop at a rate com 
mensurate with the accelerated rate of fall in solution Ca 
levels, so that the remaining 80 per cent of pre-apatit 
converts over a much shorter interval than the initial 2 
per cent. One can conclude, then, that while no funda 
mental distinction may exist between stages one and twc 
a distinction between rates of conversion can be made wit! 
validity, with the erystal phase formation taking place a 
a much aceelerated pace in the second stage than in th 
first. The constancy of the 002 crystallinity values up ti 
the end of the second stage suggests that the rate o 
conversion of the amorphous phase in stage two depend 
on the nucleation of new crystals rather than the growt] 
or perfection of pre-existing crystals. 

The most characteristic feature of the third stage 1s th 
gradual increase in crystallinity. The improvement i 
hydroxyapatite crystallinity during this period is typica 
of the gradual enlargement of mean particle size of man; 
low-solubility precipitates as a result of re-precipitation i 
solution. This growth of the precipitate, known as Ostwal 
ripening, is generally attributed to the dissolving of th 
smaller, more soluble crystals and re-deposition of th 
dissolved, material on the growing faces of the larger, less 
soluble crystals®. No doubt this re-crystallization is 1 


- progress from the earliest stages of the conversion, but th 


time interval in stage two is too short for this gradus 
increase in crystal dimensions to have a measurable effec 
on the crystallinity values measured during this perioc 
The gradual decrease in solution Ca from 0-42 to 0-20 mg 
ml. during this final stage indicates that a perfection c 
the crystalline phase parallels the crystal growth. 

To describe the initial phase as ‘non-crystalline’ is t 
imply only that there has been insufficient development c 
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gular, repetitive, spatial array of 10ns to define a crystal- 
ə structure. This does not preclude the possibility of 
alized order and structure. Indeed, the fact that the 
lar Ca/PO, ratio does not vary under a given set of 
tial conditions suggests a chemically well-defined Jocal 
uctural unit. 
The formation of ‘non-crystalline’ calcium. phosphate is 
sinetic phenomenon. The rapid mixing of the reaction 
utions creates strong interactions between Catt and 
EPO, ions leading to irregular co-ordination complexes 
cgo enough in size to separate from solution. The 
bsequent temperature-dependent transformation into 
‘atite indicates that this initial phase is isothermally 
etastable with respect to the more ordered apatite con- 
curation. In addition, the sigmoid-shaped relationship 
‘the transformation with time strongly suggests that 
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the conversion mechanisn is autocatalytic. It is possible 
that the interfacial surfaces of the emerging crystalline 
phase act as sites for hsterogeneous nucleation, thereby 
accelerating the rate of conversion. In this regard, the 
‘non-crystalline’ calcium. phosphate remains stable ın- 
defintely if kept dry, po-nting out the necessity for water 
for the process of nucleation to take place in this system. 

This work was suppor-ed m part by U.S. Public Health 
Service grant DH-0194F from the National Institute of 
Dental Research. 
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EFFECTS OF SEEDING ON THE CONDENSATION OF ATMOSPHERIC 
MOISTURE IN NOZZLES 


By Dr. E. R. BUCKLE* and Dr. A. A. POURING 


Yale University, New Haven, Connecticut 


PRELIMINARY investigation has been made of 
the effects of inorganic smokes on the condensation 
f atmospheric moisture in the wind tunnel. The opera- 
ion of the tunnel, and earlier results obtained with 
nadulterated air, have been described elsewhere!?, 
‘heoretical calculations had indieated*+ that chance 
apurities such as dust particles could not interfere 
MKetectably with homogeneous nucleation of the moisture 
inless present in concentrations of 10° particles per c.c. 
x greater. It was thought desirable to test this 
xperimentally. 

In the experiments, smokes of AgCI, AgI, CdI,, CuBr, 
SI, and PbI, were generated in the atmospheric inlet of 
she wind tunnel by evaporation of the compounds on 
30-ohm heater coils of nichrome wire. Evaporation rates 
ab various supply voltages were measured by the periodical 
weighing of test sections of the coils loaded with salt. 
From 90 to 150 V, the useful range for smoke generation, 
evaporation was steady and reproducible with a rate of 
the order of 5 ug/sec/em of coil. 

Smoke particles were collected for examination by 
supporting microscope slides and electron mmecroscope 
grids in the air flow about 10 em downstream of the 
smoke generator. The deposit which built up on the 
support of the pressure probe ın the test section was also 
sampled. Methods of examination included optical and 
electron microscopy and X-ray diffractometry. Micro- 
scopy disclosed a variety of particle sizes. At high heater 
voltages particles of up to lu diam. were present, 
but at low voltages only sub-micron particles occurred. 
A useful idea of the relative abundance of small and 
large particles could be gained with the optical microscope, 
but the electron microscope was more informative about 
the structure. In AgI smoke generated at 140 volts 
there were considerable numbers of lu coagula containing 
up to 20 particles of 0-Olp diam. or less. At 120 V there 
were fewer large aggregates, sizes below Olp. being more 
frequent. Coagula were rare in smoke produced at 100 V 
and most of them consisted of only two particles. Nearly 
all the remaining particles were less than 0-Oly in diam., 
and even the aggregates were smaller than O-lp. It is 
evident that the total concentration of particles ın the 
smokes increased rapidly as the voltage was lowered 
because the mass evaporation rate was much the same at 
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all voltage settings. In cloud chamber experiments it 
has also been found tkat AgI aerosols tend to contain 
coagula when the generating temperature is high®. 

The course of condensation was followed in two nozzles 
(Nos. 4 and 6) by measuring the static pressure with an 
axial probe’. The air temperature at the inlet was 
24° + 2°C. Mass flow ~ates of dry air in the nozzles were 
972 and 1,110 g per sec respectively. The maximum 
speed of dry air in the fast nozzle (No. 4) occurred at a 
Mach number of 1-8. The temperature gradient in this 
nozzle was approximately 14° © per em. In the slow 
nozzle (No. 6) maximum speed was attained at a Mach 
number of 1-6, the temperature gradient being about 2° C 
per cm. Other experimental details are given in Table 1. 

Typical results are snown in Figs. 1 and 2, where the 
ratio of the local statis pressure, p, to the supply total 
pressure, Poy 18 plotted against the position of the probe 
along the nozzle axie Positive deviations from the 
isentropic curves, that is, ‘humps’, are the result of heat 
evolved during the condensation of moisture. A level of 
heat addition exists atove which there occurs a normal 
shock, and this gives rise to a marked peaking in the 
pressure curves. This critical heat addition depends on 
the Mach number of the flow in the vicinity of the 
condensation zonel?. The positions of shocks in super- 
critical runs are indicazed in the figures. 

Seed addition caused the hump to be flattened and 
displaced downstream. The effect was produced by all 
compounds and was most drastic in the slow nozzle 
(curves 644, 645 in Fig. 1 and curves 592, 594 in Fig. 2). 
In both nozzles the ex=ent of the flattening and displace- 
ment decreased as the humidity was lowered. Increase in 
the voltage of smoke generation also caused a decline in the 
effect (curves 593, 594 in Fig. 2), presumably through 
the reduction in the tcsal concentration of seed particles. 


Table 1. EXPERIMENTAL DETAILS 


Relative Heater 

Exp. Nozzle humidity * (%9) Seed voltage 
601 4 27 0 — — 
602 4 27-0 Agi 100 
644 4 48 0 — — 
645 4 480 AgI 100 
663 4 74.0 — — 
664 4 740 Agl 110 
674 4 80-5 KI 110 
582 8 190 — — 
581 6 19-0 Agl 120 
578 6 34-0 — — 
698 6 34 0 CuBr 110 
592 6 45°5 — — 
598 6 45:0 ågI 140 
594 6 46°5 AgI 90 

* At atmospheric inlet, 
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Conditions for the onset of the seeding effect could not 
be determined exactly because of the lack of precise 
control over humidity and smoke concentration. It 
began at an inlet moisture-level between 27 and 48 per 
cent relative humidity in nozzle 4 and between 19 and 
45 per cent relative humidity in nezzle 6 (Figs. 1 and 2). 
The exact level was probably highest in the fast nozzle 
(No. 4). Irregular pressure readings obtained at 34 per 
cent relative humidity m nozzle 6 (curve 698) were 
possibly connected with the threshold of the seeding 
effect, but this needs clarification. From the mass flow 
rete of air and the evaporation rate of the smoke com- 
pound it is calculated that about 10°/D*® smoke particles 
per c.c. of air were present in the intake, where D is the 
particle diam. in u. For the given sizes this means that 
the seeding effect was observable at concentrations of 
108 particles per c.c. and above. 

The shape of the residual condensation hump m a 
seeded run, and the location and visual structure (schlieren 
pattern) of the shock wave (if any) in the hump, were 
closely similar to those in an un-saeded run at a lower 
humidity (curves 663, 674 in Fig. 1 and curves 578, 594 
in Fig. 2). This leads to the following conclusions. In a 
seeded run moisture condenses on the smoke particles 
upstream of the hump, the quantity so condensed depend- 
ing on the smoke concentration and the flow conditions 
imposed by the nozzle. The hump is caused by spon- 
taneous condensation, and this process is substantially 
independent of the preceding heterogeneous process. 

It is possible to compare in a rough way the amounts 
of catalytically and spontaneously condensed moisture by 
matching humps for seeded and un-seeded runs. Two 
suitable examples occurred fortuitously in the present 
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Fig. 1. Static pressure ratios for fast nozzle (No 4° sonic point at 45 
cm). Curve numbers refer to experiments in Table 1 
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Fig. 2 Static pressure ratios for slow nozzle (No. 6 sonic point at § 0 


cm). Curve numbers refer to experiments in Table 1 
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experiments. Curves 663 and 674 (Table 1) show th 
about one-fifth of the water condensed out on the k 
nuclei in nozzle 4 at an inlet humidity of 80-5 per ce: 
relative humidity. The moist air took 120 usec to trav: 
down the nozzle from the point at which saturation wi 
reached to the point where the hump began, coolir 
through 57° C on the way. Curves 578 and 594 show th: 
in nozzle 6 at an initial humidity of 45:5 per cent relatis 
humidity some two-fifths of the moisture condensed ov 
on the AgI. In this case the air cooled through 28° 
in 400 usec while flowing between the saturation poir 
and the hump. Bearing in mind the fall in pressure 
p/Po, decreasing from 0:9 to 0-5 in the first example an 
from 0:5 to 0-4 in the second, it is seen that terminatio 
of the heterogeneous process by the homogeneous occur 
sooner the more rapid the expansion. 

The fact that the isentropic curve is indistinguishabl 
from the moist air curve in the region where condensatio 
occurs only on the seed shows that this condensation is 
far more gradual process than the homogeneous one. D 
the first process, a fixed number only of artificiall: 
established nuclei are available, while in the seconr 
much larger numbers of natural centres are possible. I 
apart from the lowering of available moisture the presence 
of 10° seed particles per c.c. has little or no effect or 
spontaneous condensation, as appears likely from the 
present results, numbers of self-nuclei exceeding 10? pe 
c.c. must build up very rapidly in the beginning of the 
hump. In fact, since growth of seeded condensate 


particles is supplanted in this region, multiplication opami 


spontaneous centres rather than their growth is indicated 
While nucleation continues in the hump the homogeneous 
condensate probably consists of particles smaller than. the 
seed (that is, less than 0-0ly diam.). 


The discrepancy between the maxima in curves 663m» 


and 674 suggests that at high-supply humidities the 
presence of seeded condensate may interfere with homo- 
geneous nucleation. It should be borne in mind, however, 
that the possibility of disturbance in the flow by the 
condensation shocks present in these runs throws some 
doubt on the accuracy of the pressure readings down- 
stream of the shocks. The evaluation of any interference 
between the condensation processes from pressure data 
alone would therefore be difficult for super-critical runs. 

A. reversal of the trend towards sharper humps with 
higher humidities was observed in un-seeded nozzle 
expansions of very humid air. This was gas-dynamical 
in. origin®, but it is still possible that the inversion shown 
by curves 664 and 674 was contributed to by differences 
in AgI and KI as seeding materials. Apart from this, 
there were no obvious differences in any of the com- 
pounds studied. 

The high activity of AgI as a catalyst for ice nucleation 
in water and water vapour has been attributed® to the 
close matching of the crystal structures. This proposal 
was recently questioned? on the basis of the limited 
adsorptive power of AgI for water vapour and the role 
of surface topography? in heterogeneous ice nucleation. 
Experiments on the crystallization of ice from water 
under pressure have since confirmed that for a given 
substrate material the polymorphic form most closely 
resembled in structure by the substrate is preferentially 
nucleated, even when it is metastable. 

The chemical influences on the nucleating properties of 
different compounds are still not clear, and ıt may be asked 
whether the results recorded here lead to any new 
conclusions. ‘The central problem would seem to be 
whether an ice or a water nucleus first forms on the seed. 
The X-ray evidence showed that AgI smokes containing 
large particles were crystalline with the hexagonal struc- 
ture. Distinction between the hexagonal and cubic forms 
was obscured for small-particle smokes by the poor 
resolution of peaks in the diffractometer rezordings. 
Manson!*, whose mean particle size corresponded to the 
largest single particles in the present smokes (0-1), 






























n of AgI was more abundant in the high-temperature 
kes. If the nozzle condensate begins as two-dimen- 
lice nuclei, the greater seeding power of AgI smoke 
‘rated at low temperatures would imply that tho 
, of a decrease in the proportion of hexagonal material 
as outweighed by the increase in the particle concen- 
ation. Alternatively, the topographical requirements 
adsorption are likely to be a good deal less stringent 
ally than those for ice nucleation. The apparent 
ity in heterogeneous activity of all the compounds, 
1 the implied unimportance of equilibrium crystal 
ucture, might be more easily explained if, under the 
itions of a nozzle expansion, the initial step was the 
rmation of a water layer on the seed. 
‘To recall our main conclusions, it is confirmed that 
sufficient heterogeneous nuclei are present in normal 
r to interfere with the homogeneous condensation of 
‘ater vapour in the wind tunnel. Seeding with foreign 
articles in concentrations of 10° per e.c. or above has 
9 effect when the humidity in the intake is raised above 






a certain level dependert on the nozzle flow. Unde 
moist chmatic conditions, reduction of humidity by — 
seeding makes it possibie to study homogeneous còn- -—-— 
densation in shock-free dow. The experiments. provide. 


some idea of the conditioas under which spontaneous and =| 


catalysed condensation cf water vapour occurs competi- _ 
tively. To put this on a quantitative basis to test, among 
other things, theories of rucleation and growth in aerosols 


requires further work to establish exact relations between l . 


seed concentration, inlet sonditions, and flow variables. 
This work was partally sponsored by the Po 
Branch, U.S. Office of Naval Research, Washing’ 


D.C, under contract Awnr-609(47). We thank G. De o 


Stein for his assistance. 
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METAL CONCENTRATION PROFILES IN OXIDE SCALES ON 
NICKEL-I0°9 PER CENT COBALT ALLOY 


By Da. G. C. WOOD and J. M. FERGUSON 


Corrosion Science Division, Department of Chemical Engineering, Faculty of Technology, University of Manchester 











OR many years it has been widely accepted that when 
nickel is oxidized in oxygen at high temperature a 
imple, single-phase, single-layer scale of NiO grows on 
s surface according to a parabolic relationship. The 
NiO is supposed to be a metal-deficit, p-type semi- 
onductor growing by the outward movement of electrons 
and Ni? ions to form fresh oxide at the scale/oxygen 
interfacet. Cobalt behaves similarly above 900° C, but 
the CoO scale grows much more rapidly’, an observation 
“in agreement with measured self-diffusion coefficients of 
the metal ions in their respective oxides**, Recently, 
however, the situation has been shown to be more complex 
: þecause double-layer scales, each consisting of the single 
< oxide, have been found on both metals*-"45, with the 
| consequence that ideas of oxygen ion or gas movement 
< through parts of the scale have been invoked. The present 
< state of knowledge has recently been reviewed elsewhere", 
Now, nickel—cobalt alloys, which are homogeneous and 
single-phase, also produce either single or double layers 
ef a single oxide solid solution (Ni,Co)O when oxidized 
above 900° C-—cobalt being only slightly preferentially 
oxidized’. This almost unique alloy oxidation situation 
< provides an excellent opportunity for following the 
‘concentration profiles in alloy and seale directly by 
-electron-probe microanalysis at various stages of growth. 
-The method has problems of its own, but it has some 
advantages over marker experiments and certain tracer 
echniques. Such an investigation is reported here 
because it provides new precise evidence for oxidation of 
“the alloy, with possible interpolation of the results to the 
case of the pure metals. 
- Annealed specimens of Ni-10-9 per cent Co, of purity 
in excess of 99-95 per cent, 2-5 x 0-6x 0-066 cm, were 
électropolished at 0-7 amp/em? (25 V) in 60 per cent 
sulphuric acid (s.g. 1-6) at 30° C for 1 min. After drying, 
ey were immediately oxidized in pure oxygen in a silica- 
ng thermobalance for 15, 30 min and 1, 2, 3, 6, 10, 24 
id 48 h respectively at 1,000° C, followed by cooling over 

















a 15-min period to minanize seale cracking. Other short- 
term specimens were simply exposed in flowing oxygen 
in the hot zone of a furrace for 10 and 15 min respectively 
without slow cooling. The latter specimens were examined 
directly in plan in the microanalyser whereas the former 
were prepared metallographically in cross-section before 
analysis. 

All the specimens gave reasonably reproducible growth 
kinetics with a close, E not quite exact, agreement with 
the parabolic relationship (Fig. 1). The growth rate was 
the same on specimens given a 5-see etch in 50/50 (v.) 
glacial acetic acid/nitric acid after electropolishing and 
was only slightly less cn specimens mechanically polished 
on 600 g silicon carbide paper. The mean parabolic rate 
constant for the electropolished specimens was 4-9 x 
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Weight gain/time curves for Ni-10-9 per cent Co oxidizing in 
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axygen at 1,600° © 


















and with no’ Sae goloas dhi a 
(Fig. 2). ‘Internal oxide particles. wer sent, re 
few in number. The outer surfaces of “all ‘specimens 
examined in plan were blue-grey with characteristic 
topographical features which will be discussed elsewhere. 
It is likely that oxide colour in this system is characterized 
more by grain size than by chemical composition. 

Typical microanalyses for the thin scales examined in 
plan are given in Fig. 3. Since for both films the total 
wt. per cent metal curves would lie within a few per cent 
of 78 per cent, the X-ray source was clearly entirely 
enclosed within the scale over the kilovoltage range used, 
namely 15-35 kV. As the kilovoltage was reduced, the 
source became located to a greater extent in the outer 
region of the scale (the source sizes giving 95 per cent of 
the radiation were about 0-8, 1-1, 1-5, 1-8 and 2-2u at 
15, 20, 25, 30 and 35 kV respectively). The results prove 
that when the surface scale was formed on this alloy it 
was immediately enriched in cobalt. They also appear 
to show that this enrichment at the outer surface was 
greater after 15 min than after 10 min. This could be 
genuine, but an alternative explanation is that at all 
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"Typical CLOSS- dacon inough scale on Ni-10 9 per cent Co 
oxidized in oxygen for 3 h at 1,600° C ( x 1,000) 
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Fig. 3. Examination of thin seales on Ni-10-9 per cent Co in plan by 
slectron-probe microanalysis 
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Distribution of nickel and cobalt through alloy and seale for. 
Ni-10-9 per cent Co oxidized in oxygen at 1,000° O. . 
Top to bottom: 15 min, 2 h, 24 h, 48 h 


Fig. 4. 





kilovoltages more of the nickel-rich inner region was 
incorporated in the source for the 10-min specimen 
because the outer region was quite thin. Plan measur 
ments of this kind permit a more accurate analysis of 
the outer micron or so of scale than do measurements in be 
section because of their greater resolution. - 

This general situation is confirmed in Fig. 4, E 
concentration profiles in cross-section at various stages — 
of oxidation are presented. The profiles are smooth with - 
a FO cobalt peak, apparently containing. from - 
16-7 to 22-9 per cent cobalt, near the outer surface. This- 
ee is probably rather low, due to relief polish g J 
problems near the outer interface and to the lower- 
resolution of the microanalyser under these condit 


















ements _ were made at 25. kV). An obvious 
tion is the similarity in shape of the cobalt and 
profiles in the films of different thickness, almost 
ugh the cobalt peak were merely growing a longer 
extending to the alloy/oxide interface. Closer 
tiny, however, shows that the outer cobalt-rich peak 
s in fact growing in thickness and possibly in cobalt 
atent, although the latter effect was small and obscured 
-the reasons given above. Measurement of the areas 
nder the curves shows that the percentage cobalt in the 
2ales lay between 20-4 and 11-1 per eent, but this varied 
1a slightly irregular manner with time, probably due 
) minor measuring errors, and is being studied further. 
ë alloy was depleted in cobalt and enriched in nickel 
ra small distance. 

s possible to draw several other conclusions from this 
jì 'estigation, some definite but others more tentative 
nd requiring further thought and experiments which are 
n progress: 

(1) The reasonable agreement with a parabolic growth 
elationship may not be particularly meaningful because 
_of the large compositional variations through the scales. 
Presumably the cobalt-rich regions offer less resistance to 
he movement of the diffusing species than the nickel-rich 
regions because they probably contain a larger percentage 
of cation vacancies. This is further proof of the need to be 
sareful when carrying out kinetic studies of alloy oxidation. 
Qn the other hand, the present situation is really an ex- 
reme case of one previously reported for the oxidation of 
pure cobalt’, where it was inferred from marker experi- 
-ments that the parabolic relationship held even for a non- 
linear vacancy distribution through CoQ. Since the com- 
-positions of scale in contact with the alloy and atmosphere 

“respectively did not change much with time in the present 
ease, at least after the first hour and probably from a 
much earlier stage, it is perhaps reasonable to conclude 
that the cation vacancy concentration difference across 
the scale remained constant, which was the only require- 
ment of this type specified in Wagner’s original derivation 
of the parabolic relationship. 

(2) As mentioned earlier, at first sight it appears that 
after the initial cobalt-rich peak was rapidly established, 
it was pushed further and further from the alloy, fresh 
oxide being formed near the alloy/oxide interface. This 
conclusion would support early ideas!*7 and more recent 
revolutionary ones!® for oxygen ion movement in the 
scale. However, the gradual growth in thickness and 
possibly cobalt content of the outer cobalt-rich peak could 
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only be achieved by the outward diffusion of Cot ions. 
There is therefore stroag evidence for scale growth by 
cation movement in the present case, supporting most 
of the previous evidence with the pure metals. The cobalt 
peak was constantly reformed, the cobalt and nickel 
profiles being determined partly by the relative diffusion 
rates of the cations and partly by thermodynamie factors. 
It also appears that there was a general outward diffusion 


of ions and that newly ionized metal did not pass. right l 


through the film. Although Co*- ions diffuse about 100 
times as fast in CoO as do Ni? ions in NiO, the è 
ness of the ionic radii suggests that there should not 
any vast difference in taeir rate in any given composit 


of (Ni,Co)O. The present direct measurement of concen- 
tration profiles in growing scales has certain obvious: 
advantages over mar ker experiments and tracer tech: a 


niques, at least in the present system. 

(3) Scales on the 
in the same way, by cation movement?. 

(4) Since concentration profiles through single-layer 
and double-layer scales are very similar’, this possibly 
suggests, but does not Drove, that they grow by the same 
mechanism. This would involve cation movement out- 
wards in the inner layer rather than oxygen gas diffusion 
inwards. 

We thank Prof. T. E. Ross for providing facilities and 
for his advice, Mr. B. W. Lambert for his collaboration 
with the electron- -probe microanalysis and the Science 
Research Council for the provision of a maintenance grant 
to one of us (J. M. FE). 
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STRUCTURE OF THE QUASI-STELLAR RADIO SOURCE 3C 273 B 


By M. J. REES and Dra. D. W. SCIAMA 
Department of Applied Mathematics and Theoretical Physics, University of Cambridge 


YN this article we show that: (1) the radio variations? 
_of 3C 273 B are consistent with its red shift being 
cosmological; (2) the variable component of the optical 
continuum? of 3C 273 B may be partly due to inverse 
-Compton collisions between relativistic electrons and their 
‘own synchrotron radiation. In this case the optical 
variations would be correlated with the radio variations, 
though with a phase delay. 
` The problem involved in (1) is to reconcile (a) the upper 
> limit on the size of the source derived from the period of 
` the variations®; (b) the lower limit en the angular diameter 
< of the source derived from the absence of self-absorption 
3 “down to some particular frequency’ (assuming the 
synchrotron mechanism and that the electrons are radiav- 
ing incoherently); (c) the distance derived from the red 
shift of the optical counterpart of the radio source. This 
roblem first arose with the quasi-stellar source CTA 102, 
hich Sholomitsky® reported to vary with a period of 
bout 100 days at 940 Mc/s. In this case the distanee 

















derived from the red shift of 1-037 (ref. 7) is ~ 1,500 times 
greater than the upper limit permitted by (a) and (6). We 
recently proposed! a model of CTA 102 which would 
resolve this discrepancy, but recognized that it required 
a rather improbable geometry and so was very implausible. 
Since then Maltby anc Moffet® have reported that CTA 102 
did not vary appreciably at 970 Mc/s over a 3-year period 

ending about 2 years before Sholomitsky’s observations 
began. While it is pcssible that CTA 102 varies sporadic- 
ally, the more likey inference is that Sholomitsky’s 
observations are in error. 

The same probleny arises with the quasi-stellar source 
3C 273 B, the flux density of which at 8,000 Mc/s was 
found by Dent! to have increased by about 40 per cent in 
3 years. This sourze shows no self. absorption in its 
spectrum down to at least 200 Me/s (ref. 10) (in fact the 
spectrum is flat dowr. to this frequency). 
field strength of 10-* gauss this implies a lower limi 
the angular diameter of 0-03 sec (while the observed?! 


pure metals almost certainly grow ee 
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angular diameter is 0-5 see). If the period o 
variations is comparable with that of 
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exceed 3 pe and its distance cannot exceed 20 Mpe. On 
the other hand, the red shift of 0-158 (ref. 12) implies a 
distance of 470 Mpe. 

The discrepancy wowd be resolved if the varying part 
of the source had an angular diameter ~ 10 sec. We 
therefore propose?: 

Model I, This model consists cf a source of angular 
diameter 0-5 sec and (roughly constant) flux density ~ 25 
flux units down to at least 200 Mc/s, in the centre of which 
iS a varying source of angular diameter 1-3 x 10-3 sec 
(corresponding to a linear diameter of 3 pc), and at 
minimum a flux density ~ 2-5 flux units down to the 
frequency va at which self-absorption sets in. Such self- 
absorption would not show up in the observed spectrum 
of this composite source. For a magnetic field H gauss 
in the central source, va ~ 4,000 H1; Me/s. For simplicity 
we assume that the central source varies because of an 
increase in its relativistic electron flux, while its angular 
diameter and magnetic field are unchanged. If the total 
flux density of the source is doubled at high frequencies 
at maximum, the flux from the central source must 
increase by a factor ~ 10. Thus the frequency vp at 
which self-absorption sets in at maximum is given by 
(Yeva) ~ 10, so vy ~ 10,000 H1” Me/s. 

We can now predict the time variations that would be 
observed at various frequencies. For simplicity we take 
the central source to vary sinusoidally at high frequencies. 
For v > vw no self-absorption occurs, so the observed 
variation would be. sinuscidal. In the intermediate 
range Vy > y > va the flux density would at first increase 
sinusoidally, but when it reaches the level at which it 
would be self-absorbed at that frequency the increase 
would be cut off, and the flux density would remain 
constant until it decreases again in the second half of the 
eyele. For v < va the variations would be negligible. 

A lower limit on H (the value of which has not yet been 
specified) can be obtained if we require that the energy 
density of relativistic particles shall not exceed the 
magnetic energy density. Ifonly ~ 1 per cent of the total 
energy is in the electrons, we find that the field strength 
cannot be much less than I gauss. If H = | gauss, va and 
vo have the values ~ 4,000 and ~ 10,000 Me js respectively, 
and the expected variations at 8,000 Me/s are large enough 
to account for the observations. Our estimates for va 
and v are only rough, but they indicate what might be 
expected, and the measurement of their values and of the 
variations at intermediate frequencies would be a useful 
test of the model and would provide eonsiderable informa- 
tion about the strueture of the source. 

It is not known how electrons attain relativistic energies 
in radio sources. The generation process may occur 
throughout the volume of the source, or the electrons 
may be ejected from a massive object at its centre. It is 
easily seen that the electrons muss be produced by a 
mechanism of the former kind if the source in fact re- 
sembles Model I. The reason is that the lifetime of an 
electron which radiates at, say, 104 Mc/s in a field of 1 
gauss is only ~5 x 10® sec, which is much less than the 
time taken to cross the source, even for an electron moving 
at the speed of light. If such an electron were ejected 
from the centre it would not reach the edge, unless it were 
emitting radiation at a frequency at which the source was 
opaque. Thus for frequencies exceeding va our discussion 
of the variations will be incorrect. To allow for this we 
now introduce: 

Model II. In this model we assume that the electrons 
are all generated in a very small region (with diameter 
< 0-1 pe), which presumably contains a massive object. 
As in Model I, nearly all the flux at frequencies < ~ 4,000 
Me/s is assumed to come from a halo, and we only concern 
ourselves with an intense spherically symmetric core with 
radius ~ l pe, in which the variable higher frequency 








optical varia- 


19 VEn iat-of the optical varia- Ho~ 1. gauss throughout this region, and that its rad 
ions, that is ~ 12 years, the size of the radio source cannot 
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radio flux is supposed to. originate. We assume the 


emission has @ flux density S(v) which may be variabl 
For each v we can determine the minimum radius R(y) € 
a sphere from which S(v) could come, if it in fact come 
from a region which is opaque at all frequencies up to. 
We find that R(v) ~ 0-3 (S(v))1/*(v/104)-1-*5 parsecs, whe 
S is measured in flux units and v in Mc/s. This radius ca 
be compared with the distance r(v) which an electro 
radiating at frequencies ~v would travel in its lifetim 
assuming that it moves with speed ~e. This is ~- 
10-*(v/L04)-1/* pe. If Riv) >r(v), electrons moving outwar 
from the centre cannot radiate freely without producin 
a radiation field the brightness temperature of which a 
frequency v is higher than their kinetic temperature 
Therefore they will conserve most of their energy unt 
they reach a distance ~ R(v) from the centre, where the 
can radiate freely. 

The available data do not enable us to specify the flux 
density of the core precisely, but it is consistent with th 
observations to take S(v) to be 10-30 flux units in th 
frequency range from 5,000 up to ~108 Mejs. R(v) i 
then several times greater than r(v) throughout this range, 
and so we conclude that the radiation at frequency w 
comes from the surface of a sphere of radius R(v). 

If electrons are ejected from the centre at a stead 
rate, S(v) and H(v) wil] adjust themselves to values which. 
depend on the energy spectrum of the input electrons, 
and the flux of the source will be constant. If, however, He 
the rate of input of electrons alters, H(v) (and consequently”. 
S(v)) will change after the lapse of an interval of the order - 
of the time for light signals to travel a distance R(v).~ 
Thus changes in the behaviour of the massive object will 
cause changes in the radio flux. The maximum rate of: 
increase of flux will be attained if R(v) expands with speed: 
An increase of S(8 x 10°) from 2-5 to 25 flux units, 
which corresponds to an increase in R(8 x 10°) from ~ 0-6: 
to ~1-9 pe, could therefore certainly occur rapidly- 
enough to explain Dent’s observations. We can also 
predict, on the basis of this model, that more rapid 
variations could occur at higher frequencies. Furthermore, 
if a sudden change in the rate of injection of particles 
produces changes in S(v) at different frequencies, we would 
expect to observe the variations at higher frequencies: 
before those at lower (even in the absence of intergalactic 
dispersion?*). 

We have seen that, if the core emits a significant amount =: 
of radiation at, say, 10° Me/s, this radiation must come 
mainly from a sphere which is opaque up to that frequency. 
The total energy density of all the radio frequency radia- < 
tion up to 108 Mc/s within it will be ~6 x 10°? ergs/e.c. . 


ome £2, 


(compared with ~ 10-° ergs/e.c. within Model I), and this 


very high value suggests that inverse Compton scattering < 
might be important. The Compton lifetime of an electron 
of energy ym,¢c*® in this radiation field is 8 x 10°/y see. 
If S(10*) ~25 flux units, R(105) ~0-1 pe and the time — 
which an electron takes to drift out of this sphere is - 
~2 x 107 see if its outward velocity ~ c/2. But the elec: 
trons radiating at 105 Me/s have y ~ 300, and so their. 
Compton lifetime is of the same order. The most energetic 
photons would result from the scattering of 105 Mejs . 
photons by electrons with y ~ 300, and their frequency — 
would be ~ 10!° Me/s, which is in the ultra-violet range. 
Photons of lower energy (including the whole visible range) . — 
would be produced, and the spectrum of the scattered: > 
radiation would have a low-energy cut-off at a frequency — 
depending on the smallest value of y represented in the 
electron energy spectrum. The energy radiated by this — 
process in the visible range may well be greater than that 
of the synchrotron radio emission. The exact relative. 
importance of the Compton and synchrotron losses is very. — 
sensitive to the high-frequency cut-off in the radio spec- - 
trum (which we have taken as 10° Mc/s) to the value of H, 
to the precise position where the electrons are accelerated, 


eo ona an fa 
and to their mean rate of outward drift. It would there- 






: rly not be worth while to base an exact calculation 






















foregoing rough arguments do, however, suggest 
; least a part of the visible light emitted by 3C 273 B 
have been produced by Compton scattering. More- 
-such a hypothesis would provide a natural explana- 
i for the observed optical fluctuations of the source, 
nce, if electrons are accelerated in the massive object in 
wegular bursts, there will be variations in the intensity 
the scattered light. Nearly all the scattering occurs in 
region of radius ~ 0-1 parsecs (since not only the radia- 
on energy density, but also the particle density, is much 
igher near the centre). Therefore, fluctuations with 
me-seales of the order of months, or even less may 
ur, and these are in fact observed’*. The long period 
tions? (~ 12 years) m the optical luminosity may 
iso arise from periodic variations in the rate of injection 
lectrons, which, as we have already seen, can produce the 
yserved variation at radio frequencies. This model 
Mherefore suggests that the radio and the long-period 
tical variations may be connected. 
“The increase in the radio flux observed by Dent coin- 
-jded with a decrease in the optical luminosity, which 
ad the most recent of its 12-yearly maxima in 1962. 
3ut according to this model one would expect periodic 
adio variations to lag (perhaps by several years) behind 
uhe variations at the centre which cause them, so this 
“act also accords with our model, and suggests that the 
badio variations, when they have been observed for longer, 
owill also turn out to have a period ~ 12 years. 

-Mhe visible light from 3C 273 B is unpolarized’, whereas 
che radio flux (at ~ 3,000 Me/s) is ~3 per cent polarized’. 
lt will not be possible to find out whether the central 
art of the source is polarized at radio frequencies until 
the extent to which the degree of polarization changes 
‘when the flux varies has been examined. However, even 
af the radio flux from the core were polarized (implying 
Marge-scale uniformity in the direction of H), it would not 
follow that the scattered visible light must appear polar- 
4zed, since it is mainly produced in an extremely opaque 
region, where the radio-frequency radiation will not be 
polarized even if the field is uniform. 

It has been assumed in the foregoing that H does not 
change significantly when the density of the relativistic 
particles alters. This will be a good approximation if the 
magnetic energy is greater than the particle energy ‘a 
strength of 1 gauss is sufficient). The field is presumably 
‘anchored’ to the massive object. 

It should be emphasized that the Compton losses are 
significant in this model mainly because of the occurrence 
of synchrotron self-absorption, which prevents the 
electrons from radiating away their energy as fast as they 
otherwise would. Any electrons which are accelerated 
to high energies (y > 300, say), and which therefore emit 
synchrotron. radiation at frequencies which can escape 
freely from the source, will lose their energy in a time 
much shorter than the Compton lifetime, so they will 
contribute to the radiation at high radio frequencies 
(> 10° Mc/s), rather than in the far ultra-violet (> 10° 

Mejs). 

Model III. The first two models have taken no account 

of the fact that lines are present in the optical spectrum 
of 3C 273 B. According to Greenstein and Behmidt??, 
-these lines could be produced by gas of density ~ 10° 
_particles/c.c., temperature ~2 x 104 °K, and mass ~ 10° 
“Mo. Though this gas need not radiate all the optical 
„continuum, it must be incorporated in a complete mode! 
of the source. The model which we shall now describe 
-indicates one way in which this can be done. 
. Ifthe gas were in the form of a uniform spherical cloud, 
ts diameter would be ~ 0:5 pe, and it would be opaque 
light of all frequencies because of scattering by free 
ectrons. It would therefore be difficult to account for 


















‘observed fluctuations in optical luminosity with a 


me-scale of a few months, since if the variable flux were 
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emitted by a small regicn within the cloud its variations | 
would be smeared out aad would not be observed. This’ 
difficulty would be eased if the density within the cloud. 
were non-uniform, or if it had a filamentary structure”, 
but there would remain the problem of feeding energy into. 
the gas to balance its loases. | 
In an alternative configuration, suggested by Shklov- 
sky?!, the gas is distributed in a thin spherical shel. We 
shall adopt this suggestion, and show that a model can- 
be constructed on the basis of which the radio variations, 
and both the long and short period optical variatio 
can be explained. eae 
If the radius of the shell is taken*! as 410! cm, and its — 
density as ~ 107 particles/c.c., its thickness will be ~ 10%? - 






cm if its total mass is ~ |0° Mo. The observed broadening 
of the spectral lines places an upper limit of ~ 1,500 km/sec” 
on the velocity of the shell if it is expanding. Ifthereisa 
mass of ~ 10° Mo at its-centre, a field of ~ 1 gauss would 


be strong enough to prevent the shell collapsing. Scatter- 
ing by free electrons would be unimportant at all fre- 
quencies. The shell will be transparent to most photons 
of optical frequency, bu: will be opaque to radio waves at 
all frequencies below ~10° Me/s because of free-free 
absorption, The observed radio flux must therefore 
originate outside the shell. 

The gas in the shell would produce the observed line 
emission, and would radiate at a rate ~ 10% ergs/sec, 
mainly at visible wave-lengths. Its thermal energy con- 
tent is insufficient to maintain this rate of energy loss 
for more than a few wreks, and so it must be absorbing 
energy at an equal rate from the interior. Since the shell 
absorbs radio waves, intense but unobserved radio radia- 
tion may exist in the soherical region within it, and this 
suggests the possibility that the shell may be absorbing 
enough energy in the ferm of radio waves to compensate 
for its losses in the visible range. This would require the 
production of ~ 10** exgs/sec at frequencies below ~ 10° 
Mejs, which is ~ 30 times as great as the observed power 
radiated in this frequeacy range. However, such a high 
rate of energy production is not unreasonable since a 
sphere within which synchrotron self-absorption were 
taking place at all frequencies up to 105 Mc/s would need 
to have a radius of oniy ~ 0-8 pe (little more than half 
the radius of the shell) te emit ~ 1016 ergs/see. Alternatively 
the required amount could be produced if the whole 
interior were opaque up to ~7 x 104 Mc/s. The exact 
situation within the shell will depend on the energy 
spectrum of the electroas injected into it, but a sufficiently 
high rate of energy gensration will be achieved if relativis- 
tic electrons with y < 300 are produced at a rate ~ 10" 
ergs/sec. We must assume that there is a cut-off in the 
electron energy spectrum for y > 300, since otherwise 
there would be intense radiation at frequencies above 
105 Mc/s which would escape through the shell and produce 
observable radiation with a higher flux-density than is 
observed. 

The observed radiation at frequencies below 10° Me/s 
(apart from the component which comes from the halo) is, 
according to this model, emitted outside the shell by 
electrons which have escaped from the interior. An 
electron ejected from the massive object at the centre 
will be absorbing and smitting radiation at the same rate 
until it approaches the shell. Since the synchrotron life- 
time of the electrons {in the absence of self-absorption) 
is of the order of the time which they take to pass through 
the shell, most electrons will lose their energy before 
reaching the exterior. Thus there radiation will not be 
observed directly, but will simply heat the gas. However, 
since the power of the observed radio radiation is much 
less than the power required to heat the gas, the observed 
radio flux would be produced even if only a few per cent 
of the electrons succeaded in escaping. Despite the high 
density of the gas in tae shell, an electron passing through 
it has a 90 per cent chance of reaching the exterior without 
losing a significant amount of energy in ionization and 
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collisional losses. If the field ~1 gauss extends outside 
the shell, these electrons will radiate away their energy 
before they have travelled a further distance ~ 0-1 pe 
unless self-absorption occurs outside the shell as well. 
Such self-absorption will occur at sufficiently low frequen- 
cies, though the situation is somewhat complicated by the 
fact that the electrons can radiate energy inwards into 
the shell. 

The production of the visible light is more complicated. 
Much of it, both in spectral lines and in the continuum, 
comes from the gas in the shell. However, Compton. 
scattering may also, as in Model II, produce radiation at 
optical frequencies. The radio radiation energy density 
in the volume enclosed by the shell is ~2 x 10-2 erg/e.c. if 
synchrotron self-absorption occurs at frequencies up to 
~7 x 10* Mc/s, and the corresponding Compton lifetime 
of an electron is 2 x 1019/y sec. The highest energy elec- 
trons the synchrotron losses of which are balanced by self- 
absorption have y ~ 250, and their Compton lifetimes are 
of the same order as the time they would take to travel 
outwards from the centre to the shell. The Compton 
losses, therefore, are significant, though their exact 
magnitude is highly sensitive to the precise model adopted. 
The frequencies of the scattered photons will, as in Model 
II, be mainly in the visible and near-ultra-violet, and most 
photons will escape through the shell, though those 
the frequencies of which correspond to intense spectral 
lines may be absorbed. Compton scattering of radio 
frequency radiation outside the shell will be insignificant. 

We now consider how the observed variations in flux 
can occur in this model. We discuss first the long period 
variations. If there were fluctuations with a time-scale 
~ 12 years in the rate of production of relativistic particles 
at the centre, there would be changes in the radiation 
density in the sphere enclosed by the shell, and a conse- 
quent change in the temperature of the gas. The rate of 
radiation of visible light by the shell would therefore alter. 
There would also be changes in the rate at which electrons 
escape through the shell, and consequently in the observed 
radio flux. Variations with periods less than, say, 5 years 
would be partly smeared out and so could not have a 
large amplitude. 

The observed short period fluctuations in the optical 
luminosity have a time-scale of a few months, and 
obviously cannot be produced in the shell, which has a 
radius of ~ 4light years. In Model II they were attributed 
to the inverse Compton effect. Since we have shown that 
light will be produced by Compton scattering in this 
model, a similar explanation might also be possible 
here. This would require the scattering to occur in a 
region smaller than a few light months in radius. How- 
ever, the scattering will not be concentrated in such a 
small region as in Model IT, where the radiation energy 
density was high enough for scattering to be significant 
only within a sphere of radius ~ 0-1 pe. Nevertheless, if 
all the electrons are ejected from a massive object, their 
number density will be higher near the centre, and the 
amount of scattering will be greater there even if the radia- 
tion density is no higher. Consequently, the variations 
in the component of the optical continuum produced by 
the Compton effect may be sufficiently rapid to account for 
the observed variations with time-scales of a few months. 

We note that whereas the line strengths will alter with 
the slow period ~ 12 years, it would be inconsistent with 
this model for them to be involved in the rapid fluctua- 
tions In optical luminosity. We understand that attempts 
are now being made to see whether the lines do in fact 
vary in intensity. This feature of our model will thus 
soon be tested. 

If we could construct a complete model of this kind, we 
would be able to calculate the expected phase lag between 
the variations in luminosity at optical frequencies and 
the related radio variations. However, we lack sufficient 
information to enable us to do this. To illustrate the 
complexity of the problem we enumerate some of the 
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factors which would determine the magnitude of the la 
(1) The variations in particle density and radiatic 
energy density propagate outwards with different veloc 
ties. ae 
(2) The phase delay of the radio variations will deper 
on whether self-absorption is taking place outside tł 
shell at the frequency of observation. If it is taking pla 
the observed flux would come from the surface of a sphe 
with radius greater than 1-5 pe, rather than from ju 
outside the shell, thus increasing the lag of the rad 
variations. At 8,000 Mc/s, the frequency of Dent 
observations, self-absorption would occur if more tha 
~ 14 flux units of the observed flux density were comir 
from the compact source (rather than from the halo 
Since the observed variations amount to 10 flux uni 
(and this flux cannot come from the halo), it is likel 
though not certain, that self-absorption is in fact occurrin, 
(3) The sense in which the emission rate of the gas - 
the shell varies as the additional radio energy falls on i 
must be known. E 
(4) The relative intensity of the light produced by th 
inverse Compton effect and the light emitted by the shel 
must be known. These two components will have thë . 
same period, but may be out of phase with one another 
The times at which maxima in the resultant optica: 
luminosity cccur will thus depend on the phase lag 
between the two components, and on the ratio of the 
amplitude of their variations. 
This discussion shows that existing observations do not 
suffice to determine a well-defined working model. of 
3C 273 B. However, we can draw the important con» 
clusion that neither the optical nor the radio variations 
require the source to be closer to us than the 470 Mpe 
implied by a cosmological red shift of 0-158. This con- 
clusion considerably weakens the case for the local 
model*.?? of quasi-stellar radio sources which places them, 
a few moegaparsecs away and in which the observed red 
shift implies a large velocity relative to their surroundings. k 
More detailed observations of optical variations, and of | 
radio variations as a function of frequency, should enable 
us to decide whether models of the type described here 
are appropriate for 3C 273 B, and for other quasi-stellar 
sources as well. 

Note added in proof. H. Gent and H. P. Palmer reported 
at the Dublin meeting of the Royal Astronomical Society — 
(September 7, 1965) that they have succeeded in resolving 
3C 273 B at 21 em with a long base-line interferometer. 
Their proposed interpretation of their observations is that a 
the source consists of two components separated by ~0-4 
sec of arc, the angular diameter of each component being | 
less than ~0-1 see. This limit on the angular size of the i 
components is still much greater than the angular diameter oo 
of the variable core in our model (~ 10-* sec), and of the 
lower limit of 3 x 10- sec for the halo. ce 
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ASTROPHYSICS 


“Rotation Period of the Planet Mercury 


THE recent radar measurements of Mercury indicate 
at. the period of rotation of the planet is 59 + 5 days'. 
osult is in complete disagreement with the previously 
d value of 88 days based on the visual observations 
markings on Mereury*-*, In this communication we 
hat the same visual observations can not only be 
led with the radar-determined rotation period of 
reury but, in addition, can be used to derive an improved 
lüo for the period of rotation of the planet, namely, 
4+ 0-4 days. 

We have examined nearly 50 drawings of Mercury 
“aiblished by Lowell?, Antoniadi’, Lyot*, Dollfus’, and 
aumt. Of these, six pairs of drawings show near duplica- 
on of markings and phase. 





Time-interval 
T (days) 


_) Antoniadi (August 11, 1924) and Antoniadi (June 21, 1927) 1,105 








a) Antoniadi (August 23, 1927) and Antoniadi (August 6, 1928) 349 
68) Antoniadi (October 4, 1927) and Antoniadi (August 23, 

oe 1828) sie 
ba) Antoniadi (August 6, 1928) and Antoniadi (July 20, 1929) 348 
å) Lyot (July 22, 1942) and Dollfus (October 12, 1950) 3,004 
3) Baum (March 15, 1952) and Baum (March 1, 1953) 351 


Duplication of markings and phase for any single pair 
of drawings of Mercury does not necessarily indicate that 
synchronous rotation of the planet is the only possible 
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ig: 1. Rotation periods of the planet Mercury, in days, as derived from 
‘pairs of drawings. The single-hatehed area shows the limits in the 

otation period allowed by the radar observations of Mercury, Visual 

observations Indicate a value of 58:4+40-4 (double-hatehed area) 
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solution. A number of other periods of rotation are possible 
as given by the following equation: 


T 
Peo 
FL + 9 
360 


where P is the period of rotation of Mercury in days, 
the time-interval between the two observations, s tl 


number of complete rotetions of the planet, and 9 is the 2 R 


average angular displacement of the earth and Mercury in 
their orbits, with respec: to the stars, in time T. Fig. L 
shows all possible values of P between 50 and 70 days as- 
calculated for each pair of drawings. It is noted that im- 
addition to an 88-day period (not shown in Fig. 1) there | 
are at least three more values of P, namely, 50-1, 58-4 and. 


70-2 days which will be eonsistent with all the six pairs of 


drawings. However, only one of these values is within the 
allowed limits of radar vesults (59 + 5 days). Therefore 
the rotation period of 53-4 + 0-4 days is consistent with 
both the visual and the radar observations of Mercury. 
Peale and Gold? have pointed out that because of the 
large eccentricity of the orbit of Mercury, the tidal torque 
will be greatest at the. perihelion, and the planet will 
acquire a rotation period lying between 56-6 and 88 days. 
Our value of 58-4 + 0-4 days is very close to the lower 
limit, indicating a significant amplitude dependence of the 
tidal dissipation on Mersury. 
We thank Dr. A. G. W. Cameron for discussions. 
W. E. McGovern 
Department of Metecrology 
and Oceanography 
New York University, 
New York. 
S. H. Gross 
Airborne Instruments Laboratory, 
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Tidal De-spin of Planets and Satellites 


RECENTLY, Peale ard Gold! have shown that the non- 
synchronous rotation ef Mereury is likely to be a conse- 
quence of tidal friction. They point out that in an eccentric 
orbit the spin of an axially symmetric planet will not 
relax to the orbital meen motion, but instead will approach 
a final value which is somewhat larger. The final spin rate 
will be somewhere batween the mean orbital angular 
velocity and the orbital angular velocity at perihelion. 
The precise value for she final spin is determined by the 
condition that the net tidal torque on the planet around 
each orbit be equal te zero. The spin rate at which this 
condition is satisfied is determined by the frequency and 
amplitude dependence of the planet’s ‘Q’ (1/@ is the 
specifie dissipation function’). According to Pealeand Gold: 
“The condition discussed here is based on the supposition 
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that the solar torque exerted on the tidal bulge exceeds 
that exerted on any permanent deformation from axial 
symmetry. In the converse case a period of 88 days for the 
rotation would indeed result.” This last statement, if true, 
would imply that Mercury’s principal moments of inertia, in 
the plane perpendicular to its spin axis, differ by less than 
a few parts in 10’. This value is very small when compared 
with the values known for the Moon—another solid, 
slowly rotating body. 

I have re-examined the conditions which determine 
which of the two final states of rotation tidal friction will 
bring about. While the conclusions of this investigation 
cannot be expressed in exact analytical form, good 
approximations do exist in the limiting case of low orbital 
eccentricity. These conclusions do not agree with those 
expressed by Peale and Gold in the statement already 
quoted here, except for the case of an axially symmetric 
planet. 

As mentioned previously, the vanishing of the net 
torque on an axially symmetrical planet (the rotation and 
symmetry axes are assumed to be coincident with the 
normal to the planet’s orbit plane) when averaged over an 
orbit leads to a final value for the spin, s, which is some- 
what larger than the mean motion n. If the figure of the 
planet has a sufficiently small permanent deformation 
from axial symmetry, the only new feature which arises is 
an oscillation of s about its value for the axially symmetric 
case. Otherwise, if this deformation is large enough, s will 
eventually begin to oscillate about n and tidal friction will 
cause the amplitude of this oscillation to decay. Quanti- 
tatively, the division between a sufficiently small and a 
sufficiently large permanent deformation occurs at: 


B-A ._2/fa—n\* 
=o =3(5°) ” 


where s is the final value for the spin in the case of axial 
symmetry. In equation (1), C denotes the moment of 
inertia about the spin axes while A and B are the smaller 
and larger of the principal moments about axes perpen- 
dicular to the spin axis. For completeness, it should be 
mentioned that if the initial spin rate of a planet is smaller 
than its orbital mean motion (this includes retrograde 
spins) tidal friction may produce synchronous rotation 
unless the planet’s tidal deformation is of the order of 
its permanent deformation from axial symmetry. 

The Moon is unique in the solar system in that its spin 
has obviously been affected by tidal friction and the value 
of (B—A)/C for its figure is known. Therefore, for the 
Moon we may ask the following question: If in its present 
orbit the Moon were given a much more rapid spin, would 
tidal friction once again bring the Moon into synchronous 
rotation ? The answer to this question appears to be: No. 
To arrive at this result we must first calculate (s—n)/n for 
the Moon. In the special circumstance that Q is independ- 
ent of both frequency and amplitude, it is easily shown that 


—* ~ 9-5e*. Taking “4 = 2-05 x 10~ (ref. 3), we find 


that the right-hand side of equation (1) is 2-75 times as 
large as the left-hand side. Thus the Moon would end up 
spinning with a mean period about 2-86 per cent shorter 
than its present orbital period and would not return to 
synchronous rotation. This brings up the question of how 
the Moon's rotation became synchronous in the first place. 
To answer this question we would need to know both how 
the Moon’s orbital eccentricity and its principal moments 
varied in the past. Of course, little can be deduced 
about the Moon's figure and we shall assume that it has not 
changed. On the other hand, it is possible to calculate 
the change in the Moon’s orbital eccentricity due to tides. 
This calculation shows that tides raised by the Moon on 
the Earth act to increase the eccentricity while tides 
raised on the Moon tend to decrease it*:®. Without know- 
ledge of the Moon’s Q no definite conclusions can be drawn 
about the sign of de/dt. However, it seems likely that de/dt 
is positive and e was smaller in the past. This might explain 
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why the Moon has a synchronous rotation since Plow 


VoL. 200) 


(1) would be satisfied for e = 0-043, 22 per cent below 
present value. Of course, once the Moon attained synch 
ous rotation this condition would be maintained e 
though the orbital eccentricity increased. Similar c 
clusions hold if the Moon’s Q is dependent on freque» 
and amplitude so long as this dependence is not unusus 
severe. 

Equation (1) allows us to derive an upper limit 

$; 
to be independent of amplitude and frequency) is 0- 
which is undoubtedly much larger than the actual vah 


for Mercury. The value we obtain (again assumin. 
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PHYSICS 


Laboratory Observations of Plasma 
Instabilities in a Dipole Magnetic Field 


THERE have been a number of laboratory experimente 
investigations concerning the nature of plasma motion - 

a dipole magnetic field. Recently results have bee 
reported concerning an investigation of a stable trappe 
plasma belt in the field of a small, permanent, unifo 
magnetized sphere. 

Further investigations using a much larger sphem 
indicate the existence of plasma instabilities. The: 
experimental arrangement is quite simple. A permanentl, 
magnetized sphere, 6 in. in diameter, is placed in a suitabl: 
large vacuum chamber and made a negative electrode 
while the wall of the chamber is made the positive el 
trode. A d.c. voltage of sufficient magnitude to brea 
down the gas is then applied to the configuration. 

When the gas breaks down, a number of plasma con 
figurations occur. The first to be described is that of € 
stable, visible, plasma belt in the equatorial plane ase 
shown in Fig. 1. As time progresses, an intense arc 
discharge occurs along a field line as shown in Fig. 24 
When the arc occurs the visible belt disappears. The 
reason that the belt and two ares appear in the photographe 
in Fig. 2 is because the picture is a time exposure. After 
a short time the are is quenched and the stable belte 
re-appears. The duration of the stable configuration 








Fig. 1. Photograph showing stable equatorial plasma belt 
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eases with decreasing pressure and applied voltage. 

the ambient pressure or the applied voltage is increased, 
th the stable belt and the arcs occur in & continuous 

unner. Such a condition is shown in Fig. 3. 

The points of precipitation of the ares also vary with 
yplied potential. For large values of applied voltage 
ə points all occur in equatorial regions as shown in 

Mag. 4. 

Buneman? has discussed the various conditions under 
hich instabilities in a streaming plasma can occur. 
ssentially the theory describes how the directed energy 
` an electron stream is dissipated in a plasma by collec- 
ve collisions with ions. The theory treats both random 
uctuations and fluctuations caused by the application 
f a constant field. 

Swift? has applied the theory to a particular model in 
thich the stream is the equatorial ring current and a 
seal electric field transverse to the magnetic field causes 

$ perturbation. The model is applied to geophysical 
onditions, and the subsequent analysis suggests that, 
with a large enough ring current, an accelerating potent ial 
van be established along a field line provided the conduc- 
ivity in that direction is not infinite. This potential 
"hen serves as an accelerating mechanism for auroral 
slectrons. 

Present experimental results indicate that the labora- 
Btory model is a particular case of instability arising from 
tho action of a constant transverse electric field. The 

visible observations in the photographs certainly indicate 
that a stable configuration first becomes unstable, then 
returns to its former configuration. Additional evidence 





Fig. 2. Photograph showing arc instability. Two appear as a result of 
fh-sec exposure 





Fig. 3. Photograph showing more rapid occurrence of instabilities at 
higher pressure and voltage. (Darkened area is outline of viewport) 





Fiz. 4. Photograph showing constriction of precipitation points to low 
latitudes at high voltage. (Darkened area is outline of view port) 
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Time 
Fig. 5. Sketch of probe pi tential versus time, The sharp increase and 
decrease time-interval is œ the order of microseconds. The constant 
voltage time-interval is approximately 100 msec, while the decrease to 
initial conditions lasts ap woximately 50 msec. The wavy portion 
which indicates the slow rise to instability is of the order of seconds 


is also found in the measurement of the temporal depend- 
ence of the instability by another method. A Langmuir 
probe was placed in the stable belt in the equatorial 
plane. The potentia of the probe with respect to the 
sphere was measured as a function of time. A sketch 
of a typical oscilloscope trace of the event which is 
remarkably reprodueible in almost all its details is 
shown in Fig. 5. Starting with the stable configuration, 
the voltage is seen to increase slowly with time until a 
critical value is readhed. At this potential there is a 
sharp rise by at least a factor of 5 and a sharp decrease 
to some value above the stable case. This sharp rise 
and fall occur in the order of microseconds. There 
follows a constant votage regime which lasts for approx- 
imately 100 msec curing which the are is sustained. 
Then the voltage drops to the stable value in approx- 
imately 50 msec. The whole process is then repeated. 
It appears that wita proper variation of pressure and 
voltage the stability conditions can be varied over & 
wide range. 

The present expe imental evidence, while incomplete 
and only moderately quantitative, suggests that much 
an be learned from. further, more extensive, investiga- 
tions which will include a complete mapping of the 
temporal and spatiel dependence of the instabilities by 
measurement of electric and magnetic field variations as 
well as transient current systems. Such investigations 
are at present in pregress. 
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duce geophysical conditions it is hoped that a careful 
experimental study will lead to the formulation of a 
theory which can then be extended to explain various 
aspects of auroral phenomena. 
ROBERT G. QUINN 
Department of Space Science and 
Applied Physics, 
Catholic University of America, 
Washington, D.C. 
t Oninn, R, G., and Chang, ©. C., Trans. Amer, Geophus. Union, 
* Buneman, O., Phys. Rev., 115, 503 (1959). 
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Sub-millimetre Wave Spectra of Polar Liquids 


Ix an earlier communication, it was reported that 
liquid phase absorption of the monohalogenated benzenes 
at a frequency 10" e/s (1 teracycle) was higher than 
would be expected from the assumption that a simple 
Debye process was operative. The measurements support- 
ing this conclusion were made using a CN maser source 
which gives only the single frequency 29-715 cm! (337u 
wave-length). We have now supplemented these obser- 
vations by wide-band spectral investigations using Fourier 
transform interferometric techniques. 

The lower part of Fig. 1 shows results for chlorobenzene 
in the spectral range 10-400 cm~. The sharp absorption 
features at 297 em~! and 195 cm- are known molecular 
vibration bands v,, (B,) and Y, (B2), respectively, and are 
the lowest frequency modes of the molecule’?. However, 
the main interest here is the region below 100 em-?, and in 
the upper part of Fig. 1 this region is plotted on a logarith- 
mic frequency scale. The microwave observations are 
those of Poley? and that of Garg and Smyth‘, and the inter- 
ferometrie measurements confirm the earlier maser 
observation. It can be seen that there is a broad but 
strong feature reaching a maximum at a frequency of 
45 em~? and that the peak is substantially greater than the 
asymptotic value to be expected at high frequencies from 
Debye’s expression. These observations are believed to 
be the first reported of a complete band of this type though 
the high-frequeney end of it is to be seen in the observa- 
tions of Wyss et al.. That such bands should exist is not 
surprising since they may be considered to arise from the 


joà 
ort 


Absorption (nepers/om) 
pews 
> 





1 cm 1 mm 0i mm 


Warve-length 


Absorption (nepeta/em) 





100 200 300 400 
Frequemey (em?) 


Fig. L Far infra-red spectra of liquid chicrobenzene. [C], Microwave 
E x, teratron observation; ——, interferometer observations: 
-= =, Debye behaviour 





While the model experiments do not accur ately repro- 
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Fig. 2. Sub-millimetre absorption of chlorobenzene 
‘pseudo-lattice’ modes of the liquid, and for this there is 
support from the observations shown in Fig. 2. This shows 
the absorption spectrum of solid chlorobenzene at a tem 
perature of ~130° K with again the liquid spectrum (ad 
room temperature) for comparison. The solid spectrum 
shows the relatively sharp features characteristic of a 
lattice spectrum, and it will be seen that these occur in 
the same frequency region as the diffuse band observed 
for the liquid. It should also be noted that the absorption 
in the region below 20 em! for the liquid (shown cross- 
hatched) where Debye processes are dominant is absent 
in the solid, as is expected since it arises from the overall 
rotation of dipoles. 

The exact nature of the pseudo-lattice in such igoa 
will be clarified by the results of further work, but the 
general picture of a polar molecule undergoing resonant 
oscillations in the force field of its immediate neighbours 
is acceptable. In such a model, the width of any absorp- 
tion line would be determined by the lifetime of the pseudo- 
lattice state or, in other words, the reciprocal of the time 
over whieh the surrounding cage does not alter appre- 
ciably. This latter is the relaxation time, which is known 
from viscosity measurements or more directly from the 
frequency at which the Debye asymptote is nearly 
achieved. This is about 10 cem- for chlorobenzene, and it is 
not hard to believe that the observed band is made up of a 
number of lines having widths of this order. The well- 
defined peak of the band is then explained by the reason- 
able assumption that the orientation of the oscillator in the 
‘cage’ is not random, but has a most probable value 
which could be similar to that found in the crystal. 

G. W. CHANTRY 
H. A. GEBBIE 
National Physical Laboratory, 
Teddington, Middlesex. 
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"Effect of Temperature on the Discontinuity 
the S/N Fatigue Curve of a Stainless Steel 


_ ECENT investigations of the fatigue characteristics of a 
og range of alloys have revealed a discontinuity in the 
fatigue curves at high-stress levels. Finney? reports 
+ the discontinuities in extruded high-strength alumin- 
jm alloys of Australian manufacture to specifications 
D 683/3 and 2024-14 involve a shift to shorter fatigue 
s at stresses above the discontinuities. These tests 
*e carried out in rotating cantilever machines with 
weched test pieces (K: = 1-5), and Finney also showed that 
size of the discontinuity increases with increasing rate 
syclic loading in tests within the range 100-1,200 ¢/min. 
miler tendency was observed by Williams and Mitchell* 
‘otating cantilever tests of smooth test pieces prepared 
om weldable aluminium alloy—‘Alcan 3032WP’. The 
continuities reported for tests on steels? show an oppo- 
œ tendency to increased fatigue lives immediately 
ove the discontinuities, and the trend is similar for both 
arritic steel to BS970EN3B and an austenitic stainless 
l $130, when smooth test pieces are fatigued in a 
lis-Royce fatigue machine. 
_The strain ageing phenomenon in steels induces special 
-aracteristics in their fatigue behaviour, for example, the 
| ance of a ‘knee’ in their S/N curves*. It has been 
ested that the discontinuity is associated with ‘cyclic 
ep” involving a general yielding of the metal due to 
ustion of strain hardening. The plastic deformation 
wolved would induce hysteretic heating in steels and 
1s cause an increase in both dislocation density and 
“fusion rates to enhance strain ageing effects. To assess 
»e role of strain ageing during the fatigue cycling of an 
/8 stainless steel, comparative fatigue tests were under- 
@ken at room temperature and at — 80° C. Calculations 
owed that the diffusion rate would be very slow at — 80° 
and strain ageing thus suppressed. 
The tests were performed in a pull—pull fatigue machine 
ilizing flat specimens 0-061 in. thick and containing a 
silled hole (K:=2-5). Figs. 1 and 2 show the results 
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Fig. 1. Cenditions: temperature, + 20° C; loading, sinusoidal; frequency, 
120 c/s,; stress concentration factor, 2:5 
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obtained. ‘Testing at —80° C has raised the stress-level 
of the discontinuity by about 15-9 tons per in.* and the 
shift of the curve above the discontinuity is to shorter 
fatigue lives. Metallographic examination of the fatigued 
stainless steel revealed extensive martensitic transform- 
ation at the slip bands (Fig. 3). It appears, therefore, that 
suppression of the straim ageing phenomenon is associated 
with a reduced resistanee of the stainless steel to fatigue 
damage at stresses above the discontinuity. 
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: ~ excit ed triplet state *IL, of some polycyclic aromatic hydro- 
carbons obey the equation: 


1=4:39-41-18 ae (eV) (1) 
where J denotes the ionization potential of the molecule. 
The designation of the states is due to Platt’. 

‘This equation is similar to the Hiickel* equation: 
| f=a+bH 
3 whens E ia the energy of the first state and ‘a’ corresponds 
40 the ionization potential of an infinite planar carbon 


a ` molecuk e which can be assumed to be graphite, which has 


< an ionization potential of 4-39 eV (ref. 5). 

Hiickel’s theory does not consider electron spin and does 
not therefore differentiate between states of different spin 
multiplicity. It does seem that averaging out over the 
states of different multiplicity brings the experimental 
-data into close agreement with the theoretical predictions. 

The third excited states of the polycyclic aromatic hydro- 
carbons have been examined to see whether they show any 
correlation. The energies of higher excited triplet states 
are obtained by the techniques of flash-photolysis%’. 
Values of T, are listed in Table 1. A plot of I against T, 

is shown in Fig. 1. A very rough correlation only is 
observed. 

‘The energy of the third excited singlet state can be 
obtained from absorption spectra. The singlet state cor- 
responding to the 7’, triplet state would appear to be the 
state designated 1B by Flatt. This in general corresponds 
to the level designed 8 by Clar?. In obtaining the values 

of By shown in Table 1, the experimental values of Clar 
have been used throughout. In the case of phenanthrene 
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ceo of te first pae ae state 1, and first 


| it having ‘been found earlier that these were a- , 


over of the first excited state. In all other cases 
state of Clar has been designated Bo. 7 
A plot of I against 1B, is shown in Fig. 1, but or 
rough correlation can be seen. 





1Ba+T, 


Fig. 1 also shows a plot of I against -2 LL23 Af 
2 


good correlation is seen to exist. The equation of the 
straight line passing through the data is: , 


[ =3-67 40-82 Bet (eV) 
usmg the method of least squares. The sum of the stani 


deviations is 0-204 where is treated as 


dependent variable. . 
The best straight line extrapolating to 4-39 is give 


I = 4-39 +.0-667 a (eV) 


The sum of the standard deviations is 0-315. a 
Hiickel’s theory predicts a correlation between Ia, 
second ionization potential, and the third excited state. 
not between J and this state. However, the capac 
energy model of Smith’, which gives good predicti 
states that there is a direct linear relationship betwee 
and J, which will then explain the correlation shown 
equation 2. The capacitive energy model predicts that 
4 Lia + Dy ] 


Ix I, — 4:39 — 3 x Po Sag 


comparing equation 4 of ref. 9 with equation 1 of t 
report. This would therefore suggest that equation 3% 
more correct one to take, for, as the energy levels go — 
zero with increasing molecular dimensions, I should go _ 
4°39, the work function of graphite’, the infinite cart 
planar molecule. A good test of equations 2 and 3 is t 
prediction of the third triplet state of benzene. The + 
state of benzene is 6-94 eV (refs. 7, 8). Equation 2 predi 
that T, is 6-56 eV whereas equation 3 predicts that 7, 
7-43 eV. Ibis hoped to build apparatus?* which will enak 
the T, — T, transition of benzene to be measured. => 
For molecules having ionization potentials in the regie 
of 7-8 eV, which includes nearly all twenty aroma 
hydrocarbons listed in ref. 2, either equation can 
applied. It is thus possible to predict the T, energie 
those molecules for which it has not yet been observe 
Alternatively, knowing 7, the correct assignation. of 
1B, singlet excited state can be made. 
In Table 2 are shown the predicted energy-levels of: Bi 
polycyclic aromatic hydrocarbons assuming ‘Bo equa 
6 and 6, In all cases it is more probable that $! is 1B 
values of 6! are not available in all cases. 
An interesting case is perylene. It has an ion 
potential of 7-03 eV (ref. 2) and a T, energy of : 
(ref. 6). Equation 2 predicts a 1B, energy of 4-09 ë 
spectrum of perylene is greatly different from that + 


























Table 1. POLYCYCLIC AROMATIC HYDROCARBONS (ENERGIES IN 


I 1B, O TF, 
{refs, 1,2) (ref. 7) (ref, 8} 

(2)* Naphthalene 8-10 5-60 5-82 

(3) Anbnracene 7-37 4-92 4-74 

(4) Tetracene 7-00 4-22 3-96 

(5) Phenanthrene 809 5-65 5-26 

(6) 1,2-Benzanthracene 7-45 43d 4-60 

(7) Chrysene 786 §-12 4-62 

(3) Pyrene 7°55 4°55 5-05 

(9) Friphenylene 8-09 4-81 §-81 

(10) 1,2.5,6- À 

Dibenzanthracene 7-80 5-55 4-59 

(11) 8,4-Benzpyrene 7-18 4:18 4°39 
{18} Coronene l ae 4-05 


* Numeration as in refs, 1 and Do. 
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Table 2 è 
T, p) Pd 







,.8-Dibenzanthracene 7°68 4-07 5:72 
4-Dibenzanthracene 7-61 4°33 5-68 5°31 4-12 
7-80 4:32 5-73 
7-27 4°04 4:74 
“00 3-99 4:82 4:13 3-30 
7°35 4-08 4°90 
7-56 4-28 5°23 5°20 4°25 


aromatic hydrocarbons’. It has a new series of 
rption bands denoted «! lying between the «- and f- 
‘els. The energy of the «'-level is 4-25 eV, which agrees 
Wasonably well with the predicted value of 1B». As this 
level is the third highest energy transition observed in 
| anne the assignation to 1B, seems very sensible. 
tions 2 and 3 were computed by Miss E. Watson. 
M. A. SLIFKIN* 
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Labelling of Beta-lipoprotein with Tritium 


LABELLING of organic compounds and bio-molecules 
with tritium is of great importance in biochemistry. In 
sea the method of choice may be radiochemical 

thesis!, the gas exposure labelling of Wilzbach*-*, or 
»yiochemical synthesis or different types of exchange 
-eactions'. However, for the labelling of certain bio- 
molecules in radiochemically pure form, without any 
destruction of the natural constitution, only biochemical 
synthesis could be expected to be successful. 

In our laboratory §-lipoprotein was labelled with 
tritium by a simple exchange reaction in radiochomically 
pure form, without any change in its natural constitution. 
The method developed is a modification of that reported 
by Yavorsky and Gorin’, and seems to be widely applicable 
for the labelling of different types of organic compounds 
and certain bio-molecules as well. 

The tritiating reagent is CH,JCOOHT.BF,+ CH,COO-. 
This complex can easily be prepared by refluxing a small 
excess of acetic anhydride with tritiated water and saturat- 
ing the formed tritiated acetic acid with BF, gas. The 
complex was isolated by distillation (b.p. 139°-142° C). 

Labelling of $-lipoprotein was effected by simply con- 
tacting and shaking it for 24 h with an acetic acid solution 
of the reagent in heterogeneous phase at room temperature. 
When the equilibrium was reached, the tritiated complex 
was decomposed by adding 3-5 ml. of water with subse- 
quent lyophilization. The labile tritium was washed out 
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Fig. 1. Immunoelectrophorete pattern of B-lipoprotein of rabbit. A 
below, the control 
as 8 grt owes used in our laberatory for identification; antisera, anti- 
rabbit §-lipoprotein uced in cockele isolated 

protein before ng; w, radio-immunoelectrophoretogram of 

isolated tritium labelled *-lipoprotein; antisera, the same as A 
with distilled water br repeated lyophilization. The 
labelled §-lipoprotein was used without any further 
purification. 

Similarly, some other sompounds have also been labelled 
in order to get more detailed information about the scope 
and mechanism of thie labelling method. Results are 
summarized in Table 1. 

Natural @-lipoproteim was isolated by the method of 
Gofman*’?. The purity »f the isolated sample was checked 
by the immunoelectrovhoretic method of Scheidegger* 
(Fig. 1A). The same control proved (Fig. 1B) that during 
labelling the @-lipoprosein remained unchanged. The 
radiochemical purity of the labelled sample was checked 
by autoradiography using Kodak ‘AR-10' stripping film 
(Fig. LB, lower picture). The labelled sample could be 
recovered from aorta 1omogenate in the same way*-" 
as unlabelled samples after having been administered 
intravenously into rabbits. The labelled 6-lipoprotein has 
been used for some mechanistic investigation of plaque 
formation on cholestercl-fed rabbits. More details of this 
investigation will be published elsewhere’. 

Preliminary experiments made on different types of 
organic compounds shewed that hydrogen atoms bonded 
to carbon can be replaced with tritium by this reagent 
(Table 1). The rate of -hese exchange reactions was found 
to be markedly depenent on temperature. However, the 
scope and particularly the mechanism of this exchange 
reaction require more Jetailed investigation. 

The main advantages of this labelling method are: 
radiochemically pure labelled compounds can be prepared 
without any post-labelling purification that may be 


Table 1. EQUILIBRATION OF DIFFERENT TYPES OF COMPOUNDS WITH TRITIATED ACETIC AcID—-BORON-TRIFLUORIDE COMPLEX 


Compounds | 


Weight 
(mg) 
rotein 400 
Phenylalanine 500 
thyrosine S00 
I- 
L- tophan 500 
L-methionine 500 
Cholesterol 500 
Acetic acid t 


e . solution. 
re gr the self-exchange of the complex. 
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required after other labelling methods, for example, 
after Wilzbach-labelling*, The procedure is rather rapid, 
requiring no special equipment, and may take place under 
mild conditions permitting the successful labelling even of 
sensitive molecules with suitably high specific activity. 
Activity yield is about of the same order as in the case of 
Wilzbach-labelling. Radioactivity was measured by the 
liquid scintillation technique using a Packard liquid 
scintillation spectrometer (model 3003). 
We thank Dr. 8. Virág for the isolation and purity 

control of the $-lpoprotein sample. 
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Pure Quadrupole Resonance Frequency Shift 
and Internal Stress in Gamma-ray 
Irradiated Sodium Chlorate 


Tue effects of irradiation and crystalline defect on pure 
quadrupole resonance (PQR) have been extensively inves- 
tigated!. Randall et al.? observed an increase of the line 
width and second moment after X-ray irradiation, and 
concluded that strain broadening is the predominant 
mechanism. The changes in the electric field gradient 
induced by an applied stress were also measured by Collins 
and Bloembergen*. Colour eentres occur in sodium chlorate 
crystals after y-ray irradiation. These are probably due to 
V centres and Qy centres. Such impurities are likely to 
set up stresses and bring about changes in the electric 
field gradient. For this reason, it would be expected that 
a shift of the pure quadrupole resonance would occur. 





w 
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a, 

29,875 
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34 35 36 
ECO) 

Fig. 1. Temperature dependence of POR frequency of Cl isotope: 


a, before; b and c, after y-ray irradiations of 0-9 x 10° and 2-09 x 10 r, 
respectively 
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Fig. 2, PQR frequency shift of FCI due to y-ray irradiations — 


Tbe aim of the work reported here was to measure 
shift and to interpret the internal stress. The result 
the preliminary measurements are shown in Fig. 1. Itw 
necessary to eliminate the temperature effect. For tt 
reason we made the measurements in a thermostat at abo 
35° C (ref. 6). In Fig. 1, a is for the non-irradiated sample 
is for the sample irradiated with y-rays from reactor TA 
(Çekmece Niiklear Research Center, Istanbul) with dos: 
of 0-9x 10° r., and c gives the results after cumulati 
doses of 2-09 x 10% r. During the measurements the ter 
perature fluctuation was less than 0-01° ©. Measuremers 
were made with a conventional Dean-type spectromete 
Frequency was measured with a Hewlett-Packard 524 
period counter. For each point on Fig. 1 the mean squa 
root error of frequency was about 30 c/s. In Fig. 2 PQ 
frequency shift is shown as a function of the irradiatic 
dose. With these results and using theoretical analysis 
it is possible to interpret the stress produced in sodium: 
chlorate crystals by y-rays. Since the piezo-electric effect 
are negligible’, and since the changes in the electric fie 
gradient may not explain the line broadening?, the mai 
effect should be due to strains. TE is very much grea 
than TE. The stress produced by rays of doses 10° 


aara? 


in sodium chlorate crystals in the Na-Cl direction is: 
G33 = 23 kg/em?.Mr. 
I thank Dr. 8, Akpinar, director of C(NAEM, and Dr. Ac. 
Çilesiz for providing the irradiation facilities. - 
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Acid Phosphatases 


We have been concerned with the isolation of acid: 
phospkatases (orthophosphoric monoester phosphohydro-— 
lases, 3.1.3.2.) in quantities sufficient for chemical studies. 
of these enzymes. The sources chosen were: the potato, 
the human prostate gland and human seminal plasma. 
We have found that the potato is a poor source and, 
although the enzyme has been obtained in a form which 
is homogenecus to starch-gel electrophoresis and to ultra-° 
centrifugation, the method is tedious and, because of the 
very large purification factor involved (about 25,000), 
loads to a low final yield (about 10 mg from 50 kg of 
potatoes). The best preparation previously reported was 
apparently associated with a purification factor of about 
1,000 (ref. 1). a a 

Several reports of the complete purification of prostatic 
acid phosphatase have been made?®-3, but, seemingly, the 
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ints obtained were too small to allow the usual tests 
omogencity to be applied. It has also been reported 
the pure enzyme is unstable? particularly so when im 
act with glass surfaces. Recently it has been demon- 
ted by immunoelectrophoresis! that there are, in fact, 
prostatic acid phosphatases. We now report that, 
latively simple and reproducible procedures, two 
phosphatases can be isolated from a homogenate 
ostatic tissue; a typical preparation from thirteen 
ids giving 25 mg of P, and 10 mg of P,. Both enzymes 
homogeneous in the ultracentrifuge and on starch-gel 
trophoresis and are unchanged on further attempts 
urification. Both are stable and resist the following 
dures: prolonged dialysis, ultra-filtration, gel-filtra- 
ehromatography on cellulose ion-exchange resins, 
pitation by salts, filtration through glass wool, 
nged periods (6 months) in solution at 4° interspersed 
days at room temperature, low pH (about 2-0) 
zing and thawing and contact with certain proteolytic 
mes. Both are unstable above 40° and on precipita- 
. with acetone at 0°. 

he assay method used for the enzymes is based on 
act that the ultra-violet absorption spectrum of a 
yoary! phosphate differs from that of the parent 
enol, For phenyl phosphate (pH 5-0, 0-1 M acetate) 
_e difference in extinetion, coefficient at 276 my, is 1,000. 
_ssays are, therefore, conveniently carried out using a 
_ lution of phenyl phosphate (5 x 10-* M) maintained at 
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6° in a spectrophotometer cell. The specific activity is 
_ fined as the rate of change of O.D..,./min produced when 
_) pl. of enzyme solution is added to 2 ml. of substrate 
wlation divided by the absorbancy of the enzyme solution 
5280 mu. This assay method is much more convenient 
ad introduces fewer artefacts than aliquot methods 
ased on the formation of molybdenum blue. Greater 
onsitivity can be achieved by using pyridoxal-5'-phos- 
hate as substrate, but control of pH is then more impor- 
_ant since the difference spectrum is very sensitive to pH 
hanges. 

Purification starts from an aqueous homogenate of 
ainced tissue. The supernatant is fractionated by 
.ddition of ammonium sulphate; the enzymes precipitate 
setween 50 and 75 per cent saturation. The fraction is 
weed from ammonium sulphate and brought to pH 5-2, 
+02 M acetate buffer. It is then absorbed into a column 
af DEAE-cellulose which has been equilibrated with the 
ame buffer. After washing with dilute buffer, the column 
s washed with 0-2 M acetate buffer, pH 5-2. The active 
traction is then concentrated by ultrafiltration and passed. 
shrough ‘Sephadex G-100’ until its specific activity reaches 
+3. It is then re-chromatographed on DEAE-cellulose 
ander the same conditions as described here except that 
gradient elution is used. The enzyme emerges as two 
separate peaks, P, coming before P,. The specific activi- 
ties are constant across the peaks and both have the value 
about 1-2 (this compares with the best value so far obtained 
with the potato enzyme of 0-4). The enzymes run at 
slightly different speeds on starch-gel electrophoresis, 
P, running slightly ahead. The Svedberg constants 
(20°, about 0-5 per cent protein concentration) are 
5-238 and 5-368 for P, (3 determinations) and P, (6 
determinations), respectively. Preliminary measurements 
of the diffusion constants indicate, assuming partial 
specific volumes of 0:745, molecular weights in the region 
120,000-150,000. The rate of passage through ‘Sephadex 
@-100’, however, indicates rather lower molecular weights, 
that is, 110,000-130,000. Amino-acid analyses show some 
significant differences notably in the relative amounts of 
valine and alanine. With phenyl phosphate as substrate 
the two enzymes show similar kinetic behaviour. Both 
are inhibited by (+) tartrate. An important problem is 
whether both enzymes occur in each individual gland. 
In one experiment a single gland was found to contain 

th enzymes, but it is not yet known whether this is 
neral. 
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Human seminal plasme might seem, at first sight, to be 
a convenient source of the prostatie enzymes. Accordingly, 
a sample of plasma, after dialysis, was chromatographed 
on DEAE-cellulose as described here. Starch-gel electro- 
phoresis showed that the enzyme obtained, which had a 
higher specific activity than the prostatic enzymes (about 
1-6), was free of contaminating protein. However, activity 
was found to be split into two bands and, consistently, 
in the ultracentrifuge thea enzyme sample separated into 
two components, S, ard Sa with Svedberg constant 
(20°) of 2-658 and 4-438, respectively. Afterwards a slight 
change in procedure separated the two enzymes on 
DEAE-cellulose. These enzymes clearly have much 
lower molecular weights than the enzymes isolated directly 
from the prostate and they may not be prostatic in origin. 
This problem is now beiraz investigated. 

The prostatic enzymes and the potato enzyme are 
inhibited by phosphate 2ons and by molybdate ions. In 
all cases the inhibition is kinetically strictly of the ‘com- 
petitive’ type. However, the inhibition by molybdate 
ions can be reversed by the addition of EDTA, whereas 
inhibition by phosphate ions is unaffected. The simplest 
explanation would seem to be that molybdate ions, unlike 
phosphate ions, combine with the enzyme in a way not 
directly involving the active site and produce a protein 
conformation unfavoureble for combination with sub- 
strates. Consistently, the potato enzyme is considerably 
activated by EDTA and the effect can be shown not to be 
due to removal of trace metal inhibitors. These presumed 
conformational changes should, of course, be detectable 
by ORD measurements and the appropriate experiments 
are now in progress. 

We acknowledge grants from the Department of Scienti- 
fic and Industrial Research (to Jennifer M. H. and 
P. E. 8.), the Medical Research Council (to J. M. H.) and 
the National Research Council of Canada (to J. G.). 

C. A. VERNON 

J. GAULDIE 

JENNIFER M. Hanson 

J. M. HUMPHREYS 

P. E. SMITH 
Department of Cheraistry, 

A. J. LAWRENCE 

Department of Pharraacology, 

BarsBaRa E. C. Banks 

Department of Physiology, 

University College, London, W.C.1. 

1 Andreu, M., Fernandez Alvarez, E., and Lora-tamayo, M., Anales real soe, 
espan. fis y quim. (Madrid) 56B, 67 (1960). 

? Hudson, P. B., and London, M., Arch. Biochem. Biophys., 46, 141 (1953), 

3 Boman, H. G., Arkiv Kemi, 12 453 (1953). 

t Shularo, S., Mamrod, L., Goncer, M. J., and Soanes, W. A., J. Immun., 98, 
474 (1964). 


Structure of Phosphobenzene 

We have already shcwn that of the polyphosphines of 
formula (C,;H;P), and melting points (A) 149-150°, (B) 
190°, (C) 252°--256°, (D 260°-285°, compound A is & five- 
membered ring compound in the solid statet. 

Compound B, which hnas «eon prepared according to the 
directions given in the literature’, crystallizes in at least 
four different forms; two of these, the monoclinic (from 
tetrahydrofuran) and rhombohedral (from benzene) 
modifications, have almeady been described’. The other 
two forms are triclinic and trigonal and have also been 
obtained by recrystallization from tetrahydrofuran. The 
triclinic form melted et 185°-189° in an open tube and 
193°-198° in an evacuated tube, while the trigonal form 
melted at 190°-195° in an open tube and 236°--240° in an 
evacuated tube: all fous forms decompose on melting. The 
only time the trigonal form was obtained the triclinic form 
was also present. It was not possible to define the condi- 
tions which would give any one of the three forms obtain- 
able from tetrahydrofuran. The unit cell and space group 
data for the trigonal ari triclinic forms are: Trigonal: a = 












. We have determined the structure of the trigonal 
modification by single crystal X-ray diffraction methods. 
879 of the 1,397 intensities measured with the aid of a 

Hilger and Watts linear diffractometer? were assigned a 
- non-zero value and used in the structure determination. 
The position of the independent phosphorus atom, 
obtained from the three-dimensional Patterson function, 
showed that the six phosphorus atoms in the molecule were 
arranged in a puckered ring of the chair form. The posi- 
tions of the light atoms were determined from the [c]- 
axis projection and a model. The structure was refined by 
the least squares method with individual anisotropic 
temperature factors. The final value of R for 879 planes 
was 0-072. Full details of the structure will be published 
- elsewhere. 


E n "The analysis shows that, in tho crystalline state, the 


trigonal form of phosphobenzene B is a hexamer, (C,H,P),, 


o= and contains a six-membered ring of phosphorus atoms in 


the chair form with pbenyl groups occupying the equatorial 
positions (see Fig. 1). The molecule has the symmetry 
3 (C3:). 

Although many attempts were made to prepare suitable 
single erystals of compound C, none was successful. In the 
only solvent found (diphenyl ether), the suspension had 
to be heated to refluxing point (258°) to get a clear yellow 
solution. On cooling only the pentamer, (C,H;P);, could 
be isolated. This conversion was most probably effected 
by heat alone, since it is known that, on melting compound 
C, compound A is obtained. It has now also been found 
that compound A is converted to C by heating in piperi- 
dine. Phosphobenzene C, m.p. 260°-265°, has been des- 

-eribed as polymeric, but the value of n cannot be very 
large since an X-ray powder photograph shows it to be 
highly crystalline. Attempts to index this powder photo- 
graph have failed. 

It is interesting to note that the related cyclohexyl 
derivative, (eyclo-C,H,,P),, is apparently tetrameric as 
suggested by previous workers*:+. It crystallizes in the 
space group P4,/n with a = 15:33 andc = 5-63 A. The 
observed density is 1-161 g/e.c. which, with the cell 

volume, gives 924-2 for the molecular weight of the cell 
< contents. This implies that there are two molecules of 
. (eyclo-C,H,,P), (mol. wt., 456-5) in the unit cell with the 


- molecular symmetry 4 (S,}. The sample used was supplied 


ie F by Prof. Issleib of Halle. 








dimensions are a = 8-90, b = 13-71, ¢ = 8-35 A, B = 10° 





















Iphur (ref. 6) (m.p. 148° 
p. 148°, s a -red spectra), erystalliz 
the monoclinic system. The space group is either P2 
P2,/m, and a survey of the kOl and All intensities sugg 
that the non-centric P2, is more probable. The 


The observed density is 1-438 g/c.c, which, with the kn 
volume, gives six units (actually 6-005) of (C,H,PS) in 
unit cell. Since in both possible space groups there t 
be a minimum of two molecules in the cell, it may 
assumed that the molecule is a trimer. Some of 
possible structures are: 


It is not possible to evaluate a recent paper’ describir 
the synthesis of co-ordination compounds obtained fro 
transition metal carbonyls and what is apparently pho 
phobenzene A until full experimental details are publishe 
Nevertheless the synthesis of (C,H,P),Ni(CO), ar 
(CsH;P),Mo(CO), could be equally well explained | 
postulating a contraction of (C,5H,P), to give the nick 
compound instead of an expansion of (C,H,P), to gi 
the molybdenum compound. We have made (C,H,;P | 
in two different ways! and have recrystallized it frown 
three different solvents (benzene-alcohol, acetonitrile an 
tetrahydrofuran) and have always obtained crystals of tl 
pentamer (C,H,P),. Thus it does not appear likely th 
acetonitrile has any special effect on phosphobenzene « 
as has been suggested by other workers’. ee 
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BIOPHYSICS 


intercellular Matrix of the Intervertebra 
Disk in Ageing and in Prolapse 

AT the present time an increasing amount of attent 

is being directed to the non-collagenous proteins 
connective tissues. Like collagen, these proteins 
associated with polysaccharides in the form of mixt 
or complexes, though the exact nature of tho link 
between the moieties is a controversial subject. 1 
compounds are essential components of the intercel 
matrix of intervertebral disks, and a knowledge of 
is needed for an understanding of the mechanisms 
intervertebral disk prolapse. aS 
Prolapse of intervertebral disk tissue in the 
region is a frequent cause of back pain an 
Displacement of tissue follows after the loss 
mechanical properties. It is known that in c 
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s the collagenous fraction of the intercellular matrix 
i with tensile strength and the non-fibrillar 
m with resilience. The latter fraction requires 
r investigation. 
‘ye term ‘herniation of the nucleus pulposus’, though 
ay applicable, is an unfortunate misnomer. 
prolapse is more correct, because the prolapsed tissue 
ists of varying proportions of nucleus pulposus and 
alus fibrosus. Frequently large fragments of cartilage 
late are also to be found in sequestrated tissue, and 
= misleading to compare the results of analyses on 

»apsed tissue with similar investigations on the material 
¿sed from the centre of a normal control disk. The 

jificant annular contribution to a disk prolapse is 

*cted in the high collagen content of prolapsed tissue 
wrted by Davidson and Woodhall’, and Mitchell, 
Adry and Billewicz*. 

m a recent investigation on intervertebral disk tissue 
> main techniques were used, namely X-ray fibre 
action and electron microscopy*. Subsidi methods 

q were in vitro culture, histology, and biochemical 
slyses. A wide age range of fresh autopsy specimens 
«ch week of foetal life to 93 years) and tissue removed 
the course of 56 lumbar laminectomies for prolapse 
"itle direct attention was paid to the polysaccharides 
se these are poorly crystalline and not suitable for 
act study by the methods used. However, whenever 
> non-collagenous proteins are discussed the associated 
-ysascharides are implicated. In human intervertebral 
ik tissue, at least three non-collagenous proteins have 
ən distinguished from each other by their X-ray fibre 
fraction patterns and their appearances in the electron 
croscope. The differences are slight but quite distinct. 
In young children the chondrocyte-like cell produces 
‘ge amounts of a non-collagenous protein. This com- 
nent has a ‘fluffy’ appearance when viewed in the 
sxctron microscope, indicating that there was a highly 
rollen gel structure before drying, and the 4-6 A backbone 
acing is a broadened reflexion (Fig. 1). The absence of 
definite side-chain spacing is notable. By the middle of 
e second decade the cells produce what has been termed 
ature’ B-protein. This is found in quantity in the 
icleus pulposus and the transitional zones of the disk, 
id is present in comparable amounts at all spinal levels; 

tends to become more crystalline with advancing age. 

After the age of fifty years, and sometimes before, a 
ird non-collagenous protein becomes a major component 
* disk tissue. In contrast to the proteins mentioned 
ready it gives a better resolved backbone spacing and a 
ell-defined side-chain spacing in the 10 A region (Fig. 2). 
Then observed in the electron microscope, it was seen 
» be relatively electron-dense. Since with advancing 
ears this protein becomes a major tissue component, the 
hysical properties of the tissue partly depend on it. 
imilar fibre diffraction patterns were not obtained in a 
mdy of normal articular and nasal septum cartilage, 
adon or knee joint menisci’. The central fibro-carti- 
ginous area of the symphysis pubis from elderly subjects 
ives a comparable diffraction pattern, and in the electron 
ricroscope a similar dense protein has been noted in the 
adia of the aorta. These observations suggest that the 
wesence of this type of protein in certain connective 
issues is connected with the demands of physical forces 
the menisci are non-weight-bearing). 

In sequestrated disk tissue there is a greater quantity 
if the mature type of non-collagenous protein as com- 
ared with tissue from the interior of the same disk; 
ind in prolapsed disk tissue there is an increase in the 
1on-collagenous protein content as compared with control 
issue from the same age range. The tissue gives fibre 
liffraction patterns in which there is a prominent f-protein 
yackbone spacing but the side-chain spacing is not present, 

icating i ity in the mode of packing of the 
(Fig. 3). The chondrocyte-like cells 
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were observed to be surrounded by large amounts of 
matrix, apparently of recent origin, suggesting that the 
increase of -protein is a change associated with effect 
rather than cause. Moreover, the overall appearance of 
the tissue was consistent with a considerable reduction in 
quantity of the original matrix. The electron-dense 
protein was infrequently okserved in disks where prolapse 
was present. A number of the specimens were from 
subjects in the age range where this component begins 
to be present in appreciabie quantities. 

Prolapse occurs most frequently in the age range 20- 
40 years and afterwards becomes decidedly less common’. 
This age distribution alors is sufficient to discount the 
hypothesis that prolapse «s the result of pathologically 
accelerated ageing of the structure. Such a hypothesis 





X-ray fibre diffraciion patterns copper Ka radiation of wave- 


Figs. 1-3. 
length 1:54 A. Specimen to film distance © 3 cm 


Fi 
of a child aged eigh: years. broadened reflexion in 
6 A region, but no defini side-chain spacing is resolved, fk central 
scatter is from amorphous masrial, A weak reflexion at 2-86 A is present 
wom 


Fig. 2. X-ray fibre diffraction patterns from nuclear material of a subject 
aged 87 years, A well-defi £-protein diffraction pattern is present 
th clear resolution of the sde-chain spacing. There is no evidence of 


orientation 
Fig. 3. Oomparison A-ra fiire diffraction patterns of lumbar 
disk tissue (left) and Sc Aen pulposus za pan elderly subject (right). 
The difference in the sharpness of backbone is evident. The 
non-collagenous protein in the prolaps tissue has not given a side-chain 
spacing. (The region outside collagen side-chain spacing is ‘clean’) 


_1. X-ray fibre diffraction pattern from the gelatinous nucleus 
pulang There is a 
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was tentatively supported by Blakely ef al, who also 
observed an increase in the 8-protein content of prolapsed 
disk tissue, although they assumed that this was due to 
the same protein as is prominent in the disks of elderly 
subjects. Lyons et al.* reported the results of bioche mical 
investigations during which they isolated an ‘insoluble 
complex’ frora the disks of subjects over the age of 
60 years taken as normal controis, and a ‘similar type of 
complex’ from eight ‘herniated’ specimens. Both 
complexes contained chondroitin sulphate B. These 
authors also supported the theory of pathologically 
accelerated ageing. The hexosamine/nitrogen ratios 
they reported for the insoluble complexes showed wide 
variations which could well be indicative either of a 
mixture or inconstant composition. 

The changes in the intercellular matrix are, in the main, 
a reflexion of cell activity. In prolapse the polysaccharide 
content is reduced?’ and the non-collagenous protein 
content increased, an alteration in the quality as well as 
the quantity of the matrix. This indicates disordered 
cell function, which may well stem from a disturbed 
nutritional state similar to that which has been proposed 
as a cause of osteoarthritis. No differences have been 
detected between the tissue from patients with or without 
a history of a significant spinal injury. In ageing there is 
also a change in the type of matrix, with the emergence 
of the dense 6-protein as a major matrix component. 
Once this is present in appreciable quantities it seems 


reasonable to suggest that it affords a measure of 


protection against prolapse. 
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Enzymatic Synthesis of the Skin-lightening 
Agent, Melatonin, in Amphibians 


MELATONIN (N-acetyl-5-methoxvtryptamine) has been 
shown to be the most effective skin-lightening agent in 
amphibians". This compound produces changes in 
pigmentation by causing the aggregation of melanin 
granules within the amphibian melanocyte. Although 
melatonin has been found to occur in mammals, no evi- 
dence for its formation has been obtained in amphibians 
where it exerts its most potent effects. High concentra- 
tions of radioactivity have been observed in the pineal 
area of the amphibian Xenopus laevis after the administra- 
tion of the melatonin precursors 4C-5-hydroxytryptamine 
and 4C-methylmethionine’. 

The formation of melatonin is catalysed by an enzyme, 
hydroxyindole-O-methyl transferase, which requires N- 
acetylserotonin as the substrate and S-adenosylmethionine 
as the methyl donort. So far, this enzyme has been found 
only in the pineal gland cf mammatls* and birds*. In 
mammals melatonin has been shown to inhibit the oestrous 
phase of the rat oestrous cycle and to produce decreases in 
ovary weight’. This communication describes the presence 
of hydroxvindole-O-methyl transferase in two amphibian 
species, Xenopus laevis larvae and adult frogs (Rana 
pipiens). 
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Table i 
Hydroxyindole-O-methyl 
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Species ‘transferase activities 
Xenopus laevis larvae 13s 
Rana pipiens adults: 
Brain IPS 
Pineal area 30-6 
Optic tectum 34-5 
iypothalamus 86-0 

















Results expressed as mymoles;4C-melatonin formed per g tissue g 
when incubated with N-acetylserotonin and “C-methyl-S-adenosylm 
nine, 


Xenopus larvae, stages 48-50 (ref. 8), were homogen 
in 0-5 ml. ice-cold water using an all-glass homogen 
A 0-2-mil. aliquot was taken to measure the hydroxyind 
O-methyl transferase activity®. A control incubation 
run concurrently without the addition of substrat 
correct for a small amount of endogenous material pre 
in the Xenopus larvae which formsa methylated metabo 
On ineubation of Xenopus larvae with N-acetylserot 
and 4C-methyl-S-adenosylmethionine, a radioactive 
duct was formed which was extractable into chlorof 
This material had the same Ay value on three thin-l 
chromatographic systems as authentic melatonin. 7 
amount of melatonin formed enzymatically (Table 1) x 
more than enough to cause blanching in the X enopus®. 

Hydroxyindole-O-methy] transferase was also examiur 
in the adult fr og brain using the procedure already d 
eribed. Considerable enzyme activity was found in 
frog brain (Table 1). Since the brain would also inch 
the pineal, hydroxyindole-O-methyl transferase w 
measured in several brain areas. All areas examin: 
contained enzyme activity. The melatonin-formi 
enzyme was found to be absent in the adult frog sky | 
liver, intestine and heart. These results demonstrate the. 
the enzyme that forms the amphibian skin-lighteni 
agent, melatonin, is present in the brain and pineal ar 
of the frog, while it is present only in the pineal gland of € 
other mammalian and bird species so far reported. Lat: 
discoveries and more detailed analyses of hydroxy- Co 
methyl transferase activities in pineals, brain regions ar 
eyes in various vertebrate species will be publishe . 
elsewhere. 
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Agar-gel Electrophoresis of Soluble Lens 
Proteins in Galactose-fed Rats 


A NUMBER of reports have recently been published. 
dealing with the electrophoretic properties of water- 
soluble lens proteins of albino rats and the presence of a 
‘fast’ anodic fraction in electrophoretic patterns of lens 
proteins from galactose- and lactose-fed rats!*. It is well 
established that dense cataractous opacities develop in rat 
lenses within two to three weeks of galactose feeding’. 
Electropheretic analysis of such lens extracts shows that 
the fraction with the highest anodic mobility Is con- 
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erably increased when compared to normal rat lens*. 
are is, furthermore, an overall decrease in fractions 
zrating toward the cathode. 

Jecasionally, however, a rat will not develop a severe 
city of the lens despite prolonged feeding with large 

counts of galactose. In some instances the typical cata- 

tous opacity is present in one eye only, while the 
nd lens remains clear. 

an attempt to correlate the appearance of the ‘fast’ 

odie fraction with the stage of cataract development, 

ə following experiments were carried out. From a colony 

approximately 100 male Wistar rats, which had been 

on a 40 per cent galactose diet, the following two 
ls were chosen at random from their respective 

Jups: one rat from the group with mature bilateral 
“aract after 21 days of galactose feeding, and one rat 

m the group that had developed only a unilateral 
: . The rat from this second group had been on the 

lactose diet for 14 days during which time a nuclear 

acity developed in one lens while the fellow eye remained 
sar. One rat of the same strain and comparable age, 
aich had been fed normal laboratory rat chow, was 

.ected as control animal. 

After killing the rats under light ether anaesthesia, the 
ases were immediately extracted from the eyes under a 
ssecting microscope and washed free of vitreous humour 

iced physiological saline. Along with the dissection a 

hematic drawing was made of each lens to indicate the 

gree of cataract development. The lenses were then 
ymogenized individually in 50 yl. iced saline in a small 
oreelain weighing-spoon, using a glass rod as pestle. The 
omogenate was transferred quantitatively into a micro- 
aematocrit capillary tube, using an additional 50 yl. of 
line to rinse the spoon. The haematocrit tube was then 
raled and centrifuged in a micro-haematocrit centrifuge 
s'r 4 min at 4° C. Following centrifugation, the super- 
atant was used for electrophoresis. 

Agar-gel electrophoresis was carried out following 
rabar’s method’, in a medium of 2 per cent agar in 
-025 M barbital buffer, pH 8-9, and 4 m.amp per cm for 
6 min at room temperature. Immediately upon comple- 
‘on of electrophoresis, the agar slides were transferred 
ito a staining bath of 0-05 M thiazine red in 5 per cent 
cetic acid. After staining for 1 h, excess dye was removed 
y washing in 5 per cent acetic acid with the final rinse 
ontaining 2 per cent glycerol in 5 per cent acetic acid. 

Fig. 1 shows the results of the electrophoresis. The top 
wo patterns represent lens protein extracts from the 
ormal] control rat, right and left lens being indicated at 
he cathodic side of the slide by R and L, respectively. 
‘he drawings next to the electrophoretic patterns indicate 
he appearance of the lenses under the microscope. As 
xpected, the normal lenses were absolutely clear. 

The next two patterns are those obtained from the lens 
xtracts of the rat with mature bilateral cataract. These 
vatterns correspond exactly to those which we obtained 
epeatedly when using pooled Jens extracts from galactose- 
‘ataractous rats. The drawings show the presence of a 
lense opacity in the centre of the lens with small vacuoles 
n the periphery. Electrophoresis revealed a decrease in 
he cathodic fractions as well as a considerable increase in 
he fraction nearest the anode. 

The third set of patterns stems from the lens extracts 
xf the rat which had developed unilateral cataract after 
l4 days on galactose. The dense opacity in the left eye is 
maller than that of the other rat due to the shorter 
‘eeding time. However, though the left lens still contains 
ı normal amount of the cathodic fractions, the change in 
anodic fractions is already present. The right lens of this 
animal was perfectly clear except for a few isolated vacuoles 
along the periphery. The electrophoretic pattern of this 
lens is normal in appearance. 

A sample of normal rat serum was electrophoresed along 
with the lens extracts to provide a reference marker. The 
serum protein pattern, indicated by the letter S, appears 
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(a) R 


(bh) N 


(c) R 


id) § 


Fig. 1. Agar-gel electrophoresis of individual rat lens proteins. Right 
and left lens of the same animal are indicated by R and L, respectively. 
Drawings next to lens proteir patterns at cathodic side show stage of 
cataract development as appesring under dissecting microscope at time 
of lens extraction. Anode at tight. From top to bottom: (a) Normal 
rat: (b) rat with mature cataract after 21 days on galactose; (c) rat 
with unilateral cataract (left nee 14 days on galactose; (d) normal 
rat serum 


at the bottom of Fig. 1, “he albumin showing at the right- 
hand side. 
Throughout our experiments, 38 out of 635 galactose-fed 
male Wistar rats, or roughly 6 per cent, did not develop 
bilateral cataract, even when feeding with galactose was 
continued for 4 weeks. “he development of dense nuclear 
opacities in those rats was inhibited either in both eyes or 
in one eye only. There was, furthermore, no consistency as 
to which eye was affected when unilateral cataract was 
present. When the extracted clear lenses were examined 
under the dissecting microscope, the apparently unaffected 
lens showed the formation of vacuoles similar to those 
presented in Fig. 1. 
In this work, the development of a unilateral cataract 
made it possible to use the clear fellow Jens as a control, 
thus eliminating differences between animals. It raises the 
question whether a pretective mechanism could be in- 
volved, lessening the effect of galactose on the metabolism 
of the rat lens. Why thë should occur in one lens and not 
in the other is even mor puzzling. 
This work was supported by research grant NB-03443 
from the National Instisute of Neurological Diseases and 
Blindness, National Institutes of Health, U.S. Public 
Health Service. 
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Freeing of Amino-acids from Proteins 


Tue large amount of free amino-acid which surrounds 
haemoglobin freshly released from red blood cells cannot 
be dialysed away from the protein even after vigorous 
washing (48 h, running water). The amino-acids still 
released after such weshing may come from (a) meta- 
bolism of bacterial coataminants, (b) cellular enzymes, 
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TE ee 
Time fro: . 
completion. a of | relea 
autoclaving dialys 
(min) ~ Baga Bog 2 Bo 
0 16 Cooling ; 1/6 Cooling 
10 4% $ 4 These bags dialysed against 
VW 20. 2 6 running water from the conclu- 
20 25. 2 3 sion of cooling until: 
25 230 4 3 
30-60 4 4 18 185 4 4 
60 90 4 6 18-56 19 2 4 
a 12 6 9 19 10 3 2 
120 150 3 5 1395 20 2 3 
150 180 3 25* 0 205 3 23+ 
180 210 5 g3 70-5 21 4 17* 
210 240 3 29* 21 215 6 10* 
240 270 8 24* 215 22 8 25 * 
13-5 h overnight 9 q2* 


Amino-acids expressed as ug of nitrogen in 100 ml. of dialysate. 
* These dialysed against normal saline. 


{c) amino-acids secondarily bonded to the protein, and 
(dq) the cleavage of peptide bonds. It is impossible to 
rule out (a) and (b) in the case of haemoglobin. 
Commercial casein, however, makes solutions with 

water which will withstand autoclaving (15 lb. per sq. in. 
for 30 min) without coming out of solution. A solution 
of casein subjected to this treatment does not have a 
large pool of amino-acids around it, but it does progress- 
ively release amino-acids on dialysis. (20 g of soluble 
easein (B.D.H.) were slowly added to 400 ml. of water at 
30° C. 25 ml. of this solution contained 150 mg of nitrogen 
and was put into ‘Visking’ tubing double knotted at 
each end. These bags were immersed in water and auto- 
claved. They were dialvsed against 100 ml. of liquid. 
Each dialysate was evaporated to dryness (1 g sodium 
chloride was added to the aqueous dialysates first, in 
order to standardize extraction). After extraction into 
acetone—hydrochlorie acid mixture, which was removed at 
120° C, the amino-acids were estimated by the method of 
Moore and Stein!.) The autoclaving must exclude those 
having been produced by causes (a) or (6)’. 

The amount of amino-acid produced is always small, 
but it increases significantly if the dialysis is against 
normal saline instead of water. This is shown in Table 1, 
as is also the continual production of free amino-acids. 
The quantity released is in some way related to the con- 
centration of amino-acid m the surrounding solution since 
the amount freed after 15 h dialysis against 100 ml. of 
unchanged water is no greater than the sum of the 
amounts. given off during four successive half-hour 
dialyses, 

The freeing of more amino-acids by salt was first 
noticed with solutions of haemoglobin. While in the 
= present report on casein the cause (e) cannot be excluded, 
- the evidence is in favour of the rupture of primary bonds. 
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Red Pigment in Leaf Galls of Salix fragilis L. 


Tus galls of Salia fragilis L. leaves are produced by 
‘Pontania prozima Lep. and contain a red pigment which 
is not present in mature leaves or leaves freed from galls, 
but has been found in young leaves’. Pigment production 
has been stimulated in young willow leaves by slight 
mechanical injury, but the injured leaves generally died?. 
Pontanin was isolated as orange-yellow needles from the 
galls of S. fragilis dried at 100° C and on hydrolysis gave 
1 mol. of purpurogallin and 2 mol. of glucose, the probable 
formula being C,,H.,0,, (ref. 3). Related glycosides 
of purpurogallin were isclated from other dried galls*, 
but it was uncertain whether these compounds were 
natural products or artefacts, and from unpublished 


pune 


work it was evident that freski ga 1 8 
used lacked purpurogallin: glycosides. Hence the pres 
work was done with a fresh approach to clarify the ident 
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of the pigment as part of a larger investigation. _ $ 

The pigment was extracted from the fresh galls of 5 
fragilis leaves by maceration with methanol contair 
1 per cent hydrochloric acid, the extract concentrated | 

a few ml. under reduced pressure, and purified by t 
method of Harborne’ on washed sheets of Whatman N 
3MM paper by band chromatography, using n-butane 
2 N hydrochloric acid (1:1 v/v, upper phase). 7 
pigment band was then eluted with methanol—ace 
acid (95: 5 v/v), concentrated to a few ml. under redu: 
pressure and further purified by band chr omatograpk 
using, first, n-butanol~acetic acid—water (4:1:5 yi . 
upper phase), and, secondly, water—acetic acid (85: 
viv). The pigment was eluted as before. pi 
The purified pigment was evaporated to dryness @) 
vacuo, re-dissolved in 2 N hydrochloric acid, heated in E 
boiling water bath for 20 min, then cooled and extracte 
with iso-amyl alcohol. Purification was achieved b 
band chromatography on washed sheets of Whatman Ni 
3 MM paper, using water-acetic acid-12 N hydrochlor 
acid (10:30:3 v/v). The acid-treated pigment we 
eluted as already described. Mineral acid was remove: 
from the pigment-free aqueous solution by washing th- 
solution with chloroform containing 10 per cent di-m 
octylmethylamine. 

The Rp values of the purified pigment were obtaines 
using Whatman No. 1 paper with solvent systems de 
scribed for anthocyanins’, namely, (1) n-butanol-2 o 
hydrochloric acid (1:1 v/v); (2) n-butanol-acetie acid 
water (4:1:5 v/v); (3) water-12 N hydrochloric acie 
(97:3 v/v); (4) water-acetic acid-123 N hydrochlori. 
acid (85: 15: 3 v/v). In addition Fp values of the pigmen’ 
were determined using the original acidified methanolie 
extract of fresh galls. With all 4 solvent systems the Ry 
values of the pigment obtained from the original extract 
and the purified pigment were similar, showing that there 
had been no decomposition during the various purificatior 
stages. The Rp values of the purified pigment obtainec 
after heating with 2 N hydrochloric acid were determined 
with reference to a sample of cyanidin chloride using the 
solvent systems recommended for anthocyanidins*’, 
These were (1) and (2) as here, (5) formie acid—12 N 
hydrochloric acid~water (5:2:3 v/v) and (6) water~ 
acetic acid-12 N hydrochloric acid (10:30:3 v/v), 
Mixtures of the acid-treated pigment and cyanidin chloride 
were chromatographed in all the given solvent systems 
and did not form separate spots. 

Spectral measurements of the pigment before and after 
acid treatment were made in the visible region as described 
by Harborne’ using a Unicam S.P. 500. The Amax for 
the original pigment in methanolic hydrochloric acid was 
527 mu (quoted value for cyanidin-3-monoglucoside 525 

mu), for the pigment after acid-treatment 535 mu and for 
eyanidin chloride 535 mu. On the addition of 3 drops of a 
solution of anhydrous aluminium chloride in ethanol 6 
per cent, w/v) to the cell solution a shift in the mar was 
obtained of 19 mu for the acid-treated pigment and 18 mu 
for cyanidin chloride. This shift shows the compound to 
have o- dihydroxy] groups. The Amax was also deterin- 
ined using as solvent ethanolic hydrochloric acid. The 
Amax for the unknown and for cyanidin chlomde was 545 
mu. 

From chromatographie and spectral characters it was 
concluded that the pigment obtained after acid treatment 
is cyanidin, this being confirmed by the distribution and 
oxidation tests, and the tests with the cyanidin and 
delphinidin reagents, sodium acetate and ferric chloride 
oa 8 emcee : 

















Apacer T or paar rae opera hee < The 
free sugar obtained after acid hydrolysis of the. antho- 
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as investigated by chromatography on Whatman 
paper using ethyl acetate-water—pyridine (2: 2:1 
upper phase), a development time of 26 h, and aniline 
te (Merck) as the locating reagent. The unknown 
ad the same Rp as glucose, and separated from 
e but not from glucose. The same results were 
i when the sugar was chromatographed on thin 
f kieselge! G (Merck) using the solvent system of 
a’, methyl ethyl ketone-methanol~acetic acid 
:1:1 v/v). The spray reagent used was anisaldehyde— 
ac. sulphuric acid-95 per cent ethanol (5:6: 90 v/v), 
lowed by heating at 100° C for 10 min. Glucose and 
> unknown sugar gave a blue colour with the spray 
‘agent, whereas galactose gave a greenish grey, and it 
-8 concluded that the sugar obtained from the glycoside 
glucose. The latter was confirmed by preparing the 
vazone which was identical with glucosazone. 

“The foregoing results, therefore, show that the red 
zment in freshly collected galls of S. fragilis is cyanidin- 
mnonoglucoside. The pontanin isolated by Nierenstein 
d Swanton, having been obtained from dried galls, could 
ave been formed during drying and was not the natural 
d pigment. 
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‘Isolation of a Lymphoid-cell Protein with 
— Relation to Delayed Hypersensitivity 


‘Tue reports on passive transfer of delayed hypersenst- 
ivity not only by intact cells but also with cellular 
xtracts'-* have initiated studies regarding the nature of 
he substance responsible for this effect?+>.*. Using free 
lectrophoresis according to Tiselius, it has been shown 
hat peritoneal-cell extracts from guinea-pigs with delayed 
lypersensitivity contain a protein fraction moving as the 
Upha-1 globulins. This protein was absent in extracts 
rom the control animals. With this fraction it was 
yossible to transfer passively the delayed hypersensitivity. 
-The aim of this investigation was to analyse the protein 
yattern of lymphoid-cell extracts from guinea-pigs sensi- 
ized to 2,4-dinitrochlorobenzene (DNCB) and from normal 
inimals. The main interest was focused on the comparison 
sxetween the lymph nodes regional to the sensitization and 
yormal lymph nodes, but other lymph nodes from the 
sensitized animals were also studied. 

the first step of the investigation electrophoresis in 
h gel? in a discontinuous buffer system? was used. 
DNCB-sensitized animals and six control animals 
ded the material. The experimental set-up was 
tially the same as that described below for the dise 
‘phoresis. By electrophoresis in starch gel it was 
possible to discover any differences in the extracts 
the different iymph nodes. This is im accordance 
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we oea (ref, 8) for cyanidin-3-monogtucoside are; (1) 0-25, (2) 0-38, (3) 0-07, (4) 0-26; and for cyasidin-3-monogalactoside: (1) 0-24, (2) 0°37, 
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with the negative results: with human leucocyte extracts 
separated on cellulose acetate strips’. 

In the second step dise electrophoresis? was employed. - 
Thirty-six white guinea-pgs weighing 300-450 g were t ised. 
Sixteen of these served es normal controls, twenty were- 
sensitized epicutaneously with DNCB (20 vol. per cent in 
acetone, two applications with a 24-h interval). After a 
test dose of 9 ug DNCB in acetone per square cm all the 
animals showed positive reactions (erythema and some- 
times oedema). The tests were performed on the eleventh 
day after the first application of DNCB and the animals 
were killed on the thirteenth day. The lymph nodes were 
homogenized in a cooled Potter-Elvehjem homogenizer. 
After freezing—thawing six times the samples were eentri- 
fuged in a Beckman Spinco ‘Microfuge’ for 4 min. The 
supernatants were mixed with crystals of sucrose to a final 
concentration of 5 per cent, and could then be used for 
electrophoresis. This was carried out according to a modi- 
fication of the dise electrophoresis technique developed in 
our laboratory. Instead ef using a large-pore gel of 2-5 per 
cent polyacrylamide on top of the column, an anticonvec- 
tion medium consisting of ‘Sephadex G-200’ sedimented in 
20 per cent sucrose was ased and mixed with the sample. 
The electrophoretic procedure is shown schematically in 
Fig. 1. Electrophoresis was first earried out in gels of 7-5 
per cent concentration fer 30 min at 3-3 m.amp. Sections 
were cut out of the gele and transferred to the top of a 
column 6-8 mm wide containing 7-5 per cent gel and 
carefully homogenized with a glass rod. The end of the 
column was covered witk a ‘Visking 18/32” cellulose mem- 
brane. Thus there was a little space of about 300 pl. 
between the lower end of the gel and the membrane, 
which, after electrophoresis for 2 h at about 3 m.amp, 
contained the non-dialysable proteins from the gel sections 
originally placed on the:column. This specimen could be 
additionally concentrated about three-fold by stirring dry 
‘Sephadex G-25’ into the solution until a thick suspension 
was obtained. The gel grains were removed by centrifu- 
gation. The supernataat was mixed with sucrose and 
layered above a 6-8 x 40 mm column containing 15 per 
cent polyacrylamide gek Even this column was charged 
with an anticonvectior medium of ‘Sephadex G-200’. 
Electrophoresis was cazried out using a current of 3-0 
m.amp for 100 min. Staining was performed in 0-1 g per 
cent amido-black in 7 per cent acetic acid. 

In the first electrophoretic run (7-5 per cent gel) fifteen 
bands were separated in extracts from lymph nodes of 
whatever sort. However, the band corresponding to 
albumin in extracts from the nodes regional to the sensi- 
tization appeared to be more concentrated than that of 
the control nodes. This band was further resolved in the 
run in the 15 per cent. gel; in samples from the hyper- 
sensitive animals four Cistinct bands appeared compared 
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Vig. 2. Pherogram of lymph node extract from a normal animal (left) 

and a DNCB-sensitized animal (right). Two fast-moving components 

are visible ahead of the albumin (strong band} in both extracts from 

normal and DNCB-sensitized animals; the latter show a speeific fraction 
with an electrophoretic mobility lower than that of albumin 


with three bands from the control animals (Fig. 2). It was 
also possible to visualize the fourth band by electrophoresis 
in 15 per cent gel at once without the preceding runs in 
7-5 per cent gel. However, the separation was not very 
good in this case. The pre-albumins, also separated, have 
been shown to vary a little between the animals, possibly 
due to genetic differences. 

In this investigation extracts from lymph node cells 
regional to the place of sensitization were used. A very 
weak fourth band was also found in extracts from the 
lymph nodes regional to the test place, while in extracts 
from the neck lymph nodes of the same animal this band 
was barely discernible. In other experiments we recently 
have found that the fourth band seems to be present at 
the highest concentration about a fortnight after sensiti- 
zation. This coincides with the maximum lymphocyte 
infiltration in the epidermis of the test area. To exclude 
a possible effect of the small quantity of serum left in the 
nodes, the sera from the animals were also separated using 
both the electrophoretic methods. No differences between 
normal and sensitized animals were seen. 


We thank Prof. Ove Groth, who kindly supplied some of 


the sensitized animals, 

Note added in proof. During the course of publication 
the protein fraction described here has been further 
analysed and found to be an IgA (= beta-2A) globulin. 

The investigation was supported by the Swedish Medical 
Research Council. 
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Formation of Complexes between Basic 
Proteins of Leucocytes and Plasma Globuli 


Recent studies have shown that cationic proteins fre 
leucocytes produce tissue injury and responses char 
teristic of immunological reactions'-*. In an earlier pu 
lication we put forward the hypothesis that homogrs 
rejection may be caused by such cationic proteins’. 
specificity of the homograft reaction could only oeeu 
the basic protein were transported to the homograft 
via specific antibody (globulin) or in cells which h. 
specificity through some chemotactic response of the 
to antigen. 

This report presents a new technique in disc elects 
phoresis for the purpose of demonstrating the format 
of a complex between basic proteins and purified globul 
of serum. The method is a general one which may 
appled to other complexes, but is described below fr 
the standpoint of complexes involving plasma globulir 

The technique combines the standard system of ¢ 
electropboresis® which resolves anionic proteins with 
reversed system?’ that resolves cationic proteins. Resol: 
tion in the first system frees the complex (anionic) frow 
any uncomplexed cationic component. The total prote 
migrating in this system is then transferred, in its gel, 
the sample layer of the reversed system. Depending on t} 
pH of the second or reversed system and the stability 
the complex at that pH, resolution will show the cation, 
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The pH of the sample gel as well as the ‘running pë 
of the first system must be those at which the complex- 
stable, whereas the same pH values in the second syste’ 
would be those at which the complex is split into its com 
ponents. These considerations led to a modification of t 
standard dise electrophoresis system regarding the pH €- 
the various gels employed. This system normally resolv 
anionic substances having free electrophoretic mobiliti - 
in the range — 0-6 to —7-5. The new system is specificall 
designed to give the greatest resolving power in the mob 
lity range —0-75 to — 1-0 which includes the slow g-, slow 
B-, and y-globulins. The pH of the sample gel has beer 
raised from a slightly acid pH of 6-9 to a pH of 7-4 
which closely approximates to that of whole blood. The 
pH at which electrophoresis actually occurs is reducec 
from 9-5 to 8-6, thus maintaining a mildly alkaline 
medium for the sample at all times. y 






















are 10-65 g and 6-0 g, respectively, and the buffer quantit 
for 1 |. is changed from 6-0 g to 10-0 g (pH 8-5). All other 
solutions as well as techniques for gel formation and pr 
cessing are as adopted at present. Because of the selectivit 
of this system for molecules of high molecular weight, it ise 
recommended that gel concentration of 15 per cent and) 
higher be used to effect the greatest possible resolutions. 
In practice, the technique is carried out as follows. 
The two components of the complex to be tested are: 
allowed to conjugate and they are then polymerized into. 
the sample gel of the first system. No indicator dye is: 
used because of the possible combination of the dye with 
one of the constituents of the complex. The ionic boun- 
dary is identified during the run by noting the difference. 
in the refractive index between the upper and lower 
solutions. When the eye is placed on the level of this 
front it can be plainly seen. The ionic front is allowed to 
migrate into the lower gel onlv a short distance. The 
lower gel containing the protein is removed from the glass 
tube and the upper portion, containing the sample, is cut 
off with a sharp knife. This gel is then transferred, with 
the same orientation (not inverted), to the sample layer of 
a tube made up in the reverse system. It is covered with 
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Fig. ae! de-gel dise electrophoretic separation of basic (cationic) 
protein (B) The orientation of migra- 


the carrier, a-globuli 2 
m er, a-glo by 


tion is shown on the left of the gel 


r gel solution, all trapped air bubbles removed and 

en polymerized into the tube. When the ionic boundary 

sas entered the lower gel, the hard sample ge] may be 

emoved using a bent syringe needle or hook. The boun- 

vary is allowed to migrate a previously measured distance, 

ne gel removed from the tube, stained and de-stained in 
ve usual manner. 

Fig. 1 shows the separation of basic protein (B) carried 
8 a complex with a-globulin fraction (@) by the technique 
escribed above. The basic protein was isolated from poly- 
aorphonuclear leucocytes of rabbits using the method of 
"ohn and Hirsch*. The «-globulin was obtained commer- 
tially from International Chemical and Nuclear Corpora- 
ion, City of Industry, California. The purity of this 
aaterial was checked by dise electrophoresis prior to use. 

Similar experiments were conducted in which protamine 
was substituted for the basie protein of the leucocyte. 
No protamine complexed with the «-globulin in the 
echnique previously described, 

The results of these experiments clearly demonstrate the 
ransporting of basic (cationic) proteins from polymorpho- 
1uclear leucocytes on globulin molecules. These obser- 
vations become extremely provocative in the light of other 
work which has demonstrated that basic protein from a 
similar source has bactericidal activity? and also provokes 
nflammatory-like reactions'. Such complexes would facili- 
‘ate an accumulation of toxic substance at the site of 
mtigen-antibody interaction. 

A question immediately arises whether the complex of 
the cationic protein and globulin remains after the globulin 
reacts with antigen of foreign tissue. Experiments are 
under way to determine the toxicity of the complex versus 
the free basic protein. 

A possible mechanism by which one might get dissocia- 
tion of such complexes would be through discharge of 
alectrostatic attraction at the time of globulin-antigen 
combination. An alternative method for the dissociation 
sould be proposed if one assumes that the low molecular 
weight basic protein exists as a helix. Helical configura- 
tions have been shown in various peptide chains*-"'. Cohn 
and Hirsch have shown that the basic proteins exist as 
granules in polymorphonuclear cells and are released when- 
aver the cell pH drops to approximately five™*. Granule 
release at such a pH might occur if the protein configuration 
changed from a helix to a random coil. 

The formation of a random coil might present such 
spatial differences that the globulin-cationic protein com- 
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plex would dissociate. Since no complex with protamine 
could be demonstrated. structural differences could be 
assumed to have importance and not simply the basicity 
of the molecule. 

We have already shown that removal of basic proteins 
from the peritoneal cavity with a Millipore ‘trap’ increases 
homograft survival’. 

This research was sudported in part by U.S. Public 
Health Service grants AM 06020 and CA 05813, National 
Institute of Arthritis and Metabolic Diseases. 

Note added in proof. Since submitting this article for 
publication, additional experimental details covering the 
electrophoresis of ionic complexes have appeared". 
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PHYSIOLOGY 


Effect of Altered Perfusion Rates on the 
Retention of Noradrenaline by the Spleen 


In the majority of investigations concerning the mech- 
anism of retention of circulating noradrenaline by tissues, 
the amine has been admaistered by intravenous injection. 
Noradrenaline itself, as well as a wide variety of physio- 
logical and pathologica. conditions, are known to exert 
profound effects on the flow of blood through tissues. It 
is important, therefore, to establish the effect of changes 
in flow rate on the uptake of circulating noradrenaline or 
that liberated by sympathetic nerve stimulation. The 
evidence in the literature on this point is conflicting. It 
has been shown that the greater the flow of blood through 
the organ, the greater 5 the amount of noradrenaline in 
the venous effluent following stimulation of the post- 
ganglionic sympathetic nerves to spleen'-*, intestine* and 
skeletal muscle’. On the other hand, spontaneous changes 
in flow rate have been reported to be without effect on 
the retention of noradrenaline by the perfused heart* and 
the perfused spleen’. Consequently, we have examined 
the effect of different, controlled flow rates on the uptake 
of tritiated noradrenaline by the perfused spleen. 

Spleens of cats were verfused by means of a technique 
similar to that recently described by Fischer et al.*. How- 
ever, the procedure differed in the following respects: the 
intestines were left intact while both the left gastric and 
hepatic arteries were ligated and the coeliac artery was 
cannulated. The spleer was perfused, at a constant flow 
rate, with oxygenated Krebs solution at 37° C, by means 
of a ‘Sigmamotor’ pumpamodel 7'/11). Perfusion pressure 
distal to the pump was monitored continuously using a 
Statham P-23A pressure transducer, the output of which 
was displayed on a Grass model 5 polygraph. The spleen 
was kept warm with cotton pads soaked in mineral oil at 
37° C. The splenic nerves were cut immediately prior to 
the infusion of tritiated noradrenaline. Chromatographic- 
ally pure tritiated dl-noradrenaline as a solution of the 
hydrochloride (New England Nuclear Corp.), with a 
specific activity of 7-€ c./mmole, was infused into the 
tubing leading to the perfusion pump using a Harvard 
infusion pump (model 500-910). The rate of infusion of 
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the amine was such as to ensure that the concentration 
of tritiated noradrenaline was 4-8 mg/ml. regardless of the 
flow rate. At each flow rate used, a total of 50 ng tritiated 
noradrenaline base was infused. Each spleen was perfused 
at least three times with the labelled amine, the first and 


last perfusion always being at the same flow rate. The 
venous efluent was collected for 2 min before, during 


and for 15 min after the infusion of tritiated noradrenaline, 
each sample being collected for 1 min. To each sample, 
one-tenth of the volume of 4 M perchloric acid was added. 
Fifteen minutes later the samples were centrifuged in a 
clinical centrifuge. In each case, the supernatant fluid 
was decanted, its volume measured, and a 0-L-ml. aliquot 
mixed with 10 ml, Bray’s phosphor. The total radio- 
activity of the aliquot @H-total) was then determined in 

a Packard ‘“Tri-earb’ liquid scintillation spectrometer hav- 
ae an efficiency for tritium of 25 per cent. Quenching was 
determined by the internal standard method using tri- 
tiated water. Results are corrected for quenching, which 
ranged from 20 to 25 per cent. Retention of tritiated 
noradrenaline was taken as the <lifference between the 
total amount of tritiated noradrenaline infused (assessed 
by direct measurement of tritium) and the total amount 
of tritium recovered in the venous effluent during and for 
15 min after the infusion. At least 75 per cent of the 
tritium recovered was found in the venous effluent within 
6 min of terminating the infusion. 

The results of these experiments are shown in Table 1 
The amounts of tritiated noradrenaline retained in the 
spleen during the first and last perfusions at the same 
flow rate were very similar. With increasing flow rates 
significantly decreased amounts of total--H were retained 
by the spleen. 

At the concentration used in this investigation the 
retention of noradrenaline would be dependent mainly on 
a saturable membrane transport mechanism®™. When 
the noradrenaline concentration is constant, such a process 
would be expected to operate at a constant rate’, It 
follows, therefore, that when the noradrenaline was 
infused, its passage across the membrane should proceed 
at the same rate regardless of flow through the organ. In 
our investigation, the only experimental variable was the 
flow rate, alterations of which necessitated increasing or 
decreasing the total time during which the noradrena- 
line was added to the perfusion fluid. The durations 
of noradrenaline infusion at the different flow rates are 
given in Table 1. Table 1 shows that there was an inverse 
relationship between total retention of tritiated nor- 
adrenaline and flow rate. This finding shows that retention 
of noradrenaline by tissues is a funetion of the duration of 
the time during which the amine is in contact with the 
uptake sites. After the completion of our investigations 
the results of a single experiment with similar results was 
reported}, 

If the transport and/or diffusion mechanism operates 
at a constant rate, then the retention of amine per unif 
time should be the same regardless of blood flow provided 
that the concentration is fixed. When the data of Table | 
were used to calculate the fraction of the total noradren- 
aline retention that took place per minute (that is, the 
rate of retention), the relationship shown in Table 2 
resulted. This reveals an apparent imerease in the rate of 
retention with increasing flow rate. If retention, in fact, 
takes place at a constant rate, it may be that the higher 
flow rates caused the apparent increase in the rate of 
retention (Table 2) by virtue of their perfusing more of 


Table 1. PERCENTAGE OF INJECTED TRITIATED NORADRENALINE RETAINED 


IN THE SPLEEN AT DIFFERENT FLOW RATES 
Duration of tritiated Tritiated noradrenatine 
Flow rate noradrenaline retained 
(mi. min) infusion (sec) {mean percentage + 8 F,) 
35 189 41t t2 (a) 
(n= 12) 
T0 g9 281 L6 (b) 
(n= 6) 
14-0 45 21-5 + 2-3 (e) 
{i= 4) 


Weighted + test: (a) versus (j, P< 0-001; (a) versus (c), P< 0-01. 
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PERCENTAGE OF TRITIATED NORADRENALINE RETAINED IN ” 
SPLEEN PER MIN AT DIFFERENT FLOW RATES 
Mean tritiated 
noradrenaline retained 
(percentage/min) 


You. 208 


Table 2. 


Flow rate 
ani imin) 





3-5 13-7 
7-0 18-7 
14-0 28-7 















the splenic tissue, thus bringing the tritiated noradrenali 
into contact with more sites at which its retention 
take place. Perfusion pressure was only slightly elevat 
by increasing the flow rate from 3-5 to 14 ml./min. | 

This investigation directs attention to the importa: 
of fluid flow rate as a determinant of noradrenali 
retention by tissues. Altered flow rates change the ti 
available for retention of noradrenaline by binding sit 
as well as the extent of functional tissue perfusion. 
practieal implication of this work is that a single, ray 
injection of noradrenaline, by altering the blood (or p 
fusion fluid) fow through a tissue, may thus influence t 
magnitude of retention. Slow infusion of the am 
would circumvent this hazard. It has also been show 
that the fraction of the cardiac output delivered to 
organ. is another determinant of noradrenaline retention 

We thank Miss Jean Bach for her assistance. Th 
work was supported by U.S. Publie Health Service gray 
H-7249 from the National Heart Institute, and by gra: 
-65-46 from the Life Insurance Medical Research Funi 
One of us (D. M. P.) was the recipient of a Welcom 
research travel grant. 
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Role of Portal Blood Supply in Liver 
Regeneration 


Ir has been known for many years that in laboratorw 
animals, such as the rat, partial hepatectomy is followec: 
by liver regeneration. In recent years it has been gener. 
ally accepted that this response is initiated by some sor# 
of humoral mechanism!. This view was, however, origin. 
ally based on parabiotic and serum injection experiments 
the validity of which has been contested. We have 
therefore been led to re-examine the alternative anc 
much older “blood-flow’ theory*. This postulates that 
after partial hepatectomy the remaining liver fragment 
acquires a much more generous blood supply, since it 
has to accommodate portal vein blood previously destined 
for the excised lobes. It is this over-generous blood 
supply which is said to act as the stimulus to hyperplasia. 
The strongest evidence in favour of this theory was 
derived from experiments on domestic fowls, by taking 
advantage of the anastomosis between the post-caval and 
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al veins through the coccygeo-mesenteric vein. It 
herefore possible to increase portal blood flow by simple 
ation of the postcaval vein between the kidneys and the 
er. According to the ‘blood-flow’ theory this should it- 
f cause hyperplasia of the liver. Furthermore, the ‘blood- 
v` theory would predict that, in the fowl, partial 
atectomy would not be followed by liver regeneration, 
€ the blood which would normally be aecommodated 
the missing lobes could instead return to the heart 
ia the anastomosis. It was claimed that both these 
eoretical predictions were fulfilled experimentally’. 
e the number of fowls used in these original experi- 
ts was small, and since the criteria of hver growth 
ery crude, it seemed worthwhile to repeat them in 
proved form using mitotic frequency as an index of 
growth. For this purpose we have used 26-week-old 
$ of the “Sussex Legbar” strain weighing about 
O g., For both operations the fowls were anaesthe- 
lightly with intravenous ‘Nembutal’, and anaesthesia 
pleted with ether. In the partial hepatectomy the 
ntire left lobe of the liver was removed through an incision. 
the left side parallel to the edge of the sternum and 
am above it. Ligation of the posteaval vein was per- 
ormed through an incision in the right flank‘. 
“Table 1 shows the effect of partial hepatectomy. 
sefore the operation the mitotie frequency is very low-— 
ass than 20 per 100,000 nuclei. After the operation it 
hows a rather irregular increase for the first 3 or 4 days 
nd then appears to return to a figure not very different 
Hrom the pre-operative level. This suggests that, contrary 
mo the blood flow theory, there has been a regenerative 
response of a sort; admittedly less dramatic than that 
ween in the rat, but it must be remembered that only 
40 per cent of the fowl liver was removed compared with 
60--70 per cent removed in most rat experiments, Table 2 
shows the effect of ligation of the posteaval vem, as com- 
pared with that of a sham operation. Both procedures 
give mitotic frequencies rather higher than the pre-opera- 
tive figures shown in Table 1; but there is no indication 
that the ligation has any more effect than the sham 
operation. This result also is in flat contraciction to the 
‘blood flow’ theory. 

Taken together, the results shown in Tables 1 and 2 
seem to deprive the ‘blood flow’ theory of its one appar- 
ently secure experimental support. It seemed, however, 
desirable to carry out an analogous series of experiments 
in some species which, unlike the fowl, is known to show 
the classical regenerative response to partial hepatectomy. 
We have therefore compared the effects in the dog of 

partial hepatectomy? and of the establishment of a reverse 
Eek fistula‘. The latter procedure, by increasing the 
blood flow through the liver, would be expected, according 
to the ‘blood flow’ theory, to cause liver growth similar to 
that which follows partial hepatectomy. The results are 
shown in Table 3. Partial hepatectomy, as expected, 
produced a very large increase in mitotic activity demon- 
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Table 1. FREQUENCY OF MITOSES IN THE LIVERS OF FOWLS BEFORE AND 


AFTER PARTIAL HEPATECTOMY 
Time between 


hepatectomy and Mitoses per 106,000 nuclei 


death (days) At operation At death 

1 6 10 
2 = 167 
3 ñ 465 

5 125 
4 14 106 
5 ü 14 
. 5 38 
6 8 15 
T 14 10 

4 53 


FREQUENCY OF MITOSES IN THE LIVERS OF FOWLS APTER LIGATION 
OF THE PoOsSTCAVAL VEIN OR SHAM OPERATION 


Time between Mitoses per 100,000 nuclei at death 
operation and Posteaval vein 


< Table 2. 


death (days) Sham operation ligation 
2 5, 6, 10, 6 12, 20, 34, I44 
3 8, 26, 16, 37 31, 30, 14, 54, 18 


5 18, 11, 17, 26. 57 78, 29, 16, 42, 24 
a 28, 10,10 63, 9,12.7 
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Table 3. EFFECT or Reverss Eck FISTULA AND PARTIAL HEPATECTOMY 
ON MECOSIS IN THE LIVER 
Mitotic figures per 100,600 nuclei 
Animal Operation Before 3 days 6 days 9 days 
No. ~operation later later later 
1 Reverse Eek fistula 5 § a on 
2 Reverse Eek fistula 55 E veren oe 
: Reverse Eek fistula 3 Foe -— 
4 Reverse Eek fistula is Q aoe — 
5 Reverse Eek fistula T ~ G + 52g* e 
6 Reverse Eek fistula : e 34 oe 
T Reverse Eek fistula A to 
8 Reverse Eek fistula k we a 15 
9 Reverse Eck fistula 5 l n 5 
10 Reverse Eck fistals T mem - 8 
1i =s- Partial hepatectomy 3 382 198 33 | 


* Biopsy from left lobe (see xt) 


strable 3, 6 and 9 days after the operation. By contrast, 
establishment of the shant in general produced no signifi- 
cant inerease over the pre-shunt level. There was, how- 
ever, one exception. In general, when the animals were 
under anaesthesia before being killed, the livers were a 
dark bluish colour, they appeared turgid, and the normally 
sharp edges of their lobes had become rounded and the 
surface often presented a fine nutmeg appearance. At 
death, the liver of aniraal number 6, though showing the 
usual rounding of the saarp edges, did not have the usual 
homogeneous dark coour. The left central and left 
lateral lobes were a bright red in contrast to the bluish 
colour of the rest of the liver. This colour difference 
disappeared after death when the liver was excised. The 
mitotic index in the red lobes was extremely high and of 
the order of that seen following partial hepatectomy 
(Table 3). In the rest of the liver it remained at the pre- 
shunt level. This ancmalous result can most easily be 
explained on the assamption that in some unknown 
fashion the reverse Eck fistula had disturbed the haemo- 
dynamics of the liver in such a way that blood being 
delivered to the left Ibbes was better oxygenated than 
that being delivered to the right. The high mitotic 
frequency observed in the left lobes might well be attribut- 
able to a relative increase in the oxygen saturation of its 
blood supply. However that may be, it seems quite clear 
from Table 3 that increased blood flow does not by itself 
bring about growth of liver tissue. 

The blood flow theory of liver regeneration would 
therefore seem to be antenable, at least in the form in 
which it was originally. stated. 
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Chemotopic Crganization in the Bulbar 
Gustatcry Relay of the Rat 


I~ the relay nuclei of the mammalian auditory system, 
one representation of sound frequency is the location of 
maximum neural activity within a nucleus. This spatial 
representation of stimulus quality is called tonotopic 
organization’. In the gustatory system, change in the 
response magnitudes $0 chemicals as a function of change 
in tongue region stimusated has already been demonstrated 
in the nucleus of the fasciculus solitarius (NFSP. The 
preliminary data to be presented here indicate that dis- 
crete sub-areas which are highly responsive to some 
chemicals are located in the anterior tongue zone of the 
bulbar gustatory reley of the rat. The recording and 
stimulating techniques have been described previously? ’. 








The active electrode was a nickel-chrome wire, 25-4y in 
diameter, insulated except at the tip. The x : 
neural activity was led through an electronic summator* 
into a recording milliammeter. The stimuli were liquids 
which flowed over the anterior tongue through a tongue 
chamber. . 

In the first experiments, neural responses were recorded 
at two depths along a single vertical electrode track in 
the bulbar gustatory relay. The order of response magni- 
tudes at the more dorsal recording loci was: 0:1 
NaCl > 0-005 M HCl > 0-1 M KCl > 0-01 M NaCl > 
0-01 M quinine hydrochloride (QHCl) = 0-1 M sucrose. 
In contrast, at the more ventral loci, the order was: 
0-1 M NaCl > 0-005 M HCl > 0-1 M sucrose > 0-1 M 
KCI > 0-01 M NaCl > 0-01 M QHCl (summed ranks 
from seven animals). Note that sucrose moved from least 
effective at the more dorsal loci to two from the top at the 
more ventral loci. These different orders of stimulus 
effectiveness were each, for the seven animals used, statisti- 
cally consistent: dorsal, W = 0-35, P < 0-05: ventral, 
W = 0-61, P < 0-01 (Kendall’s W, ref. 5). However, the 
differences between the magnitudes of the more dorsal 
and the more ventral responses (taken relative to 0-1 M 
NaCl at each depth) were significant only for sucrose 
and for QHCI (Fig. 1) (P < 0-05, Wilcoxin signed rank 
(WSR), ref. 5). The more ventral sucrose response was 
larger in all but one animal; the QHCI response was smaller 
in all but one. The bulbar surface co-ordinates for the 
electrode tracks in these animals correspond to the location 
of the NFS. 

The two-depth responses were next studied, using a 
range of sucrose concentrations. Fig. 2 shows that the 
absolute magnitudes of the more ventral sucrose responses 
were larger than those of the more dorsal responses 


{P = 0-025, WSR, ref. 5). Therefore, tho previously 
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Fig.l. Median summated relative response magnitude (response to 0-1 

` M NaCl at each depth, 100) at two electrode depths along a single vertical 

. Pincture in the bulbar gustatory relay. Median separation: 50g 

based on seven rats. Anterior tongue stimulated by each of the five 
chemicals shown, and by the 0-1 M NaCl raference standard 
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Fig. 2, Absolute response magnitudes recorded at two depths along a 

single electrode track to sucrose solution stimulation of the anterior 

tongue. Done in three animals (not those included in Fig. 1), median 

values shown. Separation between recording depths: 50 (median). 

The brain of one rat stadied histologically. The electrode track 

marking the responsive area eres = the nucleus of the fasciculus 
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Fig. 3. Photograph of summated multi-unit responses recorded in the —. 


medulla oblongata of one rat. Records taken at 1:20 mm, 1-21 mm, and 
1:22 mm ventral to the dorsal surface of the medulla. Heavy vertical 
time lines are 20 sec apart. Deflexion in signal marker below each | ~: 
record indicates approximate onset and duration of flow of each liquid, =: 
Tongue chamber empty of liquids except during stimulus flow. Records 
read from ieft to right. Critically damped, rectilinear recording milli- 
ammeter. An electrolytic lesion which was made in the responsive area 
was found in the nucleus of the fasciculus solitarius of the myelin stained 
brain. The response to sucrose is seen to double relative to NaCl; to 
triple, in absolute magnitude 


observed increase in sucrose responsiveness with deptk | 
was not actually a decrease in responsiveness to the othe 
stimuli. Further, the relative response magnitudes 
(re: 0-1 M NaCl at each depth) for the wide range o: 
sucrose concentrations were significantly larger at the 
more ventral loci (P < 0-01, WSR, ref. 5), thus demon 
strating that the increase is not just a rise m the response 
magnitudes to all chemicals. Thus, responsiveness ‘tc 
sucrose increased at deeper recording sites in the bulbar 
gustatory relay, while responsiveness to QHCI decreased 
at the deeper sites. e 
When the recording electrode was driven through NEFS. 
in small steps, it was observed that, with an increase in: 
electrode depth of only 20u, the response magnitude tov 
0-1 M sucrose often enlarged considerably, both relative: 
to 01 M NaCl and in absolute response magnitude 
(Fig. 3). In order to examine the highly responsive 
regions more closely, additional experiments were made. 
The electrode was driven through NFS in steps of either- 
20 or 25u, and several stimuli were apphed to the tongue. 
at each step. Two patterns of response versus depth were - 
observed (Fig. 4): a superficial, narrow area within which- 
QHCI gave large responses, while no large responses to” 
sucrose were recorded anywhere along the electrode track. 
(Type A); and a deep, narrow area in which sucrose gav 
large responses, while nowhere along the track did QHCT | 
give large responses (Type B). In two other animals, the- 
response magnitudes to sucrose and QHC] were both large, 
separated by < 21 per cent points. The highly re 
sponsive areas were narrow. In one of these animals, the 
maxima occurred at the same depth, half-way through 
the responsive area (50 per cent of total depth). In the 
other animal, the QHC] maximum was quite superficial; 
the sucrose maximum, deeper. An analysis of variance ~ 
was applied to the maximum response magnitudes of thè: 
A- and the B-pattern animals, as well as to those animals 
whose maxima differed by << 21 per cent points. The 
analysis indicated that the responses differed significantly- 
for both sucrose (P < 0-008) and for QHCI] (P = t0; 
Kruskal-Wallis‘). n 
It is unlikely that the sub-areas observed are highly 
responsive only to sucrose or only to QHCIL However, 
glucose and maltose did not yield large responses ino 
‘sucrose’ sub-areas, while quinine sulphate, sucrose oeta . 
acetate, and caffeine (all bitter)? produced enly small. 
responses in a ‘QHCI sub-area. Thus, although indica. 
tions of a chemotopie organization have been observed, | 
the defining chemical characteristics, and many other 
factors, remain to be determined. ee 
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Fiz. 4. Median summated response magnitudes to 0-05 M NaCl, 0-02 M 
quinine hydrochloride (QHO) and 0-1 M sucrose, recorded in the nucleus 
of ‘the fasciculus solitarius. Response magnitudes are expressed as 
‘percentages of the maximal response of each rat to 005- M NaCl. The 
distance from the beginning (dorsal limit) to the end (ventral limit) of the 
responsive area was converted into percentages (median size was 380x). 
An electrolytic marker lesion was made at the recording site in each 
animal, and located in the anterior tongue zone of the nucleus of the 
fasciculus solitarius. A, Animals (W, 3) which had (1) a maximum 
response to QHCI 260 per cent; (2) a maximum response to sucrose 
<30 per cent; (3) a separation of at least 38 per cent points between 
QHCland sucrose responses. B, Animals (NV, 2) which had (1) a maximum 
sucrose response 250 per cent; (2) a maximum QHCI response <= 39 per 
cent, and (3) a sucrose- QHO zee Onee difference of at least 25 per cent 
oe points 
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_ Evidence for a Poisson Distribution of 
Miniature End-plate Potentials and some 
= implications 
Miniature end-plate potentials (m.e.p.p.s), first dis- 
ered at the frog neuromuscular junction, have now 
. detected at mammalian, avian, piscine, crustacean, 
insect. neuromuscular junctions, at frog and chick 
lionie synapses and at frog and cat. spinal cord 
apses!. age a iy Eee 





NATURE 








Invariably the spontaneous release of transmitter ha 
been shown to occur at random intervals indicating no 
interaction between coxsecutive potentials. It is sur- 
prising, therefore, that the next step in such an analysis—- 
the determination of “he statistical distribution best: = 
suited to the descriptien of the m.e.p.p. frequency—~ 
appears not to have beer. undertaken, particularly in view 
of the fact that it is gererally believed that an end-plate. 
potential represents s momentary acceleration of 
m.e.p.p.s, and the number of quanta in each o.p.p. 
evoked by nerve stimuletion is distributed according to a 
Poisson distribution?. `t seemed worthwhile, therefore, 
to determine whether tke spontaneous release of quanta. 
recorded as m.e.p.p.s alwo fits such a distribution. This 
was done in rat hemidsaphragm-phrenic nerve prepara- 
tions in vitro. The meshod of dissection, the mounting 
of the preparation, and the bathing solution have been. 
previously described’. M.e.p.p.s were recorded with 
microelectrodes filled with 3 M potassium chloride and 
frequencies were counted from photographed oscilloscope 
sweeps. Hight series ofm.e.p.p.s were analysed (Table 1). 
In each, the mean frequency (Qn) per unit time interval 
(usually corresponding to one oscilloscope sweep) was 
calculated. The probahility of finding sweeps containing 
k=0, 1,2... m.e.p.9.8 was derived from the Poisson 


k 
formula p(k) =e m, ia 





The closeness of fit between 


the theoretical (Np(k,m) and observed frequencies (Nx) 
was determined by usesof the y? test with n—2 degrees 
of freedom (where n= the number of comparisons of $): 
The expected number cf intervals for any k was usually 
kept greater than 5 by grouping k’s. The column ‘total 
N’ shows the total number of m.e.p.p.s observed im each 
series. The last column in Table 1 (y? level per cent) 
indicates the approximate percentage of ideal cases in 
which chance fluctuaticns would give a worse agreement 
between observation and theory. 

In the first three experiments shown in Table 1, 
m.e.p.p.8 were recorded from neuromuscular junctions 
in control solution. It is clear that the distribution of 
m.e.p.p.8 in all three trials closely fitted a Poisson. At 
first sight, the type of distribution may appear to be of 
little importance, but the demonstration of a Poisson 
distribution has some inportant implications. First, It is 
consistent with the hypothesis that the e.p.p. is the result 
of synchronization of =.e.p.p.s; that is, quanta which 
would normally be released in periods of 50 or more sec 
are released in less thar a millisecond under the influence 
of the presynaptic spike. Secondly, if it is assumed that 
quanta are preformed in presynaptic terminals (vesicle 
hypothesis), and that the probability of release is determ- 
ined by the probability. of collision of these quanta with 
the presynaptic membrane’, then some interesting 
conclusions can be drawn from the fact that the spon- 
taneous release of quaga conforms to a Poisson distribu- 
tion. The release of each m.e.p.p. must be independent 
of past or future events, that is, the release of quanta 
cannot have influenced the probability of release of 
quanta remaining in the terminal. This implies that the 
population of releasable quanta remained constant, 
despite losses. This cauld occur in many ways; the lost 
quanta may be very rapidly replaced, or the population 
of releasable quanta msy be so large that those lost cause 
little alteration of the release probability and are slowly 
replaced. 

When the release mate of quanta was increased to 
50/sec by raising the potassium concentration to 10 mM 
(exp. 7, Table 1), the distribution of m.e.p.p.s was still 
highly consistent witk the Poisson hypothesis (y? level 
85 per cent). It has been suggested that the deviation of 
e.p.p. amplitude from a Poisson distribution when the 
quantal content of e.p.o.s is high (50-200) may be caused 
to some extent by an imcrease in the probability of release. 
of remaining quanta’. It was afterwards shown that a 
better fit to a Poisson distribution could be obtained by 
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Table 1 i ps numanta A A S ANA g hoige $ 00,88 e, 

Experiment | 4 Total 

' number ; Solution Intervals with $ m.¢.p.p.8 N 

; | k 0 1 2 24 

ł | Control Observed Ne | 27 38 29 9 10 109 | 2 

| O Npk; 143) | 27 376 23-9 12-3 9-9 ! 

| k | 0 2 3 >t | 

2 | Control Observed Ne | 6t 56 18 5 i 4480 

O Noki 0-78) | 64-8 51 20-2 52 2-8 | 

| | k | 0 1 2 >3 | 

3 Control Observed Ng | 54 46 14 3 117 80 

Naks O71) | 58 40-8 14-2 4 

K : 1 2 23 | 

4 | Cafree | Observed Ng 51 34 10 5 100. 80 

| — 30 min Np» (kh; O 0-7) 497 34-8 12-2 3-3 

| k 0 i 2 3 4 >5 | 

| 5 9mMCa | Observed Nk 12 13 23 14 9 6 7 45 

| 50min Np (ki 22 8-8 19-3 21-2 15-6 8-5 56 

| | k <1 2 3 4 5 6 >7 

: 6 16mM Ca | Observed Ne 6 10 15 20 8 9 9 77 60 

50 min = Np(k; 4-02) 71 11:3 15 15 12 8 86 

| k [<4 6 6 7 8 9 10 WW 2 313 

| 7 10mMK | Observed Ne | 8 5 10 R NH 8s R 7 7 8 98 85 

: >1h | Np(k; 8-6) 67 701 101 124 134 128 11 36 615 984 | 

: k : 0 i 2 23 | 

8 HC3 Observed Ng 67 36 7 1 uio o 7 
45 min N plk: 0-47) 67-2 33-6 8-4 1-4 


using a compensating factor for the non-linear summation 
of quanta’. The present results show that quantal 
release rates of 50/sec cause no change from a Poisson 
distribution of quantal release and indicate, in terms of 
the hypothesis of preformed quanta, that adequate 
refilling of the store must occur to maintain constant 
parameters for the Poisson. 

In exp. 8, Table 1, the drug hemicholinium No. 3 
{x-x-dimethylethanolamine 4,4’-biacetophenone, HC3) was 
used at a concentration of 4x 10-* M to inhibit ACh 
synthesis’*, An attempt was then made to deplete the 
transmitter store in magnesium-blocked preparations by 
stimulating the phrenic nerve at a rate of 12/sec. Under 
these conditions, both e.p.p.s and m.e.p.p.s could be 
observed, and the quantal content of the e.p.p.s remained 
at approximately 10 throughout the experiment. After 
45 min, when e.p.p. and m.e.p.p. amplitudes had decreased 
60 per cent, which presumably corresponded to a similar 
reduction in the store of transmitter, the series of 
m.e.p.p.s shown in experiment 8 was analysed. It is 
evident that there is a remarkably good fit to a Poisson 
distribution in spite of the depletion of ACh. This result 
suggests that the population of releasable quanta 
remained approximately constant so that each quantum 
might be expected to contain less ACh, and in fact it wes 
observed that m.e.p.p.s had become smaller in amplitude. 

An alternative hypothesis’, which fits these observations 
and does not depend on the postulate of preformed 
quanta, cannot beignored. The probability of transmitter 
release may depend on the random activation of a small 
fraction of a large population of potential release sites 
in the presynaptic membrane. On the assumption that 
the probability of activation of potential release sites is a 
function of the extracellular calcium concentration’, 
several series of e.p.p.s in solutions containing varying 
calcium concentrations were examined. In exps. 4, 4 
and 6, Table 1, the calcium concentrations of the bathing 
solutions were 0, 9 and 16 mM respectively, but all three 
series were again in excellent agreement with the Poisson 
predictions. In several experiments with 16 mM calcium 
chloride, however, the y? level appeared to be less than 
with the normal concentration of calcium chloride (2 mM). 
At present it is difficult to think of decisive experiments 






to differentiate between the two hypotheses. It has bee 
shown that quantal size does not fall during depletion € 
the transmitter store during a tetanus, yet the reduce | 
e.p.p. amplitudes still conform to a Poisson distribution | 
In terms of the vesicle hypothesis, the reduction © 
quantal content implies that the store of quanta wa. 
reduced and consequently one might have expected somi: 
deviation from a Poisson distribution. The second of th 
two hypotheses described is more consistent with thes: 
observations. 

The experiments presented demonstrate that the. 
conformity of spontaneous transmitter release to & 
Poisson distribution is very significant under a variety o> 
experimental conditions w hich might have been expected. 
to affect the probability of release and thus cause devia: 
tions from this distribution. The very persistence of this 
conformity to a Poisson distribution must provide a 
powerful test of the various hypotheses of transmitter 
release. 

We thank Dr. W. Ewens of the Statisties Department 
of this University for his advice. | 
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PHARMACOLOGY 


Anticoccidial Activity of Nicotinamide 
Antagonists 


HE life-cycle of poultry coecidia can be inhibited by 
ain p-aminobenzoic acid!~*, folic acid?-* and thiamine? 
tagonists. This knowledge led to our testing three 
own antagonists of another vitamin, nicotinamide, for 
eoccidial act ivity. These substances were 3-acetyl- 
idine’, pyridine-3-sulphonamide® and 6-aminonicotin- 


t 5008 


a the activity of the compounds, they were 
n chick starter mash of known composition and 
one-week-old cockerels, starting one day before 
re inoculated orally with approximately 200,000 
ated oocysts of Eimeria tenella or E. necatrix, or 
N00 sporulated oocysts of E. acervulina. In each test 
ected and one uninfected control group of birds 
fed unmedicated ration. The criteria to assess 
ity were a comparison of mortality and oocyst 
uction', The toxicity of the compounds wes 
sed in both infected and uninfected groups by a 
parison of death rates and weight gains of the birds 
idually weighed at intervals. 
}-Acetvipyridine at 0-1 per cent w/w in the food was 
active against both E. tenella and E. acervulana. 
Pyridine-3-sulphonamide at 0-025 per cent w/w was 
aactive against E. tenella and E. necatrix, and showed 
.0 signs of toxicity when fed for eight days. It was 
active against KH. acervulina, but less effeetive than 
_alphaquinoxaline, the reference compound (Table 1). 
The results of exp. 3 indicate the possibility of different 
train responses. The activity was neutralized by simul- 
saneous feeding of an equal concentration of nicotinamide 
exps. 4 and 5, Table 1). In another single experiment 
che activity of pyridine-3-sulphonamide was not antagon- 
zed by equal concentrations of p-, o- or m-aminobenzoic 
acid. 

6-Aminonicotinamide showed a different spectrum of 
activi ity to pyridine-3-sulphonamide. It was active 
sageinst E. tenella at low concentrations comparable with 
ahose of the control drug amprolium (1-(4-amino-2-n- 











"Table 1. ACTIVITY OF PYRIDINE-3-SULPHONAMIDE AGAINST E. aceroudina. 
AND THE EFFECT OF ADDING NICOTINAMIDE 
Exp. Per cent drug in food Strain of Millions of oocysts 
No. P35 NC SQ E. acervulina passed per chick * 
1 — ow —_ Ongar t 222-65 
ae 00125 -— permane O15 
006 an mee 10-47 
7 oo - 90125 0 
2 meee -l Ongar t 88°26 
l 0:0125 meee = 0 
0-006 = < 1-18 
-l =- 006 0 
3 — ~— — Ongar t 143-02 
0125 — me 2-14 
— - 0-006 0 
se ~— Houghton t 180-18 
0125 on _ 101-66 
0-006 cee - 210-75 
— — 006 0-02 
oe — oe Andover§ 111-26 
O0@5 ~ _ 02 
0-0125 ae = 37-60 
0-006 oo == 73-60 
0-063 oe — 85:79 
~= 0-025 0-72 
== — 0:0125 116-18 
4 — ~= — Ongar t 261-49 
— — 0-006 0 
00125 =m — 078 
0-006 ee 14-30 
0-003 =- — 78-90 
~~ 00125 -l 179-68 
0-0125 0-0125 — 113-55 
5 — ma mn Ongar t 32-23 
OOS — ce 0 
O25 om = 115 
mare 0-03 ~= 25-03 
0-05 tHo re 14-07 
0-025 0-025 von 22-28 







i 38, pyridine-3-sulphonamide; NC, nicotinamide: SQ, sulphaquinoxaline. 
* From fourth to thirteenth days post-infection. 

Tsolated 1958. 

‘+ Isolated 1956. 

Isolated 1960. 
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Table 2. 6-AMINGNICOTINAMIDE ACTIVITY AGAINST Æ. tenella AND TOXICITY 


IN CHICKS 
Deaths * by seventh 
day after infection 


Exp. Drug Per cent Acute 
No. in food coccidiosis Toxicity 
1 Nil (control) ~-= 13/15 oo 
é-aminonicotinamide O01 0/15 13/15 
06005 0/15 O15 
(00025 11/15 OS 
Amprolium 0-002 0/15 Gis 
0-001 3/15 OS 
| 0-0005 7/15 0/15 
2 Nil {control ee 8/10 — 
j-aminonivotinamide GGUS 0/10 0/10 
0-004 3/10 0/10 
00-0002 5/10 Q/10 


* Numerator, No, of chicks dead. Denominator, No. of chicks per group, 


Table 3. ANTAGONISM OF THE ACTIVITY AGAINST E. tenella AND THE TOXICITY 
IN THE CHICK OF 6-AMINONICETINAMIDE (6-ANC) BY NICOTINAMIDE (NC} 


Deaths * dze to Uninfected groups 


Fer cent drug acute coccidiosis Deaths* due to Av. wt. (g) 
in food in infected groups toxicity after ‘gain after 
6-ANC NG after one week week 2 weeks 1 week 2 weeks 
aa — 15/15. 0/28 0/28 393 ira 
6-002 ce 0/15 15/28 21/28 a8 20-2 
GGAL 0 0/108. 1/20 6/20 14-0 371 
G-0005 — 3/5 0/10 0/10 313 86-4 
—_ 0-004 5/5 0/10 B/10 40-8 90-8 
= 0-008 8/5 0/8 O/B 46-0) 90-8 
== 0-02 5/5 0/10 O/10 32-0 Gig 
0-1 3/5 0/10 0/10 aro 102-4 
0-602 00005 0/5 8/10 10/10 0-6 — 
002 0-001 0/9 4/18 15/18 3G {7e 
@-O02 0-002 O/C 7/18 13/18 14-2 40-5 
G02 0-004 GLC 2/18 9/18 158 67-6 
0-002 4-008 Aid 0/8 0/8 33-3 81-6 
0-002 0:02 5/5 0/10 0/10 32-4 Gap 
egoz 0-1 5/5 0/10 0/10 32-8 82-1 


Results of three experiments added together. 
at the start of each test. 
* As Tables 1 and 2. 


Groups balanced for weight 


propyl-5-pyrimidinylmethyl)-2-picolinitum chloride hydro- 
chloride) (Table 2), bus there was httle margin between 
the active and toxic concentrations. This nicotinamide 
analogue was active against HE. necatrix and inactive 
against E. acervulina at the maximum tolerated concen- 
tration. Lower concentrations were not examined against 

E. necatriæ. 

The results in Table 3 show that one-half to twice the 
concentration of nicotmamide added to 6-aminonicotin- 
amide has some effect :n offsetting its toxicity as judged 
by the deaths and depression of gain in weight; but four 
times or more the ameunt of the vitamin was required 
to neutralize the anticarcidial activity and toxicity of this 
analogue. 

These observations suggest that nicotinamide is a 
growth factor for E. temella, E. acervulina and presumably 
for E. necatrix. 

It is interesting to sote that pyridine-3-sulphonamide 
showed activity only against H. acervulina, which is also 
generally more sensitive than Æ. tenella and E. necatrix to 
sulphanilamide derivataves. This may indicate that for 
E. acervulina transpor: of drugs to the site of action is 
enhanced by a weakly acidie group such as —-SO,NHR. 

S. J. BALL 
E. W. WARREN 

May and Baker, Ltd., 

Veterinary Researele Station, 
Ongar, Essex. 

E. W. PARNELL 

Research Labora*orics, 

Dagenham, Essex. 
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Induction of Malignant Lymphomas by 
Urethane in Adult Mice bearing Syngeneic 
Thymus Grafts 


IN recent years it has repeatedly been proved that 
neonatal or very young animals are very susceptible to 
carcinsgenesis induced by different agents. One possible 
explanation is that tissues of new-born animals contain a 
large number of incompletely differentiated cells, par- 
ticularly responsive to carcinogenic stimuli. It is relevant 
to this speculation that a close correlation has been noted 
between susceptibility of mice to develop malignant 
lymphomas and the presence in the thymus of a great 
concentration of immature cells, whether by reason of 
early age’, genetic constitution’, whole-body X-irradia- 
tion®, or regenerative changes in implanted thymus‘. In 
thymectomized, virus-inoculated® or X-irradiated* mice, 
implantation of new-born thymus proved much more 
effective than adult thymus in restoring leukaemogenesis. 

Previous work showed that urethane (ethyl carbamate) 
in adult mice was practically devoid of leukaemogenic 
activity®’, although effective in inducing thymic changes‘. 
On the other hand, administration of this chemical to 
new-born animals was found to provoke a significant 
number of malignant lymphomas*:*. Urethane-induced 
lymphomas originated in nearly all cases in the thymus, 
only later acquiring the character of a generalized disease. 

The experiments reported here were undertaken to 
investigate whether, by making use of single or multiple 
grafts of new-born thymus as a more suitable target 
tissue, adult mice would be rendered susceptible to the 
leukacmogenic action of urethane. 

C57 BL male mice aged 2-3 months were grafted sub- 
cutaneously into the right flank with one or five thymuses 
obtained from 1- to 5-day-old syngeneic donors. Starting 
5 days after implantation, they received urethane in 
drinking water at the 0-3 per cent level for 30 days, con- 
tinuously. Adult C57BL mice of both sexes treated only 
with urethane served as controls. The total quantity of 
the chemical administered to animals of the different 
groups amounted to an average of 220 mg per mouse. A 
certain number of mice died within 30 days from the end 
of treatment, presumably owing to the toxic effect of 
urethane. They were not included in the investigation. 


Table 1. MALIGNANT LYMPHOMAS INDUCED BY URETHANE IN C57HKL MICE 
IMPLANTED WITH SYNGENEIC SINGLE OR MULTIPLE THYMUSES 


No. of mice Mice vith lymphomas 
. 70 


Thymus graft in group No 
None 44 1 2 
1 thymus 15 2 13 
5 thymuses 22 9 41 


The results, which refer to an 8-month period of 
observation from the end of urethane administration, are 
summarized in Table 1. It is evident that the highest 
incidence of malignant lymphomas occurred in the group 
grafted with 5 thymuses (41 per cent), while in animals 
receiving only a single thymus the incidence was markedly 
lower (13 per cent). However, only in the case of multiple 
grafts was the incidence statistically significant in com- 
parison with the control group (y* = 14:15; 0-001 < P 
< 0-01). Neoplastic disease in all thymus-implanted 
animals was initiated after a mean latent period of four 
months as a localized growth at the graft site, and 
reached a maximum diameter of 40-50 mm in about 40 
days (Fig. 1). Generalized leukaemia appeared later, 
except in three animals implanted with 5 thymuses, which 
at death had only local tumours. In situ thymus of leu- 
kaemic mice, although appearing grossly of almost normal 
size, showed histologically, in all cases in which the 
organ could be recognized with certainty, initial or limited 
neoplastic changes. Lymphomatous tissue at the site 
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Fig. 1. CS57BL mouse implanted with multiple syngeneic new-bo 

thymuses and treated with urethane in drinking water. Large neo- 

plastic mass at the graft site, 130 days after the end of urethane 
administration 


of implantation, as well as in the various organs involve 
by the generalized disease, was composed of cells e 
lymphoid type. 

Present data suggest that grafts of neonatal thymv 
make susceptible to the leukaemogenic action of urethar 
the otherwise resistant mice. Since in our experimen 
lymphomas constantly arose from the implan 
thymus(es), it is possible that the positive results obtaine= 
in both the experimental groups are correlated with ba 

b 
O 









availability in the graft of cells particularly suscepti 
to urethane-induced damage leading to neoplasia. 
the other hand, the finding of the highest susceptibilit= 
in the group implanted with multiple thymuses seems t- 
indicate that a quantitative factor is involved in th 
process of neoplastic transformation of the graft. Thus 
it could be assumed that in a single thymus graft th 
number of cells sensitive to the weak leukaemogeni 
activity of urethane scarcely reaches the critical leve 
necessary to initiate successfully a lymphomatous sb 
under the present experimental conditions. However, th 
mechanism through which a greater mass of thymic tissue 
influences leukaemogenesis, that is, by contribution o 
more target cells and/or production of larger amounts o 
humoral substance, remains to be elucidated. 

The work was supported by grant DRG-808 from the 
Damon Runyon Memorial Fund for Cancer Research. 
and by a grant from Consiglio Nazionale delle Ricerche 
Roma. One of us (G. T.) is also holder of a fellowship from 
the Lady Tata Memorial Fund. 
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i6 cost of peculiar 
ur i ssembling immune 
sors or transformed lymphocytes in phyto- 
utinin leucocyte cultures. On the next day only 
tes were observed in the blood; their count 
sively decreased, and the animals died. 
cing into consideration previous results’-? which 
ved that adult thymectomized mice failed to restore 
junogenesis after radiation and bone marrow trans- 
tation, and that immunological competence of radia- 
_ chimeras apparently are restored by transplanted 
one marrow cells which act as lymphoprecursors in 
hhymus®*, we supposed that transformation of trans- 
danted haemopoietic cells into lymphocytes in dogs 
Aso requires a thymic factor. 
‘To prove this assumption we performed experiments 
mn thymectomized adult dogs. Thymectomy was performed 
ender intravenous pentobarbital anaesthesia and artificial 
espiration through sternal cutting. One to two months 
ufter the operation the dogs were X-irradiated with 1,000-r. 
2 days running with 500-r.). The day following the last 
‘adiation the dogs were injected intravenously with 
14-92 x 10 viable nucleated bone marrow cells in 
250-300 ml. Hanks’s solution. Bone marrow cells were 
essed out from the vertebrae and 
spiphysis femur and humerus. Simul- 
-aneously the dogs were transplanted with 
donor’s skin (the pinch graft method? was 
used). The dogs received daily intra- 
muscular injection of 200,000 units of 
penicillin and 100 mg of streptomycin. 
< Thymectomy as such did not influence 
the haematological picture, in particular 
lymphopenia. The degree of radiation 
disease in these dogs was very heavy. 
Four dogs died 6-7 days after radiation 
before any re-population of the bone 
marrow graft appeared. At autopsy they 
: ed large haemorrhages. Two dogs 
21 and 12 days after radiation. In 
f these dogs (Fig. 1) there was sharp 
quickly developing leucopenia, espec- 
lymphopenia. However, 5-6 days 
bone marrow transplantation the 
eyte count rapidly increased due 
‘oliferation of donor cells. From the 
day until death, donor leucocytes 
ro identified in the blood of the dog (sex 
omatin). As can be seen from Fig. I, 
st all leucocytes of this dog were poly- 
rphonuclear. No hyperbasophilic cells 
wared except during the 7th—-8th days, 
en a small quantity of these cells was 
; searcely any lymphocytes were z 
mt. White blood cells continued to 
as0-—5,350 cells/mm? on the 13th day 
150 cells/mm? on the 21st day. In 1 
grams an insignificant quantity of 
basophilic cells was observed during 
13th days after radiation. It 
“noted that since the operation 
n` the sternum, bone _ 
igation was taken fi 
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d 1 „ philic cells. Above myelograms—-bone marrow cell count. 


the iliac crest which was sadly re. j: i 
ment. In spite of a good leuco 
progressed; the haemoglebin valu nb: 
day from 15-2 g per cent +0 8-6 g pt and the 


cell count from 5-4 x 10®to 3-0 x 10° cells/mm 


sternum, ribs and vertebrae bone marrow was active, rich | 
in haemopoietic red and white cell lines. Lymphoid tissues - 
of the spleen and lympho-l nodes were atrophied. ‘The skin — 
graft up to the death of the dog was in good conditior 
and was vascularized ; there were no signs of any rejet Her 

Similar results were indicated by the second dog. — 
Re-population of the bone marrow graft was active. Three 
days later, the bone raarrow was injected and “there 
appeared, in myelogram stem cells, immature red and 
white cell lines which wore practically absent before the- 
bone marrow graft. Five days after transplantation the _ 
number of white blood cells increased; their amount rose 
from 100 cells/mm? to 1.400 cells/mm in 2 days. Donor 
leucocytes (female in mals) were identifiable up to the dog’s 
death. The white blood cell count wae fully conditioned by 
the increase of polynuclzate cells. Hyperbasophilic cells 
were absent in peripheral blood; lymphocyte content was 
not above 2 pet cent. In bone marrow few hyperbasophilic 
cells were observed until just before death (12th day). At. 
autopsy hypoplasia of haemopoietic and aplasia of 
lymphoid tissues were seen. The haemorrhagic syndrome 
was insignificant, and tae cause of death was not estab- 
lished. The skin graft was in good condition. 

Thus in neither dog did we observe any significant 
transformation of haemopoietic cells into lymphocytes. 
The decisive role of the “~hymus in such transformations is 
obvious from the fact that, without any exception, in all 
irradiated dogs (more than 40), similarly treated but 
without thymectomy, clear transformation of haemopoietic 
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r, White blood cell count and myelograrss in a thymectomized dog irradiated with. 
4,000 r. On the day after radiation the dog received allogeneic bone marrow. {1} 
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cells into lymphocytes developed. These results suggest 
that for large animals, including man (just as for mice), 
the thymus is necessary for functional differentiation of 
polypotent stem cells into lymphoid precursor. These 
preliminary results indicate that even a strongly reduced 
thymus in adult dogs is effective. By analogy with the 
results already cited?~* one is led to believe that the thymus 
of adult large animals and man plays a part in the res- 
toration of immunogenesis after radiation, ‘teaching’ 
remaining stem cells. In connexion with this assumption 
it seems reasonable to attempt to delay the restoration of 
immunogenesis (depressed by massive whole-body irra- 
diation and cytostatics) by preliminary thymectomy prior 
to transplantation of tissues and organs in man. 
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An Unusually Radioactive Fossil Fish from 
Thurso, Scotland 


A PLATE of Homosteus from Clardon Haven about 
two miles east of Thurso was found to be radioactive to 
the extent of 1-2 x 10 y/min/g. In order to characterize 
the radioactive isotopes present, the energies of the emitted 
y-Tays were measured using a y-scintillation spectrometer. 

The spectrometer was a 3 in. x3 in. sodium iodide 
phosphor used in conjunction with a photomultiplier, a 
high-gain amplifier and a 512-channel pulse-height 
analyser. 

The energy range 80 keV—3,500 keV was examined 
and from the absorbed energies it was evident that the 
radioactivity was due to the decay chain of **U with 


Table 1 
Isotope Halr-life Gamma energy (keV) 
sU chain 

2351) 4-5 x 10" y 48 

Th 241d 29, 63, 91 
Pa 1-18 min 750, 1,000 
nyy 2:5 x 10° y 51 

soTh &:0x10' y 67 

Ra 1,630 y 188 

Ru 7815 d — 

“Po 305 min — 

"Ph 28 min 243, 205, 317 
hie 5) | 199 min 610, 1,120, 1,760 
sup , and others up to 2,430 
nory $ aS. P Several very weak 
oPh 2l y 47 

RI 0d s 

soPo 1384 d 800 (very weak) 
Ph Stable 

="Th chain 

ser 1-41 x10" y 50 

Ra &7 y —- 

S88 Ac &13 h 57 to 1,640 

many gammas 

=*Th 1-91 y R4 

Ra 364 d 240 

Rn 51-5 5 . 

216Py 158 s — 

Ph 106 h 120, 240, 300 
Bi 605 min 40 

“Po 3 us 280, 510, 
sseTi S1 m 580, 860, 2,620 
Ph Stable 
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Fig. 1. 


Autoradiograph of a polished section of the bone of Homosteus. 
Scale, cm. The extremely bright spots are due to a-particles 


some contribution from the **Th chain. The componen 
of these chains and the appropriate gamma energies am 
shown in Table 1. 

To assess the distribution of activity across the specime# 
a section was polished and an autoradiograph was obtaine 
using industrial X-ray film (Fig. 1). The distribution 
not uniform but is concentrated into a few small areas. 

A quantitative examination using the spark excite 
emission spectrum examined by a Hilger medium spectre 
graph indicated the chemical constituents as beings 
major, calcium; minor, strontium, phosphorus, magne 
sium; heavy trace, barium. 

The fact that the major activity was due to the decaw 
chain of U differs from previous results reported by 
Bowie and Atkin', who, working on an _ unidentifiee 
Homosteus plate (GSM 89090), found the major activitw 
to be due to the decay chain of ***Th, 

Similar examinations were made on a small specimer 
of Dipterus valenciennesi from Scrabster Brae abou 
1-5 miles west of Thurso and on a specimen of Thursius 
pholidotus from the shore of Thurso Bay about one milk 
west of Thurso. These specimens, of similar age from 
stratigraphical evidence, showed no unusual activity. It 
would therefore seem that we only find excessive radio- 
activity in those fossil fishes having heavy dermal armoury 
for example, the arthrodira. 

The penetrating y-photons from the 4n+2 series can 
be readily observed using a sensitive portable y-detector 
which could be a useful aid in locating specimens in the 


—_ W. R. DIGGLE 
J. SAXON 
U.K. Atomic Energy Authority, 
Dounreay Experimental Reactor 
Establishment, 
Thurso, Caithness. 
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Continuous Irradiation of HeLa Cells at 
—196° C 
THE incorporation of a suitable quantity of tritiated 
water in the growth medium permits the continuous 
irradiation of cells cultured in vitro. A uniform source of 
6-radiation is thus provided which can be used in a variety 
of cell culture techniques. Some observations on the effects 
of continuous irradiation of HeLa cells grown as a mono- 
layer at 37° C have already been published'*. This com- 
munication reports some results of the continuous irrad- 
iation of HeLa cells at — 196° C. 
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ter). In each experiment all the ampoules, 
treated, were maintained at this temperature 
» length of time, and the treated cells would be 
‘irradiated at two different. dose-rates to 
;000 or 2,000 rads, respectively, in either 20 or 





‘end of each experiment the ampoules were 
ym the liquid nitrogen and plunged directly 
water bath at 37°C. Each 1 ml. aliquot of cells 
en diluted to 10 ml. in fresh growth medium 
s medium plus 10 per cent pooled human serum) 
he cell number was again determined to confirm 
all the cells had survived at this stage of the experi- 












aent: Replicate single cell clonal eultures were then 
1oculated by the technique of Puck and Marcus’ using 


ae same inoculum size for all cultures, irradiated and 
omtrol. After incubation for 10 days at 37° C the colonies 
vere scored; comparison with the controls gave the 
action of cells surviving each régime of continuous 
‘radiation at — 196°C, determined from the average 
f six plates. 

The surviving fractions are shown (Table 1) for each 
xperiment and combined as an average percentage for 
ach dosage régime. Although these average percentages 
xe all lower than the controls, the only fractions which 
re significantly different are those after the 2,000 rads 
otal dose given over 20 days at 100 rads/day. The 
variation between individual experiments is attributable 
0 the lower plating efficiencies which follow the freezing 
echnigue. Nevertheless, one definite conclusion can be 
irawn from all these experiments: namely, that the large 
otal doses of continuous irradiation had a very small 
iffect on HeLa cells at — 196° C, 

In considering the interpretation of these results, the 
‘ollowing facts are relevant. Continuous irradiation at 
37°C leads to very little depression in the number of 
HeLa cells at dose-rates of 50 rads/day or less! since the 
rradiation damage is spread over many cell cycles, and 
owth of the surviving cells may conceal the small 
oroportion of cells sterilized per cell cycle. On the other 
and, with acute doses (for example, 100 rads/min) the 
‘adiation is delivered during a small fraction of one cell 
eyele, and growth during that time is negligible. The 
proportion of surviving cells after an acute dose of 2,000 
‘ads is reduced to about 10-* (leaving a negligible number 
of colonies to be counted in a constant inoculum experi- 
ment). 

One might expect that a dose of 2,000 rads delivered at 
100 rads/day at — 196° © would produce the same effect 
as an acute dose delivered at 100 rads/min at 37° C. 
Cellular metabolism will be reduced to a minimum at 
196°C and one would expect the accumulated 2,000 





SURVIVAL OF THE COLONY-FORMING ABILITY OF HeLa CELLS 
AFTER CONTINUOUS IRRADIATION aT — 106° C 
, Experiment %, of control 
20 days’ Irradiation No. murvival 
1,000 rads (50 rads/day) 


Table 1. 
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rads to produce as muc damage over at least as small a 
fraction of one cell cycle as an acute dose at 37°C. 
It is known, however, that acute radiation is less 
effective at lower temperatures. Stapleton and Edington? 
found the sensitivity o” E. coli to be reduced at sub- 
freezing temperatures. Similar observations have been 
described by Webb et al * for dry bacterial spores, and the 
phenomenon has been discussed in subsequent papers 
by Powers and his colleagues’. 
In mammalian cells (deLa) Belli and Bonte? found an 
increase of radio-resistanze by a factor of 1-25 by decreasing 
the temperature from 37° C to 5° C. They point out quite 
correctly that the phensmenon is unlikely to be due to 
any degree of anoxia. At 5°C, however, diffusion of 
radicals is so little affected that it is difficult to think of a 
suitable radiation chemical explanation of their observa- 
tion. Dawson et al.? foand a two-fold increase in radio- 
resistance of HeLa cells at — 79° C when the mobility of 
free radicals would presumably be reduced. 
At the temperature used in our experiments irradia- 
tion still produces ions. electrons, hydrogen atoms and 
free radicals in the solid matrix. The electrons will 
be captured by positive: holes and/or imperfections in the 
solid matrix. The species capable of movement at a 
temperature of — 196° C are presumably hydrogen atoms; 
the larger molecular fragments would be expected to be 
held in position. The hydrogen atoms may react with free 
radicals and may reduce some of the effects of radiation 
by reducing the number of radicals. Recombination of 
free radicals, especially @agments of macromolecules, may 
occur during the rise of temperature before thawing. 
A. H. W. Nias 
L. G. LAITHa 
Paterson Laboratories, 
Christie Hospital and Holt Radium Institute, 
Manchester. 
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Hatching Time of Turtle Eggs 


Jayakar and Spurway' have reported possible 
bimodality not only in egg-laying time by a turtle (Testudo 
elegans Schoepff) but also in hatching time. Evidence from 
other species of turtles may be helpful in interpreting their 
observations. 

Several species of marine turtles, of tropical or sub- 
tropical regions, are kaown to lay more than once per 
geason?-!, whereas terrestrial and fresh-water forms of 
temperate zones typicaily lay all the eggs of the year at 
one time’. Duration cf incubation is dependent on en- 
vironmental conditions particularly temperature??)>*. 

In my own experiments on turtle embryos over the past 
several years, I have foand that hatching time for controls 
varies by only a few days for a given species even of 
different clutches, according to the temperature of 
incubation (Table 1). Within a given clutch of eggs there 
is an even smaller time-range. Hatchling size (carapace 
length) is positively correlated with egg size; in the very 
few instances in whick the hatchlings were weighed the 
larger turtles were heavier than the smaller. There seems 
to be no pattern as to hatching sequence of large and 
small specimens. 

Turtle hatchlings differ notably in their behaviour 
tef. Carr? for adults of Werrapene carolina carolina (Linné)). 
Some are markedly eggressive, whereas others appear 
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Table 1, TEMPERATURE OF INCUBATION AND HATCHING TIME OF TURTLES 
No. of 
Species Temperature* hatch- Hate day 
lings t Range ean 
ra serpentina serpentina Room (1951) 9 (2) 65-69 66:9 
Chelydra serpentina serpentina Room (1952) 23 (8) 62-67 647 
Chelydra serpentina Room (1959) 3 (3) 66-70 677 
Chrysemys picta marginata Room (1959) 6 (8) 64-68 66-5 
Caretta caretta caretta 30° C 2 (1) 54-55 545 
Chelydra serpentina serpentina 28° © 9 (3) 55-62 58-0 


* Incubation of eggs in any one group was begun at one time, in June or 
July. Room temperature varied considerably, but averaged close to 28° O. 
The dishes of eggs at constant temperature were kept in a water bath. 

+ The number in parentheses after number of hatchlings indicates the 
number of different clutches of eggs represented in each group. 


timid and retiring. In my investigations the eggs are 
incubated in glass dishes between two layers of moistened 
absorbent cotton’. At the onset of hatching observations 
are recorded at least every 12 h. Some newly hatched 
specimens of Chelydra serpentina serpentina (Linné) have 
made their way out of the dishes, off the table, out of the 
laboratory, and one even down a flight of steps, all within 
a 12-h period. Others, on the contrary, have hidden 
themselves under the cotton or within the egg shell and 
have made no observed attempt to explore even after 
several days. 

Miss Karen Diamond of Rockville, Maryland, told me of 
watching a Carolina box turtle, Terrapene carolina 
carolina (Linné), make a nest and lay her eggs under a 
rose bush in nearby Kensington on May 10, 1963. As the 
summer wore on, the spot was examined frequently for 
signs of emerging hatchlings. Finally, near the end of 
September, about 140 days later, the nest, between 
4 and 6 in. deep, was dug up and revealed egg shell frag- 
ments and three live hatchlings with no sign of the yolk 
sac on the plastron. All three were ‘timid’ turtles*. 

Domantay* reports for Chelonia mydas, and Caldwell® 
for Caretia caretta caretta (Linné), that the hatchlings 
usually emerge from the nest together, a fact which suggests 
that the more active ones open the way for the others. 

In view of the foregoing evidence concerning other 
species of turtles, I suggest that the late emergers of 
Testudo elegans Schoepff as reported by Jayakar and 
Spurway* were not slow in developing but rather inactive 
as hatchlings, and that the correlation of low weight with 
late emergence from the hatching site is due to the yolk 
having been used up during the prolonged stay in the soil. 

This work was supported in part by U.S. Public Health 
Service research grant AM 01766 from the National 
Institute of Arthritis and Metabolic Diseases. 
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Development of the Ovule in a Species of 
Cissus 


IN an investigation of the floral morphology and 
embryology of the Vitaceae the following features were 
observed in the development of the ovule of Cissus 
trilobata Lamk. collected from Changanacherry, Kerala 
State, India. 

The ovule is anatropous, bitegmic and crassinucellate. 
Of the two integuments, the inner which projects beyond 
the outer is initiated first by periclinal divisions in the 
protoderm simultaneous with the differentiation of the 
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Fig. 1. Longitudinal section of the ovule (x 130). of, Outer integument 
ii, inner integument 


ovular archesporium in the first hypodermal layer. 
develops faster than the nucellus and not only encloses tl 
latter but also grows very long, 2-3 times the length of t 
nucellus, into a tubular structure which is thrown in 
folds and coils (Fig. 1). Although it is known that in othe 
members of the Vitaceae the micropyle is formed by tk 
inner integument!-, coiling and folding of the integumer 
have not so far been mentioned. Moreover, such a ong 
coiled, and folded micropylar canal is not reported in 
of the flowering plants. 

N. C. Nam 

Botanical Survey of India, 
Dehra Dun. 
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Marsupial Spermatozoa Pairing in the 
Epididymis of American Forms 


In 1962 Biggers and Creed' pointed out that conjugatior 
(henceforth called pairing) of spermatozoa is a norma 
occurrence in the epididymides of the North Americar 
opossum (Didelphis marsupialis virginiana Kerr). Evi 
dence has now been obtained which shows that this 
phenomenon is found in the majority of, ifnot all, marsupials 
in the American continents, and that, if it occurs in 
Australasian marsupials, it is likely to be exceptional. 
Also, three morphologically distinct types of spermatozoa 
have been found to exist in the extant American group, 
which consists of 69 species? grouped into 15 genera and 
two families. Our observations are summarized in this 
report. 

The species of marsupial we have examined are shown 
in Tables 1 and 2. In most cases, fixed specimens of the 
testes and epididymides were examined histologically. 
However, the living epididymal spermatozoa of Philander 
opossum (four-eyed opossum), Marmosa mexicana (murine 
opossum), and Caluromys derbianus (woolly opossum) have 
also been examined. 

Pairing of spermatozoa has been observed in the epidi- 
dymides of all the species of American marsupials shown 
in Table 1. In no instance was pairing observed in sections 
of the testes. The only genera we have not been able to 
examine are Glironia, Dromiciops, Caluromysiops, Intreo- 
lina and Notodelphis. A sufficient number of data sre 
available on the two sub-species of Didelphis and Philander 
opossum to indicate the incidence of pairing within species. 
Out of 92 specimens of D. m. tabascensis, 88 (95-7 per cent) 
were paired, and out of 56 specimens of P. opossum, 54 
(96-5 per cent) were paired. This incidence is very similar 
to that found for D. m. virginiana’. Thus the pairing of 
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1. AMERICAN MARSUPIALS IN WHICH EPIDIDYMAL SPERMATOZOA HAVE 
EXAMINED FOR PAIRING. ALTHOUGH SEVERAL MORE SPECIMENS WERE 
AMINED, ONLY THOSE UNEQUIVOCALLY IDENTIFIED ARE INCLUDED 


No, of — 
y Species Vernacular apeci- Source 
name mens 
phidae Didelphis marsupialis Common opossum 88 (a) 
tabascensis 

Philander opossum Four-eyed opossum 54 (a) 

Chironectes panamensis Water o um 1 (e) 

Monodelphis brevicaudatus Short-tailed l (b) 

; opossum 

Metachirus nudicaudatus Brown opossum l (b) 

Marmosa mexicana Murine opossum 1 (a) 

l Marmosa desmararae Murine opossum 2 (b) 
Caluromys derbianus Woolly opossum 3 (a, d? 

' es Rat opossum 12 


i e Caenolest 
footnotes for Table 2. 


2. AUSTRALASIAN MARSUPIALS IN WHICH TESTICULAR AND EPIDIDY- 

SPERMATOZOA HAVE BEEN EXAMINED FOR PAIRING. ALTHOUGH MANY 

SPECIMENS WERE EXAMINED, ONLY THOSE UNEQUIVOCALLY IDENTIFIED 
ARE INCLUDED 


No. of 
Family Species Vernacular speci- Source 
name mens 
yuridae Sminthopsis crassicaudata Fat-tailed 2 (b) 
A : ; sminthopsis 
Sminthopsis rufigenis — 1 (b) 
Neophascogale lorentzi — 1 (b) 
Antechinus flavipes Yellow-footed 1 (b) 
Ppeetangeridac Acrobates Pigmy glider (b 
cro vgmaeus gmy glider 2 ) 
Budromiois caudata Pigmy possum 1 (b) 
Trichosurus vulpecula Brush-tail possum 1 (e) 
B icolomidae Phascolomis mitchelli Common wombat 1 (e) 
i dae Perameles nasuta Long-nosed 1 (f) 
bandicoot 

Peroryctes longicauda Bandicoot 3 (b, g) 
= .cropodidae Protemnodon bicolor Swamp wallaby 1 (e) 
Megaleia rufa Red kangaroo 2 (e) 
Macropus robustus Wallaroo 8 (e) 
Macropus canguru Great grey kangaroo 1 (e) 


Dr. L. G. Clark, Leptospirosis Unit, University of Pennsylvania, 


Nicaragua. 

American Museum of Natural History, New York. Courtesy of Dr. H. 
van Deusen. 

Dr. W. A. Wimsatt, Department of Zoology, Cornell University. 

œ Dr. J. A. Davis, curator of mammals, New York Zoological Society. 
Dr. G. Sharman, Division of Wildlife Research, Commonwealth Scientific 
and Industrial Research Organization, Australia. 

Prof. A. S. Parkes, Department of Physiology, University of Cambridge. 
Archbold Collection, American Museum of Natural History, New York. 
Courtesy of Dr. H. van Deusen, curator. 


rmatozoa in the epididymides is a widespread, if not 
niversal, phenomenon in the American stock of marsu- 
»ials. It is impossible at present to determine the extent 
f pairing in the epididymis and the degree of variation 
»etween individuals. This will only be possible when 
wnethods of collecting ejaculates from these species have 
seen devised. 
The pairing of spermatozoa in the epididymides has not 
seen observed in any of the species of Australasian 
marsupial shown in Table 2, and in no case was pairing 
»bserved in sections of the testes. Thus it seems unlikely 
shat pairing of spermatozoa oecurs in the epididymides of 
the Australasian stock of marsupials. 
During the course of this work three distinct morpho- 
Wogical types of spermatozoa have been found in the 
American marsupials. These will be designated the 
Didelphis, Caluromys and Caenolestes types respectively, 
band pairs of them are illustrated in Figs. 1, 2, 3. Didelphis 
is the well-known type, and this has been described 
elsewhere!:*. Monodelphis, Philander, Metachirus, Chiro- 
mnectes and Marmosa all have this morphological form of 
tozoa. The spermatozoa of Caluromys possess 
saucer-shaped heads with the mid-piece inserted into the 
convex side, and the acrosome lying in the concave side. 
Pairing occurs by apposition of the two concave sides. 
The spermatozoa of Caenolestes have only been observed 
in fixed material. Unfortunately, this is a very rare species 
indigenous to localized areas of the Andes, and it is very 
unlikely that living material will be obtained. The sperma- 
tozoa are very rectilinear in shape with a niche on one side 
from which the mid-piece arises. Pairing occurs by appo- 
sition of the edges opposite the insertion of the mid-piece. 
The phenomenon we have described as pairing was 
first observed in D. marsupialis by Selenka‘', who referred 
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to it as ‘copulating’ sperraatozoa. This name was used by 
Von Korph*, who made che crucial observation that the 
spermatozoa arise as smgle cells in the seminiferous 
tubules, and that the pairing only occurs after the gametes 
reach the epididymides. Later, Wilson* objected to this 
label, and introduced ths word ‘conjugating’. However, 
this word has acquired a specific meaning in biology with 
reference to the union of zametes in unicellular organisms. 
For this reason, we preer the simple descriptive word 
‘pairing’ to describe the phenomenon, Perhaps, when 
experimental work has elucidated the phenomena involved 
in this highly oriented adhesion of cells, a more explicit 
word may be coined for ts description. 

The finding of three raorphologically distinct types of 
spermatozoa in the few genera of American marsupials is 
pertinent from a taxonomic point of view. Osteological 
and palaeontological eviGence was interpreted by Reig’ to 
suggest that Caluromys Dromiciops and Glironia are 
related members of the sub-family Microbiotheriinae 
formerly thought to be extinct. The finding that the 
spermatozoa of Caluromeys are morphologically different 
from that of the sub-famely Didelphinae may therefore be 
systematically significant. An examination of the sperma- 








Fig. 1. Paired spermatozoa expressed from the W of the four- 
eyed opossum (hilander opossum). (X805) 
Fig. 2. Paired spermatozos expressed from the epididymis of the 


woolly opossum Oaluromys derbianus). (x 805) 





s of Caenolestes. 
indicate the head: of paired spermatozoa. ( x 805) 


Fig. 3. Section through tae epidid The arrows 
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tozoa of Dromiciops and Glironia to see if they are morpho- 
logically similar to those of Caluromys would elucidate this 
problem, but unfortunately this has been impossible 
because of the rarity of these species. The observation 
that Caenolestes has spermatozoa morphologically distinct 
from other American marsupials is of interest because of 
the unusual features of this survivor of an ancient mar- 
supial group of the Tertiary epoch*. These animals are 
unique in that they possess affinities with members of the 
super-family Phalangeroidee, found only in Austrelasia, 
thus providing a possible connexion between the American 
and Australasian groups of marsupials’. Investigations of 
the morphology of marsupial spermatozoa, however, indi- 
cate no similarity between the American and Australasian 
forms", and therefore, so far as this character is concerned, 
there is no affinity between the two major marsupial 
groups. 

The fact that pairing of spermatozoa has been observed 
in all types of American marsupial which have been 
examined, transcending two natural families and three 
morphological types, and has not been observed in Austral- 
asian marsupials, indicates that both the Caenolestidae 
and Didelphidae are derived from a common ancestral 
stock, the descendants of which evolved only in the 
Americas. Furthermore, pairing of spermatozoa, what- 
ever its function, must have become established early in 
the evolutionary history of the group. 

This work was supported in part by grant G-17658 from 
the U.S. National Science Foundation, and general 
research support grant, U.S. Public Health Service, 
F R-05464. 
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Record of the Bivalve Gastropod Berthelinia 
limax (Kawaguti and Baba 1959) from the 
Indian Ocean 


A LIVING bivalve gastropod of the order Sacoglossa, 
found in Japan by Kawaguti and Baba? in 1959, wes 
described as a new genus and species Tamanovalva limax. 
Keen and Smith’, Baba’ and Taylor and Sohl* synonym- 
ized the genus Tamanovalva Kawaguti and Baba 1959, 
with the Eocene Paris Basin fossil genus Berthelinia Crosse 
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Fig. 1. Two live specimens of Berthelinia limax (Kawaguti and Bati 
1959) ( x 25) 


1875 and included it under the sub-family Bertheliniir 
Beets, 1949, of the family Jullidae Dall, 1898. Since they 
living members of this genus have been reported from i 
number of other Pacific localities in Japan’, Australi 
California’ and Hawaii*, and from Jamaica’ in 
Atlantie. The purpose of this communication is to | 
the collection of living specimens of Berthelinia for t 
first time from the Indian Ocean region. 

Recently, while examining nudibranch molluscs ne 
the jetty of the Central Marine Fisheries Research Inss 
tute at Mandapam Camp facing the Gulf of Mannar 
came across four specimens of small bivalve gastropod! 
found attached to the roots of the green alga mira 
racemosa (Forsskål) J. Agardh, which on close examinati 
resembled Berthelinia limax in all essential featur” 
(Fig. 1). The measurements of the four specimens a 
given in Table 1. 


Table 1 
Specimen No. Length (mm) Height (mm) 
1 2-76 1-04 
2 2:53 1-76 
3 2-41 1-7 
4 2-00 1-35 


The habitat of Berthelinia appears to be restricted @ 
various species of Caulerpa on which it feeds. Its know 
distribution along with the algal habitat is shown 4# 
Table 2. 

The present specimens resemble the Pacific specie 
and the differences noted are very minor and not sufficier 
to warrant any specific separation. They are, howevei 
distinct from the West Atlantic species, Berthelinia caribbe 
Edmunds", where the shell valves are green or grey-greer 
often tinged brownish, with moro or less distinct yelloy 
rays. 

The animals are leaf green in colour with auriculates 
rhinophores ornamented with opaque white spots. Th 
head, neck and sole are light green in colour, while th 


Table 2 






Species Algal habitat 














Reference Locality 


Berthelinia limax Caulerpa okamurai Kawaguti and Baba (ref. 1) Bisan Seto, Inland Sea, Japan 
Berthelinia typica Caulerpa scalpelliformis Burn (ref. 6) Torquay, Victoria, Australia 
Berthelinia australis Caulerpa scalpelliformis Burn (ref, 6) Torquay, Victoria, Australia 
Caulerpa brownii 
can ' Caulerpa simpliciuscula 
Berthelinia chloris | Caulerpa racemosa Keen and Smith (ref. 2) Puerto Ballandra Bay, Baja, California 
IN Caulerpa sertularioides | 
Berthelinia sp ? Caulerpa racemosa Kay (ref. 8) Koloa, Kauai, Hawaii 
Berthelinia caribbea Caulerpa verticillata | Edmunds (ref. 10) Port Royal, Jamaica 
| Berthelinia limax Caulerpa racemosa | Present work Mandapam 








Camp (Gulf of Mannar, India) 
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extrem left ve erthelinia 
protoconch is directed backwards extending 


ly over the right valve. The position of 
wish white circular attachment of the adductor 
asin B. limar, — 0 a 
he specimens laid an egg string which was kept 
servation. The early development agreed in all 
respects with the observations of Kawaguti 
vand Kawaguti and Yamasu!!-* on B. limaz. 
he record of the genus Berthelinia from the 
t it eould be presumed that the species of the 
re distributed throughout the coastal waters of 
varmer seas. A careful search might prove that 
dely distributed in the Indo-Pacific wators. 
thank Dr. Umamaheswara Rao for identifying the 
Dr. P. S. B. R. James for advice, and Mr. K. G. 
mbiar for the photograph. 
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— — — Spore Discharge in Lepiota konradii 
_ Recent investigations! based on laboratory experiments 
ave shown that ballistospore discharge is much affected 
y the humidity and temperature of the ambient air. The 
bservations reported here are based on field studies 
uring which an effort was made to determine the effect of 
lemperature and humidity on ballistospore discharge 
nder natural conditions. 
On the morning of January 15, 1965, three fruiting- 
odies of Lepiota konradii Huijsman ex P.D. Orton? 
ound growing in the Biological Garden, University 
Ibadan, Nigeria; by noon, their pilei were beginning 
and. 
electric-driven Hirst spore trap was set up near these 
-bodies. The trap was placed so that the orifice was 
eight of 27 em above ground-level. The horizontal 
ce of the orifice from the pileus of the nearest 
ng-body was 56 cm. 
pling at the rate of 0-6 m°/h was continued until the 
ig-bodies were found to be withering, drying, and 
ing as if they were about to fall. The sampling 
[was January 15-18, 1965. 
‘ballistospores being sticky themselves, clean slides 
used without any adhesive. These were changed 
ily at 1300 h Nigerian Standard Time. After exposure, 
des ‘were mounted for examination in glycerol and 
ed under low magnification. Counts were made on 
traverses 34u wide and 4 mm apart, representing 
vals. The numbers of spores counted were then 
ed into an estimated number per cubic metre 
of temperature and humidity were obtained by 
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Fig. 1. Hourly meas concentration of ballistospores 
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The results shown in Fig. 1 clearly indicate a correlation 
between spore discharge and relative humidity. The 
increased rate of spore discharge at 1800 h and reaching a 
maximum (6,200 spores:m® air) at 0400 h—a. period of 
rapid liberation of ballistospores—corresponds quite 
closely with that of decreasing temperature and increasing 
relative humidity of the surrounding atmosphere. 

Counts at 2200 h and. 0200 h show, however, that the 
concentration of spores in the 2-h periods preceding these 
times had been slightly reduced. This needs further 
investigation, which is being planned. It was probably 
due to a change in the dissection or the velocity of the wind, 
or possibly to the fact that nearly all mature spores were 
liberated during the earl» part of the period of high humid- 
ity, so that there were not many spores left for liberation. 
during the later part. Gn the other hand, the maximum 
discharge recorded at 0400 h might heave been due to a: 
recovery in the number of mature spores. SURFER 

Shortly after 0400 h the rate of spore discharge de- 
creased gradually and reeched a minimum (1,000 spores/m?* 
air) at 0800 h. The reletive humidity then reeorded was 
fairly low (68 per cent). SN 

Again there was a further large increase (to 7,700/m°) 
in concentration of these ballistospores in the air at 1000 h. 
Such abundant liberatien was correlated with a sudden 
increase in humidity caused by a slight trace of rain. 
Thereafter the spore liberation decreased very rapidly, so 
that by 1200 h the spore concentration in the atmosphere 
was only 300/m? and by 1400 h liberation had apparently 
fallen to zero. For, asthough subsequent observations: 
indicated numerous dust and smoke particles in the air, no 
Lepiota ballistospores were found impacted on the slides, 

These observations abo show that the spore discharge 
period for the fruiting-bedies investigated began at 1400 h 
in the afternoon and endd about 1200 h the next morning, 
being accordingly of abeut 22 h duration. i - 

The observations reperted here indicate that tempera- 
ture and humidity control ballistospore discharge in the 
field—as in the laboratory. It would be interesting to know 
to what extent, if any, temperature and humidity control 
the development of the ballistospores. ec 
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Induction of Tension Wood with the Anti- 
auxin 2,3,5-Tri-iodobenzoic acid 


THE xylem formed on the upper side of arborescent 
angiosperms in reaction to inclination is often of the 
abnormal tension wood type. A complete discussion of 
tension wood anatomy is given in a recent review by 
Wardrop*. In brief, it is characterized by the presence of 
a large number of thick-walled, ‘gelatinous’ fibres of 
unusually low lignin content, and a reduction in the size 
and number of vessels over that of normal wood. 

The reaction wood observed in leaning coniferous stems 
occurs on the under side. Since reaction wood in conifers 
can be induced to form on application of indolyl-3- 
acetic acid (IAA) to erect stems*, the mechanism of its 
formation in leaning trees is generally thought to be asso- 
ciated with supra-optional concentrations of [AA or closely 
allied growth-promoting substances. However, applica- 
tion of [AA to the upper surface of young, bent seedlings 
of Populus monilifera prevented the formation of tension 
wood‘. In this latter study, untreated inclined branches 
of Populus alba were observed to form tension wood on 
their upper sides in association with low levels of LAA and 
the presence of growth inhibitors. As a logical extension 
of this study, we investigated the possibility of inducing 
the formation of tension wood in an erect stem of a hard- 
wood by applying a synthetic anti-auxin. The use of such 
anti-metabolites in physiological investigations of tension 
wood formation has also been suggested by Berlyn‘, 

The anti-auxin 2,3,5-tri-iodobenzoie acid (TIBA) was 
selected for use. It is known to act as an [AA antagonist 
either through direct competition with auxin or by block- 
ing its movement about the plant’. Larson? has employed 
this substance with Pinus resinosa to induce the formation 
of tracheids of reduced radial diameter, a response con- 
trary to that evoked by application of TAA. A lateral 
exogenous application of TIBA in lanolin paste (1:100) 
was applied to a four-month-old white elm (Ulmus ameri- 
cana L.) seedling 5 mm in diameter. After first scraping 
the outer bark at a point 7 cm above the level of the 
rooting medium (‘Perlite irrigated with a complete 
nutrient solution), application was made in a band 5 mm 
wide completely around the periphery of the stem. At the 
conclusion of a 35-day period the stem was collected by 
cutting into 3-cm lengths. These pieces were aspirated in 
FAA solution and sectioned transversely at three different 
levels: (1) directly above the point of application of TIBA, 
(2) 2 em below, and (3) 5 cm above this point. Sections 
were stained in safranin and fast green before microscopic 
examination. 

The wood formed by the cambium as a result of appli- 
cation differed markedly from that produced before treat- 
ment (Fig. 1). Directly above the point of application, the 
mature wood formed in response to TIBA consisted of 
four bands of rectangular conductive cells resembling coni- 
ferous tracheids due to their orientation into tangential 
and radial rows (Fig. 2). These bands of conductive tissue 
alternated with three bands of fibres, the last of which was 
almost entirely gelatinous. At the widest point, the num- 
ber of mature cells in a radial row through these bands 
totalled about 60, indicating a very rapid rate of cell 
production. The areas sampled above and below this 
location had approximately the same features, namely: a 
zone of response to TIBA only half the radial width of 
position (1); conductive tissue similar to that described 
above, except in shorter tangential lines; fibrous zones 
which were exclusively gelatinous (Fig. 3). 

Equal parts of hydrogen peroxide and acetie acid were 
used to macerate the layer of wood formed in response to 
TIBA application. Examination of the pulp verified that 
the conducting elements seen in transverse section were 
vessel segments, approximately 0-13 mm long, with simple 
perforations and heavy spiral thickenings. The vessel ele- 
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ments of the normal wood were likewise simply perfora® 
but were often twice the length of the former, and | 
only weak spiral markings confined to the latewood. 

The faster growth rate, reduction in size of vessel - 
ments, and the formation of gelatinous fibres, especié 
in the two locations more remote from the point of ap 
cation of TIBA, establish a cambial response leading) 
tension wood formation. The fact that the total volu 
of vessels was not reduced must be regarded as an anome 
Nevertheless, these results lend support to the hypothe 
that tension wood forms in response to an auxin deficiens _ 
In naturally leaning hardwood stems and inclined branche 
the auxin deficiency probably results from the influences” 
gravity on its distribution, leading to the conclusion 
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Fig. 1. Appearance of xylem formed in Ulmus americana stem before 
application of TIBA 
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Fig. 2. Appearance of xylem formed in erect Ulmus americana stem 


immediately above the point of application of TIBA. Gelatinous fibres 
were present only in the third band (top of photograph) 
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3. Comparison of xylem fibres formed in erect Ulmus americana 
, 5 em ve the point of application of TIBA. The central tan- 
tial band of small vessels and axial parenchyma separates fibres 
before (lower half) and after ia r half of photograph) 
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cation of 


ardrop’ that gravity is a major factor governing the 
rmation and distribution of tension wood. 
This study is continuing with extensive sampling of 14 
-agiospermous species on which TIBA has been applied to 
wateral and excised apical surfaces. 
R. W. Kennepy 
J. L. FARRAR 
Faculty of Forestry, 
University of Toronto, 
Toronto 5, Canada. 
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Leucoanthocyanins of White Pine in relation 
to Weevil Attack 


LEUCOANTHOCYANINS may serve as growth-promoting 
substances! as well as precursors to tannin formation’. 
Both these functions suggest that leucoanthocyanins may 
be involved in the complex of factors which influence 
pest resistance in plants. With this possibility in mind, 
an investigation of the leucoanthocyanins of eastern 
white pine (Pinus strobus L.) was carried out to determine 
the relationship between leucoanthocyanin content and 
susceptibility to white pine weevil (Pissodes strobi ( Peck) ). 

In the only previous report dealing with leucoantho- 
cyanins in P. strobus’, both leucocyanidin and leuco- 
delphinidin were found in needles and bark, while the 
wood contained only leucocyanidin. No quantitative 
data were given in that report. 

Parent trees of the control-pollinated progenies used in 
this investigation were located at the Morris Arboretum 
of the University of Pennsylvania, Philadelphia. Twelve 
trees of each progeny were examined in a 1952 test 
planting established by the U.S. Forest Service in 
Williamstown, Massachusetts. Significant variation in 
susceptibility to weevil attack has been reported for 
these and other pedigreed progenies*. 
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Leaders or leading lateral shoots of the current season 
were collected during the winter of 1963 and allowed to 
dry in the laboratory fer one month. This procedure 
eliminated the problems sncountered when working with 
resinous material. The bark (chiefly cortex) was scraped 
from the wood cylinder amd the woody portion of the stem 
was further separated ino wood and pith. All material 
was ground in a Wiley mill to pass a 20-mesh sieve. 

Conversion of leucoanthocyanin to the coloured aglycone 
was accomplished by hycrolysing small samples of tissue 
(100 mg bark and wooc, 15 mg pith) in 10 ml. of an 
n-butanol-3 N hydrochloric acid (5 : 1 v/v) solution in a 
sealed test-tube. This mixture was heated at 100° C in 
a water bath for 40 mir. The transformation of leuco- 
anthocyanins to aglycones may not be quantitative but 
alcoholic solvents are more than twice as efficient as 
aqueous solvents®:*. 

After cooling, the coloured extracts were spotted on 
Whatman No. 1 paper and chromatographed by the 
ascending method using Forestal solvent (glacial acetic 
acid-cone. hydrochloric acid-water, 30:3:10 v/v/v). 
Pure cyanidin and delohinidin were used as checks. 
Cyanidin was the only eglycone that could be identified 
from both parent and progeny trees. Larger samples of 
bark (up to 3 g) gave similar results. 

In order to check fur her on the earlier report of the 
occurrence of both cyanidin- and delphinidin-yielding 
leucoanthocyanins in P strobus bark, four native trees 
growing within a smal! area in New Hampshire were 
sampled. Of these trees, one yielded delphinidin and 
cyanidin in approximately equal amounts, while another 
gave no delphinidin. “he two other trees were inter- 
mediate. Thus it appears that a detectable content of 
leucodelphinidin is not invariably present in P. strobus 
bark. 

Quantitative determinations of cyanidin content in 
appropriately diluted extracts were made with a Bausch 
and Lomb ‘Spectronic 20° spectrophotometer. This 
instrument had been calibrated at a wave-length of 
550 my with known coacentrations of cyanidin prepared 
from pure leucocyanidm (kindly provided by Dr, K. 
Weinges, Heidelberg) ky hydrolysis in butanol—hydro- 
chloric acid. Results, saleulated as percentages of dry 
weight of tissue, are given in Table 1. 

There were no significant or meaningful differences in 
the cyanidin content of bark or wood between trees that 
had been weeviled or ‘umweeviled’ in the past. Although 
there was significant wariation among parents in wood 
cyanidin, the progeny averages were less than might be 
expected. 

Progeny differences m pith cyanidin were highly sig- 
nificant, but again pregeny averages were lower than 
expected and the difference between weeviled and ‘un- 
weeviled’ trees was nos significant. Cyanidin content of 
the pith was found to dcrease with the time since origin. 
In the single tree tested, pith of the current season had 
2-21 per cent cyanidin, while two-year-old and five-year- 
old pith contained 1-19 per cent and 0°19 per cent 
cyanidin, respectively. 

Several one-year-old stems showed evidence of localized 
injury by natural causes. When cross-sections of these 
stems were stained ir methanol—hydrochlorie acid, it 
appeared that leucocyanidin had been translocated from 
the pith through the mays and had accumulated in the 
wood at the sight of the injury. This movement of leuco- 
anthocyanins in response to injury should be investigated 
further. 


Table 1. CYANIDIN CONTENT GF VARIOUS TISSUES OF WHITE PINE LEADERS 


Parent or progeny Bark (percent) Wood (percent) Pith (per cent) 
G-730 2-5. 0-26 3 
730 x 740 2-58 0-096 1:90 
Weeviled 2:54 0:097 1:91 
Not weeviled 2-73 0-004 1:86 
G-—740 2-3. “08 1-31 
730 x 748° 2-0 012 1-31 
G-748 2-7% 0-28 3-71 
* All weeviled. 
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MICROBIOLOGY 


parent Suppression of Mutation Rates 
<o in Bacteria by Spermine 
= JONE of the chief obstacles to chemotherapy with anti- 
' bioties has been the frequent emergence of drug-tolerant 
_bacteria.. The availability of means to prevent or suppress 
_the development of resistant cultures could have immense 
medical impert as well as providing a valuable tool for 
othe study of mutagenesis. Sevag and collaborators’ 
reported that when polyamines were included in the cul- 
ture medium of various micro-organisms, the outgrowth 
‘of drug-resistant populations in the presence of low con- 
-¢entrations of antibiotics was significantly delayed. 
They interpreted these observations as suggesting an anti- 
mutagenic role for the polyamines and further proposed 
“that the site for this antimutagenic action is the DNA of 
the sensitive cells. Because of the theoretical implications 
of these observations it was of interest to establish in a 
more rigorous manner whether polyamines are antimuta- 
gens or whether the effects described by Sevag and co- 
workers could be explained in some other manner. This 
communication presents evidence that the inclusion of 
spermine in bacterial culture media resulted in a significant 
decrease in the random mutation rate of Escherichia coli 
and Staphylococcus aureus. The mutational events which 
were investigated were the one-step development of resist- 
ance to streptomycin and the back mutation to autotrophic 
growth by a tryptophan-requiring mutant. Spermine 
eaused even more striking antimutagenic effects when 
‘mutations were induced by the inclusion of caffeine 
in the culture medium‘ or by ultra-violet light. Future 
-. papers will seek to demonstrate that bacterial DNA could 
be the site of action of this compound’, A preliminary 
n some of these experiments has already been 




















olè (UC 879) and a tryptophan-requiring mutant 
y were cultured in a minimal salts glucose medium’ 

nted with 20 ug/ml. L-tryptophan where required. 
4s {UC 76) was cultured on a synthetic medium 
amino-acids, vitamins and salts*. To estimate 
mutation rates a random fluctuation test, similar to 
one described by Luria*®, was used. This test assumes 
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Tranism Mutational end-point Treatment x 10° | xine 
1879 | Streptomycin resistance ; Control | 43 | 4-28 
z : i ; +Spermine | 40 0-35 
AO" ole OO R79 Streptomycin resistance | Control; spermine added at plating time i 4-3 Lis 
ae a oli OC 879 Streptomycin resistance Control-—broth grown 5t 1-07 
E , | Spermine—broth grown 1 85 0-55 
L Eeli UC 707 | Trypt-——-Try pt* i Control » 076 64 
| heya } | Spermine ( 053 | 2-2 
| S. aureus UC 76 Streptomycin resistance , Control : 60 1-09 
Spermine 57 0:43 
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iments with identical results, 


nation m= — (2303 log,,P.)/N. where N is the total number of bacteria per culture and Pe the pt 









pg/ml. streptomycin sulphate. 
from tryptophan-requirement was studied, the cul 
were twice washed in saline to remove residual tryptop. 
and plated in glucose salts agar. The number of 
plates in which no growth occurred was scored and 
total number of cells per culture plate was establis 
by plating appropriate dilutions on nutrient agar . 
counting the number of colonies present. The muta 
rate was then calculated from the formula: 
m = — (2303 logyPo)/N 
where N is the total number of bacteria in a culture 
P, the proportion of the total cultures which showed. 
growth. 7 
Table 1 is a summary of a number of experiments: 
which the random mutation rates to streptomycin re 
ance by Æ. coli and S. aureus were estimated, as wel 
two experiments in which the ‘back mutation’ fro 
tryptophan requirement was studied. In all cases tW 
mutation rates of cells which were grown in the presen 
of 150 ug/ml. spermine:4HCI were clearly lower than tho 
of controls. In most experiments the difference w 
statistically significant (P = 0-01-0-007 as determine 
from a y? distribution). When spermine was added 1 
control cultures at the time of plating, the mutation ra’ 
was the same as that of the controls (line 3, Table 1 
Similarly, there was no change in the antimutagen 
effect of spermine when the compound was remove 
along with the tryptophan in the washing procedure 
and not replaced when the cultures were reconstituted fe 
plating (lines 6 and 7, Table 1). Thus to exert its ant) 
mutagenic effect, spermine must be present during th 
growth of the cells and need not be present during th 
plating. A reduction of the spermine concentration fror 
150 ug/ml. to 30 ug/ml. resulted in loss of the antimuts 
genic effect. However, replacement of the glucose salt 
medium with nutrient broth in no way influenced the ant: 
mutagenic action of spermine (lines 4 and 5, Table 1 
Finally, in agreement with the observations of Sevag an 
Drabble!, the colonies which grew in the presence c 
streptomycin were shown on sub-culture to be strept 
mycin-resistant and those which grew in the absene 
tryptophan were shown to have lost their requiren 
for this amino-acid. Thus, growth in the fluctuatio: 
truly reflected mutational events, oe 
While the suppression of random mutation rate 
spermine was real, there was a much more pronou 
effect on mutations which were induced by the incor 
tion of 159 ug/ml. caffeine into the culture medium‘ o 
irradiation of the cultures with ultra-violet light. 
presents the results of these experiments. Each ex 
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s repeated once with essentially donica results, 
ra-violet irradiation was accomplished with a 
ouse 36GT'5 gormueigal lamp at a dose of approxi- 
j ing rate of approxim- 

3 "Individual aliquots of a culture which 
‘own for 9 h on a shaker (with or without 
spermine during growth) were irradiated in a 
‘yoom. All further handling was carried out in 
to prevent photoreactivation. In all cases cells 
. in the presence of spermine had lower mutation 
an the control cells (P = 0-02). 
mutational event in all these experiments occurred 
e absence of the indicator by which the event was 

. Furthermore, there was no effect on the growth 
of streptomycin-sensitive or -resistant organisms 
spermine was ineluded in the culture.medium. Thus 
is no chance that any form of selection could account 
e observed changes in the incidence of mutations”. 
eliminary results suggest that other polyamines may 
Aso suppress the random mutation rate much as they 
were reported by Sevag and co-workers'-* to delay the 
vutgrowth of resistant populations in the presence of 
sntibiotics. It is concluded from these results that the 
antimutagenic action of polyamines is a general property 
af these compounds, that it is independent of the muta- 
ional end-point being measured, and that it is even more 
pronounced when mutations are induced than when ran- 
domly occurring mutations are studied. 

-We thank Mr. Jack I. Northan for assistance with the 
statistical analysis of the results. 
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VIROLOGY 


Derivatives of 2-Aminoethyl-guanidine 
-and of a Eugenol as Virus Inhibitors 


is a well-known fact that certain structurally different 
deals inhibit the synthesis of viral RNA?*. In this 
nunication a few substances which inhibit virus 
plication are described. These are the following: 
minoethyl) pyridine (AEP), its substituted deriva- 
he 2-pyridyl-ethyl-guanidine sulphate (Pyg)*, the 
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Experiments were carried 
kidney cell monolayer culturi 
plaque method’. The vrus inh 
was tested against 13-100 
Sabin’s type 1 (LSe 2abi virus strai 3 
has already been publisned in detail’. Usual y Phat 
virus infection, plates were overlaid with nutrient i 
containing 20, 50 or 100 ug/ml. of substances respec ively. 
Sometimes substances were added to the cell. sheets, 
applying a second overlayer 4, 24, 32 h after virus infec’ te oF i 
respectively. The results are presented in Table L 











Table 1. EFFECT OF CHEMICALS ON THE PLAQUE-FORMING. Csrsomy or 


Tver 1 (LSe Sab) VIRUS STRAIN (SABIN) 
Treatment Concen- Corsrolled 








Denomination of subs aia. to 


after tration. En- 
Exp. virus of sub- treated ‘Iame- 3 
No. infection stances pites lin’ Pyg H-99: ÀR dine 
(h) (ue/ml.) Average number of plag we 
1 1 100 £30 wero Zero Zero ND. j 
1 Zero Zero Zero Fo 
2 4 100 ag Zero Zero N.D* NOD OND 
24 39 Zero N.D. ND. oo 
1 100 Zero Zero ee 
3 1 20 5 4 a 
24 100 7 100 Zeo N.D. ND O ND 
(Very | 
amaki oa 
32 100 N.D, 7 pi 
1 190 Zero Zero Zero -Zero 
4 1 50 49 Zero N.D, D. NDP (XD 
1 20 Zero Zero 40 8 


*N. D., not done. 


As Table 1 indicates, the Pyg was the most effective but 
its component the AEP ‘had only a slight inhibitory. effect. 
Substance H-99 showed a strong inhibition ina con- 
centration of 100 yg/m:., but at 20 ug/ml. its effect was 
negligible. The inhibitory effect of ‘Ismelin’ was expressed 
at any given concentration (100, 50, 20 pg/ml.).. When 
‘Ismelin® was applied 4h after infection it could inhibit 
the formation of visibleplaques completely, and applying 
24 h after infection the plaque number was strongly but 
not completely inhibited. In the case of Pyg, 4.and 24h 
after virus infection the inhibitory effect was complete; 
moreover, 32 h after invection it was still at about 80 per 
cent. Consequently these support the hypothesis that 

‘Ismelin’ and Pyg can inhibit the late phase, of virus 
synthesis. 

It is remarkable that the highly active okéintoala are. 
known as anti-hypertersive substances’, and one of them, 
‘Ismelin’, is already being used as a therapeutic drig 
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GENETICS 





Puffing of Salivary Gland Chromosomes after 
Treatment with Carbon Dioxide. 5 


AFTER larvae of the Oregon R strain of Droi hila 
melanogaster had beer placed in an atmosphere of co, 


_ for 1 bh late in the thirc instar, the salivary-gl d chre mo- 
dro- somes were examinec and- compared 
o > similar group of the seme age. 


omosomal ‘regions 
















410 





Fig. 1 


studied were eight regions known to puff: 85-86, 93, and 
95 on the right arm of the third chromosome; 66, 71-72, 
74-75, and 78 on the left arm of the same chromosome; 
and 2B on the X chromosome. The size of the puffs in the 
84 glands examined were arbitrarily divided into four 
classes from smallest to largest and the data tabulated 
accordingly (Table 1). Although not all puffs were larger 
in the groups treated, the mean size of puffs ITI R 85-86, 
93, and 95, and IIT Z 66 was larger after exposure to CO,. 
The remainder showed no tendency to enlarge after such 
treatment. Larvae late in the third instar not used for 
chromosomal! studies survived and developed into adults 
following the exposure to CO,. Many younger larvae died. 
These observations are reported because of current interest 
in the puffing pattern as presumed indication of localized 
production of RNA in response to hormonal stimulation. 
Recently we have found that ecdysone will produce puffing 
at this stage of larval development in some regions but 
not in others. Two not affected by CO, (I 2B and III L 
74-75) showed an increase in mean size with ecdysone, 
and one (IIT L 71-72) failed to respond to either treatment. 


Table 1. EFFEOT OF CO, ON i OF PUFFS EXAMINED IN CHROMOSOMES 


AND III 
Size of Control Experimental 
Chromosome puff Number Percentage Number Percentage 

TII R-85, 86° l 213 91 26 16 
2 14 9 
3 9 4 24 15 
4 15 6 98 60 
IIT R-93* 1 188 72 27 17 
2 51 22 28 17 
3 12 5 55 34 
4 1 l 50 31 
Ill R-95* 1 213 92 62 39 
> 19 ` 95 59 
3 3 2 

4 
Ill L-66* 1 218 94 48 31 
2 11 5 70 44 
3 2 l 27 17 
4 12 & 
II L-71, 72 1 a8 37 a6 54 
2 148 62 74 46 

3 1 l 

- 4 
MI L-74, 75 ! 41 18 35 22 
S 137 59 g1 50 
3 34 l4 25 16 
4 20 9 19 12 
lil L-78 ] 199 86 156 97 
> 28 12 3 2 
3 8 2 l | 

4 
I-2B 1 45 2i 50 31 
> 161 74 107 67 
3 22 10 l 
4 l ] 2 1 


* Mean size increased by CO, 
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Evidence for a Second ‘Structural’ Locus 
determining Human Phosphoglucomutase 


AT least seven isoenzyme components! of human phc 
phoglucomutase (PGM) can be distinguished electr 
phoretically (a-g, Fig. 1). Individual differences occur 
the pattern of components present, and three common 
occurring phenotypes have been recognized (PGM 
PGM 2-1 and PGM 2). They differ in the distribution 
components a, b, c and d. Components a and c are presei 
in PGM 1 and PGM 2-1, while components b and d a 
present in PGM 2-1 and PGM 2. The genetical evidendl 
indicates that these phenotypic differences are due to 
pair of autosomal alleles (PGM* and PGM’). Evident 
a structural locus is involved, and it seems likely that or 
of these alleles determines the formation of a polypeptic 
common to a and ¢, while the other allele determines th 
formation of an alternative polypeptide common to b an 
d. The three phenotypes do not differ from one anothe 
in the occurrence of components e, f and g. This suggest 
that at least one other ‘structural’ locus is involved in the 
determination of these latter components. 

Evidence for the existence of such a locus has now bee: 
obtained from the investigation of a family in which tw 
unusual PGM phenotypes were found to be segregatings 
These new phenotypes are illustrated diagrammatically in 
Fig. 1. They will be referred to for the present as PGM 
(Atkinson) and PGM 2-1 (Atkinson), after the name o 
the family in which they occurred. The peculiar feature 
of the ‘Atkinson’ phenotypes involve the rapidly migrating 
(efg) set of components. Usually components e and f are 
very much more intense than component g. In the 
‘Atkinson’ phenotypes components e and f, though present 
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Fig. 1. Diagram of starch gel showing PGM components observed in 

haemolysates from individuals of the common phenotypes 1, 2-1 and 2, 

and of the rare prencty pee 1 (Atkinson) and 2-1 (Atkinson). The elec- 
trophoretic staining techniques are deseribed in ref. 1 
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> relatively weak, but there is an intense component 
wh a mobility similar to g, and a further intense com- 
nent with a mobility greater than g. An even faster 
ving but extremely weak component is also probably 
aracteristic of these phenotypes. This pattern of com- 
nents was observed in three members of the family 
ig. 2). In one of them (I,) it was associated with a and 
somponents typical of PGM 1. In the others (IJ, and 

I,) it occurred together with components a, b, c and d 

aich are characteristic of PGM 2-1. 

Since the unusual pattern of fast moving components 

as observed in individuals from three successive genera- 

ons of the same family, it seems hkely that it 1s determ- 
ed by an uncommon gene for which these individuals 
ere heterozygous. This gene evidently segregates 

dependently of the genes previously designated P@M)? 
id PGM? since it appears to have been transmitted by 
«, to one but not the other of his non-identical twin 
zughters, both of whom had the a, b, c and d components 
7pical of PGM 2-1, and must have received the PGM? 
sne from their mother. 

The electrophoretic patterns characteristic of the 
‘\tkinson’ phenotypes suggest that the unusual gene 
‘hich is present causes a specific structural alteration in 
omponents e, f and probably also in g. Individuals I,, 
I, and III, are presumably heterozygous for this gene 
nd its common allele, and the observed patterns can be 
1ost simply explained if they are considered as arising 
com a mixture of components e, f and g determined by 
he normal allele present, and the altered counterparts of 
hese components determined by the unusual allele. If 
he structural alteration causes a net decrease in positive 
harge, such that the altered component e now has a 
nobility similar to that of the usual component g, and 
he alteration to components f and g results in a similar 
hange in net charge, then the observed pattern can be 
iecounted for. 

The pedigree and electrophoretic findings suggest that 
renes at two distinct and not closely linked loci both of 
vhich affect the structure of phosphoglucomutase com- 
sonents are segregating ın this family. We may designate 
he locus previously recognized as specifically affecting 
components a, b, c and d as PGM,, and the locus which 


No, 5008 







1 (ATKINSON) 


l 


2-1 1ATKINSON}) 


/ 


2 2-1\ATKINSON) 2-1 


KEY @ “tKINSON’ PHENOTYPE 


D 


Fig. 2 Pedigree of family (MRC 225) showing segregation of PGM 
phenotypes 
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Fig. 3. Diagram of starch œl showing PGM components observed in 
haemolysates from individuals of the common phenotypes 1 and 2, and 
the rare phenotypes; 3-1, 3-2, 4-1, 4-2 and 5-2 
specifically affects components e, f and g as PGM.. The 
common allele at PGM. for which most individuals are 
homozygous may ther be designated PGM,, and the 
uncommon allele presen; in individuals with the ‘Atkinson’ 
phenotypes PGM?. In these terms the genotype pos- 
tulated for the phenot-pe PGM 1 (Atkinson) is P@M,- 
PGM:|PQM} PGM}, ard the genotype corresponding to 

PGM 2-1 (Atkinson) is PGM, PGM] PGM, PGM}. 

In the course of family and population investigations 
in which PGM in mor» than 2,000 blood samples from 
different individuals hes been examined, several further 
uncommon phenotypes have been identified. Five of 
these are illustrated dizgrammatically in Fig. 3. In one 
family eight individua’s with phenotype PGM 3-1 and 
two individuals with PSM 3-2 were observed. The pedi- 
gree suggested that these phenotypes represent hetero- 
zygotes for an uncommon allele P@M} with P@M, and 
PGM?, respectively. Tke allele PGM} probably determines 
the formation of two new components one of which has a 
mobility slightly slower than d, and the other slightly 
faster than e. PGM 4-1 and PGM 4-2 were also en- 
countered among a greup of related individuals. There 
were in all six individcals with phenotype PGM 4-1 and 
two with PGM 4-2, anc the segregation pattern suggested 
that they were heterozygotes for a further allele PGMI 
with the common alleles PGM? and PGM7, respectively. 
PGM‘ probably determines the formation of two com- 
ponents, one of which has a mobility intermediate between 
that of a and b, and tke other a mobility slightly greater 
than c. Both these nev components and particularly the 
faster one were very weak by comparison with the a and 
c or the b and d components with which they occurred. 
It seems possible, then, that the rare homozygotes 
PGM‘*PGM* when identified will exhibit a marked 
reduction in level of PGM activity. The phenotype 
PGM 5-2 has so far bean identified in only one individual 
and family data are not available. The PGM of this 
individual showed two new components, one of which had 
a mobility intermedia=e between c and d, and the other 
a mobility intermediate between d and e. Components 6 
and d were also presenz, and by analogy it was considered 
likely that the two new components were determined by 
an uncommon allele PGM? which in this individual 
occurred in heterozygous combination with PGMI. In 
each of the new pherotypes PGM 3-1, PGM 3-2, PGM 
4-1, PGM 4-2 and PGM 5-2, the e, f and g components 
were apparently not effected and one may suppose that 
the individuals concerned were all homozygous for P@M}. 
Full details of these family investigations will be pub- 
lished elsewhere. 


412 


We are grateful to Dr. J. H. Edwards for sending us 
samples from the family in Fig. 2. 
D. A. HOPKINSON 
Harry HARRIS 
Medical Research Council Human Biochemical 
Geneties Research Unit. 
The Galton Laboratory. 
University College, London. 
Spencer, N., Hopkinson, D. A., and Harris, H., Nature, 204, 742 (1964). 


ANTHROPOLOGY 


Hair Colour of the Population of Tristan da 
Cunha 


As a result of the volcanic eraption on Tristan da 
Cunha in 1962 some 268 islanders were evacuated to the 
United Kingdom. During their stay in this country 
many of them agreed to co-operate in a number of investi- 
gations concerning their physical condition and character- 
istics organized by the Medical Research Council. Their 
pigmentation was examined as part of this programme; 
I was concerned with hair colour. 

People the world over show a cerzain reluctance to part 
with quantities of their head hair sufficient for detailed 
laboratory investigation of pigmentation. In this respect 
the Tristanites were no exception, and only some 131 
individuals provided useful quantities of hair. 

A number of investigations of hair pigmentation in- 
cluding those of Reed!, Sunderland? and Barnicot? have 
utilized spectrophotometric data including, in particular, 
percentage reflectance values, as means of denoting 
brightness and hue. These procedures involving precise 
quantified information introduced a measure of objectivity 
into such studies which had been less evident in previous 
work. Thus Reed, for example, dsnoted redness by the 
R statistic with R = 100(Y539-0-243y409)/¥ 650) while 
Sunderland? used size (Q), shape (P) and both combined 
(L) statistics in order to characterize the percentage reflect- 
ance curves for the hair samples which he studied. 

It was hoped that sufficient hair would have been 
available from the Tristanites to allcw the measurement of 
percentage reflectance values and subsequent statistical 
analysis of the data, as was possikle in the enumerated 
studies. However, the quantities of hair available 
disallowed the use of spectrophotometric techniques. 
The only, fairly satisfactory, alternative means of charac- 
terizing this pigmentary variable appeared to be the use of 
the Haarfarbentafel nach Fischer-Saller. This consists of 
thirty tufts of human hair ranging in colour from very 
blond (Weiss blond), designated by the letter A at one 
extreme, to the darkest shades of hair (Braun schwarz), 
designated by the letters U—Y at the other, together with 
the intermediate categories Hell blond (B-E), Blond (F-L), 
Dunkel blond (M-O) and Braun (P—T) in order of increasing 
darkness. The Roman numerals I-IV cover a range of red 
hair shades; V and VI the red-blond range. Hair speci- 
mens are matched with these standards and the colours 
character.zed accordingly. In this investigation, the 
matching was carried out independently by two people, 
working in good daylight. Their agreed results are sum- 
marized in Table 1. 

None of the lighter shades of hair colour (A-L) is 
represented in this population, and only three individuals 
have hair as light as the Dunkel blond category. In fact, 
the great majority of the islanders have dark brown-black 
hair, the only dramatic exception bemg the unique vividly 
red-haired individual. Traces of red hair, usually single 
red, hairs among predominantly brown-black hairs, are 
occasionally visible in this population. 

Table 2 shows the relationship between hair colour and 
Sex. 

There do not appear to be any significant sex differences. 
Therefore, taking both sexes together, Table 3 shows the 
relationship between hair colour and age. 
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Table 1. FISCHER-SALLER HAIR COLOUR DESIGNATIONS FOR THE TERISI 
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DA CUNHA SAMPLE 
Fischer-Saller Number of Fischer-Saller 
esignation specimens category 

M 1 3 
x l 2-29% Dunkel blond 
P 0 
Q l! 9 
R 0$ 687% Braun 
5 41 
T 4 4 
U 8 
V 91 
wW 13 }118 Braun schwarz 
xX 46 9008% 
Y 42 

= It 1 1 

076% Rot 

Total 131° 100-00% 


Table 2, Harm COLOUR AND SEX 


Males Females 
Fischer-Saller category (No.) (% of total) (No.) (% of tote 


Dunkel blond 2 3°12 1 1°49 
Braun 8 4-69 6 8-96 
Braun schwarz 59 92-19 59 88-06 
Rot 0 0-00 1 1:49 
Total 64 100-00 67 100 00 
Table 3. HAIR COLOUR AND AGE 
Fischer-Saller categories 
Age Dunkel Braun 
group blond Braun schwarz Rot Tota 
-~ (years) No. % Total No. % Total No. % Total No. % Total 
0-15 2 4-3 7 15 2 36 78°3 1 2°2 48 
16-30 1 83 29 96-7 30 
31—45 26 1000 26 
46-60 15 100-0 15 
61-81 8 1000 8 
2 16 8 6-4 114 91:2 1 08 125 


It is well known from a number of investigations 
including those of Cowie and Penrose‘ and Sunderland‘ 
that hair colour darkens with age. In the present results 
it is interesting to note that the fairest people, in th» 
Dunkel blond category, are in the youngest age bracke 
(0-15 years) and that the Braun category likewise i» 
found only among individuals aged 30 years and less 
Again, red hair fades with increasing age. This wai 
clearly demonstrated by Reed! and by Sunderland? 
Among red-haired individuals, the R statistic increases 
in value with the years; that is, their red hair becomes 
less so. Here, the only red-haired individual is in the 
0-15 age category, and it may well be that at a more 
advanced age this individual’s hair may become much less 
red or even predominantly brown. All individuals aged- 
31 years and over have Braun schwarz hair. 

Quite evidently, this population is predominantly darkly 
pigmented. Some of the early settlers on Tristan were 
north-west Europeans, including Glass, Swain and Green, 
while Rogers and Hagan were American. However, others 
were from predominantly darker populations, including 
Repetto and Lavarello from Italy, five women from St. 
Helena who arrived on, the island in 1827 and who are 
reported to have been of mixed European and ‘coloured’ 
parentage and also William Glass’s wife from the Cape 
Coloured population of South Africa. These origins sum- 
marized by Harris et al.5 and the subsequent hybridization 
on Tristan adequately account for the hair pigmentation 
characteristics of the islanders. 

Any estimate of the quantitative contributions of the 
Europeans, Americans, Italians, St. Helena people and 
Cape Coloureds (and possibly other groups also) to this 
population is fraught with difficulty. So far, even the 
initial step of comparing the hair colour of the Tristanites 
with the populations listed is impossible since hair colour 
data, particularly using the Haarfarbentafel nach Fischer- 
Saller, is not available for those groups. ` 

E. SUNDERLAND 

Science Laboratories, 

University of Durham. 

1 Reed, T. E., Ann. Eugen., 17, 115 (1952). 

* Sunderland, E., Ann. Hum. Genet., 20, 312 (1956) 

* Barnicot, N. A., Ann. Hum. Genet., 21, 81 (1956) 

t Cowie, V., and Penrose, L. S , Ann. Eugen., 15, 297 (1951). 


* Harris, H., Hopkinson, D. A , Robson, E. B , and Whittaker, M., Ann. 
Hum. Genet., 26, 359 (1963). 
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FORTHCOMING EVENTS 


(Meetungs marked with an asterisk are open to the public) 


Monday, October 25 


PLASTICS INSTITUTE, LONDON SECTION REINFORCED PLASTICS SUB-GROUP 
the Wellcome Building, Euston Road, London, N.W 1), at 3 pm— 
nposium on “The Changing Face of Reinforced Plastics”. i 


PLASTICS INSTITUTE, PLASTICS PROPERTIES DISCUSSION CIROLE (at the 
ndeville Hotel, Mandeville Place, London, W.1), at 3 pm—Mr. E B 
sinson’ “Flow Behaviour of Molten Polymers”. 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 8.W.7), 
5 p.m.—Prof. E. G. Bowen: “The Welsh Colony in Patagonia” 


mGRITISH SOCIETY FOR THE HISTORY OF SCIENCE (in the Council Room of 
> Science Museum, Exhibition Road, London, S W 7), at 630 p.m.— 
F. W. Gibbs: “Gunpowder Priestley and Dictionary Johnson” 


ma NSTITUTION OF CIVIL ENGINEERS (at Great George Street, London, 8.W.1), 
530 pm—Sir John Cockcroft, O.M., F.R S.: “Competitive Nuclear 
wer”. 


INSTITUTION OF ELECTRONIO AND RADIO ENGINEERS, JOINT IEE- 
*.R.E. COMPUTER GROUPS (at the Institution of Electrical Engineers, 
voy Place, London, W.C 2), at 580 p.m.—Prof. W. J. Poppelbaum. 
*pto-Electronics”. 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND STUDENT 
1OTION (at Savoy Place, London, W C 2), at 680 pm—HMr. J. T. Bull 
1 C. Traction Power Supplies” (Chairman’s Address). 


Tuesday, October 26 


SOCIETY OF CHEMICAL INDUSTRY, AGRICULTURE GROUP (at 14 Belgrave 
aure, London, S W 1), at 10 a.m.—Meeting on “Land Restoration”. 


UNIVERSITY OF LONDON (at Imperial College of Science and Technology, 
yndon, S W.7), at 130 pm.—Mr. E. F. Schumacher: ‘‘Levels of Being. 
‘hat is Man?” * 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
ondon, S W.1), at 5 30 Ps m—Mr. J. V Bartlett, Mr T. M. Noskiewicz and 
r. J. A. Ramsay: “Soft Ground Tunnelling for the Toronto Subway”. 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
voy Place, London, W C 2), at 5 30 p m.— Discussion on “Emission from 
onductors into Dielectrics” opened by Dr. T. J. Lewis. 


UNIVERSITY OF LONDON (at Queen Elizabeth College, campain Hill Road, 
ondon, W 8), at 6.80 p m —Prof H. J. B. Atkins: “Charles Darwin and 
fis Influence” (Inaugural Lecture). * 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
{edicine, Keppel Street, Gower Street, London, WC1), at 530 pm— 
rof. A.S V Burgen: “The Salivary Glands’. (Second of fifteen lectures 
n “The Scientific Basis of Medicine” organized by the British Postgraduate 
{edical Federation )* 


INSTITUTION OF MECHANICAL ENGINEERS, MANUFACTURE AND MANAGE- 
[ENT GRovuP (at 1 Birdcage Walk, Westminster, London, S W 1), at 6 p m — 
}iscussion on “Make Your Workshop Buzz with a Machine Loading Com- 
uter Programme”. 


Wednesday, October 27 


INSTITUTE OF NAVIGATION (at the Royal Geographical Society, 1 Kensing- 
on Gore, London, 8.W 7), at 4.30 p.m —Annual General Meeting. Prof. 
2 M. S. Blackett, C.H., F.R.S: “The Continental Dnft’ (Duke of 
Kidinburgh’s Lecture). 


INSTITUTE OF FUEL (at the Royal Institute of British Architects, 66 Port- 
and Place, London, W.1), at 530 pm —Prof. G. J. Hills. “The Electro- 
shemistry of Deposits of Inorganic Constituents of Fuels at High Tempera- 

tures”. 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, West- 
«minster, London, 8 W.1), at 6 pm—Mr. Norman @. Allen, C.B.E : 
“Ex Opera et Industria” (Presidential Address). 


SOCIETY OF CHEMICAL INDUSTRY, FOOD GROUP—NUTRITION PANEL (at 
14 Belgrave Square, London, §.W.1), at 6.15 pm.—Prof. J. Yudkin. 
“Appetite Control”, 


Thursday, October 28 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University College, 
Gower Street, London, W.C.1), at 1.15 p.m.—Dr. ©. Vita-Finzi ‘The 
Mediterranean During the Ice Age’’.* 


UNIVERSITY OF LONDON (at Bedford College, Regent’s Park, London, 
N W.1), at 5.15 p m —Prof Monica M. Cole: “Biogeography in the Service 
a Man a particular reference to the Underdeveloped Lands)” (Inaugural 

cture).* 


INSTITUTE OF PETROLEUM, EXPLORATION AND PRODUCTION GROUP (at 
61 New Cavendish Street, London, W.1), at 5.80 p m —Mr B Bentham. 
“The History of Exploration and Development of Oil ın Burma” 


UNIVERSITY OF LONDON (at the London Schoo! of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W O 1), at 530 pm— 
Prof Eleanor Zaimis “Immunological Sympathectomy”. (Third of fifteen 
lectures on “The Scientific Basis of Medicine” organized by the British 
Postgraduate Medical Federation )* 


INSTITUTION OF MECHANICAL ENGINEERS, LUBRICATION AND WFAR GROUP 
(at 1 Birdcage Walk, Westminster, London, $.W-.1), at 6 p m-—Discussion 
on “Temperature Limits of Liquid Lubricants”. 


TELEVISION SOCIETY (joint meeting with the Institution of Electrical 
Engineers and the Institution of Electronic and Radio Engineers, at the 
Institution of Electrical Engineers, Savoy Place London, W.C.2), at 6 pm — 
Dr. W. Bruch: “The P A.L. Colour Television System”. 


Friday, October 29 
SOCIETY FOR ANALYTICAL CHEMISTRY, MICROCHEMICAL METHODS GROUP 


(at the Imperial College of Science and Technology, Prince Consort Road, 
London, S W.7), at 4.80 p m.—Meeting on “Microchemistry—Past, Present 
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a Future”. Speakers: Prof. R. Belcher, Mr. C. Whalley and Prof. C. L. 
ilson. ; 


INSTITUTION OF ELEOTRIOAL ENGINEERS, ELECTRONIOS DIVISION (at 
Savoy Place, London, W C 2), st 5 30 p.m.—Mr. H. H. H. Watson: “Some 
Recent Developments in Ultra-High-Vacuum Technology”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9 p.m — 


Baroness Jane van Lawick-Goaiall. ‘Infancy, Childhood and Adolescence 
in the Wild Chimpanzee”. 


Saturday, October 30 


INNER LONDON EDUCATION AJTHORITY (at the Horniman Museum, London 
Road, Forest Hill, London, 3.E 23), at 3.80 p.m.—Mr. A. Robinson: 
“Natural History of a Landslids’’. * 


Moncay, November | 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C 2), at 930 am and 215 pm —Colloquium on 
“HS 303 (Karly Bird) and the Post Office Earth Station at Goonhilly”. 


PLASTICS INSTITUTE, PLASTIIS PROPERTIES DISCUSSION CIRCLE (at the 
PATE Hotel, Mandeville Place, London, W.1), at 3 p.m.— Mz. D. R. 
eld: ‘‘Ageing”’. 


UNIVERSITY OF LONDON (at che Postgraduate Medical School of London, 
Du Cane Road, London, W.12), at 4p m.—Dr. D. A. Price Evans: “Genetics 
and Drug Idfosyncrasy”’. * 


UNIVERSITY OF LONDON (at she London Schoo] of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.30 p.m.— 
Prof J. Ralph Audy (U.8.A.): “Red Mites and Typhus. I. Scrub-itch and 
the Ecologist’’. * 


UNIVERSITY OF LONDON (in the Chemistry Theatre, University College, 
Gower Street, London, W.C 1), at 5 30 p m.—Prof. D. J. Millen: “Molecular 
Measurements” (Inaugural Lec-ure). * 


INSTITUTION OF MECHANICAL ENGINEERS, MEDICAL ENGINEERING WORK- 
ING Party (at 1 Burdeage WalE, Westminster, London, §.W.1), at 6 p m.— 
Informal Discussion on “The Doctor’s View of Engineering: The Engineer’s 
View of Mediene”. 


ROYAL GEOGRAPHICAL SOOIE™Y (at 1 Kensington Gore, London, S.W.7), at 
6 pm —The Island” (film with mtroduction by Prof. C. A. Fisher). 


SOCIETY OF CHESIICAL INDUSTRY, LONDON SECTION (ait 14 Belgrave 
Square, London, S W.1), at 6.30 p m —Dame Kathleen Lonsdale, DB B., 
F.R S.: ‘Crystallography as a Research Tool in Chemistry” (Jubilee 
Memorial Lecture). 


APPOINTMENTS VACANT 


APPLICATIONS are invited fat the following appointments on or before 
the dates mentioned: 

INSPECTOR GRADE IIT (Scientific Officer, not over 35, with a recognized 
first- or second-class honours tniversity degree in which zoology was taken 
as a Major subject) IN THE LCEPARTMENT OF LANDS, Dublin, for work in 
connexion with the development of game resources—The Secretary (8.18), 
Civil Service Commission, 45 Jpper O'Connell Street, Dublin, 1, Republic 
of Ireland (October 26). 

SENIOR SCIENTIFIC OFFICER Dr SOJENTIFIC OFFICER (with a Ph.D , or good 
honours degree with equivalent research experience in genetics or plant 
breeding) for breeding work anc study of ae methods with vegetables— 
ion beer , National Vegeteble Research Station, Wellesbourne, Warwick 

ctober i 

CHAIR OF ORGANIO CHEMISTRY —The Registrar, University of Kent at 
Canterbury, Canterbury, Kent (October 30). 

LECTURER or ASSISTANT LECTURER IN SOOcIoLOGy—The Secretary, The 
University, Aberdeen (October 30). 

LECTURERS IN ENGINEERING mMaTICsS—The Registrar, The Uni- 
versity, Newcastle upon Tyne, 2 (November 1). 

TUTORIAL STUDENT IN THE DEPARTMENT OF ELECTRICAL ENGINEERING— 
The Registrar, King’s College, Strand, London, W.C.2 (November 1). 

BIOCHEMIST (with an honoucs degree in biochemistry and some research 
experience or a Ph.D ) IN THE ESYCHOSOMATIO RESEARCH UNIT, DEPARTMENT 
OF PHYSIOLOGICAL MEDICINE (University of Glasgow), to assist with the 
investigation of aspects of encocrine function in certain bodily illnesses in 
human subjects—The Director of the Psychosomatic Research Unit, 
Southern General Hospital, Glasgow, S.W.1 (November 5). 

LECTURER IN THE DEPARTHENT OF ZOOLOGY, University of Tasmania, 
Australia—The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mell, London, S.W.1 (Australia and London, 
November 10). 

LECTURER (with an honours -legree in electrical engineering) IN ELECTRICAL 
ENGINEERING at the University of Tasmania, Australia—The Association of 
Commonwealth Universities (branch Office), Marlborough House, Pall Mall, 
London, S W 1 (Australia and London, November 10). 

READER IN IMMUNOLOGY at the London School of Hygiene and Tropical 
Medicine—The Academic Registrar, University of London, Senate House, 
London, W © 1 (November 10. 

LECTURER/ASSISTANT LECTURER (with at least a good honours degree with 
suitable teaching and researeh experience, and preferably specialized in 
some branch of solid state physics) IN THE DEPARTMENT OF PHYSICS, 
University of Malava—The Association of Commonwealth Universities 
(Branch Office), MartborougE House, Pall Mall, London, 8.W.1 (Kuala 
Lumpur and London, November 15). 

LEOTURER or ASSISTANT LCOTURER IN GEOGRAPHY at the University of 
Singapore—The Secretary, Icter-University Council for Higher Education 
Overseas, 33 Bedford Place, London, W C 1 (November 15) 

LECTURER (with a veterinary qualification) IN VETERINARY MEDICINE— 
The Secretary, Trinity College Dublin, 2, Republic of Ireland (November 15). 

LEOTURER (preferably wita research interests in astrophvsics, optical 
astronomy, radio astronomy o~ plasma physics) IN PHYSICS at the University 
of Tasmania, Australia—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, S.W.1 (Australia 
and London, November 19). 

SENIOR LECTURFR (preferably with registrable veterinary qualifications) 
IN VETERINARY PHYSIOLOGY IN THE DEPARTMENT OF VETERINARY PRE- 
CLINICAL SCTENCFS, University of Melbourne, Australla—The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, S.W 1 (November 26). 
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DIRECTOR OF THE MARINE BIOLOGICAL LABORATORY AT MILLPORT, 
Scottish Marine Biological Assoclation—Dr. O.°.M. Yonge, C.B.E., F.R.S., 
13 Cumin Place, Edinburgh, 9 (November 30). , 

SENIOR LECTURER or LEOTURER (with a degree in mechanical engineering, 
prererably at honours level, of a recognized Commonwealth University, 

gether with either experlence in industry or research and teaching ex- 
perience at university level) IN MECHANICAL ENGINEERING at the University 
of Canterbury, Christchurch, New Zealand—The Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
S.W.1 (New Zealand and London, November 30). 

LECTURER or SENIOR LECTURER IN CHEBMIOAL PATHOLOGY, University of 
Otago Medical School, Dunedin, New Zealand—The Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
S.W.] (New Zealand and London. December 15). s 

CHAIR OF PHYSIOLOGY—The Registrar, University College of South Wales 
and Monmouthshire, Cathays Park, Cardiff (January 4). 

AGRICULTURAL CHEMIST (national of the United Kingdom or the Republic 


of Ireland, with a second-class honours degree in agricultural chemistry or. 


chemistry, plus at least two years’ postgraduate training or experience in 
soil science) in Uganda, for research work on soil fertility problems connected 
with tropical rotations, manures and fertilizers—The ri ear tee Officer, 
Ministry of Overseas Development, Room 301, Eland ouse, Stag Place, 
London, 8.W.1, quoting Ref. RC 213/183/022. 

ASSISTANT CONSERVATOR OF FORESTS (national of the United Kingdom or 
the Republic of Ireland, under 40, with a degree in forestry) in Kenya, for 
work in connexion with the administration and technical direction of a 
forest division—The Appointments Officer, Ministry of Overseas Develop- 
ment, Room 301, Eland House, Stag Place; London, S.W.1, quoting Ref. 
RC 324/95/01. 

BIOLOGIST (national of the United Kingdom or the Republic of Ireland, 
between 24 and 35 years, with an honours degree in zoology and postgraduate 
experience in animal ecology) in Tanzania, to investigate the ecology of game 
animals in the woodland areas—The Appointments Officer, Ministry of 
Overseas Development, Room 301, Eland House, Stag Place, London, 
8.W.1, quoting Ref. RC 275/173/01. 

BIOLOGIST preteens. with a Ph.D. or medically qualified, and interests 
or experience the problem of graft versus host reaction, immunological 
tolerance and mitotic synchronization) for a r2search post in a unit working 
on trophoblastic tumours and leukaemia in the Charing Cross Hospital 
a a K. D. Bagshawe, Edgar Laboratary, Fulham Hospital, London, 


CHEMICAL or BIOCHEMICAL TECHNICIAN to assist in research on muscle 
disease—The Secretary, Institute of Neurology, The National Hospital, 
Queen Square, London, W.0.1. 

DEMONSTRATORS (2) IN THE DEPARTMENT OF PHYSICS for laboratory 
demonstrating work and assistance with student tutorials—The Registrar, 
University College of Wales, Aberystwyth. 

LECTURER or ASSISTANT LECTURER IN THEORETICAL PHYSsICS—The 
Secretary. Royal Holloway College (University of London), Englefield 
Green, Surrey. 

LECTURER (well qualified academically with postgraduate experience in 
industry and/or teaching) IN PHYSICAL CHEMISTRY to teach to B.Sc. and 
Grad.R I C, Part II level—The Prinċipal, Medway College of Technology, 
Horsted, Maidstone Road, Chatham, Kent. J 

OIL PALM AGRONOMIST (national of the United Kingdom or the Republic 
of Ireland, with a degree in agriculture and postgraduate training, preferably 

h previous experience as an agronomist) in Sarawak, to open up and 
establish a new experimental station, mainly concerned with oil palm and 
other crops new to Sarawak, for example, cocoa and hemp—The Appoint- 
ments Officer, Ministry of Overseas Development, Room 301, Eland House, 
Stag Place, London, 8.W.1, quoting Ref. RC 213/155/08. 

RESEARCH ASSISTANT or RESEAROH STUDENT to work in the Department 
of Physics with a small group investigating the appi oatlon of existing and 
novel techniques of cop ysica] prospecting to archaeology—The Registrar, 
Ref. 126Y/E, Bradford Institute of Technology, Bradford, 7. 

RESEAROH FELLOW (with a higher degree and preferably experience in the 
field of semiconductor physics, technology or chemistry) IN THE SCHOOL OF 
PHYSICS, to work on new direct-gap, semiconductor compounds for use as 
semiconductor amps, lasers and Gunn devices—The Secretary and 
Registrar, Bristol College of Science and Technology, Ashley Down, Bristol, 7, 
quoting Ref. CST 65/98. 

RESEARCH _ OFFICER (Virologist) (national of the United Kingdom or the 
Republic of Freland,with an honours degree in botany or agricultural botany 
and experience in plant virology) with the East African Common Services 
Organization, to study virus diseases affecting agricultural crops and to help 
with the scientific supervision of the East African Plant Quarantine Station—- 
The Appointments Officer, Ministry of Overseas Deve opment, Room 301, 
Eland House, Stag Place, London, S.W.1, quoting RC 2183/214/011. 

SENIOR LECTURER IN SOCIAL ANTHROPOLOSY: a SENIOR LECTURER or 
LECTURER IN PHILOSOPHY: a LECTURER IN PSYCHOLOGY; and a LECTURER 
IN ENTOMOLOGY at the University of Auckland, New Zealand—The Assocta- 
tion of Commonwealth Universities (Branch Office), Marlborough House, 


Pall Mall, London, S.W.1. 
(national of the United Kingdom or the 





Sol, CONSERVATION ENGINEER 
Republic of Ireland, with a second-class degree in agricultural engineering, 
or a degree in soil conservation, or a degree in civil engineering and soil 
conservation, and preferably experience in soil conservation) in Uganda, to 
carry out soil conservation measures on projects, to check layouts, to train 
field staff and to collect data and prepare a handbook—The Appointments 
Officer, Ministry of Overseas Development, Room 301, Eland ouse, Stag 
Place, London, 8.W.1, quoting Ref. RC 213/1838/020. 

SOIL SURVEY OFFICER (national of the United Kingdom or the Republic of 
Ireland, with an honours degree in either netural science, agriculture or 
geography, with, if possible, postgraduate training or experience in soil 
science) in Uganda, to carry out soil surveys as a member of a land planting 
team working on the development of group farms—The Appointments 
Officer, Ministry of Overseas Development, Room 301, Eland ouse, Stag 
Place, London, 8.W.1, quoting Ref. RO 213/183/019. ` 
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R plates. (London: British Museum (Natural History), 19¢ 

8. 

The Role of Chemical Engineering in Process Development. By Dr. G, 
Reman. (Third Marchon Lecture delivered 6th November 1964 at ' 
University of Newcastle upon Tyne.) Pp. 35. (Newcastle upon Tyne: % 
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Université Leopoldville. ‘“‘Zooleo” No. 1: Quel est ce Termite Africain 
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“Zooleo” No. 2: Serpents Danger ! Par A. Bouillon. Pp. 76. 80 francs 
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Australia: Commonwealth Scientific and Industrial Research Organization 
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ACCURATE: STRAIGHTFORWARD: COMPACT 


A precision instrument of modest price bringing analysis by atomic absorption within 
reach of every laboratory, the Unicam.SP90 has the high performance previously associa- 
ted only with more complex and expensive systems. 


‘iM 


“weed zB 
Canes 5 


tor the new user Self-contained compact instrument 
Simple controls clearly marked 
Prefocussed lamps in plug-in holders 


for the specialist ` Quick change burner heads for different fuels 
Burner height continuously variable 
Adjustable slit for optimum signal to noise ratio 


for fast routine analysis Recorder outlet 
Preheating lamp turret accessory 
Autosampling accessory for 32 samples 


UNICAM Precision Spectrophotometers 


Unicam Instruments Limited - Cambridge - Telephone: Cambridge 61631 - Telegrams: Unicam Cambridge - Telex: 81215 
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microbiological reagents : 
and media : 





THE ONLY COMPLETE LINE OFFERED IN U.K. i 


Culture Media Peptones ‘Requirements of the Bacteriologist, Bio- 
ee chemist, Biologist, Pathologist and Pharma- EA 
ANO tie a Sates cologist can usually be met promptly from 
ASY ANOA Amino Acids our extensive stocks. We shall always be 
Tissue Culture Media Enzymes pleased to obtain other items specially to order. 


Please send for the latest technical information. 
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BAIRD & TATLOCK (LONDON) LIMITED, CHADWELL HEATH, ESSEX, ENGLAND. 
Branches in London, Birmingham, Manchester and Glasgow. Member or ihe Derodyshire Stone Group. 
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THE CROFT PARALLEL GRINDER 


This parallel grinder has been specially de- 
signed and constructed for the Palaeontologist 


A Brachiopod or similar fossil is mounted in 
plaster, and attached to the specimen holder 
with Cerosene wax. The machine then 
rotates on three ball bearings on a restric- 
ted parallel plane, and the micrometer 
head, which is graduated in 100ths of 
millimetres, can be set to grind 
off a requisite amount. 










Through various stages of grind- 
ing, the fossil is washed, and the 
structure recorded by means of 
drawings, photographs or cellulose 
acetate peels. Thus the complete 
internal structure of any fossil can 
be recorded every 1/8th millimetre, 
or less if required. 


[he motor driven version of this machine can 
also be used for controlled grinding of thin speci- 
mens and has been successfully applied to the 


manufacture of thin sections of teeth, bone and 
For full information write or telephone - gall stones. 


CUTROCK ENGINEERING CO., LTD., 35, BALLARDS LANE, LONDON, N.3 


TELEPHONE: FINCHLEY 5978/9 


CUTROCK 
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RETHINKING CIVIL SERVICE POLICY 


O the scientist and technologist one of the most 
interesting features of the sixth report from the 
stimates Committee for the Session 1964-65 *, dealing 
maith recruitment to the Civil Service, is the section which 
msiders the needs of the Civil Service not simply for 
Miministrators but for specialists and their role in the 
vice. This is seen not merely through the eyes of the 
vil Service itself in the person of Sir Laurence Helsby, 
sad of the Home Civil Service, Sir William Armstrong, 
int Permanent Secretary to the Treasury, and Sir Richard 
ay, Permanent Secretary to the Ministry of Aviation, 

r example, but also through those of outside witnesses, 

cluding Prof. W. J. M. Mackenzie, Mr. D. N. Chester, 

r. B. J. Holloway and the Institution of Professional 
«ivil Servants. As the Estimates Committee observes, 

{© recruiting methods used depend as much on the 

sumptions and attitudes about the kind of people 

quired in the Service, the approach to their work 

=mhich would be required of them, and the division of 

«mctions proper within the Service, as on the size and 
1aracter of the total employment market. It was, there- 
re, concerned to explore these assumptions and attitudes 
nce they determine the appearance and mode of opera- 
on of the Civil Service, both as it is to-day and as it 
ill be during the next generation. 

Sir Laurence Helsby believes that there would continue 
> be a small administrative class, remaining separate 
‘om the general service class responsible for the day-to- 
ay run of administration and responsible for somewhat 
ecialized functions which seldom had any precise 
ounterpart in outside organizations—at least below 
oard-level. Staffing at this level called for a particular 
ype of man and for qualities which, he believed, could not 
© effectively shown in an advertisement, but he did not 

Mohink that this approach led to a Service which was 
pposed to change. Sir William Armstrong expressed a 
milar view and, in regard to mobility, thought it was 
nlikely to reach a point when, at the end of his life, a 
aan could say, “I have spent as much time out of the 
ervice as in it’. The distinction between the man whose 
‘asic career is the Civil Service but who goes out from 
ime to time and the man who is really temporary would 
emain. He did not deny that there was any need for a 
eappraisal of the pattern of the Civil Service, and Sir 
szaurence Helsby suggested that it would be well to 
valit at least a year before making a broader enquiry into 
he organization, recruiting and structure of the Civil 
Service. However, he did agree with the suggestion that 
uch @ review would be desirable in spite of the prob- 
bility that developments in the structure of Government 

would be rapid for ten years to come. 

Sir William Armstrong directed attention to the 
Wimitations of the use of techniques such as cost— 
Henefit analysis which were placed by the number of 
weople familiar with these techniques both in the depart- 
ments concerned and elsewhere in the Government 
service, local authorities and the nationalized industries. 
This is accordingly a question of the special trained man- 
power, and Sir William maintained that the really 
pressing need was for more specialists, particularly as 
economic advisers-—-though in the long term it was 


* Sixth Report from the Estimates Committee together with the Minutes 
of the Evidence taken before Sub-Committee E and Appendices, Session 
1964-65—Recruitment to the Civil Service. Pp xxxwii+269. (London. 
H.M.S.0., 1965) 26s. net. (See also Nature, 208, 311; 1965) 


probable that the Service would develop its own brand 
of expert in what might be called ‘Government econo- 
mics’. Here the Centre-for Administrative Studies might 
help, but other witnesses saw a danger of rigidity in such a, 
development. 

Sir Richard Way and Sir Eric Roll, the Permanent 
Under-Secretary of Stata at the Department of Economic 
Affairs, made some interesting observations on the part 
played by the scientist and other specialists and their 
relation to administrators. Sir Richard was emphatic 
that a scientist equippec to do administrative work would 
not be deterred from ertering the scientific grade by the 
prospects of promotion However, he thought that for 
the position of scientific officer the Service required a 
man competent for a particular piece of research, without 
special personal qualities, whereas the administrative 
class Civil Servant in the higher grades should have had 
wide experience. Scientists destined for more senior posts 
wero helped to widen sheir experience while remaining 
specialists. When Sir Richard had encouraged scientists to 
enter the administrative class he had found that they 
had usually wished to remain where they were; in his 
view it was a wholly faise picture to imagine that every 
scientist wanted to beæœæme an administrator. The dis- 
tinction between administrators and scientists was not a 
hindrance to recruiting On the contrary, many young 
scientists who entered the Service would be deterred by 
the abolition of this distinction. Nor did he think that 
scientists were deterred by the thought that adminis- 
trators were amateurs; rather the scientist would regard 
the administrator as keing highly professional in the 
field he had chosen. 

Sir Eric Roll suggested that the relation of economists 
to administrators was rather different simply because the 
tasks of Government had a much greater affinity with the 
field of interest of economists and other social scientists. 
Nevertheless, though the division between economists 
and administrators was not so easily defined as that 
between nuclear physicsts and biochemists and adminis-, 
trators, the tasks of the administrator differed in kind 
from those of the economist. Pomting out that 43 per 
cent of the administrators in the Department of Economic 
Affairs had degrees or other qualifications in economics, 
Sir Eric added that no difficulties from rigid procedures 
had arisen in obtaining specialized staff. Lack of flexi- 
bility had had no real eect on the Department’s recruit- 
ment possibilities. 

These views, however, were not unchallenged in the, 
evidence. The memorandum from the Institution of. 
Professional Civil Servants expressed the unanimous 
view that if the professional and similar specialists classes 
were to be given managerial responsibility and if this 
were to become known. it would have an important, and 
beneficial effect on recruitment. The professional classes, 
at present, have a strong feeling that they are not given 
full and proper scope to-discharge the responsibilities that 
they are equipped to carry. Even propaganda in the 
schools would be more affective if it could be shown that 
specialists in general were not at a disadvantage in terms 
of responsibility and advancement to the highest posts. 
The evidence of the Ministry of Aviation in regard to the 
transfer of scientists zo the administrative class was 
questioned as Inaccuraze. It was pointed out that ex- 
perience in industry chows that transfers to broaden 
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experience are neither unpopular among young scientists 
nor a deterrent to recruitment. Mr. D. N. Chester, how- 
ever, suggests that the evidence indicates that science 
graduates with first-class degrees prefer to continue with 
scientific work rather than take administrative or man- 
agerial posts. Certainly, he doubts whether this will 
change when the output of scientists is greatly increased. 
Nor has it yet been proved that those with a scientific 
training have a particular aptitude for the higher levels 
of administration. 

The Institution of Professional Civil Servants submits 
that for the specialist Civil Service the Government’s 
employment policy should rest on three main principles. 
It should exploit to the full the training and talents of its 
scientists, technologists and technicians and ensure that 
there is full employment in terms of the quality of work 
they are given to do. It should make clear that specialists 
are full and equal partners with other staff, and that they 
have an equal opportunity to promotion to the highest 
posts. It should offer pay and careers which demonstrate 
that scientists, technologists and technicians are no 
longer regarded as inferior or second-rate. 

In all this evidence there is little that is not to be found 
in the Barlow Report on scientific staff which was released 
almost twenty years ago. The Estimates Committee 
comments that the picture which emerges from this 
examination is one of considerable development in the 
patterns and traditions of the Civil Service and of 
readiness for further development—basically, however, 
development within an established framework of assump- 
tions. There does not appear to have been any funda- 
mental questioning of the basic structure, and the 
Estimates Commuttee finds it hard to accept that the 
task of Government justifies the unique significance 
attaching to the administrative class and that only a 
select few are fitted to undertake this work. It also 
questions the assumption that all a specialist wants to do 
on leaving university is to work within his specialized 
subject. In this connexion, the Committee directs atten- 
tion to the evidence of Mr. P. F. Nind, of the Shell 
International Petroleum Co., Ltd., that relatively few 
among specialist technical staff desire promotion in their 
own narrow function, whereas many wish to broaden 
their experience and run small companies elsewhere. This, 
as Mr. Nind remarked, is entering general management. 

While the Estimates Commuttee welcomes the changes 
that have already been made or are planned to increase 
the flexibility of the Civil Service and its ability to under- 
take new tasks, it considers, nevertheless, that this aspect 
needs further and much more systematic study. Accord- 
ingly, this is one of the considerations which could well 
be subjected to further enquiry—in particular, the actual 
tasks undertaken and those that should be undertaken 
by the administrative class in the near future. The 
Committee discusses, moreover, recruitment to the 
Scientific Civil Service in a further section of its report, 
and here there are some observations that throw further 
light on the evidence given by Mr. Nind. 

The experience of the Civil Service has been that young 
scientists prefer to become members of a particular team 
or establishment, rather than to join the Scientific Civil 
Service as such. This was confirmed by Mr. B. J. Hollo- 
way, secretary of the Appomtments Board of the 
University of Manchester, who in expressing the view 
that the Scientific Civil Service was the section of the 
Civil Service which had really faced the problems of 
competitive recruitment—a view which the Estimates 
Committee endorsed—remarked that to the fresh graduate 
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it was a more stimulating thought to work, say, at Far 
borough than to apply to the Civil Service Commissi: 
for establishment as a scientific officer. Neverthele: 
although Sir Richard Way fully recognized that establis 
ments like Farnborough and Malvern are far more vit 
and attractive than the Ministry of Aviation as suc 
his other observations indicate how far some of the seni 
officers in the Civil Service still are from understandi» 
the scientific life and even the implications of Sir Alk: 
Barlow’s Report. 

Rejecting the suggestion that older scientists who hs 
passed their creative years might be transferred - 
administration, Sir Richard characterized as absurd “‘t 
idea that a worn-out scientist can, as an afterthought, con 
in as an administrator’. This is a complete misunde 
standing, if not misrepresentation, of how to use to tl 
maximum public advantage the skill and experience : 
trained manpower. The large industrial firms have lor 
recognized that in research, as in art, creative powe 
are at their peak in youth but tend to decline in midd 
life; experience, on the other hand, grows and may t 
used to advantage in many ways. It is here that tł 
Civil Service appears to have fallen behind industrial an 
commercial practice, for example, and this may we 
contribute to the unsatisfactory overall situation fc 
scientists, though the general shortage of good graduate 
and competition are clearly contributory factors. It ma, 
be noted that Sir Laurence Helsby in his evidenc 
admitted that mobility in the Service was not so high a 
he would like it to be, and was clearly not opposed to th 
use of scientists in administration. The Estimates Com 
mittee concludes this section of its report with the remar» 
that, quite apart from the mmportance of providing goo 
promotion prospects for the scientist, the man with th 
scientific or mathematical background was more thar 
ever needed in management to-day, in view of th 
importance of the ability to quantify problems: thi 
is at least as true of public administration. 

In discussing recruitment for modern needs, in the 
final section of its report, the Estimates Committee draw: 
together the evidence which impressed it most with the 
need for a thorough examination of the problems oj 
recruitment to the Civil Service. All the evidence shows 
that the Civil Service and the Civil Service Commission 
are aware that not all the requirements of the Service are 
being met and that efforts are being made to meet them. 
Nevertheless, the Estimates Committee believes that the 
measures taken have not yet been extended to a re- 
examination of the structure of the Service and other 
issues underlying recruitment. In three areas in particular 
detailed examination might be expected to lead to pro- 
posals for change. 

The first is ın the extent of mobility, both within the 
Service. and between the Service and other occupations, 
including consideration of other means of acquiring wider 
experience and keeping the Service in touch with the 
developing community. The second is the need for pro- 
fessional training and the means available for acquiring a 
knowledge of specialist techniques at the beginning and 
in the course of a career. The third is the urgent need to 
examine the supply of qualified manpower on which the 
Civil Service is to draw. It is a fallacy, as the Estimates 
Committee remarks, to suppose that, in the long term, 
the supply of qualified people in any one field ıs fixed, 
because the recruiting policies of the Government inevit- 
ably affect the total supply. However, in these last two 
areas, it can be added that enquiry could lead to sugges- 
tions for the wise and efficient use of trained manpower, 
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«uch as are implicit, though not explicit, m the memor- 
nda from the Institution of Professional Civil Servants. 
Research and ‘public discussion on theso important 
jevelopments could contribute to what Prof. W. J. M. 
Mackenzie termed “the shaping of a public doctrine about 
the place of the Civil Service in modern Britain”. This, 
he thought, would be a most valuable result of the 
‘appointment of a Royal Commission such es he had 
suggested at the end of his evidence. This Commission 
should be a relatively small one, of independent standing. 
<empowered to recruit its own research staff, and not 
placed, as was the Priestley Commission, in a situation 
which demanded an urgent and specific report. Mr. 
D. N. Chester also supported the appomtment of a 
Royal Commission, provided a suitable chairman and 
membership could be found, and the Commission was ade- 
quately staffed and empowered to arrange for research. 
He suggested that it should be established in 1967, thus 
giving adequate time for preparatory work and discussion. 
This date accords with the views expressed ın evidence 
by Sir William Armstrong and Sir Laurence Helsby; the 
latter, however, suggested that there was great advantage 
in having a review of the Service undertaken by a group 
of people, some of whom, in any event, had had direct 
experience of its working. Moreover, such an internal 
committee of officials would have access to information 
which could not easily be made available even to a Royal 
Commission. A Royal Commission, however, has advan- 
tages in authority and in the publicity in which its 
enquiries are usually conducted. The Estimates Com- 
mittee was impressed by the desirability of a preliminary 
internal enquiry and also emphasizes the value of well- 
directed and independent research. Its recommendations 
appear to be in accordance with the balance of the 
evidence. They are: (1) appointment of a committee 
of officials, aided by members from outside the Civil 
Service on the lines of the Plowden Committee, to initiate 
research on, to examine and report on the structure, 
recruitment and management of the Civil Service; (2) that 
the Government should review the position immediately 
on receipt of the report, and report to Parliament the 
action ıt proposes to take, appointing forthwith a Royal 
Commission if further enqmry by such a Commission is 
then found to be necessary. Meanwhile the Estimates 
Committee’s report should stimulate preliminary dıs- 
cussion and the Parliamentary and Scientific Committee 
should be able to ensure that the whole question is not 
side-tracked, whether on pretext of Parliamentary time 
or any other excuse. 
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DICTIONARY OF ORGANIC 
COMPOUNDS 


Dictionary of Organic Compounds 

The Constitution and Physical, Chemical and other 
Properties of the Principal Carbon Compounds and Their 
Derivatives, together with Relevant Literature References. 
Edited by Dr. J. R. A. Pollock and Dr. R. Stevens. Fourth, 
completely revised, enlarged and re-set edition. Vol. 1: 


A-Chlop. Pp. xxx+1-588. Vol. 2: Chlor—Dim. Pp. 
589-1230. Vol. 3: Din-Iza. Pp. 1231-1976. Vol. 4: 
J—Phloi. Pp. 1977-2736. Vol. 5: Phlor-Zym. Pp. 
2737-3282. First Supplement 1965. Pp. 207. (London: 


Eyre and Spottiswoode (Publishers), Ltd ; and E. and 
F. N. Spon, Ltd., 1965.) £100 the set. 


HE Dictionary of Organic Compounds requires no 
introduction to organic chemists, to whom it is always 
known as ‘‘Heilbron’s Dictionary”, for the late Sir Ian 
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Heilbron was the moving spirit at its initiation and guided 
1t vigorously through. its subsequent development until 
well into the preparation of the present edition. 

Workers in neighbouring sciences who may occasionally 
require information about specific organic compounds may, 
however, welcome a brief indication of its nature and 
contents. The first edition appeared during 1934-1937 in 
three volumes, to be followed during 1943-1953 by the 
second and third editions, the latter appearing in four 
volumes. The editors of the first edition accepted the 
formidable task of selecting from the vast number of 
recorded organic compounds those to which they con- 
sidered organic chemists would most frequently want to 
refer. These were listed in alphabetical order, with their 
molecular formulae, ssructural formulae when desirable, 
and physical properties: this information was followed by 
a list of the main dezivatives of the compound, and a 
final list of original references. This pattern of the 
Dictionary remains ucchanged. The volumes, therefore, 
provide a rapid and reasonably up-to-date reference to a 
very large number of compounds. Information about 
other organic compounds may be sought either in 
Beilstein’s Handbuch, which by virtue of its size labours 
along several years ont of date but provides exhaustive 
treatment, or in the many indexes, annual, five-yearly and 
decennigl, of Chemica. Abstracts. 

The new fourth edition has been completely revised, 
enlarged to five volumes and very handsomely re-set and 
bound: the type now adopted gives a very clear and attrac- 
tive appearance to she pages. The edition includes 
material obtained by searching Chemical Abstracts up to 
1962, and by a review of the major chemical journals up 
to the end of 1963. It is stated to ‘include all major 
natural products, pharmaceuticals, pesticides and similar 
groups of applied chemicals” ; natural products, therefore, 
now appear prominenzly. It is accompanied by a supple- 
ment as & separate volume, which contains new material 
published in and befors 1964. This supplement represents 
a new feature, for it is she first of a series of annual supple- 
ments, of which the fifth will be a cumulative edition 
contaming the material of that year and of the preceding 
four years: the annual supplements will then continue 
until the tenth number, which will again be a cumulative 
volume containing the material of the immediate past 
five years. (Librarians should note that there is a sub- 
scription scheme available for the purchase of these supple- 
ments under which the cumulative volumes can be 
purchased, at half-price.) 

This fourth edition is about 40 per cent larger than the 
third, and the considerable increase in the number of 
entries has largely coincided with various changes of 
nomenclature: since she names of the compounds form 
their own index, the editors had to ensure that any 
compound could be readily found. Many compounds have 
trivial or common names which are very widely used: in 
such cases the editors rave used their discretion in deciding 
whether the compound shall be entered in detail under its 
trivial or its systematic name; since in almost all such 
cases cross-references (each in its appropriate alpha- 
betical position) are given, no difficulty should arse. 
Drugs and pesticides in this respect fall into a special 
category. Since almcst all modern drugs, including anti- 
biotics, are known zo manufacturers, to the medical 
profession and to pharmacists and chemists by trade- 
names (and systemstic names would be exceedingly 
cumbersome), the Dictionary uses the names approved by 
the British Pharmaceutical Commission of the General 
Medical Council. Similarly, pesticides (although often of 
more simple structure) are entered under the common 
names recommended in the British Standards Inst B.S. 
1931 (1961). Many proteins fortunately now have struc- 
ture ‘names’ based on generally accepted conventional 
abbreviations. 

The main difficulty arises from the fact that many 
systematic names, and also the numbering of (in par- 


418 


ticular) many heterocyclic systems, have been changed 
from time to time by the nomenclature committees of the 
International Union of Pure and Applied Chemistry; the 
last set of rules (now fairly widely accepted) were pub- 
lished in 1957. The introduction to Volume 1 sum- 
marizes “‘ few of the outstanding basic rules of nomen- 
clature from the I.U.P.A.C. 1957 rules” in 84 pages. These 
rules are, however, often complex and detailed, and cannot 
be readily understood and applied without ample struc- 
tural formulae and examples for illustration. The space 
given in the introduction is insufficient for this purpose, 
but a reasonably full account would clearly occupy far 
too much space. The reader could well be referred to the 
Handbook for Chemical Authors (Chemical Society Special 
Publication No. 14, 1960) by Dr. R. 8. Cahn and Dr. L. C. 
Cross, where the 1957 rules are explained and discussed 
in detail. It also contains the highly specialized rules 
agreed in 1952 between the committees of the Chemical 
Society and the American Chemical Society for organo- 
phosphorus compounds, an increasingly common group 
of compounds to which the Dictionary gives little 
attention. 

Two points regarding the presentation may be made. It 
has already been stated that under the name of the 


‘parent’ compound is a list of its chief derivatives and also 


a list of references. Now it often happens that a reader is 
consulting the Dictionary to obtain information on one 
specific derivative: the Dictionary usually provides for 
solid derivatives the melting-point and the solvent for 
crystallization, and the reader, requiring more informa- 
tion, is given no guidance as to which of the references 
record this compound, and he has therefore to work 
steadily and laboriously through them. For example, 
under “‘Phenylacetic acid’? (p. 2666) there are nearly 
thirty derivatives listed, followed by eleven references in 
various journals: the reader who ultimately finds the 
required information in the eleventh reference will be 
weary and rather exasperated. This disadvantage could 
have been overcome, for example, by placing small super- 
script letters alphabetically above each reference: the 
names of the derivatives would then əach carry the super- 
script letter of the reference in which they are to be 
found. This could easily have been done in the early 
days of the Dictionary, but would now involve much 
tedious work. 

The second point, of lesser importance, is that the 
elements in the molecular formulae ‘“‘are given in the order 
C,H,0,N,CLBr,F,S,P with any others following in alpha- 
betical order” (Volume 1, p. xi). This is quite clear, but 
slightly old-fashioned. The modern formulae indexes 
of Beilstein, Chemical Abstracts, etc., all adopt the 
more simple system of giving the elements in the order 
C,H, with all the remainder following in alphabetical 
order. 

One minor point. One solvent used for crystallization is 
frequently named ‘petroleum ether’ or ‘pet. ether’. This 
term is a relic of the old days when a set of solvent bottles 
bearing permanent titles normally included ‘sulphuric 
ether’ and ‘petroleum ether’. The first title has long been 
obsolete and the second should rapidly have followed it: 
certainly no organic chemist should call a hydrocarbon an 
ether. The Dictionary also uses the rather old-fashioned 
alternative ‘ligroin’: the use of ‘petroleum’, possibly 
abbreviated to ‘petrol’, throughout would surely have been 
preferable ? 

These points, however, do not seriously detract from 
the very great value of the immense amount of 
classified information which this fourth edition contains— 
information which with the Supplement 1965 is based 
on more than 40,000 entries. Thea heavy labours of 
the editorial staff, moreover, receive deservedly ex- 
cellent presentation at the hands of the printers. Had 
Sir Ian Heilbron survived, this edition would certainly 
have been a source of great pride to him. 

F. G. Mann 
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W. M. W. HAFFKINE 


The Brilliant and Tragıc Life of W. M. W. Haffkine 
Bacteriologist. By Selman A. Waksman. Pp. 87+ 3 plates 
(New Brunswick, N.J.: Rutgers University Press, 1964. 
3.75 dollars. 


HE author of this book visited the Haffkine Institut 

in the year 1962. While the name of Haffkine resound. 
in the heart of every bacteriologist, his life is an inter 
esting adventure in the early days of microbiology 
Now, thirty-five years after his death, Haffkine has 
attracted the attention of many biographers. Two bio. 
graphies appeared almost simultaneously—one from the 
U.S.S.R. and the other from the United States. On the 
hundredth anniversary of the birth of Haffkine, a specia} 
postage stamp was issued by the Government of India. 
This justifies the description aptly chosen by Waksman tc 
end the biography, that Haffkine was “an immortal man» 
of Universe as a whole”. 

The author has taken elaborate trouble to trace the» 
early life of Haffkine, which was beset with financials 
difficulties and political as well as religious upheaval 
against the Jews in Odessa. Perhaps it was then that the 
spirit of adventure in Haffkine was kindled, as is apparent 
from the biography. 

The leaving of the University of Odessa and his migra- 
tion to Switzerland and Paris are described as a course of 
events, which seemed unpurposeful but compelling. It 
must have been his scientific curiosity, reading and zeal 
which brought him to the feet of that acknowledged 
master, Louis Pasteur. 

The author has cited with excerpts from “‘both sides of 
the story” many comments on the scientific achievements 


of Haffkine written by his contemporaries. Reading in 


between. the lines, the opposition was mainly motivated 
for reasons besides those which are normally associated 
with scientific controversy. His critics never missed the 
opportunity to attack him right up until his death. 
Despite all the set-backs that Haffkine encountered in 
the Malkowal disaster, so well described by Waksman, 
reason and justice prevailed. 

Such a torment to a scientifically inclined missionary 
in @ foreign land did change Haffkine, who returned to 
India victorious but without his fiery zeal. Not much is 
known. of his later contributions. It was true in Haffkine’s 
life that, if anything is worse than war lost, it is war gained.- 
His later life is described by Waksman as religious. 
Perhaps Waksman puts his finger on it when he states 
that he felt his living with Indian people made him 
change his philosophy of life. 

With all this, the author should have paid a tribute to 
British justice and British recognition of merit despite 
intrigues that tortured Haffkine. A tribute is also due 
to Haffkine himself for the metal he was made of to 
withstand the opposition, insults, injustice and unfair 
criticism. These need to be inculcated in all scientists 
and public servants. 

The author has taken excerpts from the British Medical 
Journal, the Lancet and other medical journals and has 
made a very correct appraisal of Haffkine’s eminence in 
science. His eminence, however, does not count because 
of his persecution at any stage of life, though these made 
Haffkine what he was. He did not seek recognition and he 
was humane. Persons with such towering personalities, 
humility and scientific genius need to be highlighted to 
posterity: Waksman has done a great service to posterity 
by preparing this biography. No one will be left in doubt 
after reading this authentic independent adjudgment of 
Haffkine that he was one of the pioneers in the field of 
prophylactic bacteriology, to whom. the world owes so 
much. 

The book is briefly, but well, illustrated. There appear 
to be no printing errors. A bibliography of Haffkine and 
the references cited by Waksman will help medical his- 
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orians of the future. Science believes either in one world 
r that ıt has a world of its own with no barriers. Bio- 
raphy teaches this lesson and here the message is con- 
eyed through Haffkine’s life by Waksman’s efforts. 
«lafflkine has become immortal in science and his life will 
ontinue to inspire microbiologists for a long time. 
H. I. JHALa 


PLAIN MAN’S GUIDE TO RADIO 
PROPAGATION 


onospheric Radio Propagation 

By K. Davies. (National Bureau of Standards Monograph 

30.) Pp. xiv+470. (Washington: Superintendent of 
MOocuments, U.S. Government Printing Office, 1965.) 

2.75 dollars. 


| es OSPHERIC Radio Propagation is a successor to the 

National Bureau of Standards Circular 462, published 

main, 1948 under the same title. It is interesting to compare 

mathe contents of the two. The new book has more than 
twice as many pages, but the difference in volume is not 

co because of the large page size and closely packed 
ayout of the older book. 

Not all the new book was written by Dr. Davies, and 
some sections have been contributed by his colleagues. 
However, the book is much more of an entity than 

‘Circular 462, in which each chapter has separate author- 
ship. The main difference between the books lies in the 
subjects treated. Some topics such as magneto-ionic 
theory and an outline of ionospheric physics find an 
important place in both. The 1948 book fits its title very 
closely and could be regarded as a handbook for the com- 
munication, engineer, with substantial chapters devoted 
to the practical aspects of radio communication. In the 
1965 book these topics represent a much smaller propor- 
tion of the total. This is largely because they have since 
been well treated in other publications, to which Dr. 
Davies refers; but a contributory reason, one suspects, 
might be that some topics have not progressed sufficiently 
to warrant extensive coverage. Their place has been 
taken in the new book by important subjects developed 
since 1948. ‘These include very high frequency scatter 
propagation, and low frequency and very low frequency 
propagation. Another new chapter deals with ionospheric 
disturbances and their effect on propagation predictions. 

With the change of subject-matter has come a change in 
emphasis. The new book seems to be written not so much 
for the communications engineer as for a more academic- 
ally minded readership, the scientific research worker 
and perhaps the graduate student. So, being personally 
unfamiliar with some of the topics included, I tried using 
the book as a tutorial text. In some places the book 
seemed to fulfil this purpose; in others the exposition 
did not seem too clear. The book will perhaps be criticized 
for being too superficial in some places and too detailed 
in others. In my opinion, books of this type can scarcely 
hope to escape such criticism, and this one does not seem 
especially bad in this respect. 

The book is provided with ‘subject’, ‘author’ and 
‘place’ indexes. The innocent reader might enjoy the 
index of places; there are naturally experimental stations 
and scientific institutions (Comfort Cove rubs shoulders 
with Central Radio Propagation Laboratory), but the 
entries also include radio stations (GBR, Decca, Loran C); 
a conference venue (Lindau); and a publishing house 
(London). The general and the particular are delightfully 
mixed, as in the consecutive entries, South America, 
South Ice, South Pole and, again, Scandinavia, Seattle, 
75° geographic meridian. 

Seriously, this is a useful book. Its clear type, stiff 
binding and handy page size are a great improvement on 
the old Circular 462, and at its very modest price it offers 
excellent value for money. H. RisHBETH 


THE MAR NE ATMOSPHERE 


Physics of the Marine ‘Atmosphere 

By H. U. Roll. (International Geophysics Series, Vol. 7.) 
Pp. viii +426. (New York: Academic Press, Inc.; London: 
Academic Press, Inc. (London), Ltd., 1965.) 107s. 6d. 


p” YSICS of the Mcrine Atmosphere is written by Dr. 
H. U. Roll, the distinguished German meteorologist 
and oceanographer. As he claims in the preface, this book 
sets out to describe marine meteorology as an exact 
physical science, and so great emphasis is placed on the 
physical approach to problems of the interchange of pro- 
perties between the ocean and the atmosphere. The book 
is probably the first to be published that deals with the 
subject as a pure science and not as an applied science. 
There are six chapters which are further sub-divided. The 
first chapter is an introduction while the second chapter 
deals with meteorological observations and measurements 
at sea and contains a review of instruments and methods. 
The third chapter deals with the composition and proper- 
ties of the marine atmesphere and includes a discussion of 
the properties of atmospheric nuclei above the oceans, the 
chemistry of the marins atmosphere with a sub-section on 
the still rather contentious subject of carbon dioxide 
interchange, and also an account of atmospheric radio- 
activity and electricity. 

The backbone of tke book is, however, contained m 
Chapters 4 and 5. Chapter 4 deals with aerodynamic 
considerations of the interchange of energy between the 
atmosphere and the sea and contains sections on the 
geometry of the sea surface and also on the wind profile 
over the ocean. Chapter 5 gives the thermodynamic 
approach. Some concluding remarks are given in Chapter 6. 

As an oceanographer, I was most interested in Chapter 4. 
This starts with an account of waves and ripples and gives 
a brief résumé of recent theoretical work on the subject. 
I found this part sligktly disappointing, however, as the 
author confines himself almost entirely to theoretical work 
and to discussing wave_ets and ripples, and gives very little 
attention to the large waves ordinarily found on the sea 
surface and which must affect the marine atmosphere. It 
is true that theory carmot as yet fully explain the forma- 
tion or predict the maznitude of ordinary sea waves and 
recourse has had to be had to various empirical methods 
which have not hitherto been in agreement with each 
other. The problem should not be ignored, however, 
simply because it has not been solved, especially as recently 
a much greater degree of agreement has been obtained by 
various workers about the empirical approach. It is now 
generally agreed, for example, that the significant height 
of fully developed waves is given by: 


H (in ft.’ =0-01877? (in knots) 


where W is the surfece wind and full development is 
reached for fetches less than 400 miles for all wind speeds. 
This relation should be of interest to both the practical and 
theoretical marine meteorologist. 

The section on the determination of wind profiles over 
the sea surface is very interesting and it leads on to the 
evaluation of the wird stress constant over the water 
surface. There are three traditional methods for determ- 
ining this parameter. The first obtains it from the wind 
profile over the first “ew metres over the surface. The 
second uses the departure of the mean wind speed from 
sea-level to the level the geostrophic wind speed is reached. 
from the geostrophic wind speed. The third method is 
purely oceanographic end involves the measurement of the 
tilt of the water surface in equilibrium with the wind 
force. These three methods, however, rarely agree al- 
though, to judge from the table shown, there is much 
better agreement with strong winds. The author criticizes 
the tilt method generally and in particular a determination 
in which I had a part, because the effect of the set-up due 
to wave action is igncred. He suggests that wave set-up 
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might at least partly explain the apparent increase of 
stress coefficient with fetch which was found. The effect 
of wave set-up was certainly not appreciated in 1955 when 
these results were published, but a recent paper by Longuet- 
Higgins and Stewart has shown that waves only increase 
the set-up when their height is limited by breaking, as 
otherwise the effect is reversed and they reduce the set-up. 
The recording apparatus in this case was laid in about 2-ft. 
water depth so the mean wave height should be about 
3 ft. for continual breaking, but this value was only very 
rarely attained during the course of the measurements. 
The effect of wave set-up is very important nevertheless, 
and thé author rightly pomts out that tilt experiments 
should be so designed that this effect is a minimum. 
These are all minor points of criticism, and the book is 
an excellent exposition of the subject and will, I hope, 
inspire a more widespread study of it. It should certainly 
be in the library of every oceanographer and every 
meteorologist. J. DARBYSHIRE 


LIQUID-PHASE OXIDATION OF 


HYDROCARBONS 


The Oxidation of Hydrocarbons in the Liquid Phase 
Edited by N. M. Emanuel. Translated from the Russian 
by K. R. Dobson and B. J. Hazzard. Pp. xv+407. 
(Oxford, London and New York: Pergamon Press, 1965.) 
140s. 


HE oxidation of hydrocarbons has been the subject 

of intense investigation for a long time, and particu- 
larly so during the past 20-30 years. Oxidation in general 
is of paramount importance, not only in chemistry, but 
also in biology and in other related sciences. The oxida- 
tion of hydrocarbons is mainly of interest in chemistry, 
both because of its academic and industrial aspects. In 
the organic chemical industry oxidation reactions of 
hydrocarbons play a very important part and great 
developments are still occurring in this field. 

This book deals with certain aspects of the oxidation 
of hydrocarbons in the liquid phase with gaseous oxygen 
as oxidant. Even early workers found that the chemistry 
of these reactions is complex, and it is not surprising, 
therefore, that progress has been slow. It was established 
in the early thirties that these oxidations proceed by a 
chain mechanism and show the complex characteristics 
of reactions of this type. A first real understanding of the 
mechanism, although confined to the initial stage of the 
reaction only, was obtained as a result of the work of 
Criegee and Hock in Germany and of Farmer and Bolland 
in Britain. This work revealed the central position of 
hydroperoxides and hydroperoxy radicals in the reaction 
scheme and led to a mechanism for the first stages of 
the oxidation of olefines, paraffins, cycloolefines and alkyl- 
aromatics which has been generally accepted. 

However, if oxidation is carried on to conversions 
greater than a few per cent, complications arise which 
greatly influence the course of the reaction. This charac- 
teristic feature of oxidation reactions is very important 
because the industrial processes operate in this range of 
conversion which extends from about 2 to 30 per cent. 

During the past ten years or so the Russian workers, 
whose collective effort is represented in the book under 
review, have been concerned with this problem and have 
made important and far-reaching advances in the under- 
standing of the reaction mechanism at the later stages of 
oxidation. One must be grateful to N. M. Emanuel for 
having assembled, as editor, his own work and that of 
Knorre, Maizus, Denisov, Bashkirov, to name only a few, 
in this book, which has now been translated from the 
Russian. by K. R. Dobson and B. J. Hazzard, and edited 
by J. D. Hopton. 

Apart from this group of papers dealing mainly with 
the mechanism of the oxidation reaction, the book also 


NATURE 


October 30, 1965 


contains a collection of papers which are concerned wit 
the technical and more phenomenological, as distinct fro. 
the detailed mechanistic, aspects of the liquid-phas 
oxidation of hydrocarbons. 

Discussing first the former group of papers, Emanur 
and his colleagues have made good use of the theory c 
gas-phase oxidation reactions developed by Semenof 
Particularly, the concept of the degenerate chain branchir 
reaction has proved very useful in explaining man 
features of the liquid-phase oxidation at the large 
extent of reaction. In this case degenerate chai 
branching is due to the decomposition of the hydro» 
peroxides formed as primary products of the reactior 
This is the main factor causing the characteristic selj» 
acceleration of the reaction. In addition, other change 
in the reaction mechanism occur at this stage. Fo 
example, Denisov has shown that the original chai» 
carriers are replaced by others derived from the oxygen» 
ated products. The new chain carriers may be less reactiv 
than the original ones and thus slow up chain propagation» 
resulting in a retardation of the overall reaction. 

These complex conditions have been analysed in ¢ 
quantitative manner, which leads to an explanation o 
many features of the oxidation reaction at higher conver 
sions. Other characteristics such as the influence o 
inhibitors of various types also agree with the reactior 
scheme. These are important achievements well brought» 
out in the group of papers on mechanism. The only 
criticism I have 1s a certain obscurity and even incom. 
pleteness in the definition and explanation of the symbol: 
used. As a result it is sometimes unnecessarily difficult 
to follow the mathematical derivations. 

As for the group of technological papers, they are con- 
cerned with a variety of industrial aspects of hydrocarbon» 
oxidation such as the oxidation of paraffins to fatty acids, 
cyclohexane to cyclohexanone and cyclohexanol, the 
oxidation of fuels under storage and the inhibition of this 
oxidation. 

None of the work reported in the latter group of papers 
is radically new; but it is of great value to have collected 
in one volume this information, which is otherwise 
scattered throughout the literature and patent specifica- 
tions. It should be of particular value to anyone who 
wishes to orient himself ın an unfamiliar field. 

This book clearly is to be welcomed and recommended 
to anybody interested in the oxidation of hydrocarbons 
in the liquid phase. 

The translation is good and readable, and the publishers 
are to be congratulated for having made the book available 
to the many who cannot read it in the original language. 

H. STEINER 
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STATISTICS FOR NON- 
MATHEMATICIANS 


Statistical Inference 
By Prof. Jerome C. R. Li. Vol. 1: Pp. xix+658. Vol 2: 
Pp. xiv+575. (Ann Arbor: Edwards Brothers, Inc., 
1964.) 10 dollars each volume. 

HE first volume of this very large work has the 

sub-title A Non-Mathematical Exposition of the 
Theory of Statistics and is a revised edition of the author’s 
earlier work Introduction to Statistical Inference. The 
second volume has the sub-title The Multiple Regression 
and its Ramifications, and is a new book. A brief listing 
of most of the chapter headings will give a fair idea of the 
contents. Volume 1: descriptive statistics, normal dis- 
tribution, sample mean, test of hypothesis, y?-, t- and 
F- distributions, difference between sample means, 
confidence interval, one-way classification, randomized 
blocks, linear regression, factorial experiment, analysis 
of covariance, binomial and multi-nomial populations. 
transformations, distribution-free methods. Volume 2: 
matrix algebra, multiple regression, curvilinear regression, 
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itting constants, factorial experiments, multiple-factor 
xperuments. 

Modern statistics is a mathematical discipline and yet its 
sults are required by people with the very minimum of 
nathematics, and, in many cases, with a hostility toward 
she subject. It is therefore one of the hardest tasks a 
statistics teacher has, to explain his subject to many 
asers of it. Prof. Lrs way out of this difficulty (in Volume 
l at least) is to introduce the student to the ideas by means 
of sampling experiments. Thus, a simple finite population 
is repeatedly sampled and the behaviour of the sample 

means discussed. A little further on in the exposition a 
«normal population is similarly sampled and the ¢-, F- and 
x2- distributions obtained. In this way the student gains 

“familiarity with random variation, can understand how the 
unusual sometimes happens, and even when, in the more 
«complicated situations, he does not perform the sampling 
experiments, can appreciate the results in simple terms. 
A serious disadvantage to this method is that the student 
does not know which of the conditions of his sampling 
experiment are essential to the result, and which can be 
removed. But the author is careful over this point and 
states the results rather clearly in the form of theorems. 
With the assumptions on which the results are based stated 
therein, the student should not fall into the trap that most 
non-mathematical users of statistics succumb to, and apply 
the results without criticism in entirely inappropriate 
situations. The author is similarly very careful over his 
use of mathematical symbols and introduces them with 
much explanation. 

If the exposition is novel in this respect it is no less 
novel in its adherence to the normal distribution (or 
population). Until p. 443 of Volume l ıb is the only 
population discussed, and no other gets a look-in in the 
second volume. Even when other distributions (for 
example, binomial) appear, the methods used involve 
reduction to normal terms. The extreme example of this 
is the short (for Prof. Li) chapter of 18 pages on distribu- 
tion-free methods. He says “the selected [methods] are 
those which need practically no introduction of new 
principles”. It is not surprising therefore that they “turn 
out to be the very same methods in disguise”. 

A second unusual feature is the emphasis placed on multi- 
ple regression. This comes relatively early in the exposition 
and, most remarkably, before the usual constants model 
for analysis of variance situations. The reason for this 1s 
that Prof. Li works through this latter situation in terms 
of 0, 1, or other appropriate variables and performs a 
multiple regression with them. Both these novelties have 
the advantage of giving statistics a unity in that every- 
thing stems from the minimum of principles, but I felt 
that the unity was rather forced. 

Without the precision of the mathematical language it is 
difficult not to make errors. There are quite a few in the 
1,233 pages. The most serious is the mis-statement of one 
of the ‘‘only two important theorems given in this text 
[Volume 2]”. This refers to the F-distribution of regression 
over residual mean-squares, and completely omits to state 
that it only holds under the null-hypothesis (p. 99). In 
discussing the limiting form of a histogram (p. 14 of 
Volume 1) the areas are wrong. The necessity for the two 
samples to be independent is not mentioned when com- 
paring their variances by the F-statistic (p. 123 of Volume 
1), though the point does arise later (p. 137) to be for- 
gotten again on p. 146. No attention is paid to the non- 
additivity of y? (p. 476). The important point of the 
transformations being monotone is omitted when discus- 
sing the invariance of the median (p. 528). 

In addition to errors there are some points which seem 
unfortunate: the emphasis on significance tests instead of 
confidence intervals, for example, especially when the 
former are very firmly of the ‘accept-or-reject’ type. The 
unusual notation for regression coefficients (partial and 
otherwise), which is the opposite of the usual practice, is 
unnecessary. 
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These books presert an interesting approach to the 
instruction of non-mathematicians in statistics. If the 
approach fails, it does so not because the approach is not 
sound but because it is given in a text which has certain 
deficiencies, mainly ar-sing out of an emphasis on unity, 
and is perhaps a little out-of-date. D. V. LINDLEY 


INTERNAT ONAL NUTRITION 


World Review of Natrition and Dietetics 
Vol. 5. Edited by G. H. Bourne. Pp. x+381. (London: 
Pitman Medical Publishing Co., Ltd., 1965.) 115s. 


HE fifth volume of reviews of subjects in the inter- 

national field of rutrition opens with two essays on 
nutrition education. The first, by Prof. Beeuwkes of the 
University of Michigan School of Public Health, gives a 
good account of the history and the methods of education 
at all levels in the United States. The second, by Mr. 
McKenzie and Miss Mamford of Queen Elizabeth College, 
University of London, presents a critical evaluation of 
some existing educatim programmes. 

The third paper, fram Dr. Todhunter of the University 
of Alabama, considers some aspects of the history of 
dietetics and attempts to clarify the differences which 
may be defined between nutrition and dietetics. It is 
pertinent to quote ths last sentence of the review as a 
reminder to all who work in the field of nutrition or 
dietetics. ‘Food and diet are more than a means of 
existence, or even of a way to health; they are part of a 
total way of life and culture of a group and both the 
nutritionist and dietitian must continue to be cognizant 
of this fact.” 

An extensive study of present concepts in diet therapy 
by Dr. Johnson of the Grace-New Haven Hospital follows 
Dr. Todhunter’s historical review and provides much 
useful information on normal and modified diets. Adjust- 
ments of food intake m quantity and in nutrient content 
have been seriously investigated in the past forty years, 
and modern dietary tceatment is based on solid scientific 
investigation rather tkan the empirical and often fallacious 
concepts that were accepted in the past. 

Some aspects of the metabolism of vitamin A and 
carotene are reviewed by Dr. Owen of the Hannah Dairy 
Research Institute, Ayr. Particular attention is directed 
to the origin and function of liver stores of vitamin A in 
relation to the composition of blood and milk and the 
effects of hormones. The funetions of retinenes in the 
vision of various armimal phyla are considered. Some 
recent studies of the relation of vitamin A to enzyme 
systems concerned with metabolism of sulphate and trace 
elements are reviewed. Dr. Mahadevan, Dr. Malathi and 
Dr. Ganguly of the Indian Institute of Science, Bangalore, 
also review vitamin 4 in relation to the effect of proteins 
on absorption of the vitamin. The importance of researches 
in this field is stressed with reference to the observation 
that protein malnutrition may precipitate vitamin A 
deficiency In man. 

Dr. Holmes, of ths University of Adelaide, makes a 
useful appraisal of tha evidence on which recently recom- 
mended protein allawances have been based. Recent 
recommendations from the United Kingdom, the United 
States, the Food end Agriculture Organization and 
Australia are compared with critical reference to discre- 
pancies. 

An extensive documented review of bone pathology in 
experimental malnutrition is given by Mr. Stewart of 
the Human Nutrition Research Unit, National Institute 
for Medical Researzh, London. The final paper of 
the volume is concerned with the fate of selenium m 
animals. Jt comes from Dr. Ganther of the University of 
Wisconsin. 

The nine reviews add up to another valuable collection 
of information of gen2ral interest. A. M. Coprrire 
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CHARACTER RECOGNITION BY HOLOGRAPHY 
By Pror. D. GABOR, F.R.S. 


Department of Electrical Engineering, Imperial College of Science and Technology, London 


AVE-FRONT reconstruction or holography, on 

which the first report! was published in Nature 
seventeen years ago, had a powerful renaissance in the 
past years. E.N. Leith and J. Upatnieks?, G. W. Stroke? 
and others have greatly improved the original method, 
and showed that it was possible to reconstruct compli- 
cated two- and three-dimensional objects, with half-tones, 
In previously unattainable perfection. The revival of 
holography owed much of its impulse to the invention of 
the laser, which made it possible to produce holograms 
with interferences of the order of 10,000, and thus to make 
full use of the information capacity of fine-grain photo- 
graphic plates. 

I wish to show that it has now become possible to 
harness holography for the solution. of one of the most 
urgent problems of computers and other data-processing 
devices; the recognition of characters with many variants. 

Wave-front reconstruction contains a principle which 
has not yet been fully exploited. Expressed in a general 
form: two coherent waves are made to fall simultaneously 
on a photographic plate, one coming from an object A, 
the other from an object B. The photograph links these 
together in such a way that if the hologram is illuminated 
by A alone, E will appear too, and vice versa. So far 
this principle has been applied in the form that A was 
the object of interest and B a light source, usually a 
simple one, and in the reconstruction the hologram was 
illuminated by B. I now propose to turn this around. 
Let A be a character, such as a printed or hand-written 
letter or numeral, which can be read by human beings 
but not by a machine, and let B be a combination of 
point-sources, forming a code-word which can be read by 
a machine. Produce the hologram by combining A and B. 
When. A, or a character sufficiently close to it is presented 
to the hologram, with the original illumination, the code- 
word B will flash out. This means that the hologram can 
act as a translator, or coding device. 

The interest of this principle is in the enormous 
recognition capacity which can be stored in a single 
hologram, and which one might not perhaps suspect at 
first sight. I wish to show that with N characters to be 
discriminated, each with M variants, the product M.N 
can be made of the order of a thousand or even more. 
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WINDOW FOR CHARACTER AND CODE PLATE 


Fig. 1 shows the optics for producing the master holo- 
gram, and for using it in the read-out. The recording 
medium is assumed to be a transparency, such as a 
microfilm; but reflecting media can also be used. The 
hologram is built up by repeated exposures in what may 
be called ‘layers’. These are not, of course, physically 
separated in the emulsion. Each layer corresponds to 
one of the N characters to be discriminated, with all its 
M variants, and is marked with one code-word. The layer 
contains the part-holograms, to be called “engrams’ of the 
variants side by side, with little overlap. Each engram 
is produced with one direction of illumination, and as the 
photographic plate is arranged in the rear focal plane of 
a lens viewing the character, it is a ‘Fourier-hologram’. 
This has the advantage that the hologram is translation- 
invariant, that is to say, independent of the position of 
the character so long as this appears alone in the window. 
An engram need not occupy much more area in a photo- 
graphic plate than would be needed for a good record of 
the corresponding character, but as a cautious example 
we will assume 120 engrams, each with a diameter of 
about 5 mm, on a photographic plate of 50 mm x 50 mm. 
This is sufficient to record without overlap 30 variants, 
each in four or six ‘identical’ engrams. Fig. 1 shows how 
this 1s achieved. 

The light of a laser issues from a point L, and a beam 
splitter consisting of a spherical mirror and a semi- 
reflecting mirror produces of this two images L’ and LD’. 
The first of these serves the illuminator; the second, in 
the centre hole of the illuminator plate, serves the code 
plate. The illuminator plate, backed by a field lens, 
consists of a plastic plate embossed with, say, 120 lenti- 
cules, and is black outside the lenticules. These produce 
120 point sources which illuminate the window containing 
the character through a lens 1, which removes the illum- 
mator points into star space. The point sources correspond 
one-by-one to the engrams. There is a certain advantage 
in randomizing them slightly. Four identical engrams 
are taken at a time of any one variant. These are spaced 
out, as far as possible, to increase the resolving power of 
the hologram. They are selected with a mask, and 
a different mask with four holes is used for every 
variant. 
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Fig. 1. Apparatus for producing a coding hologram and using it for the read-out 
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The point source L” in the centre of the illuminator 
slate illuminates the code-plate, through the same lens 1, 
vhich serves in this area as a field lens. The code-plate, 
ike the illuminator, is an embossed plastic plate, which 
ontains the code-word in the form of groups of luminous 
voints, arranged in one or several arrays. It is advan- 
ageous to use self-checking codes, in which every word 
1as the same number of code-points. In the example 
here are six positions, of which two remain dark and 
our light up. This code has 6.5/1.2 = 15 words. Two 
nore positions have been added. These do not contribute 
© the discrimination of characters, but improve the 
signal-to-noise ratio, as eight points have to light up for 
avery valid character. 

In the making of the master hologram all engrams in 
one layer are marked, that is to say, exposed simul- 
taneously, with one distinctive code-word, which is 
selected by a mask. But as each code-word illuminates 
mhe whole area of the hologram, a further mask must be 
«used near the plane of the photographic plate, which cuts 
out the light except in the area of the engrams which are 
«made at any one time. This makes it possible to observe 
=the rule of optimum illumination, which postulates about 
«qual light sums on any engram from the character and 
from its code-word. 

Black-on-white letters are less suitable for discrimina- 
tion than their negatives, because they have too much in 
common; all their white area. But this disadvantage can 
be eliminated by a further mask, in the plane of the 
hologram, which cuts out all undiffracted light. By 
Babinet’s principle this turns a character into its negative. 
Such a mask can be easily made by exposing a photo- 
graphic plate through a clear window simultaneously to 
all illuminator points. 

After M.N successive exposures of the photographic 
plate, which add up to a convenient medium density, 
the master hologram is made by processing and printing 
it, preferably with an overall gamma of 2, and the print 
is put back in the original position. In the reading all 
the point-sources of the illuminator are used, while the 
whole code-plate is covered up. A lens 3 is used for 
observation, which produces a real image of the code- 
plate. If now the recording medium is dragged across the 
window, whenever a character or a variant appears in it, 
its code-word will flash up. It is advantageous to arrange 
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in the image plane a mask, which is a replica of the code- . 


plate, with very fine holes, so as to exclude all but the 
signalling light. This mask, too, can be made photo- 
graphically. 

A method of reading the code-words is to sum up all 
the light which appears in one zone, corresponding to one 
position in the code, and guide it to a separate photo- 
electric detector. Each detector 1s fitted with a level 
discriminator, so as to reject spurious signals below a 
certain level. This method is simple; but it has only 
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moderate discriminating power, because if the characters 
are not clearly distincs, some light might show up in the 
same zone in the cod3-words of other characters. One 
can reduce this by msking the code-words of characters 
which are not clearly distinct as different as possible. 
But the maximum of discrimination is achieved by a 
somewhat more compleated apparatus. In this the 
image of the code-plate is projected on the screen of an 
image camera. The ccde-words flash up at intervals cor- 
responding to the time allotted to each letter, during 
10—30 per cent of this period. In the time between flashes 
all code positions are scanned word by word, and points 
above a certain level of intensity are transferred to a 
memory organ, such as a core store. But unless the full 
number of points appear in a word, the record is erased. 
If the full number is ccunted, the code-word is transferred 
to the computer. : 

The great discriminating power of the holographic 
method stems from ite high angular resolution. Assume, 
for example, N = 35, M = 30, M.N = 1050. The group 
of four engrams correszonding to the character presented 
to the reader receives 1/30 of the light, and can diffract 
about 1/35 of it, altogether about 10-3 of the total. (Not 
counting, of course, in black-on-white records, the un- 
diffracted light which goes into the zero order.) Of the 
diffracted light, under the proper conditions, that is to 
say, when the engramse were taken with about equal light 
sums from the letter and from the code-word, one-quarter 
will go into the recorstruction of the code-word. One 
half appears in the obiect, another quarter goes into the 
‘twin’ image of the coce-word, which, however, is washed 
out by intermodulation with the character, and is useless 
for recognition. But the useful quarter is concentrated in 
extremely small solid engles. For example, if four or six 
identical engrams are spaced out by about 25 mm, the 
solid angle in which fhe major part of the light corre- 
sponding to a code-pdaint is concentrated will be of the 
order 10-8. Let the ght of, say, 10-4 of the total be 
distributed among ten code-points, this means that 10-5 
of the light appears in one code-point, in a solid angle 
which is perhaps 10% of the solid angle covered by 
the whole code; a zoncentration of the order ten. 
Moreover, this estimat is somewhat pessimistic, because 
it takes no account of the confirmation of the character by 
the engrams of slightly-different variants in the same layer. 

In conclusion, there is good reason to believe that a 
single hologram may discriminate between all the 
numerals and the lettars of the alphabet, each with 30 
variants. 


1 Gabor, D., Nature, 161, 777 (1948), Proc. Roy. Soe., A, 197, 475 (1949); Proc. 
Phys. Soc., B, 64, 244 (1951). 

3 Leith, E. N , and Upatnieks, J., J. Opt. Soc. Amer., 58, 1377 (1963); 54, 
1295 (1964); 55, 569 (1965). 

3 Stroke, G. W., Optics of Cokerent and Non-coherent Electromagnetic Radia- 
tions, Univ. Michigan (1955), with Falconer, D. G., Physics Letters, 13, 
306 (1964); 15, 288 (1965). 


POLONIUM-210 IN MAN 
By Dr. C. R. HILL 


Physics Department, Institute of Cancer Research, Belmont, Surrey 


T is well known that the atmosphere contains appreci- 
able quantities of radon as a result of emanation from 
the materials of the EHarth’s crust. Until recently, how- 
ever, little interest has been taken in the fate of the long- 
lived radionuclides produced in the atmosphere by radon 
decay. Radium D (lead-210) has a half-life of twenty-two 
years, much longer than the twenty-thirty day mean 
residence time for aerosols in the troposphere, and it is 
therefore returned to the surface of the Earth as a natural 
component of fall-out. During residence in the atmo- 
sphere, sufficient time elapses for the growth of most of 


the equilibrium amourt of the five-day 6-emitter radium 
E (bismuth-210) and some of the 138-day a-emitter 
radium F (polonium-210), and these therefore also take 
part in the fall-out prccess. 

In addition to this natural process of production, 
polonium-210 may be released into the atmosphere by a 
number of artificial msans. Considerable quantities are 
thought to have been Pleased by the Windscale aceident 
in 1957 (ref. 1). It is Seing used as a source of thermal 
power in Earth satellites and there has recently been inter- 
est in the possibility thet a certain amount may have been 
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produced by activation of stable lead or bismuth in nuclear 
weapon explosions. Except, possibly, in the stratosphere 
the natural source of the nuclide is predominant at the 
present time, but this may not always remain the case. 

Burton and Stewart, in 1956, measured the concentra- 
tion of radium D, E and F in ground-level air and in rain- 
water at Harwell? and their figures show an annual deposi- 
tion rate for radium D of about 1-7 mc./km? (ref. 2), which 
is nearly half the corresponding mean rate for strontium- 
90 recorded at the same site during the past five years’. 
The concentration of radium D in ground-level air appears 
to be dependent on latitude, being highest in temperate 
latitudes and also being generally higher in the northern 
than in the southern hemisphere‘, possibly as a result of 
the difference in exposed Jand masses. 

Dispersion as an atmospheric aerosol is well known to 
be an effective means by which many trace materials 
may gam entry to the biosphere. Lead, bismuth and 
polonium may all be absorbed by human beings as a result 
of inhalation and also to an appreciable extent by uptake 
through the gut5: it is therefore of interest to know to 
what extent human beings may be exposed to these 
nuclides in the environment and whether, in fact, they 
are normally present in human tissues. 

From knowledge of the energy and linear energy transfer 
of the radiation emitted by the three nuclides radium 
D, E and F, it appears that the respective biologically 
effective doses produced per disintegration will be in the 
approximate ratios 1:10:1,000 (assuming an RBE of 
10 for «-particles). ‘It is radium F (polonium-210) that 
is of primary interest, therefore, in the present context, 
although it must be borne in mind that its actual presence 
and pattern of distribution in the human body may be 
determined very largely by the behaviour of one or more 
of its radioactive precursors. ` 

Human and animal foodstuffs. Polonium-210 has been 
observed to occur on exposed folage, and particularly on 
grass, in amounts that are directly related to local rain- 
falls. In high rainfall districts in England and Wales 
concentrations above 10,000 pc./kg of dry grass are not 
uncommon, with the curious consequence that a load of 
hay can become legally classifiable as a ‘radioactive 
substance’ purely on account of its natural radioactivity. 
Concentrations of the order of 5,000 pc./kg have also been 
found to be common in slow-growing plants such as lichens, 


both in the United Kingdom and also in Lapland and, 


the Canadian Arctic, where they form an important part 
of the winter diet of reindeer and caribou. 

Grazing animals are found to take up polonium-210 
in appreciable amounts, and concentrations greater than 
1,000 pe./kg have been found in some animal tissués both 


Table 1. PoLONIUM-210 CONTENT OF VARIOUS HUMAN AND ANIMAL FOODS 


210Po spec. . 22°Pb : 22°Po 
Materia No. activ. activ. 
samples (pe./kg) ratio 
_ Grass (dried) U.K. 24 400-16,000 1-5 
Dry lichen (Calopiaca elegans) U.K. 2 7,800; 10,000 Ł 
Dry lichen (Cladonia alpestris) Lap- 
land i 3 8,600-8,100 1 
Dry lichen (Cladonia alpestris) Canada 1 8,500 1 
Edible green vegetables (U.K.) 5 1-3 
Carrots and potatoes (U.K.) 2 1 — 
Breads and cereals (U.K ) 4 1-7 — 
Dried milk powder (U.K ) 3 2-68 — 
Beef and lamb muscle (U K.) 2 3;3 — 
Beef and lamb liver (U.K ) 3 4-100 0:7 
Beef and lamb kidney (U.K.) 3 48-270 0:05-1 
Lamb kidney (N. Wales) 6 90-1,800 0-2 
Reindeer (Lapland) summer killed 
nscle 6 15-50 — 
Liver 5 350-750 — 
Kidney 4 110-490 —- 
Bone 5 520-3,500 — 
Reindeer (Canada, N.W. Territory) 
winter killed 
Muscle 2 200 : 210 — 
Liver 2 2,400 : 5,600 — 
Kidney 2 4,200 ; 2,800 — 
Spleen 1 980 
Camel bone (Jordan) 2 1,100 ; 1,500 
Deer bone (Scotland) 1 1,300 — 
Cockles (U.K., E. and W. coasts) 3 400-900 01-0 2 
Crab (U.K., S. coast) 2 1,800 ; 1,400 — 
Plankton (S. Pacific) 1 2,000 — 
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in the Arctic and in high rainfall areas of the Unitec 
Kingdom. Biological concentration of polonium-210 als¢ 
occurs in some marine organisms and in particular ir 
some varieties of plankton’, certain shellfish and crab 
Evidently, therefore, there is a considerable variety Oo 
ways in which the nuclide may find its way into human 
and animal foodstuffs, and the amounts that we havc 
measured in a number of these*, together with observec 
values of the lead-210: polonium-210 activity ratio in 
certain cases, are shown in Table 1. 

The data of Table 1 are somewhat fragmentary and are 
characterized by wide variations in the concentrations 
of the nuclides, but it may be concluded that the daily 
intake of both polonium-210 and lead-210 in the food=— 
comprising an average mixed western diet will probably 
be in the range 1-10 pce. This estimate is supported by 
measurements we have made of the daily faecal excretion» 
of lead-210 by a thirty-year-old male subject consuming+ 
an ordinary ‘English’ diet. For six separate samples 
collected at intervals over five months the values were 
between 1-7 and 6-4 with an average of 3:2 pc./day. 
From similar measurements in the United States, Holtz- 
man has obtained a value of 1'8 pc./day*. 

Evidently a considerably higher figure might apply, for 
example, to a connoisseur of sea food, while an Eskimo» 
on a high meat diet based on winter-killed reindeer might 
ingest of the order of 100 pe./day of each nuclide. It is 
to be noted that the polonium-210 and lead-210 contents» 
of drinking-waters (other than untreated rain-water) are 
only of the order 0-01 and 0:05 pe./l. respectively? and so: 
would probably be insignificant in comparison with food 
as a source of ingestion of the nuclides. 

Tobacco and cigarette smoke. It has been pointed out 
by Radford and Hunt that appreciable concentrations of 
polonium-210 occur in tobacco and that, as might be 
expected from the known volatility of polonium, a con- 
siderable fraction of the activity in the tobacco may be 
transferred to the inhaled smoke”. 

I have measured polonium-210 concentrations in & 
number of cigarette tobaccos of different origin, with the 
results shown in Table 2. These figures do not indicate 
any striking differences as between the different major 
tobacco-producing areas and, in particular, do not sup- 
port the suggestion recently made by Marsden?!, based 
apparently on total «-activity measurements only, that 
differences in the polonium-210 content of tobaccos might 
be related to geographical variations in the incidence of 
lung cancer. 

We have also investigated the fate of the polonium-210 
which is present in a cigarette when it is smoked in a 
standard smoking procedure}. Using a popular brand of 
cigarette which was found to contain 0-49 + 0-07 pe. 
polonium-210 per cigarette, the fate of the original 
activity in three experiments was as shown in Table 3, 
where the previous results of Radford and Hunt are 
summarized for comparison. It will be seen that the main 
conclusion from the earlier work, that an appreciable 
fraction of the polonium appears in the main-stream 

* Apart from a limited number of a-spectroscopy measurements, the 

olonium-210 determinations reported in this article have been carried out by 
he method described by Black (ref 27), Osborne (ref. 12) and others. Samples 
are wet ashed using nitric and perchloric acids and polonium is then deposited 
electrochemically on to silver from a solution in 0-5 N hydrochloric acid, and 
afterwards a-counted. Yield is checked using duplicate samples spiked with 


a standard 2°Pb~2°Po solution and lead-210 can be estimated by replating 
polonium-210 from the solution after an interval of several months. 


+ Smoking was carried out under the following conditions, using a bellows 
type smoking machine: initial cigarette length 70 mm, weight 1.09 g; butt 
length 23 mam, pui volume 35 ml., duration 2-0 sec, repeated once a minute 
to total 10 puffs per cigarette; horizontal smoking position. In experiment 
No. 3, filter tips were fitted to the cigarette, using adhesive tape. Maim- 
stream smoke (that is, the fraction normally drawn, into the mouth) was 
drawn, directly into the collecting device, which was either a Cambridge 
filter (expts. Nos. 2 and 8) or two wash bottles comam ag 5 per cent 
hydrochloric acid in ethanol and immersed in solid carbon dioxide (expt. 
No.1). Side-stream smoke was led through a collecting chimney and collected 
either in two similar wash bottles in series followed by two Cambridge filters 
in parallel (expt. No. 1) or in the two filters only (expts. Nos. 2 and 3). Follow- 
ing collection, smoke was recovered from the filters by gently flowing hydro- 
chlorie acid—ethanol mixture in the reverse direction through the filters, still 
in their holders. Polonium-210 estimation was carried out as described in 
the previous footnote. 
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Table 2. POLONIUM-210 CONTENT OF VARIOUS CIGARETTE TOBACCOS 
No. of 
Origin of sample samples *10Po activity (pe./kg) 
Max Min Mean 
United States 8 650 390 510 
Cent. and S. America 6 1,360 290 670 
Rhodesia 3 700 600 650 
Australia 2 660 610 640 
India and Pakistan 2 570 250 410 
Indonesia 1 — — 230 
Turkey and Greece 3 280 210 240 


Table 3. FATE OF POLONIUM-210 IN SMOKING OF CIGARETTES 
(Percentages of total initially present) 


Present measurements Radford and Hunt?" 
Component Expt.1 Expt.2 -Expt.3 (No (Filter 
(no tips) (no tips) (filter tips) tips) tips) 

Main, stream 12 10 6:5 23; 25 22; 18 
Zips — — 3°5 — — 
Side stream 32 28 30 21, 29 27; 24 
Butts 35 34 87 30; 25 24; 88 
Ash 16 18 19 7; i1 8 

Total recovery 95 90 96 81, 90 82? 88 


smoke, is confirmed, although the actual fractions found 
in the present experiments are somewhat lower, possibly 
as a result of differences in smoking conditions. 

In a separate experiment, main-stream smoke from 
cigarettes from the same batch was weighed after collec- 
tion on Cambridge filters and found, in two separate 
measurements, to amount to 0-032 g per cigarette as col- 
lected or 0:021 g after drying at 100° ©. Taking the 
polonium-210 content of main-stream smoke as being 
about 0-05 pe. per cigarette (from the foregoing measure- 
ments) it is evident that the specific polonium-210 
«-radioactivity in the condensed smoke is of the order of 
2 pe./g. The radiation dose rate at the surface of a thick 
(that is, > 100.) slab of such material would be 0-1 rad 
(or 1 rem) per year and less for thinner slabs. This is of 
interest in considering the possible occurrence -of high 
local dose rates in the human lung as a result of accumula- 
tion of smoke particles, since the foregoing dose rate is in 
marked contrast with the values of from several hundred 
to more than 1,000 rems in twenty-five years suggested 
by Radford and Hunt. For such high dose rates to 
occur it would seem to be necessary to postulate a mechan- 
ism for selective clearance from the lung of the bulk 
constituents of the condensed smoke relative to that of 
polonium-210. Such a mechanism would not only have 
to show a high degree of selectivity but also, on the 
evidence given later for retention time in the lung for the 
polonium-210, would need to operate rather rapidly. 

Normal human tissues. A number of measurements 
‘have been reported of the concentrations of polonium-210 
and lead-210 in normal human tissues, although, apart 
from those by Osborne"? and Stahlhofen*, most have been 
concerned only with bone and teeth®14-45, In view of the 
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results presented here, I have made two further sets of 
measurements on human tissues. In the first place I 
have examined the polonium-210 levels (equivalent to 
lead-210, as the samp:es were several years old at the time 
of measurement) in bones of ten different Canadian 
Eskimos. Secondly, I have made comparative measure- 
ments of polonium-210 on soft tissues of two groups of 
individuals known to be non-smokers and regular cigarette 
smokers respectively. all of whom died sufficiently sud- 
denly that their smoking and other habits would not have 
been upset seriously for more than a few hours before 
death. Measuremenzs were made without subdivision 
of the tissues except in the case of the right lung, where 


` the bronchial tree end samples of peripheal alveolar 


tissue were dissected out and measured separately. In 
three cases the secandary bronchial bifurcations were 


-dissected out (to include about 0-5 cm of bronchus above 


and below the bifurcation) and measured separately. 
The results of measurements on the Eskimos and on the 
effect of smoking are presented in Tables 4 and 5 respec- 
tively. 

The measurements on the Eskimos can be compared 
with values found Ey other investigators for bone of 
‘normal’ European ard North American subjects (shown 
in the same Table). From this it will be seen that the 
Eskimo values range from ‘normal’ upwards by a factor 
of twenty or more, and it is interesting that the high values 
occur in subjects whc had been permanently resident in 
the Arctic while several of the others had been living in 
southern Canada for some time prior to removal of the 
bone (either at autopsy or in the course of thoracoplasty). 
The high values found here seem to be consistent with my 
observations of high levels in reindeer meat and the 
known high meat diet of Eskimos. 

(Note added in proof. Recent measurements on fresh 
placental tissue samples derived from nine northern 
Canadian residents whose diet included reindeer or 
caribou meat have shown polonium-210 concentrations 


Table 4. LEAD-210 LSVELS IN BONES OF CANADIAN ESKIMOS 
(Measured as polcnium-210 six years after collection) 


Table 5. POLONIUM-210 TISSUE LEVELS IN SMOKERS AND NON-SMOKERS 


219Po9 Activity (pc./kg tissue) 











Age and 
sex of Mean lung 
subject Alveolae (approx.) 





Cigarette 
smokers 


Mean 


Measured 

210Pþ ji 210 Po 
Tatios 
Max 


Mean 






Case Origin and age of 210Pb activity 
No. subject (where known) (pe./kg wet bone) 

1 Igloolik, N.W. Territory 42 710 

2 — — 380 

3 Carberry, Man. 67 8 

4 Winnipeg, Man. 80 13 

: Edmonton, Alta. 44 ot 

7 =Pakatawagan, Man. 21 37 

8 Nelson House, Man. 26 42 

i Nelson House, Man. 17 ion 

“Normal” (United Kingdom and United 
States, refs. 8, 12, 14 and 15) 15-37 
| Activity ratios 


oS en Ty 


Bronch. tree/ 
alveolae 


Gonad | Lung/liver 


~ Kidney/liver 
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twelve times greater, on average, than those found in 
nine other subjects from the same area.) 

From the measurements on smokers and non-smokers 
(Table 5) the following points emerge: 

(1) In both smokers and non-smokers the ratio between 
gross specific polonium-210 activity in the bronchial 
tree and that in alveolar tissue is close to unity for any 
individual. 

(2) In liver and kidney the levels of polontum-210 in 
smokers are little, if at all, greater than those in non- 
smokers, whereas in lung tissue a difference with a factor 
of between 2 and 3 seems to occur. This is perhaps best 
seen in comparison of the activity ratio ‘lung/liver’ for 
the two groups. The corresponding ratio ‘kidney/liver’ 
may here be regarded as a control parameter indicating 
variations occurring between two tissues neither of which 
is directly concerned in the exposure mechanism of interest 
(inhalation). 

(3) In my samples the polonium-210 content of the 
average smoker’s lung exceeds that of the average non- 
smoker by 5-4 pe. (assuming 1 kg for the total weight of the 
lungs), which is the approximate content of the nuclide 
in the main-stream smoke of a hundred cigarettes. Assum- 
ing @ consumption of twenty cigarettes per day and 
retention by the lung of half the main-stream smoke, 
these results suggest a retention time for the polonium-210 
in the lung of the order of ten days. Í 

(4) For the three cases of smokers where bronchial 
bifurcations were dissected out and measured separately, 
the polonium-210 in each sample (of weight between 5 
and 15 g and each consisting of several bifurcations) did 
not in any case exceed the amount to be expected, from 
the average value measured for the whole bronchial tree, 
by more than 0:05 pe. 

In view of the possibility suggested by Radford? that 
even such a small quantity of activity might lead to high 
dose rates if it were concentrated into a small area, I have 
examined autoradiographically some vacuum-dried 
samples of epithelium taken from bronchial bifurcations 
in smokers’ lungs. In the specimens examined so far I 
have not found statistically significant concentrations of 
a-activity greater than 0-01 pc./em*, and an appreciable 
part even of this activity is probably attributable to 
background from the glass plates used in the initial 
experiments. 

My failure to find appreciable excess polonium-210 
activity in bronchial bifurcations of cigarette smokers, 
either when measured as gross tissue concentrations or 
when examined autoradiographically as surface activity, 
is in contrast with Radford’s observation of hot spot 
activity” and also with his later observations of polonium- 
210 activities up to 1-25 pc./g in bronchial epithelium". 

Subjects with high skeletal burdens of radium-226. ‘The 
decay of radium-226, present in the human skeleton as 
a result of either natural or abnormal exposure, leads 
eventually to the formation within the body of a certain 
amount of lead-210 and its descendants. It will be shown 
later than in the normal subject this source is of little 
importance, but in subjects with high radium burdens it 
can constitute the main source of these nuclides and is 
of interest therefore as providing an opportunity for an 
investigation of the effect of differences in the route of 
their administration to the human body. 

I have recently had occasion to examine post mortem 
a subject who had been employed as a radium-dial painter 
until six weeks before her death, which resulted from 
acute myeloid leukaemia. Her body-burden of radium-226 
proved to be 0-02 uc.; well below the maximum permis- 
sible level, but about one thousand times above normal. 
The levels of polonium-210 and lead-210 measured in 
various organs at the time of death are shown in Table 6, 
both as absolute amounts and as ratios to the corre- 
sponding average levels that we have measured in normal 
individuals. Several interesting points emerge from these 
figures: 
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(1) In bone and liver the presence of polonium-21( 
appears to be due to the quantitative retention of the 
products of decay of lead-210 in the tissue, since the two 
nuclides occur in equilibrium. In kidney and ovaries, 
however, the polonium-210 is significantly in excess of 
equilibrium and is presumably present largely as a result 
of active uptake of polonium from the blood. The dis- 
crimination between the renal cortex and medulla is in 
agreement with animal data and with a single previously 
published case of a human subject’. 

(2) The exposed/normal ratio for polonitum-210 in a 
tissue is much higher for bone than for most soft tissues. 
This presumably reflects the known fact that an appreci- 
able fraction of the radon produced in bone by decay of 
radium-226 does not escape but decays there with the 
eventual deposition of lead-210 and polonium-210. (The 


_ high absolute and relative levels of polonium-210 in hair 


may be due to superficial contamination by radon decay- 
products in the atmosphere of the luminizing factory.) 

(3) The actual distribution of polonium-210 among the 
soft tissues does not seem to be strongly dependent on the 
origin of the polonium. It is of particular interest that 
this observation applies also to the lung: this could be a 
fortuitous result of the inhalation of high concentrations 
of radon and daughters, but otherwise it suggests that 
much of the normal polonium-210 content of the lung 
originates internally rather than as atmospheris material 
that has not been cleared physiologically. 

(4) In relation to the radium-226 content of the skeleton, 
the #1°Pb—*!°Po levels in the soft tissues of the exposed 
subject are seen to be considerably less, by a factor of 
about 70, than those in normal individuals. This is in 
agreement with Holtzman’s prediction? that the normal 
individual acquires only a very small fraction of his 
polonium-210 burden (at least in soft tissues) as a result of 
decay of skeletal radium-226. 

Measurements have also been made of polonium-210 
in the tissues of a number of subjects having radium-226 
burdens that had been acquired some twenty—forty 
years before their death. The results, which are given in 
Table 7, show a level of polonium-210 in soft tissue, for a 
given radium-226 burden, that is considerably less than 
that in the more recently exposed case. This situation 
is consistent with the older radium deposits being less 
subject to loss of radon to the blood, but it could also be 
explained on the basis of high inhalation of radon and 
daughters by the more recently exposed subject. 

If the commonly used value of 0-67 is assumed for the 
fraction of radon-222 produced in bone that escapes to 
the blood, the data of Table 7 may be used to calculate 
the rate of uptake of radon-222 into the blood that would 
by itself maintain the normal concentration (10 pe./kg) of 
polonium-210 in the liver. A value of approximately 
0-5 pe./min is found in this way. 

Table 6. POLONIUM-210 AND LEAD-210 LEVELS IN TISSUES OF A RADIUM- 
DIAL PAINTER 


20°Po activity =P ; 210Po a10Po ratio 

Tissue (pe /kg) activity ratio exposed: normal’? 
Liver 190 1:0 19 
Lung 50 — 15 
Kidney cortex 360 0:13 40 
Kidney medulla 200 0:10 40 
Spleen 34 2-5 11 
Ovarles 60 0°25 9 
Thyroid 1L — — 
Pancreas 8 — 6 
Adrenals 70 — — 
Hair 25,000 10 280 
Bone 1,500 1-0 
Bone—*"*Ra 4,000 — 1,000 (72*Ra) 


Table 7. RADIUM-226 IN BONE AND PoOLONIUM-210 IN LIVER FOR INDI- 
VIDUALS WITH LONG-ESTABLISHED RADIUM BURDENS 


Approx age of 92¢Ra in bane 210P9 in liver Ratio: 
Ra burden at death at death bone *2¢Ra/ 
(years) (pe /kg wet) (pc.j/kg wet) liver "Po 

20 9,000,000 11,000 800 

40 2,300,000 2,000 1,100 

35 2,000,000 4,500 450 

30 80,000 70 (normal) (1,000 

20 40,000 110 (normal) (500 

40 30,000 80 (normal) 300 
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Isolated proteins. One of the biological properties of 
polonium that is often overlooked, although it has been 
known. for some forty years!’, is that it is a ‘seeker’ of 
soft tissues rather than bone, and it is in fact unique in 
this way among the a-emitting heavy elements. (The 
common occurrence of polonium-210 in bone is almost 
certainly not a result of its own chemical nature but 
rather of its descent from the bone seeker lead-210.) 
The reason for this behaviour is not fully understood, 
although it is known that polonium may be associated 
with protein, particularly in the blood!29, 

In this connexion it seemed of interest to determine 
whether the polonium-210 that has been shown. to occur in 
grazing animals may be present in nominally pure crystal- 
line proteins extracted from their tissues. The results of 
several such measurements on commercially prepared 
samples are shown in Table 8 together, for one of the 
insulin samples, with corresponding measurements both 
on the pancreas from which the sample was derived and 
on & multiply recrystallized fraction of the commercial 
grade of protein. 
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Table 8. POLONIUM-210 CONTENTS OF SOME PURE PROTEINS 
210Po9 activity 





Protein Supplier (pe./kg) 
Albumin (crystalline bovine) B.D.H. 23 
Haemoglobin B.D.H 96 
Gelatine (powder) B.D.H 40 
Fibrinogen (bovine) B.D.H 120 
Insulin (crystalline bovine B.D.H 610 
Insulin (crystalline bovine Boo 1,870 
Insulin (erystalline bovine Burroughs Wellcome 660 
Insulin (crystalline bovine Burroughs Wellcome 370 
(multiply recrystallized) 
Raw bovine pancreas (dried) Burroughs Wellcome 25 


The difference in activities between the insulins and the 
other bovine proteins might simply reflect a difference in 
origin (the three commercial insulins, although from 
different manufacturers, were all derived from a common 
source of supply of pancreas), but it is of interest that, of 
the various proteins examined, insulin has much the 
highest content of —SH groups. The reduction in specific 
activity on multiple recrystallization appears to rule out 
a very close association between the polonium and the 
protein, but the possibility is nevertheless suggested that 


some association, in which —SH groups are involved, may - 


exist. Such a situation would evidently have important 
implications for the microdosimetry of the polonium 
isotopes. 


Discussion 


The selection of data presented in this article has been 
dictated to a considerable extent by the availability of 
post-mortem and other specimens and is therefore far 
from comprehensive. Nevertheless, from these results 
and others previously reported in the literature, at least 
the outlines of a consistent picture can be obtained of the 
part played by the sub-series radium D-E-F in man’s 
radioactive environment. 

The correspondence, both for grazing animals and for 
man, between the levels of polonium-210 in the food of 
a community and in the tissues of its members clearly 
indicates that ingestion in food is an important route for 
acquisition of body-burdens of the nuclide. The conclusion 
that this is normally the principal source of such body- 
burdens seems to follow from Holtzman’s analysis of other 
possibilities’, including decay of skeletal radium-226 
and inhalation of radon-222, radium A, B and C and 
radium D, # and F, in which he showed that only the 
last-mentioned of these is of comparable importance with 
food, and that only if one assumes an atmospheric con- 
centration of the nuclides several times higher than has 
been measured by most observers. 

The variations, by an order of magnitude or more, 
between polonium-210 body-burdens in ‘normal’ United 
Kingdom and United States residents and in some 
Canadian Eskimos, are probably due to the latter having 
a high dietary content of meat derived from animals 
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grazing on poor, slcwly growing pasture. Apart from 
in the Arctic, such conditions might also be expected 
among the herdsman populations of arid regions such as 
those in Arabia and East Africa, and it is of interest here 
that we have found high levels of polonium-210 in camels. 

Cigarette smoking does not seem to lead to abnormal 
levels of polonium-21) in tissues other than lung, and tne 
levels here, examined either as gross tissue concentrations 
or, so far as I have been able to discover, as localized 
concentrations, are not such as would lead to abnormally 
high radiation dose -ates. However, the possibility of 
being able to observe localized concentrations of smoke 
particles in the bronchial epithelium by virtue of their 
association with a racionuclide is of considerable interest, 
regardless of considerations of radiation dose to the tissue, 
and would justify further experimental effort in that 
direction. 

The question of the part played by physiological uptake 
of lead-210 in producing tissue concentrations of polonium- 
210 is still not completely settled?!2*. Evidence from 
work with experimental animals, as summarized by the 
International Commission on Radiological Protection‘, 
indicates that the szeady condition reached following 
prolonged chronic ing>stion of an equilibrium mixture of 
lead-210, bismuth-210 and polonium-210 would be one 
in which lead-210 was considerably in excess of polonium- 
210; the predicted ?1°>b : 24°Po ratios for bone, liver and 
kidney being 400, 32 and 25, respectively. Values for 
this ratio between these figures and unity would still be 
consistent with the deta from the International Commis- 
sion on Radiological Frotection if a fraction of the decay 
products of lead-210 was retained in the tissue where it 
had been formed, whsareas values less than unity could 
only be explained by an active uptake of polonium-210 
into the tissues (or, possibly, by redistribution of polonium- 
210 between different tissues?*). In fact, I have repeatedly 
found values for this ratio considerably less than unity 
in a number of soft tissues and consistently close to unity 
for bone. It appears, therefore, that, under the conditions 
we are studying, there-may be a true uptake of polonium- 
210 into certain tissues independently of lead-210, while 
in bone the initial uptake is of lead-210 and this is followed 
by quantitative retent.on of decay products. 

Although this artizle is primarily concerned with 
polonium-210 it is of interest that at least four other 
isotopes of polonium, sll «-emitters, are normally present 
in the human body: pclonium-218 (radium A), polonium- 
216 (thorium A), polon-um-214 (radium C’) and polonium- 
212 (thorium QO’). Owing to their short half-lives, direct 
measurements of the tissue levels and distribution of 
these isotopes have not hitherto been possible, but experi- 
mental data obtained with rats?* indicate that a dose rate 
to the kidney, due to polonium-218 and polonium-214, 
of the order of 1 mrac/year may result from continuous 
inhalation of radon at a concentration of 10-1: ¢c./]. On 
the basis of the behaviour of polonium-210 the corre- 
sponding dose rate to zhe gonads may be expected to be 
of a similar order of megnitude. 


~—onclusion 


The object of the work described in this article is to 
define the part played by polonium-210 in contributing 
to the biologically effective radiation dose received by man 
in a variety of environments. In the foregoing I have 
reported the gross concentrations of the nuclide that are 
found in human tissues, together with some of their 
variations with environmental conditions, and I have 
discussed the origin of the material and some information 
relating to its physiological and biochemical behaviour 
which suggests that ite distribution within a tissue may 
be rather non-uniform. One major area of ignorance with 
which we are still faced, however, is in the basis for a 
comparison of the physial dose rates of high linear energy 
transfer radiation that we have measured with other, 
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predominantly low linear energy transfer, sources of 
background radiation; in other words, the problem of 
relative biological effectiveness at very low dose rates. 
In the absence of better evidence we may simply assume 
a relative biological effectiveness of 10 for the polonium-210 
«-particle, in which case, by a convenient arithmetical 
accident, our tissue concentrations expressed as pc./kg 
become equivalent to mrem/year. This is almost certainly 
& very poor approximation to whatever the true position 
may be, and it should be pointed out that some recent 
reports?*-** have suggested that the relative biological 
effectiveness for high linear energy transfer radiation 
may become very large at low dose rates, tending towards 
values of 30 or more for the conditions of background 
radiation. On this basis polonium-210 would evidently 
constitute a major fraction of background dose to man, the 
total of which is generally considered to be of the order of 
100 mrem/year. 

I thank Dr. C. F. J. Baron, Dr. D. Haler, Dr. L. A. 
Barrer and Dr. F. D. Sowby for arranging the supply of 
post-mortem material; Prof. K. Liden, Dr. J. K. Mietin- 
nen, Dr. O. Paakola and Dr. P. M. Bird for the Arctic 
specimens; Prof. J. E. Roberts for the camel bones; 
Dr. I. W. Hughes and the British American Tobacco Co. 
for help in the experiments on cigarette smoking and 
tobaccos; and Dr. G. A. Stewart, of Messrs. Burroughs 
Wellcome and Co., for assistance with the measurements 
on insulins. I am indebted to several of my colleagues for 
their helpful advice, and to Mr. Howard Dawson for 
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carrying out most of the measurements. Finally, I thank 
Prof. W. V. Mayneord for his support and advice. 
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PATTERN MEASUREMENT 


By Dr. A. WARD and G. W. McMASTER 
Radiation Laboratory, University of Strathclyde 


TTERN measurement 1s a rapidly growing develop- 

ment which is likely to affect a number of very 
different fields of study to a much greater extent than has 
previously been the case. The term is used here to describe 
any technique in which an instrument (usually of an 
electronic and optical nature) is used to scan an image or 
a permanent photographic record of an image, store the 
information obtained from the scan and finally analyse 
this information in terms of a series of parameters the 
quantitative values of which describe the features of the 
image which are essential, or at least of interest. 

Clearly such instruments merely carry out essentially 
the same function as the combination of the human eye 
and part of the human brain. Indeed, those engaged in 
the field of pattern measurement develop a very healthy 
respect for the flexibility, speed and selectiveness of the 
human eye and brain in recognizing patterns. Unfor- 
tunately, as we all know, the human eye and brain are 
subject to fatigue; the brain is easily distracted and finds 
it difficult to remember with complete clarity the details 
in different parts of the same photograph and in comparing 
a series of similar photographs. 

Bearing in mind the enormous capacity of a photograph 
to record permanently and conveniently the essential data 
in an image, it is understandable that most instruments in 
pattern measurement are designed to scan photographs 
rather than the original image. 


Progress at Strathclyde 


Nearly three years ago research and development were 
begun here to produce a series of instruments for pattern 
measurement. After a number of abortive starts using 
electro-mechanical devices of a fairly elaborate nature, the 
first of these instruments has been completed. 

The problem in all instruments of this type, or at least 
the main problem, is to build into the instrument a very 


high degree of stability—short-term stability over periods 
less than a second and also long-term stability over periods 
of the order of days, weeks or even months. Unless such 
stability is present the advantages of the instrument over 
the human eye and brain are largely lost. There is simply 
no room for erratic unknown errors in the three processes 
of scanning, storage and analysis. 

Other factors involved include the total number of 
points into which the photograph can be divided, the 
geometrical shape of the scan, the range of grain densities 
that may be encountered, the speed of the scan, the speed, 
capacity and permanency of storage of information 
obtained from the scan, the speed of extraction of this 
information and the flexibility and speed of its analysis. 
This does not exhaust all the practical factors which are 
encountered; for example, it is quite important to have 
visual monitors at different parts of the system, not only 
to check for satisfactory operation but also to permit 
satisfactory adjustment of the system to deal with particu- 
lar types of images. To satisfy the demands of stability, 
speed and flexibility we have found it necessary to develop 
purely electronic/optical systems. 

The particular instrument described here (Mark 1) is 
made up of three units which carry out the functions of 
scanning, storage and analysis respectively. The scanning 
unit, which will be described in a little more detail later, 
is an original instrument designed by ourselves in collabora- 
tion with General Electric Co., Ltd., who built it for us 
using modern, fully transistorized circuits. The storage 
unit is a Laben 512 channel analyser used in its multi- 
scaler mode of operation, and we exploit three of its 
facilities for recording the data stored in its magnetic 
memory unit. These three facilities are a paper- 
tape puncher, an electric typewriter and a ‘Polaroid’ 
camera, which photographs æ convenient display of 
the stored data. The analysis unit is a Ferranti Sirius 
computer. í 
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Scanning Unit 


Returning to the scanning unit, this is essentially a 
Mwflying-spot scanner in which a raster of successive spots of 
the face of a cathode-ray tube is focused on a transparency 
(the photograph being examined) in the form of a 35-mm 
slide. Each spot had a duration of 1/10 of a second, and a 
measuring photo-multiplier behind the transparency pro- 
vides a current which is proportional to the amount of 
light passing through the particular point on the trans- 
parency. Circuitry in the instrument converts this analogue 
current into a digital output which can vary between 0 
and 128 depending on the grain density at the point being 
examined. The darker the film at a point the smaller is the 
integer which represents the measure of the grain density 
at this point. The instrument therefore accommodates 128 
shades of grey and facilities are provided for varying over 
wide limits the range of grain densities corresponding to 
these 128 shades. The lower limit of grain density 
corresponding to 128 can be varied independently. The 
raster of points on the face of the cathode-ray tube can 
have from 4 to 512 points on each line and from 4 to 256 
lines in each complete scan. The photograph being 
examined can therefore be divided into a total number of 
points varying from 16 to rather more than 125,000. The 
size of the raster can be varied electronically, thus provid- 
ing a convenient method of continuously variable magnific- 
ation in the scanning procedure. The area being scanned 
can be varied over a factor of 256. For convenience in 
setting up operations, prior to the actual scanning proce- 
dure, a display cathode-ray tube is built into the instru- 
ment which provides a reproduction of the selected area of 
the photograph. This reproduction looks very like the 
picture obtained on a television monitor. A line grid drawn 
on the face on this display tube makes it possible to corre- 
late what is seen visually on the display tube, when the 
instrument is used in the viewing mode of operation, with 
the output on, say, the paper-tape puncher or visual display 
of the results of a scan as stored by the Laben 512 channel 
analyser. As it is possible to move the raster independ- 
ently in the vertical or horizontal directions, a particular 
part of the display seen in the viewing mode of opera- 
tion can be selected for scanning. Much more detailed 
information on this instrument will be given elsewhere, es 
it embodies a number of circuits entirely concerned with 
the problem of stability. However, it may be worth men- 
tioning here that the instrument is driven by a master 
oscillator in both the high-speed viewing mode of operation 
and in the slow-speed scan, and a second photo-multiplier 
is used which monitors continuously the brightness of the 
spot of light on the cathode-ray tube (which provides the 
raster) and through feed-back circuits ensures that the 
amount of light in the spot focused on the transparency 

remains very constant. 

In using the mark I model for pattern measurement a 
total of thirty 35-mm slides can be loaded into the scanning 
unit and examined separately one after another. Having 
viewed a selected slide by operating the scanner in the 
viewing mode of operation, it is then scanned in a series of 
512 points. The 512 integers, varying between 0 and 128, 
corresponding to the digital output of the scanning 
instrument, are stored in the magnetic memory unit of 
the Laben 512 channel analyser. After visual inspection 
of these 512 numbers of the display tube of the Laben, 
they are printed-out on the paper-tape puncher. These 
operations are repeated until the whole of the selected 
area on one 35-mm slide has been scanned, and stored 
permanently in the form of the paper-tape print-out. 
This entire procedure can then be repeated for successive 
35-mm slides, the paper tapes being inserted into the 
Ferranti Sirtus computer which we programme to analyse 
the data. 
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Applications 


Clearly this technique can be used to measure patterns 
in a series of photographs, or even just one photograph, 
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in a wide variety of fields ranging from studies of chromo- 
somes, & comparison of cancer and normal cells (see 
pp. 485 and 486 of this issue of Nature) to more detailed 
examination and classification of astronomical objects 
such as galaxies, Sun spots, the surface of the Moon and 
so on. These are the >rojects under way here at present, 

but it has been said that if an object can be photographed 
at all or if certain characteristics in a problem can be 
recorded photographieally (for example autoradiographs 
or sweeps on a cathode-ray tube), then a suitable choice of 
a pattern measuremen> instrument may be of considerable 
use in extracting essential features of interest from the 
mass of data which are so easily recorded by a photograph. 

There is little doubt that instruments for pattern measure- 

ment will displace the unsupported human observer more 
and more as the years pass and techniques of measurement 
and problems being teckled become ever more ambitious 
and more sophisticated. 

As an illustration ef the operation of the instrument 
described here, Fig. 1 shows the result of a line scan across 
a photograph of the spiral nebula M51. Fig. 2 shows 
the corresponding appearance of the nebula as observed 
on the cathode-ray tuse of the scanning unit operated in 
the viewing mode. The variations in grain density across 
the photograph of the galaxy are very striking. They 
show how all the information recorded in such a photo- 
graph can be transformed into an array of integers which 
can be permanently stored in the form of the paper-tape 
print-out and analysed at our convenience according to 
whatever programme 8 selected for the computer. 


General Remarks 


Perhaps the best wey to think about pattern measure- 
ment is to consider the data, when inserted into the analys- 





Fig 1 





Fig. 2 
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ing computer, as a three-dimensional model of the original 
photograph or image. The criginal ordinary two dimen- 
sions are preserved by the geometry of the scan and the 
third dimension is the measured grain density. The 
function of the programme inserted into the computer is to 
‘look’ at this three-dimensional model in a quantitative 
analytical way and measure values for parameters of 
interest. The word pattern reflects the fact that whatever 
the image is it will have a pattern which can conveniently 
be described in terms of a series of parameters which can 
be measured. The weakness of the human eye and brain is 
their inability to make precise measurements on these 
parameters and remember them sufficiently accurately for 
purposes of comparison. However, at least at present, the 
technique of pattern measurement still depends on the 
remarkable ability of the human eye and brain to recog- 
nize qualitatively the existence of parameters to describe 
the pattern of interest and thus make it possible to set up 
the appropriate programme for insertion in the computer. 

Although devices for pattern measurement are not new 
developments, it is probably true to say that fairly recently, 
since the development of computer-type transistorized 
circuits and their widespread use, a number of instruments 
have appeared or are being developed which raise quite 
exciting possibilities when one considers, for example, the 
wealth of beautiful photographs obtained with great care 
and labour and now stored away in laboratories throughout 
the world. In fact, the development of pattern measure- 
ment makes it even more worth while straining to obtain 
even better photographic records. 

We shall be pleased to hear from laboratories, here or 
abroad, interested in the possibility of collaboration in 
applying our instruments for pattern measurement to an 
analysis of the data recorded on existing or projected 
photographs. 

It is our mtention, funds permitting, to continue with 
the development of successive models with even wider 
facilities, faster speed of scanning and specialized computer 
and inspection facilities built into the original instruments. 
In this field, the continued development of genuinely 
useful instruments depends on the feed-back of experience 
gained by practical applications. 
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As a result of such feed-back we have come to the con- > 
clusion that, in general, there is no need to consider really - 
large generalized computers even when pattern measure. 
ments are being made on complex images which require: 
very large numbers of points to describe them adequately. 
The use of such computers is really only necessary if one 
insists on inserting all the information obtained, by 
scanning a complete image, before commencing the process 
of analysis. A study of our programme using the mark I 
instrument suggests strongly that it is worth considering. 
pattern measurement instruments in which one, two or 
perhaps three lines only are scanned at a time and stored 
temporarily. This would be followed by immediate analysis 
using small specialized computer units to extract provision- = 
al values for the parameters of interest. These parameters 
are relatively few in number compared with the totai 
number of points on one or two lines, and the provisions. 
(or line) values of the parameters can be stored for sub-. 
sequent analysis by a small final computer unit when all>. 
the image has been scanned and all the provisional values .- 
obtained. This separation of the computer analysis into 
two parts, provisional and final, is the major difference in 
our own work and similar efforts in the United States. It 
does net seem to introduce any great limitations for most. - 
images, it avoids the expense of time on large computers — 
which can include the rental of land lines. Perhaps best 
of all, it opens up the real possibility of relatively in- 
expensive pattern measurement instruments for individual 
laboratories where the entire operations and the results 
are immediately in the hands of individual workers, thus 
allowing the all-important changes and adjustments which 
occur in any practical developing project. 

This and other points are included in the projected 
instruments, now being designed here. 

We acknowledge the provision of funds by the Depart- 
ment of Scientific and Industrial Research which enabled 
us to pursue this work, and the award of a D.S.LR. 
research studentship to one of us (G. W. MeM.). We also 
thank Mr. Donald Chadney of General Electric Co., Ltd., 
for his skilful choice of circuitry and components in the 
design and the successful construction of our present 
mark I instrument. 
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~~ TWO PIONEERS OF PEST CONTROL 


TJY strange coincidence the two scientists who had the 

. greatest influence on the development of the initially 
independent firm of Pest Control, Ltd., died within a few 
months of one another. Dr. W. E. Ripper crashed in the 
snow-covered mountains of Greece on March 21, 1965, 
while on a solo flight, though this fact was not known with 
certainty until his rernains were discovered in June. Dr. 
E. Parry Jones died in hospital after a long illness, follow- 
ing a longer period of failing health, on June 30. 

Both were trained as entomologists. Both gave the 
best years of their lives to control of pests in agriculture 
and particularly through their service to the same 
Company. Their abilities, service and successes 
were largely complementary. Both brought to bear 
talents which are essential for the development of a 
technically based industry. Ripper was essentially an 
initiator, a creator; sometimes ruthless, sometimes careless 
under his powerful inner drive to get, things going. Parry 
Jones appeared far more conservative, but this was 
largely the response of a strongly self-disciplined man to 
the circumstances he had to face. Ripper’s policy had 
brought the Company into a difficult financial position, 
and Parry Jones was insistent that, in the next phase of 
development, novelty and originality had to be kept 
within the framework of the commercially practicable. 


The nature of the untimely death which overtook these 
men is in a strange sympathy with this difference between 
them. Ruipper’s friends had always advised him to forgo 
his passion for solo flying owing to deterioration of his _ 
eyesight, but he was an irrepressible enthusiast for . 
physical as well as mental action, a keen skier and water- 
skier. He would perhaps have preferred to leave this 
world suddenly at the height of his powers. Parry 
Jones, also a keen sportsman in his younger days, had - 
known himself to be in declining health for a long time — 
owing to serious failure of lung capacity. He would not . 
openly admit it, certainly never make a fuss about it, 
and strongly resented any tendency on the part of his 
colleagues to do so, but it was clear that he carefully 
conserved his physical energy and knew that he had to do 
so. Perhaps the discipline he had to apply to himself | 
helped him to apply a similar discipline to the Company 
which he nursed round, after its acquisition by Fisons, | 
Ltd., to become Fisons Pest Control, Ltd., from a position. 
of considerable financial loss to one of sound financial — 
profit. | 

These two men, in their different ways, were leaders 
in the field of applied science. Without the one the 
Company of Pest Control would never have started. - 
Without the other it would not have survived the problems 
of adolescence. The death of both will be a great loss to 
many. | 
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Dr. W. E. Ripper 


Walter Eugen Ripper was born on January 24, 1906, 
n Austria, the son of Ministerialrat Max Ripper. He was 
«a precocious child and @ lot of his stimulus to scientific 
mquiry came from his father. He once told me that his 
sarliest scientific publication was produced in his teens. 
He joined the United States Department of Agriculture as 
sntomologist in 1931, working in Europe on, the study of 
1atural parasites for the control of pests introduced into 
she United States. He also acted as consultant to several 
largo seed-growing estates in Austria and Hungary, devis- 
mung special machinery for spraying unusual crops. 

He realized that much good entomological research was 
MHoing frustrated by the fact that only growers of very 
#xpensive crops could afford the necessary spray equip- 
«ment. In 1938, at a congress in Berlin, he met Sir Guy 
A. K. Marshall, director of the Commonwealth Institute 
«of Entomology, who was worried by the same difficulty. 
As & result, Walter Ripper settled in Cambridge, and in 
1939 founded Pest Control, Ltd., of which he was managing 
director and Sir Guy was chairman. 

Their aim was to bridge the gap between research and 
farming by providing a complete service, including 
machines, chemicals, labour and technical advice. By 
training, experience and temperament, Ripper was 
probably better equipped than, anyone in Europe for such 
an enterprise. A man of tremendous physical and mental 
energy, he worked from 8 a.m. to midnight, seven days a 
week, driving himself sometimes to the verge of break- 
down. A similar pace was expected of his staff, and it is a 
tribute to his power of inspiration that he was not dis- 
appointed. 

For many people his drive to apply and exploit obscured 
an insatiable appetite for knowledge as such. Perhaps I 
saw more of this facet of a complex man than most. 
Except in the quiet tête-à-tête he would rarely admit 
ignorance, except, quite clearly, to himself, end then 
he would always take steps to correct it. 

Ripper was always very quick to see the practical 
application of new research developments. In 1940 he 
introduced the weedkiller DNOC, which became mainly 
responsible for the disappearance of the picturesque sheets 
of red poppies which used to disfigure East Anglian 
cornfields. His first contract service in England was for 
the control of aphids by means of a portable nicotine 
fumigator. This gave a hitherto unobtainable degree of 
control, and without harm to predacious insects. 

Wén the results of German research became available 

after the Second World War, Ripper was the first to seize 
on the idea of systemic insecticides, which could achieve 
selectivity and access to hidden insects without the need 
for special machines. His first introduction, ‘Schradan’, 
was also selective, leaving predators to ‘mop up’ aphids 
which might survive to give rise to resistant strains. 
Ripper always thought in terms of ‘tailor-made’ insecti- 
cides, each designed to kill one pest selectively. However, 
the increasing strictness of regulations for the use of 
insecticides and the sheer cost of obtaining official 
approval for a product of relatively limited market forced 
him to abandon this ideal. 

Bringing research results to the farm was very often 
an engineering problem, and Ripper devised many 
special machines for the purpose. Even before helicopters 
became available for civilian use he began to consider 
their use as air-borne spray machines, and was the first 
to develop commercial aerial crop-spraying in the United 
Kingdom. 

Shortly after the take-over of his Company by Fisons, 
Ltd., in 1953, Ripper severed contact with it. It was 
rather inevitable that the impatient initiator should not 
be in sympathy with the conservative policy the new 
management felt necessary to adopt. He joined the Dow 
Chemical Co., with whom.he had had many previous 
contacts, to found their British subsidiary, Dow Agro- 
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chemicals, Ltd., in King’s Lynn, near to his second wife’s 
large farm at Docking. on which he carried out many 
experiments. He left Dow to return to his interests ın 
contract spraying, founding Crop Savia, Ltd., in the 
Sudan, and pursuing further the possibilities of ‘robot’ 
aircraft for crop spraymg. At the time of his death he 
was giving much thought to the careful, technically 
supervised, use of insecticides to avoid undesirable side- 
effects, a subject that rad always been of intense interest 
to him. 

He married first, in F938, Berthe Siedeck, by whom he 
had a son and two daughters, and second, in 1952, Nancy 
Deacon. His son and his second wife intend to continue 
some at least of his uncompleted work. 


Dr. E, P. Jones 


Dr. Elwyn Parry Jonas, or “P. J.’’, as he was invariably 
known. to his friends and colleagues, was born in 1807 in 
Barry, Glamorgan, ard educated at Taunton School. 
He obtained a first-class honours degree in zoology at the 
University of Wales and continued his education at the 
Imperial College of Tropical Agriculture, Trinidad, and 
at the University of Edinburgh, where he gained a Ph.D. 

After a short period as a lecturer in the University of 
Aberdeen, he was seccnded to the British South Africa 
Co. as a research entomologist at the Mazoe Citrus Experi- 
mental Station, Rhodesia, where he worked on the control 
of pests and diseases cf citrus crops, until the beginning 
of the Second World War. After service in the Royal 
Air Force in Rhodesm, he was invited by Ripper to 
become the first maneging director of a newly formed 
subsidiary company cf Pest Control, Ltd., in Africa, 
and he was responsibb for getting this Company, Pest 
Control (Central Africa), Ltd., off the ground. 

The major activity >f this new Company was control 
of pests of the tobaccc crop, but it was also concerned 
with maintaining publ:c health, and under Parry Jones’s 
guidance it grew and thrived. Being closely associated 
with tobacco growing, he came to realize that there was 
an, urgent need for a research centre to study improved 
pest control techniques if the industry was to survive 
and prosper, and he succeeded in interesting the Rhodesian 
Government and the Rhodesia Tobacco Association in the 
formation, of the Pest Control Research Scheme, ‘in which 
his Company was a partner. This arrangement led to the 
setting up of the present Tobacco Research Board. 

Although he was keenly interested in African affairs, 
he declined an invitation to enter Rhodesian politics, 
feeling he could servs the country and the pesticide 
industry better in the Company. 

When he returned tə the United Kingdom in 1953, he 
became a member of the board of the parent Company 
and, shortly afterwards, it was taken over by Fisons, Ltd., 
and became Fisons Pest Control, Ltd. In the same year, 
he was made technical general manager, and in this 
position he was resporsible for the research work carried 
out at Chesterford ParE Research Station, where important 
chemicals used in farming have been developed. 

In 1958, Parry Jones was made joint managing director, 
and in 1961, chairman and managing director. He was 
also chairman of Fisom Farmwork, Ltd., a member of the 
Fisons group main board and of the board of Fisons 
International Division. 

He believed in long-term thinking, with an emphasis 
on a high level of ressarch, and he considered the well- 
being of the staff to be of the greatest importance. Hoe 
attachéd a high priority to education, and he took a great 
interest in the instructional courses organized by the 
Company for farmers, merchants, agricultural workers 
and advisers. 

He saw the Compary through its most difficult period. 
Wasteful marginal activities were pruned. Engineering 
research and development were abandoned, although the 
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contracting organization, separately managed as Fisons 
Farmwork, Ltd., was prosperously maintained. Con- 
centration was on, chemicals. Realizing that the search 
for new chemicals is becoming increasingly difficult and 
costly, he followed through the initiative of Avison 
Wormald, the first managing director under the Fisons 
régime, in negotiating development agreements with 
other organizations. Most important was the link-up 
with the Swiss giant, J. R. Geigy S.A., but this was 
followed by arrangements with Kureha Chemical Indus- 
tries, Ltd., of Japan, and Boots Pure Drug Co., and suc- 
cessful liconces were obtained from others for compounds 
which his own Company was well fitted to exploit. 

Dr. Parry Jones leaves a widow, two sons and a daughter. 

G. S. HARTLEY 


Prof. K. R. L. Hall 


Pror. RonaLp HArLr’s untimely death on July 14 of 
this year, at the early age of forty-seven, came as a shock 
to all who knew him, and not least to his colleagues in the 
Department of Psychology, in the University of Bristol, 
where he had been professor since 1959. 

During the six years in which Prof. Hall held the chair 
in the University of Bristol, he had built up an extensive 
research programme for the comparative study of social 
behaviour in primates. He was especially interested in 
early learning and the development of social behaviour in 
monkeys and baboons. He wrote extensively on the 
comparison between monkey and ape behaviour, and felt 
strongly that, since the early writings of people such as 
Zuckerman and Carpenter, so little had been done to 
further field studies of a comparative type. He himself 
was as much concerned with laboratory experiments as 
with field studies, and he was also concerned with the 
systematic. accumulation of data from all sources to 
contribute to a picture—detailed in depth—of the 
behaviour of the animals who come nearest in human 
evolution to man. 

Prof. Hall’s work ranged from detailed studies of a 
specific kind, such as the social vigilance behaviour in the 
Chacma baboon, to a study of the sexual activity of the 
same animal, and on to more general efforts to build up 
an integrated picture, ultimately, of human behaviour. 
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It was the problems of human behaviour that, in the ondiiii 
he was working to unravel. His interests in animal studie 
dated from his period as professor of psychology at th 
University of Cape Town, which lasted from 1954 unt: 
1959, when he returned to Bristol. Since 1959, he hac 
achieved an international reputation for his work, and hac 
by now published extensively in a wide range of journals 
During 1962-63, he was a Fellow at the Centre fo 
Advanced Study in the Behavioural Sciences at Palo Alto 
California. He returned to East Africa in 1963 to carry ow 
further ecological and behavioural studies of monkeys 
and to build more detail into his expanding theoretica 
framework of behaviour. 

Kenneth Ronald Lambert Hall was the only son o 
Kenneth Lambert Hall, a former acting Governor anc 
Commander-in-Chief of Nyasaland. He was educated awam 
Cheltenham College and at Brasenose College, Oxford, 
where he took his first degree in Law. During the Secondi 
World War, he served in the Middle East and in Germany 
as a captein in the Royal Artillery, and later eas 2 stefpmm 
officer. After the War, he returned to Oxford to study 
psychology, and was awarded the degree of D.Phil. in 
1949. In the same year he was appointed head of the 
Department of Experimental and Clinical Psychology in 
Bristol Mental Hospitals and was also part-time lecturer 
in the Department of Psychology at the University of 
Bristol. During this period his interests were primarily 
in experimental abnormal psychology, & field in which he 
built a considerable reputation before his appointment in 
Cape Town, and his change of primary interest to his 
ethological work. 

He was an exceptional athlete, and as an undergraduate 
played rugby football for the Oxford University Grey- 
hounds and was awarded a blue for boxing. He continued 
to play cricket, tennis, squash and golf until his recent 
illness. 

His loss is inevitably a great blow to the development of 
ethology, and the understanding of animal behaviour, 
especially as viewed as a basis for a comparison with, and 
understanding of, human behaviour. He leaves behind 
him, however, 2 collection of substantial publications 
which must in the course of time be brought together into 
a single collection of his life work. 

In 1941 he married Pauline Sophie Assinder, who 
survives him. F. H. GEORGE 
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Science Education Officer, British Council : 
Mr. D. G. Chisman 


Mr. D. G. Cuisman, education officer of the Royal 
Institute of Chemistry, has been appointed to a new post 
of science education officer at the London Headquarters 
of the British Council from January 1966. The Council 
is increasingly being called on to provide assistance in the 
expansion and reform of science teaching in schools over- 
seas, particularly in the developing Commonwealth. It 
now has six science teaching specialists in East and West 
Africa, whose function is to provide assistance with the 
reform of the curriculum and methods, and the adaptation 
to local needs and conditions of the results of recent and 
current British work in this sphere. The new post will 
serve as a point of reference for the Council’s overseas 
officers, keep them in touch with up-to-date British trends 
and supply information on new equipment, text-books 
and audio-visual aids, as well as on new teaching methods. 
Mr. Chisman, after graduating in chemistry at King’s 
College, London, took a postgraduate certificate of educa- 
tion, and had some years practical secondary school 
teaching experience before joining the Royal Institute of 
Chemistry. Since then, as a secretary to the British 


Committee on Chemical Education and as a member of 
both the Consultative Committee for the Nuffield Chem- 
istry Project and the Physical Science Committee of the 
Association for Science Education, he has been closely 
concerned with the study of the problems of school science 
teaching in Britain, and has also been involved with 
overseas problems as a consultant to the Organization for 
Economic Co-operation and Development and Unesco. 


Zoology in the University of Newcastle upon Tyne : 
Prof. A. D. Hobson 


Pror. A. D. Hopson retires from the chair of zoology 
in the University of Newcastle upon Tyne in September 
1966, and is spending most of the year 1965-66 onsabbatical 
leave. He has been professor of zoology at Newcastle and 
director of the Dove Marine Laboratory since 1932, first 
under the title of Armstrong College, then King’s College, 
and, since 1963, as the separate University of Newcastle 
upon Tyne. During his time at Newcastle he has seen the 
Department grow from @ stage when it consisted of three 
lecturers, one of them half-time, to its present size of 
sixteen teaching staff. The closely associated Dove 
Marine Laboratory has also expanded during this period. 
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Prof. Hobson’s early work was in, experimental cytology 
«nd he was one of the group of young biologists concerned 
with the founding of the Society for Experimental Biology. 
During the Second World War, he worked on nematode 
Bee bysiclogy, particularly on cultural methods for Ascaris; 

his scholarly work on this subject is well known. Prof. 
Hobson’s other great interest has been marine zoology 
and, in addition to his directorship of the Dove Marine 
Laboratory, he has been a member of both the North- 
East and the Northumberland Sea Fisheries Committees. 
Prof. Hobson, has worked devotedly for the welfare of the 
Department of Zoology at Newcastle during this period 
of expansion and change. Many former students and 
colleagues in zoological work all over the world will wish 
him every happiness in his retirement. 


Prof. R. B. Clark 


Dr. R. B. CLARK, who has been appointed to succeed 
Prof. A. D. Hobson, will carry on the tradition of work in 
marine biology so long establishéd at the University of 
Newcastle. Dr. Clark started his career as a physical 
scientist, graduating from Chelsea Polytechnic in 1944 
and taking up & post as scientific officer in the Road 
Research Laboratory of the Department of Scientific and 
Industrial Research. In 1947 he entered University 
College, Exeter, to read zoology with Prof. Harvey, gaining 
his special honours degree in 1950. From 1950 until 1956 
he was assistant lecturer at Glasgow, though his tenure 
there was interrupted by periods spent in the University of 
Washington, Seattle, and at Berkeley, where he was assis- 
tant professor in the University of California from 1953 
until 1955. He was appointed lecturer in zoology in the 
University of Bristol in 1956, and gained his London D.Sc. 
in 1965. His special interests in marine zoology have 
centred round the annelids, with particular reference to the 
polychaetes. Within this group, however, his work has 
ranged widely. He has contributed substantially to 
ecology and natural history, and his investigations on 
polychaete morphology undoubtedly stimulated his 
interest in the physical factors concerned in the evolution 
of invertebrates—illustrated in his recent book Dynamics 
wn Metazoan Evolution (Oxford, 1965). Dr. Clark is 
probably best known for his extensive contributions to 
annelid neurosecretion and neuroendocrinology, where his 
work has been almost that of a pioneer in annelid physiol- 
ogy. More recently he and his students have published 
several papers on behaviour in polychaetes, with particular 

-reference to the learning process. His interests will 
therefore admirably complement and extend those of the 
active group of zoologists now in the Department. 
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Metallurgy in Brunel College, London : 
Prof. C. Bodsworth 


Dr. C. Bopsworts, at present chief ‘physical metal- 
lurgist at the Central Research Laboratories of Richard 
Thomas end Baldwins, Ltd., has been appointed to the 
newly established post of professor end head of the Depart- 
ment of Metallurgy at Brunel College of Advanced Tech- 
nology. His early industrial training wes with the United 
Steel Co., Ltd. In 1950, after three years War service with 
the Royal Corps of Signals, he graduated in metallurgy 
at the University of Sheffield. He was awarded an M.Met. 
in 1951 and a Ph.D. in 1957. From 1952 until 1964 he 
was a lecturer in the Department of Metallurgy in the 
University of Liverpool. Dr. Bodsworth’s scientific 
interests have centred on metallurgical thermodynamics, 
and he has written two books on this subject. He has 
also been actively engaged in investigations of various 
aspects of phase transformations in ferrous materials. 


Assistant for U.S. Medical Research Fellowship Analyses : 
Dr. E. C. Bracken 


Dr. EVERETT C. BRACKEN has been appointed assistant 
to the Chief, Research Fellowships Branch, National 
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Institute of General Medical Sciences, National Institutes 
of Health. As professional assistant to Dr. Frederick 
P. Ferguson. Dr. Bracken will be responsible for con- 
ducting analyses of Nataonal Institute of General Medical 
Sciences fellowship prazrammes to evaluate their effec- 
tiveness and to identif+ scientific areas requiring special 
emphasis. For the pasz six years, Dr. Bracken has been 
at the University of Oklahoma School of Medicine, 
serving as associate professor in the Microbiology Depart- 
ment since 1960, and as associate professor in the Pedia- 
trics Department and director of the Infectious Diseases 
Laboratory, Children’s Memorial Hospital, since 1959. 
Dr. Bracken was prewously at Vanderbilt University, 
where he was an instructor and assistant professor in the 
Microbiology Department of the School of Medicine from 
1954 until 1959, and = teaching assistant and instructor 
in the Biology Department from 1951 until 1954. He is 
a member of the Amencan Society for Microbiology, the 
New York Academy of Sciences, the Electron Microscopy 
Society of America, tae American Society for Experi- 
mental Pathology, the Southern Society for Pediatric 
Research, Phi Beta Keppa, and Sigma Xi. 


Minister of Power’s Advisory Council on Research and 
Development 


Mr. F. Lie, the Minister of Power, has appointed Sir 
Charles Sykes to the chairmanship of his Advisory 
Council in Research and Development. Sir Charles Sykes 
succeeds Lord Fleck, who has served as chairman of 
the Advisory Council since it was constituted in July 
1960 and is now retirnmg. Sir Charles Sykes became a 
member of the Advisory Council on Research and 
Development on May “7, 1965. He is managing director 
of Thos. Firth and Jonn Brown, Ltd., and chairman of 
Firth~—Vickers Stainless Steel, Ltd. He served as a member 
of the Advisory Council for Scientific and Industrial 
Research from 1954 uatil 1956 and as a member of the 
Research Council of ihe Department of Scientific and 
Industrial Research ffom 1962 until its dissolution in 
March 1965. Lord Fleck served as chairman of the 
Minister of Power’s Sczentific Advisory Council from 1958 
until 1960. 

The terms of reference of the Advisory Council are: 
(1) To advise the Minister of Power on research and 
development in relation to his statutory duty of securing 
the effective and ccordinated development of coal, 
petroleum and other sources of fuel and power in Great 
Britain, and of promoting economy and efficiency in the 
supply, distribution, ase and consumption of fuel and 
power, whether produced in Great Britain or not. (2) To 
advise the Minister of new scientific and technical know- 
ledge or applications cf knowledge throughout the world, 
which in the opmion of the Council should be taken into 
account in the performance of his statutory duties. 
(3) To keep the whole field of fuel and power under con- 
tinuous review with zhe object of identifying problems 
needing research and development and advising the 
Minister of these prodlems with the view of discussion 
with the industries concerned. 

Other members of the Council are: Captain (E.) W. 
Gregson (deputy chairman), Mr. M. A. L. Banks, Prof. 
P. M. S. Blackett, Sir Charles Cawley, Mr. H. E. Collins, 
Sir Kenneth Hutchiscn, Sir Harry Melville, Mr. R. V. 
Moore, Dr. L. Rothernam and Prof. M. W. Thring. The 
assessors are Dr. E. Lee, Mr. H. T. Ramsay and Mr. 
H. S. Stephenson. 


University Entrance Requirements in Britain 


THE third edition of A Compendium of University 
Entrance Requirements for First Degree Courses in the 
United Kingdom, 19€5, which has been compiled from 
material provided by the universities to the Committee 
of Vice-Chancellors aad Principals, has been extensively 
revised and is more comprehensive than either of its 
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predecessors (Pp. 219. London: The Association of 
Commonwealth Universities, 1965. 11s. 6d.). Its coverage 
of combined honours courses has been extended and also 
expanded to include details of the entrance require- 
ments of the ten colleges of advanced technology and the 
Heriot-Watt College, all of which are to have the status 
of university institutions. In addition, the tables include 
for the first time the entrance requirements of the Scottish 
universities, expressed in terms of the General Certificate 
of Education. In this edition the course requirements of 
the principal full-time first-degree courses offered by the 
universities of the United Kingdom are set out in terms 
of the General Certificate of Education in eighty tables, 
covering single: honours, combined honours and general 
degree courses. The information provided in the text is 
supplemented by a self-indexing list of combined honours 
courses offered by fewer than four universities, and by 
notes on particular institutions the courses and require- 
ments of which do not fall into the usual pattern. The 
compendium is not an official publication of the univer- 
sities concerned and cannot be regarded as superseding 
their own publications, which are the ultimate authorities. 
The tables indicate that many universities formally 
require only two Advanced Level passes in the General 
Certificate of Education for most courses in arts, law and 
social studies (and for a few in science and technology), 
whereas other universities formally require three. Most 
candidates present three or more, which many university 
selectors regard as preferable. However, the pattern of 
academic entrance requirements may still be unduly 
complex, and it has been agreed that consideration of ways 
in which general and course requirements might be sim- 
plified will be one of the first tasks to be undertaken by 
the Standing Committee on University Entrance, a 
delegate body, established in June 1965, representative 
of the universities of the United Kingdom. 


La Trobe University, Melbourne 


La TROBE UNIVERSITY, which will be the third Univer- 
sity in the Melbourne metropolitan area, was established 
under an Act of the Parliament of Victoria on December 
9, 1964. The site for the new University is an undeveloped 
tract of some 500 acres about 8 miles north-east of the 
city centre. Planning of the site works and initial buildings 
is proceeding and the University will open in March 1967. 
Planning and development of the University, in the 
present preparatory stage, are controlled by an Interim 
Council of twenty-five members under the chairmanship 
of J. R. A. Glenn, chairman and managing director of 
I.C.I.A.N.Z., Ltd. The principal officers appointed so 
far are: Vice-Chancellor, Dr. D. M. Myers (at present 
dean of the Faculty of Applied Science, University of 
British Columbia); Librarian, D. H. Borchardt. Appli- 
cations have been requested for foundation chairs in 
English, history, philosophy, a modern European language, 
economics, sociology, politics, mathematics, physics, 
chemistry and biology; but so far no appointments have 
been made. The academic work of the new University is 
to be organized in schools of related disciplines. Each 
school will be the functional unit for teaching, research 
and administration in the disciplines which it embraces. 
Its field will be wider than that of a traditional depart- 
ment but narrower than that of a faculty. Student 
activities will be centred on colleges that will provide 
study, recreational, social, dining and some tutorial 
facilities for all members, and residential facilities for a 
minority of the members. All members of the academic, 
library and administrative staffs will also belong to the 
colleges. 


Museums Journal 


THe Museums Journal (65, No. 2; September 1965. 
15s.) includes a number of interesting papers, in addition 
to a full report of the annual conference of the Museums 
Association in Dublin in June 1965. Dr. S. Dillon Ripley, 
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as secretary of the Smithsonian Institution, describes the 
Institution as a great museum centre; Mr. C. Douglas 
Deane gives details of the Field Museum and Nature 
Trail in Northern Ireland; and Mr. H. Wakefield gives 
much useful information to curators concerning the avail- 
ability of purchase grants from the Victoria and Albert 
Museum, London, to provincial museums. Mr. N. Cook, 
president and keeper of the Guildhall Museum, London, 
dealt with many subjects in his address, chiefly those 
concerning the Museums Association in relation to 
Government grants. Dr. A. T. Lucas, director of the 
National Museum of Ireland, developed the theme of the 
role of the National Museum in the study of Irish social 
history, and Mr. R. Rowe spoke on “‘Art Museums and 
the Idea of Progress”. At the annual meeting, Sir Frank 
Francis, director of the British Museum, was elected 
president for 1965-66, when the annual conference will be 
held in Sheffield during July 4-9. 
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British Museum : Department of Western Asiatic 

Antiquities 

Tar British Museum regrets to state that the Assyrian. 
sculpture, mostly of Sennacherib and Ashurbanipal, from 
their palaces at Ninevah, which has been exhibited in the 
Assyrian Saloon and the Assyrian basement, will be for 
the most part unavailable for examination until further 
notice, owing to the rebuilding of the Assyrian Saloon 
and the insertion of a new floor. 


Storage of Books 


An essay by P. W. Plumb, entitled “Central Library 
Storage of Books”, which was awarded the Sevensma 
Prize, 1962, has been issued as Library Association Pam- 
phlet No. 24 (Pp. 57. London: Library Association, 1954. 
1965. 16s.; L.A. members 12s.). It reviews experience 
gained in the United States, Britain and elsewhere, in- 
cluding the use of microfilm. There are brief appraisals 
of methods used at the British Museum Newspaper 
Library. the Storage Library of the University of London, 
the National Central Library and the National Lending 
Library for Science and Technology, as well as at the 
Bibliothéque Nationale Storage Library, and, in the 
United States, the New England Deposit Library, the 
Midwest Inter-Library Centre, and the Medical Library 
Center of New York. Mr. Plumb commends the systems 
of the National Centrel Library and the National 
Lending Library for Science and Technology, and con- 
cludes that a national scientific and technical lending” 
library and one for the humanities and sociology in each 
country with similar but perfected aims and techniques 
would go far to solving the space problems of libraries. 
Certainly this suggestion, if applied, would help in avoiding 
the major disabilities apparent in many existing schemes 
and proposals. 


Directory of Indian Scientific Periodicals 


THE Directory of Indian Scientific Periodicals, 1964, 
with its 725 entries listing periodicals current to the end 
of 1963, including annual reports of scientific and tech- 
nical institutions and other learned societies, is intended 
as a first step towards consolidating and servicing scientific 
communication in India (Compiled by G. K. Arora, 8. 
Dutta, D. N. Gupta and H. N. Rangachar. Pp. 133. 
Delhi: Indian National Scientific Documentation Centre, 
1965). The Nifor Guide to Indian Periodicals, published 
at Poona in 1955-56, and a cyclostyled list of Indian 
scientific periodicals issued in 1960 laid some foundation 
for the present Directory. The entries are arranged 
according to the Universal Decimal Classification and 
there is an alphabetical index of titles. The periodicals 
are mainly in English, about half a dozen being bilingual 
with English as one language; there are 60 periodicals in 
Indian regional languages (33 in Hindi) and one in 
French. The Directory 1s well prmted and well set out. 
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“Volcanological Research in Britain 


On behalf of the Volcanological Research Committee of 
the Royal Society, the terms of reference of which are 
‘to encourage, promote and co-ordinate the compre- 

ensive study of volcanicity . . .’’, a booklet has been 
ublished to record the scope of researches being under- 
aken at present by universities and other scientific 
titutions in Britain on modern and ancient volcanoes 
(United Kingdom Volcanological Research, 1965. A sum- 
mary of current voleanological studies with provisional 
plans for future years. Pp. 55. London: The Royal 
Society, 1965). The extent of the studies recorded is wide, 
embracing work at about a hundred localities outside the 
British Isles, described in close on 150 recent papers 
(inclusive of some reports of researches in experimental 
petrology). It is hoped to publish a further edition of the 
booklet in about two years’ time when attention will 
be restricted to current investigations on Tertiary and 
Recent volcanicity. 
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Age Determinations of North American Rocks 


A COMPILATION of the radiometric ages determined for 
rocks of the North American continent, complete up to 
May 1964, has recently been published by the Com- 
mittee on Nuclear Science of the National Academy of 
Sciences—National Research Council in Washington 
(Publication 1276: Geochronology of North America. 
Nuclear Science Series—Report No. 41. Pp. v+315. 
Washington, D.C.: National Academy of Sciences- 
National Research Council, 1965. 6 dollars). In it, a 
brief introduction to the present status of geochrono- 
logical methods, by Dr. G. W. Wetherill, is followed by a 
270-page tabulation of results listed on a regional basis 
and by a bibliography of 144 items. The oldest well-dated 
rocks in North America bear ages of about 2,500-2,800 
million years, and are found in an apparently continuous 
belt extending from Quebec through Ontario, Manitoba, 
Minnesota, North Dakota, Montana, and into Wyoming, 
as well as in the Great Slave Lake area of the North-West 
Territory. They are apparently much younger than the 
most ancient formations of southern Africa and of arctic 
Russia. Extensive recent data supplementary to the 
results in the American compilation have been published 
contemporaneously by the Geological Survey of Canada 
and, are accompanied by a report by Dr. C. H. Stockwell 
which proposes a new time-stratigraphic classification 
and nomenclature for the rocks of the Canadian shield 
(Paper 64-17. Parts I and II. Age Determinations and 
Geological Studies. (I) Pp. iv+126. 75 cents. (IT) Pp. 
iv+29. 75 cents. Ottawa: Queen’s Printer, 1965). In 
this, the Archaean and Proterozoic are each identified as 
eons, with the latter divided into the Aphebian, Helikian 
(Palaeohelikian and Neohelikian) and Hadrynian eras, the 
lower boundaries of which are respectively marked by the 
Kenoran (2,390 m.y.), Hudsonian (1,640 m.y.; Elsonian 
at 71,280 m.y.), and Grenville (880 m.y.) orogenies. 


Soil Micro-fauna 


THe formation of humus is a most important matter 
to foresters, not only because it helps to maintain proper 
conditions for tree growth, but also because it may bring 
about improvements to the quality of the trees and give 
greater productivity to the site. A big part is played by 
oribatids in the breakdown of the litter and its con- 
version into humus, and members of this super-family of 
the Acarinae occur in very large numbers in the soil 
fauna. In Contribution à VHiude Ecologique des Oribates 
de la Litière dans une Forêt de Moyenne-Belgique, by 
Philippe Lebrun, we not only have an example of a very 
fine piece of research carried out in 13 months of field 
work, but also results presented in a full and yet concise 
manner, and set out with proper reference to the other 
factors affecting the biocenose (Institut Royal des 
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Sciences Naturelles de Belgique. Memoire No.. 153. 
Pp. 96. Bruxelles: Institut Royal des Sciences Naturelles 
de Belgique, 1965). The published account is divided into 
three chapters. The frst is an account of the locality 
factors. The research was carried out in an oak-wood on 
the south-eastern slopes of a small valley near Louvain 
in central Belgium in ,1961-62. Information is given of 
the vegetation, soil, Incal climate, the water-holding 
capacity’ of the soil and the evapotranspiration. The 
second chapter is devoted to the synecology of the 
oribatids with the view of discovering the bonds existing 
between different groups of them. The final chapter deals 
with the autecology o the oribatids found on the site. 
The forester recognizes the great importance of these 
minute members of tke animal kingdom, but it is not 
always remembered in what quantities they occur. In 
a Belgian oak-wood it is estimated that there are about 
75,000 individuals per square metre of the upper soil and 
humus layers and even up to as many as 300,000 per 
square metre. Thus, their numbers alone present some 
difficulty to the research worker who, in this case, had 
to contend with 48 sdecies in a sample population of 
85,000 individuals. Philippe Lebrun has not only clearly 
described. his fine piece of research but he has also taken 
into consideration, as is very proper but not always done, 
the various factors of the vegetation, soil and climate 
which contribute to tke biocenose. Thus, the danger in 
such a work of omitting some important factor affecting 
the result has been avoided. The numerous histograms 
and graphs make for sasy understanding of the various 
components of the investigation. Nothing seems to have 
been forgotten: for exemple, there is a histogram showing 
the precipitation reacning the soil compared with the 
actual precipitation. This is but one example of the 
detail to be found in & work which will be acclaimed by 
foresters and. others interested in the soil micro-fauna. 


Oil Pipeline over the Alps 


It may not be generally realized that work 1s in progress 
on the colossal project of constructing a 40-in. diameter, 
300 miles long, TraneAlpine oil pipeline to convey oil 
from the Adriatic to the heart of Germany, as so far this 
scheme has received relatively little publicity. To a brief 
extent, this has now baen remedied by an article entitled 
“Pipeline Over the Alps” (Esso Magazine, Esso Petroleum 
Company, London, Summer 1965). The route lies from 
Trieste, by Udine, Lier-z, Kitzbuhel, Kufstein, Rosenheim, 
east of Munich to Inzolstadt. It necessitates the con- 
struction of three tunnels under the Alps, one known as 
the Plocken Tunnel, between Udine and Lienz; one known 
as the Felber Tauern Tunnel, and another as the 
Hahnenkamm Tunnel. both between Lienz and Kitzbuhel. 
These are indeed maior engineering feats in themselves, 
and the photographic illustrations included in the article, 
together with a panoramic map in colour, make this 
abundantly clear. This project will ultimately include the 
construction of a branch pipeline just north of the Plocken 
Tunnel to link up with the Austrian State Refinery near 
Vienna. The Trans-Alpine pipeline is a venture in which 
several oil companies are taking part and in which the 
Esso Petroleum Company has the largest interest. How- 
ever, because the pipeline has to pass through three 
separate countries, three separate companies have been 
formed for constructional and operational purposes in 
their respective areas. These companies are Deutsche 
Trans-Alpine Oelleitung G.m.b.H., Trans-Alpine Oellei- 
tung in Osterreiche G.m.b.H., and Società Italiana per 
L’Oleodotto Trans-Alpino S.p.A. The German company 
is the co-ordinating campany. Among the many practical 
problems concerned with such a project, apart from tunnel- 
ling and mechanical excavation in the high Alps, are 
the necessity to dredge the harbour at Trieste so that 
it can eventually accommodate oil tankers of 160,000 dead 
weight tons; setting storage tanks there on piles because 
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available land is a rocky hill site; construction of 
several thousand feet of piers into the Adriatic, so 
laying many connecting pipelines to the tenk-farm. 
Involved also in the scheme is the building of five separate 
pumping stations, each equipped with two 4,000-horse- 
power electric centrifugal pumps required to lift hundreds 
of thousands of tons of oil from sea-level to one of the 
highest points at Felber Tauern. It would appear that 
completion of the main works and expectation that the 
new pipeline will be ‘on stream’ are likely in about two 
years’ time, which will be a most remarkable achievement 
if realized. 


University News: Aberdeen 


Dr. H. J. Evans has been appointed to the newly 
created chair of genetics. The following lecturers have 
also been appointed: Dr. P. G. Jarvis (botany); J. F. 
Robbie (engineering); Dr. J. B. Wilson (geology); Dr. 
G. F. Burnett (agriculture). 


Manchester 


Dr. D. M. McDoweE tt has been appointed to the chair 
of hydrodynamics and hydrology. The following lecturers 
have also been appointed: Dr. G. N. Smith (chemistry); 
W. McLewin (mathematics); Dr. A. R. Mainwaring 
(pathology); Dr. H. A. Lee (medicine). 

Birmingham 

THE following appointments have been made: Lecture- 
ships, Dr. C. J. Hooke (mechanical engineering); V. L. 
Moffat (engineering production); Dr. B. Sklarz (chem- 
istry); Dr. J. H. Coote and Dr. A. R. Tindall (physiology) ; 
Dr. I. D. Green (medicine); Dr. N. R. Ling (experimental 
pathology); Senior Fellowship, Dr. J. M. Whittaker 
(pure mathematics); Research Fellowships, P. F. Adams, 
C. G. Drury and I. T. Franks (engineering production) ; 
K. J. Blackburn, C. J. Chesterton and J. Kendrick-Jones 
(biochemistry); S. F. Campbell, Dr. W. B. Hollyhead 
and M. A. Salam (chemistry); Dr. M. K. Das and Dr. 
M. M. Sadek (mechanical engineering); G. Immirzi and 
Dr. D. H. Lyth (mathematical physics); J. Jafar (physics) ; 
M. J. Pemberton (minerals engineering); M. W. Stanley 
(physical metallurgy); Dr. P. S. Hasleton (pathology); 
Dr. C. C. McCormick (experimental pathology). 


Lalor Foundation Grants for 1966 


THe Lalor Foundation has announced the programme 
of awards for 1966, which it is offering for support of 
research on the fundamental biochemical and physio- 
logical mechanisms concerned with fertility and the early 
stages of reproduction in various forms of life. The 
objectives are to further the knowledge and under- 
standing of the basic phenomena involved and to extend 
and develop the possibilities for effective regulation and 
control. The awards are open to all nationalities and may 
range up to 8,000 dollars a year, depending on the scope 
and duration of the projects approved. Preference will 
be given to younger members of university and college 
faculties and staff, with an upper age-limit of forty-one 
years. The work may be carried on at the applicant’s 
own institution or elsewhere. The Foundation will also 
grant post-doctorate summer or short-term research 
awards at the Marine Biological Laboratory at Woods 
Hole, Mass., or elsewhere for appropriate projects in the 
fields specified. These awards will normally not exceed 
1,200 dollars for a single man or woman, 1,400 dollars for 
a married man working at his home institution, and 
1,550 dollars for a married man with a principal pro- 
gramme at another institution. Further information and 
application forms can be obtained from the Lalor Founda- 
tion, 4400 Lancaster Pike, Wilmington, Delaware. The 
final date for receipt of executed applications, complete 
with supporting data, is January 15, 1966. Notification 
of appointment will be on or before March 15, 1966. 
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European Society for Comparative Endocrinology 


Ar the third meeting of European comparative endo 
crinologists, held in Copenhagen during August 2—5, it 
was decided to form a European Society for Comparative 
Endocrinology. The following were elected as the firs 
officers and council of the Society: President, H. Helle» 
(Bristol); Vice-President, M. Fontaine (Paris); Secretar, 
and Treasurer, P. G. W. J. van Oordt (Utrecht); Honorary, 
Editor of the Proceedings of the Society, E. J. W. Barringtop 
(Nottingham); Council Members, H. Herlant-Meewis 
(Brussels), C. Barker Jørgensen (Copenhagen), M. Lüsche: 
(Bern), V. Mazzi (Turin) and. V. J. A. Novák (Prague). 
Those interested in the aims of the Society are invited to 
write to thə Secretary, Zoological Laboratory, State 
University of Utrecht, Janskerkhof 3, Utrecht. 
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Announcements 


Dr. H. E. Hoxrey has been awarded the first Wilian» 
Bato Hardy Prize of the Cambrıdge Philosophical Society 
for his work on the structure of muscle. The Wiliam 
Bate Hardy Prize was established in 1964 by the Cam- 
bridge Philosophical Society to commemorate the cen- 
tenary of the birth of Sir William Bate Hardy, a Fellow 
of the Society from 1889 until his death in 1934. It is 
awarded for the best original memoir, investigation or 
discovery by a member of the University of Cambridge 
in connexion with biological science published during the 
three years immediately preceding the award. ‘The 
present value of the Prize is £200. 


A SHORT course for librarians and information officers 
on “The Trade Literature Collection”, arranged by Aslib, 
will be held at Aslib during November 25-26. Further 
information can be obtained from the Education Officer, 
Aslib, 3 Belgrave Square, London, 8.W.1. 


A SEMINAR on “Creativity in Science”, arranged by 
the Science of Science Foundation, will be held at the 
Foundation on December 8. Further information can be 
obtained from the Science of Science Foundation, c/o the 
Ciba, Foundation, 41 Portland Place, London, W.L. 


THE second Australian conference on “Hydraulics and 
Fluid Mechanics” will be held at the University of Auck- 
land during December 6-12. Further information can be 
obtained from the Convenor of the conference, School of 
Engineering, Ardmore College Post Office, University of 
Auckland, Auckland. 


Tse 1965 International Building Exhibition will be 
held at Olympia, London, during November 17—Decem- 
ber 1. During the Exhibition, five conferences will be 
held: building for people; system building—can it be 
economic ?; exporting building materials; the important 
role of building component manufacturers; the change to 
metric. Further information can be obtained from the 
Conference Secretary, the Building Exhibition, 11 Man- 
chester Square, London, W.1. 


A MEETING of the Biochemical Society will be held in 
the University of Manchester during November 11-12. 
The programme will include a colloquium on “Biosyn- 
thesis in Micro-organisms: Genetic and Environmental 
Factors’; a discussion meeting on ‘‘Biochemistry and 
Industry”; and the Colworth Medal Lecture on “The 
Role and Control of the Glyoxalate Cycle in Escherichia 
coli”, to be delivered by Prof. H. L. Kornberg. Further 
information can be obtained from Prof. K. S. Dodgson, 
Department of Biochemistry, University College of South 
Wales and Monmouthshire, St. Andrew’s Place, Cardiff. 


ERRATUM. In Table 4 of the article entitled “Identi- 
fication of Dinitro-octylphenols in Certain Commercial 
Fungicides”, by Dr. A. H. M. Kirby and L. D. Hunter, 
which appeared on p. 189 of the October 9 issue of Nature, 
the last five lines should be amended to read as follows: 


TATO 7374 726m  7-15(6 8se) 1-CH 
7-28(75t)  1-CHs 
19184 ress pgg 1-9084 1-8784 a 
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HORTICULTURAL SCIENCE AT THE UNIVERSITY OF READING 


Ta diamond jubilee of the Horticultural Education, 
Association was marked by æ conference at the 
University of Reading during September 6-9. The 
object of the conference indicated by the theme, “Horti- 
cultural Science at the University of Reading”, was to 
bring together contributions from a number of the 
branches of science that find a meeting point in the tech- 
nology of horticulture. It was part of the success of the 
conference that it directed attention to the importance 
of border-line research between disciplines and to the 
desirability of combining pure and applied research. 

Contributions from the Department of Horticulture 
were concerned with plant physiology and plant protection. 
Prof. O. V. S. Heath discussed methods of measuring 
stomatal aperture and pointed to the importance of a 
knowledge of stomatal physiology in attempts to control 
water loss from crop plants. Dr. H. Meidner demonstrated 
a portable and relatively cheap instrument for measuring 
the water content of soils by determination of their heat 
conductivity. One of the main advantages of the method 
was that the probe employed, unlike the porous block used 
in other techniques of soil moisture determination, did 
not have to equilibrate with water in the soil. 

Papers by Dr. D. Vince and Dr. G. P. Harris were con- 
cerned with the photoperiodic control of flowering in 
long-day plants. Dr. Vince described experiments with 
different strains and species of Lolium that demonstrated 
a changing sensitivity to red and far-red radiation during 
æ 16-h night. It appeared that in order to produce a 
maximum promotion, of flowering by interruption of the 
night with red light, the timing of the interruption had 
to be varied according to the species or strain of Lolium 
used. The potentialities of detailed investigations of 
the photoperiodic responses of plants of horticultural 
importance were underlined in the paper by Dr. Harris 
on flowering in the glasshouse carnation. Out of a 
number of photoperiodic treatments tested, the use of 
lighting from tungsten-filament bulbs throughout the 
night was found to be most effective in promoting flowering 
under winter conditions. Applications of this observation 
to commercial practice were discussed. Dr. H. F. van 
Emden bridged the gap between plant physiology and 
entomology in a discussion of plant—insect relations. 
Results were presented indicating the role of the 
nitrogen status of the plant and particularly the soluble- 
nutritional content in controlling rates of aphid multi- 
plication. 

The Agricultural Research Council Unit of Flower Crop 
Physiology, which, under the direction of Prof. O. V. S. 


THE WORLD HEALTH 


A REMINDER that the control of communicable 
diseases is ‘‘still the most important health challenge 
facing mankind” is given by Dr. M. G. Candau, director- 
general of the World Health Organization, in his annual 
report for 1964 *. 

It is not, therefore, surprising that, notwithstanding 
the new developments in the work of the World Health 
Organization, the chapter on communicable diseases 
remains the longest in the volume. While some diseases 
have declined in public health and economic importance, 
others are still obstinate or present new problems. 


* Official Records of the World Health Organization, No. 139° The Work of 
WHO. Annual Report of the Director-General to the World Health 
Assembly and to the United Nations. Pp. xiv-+240. (Geneva: World Health 
Organization; London: H.M.S.0., 1965.) 4 Sw. francs: 6s. 8d.; 1.25 dollars. 


Heath, is attached to the Department of Horticulture, 
was represented both in a comprehensive demonstration 
of equipment and in a paper read by Dr. A. P. Hughes. 
The main item of equipment in the Unit is 9 (later to be 
12) growth cabinets dasigned by the National Institute 
of Agricultural Engineering and housed in a special hall 
with controlled ventilation. Dr. Hughes described the 
use of this equipment to investigate interactions of light 
intensity, temperature and carbon-dioxide concentration. 
He also presented results of experiments demonstrating 
effects of photoperiodic treatments on, leaf expansion, in 
a variety of plants and discussed the use of such treatments 
under conditions where light intensities are limiting to 
growth in dry weight. 

In a contribution from the Department of Physiological 
Chemistry, Dr. K. A. Hassall discussed problems encount- 
ered in the use of crop protection chemicals including 
questions of toxicity, persistence and selectivity. Experi- 
mental results showed how the persistence and effective- 
ness of a pre-emergenee weed-killer could vary with the 
amount of rain falling after application. 

From the Departmant of Agricultural Botany there 
were papers on physiclogical ecology and plant breeding 
and genetics. Prof. A. H. Bunting described work on the 
water relations of plants growing on soils of the chalk 
downs near Reading ard demonstrated the capacity of the 
chalk to retain wate> by reference to its pF¥-moisture 
content curve. The pore size distribution derived from 
this curve was shown to be similar to a distribution based 
on direct measuremerts of pore sizes in electronmicro- 
graphs. Dr. J. K. Jones and Mr. G. D. Rowley in con- 
tributions concerned with plant breeding both emphasized 
the value of using wilc species as sources of genetic varia- 
tion. Dr. Jones presented evidence that the sets of 
chromosomes in all species of strawberries were homolo- 
gous, that it was possible to produce many inter-specific 
hybrids and to inducs polyploidy and therefore to use 
most, if not all, of tha species in breeding. Mr. Rowley 
showed how the derivation, of cultivars of rose could be 
traced by crossing sup dosed parent species and underlined 
the importance of making provision for the conservation of 
species and cultivars that might not be of immediate 
commercial value. 

This report indicates the varied nature of the papers 
presented; but the contributions had in common an 
immediate or potential value to horticulture. The confer- 
ence provided members with the opportunity to examine 
the role of the Univarsity in the development of this 
subject. G. P. Harris 


ORGANIZATION, 1964 


Dr. Candau points to the increasing incidence of plague 
the heavy toll of cholera and smallpox, the continuing 
problems of malaria «nd tuberculosis, the upsurge in the 
incidence of syphilis and gonorrhoea. He lists, as the three 
main obstacles to effectivecon trol, lack of knowledge, 
insufficient international support for the Organization and 
financing of campaigns and, most formidable of all, lack of 
adequate health services in the countries most affected. 
Lasting success can ke achieved only through the estab- 
lishment of permanant and effective health services 
applying national health plans. 

The experience of the Organization has shown that quick 
results cannot be expscted; the countries most in need of 
assistance for nationel health planning are those where 
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statistics are scanty, the shortage of trained staff acute, 
and where multiple health problems compete for priority. 
Nevertheless, Dr. Candau is able to report progress in 
comprehensive health planning in a number of countries, 
for example, Africa, Latin America, and Asia—the areas 
presenting the greatest problems. l 

In campaigns against many of the communicable 
diseases, the use of research is a valuable adjunct to the 
work in the field. In its medical research programme, the 
Organization draws on the advice of leading experts in 
many special fields and now has the collaboration of 
laboratories in all parts of the world. The lists of the 
reference laboratories of the World Health Organization 
and of scientific meetings during the year provide some 
indication of the scope of the programme. The research 
programme is by no means restricted to the communicable 
diseases. The report contains, for example, accounts of 
the present studies on cancer (including the possible 
relation between viruses and cancer), cardiovascular 
diseases, and human genetics—a new field of activity for 
the World Health Organization (see Nature, 208, 230; 
1965). The importance of immunology is stressed, and 
achievements are mentioned in the Organization’s rela- 
tively new programme of immunological research, par- 
ticularly in relation to parasitic diseases—a hitherto 
largely unexplored area of immunization in which further 
research has been planned on the advice of an expert 
committee. 

Other topics dealt with in the “General Review”, 
constituting Part 1, include malaria eradication, environ- 
mental health, public health services. health protection 
and promotion, education and training, biology and 
pharmacology, health statistics, publications, information, 
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and administration and finance. A final chapter outlines 
the work done in co-operation with the United Nations 
and related agencies, and with non-governmental organ- 
izations. 

Part 2 deals with the health problems and programmes 
in each of the Organization’s six regions—Africa, the 
Americas, south-east Asia, Europe, eastern Mediter- 
ranean and western Pacific. Im each chapter, broad 
surveys of work in the region concerned are complemented. 
by detailed descriptions of some of the typical projects in 
which the Organization is giving assistance. They include 
the preparation of a plan to be financed under the United 
Nations Special Fund for the metropolitan area of Accra 
in Ghana; the improvement of nursing education and 
services in Guatemala; a project ın south-east Asia to 
increase the local production of freeze-dried smallpox 
vaccine, which is essential for the successful pursuit of the 
smallpox eradication campaign in tropical countries; 
malaria eradication in Pakistan; and, in the western Pacific 
region, the first regional conference of deans of medical 
schools. For the European region, one of the projects 
described ıs a symposium in Moscow on the toxicology of 
drugs and methods of ensuring the therapeutic safety of 
drugs. 

The list of current projects contained in Part 3 is a 
reflexion of the Organization’s varied activities and of 
their adaptation to the particular requirements of 
countries in the various regions. 

Information given in the annexes includes membership 
of the Organization, 1ts executive board and expert 
committees. the budget, the secretariat, fellowships, 
awards under the medical research programme, and the 
reference centres. 
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A COMPARISON OF EUROPEAN HEALTH SERVICES 


A European countries have some form of adminis- 
trative arrangements to deal with environmental 
health; for example, housing standards, water purity, 
sewage and refuse disposal, and food hygiene. Modern life 
has brought into prominence new environmental prob- 
lems, largely arising from industrialization and urban- 
ization. A special monograph on health services in 
Europe was prepared for the European Conference on 
Public Health Administration held by the World Health 
Organization Regional Office for Europe in Zagreb, 
Yugoslavia, in June 1964*. 

Air pollution is one cause for concern. Already most 
industrialized European countries have special regulations 
giving local authorities a measure of control over industrial 
emissions. Czechoslovakia and other countries have 
established standards for the control of health hazards 
from this source, while in the Federal Republic of Germany 
there are trade regulations and a Civil Code. In the 
U.S.S.R., the Institute of General and Communal Hygiene 
of the Academy of Medicine is carrying out research on 
air pollution in the principal industrial centres. Maximum 
permissible concentrations for 20 pollutants commonly 
found in the air of industrial cities have already 
been worked out. In the United Kingdom, smokeless 
zones are being established under a Clean Air Act. In 
Spain, provision is made for air disinfection in hospitals 
and certain clinics, and special legislation has been 
created covering unhealthy and dangerous gases and 
smoke. 

Noise, as a public health problem, is also being tackled. 
Bulgaria has imposed restrictions on it in industry and in 
transport. In Spain, what are called “silence campaigns” 


* A limited number of copies of this document (reference Euro 268-4) are 
available to persons officially or professionally interested in the subject, on 
pat ac from the World Health Organization Regional Office for Europe, 

openhagen : 


have been carried out in the larger towns, where noise 
elimination is the concern of the municipal authorities and 
industrial boards. The U.S.S.R. has set up a Central 
State Health Inspectorate to deal with problems con- 
cerned with noise. 

In many European countries, in accordance with the 
requirements of the International Commission on Radio- 
logical Protection, radiation hazards have been the 
subject of precautionary measures. In the United King- 
dom, watch is kept on radioactivity in the air and in the 
soil by the Atomic Energy Authority in collaboration with 
the Medical and Agricultural Research Councils, and the 
Ministry of Housing and Local Government supervises the 
disposal of radioactive material. In Denmark, under an. 
Act which has been in force since 1953, no radioactive 
material may be manufactured, owned or imported with- 
out special permission from the National Health Service, 
acting on behalf of the Ministry of the Interior; the Act 
lists safety precautions covering transport, storage, and 
use. Finland’s Radiation Protection Act controls X-ray 
and other radiation installations, and Norway also has 
regulations covermg the protection of personnel and the 
transport of radioactive material. Similar provisions 
exist in Czechoslovakia, Hungary, Ireland, Switzerland 
and Turkey. In the Federal Republic of Germany, the 
Max-Planck Institute of Biophysics carries out systematic 
investigations of radioactivity in ground water, rivers, and 
soil, and the meteorological stations make regular measure- 
ments of radioactivity in the atmosphere. 

To-day, all countries in Europe have some arrangements 
for controlling the spread of infectious diseases, and the 
incidence of most of them has been on the wane for some 
time. Tuberculosis, however, still remains a cause for 
great concern. In the Federal Republic of Germany, 
several Ldnder have legislation providing for regular 
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shest X-ray examinations. Ono result of this approach 
aas been the discovery that the percentage of undiagnosed 
sases of tuberculosis is higher among older people. In 
Norway, the Ministry of Social Affairs has the power to 
ənforce X-ray screening of part of, or all, the population, 
28 well as to test for tuberculosis, and to give B.C.G. 
vaccination. The radiography services in Italy are aimed 
at detecting not only tuberculosis but also other respira- 

mory diseases, cardiovascular diseases and lung tumours. 
vompulsory B.C.G. vaccination is practised in some 
countries, such as Yugoslavia. Tuberculosis is notifiable 

«in most European countries, but not in The Netherlands, 
Portugal or Romania. 

There is a good deal of variation in the regulations 
«egarding immunization against such infections as 
smallpox, diphtheria, tetanus, and whooping cough. 
‘Smallpox vaccination is compulsory in most European 
countries, and it is prescribed by the International Sani- 
tary Regulations. It is required, for example, in Czecho- 
slovakia, Hungary, Turkey, the U.S.S.R., and Yugoslavia, 
but it is not compulsory in the United Kingdom. In 
Yugoslavia immunization against diphtheria and tetanus 
is also obligatory. 

Some communicable diseases are confined to particular 
areas. In Europe, for example, trachoma is endemic only 
in the Mediterranean countries. Spain carries out trachoma 
control through a network of clinics helped by the World 
Health Organization and the United Nations International 
Children’s Emergency Fund; in Greece, treatment and 
control are carried out through a chain of anti-trachoma 
dispensaries. In Italy provincial anti-trachoma associa- 
tions have been set up in co-operation with public and 
school dispensaries, specialized hospital services, and 
district health visitor services. Turkey is gaining control 
over the disease through an increase in the number of 
dispensaries. Yugoslavia has made a successful attack 
on its foci of trachoma: senior medical students have 

carried out surveys among people in affected areas, and 
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suspects are called for examination by specialists. Typhus, 
formerly widespread in eastern Europe, is now under 
control, and in Romania success has been achieved 
through co-operation between Government, the sanita- 
tion and epidemiologicel services, and the public. Public 
instruction in control methods has been given by trade 
unions, co-operative services and the Red Cross organ- 
izations. 

An important development in the control of communic- 
able disease has been the recognition of the part that 
veterinary science can play against zoonoses. In Italy, 
for example, there is 2 Veterinary Division within the 
Ministry of Health, which deals with such diseases as 
brucellosis, canine rabivs and glanders. In Hungary, the 
sanepids (sanitary and epidemiological stations) have 
established programmes for brucellosis control in agri- 
cultural undertakings, Felminthiasis control among school- 
children, and ancylostcmiasis control among miners. In 
Spain close co-operation is maintained between the health 
authorities and the vecerinary services in the control of 
brucellosis, tuberculos:s transmitted by animals, and 
other zoonoses. Laboratory facilities, an essential element 
in the control of comnmnicable diseases, are provided by 
the local sanepids in most eastern European countries, at 
the health offices in the Federal Republic of Germany and 
at the universities and hospitals in Austria. In England 
and Wales there is a national network of laboratories, 
operated on behalf of tke Ministry of Health. 

In Yugoslavia, the institutes of hygiene undertake 
special research projects, as well as routine examinations 
of public health specinens. This arrangement has been 
particularly helpful ic special field campaigns against 
endemic syphilis and trachoma. 

Other preventive services described in the monograph 
include food and drug 2ontrol, maternal and child health, 
school health, occupasional health, mental health and 
alcoholism, care of the aged, dental care, and health 
education. 


ANTARCTIC AERONOMY AND ICE SHEETS 


Do- the past ten years the amount of scientific 
data available from Antarctica has increased by an 
order of magnitude. The position has at last been reached 
when it is stimulating and useful to summarize knowledge 
in many disciplines ın the form of maps. The United 
States, the U.S.S.R. and the United Kingdom all have 
projects in hand to publish scientific atlases of Antarctic 
Research. 

The Antarctic Map Folio Series is being published by 
the American Geographical Society under a contract with 
the National Science Foundation. The price is most 
reasonable and indicates that considerable and well- 
justified financial support has been given by the National 
Science Foundation. The form of publication and the 
contents have been based on replies to lengthy question- 
naires sent to many interested scientists. The series will 
consist of about twenty folios, each devoted to one subject 
or scientific discipline. Each folio consists of a series of 
maps or diagrams printed on one side of sheets usually 
17 x 22 in. and several pages of text of 17 x 11 in.; some 
plates are also of this size. Each folio series is contained 
m a light cardboard folder. Four colours are used in the 
production, of maps. 

The first folio* deals with aeronomy and has been 
produced by members of the AVCO Corporation, Wilming- 
ton, Massachusetts. A brief text explains the purpose of 
the observations and the method of compilation. It also 


* American Geographical Society. Antarctic Map Folio Series. Folio 1: 
Aeronomeal Maps for the Antarctic. By R. Penndorf, T. M. Noel, G F. 
Rourke, and M. A. Shea. Pp. 6+9 plates. (New York: American Geo- 
graphical Society, 1964.) 3 dollars. 


includes brief outlines dnd maps of somé data relevant- 
to conjugate points and to the southern auroral zone. The 
definition of magnetic_B and magnetic L values which is 
given is somewhat involved for the layman. The plates 
all show ionospheric conditions for 1957 or 1958, the 
period of maximum sunspot activity. The maps on a 
scale of about 1: 100 million show the following para- 
meters: fo and f,F; at 0000 and 1200 u.r.; f, 7, at 3 h 
(U.T.) intervals for winter, equinoctial and summer 
conditions, the percentage of time that fE: > 5 Mc/s, and 
magnetic B and L valuas at 0, 100, 200, 500, and 1,000 km. 
The folio should be useful for general reference purposes 
for scientists in contact with ionospheric problems, but a 
non-specialist seeking a general appreciation of this work 
would learn more from a general review article. 

The second folio f on the physical characteristics of the 
Antarctic ice sheet hes been compiled in university and 
other institutes. It deals with several topics of general 
geographical interest. The Antarctic maps at 1: 13-6 
million are at a scale snitable to the detailed knowledge of 
many regions. Use of four-colour printing brings out 
general distributions dearly. Where both colour shading 
and, data figures are shown, as for net annual accumula- 
tion of snow and for nan annual temperatures, the effect 
is good, as one can see clearly the actual measurements 
and the degree of interpolation. However, the surface 
elevation and ice thickness maps show neither profile 


tł Follo 2° Physical Characterrstics of the Antarctic Ice Sheet By O. R. 
Bentley, R L Cameron, C. 3ull, K. Kojima and A. J Gow. Pp. 10+10 
plates. (New York: American Geographical Society, 1964.) 4 dollars. 
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lines nor points of observation, since the former are shown, . 


on a separate map. In theary one superimposes the maps 
on a light table as necessary—in. practice a light table is 
not always available, and even if it is, the maps differ in 
placing in relation to the sheet edges, so that careful 
positioning is needed. 

The maps give a roasonably full cover of material 
available in late 1963, but there are some omissions. 
Treatment of the Antarctic Peninsula by different com- 
pilers is inconsistent, since it is not always considered as 
part of the main ice sheet. Glaciological data from this 
region are both very variable and somewhat sparse, but 
ample information which is available on surface elevations 
has not been included. The text also states that meteoro- 
logical observations have been, obtained for one year or 
longer at twenty-one stations on the Antarctic Peninsula 
or off-lying islands, but the relevant map shows mean 
annual temperatures for only twelve of these stations. 
Reliable data for some of the missing stations are available 
from references given in the useful list of data sources 
which accompanies the text. 

Another obvious omission is that the ice-thickness map 
does not show data from the French traverse of 1957—58 
although the relevant reference is included with the text. 


Studies of borehole data on temperatures, densities 
crystal size and orientation, borehole closure and oi 
stratigraphic profiles are shown diagrammatically on three 
data sheets. The introductory text is clear, and there is 
an, excellent table setting out various over-snow traverses 
on the main continent, although the Antarctic Peninsule 
is again omitted. 

For 7 dollars (3 dollars for Folio 1 and 4 dollars fo» 
Folio 2), the material supplied is good value and wil 
provide æ suitable reference source. Being in separate 
sheets, the maps can be revised and re-issued as necessary, 
and even in less than two years since they went to press, 
and under six months since their arrival in the Uniteo> 
Kingdom, substantial additions to many of the maps 
could already be made. The intention in the Unitedil 
Kingdom and the U.S.S.R. to publish bound atlases at æ 
definite time, rather than loose-sheet folios, has much to» 
recommend it for convenience of librarians and general 
users. The maps are perhaps more important in supplying» 
background information in fields related to a specialist’e 
own studies, rather than. to supply knowledge in his own» 
field. Whatever the map, the specialist will almost always 
be aware of later data which are missing. 

G. DE Q. ROBIN 


OBSERVATIONS OF POLARIZED OH EMISSION 
By Dr. S. WEINREB, Pro-. M. L. MEEKS and J. C. CARTER 


Lincoln Laboratory, Massachusetts Institute of Technology, Lexington, Massachusetts 
AND 


Prör. A. H. BARRETT and A. E. E. ROGERS 
Research Laboratory of Electronics, Massachusetts Institute of Technology, Cambridge, Massachusetts 


N a recent article Weaver, Williams, Dieter and Lum! 
reported strong microwave emission lines in the HII 
regions W3, W49, W51, W75, NGC 6334 and Orion A at 
a frequency of approximately 1,665 Mc/s. In some cases 
the lines exhibited complex spectral structure, and in all 
cases the emission at 1,667 Mc/s bore little resemblance 
in intensity and/or structure to the 1,665 Mc/s emission. 
In particular, the emission in the region of W3 was 
approximately 30° K at 1,665 Mc/s, while no emission 
was detected at 1,667 Mc/s. Weaver et al. concluded 
that the observations could not be entirely attributed to 
OH and postulated the existence of an unidentified 
microwave line which they called “‘mysterium’’. 

In this article we wish to report observations of emission 
lines near the source W3 which reveal that: (a@) emission 
is present not only at 1,665 Mc/s but also at 1,667 Mc/s 
and 1,720 Mc/s with frequency spacings as predicted from 
the OH molecular spectrum?; (b) some of the emission 
at 1,665 Mc/s is linearly polarized by as much as 37 per 
cent; (c) the position of the maximum 1,665 Mc/s emission 
is displaced from W3 by approximately 14 min of arc; 
(d) emission features as narrow as 1-1-5 ke/s have been 
observed. As yət we have not observed other regions. 
In our opinion, ‘“‘mysterium”’ is anomalously excited OH. 

The observations were conducted using the 120-ft. 
parabolic antenna of the Haystack Research Facility? of 
Lincoln Laboratory, Massachusetts Institute of Tech- 
nology, and a spectral-line autocorrelation radiometer. 
The radiometer is similar to that used in the initial 
discovery of the OH lines‘; however, the present radio- 
moter is an entirely new system with several improvements. 
A room-temperature parametric amplifier is incorporated 
in the radiometer, and a digital correlator allows the 
examination of the spectrum in band-widths which can be 
selected from 40 ke/s to 4 Me/s. The frequency resolution 
is 1/40 of the band-width. A Univac 490 computer is 


coupled directly to the radiometer output and produces 
the frequency spectrum immediately after the end of 
each pre-set integration time. The antenna beam-width 
is 23 min of arc and the overall system temperature 
is approximately 200° K. The measured continuum 
antenna temperatures were approximately 240° K on 
Cassiopeia A and approximately 12° K on W3. 

Typical emission, spectra at 1,665, 1,667 and 1,720 Mejs 
are shown in Fig. 1 and the results of our observations 
are summarized in Table 1. Because of our ability to 
examine the spectra with a frequency resolution of 
1 ke/s, more lines are reported in Table 1 than reported 
by Weaver et al. Most of our observations were also 
made at the position of maximum 1,665 Mc/s emission, 
a= 2h 23m 29s, $= +61° 38-1’ (1950-0), slightly displaced 
from W3. The region of strong emission at 1,665 Me/s 


Table 1. SUMMARY OF PRINOGIPAL OH SPECTRAL FEATURES 


Average 
Fea- Velocity Feature antenna Polar- Position 
ture (OH) width temp. ization angle Comments 


No. (km/s) (ke/s)* (°K) (percent) 
1,665 Mo/s, 1 ke/s resolution: 
1 —491 213403 62406 30412 145°+10° 
2 —465 80+04 143415 26 Appears as two or 
more blended lines 


8 —452 30402 354430 3746 65° + 4° Line profile 
changes with feed 
position angle 


4 ~445 1°74+0°3 70407 22416 107°+22° Line blended with 
adjacent lines 
5 -43-7 1640-2 148415 22410 140°+16° 
6 —43:1 1:2+04 8381+03 10+10 
7 —41-°7 16403 7240-7 16416 
1,667 Me/s, 1 ke/s resolution: 
1° -455 30405 2-:2+0:3 1010 
2 —488 1:2405 1:32+0:3 
8 —48-0 16405 172403 
1,720 Mejs, 3 ke/s resolution: 
~ = åg 0-85 + 0:3 Spectrum not re- 


. solved due to poor 
signal-to-noise 
Tatio 


* Feature widths given have instrumental width removed. 
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Temperature (°K) 
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—- 40 


— 45 
Velocity (km/s) 
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Fig. 1. Examples of OH-lne spectra at 1,665, 1,667 and 1,720 Mc/s. 

The antenna temperatures are shown as a function of velocity relative 

to the local standard of rest The data presented in Table 1 are, in some 

eases, of longer integration time and higher resolution than the examples 
presented in this figure 


appears to be of slightly greater angular extent than our 
beam-width, as adjudged by the intensity of the — 45 km/s 
line. The values of Table 1 must be considered uncertain 
to the extent that blending of the lines occurs in some 
cases. Spectra with L ke/s resolution at various polariza- 
tion angles reveal that some of the linos may be quite 
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complex and consist of two or more lines blended 
together. The observations also suggest that a small, 
but significant, amount of absorption may be present, 
particularly at 1,667 Mc/s, thereby making interpretation 
of the spectra difficult without further observations. 

The observations clearly show that a large anomaly 
ex'sts in the intensity ratios of the lines. For small 
optical depths, the intensities for the 1,665, 1,667 and 
1,720 lines have theorstical ratios of 5: 9: 1 whereas our 
observations give approximately 50:2:1. The 1,612 
Mc/s line was not det»cted during our limited search and 
its intensity appears 70 be less than the 1,720 Mc/s line. 
We observe a maximum antenna temperature of 50° K 
for the 1,665 Mc/s emission which implies, from con- 
siderations of antenna efficiency and beam filling, that the 
brightness temperature is in excess of 200° K. On the 
other hand, the narro-vness of the lines implies maximum 
kinetic temporatures of 15°-30° K. Therefore, the 
population distribution among the OH energy-levels must 
be established to a large degree by radiative processes 
and collisions are reletively ineffective. 

The existence of strongly polarized OH omission is 
both surprising and difficult to explain. Possible polarize- 
tion mechanisms are: (1) Zeeman effect; (2) Stark effect ; 
(3) resonance scattering; (4) amplification, through a 
maser-type population inversion, of polarized background 
radiation. ‘The approximete difference of 90° between 
the position angles of the — 45-2 km/s line and the — 43-7 
and —49-1 km/s is characteristic of the Zeeman effect 
when viewed normal to the magnetic field. Ifthe polariza- 
tion is due to the Zeeman effect, magnetic fields of the 
order of 5 x 10- gauss are indicated. The Zeeman effect 
is unique among the four mechanisms listed above because 
it is the only mecharism which will give rise to circular 
polarization. Thorefcre, observations of this region with 
circular polarization sre extremely important. Further- 
more, if magnetic fields of the order of milligauss are 
present, 21-cm emission and absorption in the neighbour- 
hood of W3 should be critically examined. 

We thank G. H. Cant, jun., and P. P. Crowther and 
other contributions br the staff of the Haystack Research 
Facility for their assistance. 

The work of two of tne authors (A. H. B. and A. E. E. R.) 
was supported princizally by the National Aeronautics 
and Space Administration (grant NsG-419). Lincoln 
Laboratory is a censre far research and development 
operated by Massachusetts Institute of Technology with 
the support of the U.S. Air Force. 
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OH EMISSION IN THE DIRECTION OF RADIC SOURCE W49 
By B. ZUCKERMAN, Pror. A. E. LILLEY and H. PENFIELD 


Harvard College Observatory, Cambridge, Massachuset=s 


OLLOWING the first detection of microwave lines of 
OH in emission near the source W49 by Gundermann? 
and by Goldstein and Gundermann’ at Harvard Univer- 
sity, similar emission was observed in a number of other 
galactic radio sources’, These initial investigations 
revealed a numbor of surprising results, particularly that 
the F =(1—1) 1,665 Mc/s transition has a greater intensity 
than the F =(2—>2) 1,667 Mejs transition, a reversal of 
the expected result. 

In this article, we discuss recent dotailed observations 
of OH emission in the direction of the source W49 and 
preliminary results for W51. We have obtained 3 ke/s 
resolution spectra of W49 at the OH frequencies of 


1,665 Mc/s and 1,667 Mc/s with two radio telescopes: 
the Harvard University 60-ft. radio telescope and the 
120-ft. Haystack telescope of the Lincoln Laboratory of 
the Massachusetts Institute of Technology*. These 
spectra have been quantitatively compared with each 
other. We have also obtamed 1 ke/s resolution spectra 
at 1,665 and 1,667 Mc/s using the Haystack antenna. In 
view of the discovery of polarization of OH radiation in 
the source W3 by Wainreb, Meeks, Carter, Barrett and 
Rogers’, the W49 spectra have been checked for polariza- 
tion and also for possible time variations. OH spectra 
in the region surrounding W49 have been obtained in an 
attempt to determine the angular size of the OH emitting 
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region and its position relative to the continuum source 
W49. Finally, using the results ‘obtained on W49 and 
W651, we have carried out a proliminary investigation of 
the possibility that a spatial correlation exists between 
OH observed in emission and associated continuum 
sources. 

The Harvard radio telescope is equipped with a cavity 
maser radiometer and a multi-channel filter bank com- 
posed of 10 units with available band-widths of 3, 25, 80 
and 150 ke/s. At the OH frequencies, the antenna has a 
half-power beam-width of 52 min of arc and its aperture 
efficiency is 0:38. The mode of operation switches the 
radiometric system between the antenna input and a 
resistive comparative load maintained at approximately 
4° K by immersion in liquid helium. The switching rate 
between the comparison load and the antenna is 3:5 ¢.p.s. 
An additive comparative noise source balances the 
system during operation. The total system noise jis 
approximately 100° K. The characteristics of the Hay- 
stack OH spectral line system have been discussed by 
Weinreb et al.§. 

A quantitative comparison shows that the 3 ke/s 
resolution spectra for W49 obtained with the Harvard 
and the Haystack telescopes are practically identical in 
shape and differ only in amplitude. If an OH cloud and 
a continuum source are observed with two radio telescopes 
of different apertures, and if the cloud and source are 
small compared to the beam-widths of both telescopes, 
then the amplitude of each spectral feature should be 
proportional to the effective apertures of the telescopes. 
In this investigation, the ratio of effective apertures 
(Harvard/Haystack) is= 0-38. Using the total antenna 
temperatures at Harvard and at Haystack, we found that 
the observed ratios for the major spectral features at 
+17 km/s and +21 km/s (1,665 Mo/s transitions) are 
~0:33. If we take into account the known differences 
in effective filter shapes at Harvard and at Haystack, 
the observed ratio agrees quite well with the ratio of 
effective apertures. 

We made a direct investigation of the angular size of 
the OH region responsible for the emission features at 
1,665 and 1,667 Mc/s, by using 3 ke/s spectral resolution 
and the Haystack antenna. Comparison spectra were 
obtained for a number of positions close to W49. We 
were unable to detect any noticeable broadening of the 
Haystack beam, using the strong features at +17 and 
+21 km/s. Both the angular probe in position and the 
scaling of the spectral features imply that the region 
responsible for the OH emission is small with respect to 
the 23 min of are beam-width of the Haystack antenna. 
The position of maximum OH emission lies at «=19h 7m 
55s and § =9° 1’ (1950-0). 

Fig. 1 presents the spectrum of W49 obtained at the 
Haystack facility with a band-width resolution of 1 ke/s. 
The total integration time is 15 min. Numerous narrow 
spectral features are observed (~ 2-3 ke/s at half maxi- 
mum) and there is little correlation between the spectral 
shapes at 1,665 and 1,667 Mc/s. 

The expected total line-width at half-power due to a 
thermally broadened cloud of OH is: 


Av (cycles/sec) = 289V T 


For the strongest features, the maxima observed in 
Fig. 1 are approaching the limit permitted by thermal 
broadening. However, since the OH emitting region is 
small in angular size, the apparent temperatures will 
continue to increase when observed by telescopes with 
larger effective areas and will exceed amplitudes ~ 10? °K. 
This argues for radiative excitation of the OH lines in 
the direction of W49, similar to the situation of W3 as 
reported by Weinreb et al.5. The continuum temperature 
which lies beneath the base-line in the two spectra in 
Fig. 1 is Te=13° 41° K. 

In view of the polarization of the radiation from a 
similar source W3, as announced by Weinreb et al.°, we 
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have examined the 1,665 Mc/s peaks at radial velocities 
of +17 and +21 km/s with 3 ke/s and 1 ke/s band-width 
resolutions respectively for polarization effects. In each 
case, we made six measurements of the amplitude of the 
features, rotating the plane of polarization of the Hay- 
stack antenna feed system by approximately 30° between 
adjacent measurements. Using a definition of the per- 
centage of polarization p=100 (7,—T.)/(Ti1+T»), where 
T and T, are the maximum and minimum temperatures 
obtained with appropriate orthogonal positions of the 
antenna feed system, we conclude that the polarization 
of the features examined has an upper limit of 8 per cent. 

We have examined our data for possible time variations 
in the +17 and +21 km/s features. There is nothing in 
the data to indicate that such an effect is present. 

The prediction by Kardashev® and the successful 
detection of several lines of excited hydrogen with transi- 
tions of the n> n—1 type raise a question of possible 
confusion for OH spectral line research. Transitions of 
the n —>n-— 1 type occur throughout the region of the four 
OH lines when n takes on values between 155 and 160. 
However, calculations show that none of these hydrogen 
lines falls sufficiently close to the four OH lines to con- 
taminate OH spectral analysis, and of the six lines that 
bracket the OH frequencies, none falls within 10 Me/s of 
the OH lines. 

The continuum source W49 has been studied by a 
number of workers. Bechis and Penfield’, utilizmg the 
Haystack antenna at 8-25 Ge/s, have obtained a radio 
map of the region W49 clearly showing the two principal 
components of the source. Both components have angular 
widths of 3-4 min of are and are separated by about 
13 min of arc in right ascension. Data obtained at 
Green Bank® at 750 Me/s and at 1,400 Mc/s and at Hay- 
stack (8 Ge/s) suggest that one source is thermal and the 
other non-thermal (spectral index = — 0-6), their flux 
densities being equal at approximately 750 Mc/s. Weaver 
et al.? noted that wherever OH had been found in emission 
(six sources) there was an HII region somewhere along the 
line of sight. If there is indeed an actual spatial correla- 
tion between continuum sources and OH emitting clouds, 
as our results on W49 and W51 suggest, then we can 
obtain a distance’ to the thermal component of W49 
as well as to the clouds responsible for the OH spectra. 

Akabane and Kerr’, utilizing the Parkes antenna, have 
attempted to deduce the distance to the source W49 by 
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Fig. 1. Spectra of W49 obtained with a resolution of 1 ke/s and an 

integration time of 15 min. The abscissae are frequeney and velocity 

with respect to the local standard of rest. The ordinates are antenna 

temperature. The aboye spectra were obtained for the direction 
a = 19h 7m 55s, 6 = 9° 0’ (1950) 
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9xamining the absorption at 21 cm of its continuum 
vadiation due to intervening HI. From their work, it 
2ppears that the non-thermal component, located some 10 
min of are away from the galactic plane, was essentially 
mt of their beam as they observed the thermal source 
om the galactic equator. For a Sun-centre distance of 
10 kpe, they arrive at a probable distance of 15 kpe and 
» possible alternative distance of 7-5 kpe. 

Utilizing the standard differential theory of galactic 
«cotation, we have inferred that the OH clouds are approx- 
«mately oither 14 kpe or 1 kpe distant from the Sun. 

if wo assume that the OH clouds are physically close to 
«the HII region, then this unambiguously places the OH 
clouds and the thermal component of W49 at about 
14 + l kpe. We found that the position of the greatest 
line amplitude of the major features at 1,665 Mc/s and 
1,667 Mc/s was within +1 min of are of the thermal 
«component of W49 and unrelated to the non-thermal 
component. This argues in favour of a close physical asso- 
ciation of the OH clouds and the thermal source. With a 
close physical association, the thermal region could be the 
«cadiative source responsible for the OH line excitation. 

A further argument for associating the OH and con- 
eajinuum sources arises from our 8:25 Gejs studies at 
Haystack of the source W51, which also appears to be 
«complex, consisting of four components. Although we 
Bhave not yet had an opportunity to examine this region 
«in detail, we find, with Hoglund and Mezger™, that the 

source at œ (1950) = 19h 21m 20s, 3 (1950) = 14° 23’ 
(component A) is the strongest one at 8-25 Ge/s. We have 
noted OH emission at 1,665 Mc/s in W51, using 3 kejs 
resolution at Haystack. We easily distinguished betweon 
the Westerhout position and the component A position, 
the separation being 17 min of arc. At the Westerhout 
position, we found an OH signal which, 1f real, was barely 
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above the noise, whereas at the position of component A 
we noted a number of emission features; the strongest was 
about 10° K. 

Additional indication that a spatial correlation may 
exist between the OH in emission and continuum sources 
comes from a study of-radial velocities in W51. The OH 
velocity was +58 km/s, whereas from a study of two 
newly discovered lines ef excited hydrogen™ in this source, 
we found ~ 60 km/s fo? a thermal source located in W51. 
The observed thermal region and the OH clouds appear 
to lie at the point of maximum radial velocity along the 
line of sight in their Grection in HI, BI, which suggests 
that their distance is about 6-5 kpe. 

Wherever OH has been found in emission thoro appears 
to be an associated EII region. Therefore, it appears 
profitable to search for excited hydrogen lines in areas 
where OF is discovered in emission. 

We thank M. L. Meəks. S. Weinreb, A. E. E. Rogers, 
and J. C. Carter for their assistance. The programme in 
radio astronomy at Harvard is supported by the National 
Science Foundation. Lincoln Laboratory is a centre for 
research and developmsnt operated by the Massachusetts 
Institute of Technology with support of the U.S. Air Force. 
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COMPARISON OF EXPERIMENTAL DATA OF THE EFFECTIVE ION MASS 
IN FHE UPPER IONOSPHERE WITH A THEORETICAL STRUCTURE 


By P. R. ARENDT 


Institute for Exploratory Research, U.S. Army Electronics Command, Fort Monmouth, New Jersey 


YY *LECTRON-DENSITY profiles obtained from evalua- 
tion of the readouts from the U.S.—Canadian topside- 
sounder satellite Alouette permit the measurement of the 
scale height in the upper ionosphere, from which informa- 
tion can be obtained'-* regarding the composition of the 
ionospheric regions. We centred our evaluation of the 
topside ionograms on the task of finding directly®:® the 
exponential functions that govern the electron-density 
profiles. Thus, by the same process of numerical approxi- 
mation, we obtain the electron density and the scale 
height. Therefore the computation reflects the main 
natural irregularities that are not smoothed out as by a 
differentiation of a density profile. 
Our computation describes the electron density versus 
altitude profile in terms of an exponent « and the altitude 
h as follows: 


N(h) = N, exp(— (h— h)a) (1) 


where N and N, are the electron densities at altitude 
h and hy respectively; the exponent « is a function of A. 
Under the assumptions mentioned below the exponent « 
can be considered the inverse electron-scale height 1/H. 
Changes from region to region (of different but constant œ} 


are made by our computation programme when the « for 


best data fit of a specific region has to be changed by more 


than the arbitrarily set 3 per cent. This setting results in 
an eventual uncertainty of the scale height by not more 


than 6-9 km within the altitude range we are going to 
consider. 


Typical scale height versus altitude curves at daytime 
are given in Figs. 1-4. It is interesting to note a special 
fine-structure in the 3cale-height profiles. Very often 
data, are presented in groups of constant exponent, thus 
reflecting a laminated structure (first observed by King’). 
Each electron-density profile contains an inflexion point 
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where the curvature from the concave bending around 
foi’, maximum changes to the convex curvature of ex- 
ponential decay in the higher ionosphere. Obviously, a 
constant slope (that is, a constant exponent) will always be 
observed at the altitude of this inflexion. The altitude of 
inflexion is necessarily a function of the overall shape of 
the profile and might thus be related to seasonal, geo- 
graphic, and other parameters. It appears to be rather 
pronounced at the magnetic equator’. However, it is 
questionable whether a specific physical interpretation 
can be correlated to this inflexion point. 

Our investigations® of the altitude changes of typical 
plasma frequencies during magnetic activity have shown 
that the onset of a storm might be accompanied by a 
decrease in electron density. Such decreases may con- 
tinue longer than the storm lasted as indicated by the local 
K index. It is plausible, therefore, that the slope of the 
scale-height profile is affected by magnetic events. The 
data shown in Fig. 1 (taken 2 h before a storm) and in 
Fig. 3 (taken. 5 h after a storm) represent such magnetically 
disturbed conditions. A typical set of undisturbed data 
appears to be Fig. 4, which was taken more than a day after 
the last storm and more than ten days before the next 
storm. Comparison of Figs. 3 and 4 indicates that immedi- 
ately after a storm the slope of the scale height is increased. 
During magnetically quiet periods (Fig. 4) the plateaux of 
constant exponent are repeated at nearly the same 
altitude during the passage of the satellite at the various 
points along its trajectory (36°-51° N.). As indicated in 
Fig. 4 and Table 1, one can distinguish, during this passage 
for example, about five groups or plateaux, each of which is 
represented by a specific constant value. An average over 
the above latitude range taken during the same satellite 
passage results in five data pairs that can be considered 
representative for this latitude region at this specific time. 
Fig. 5 gives the end values from Table 1 in graphical form. 
The rectangles in Fig. 5 represent the spread of the single 
data. The lower three rectangles cover the entire range of 
the pertinent scale, indicating a really laminated structure 
that is less pronounced at higher altitudes partly because 
fewer data points are obtained there by our evaluation 
procedure. The combination of simultaneous data from 
various latitudes appears permissibie in view of the fact 


Table 1. AVERAGED SOALE HEIGHT 
September 30, 1968. 1200 5.8.7, 


Group 1 Group 2 Group 3 Group 4 Group 5 
Lat. Long. H R H h H & H R H R 
359 98-1 283 784 221 631 171 521 188 442 125 347 
41:0 923 829 823 244 683 189 546 148 423 124 340 


487 900 297 800 231 697 197 550 157 407 129 313 
51:0 89:3 284 788 227 650 188 536 166 412 137 325 
Averages 298 798 281 665 189 586 151 421 129 382 
H, scale height; k, real height, both in km. 
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that the ionosphere above our region has been found ver}, 
well stratified during magnetically quiet periods. The 
observed narrow spread of the data encourages the use o: 
these data for a typical model (daytime, mid-latitude). 
Considering the portions of the electron-density profile 
where constant exponents are observed, one might con 
clude that within such a, range electrons and ions are eack 
in specific isothermal equilibrium. In this case the inverse 
exponent is equivalent to the electron-scale height H: 


1 
~ = H = R(T; + T.)/Mg (2, 


Here R is the universal gas constant, T; and Te are the 
kinetic ion and electron temperatures, g is the acceleration 
of gravity and M is the effective ion mass (in atomic 
units); all parameters are a function of height; however, 
T; + Te are considered constant for each region okii 
constant 1/4 = H. Since H and g are known, equation (2, 
reveals‘ the ratio (Tı + Te)/M as a function of laminate 
altitude. The variation with altitude of equation (2) can» 
be described by: 
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M dh ~ T, F Te dh ` Ga 
when it can be assumed that Te is close to a constant 
value” in the altitude range under consideration (300-1,000> 
km). The function 7:(h) is not known exactly. Therefore, 
an empirical solution is suggested. A comparison of the 
possible magnitude of AM/M and ATi/(Ti + Te) as it 
can be obtained from the literature®® indicates that, for 
the altitude range in question, one might assume: 


T 
as) Sr =- are, (tm 


where s is a correction term which is also a function of 
altitude. The used numerical comparison of the terms in 
equation (4) is based on the neutral particle composition 
given by Harris and Priester® for the mass data. This 
composition is not considered identical with the ion mass 
composition; however, the relative change in magnitude: 
ig assumed similar for neutrals and ions. A justification for 
equation (4) might be seen in the possibility that the lighter 
ions are more easily heated than the heavier ones by their 
interactions with the electrons. ‘This effect will become 
more pronounced at higher altitudes. 

Application of the empirical equation (4) permits a 
solution of (3) in case an assumption is made for the 
magnitude of c(h). If we can assume £ = 0 for the altitude 
interval in question we arrive at: 

1; dg | 
- ala (5) 


Dat 
Es = 2 (H| dh 


For Æ 0 the above denominator reads 2 + e instead of 2. 
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Fig. 6. Effective ion mass versus real height. Lower curve, Harris and 

Prester data for neutral atmosphere; upper curve, data from Fig. 5 

converted for isothermal equilibrium of electrons and ions. Dots: data 

from Fig. 5 converted for non-isothermal conditions as indicated by 
equation (5) 
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Equation (5) can be numerically solved, for example, by 
insertion of data from Table 1 provided, however, that a 
reasonable value is obtained for an initial reference point 
M, h. For this reference we have chosen rather arbitrarily 
the value of the altitude that Harris and Priester ascribe 
to M = 16 for daytime (11 h L.M.T.) under consideration. 
This value is 670 km, to which we co-ordinate the experi- 
mental value of H = 245 km from Fig. 5. With these 
assumptions we obtain the data points for M as shown in 
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Fig. 6. For comparison the orginal curve from Harris 
and Priester is also saown in Fig. 6 as well as another 
evaluation of our sca_e-height data which was based on 
the assumption that both T; and Te were constant. 
Obviously, both evalvations are not correct. The upper 
curve deviates apparently too much towards higher M 
values. The good correlation of the curve described by the 
row of points in Fig. € with the Harris and Priester curve 
cannot be taken as tinite establishment of the applied 
correction term € = 0 However, it is taken as an indica- 
tion that an application of equation (5) comes closer to the 
true composition than the assumption of a completely 
isothermal medium (T: and 7/7; = constant). 

Bauer has informed me that he has referred to a more 
realistic reference poirt derived from rocket probes for the 
ionic mass 16, which print is related to an average altitude. 
of 300 km, that is ne=r the inflexion point of the profile, 
Thus the dotted curvə in Fig. 6 has to be moved down. 
wards to show a varietion of M between 16 and 7 in the 
range 300-800 km. 
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DEPENDENCE OF THE PROPERTIES OF MOVING STRIATIONS IN THE 
PLASMA OF THE POSITIVE COLUMN ON SOME EXTERNAL 
AND INTERNAL PARAMETERS 


By G. LAKATOS* and Dr. J. BITÓ 


Industrial Research Institute for Telecommunication Technique, Budapest 


e general, gas and vapour discharges occur associated 
with a number of oscillatory phenomena. Even under 
the simplest conditions, in the event of direct current 
discharges, a number of discharge anisotropies or in- 
stabilities in the state of equilibrium of the plasma can be 
demonstrated, which may lead to the generation of 
oscillations. Of these oscillations there is one which 
stands out because of its regularity. This is the so-called 
plasma oscillation which has been demonstrated and 
theoretically discussed by Langmuir and Tonks!. These 
oscillations are characteristic of the given discharge 
plasmas; they accompany them all, and may be demon- 
strated in the positive column by means of a pair of 
Lecher-wires. Their frequency can be written: 


Ne 3 e? 1/2 
The = ) 
TMe 





(1) 


where ne is the frequency, Ne is the electron concentra- 
tion, e the charge of electron, and me the electron mass. 

The same relationship holds good for ions merely sub- 
stitutmg the corresponding numerical values in the 
formula. For electron oscillations, using equation (1), a 
value of about 108 c/s is obtained for the frequency at an 
electron concentration of 101° electrons/c.c. The frequency 
for ion oscillations, however, is much lower, due to the 
mass proportion and concentration assumed being smaller 
in certain instances. 

In addition to these typical plasma oscillations (electron 
and ion oscillations), there is still another oscillation process 
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worth mentioning—a >rocess which also regularly accom- 
panies direct current discharges. This process is known as 
‘striation’, and two specific forms of the process can be 
distinguished?, namely the standing and moving striations. 
As for the frequency, the study of striation does not 
require the rather complex techniques required for the 
so-called plasma osciLations, and for striations the fre- 
quency can be shown to be in the 10%-10t-c/s range. 
Results published in the literature in this field have 
already been discussec. by one of us in an earlier paper’. 
A number of researcn workers are at present engaged on 
investigations of these striations, and are exploring their 
generation under varicus conditions. So far as the origins 
of the striations are concerned, no uniformly accepted 
theory has as yet been formulated. Certain research 
workers are investigazing the processes occurring in the 
region of the electrodes for the anisotropy responsible for 
the phenomenon of stniation—which can be demonstrated 
in the positive column and which is generally accompanied 
by variations in light. Others believe the origin of striation 
to be in the temporal cnanges of the basic processes of the 
positive column (excitation, diffusion, variation in the 
concentration of metastable atoms, recombination, ioniza- 
tion, etc.). Some arə concerned with investigations of 
parameters influencing these striations?-4, and by way of 
these studies are trying to draw conclusions as to their 
physical nature. Usinz the earlier findings of Szigeti®, one 
of us® has succeeded in demonstrating the influences of 
certain internal plate-side parameters of the discharge 
tube on the moving striations within the positive column 
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of a low-pressure gas discharge. Studies are also being 
undertaken -on influences external to the gas discharge 
tube which affect the moving striations. According to 
Yoshimoto et al.1° the velocity of the moving striations can 
be influenced by certain external conditions (ambient 
temperature, external resistance, etc.) in a critical manner. 
Pekarek?! also mentions a weak influence of external 
circuits on the moving striations. Moreover, according to 
Nedospasov et al.1#, the external effects will, in addition 
to the velocity, influence the wave-length of the striations. 

Donahue!? believes that for constant electrical and 
external parameters (temperature, geometry, etc.) the 
phenomenon of striation characteristic of direct current 
discharges can be considered as a superposition. In this 
case the moving striation is characterized by two space- 
charge waves moving in directions opposed to each other. 
In the discharge tube these space-charge waves move in 
conformity with the sign of the space-charge in opposing 
directions. Of these waves the negative space-charge wave 
composed mainly of electrons is characterized by a higher 
velocity. 

The subject-matter of the tests to be described here was 
the investigation of the characteristic properties of these 
higher-speed space-charge waves at a variety of discharge 
currents. The instrumentation and set-up of the measure- 
ments performed during the tests were similar to those 
described by Donahue". We have already described this 
set-up in an earlier paper, which deals with the pressure- 
dependence of the striation frequency and the speed of 
propagation’. 

Striation in the direction of the axis of the positive 
column may be controlled by factors inside and outside the 
discharge in a number of ways?*5. Thus, among other 
effects in the event of using Penning gas (that is, a gaseous 
mixture of mercury and argon), the process of striation is 
likely to be influenced by variations in the ambient 
temperature, through the variation of mercury—vapour 
pressure and the consequent variation of the concentration 
of the neutral atoms. It is a well-established fact that in 
the event of mercury vapour discharges the concentration 
of mercury atoms in the discharge is determined by the 
wall temperature of the discharge vessel through the 
partial pressure resulting from the saturated vapour 
pressure of the mercury. 

Another object of the tests reported here was to study, 
using a Penning gas, the influence of certain external and 
internal parameters on the moving striations of the d.c. 
mercury vapour discharge, and to explain the dependence 
of the striations on these parameters. The following were 
included: as external parameters, the limiting resistance 
and ambient temperature; as internal parameters, the 
discharge curve. 

No investigations of the external parameters of moving 
striations are known to us from the literature which have 
included studies of the dependence of temperature. Such 
tests would be justified by the aforementioned character 
of the mercury-vapour discharge in this type of d.c. 
discharge. For the theoretical description of the 
phenomenon of oscillation we accepted the calculations 
made by Kapzow® for an equivalent circuitry, and 
followed the trend of thought of his calculations. 

For purposes of measurement, we made use of the 
method introduced by Donahue” and described by us in 
detail in an earlier paper®. Accordingly, in order to test 
the frequency of a moving striation, its nodes and light 
maxima, recourse was had to a method using photocells, 
and, by passing the signals of the photocell through an 
amplifier-stage, direct observations could be made on an 
oscilloscope screen. With the use of the oscilloscope the 
wave-length and frequency could be estimated (by means 
of Lissajoux curves). Furthermore, the light intensity of 
the striae formed during striation could be investigated 
along the discharge tube as a function of distance. 

The discharge was supplied by a stabilized d.c. source 
while the discharge current was limited by symmetrically 
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arranged ohmic resistances in series. The discharge tube 
used on this occasion had a glass wall 1 mm thick; its 
length was 1,200 mm, and its outer diameter was 38 mm. 
After the appropriate vacuum treatment the tube was 
filled up with a mercury—argon gas mixture at a mercury 
column pressure of 3 mm, and about 60 mg mercury. 
To maintain the mercury vapour pressure at a constant 
value the discharge tube was placed in a water-jacket, 
and water was circulated continuously at a fixed rate. 
By using an ultra-thermostat, the temperature of the 
water responsible for temperature stabilization could be 
set at any value specified with an accuracy of +0-02° C. 
Tests began after a steady-state operating period of the 
discharge tube of 20 min, at specified predetermined 
stabilized temperatures of 20°, 25° and 40° C. 

(a) Influence of the external resistance on the moving 
striation. When these tests were made the discharge tube 
was supplied from the stabilized d.c. source already 
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mentioned, with an are current of 100 m.amp, without 


specially heating the cathode. As an external limiting 
element during the first period of the tests a variable 
ohmic resistance was used which had negligible induc- 
tance. For the various values of the supply voltage (200, 
300, 400 V) the external ohmic resistance was set so that 
during the tests the value of the current invariably 
remained 100 m.amp. By means of the measuring 
methods already described, and for a stabilized tempera- 
ture of 25+0-02° C, the results shown in Fig. 1 were 
obtained. In Fig. 1 the dependence of the various 
characteristics on the value of the external ohmic resistance 
applied can be followed for an arc current of 100 m.amp. 
Curves are plotted for A, the amplitude of the light 
intensity variation, for v, the travelling speed of the 
moving striation, and for the resistance-dependence of 
the wave-length ìà of the striation and the frequency v. 
Of the two striation waves of different velocity detectable 
in the discharge, the parameters in the diagram in Fig. 1 
apply to that travelling at the higher speed. 

In the second set of tests, in addition to the ohmic 
resistance in series, an inductance coil, also in series, was 
used as an external influence. This resistance was 
alternately inserted or removed, as required. Its value 
was 1-5 henries, and the ohmic resistance was 10 ohms. 
With the inductance coil inserted in order to maintain 
the resultant ohmic resistance of the outer circuit on a 
constant value, the value of the original variable resistance 
had been reduced by 10 ohms. The effect of the inductance 
on the frequency of the moving striation for an are current 
of 20 m.amp is shown in Table 1. 


Table 1 
Inductance coil 
Inserted Removed 
Frequency (Bec) 541 98 


From Fig. 1 it can be seen that for an unchanged are 
current the value of the external limiting ohmic resistance 


10 





Re (ohm) 


Fig. 1. The various parameters of moving striations as functions of the 

value of the applied external ohmic resistance for an arc current of 100 

m.amp. 4, Amplitude of the variation of light intensity in arbit units; 

VY, travelling aree of the moving striation in 10° cm sec; A, wave- 
ength in em; v, frequency in 10* o/s units 
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Fig. 2. Current dependence of frequency n of the moving stration for 
various supply voltages, 200, 300, 400 V; Jz, discharge current 


will, in the range under test, influence the amplitude of 
the light variations in the moving striation, the speed of 
propagation and the wave-length of the moving striation; 
however, ıt will not affect its frequency. The conclusion 
may thus be drawn that in the range in question the 
internal parameters of the discharge will have a decisive 
effect on the frequency of the moving striation. 

On the other hand, what Table 1 shows is, provided 
that the required conditions exist, the presence of the 
inductive member of the external limiting element affects 
the frequency of the moving striation, that is, in this 
case it is not the internal parameters of the discharge 
alone that determine the frequency. 

(b) Influence of the shape of the voltage versus current plot 
on the moving striation. In this set of tests, by increasing 
the range of current, measurements were carried out in 
the discharge current range between 5 and 200 m.amp. 

In Fig. 2 curves have been plotted for the current- 
dependence of the frequency of the moving striation at 
a stabilized temperature of 25° C, first in the current 
range of 20-200 m.amp, and then of 5-20 m.amp. As 
may be observed, the shapes of the two frequency 
characteristics differed fundamentally from one another 
in the two ranges. In the 20-200 m.amp range the 
frequency of the moving striation could be controlled 
mainly by means of the internal parameters of the dis- 
charge, whereas in the 5-20 m.amp range together with 
the internal parameters the external parameters were 
having a remarkable influence on the character of the 
current-dependency of the frequency. 

From the results plotted in Fig. 2, and using the 
results of measurements made at 20° and 40° C, an 
empirical formula was derived for the current-dependence 
of a frequency n in the range between 20 and 70 m.amp: 

n = nT) + CP) log te/toe (2) 
where %:;=20 m.amp, 7 denotes the discharge current, 
no is the frequency of the moving striation at tot, T is the 
temperature of the thermostating water-jacket, and C(T) 
is a constant at the given temperature. 

It could be shown that with rising temperature T, the 
value of frequency neo tended to drop, while the value of 
C increased. 

A further conclusion drawn from the results was that 
with increasing vapour pressure the frequency was 
decreasing in the range between 5 and 40 m.amp, whereas 
it was rising at currents of 120 and 130 m.amp. It 
should be noted, however, that the curve plotted in 
Fig. 2 has a rather marked kink at 120 m.amp. The 
conclusion to be drawn from these results is that the 
concentration of the mercury atoms, as one of the internal 
parameters, had a slight effect on the frequency response 
of the moving striation. 
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The experimental results established for the current 
dependence of the ight and current oscillations of the 
moving striation are shown in Figs. 3 and 4. As was 
observed by Bauer™ using a supply voltage of 160 V, 
the light oscillations had a relative maximum when the 
voltage-current plot had amaximum. With this observa- 
tion in mind we investigated the problem of the current 
dependence of the lght oscillations, the results of which 
are plotted in Fig. 3. The amplitude of the light variation, 
Lo, was a maximum at 50 m.amp, and measurements 
showed that this maximum was independent of the value 
of the supply voltage—a circumstance which seems to 
indicate that the efect was independent of the external 
resistance. A dependence could, however, be shown 
below the discharg2 current of 20 m.amp and above 
70 m.amp. 

The curve of the amplitude of the current variations 
has been plotted in Fig. 4, and for a discharge current 


Zo (arbitrary units) 
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Fig. 3. The amplitude LoDf the variation of light intensity as the function 
of the discharge current 7; for various supply voltages 
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Fig. 4. The amplitude J, of the-current variation as the function of the 
discharge current 
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Fig. 5. Stabilization for various supply voltages 
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of 120 m.amp this curve has a maximum at the kmk in 
the curve in Fig. 2. 

In Fig. 5 the voltage versus current characteristic has 
been plotted for the gas-discharge tube under test, with 
the known resistance ‘straights’ associated with working 
points P, and P}. At working point P, a steep. curve 
section is associated with the lower current intensities. 
The angle closed by the resistance ‘straight’ and its 
associated characteristic section changes here much more 
markedly than, for example, in the neighbourhood of 
working point P.. Consequently, for a given current 
intensity variation, a much greater voltage variation will 
arise, for example along the resistance ‘straight’ associated 
with the 400-V supply than along-the resistance ‘straight’ 
belonging to the 200-V supply. We believe that this 
stronger voltage variation offers an explanation of why 
the frequency, as shown in Fig. 2, becomes dependent on 
the external parameters of the tube exactly at a current 
intensity of 20 m.amp corresponding to the working 
point P, in Fig. 5. This problem will receive a theoretical 
examination according to the method established by 
Kapzow? in the following section. 

(c) Influence of the ambieni temperature on the moving 
striation: theoretical study of the influence of external 
parameters. In Fig. 6 the discharge current I; and the 
burning tube voltage V, of the discharge tube have been 
plotted at a stabilized wall temperature of 25° C. It 
may be observed that for low current intensities the slope 
of the -curve is extremely steep and of a negative 
character. 

The dependence of , the frequency of the moving 
striation on the discharge current is shown in Fig. 2 for 
a wall temperature stabilized at 25° C. Measurements 
were made in the current range 5-200 m.amp. The 
external limiting resistance used in the current range 
5-20 m.amp had an effect on the frequency of the stria- 
tion*. A sharp kink in the frequency curve manifesting 
itself at the discharge current value of 120 m.amp could 
be found at all three test temperatures, that is, 20°, 25° 
and 40° C, for the same current. The curve plotted for 
the current-dependence of the striation frequency followed 
the trend of the curve plotted in Fig. 2 for a temperature 
of 25° also at the other two temperatures tested. 

In Fig. 7 the temperature-dependence of the frequency 
of the moving striation is shown for a few values of the 
discharge current. For currents below 120 m.amp the 
temperature-dependence curves have a tendency to 
decline; with rising wall temperatures the frequency of 
the striations tends to decrease. At 120 m.amp—the 
current at which the kink occurs in the curve plotted in 
Fig. 2—the temperature-dependence curve shown in 
Fig. 7 inverts, and for higher currents the frequency of 
the striation rises with rising wall temperature. 


170 
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90 
0 50 100 
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Fig. 6. Curve plotted for the discharge current, Ir, of the discharge tube 
versus the burning voltage, Vi 
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Fig 7. Temperature-dependence of the frequency of the moving striation 
for specific discharge current values 


As has been made clear earlier in this article, main- 
tenance of the wall temperature at a predetermined value 
amounts to maintaining the concentration of the mercury 
atoms (which play a decisive part in the discharge) at a 
predetermined level. The argon atoms, owing to their 
higher excitation and ionization potentials, are only 
moderately represented in the basic processes of the 
discharge still in a steady-state balanced condition 
compared with the mercury atoms. 

The values for vapour pressure and the number of 
mercury atoms at the various test temperatures are 
shown in Table 2 (ref. 7). The well-known striking 
growth of concentration of the mercury atoms occurs in 
the temperature range between 25° and 40° C. 


Table 2 
°C 
~ 20 25 40 
Vapour pressure of the mercury 
atoms (10° mm Hg) 1-201 1-85 6 07 
Concentration of mercury atoms 
(atom/c.c.) 3°95x104% 594x10" 20 x 10** 


Before discussing the results obtained here, certain 
characteristic sections in the current versus voltage curve 
in Fig. 6 deserve special attention. For small currents 
the curve has a negative directional tangent, whereas for 
currents larger than 20 m.amp the curve is first positive 
and later negative. 

The characteristics of the curve shown in Fig. 2 for 
the current dependence of the striation frequency can 
perhaps be explained with the characteristic properties 
described earlier and the influence of the internal para- 
meters of the discharge. In this connexion, we outlined 
our opinions at the second Czechoslovak Conference on 
Electronics and Vacuum Physics‘, and pointed out that, 
whereas in the current range up to 20 m.amp the external 
parameters, mainly the value of the limiting resistance, 
affected the striation frequency in a decisive manner, 
for current above 20 m.amp it was mainly the internal 
parameters which determined the striation frequency. 
We also made it clear that for a theoretical description 
of the influence of the external factors the equivalent 
circuitry developed by Kapzow offered a convenient 
method!*. A demonstration of this method follows later. 

In all curves deseribing the current-dependence of the 
frequencies (Fig. 2) there is a break point at 120 m.amp 
for all three temperatures. At this point the frequency 
drops by 200-300 cjs, and then for currents in excess of 
120 m.amp the curve progresses between values corre- 
sponding to the original frequency value and the break 
point, in a closely linear, monotonously rising manner up 
to 200 m.amp. The temperature-dependence of this 
frequency breakdown is represented in Fig. 7 by the 
curve marked with the 120-m.amp parameter. 

The theoretical relationship for the influence of the 
ambient temperature according to Fig. 7 can only be 
established after further investigations. However, even 
without any further investigations the statement may be 
ventured that there may be a definite relationship 
between the variation of the concentration of neutral 
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Fig. 8 (a) Equivalent circuitry for the electric circuit of the discharge. 
(b) Auxiliary figure for the notations used in the deduction 


mercury atoms in accordance with Table 1 and the 
influence of the ambient temperature. A consequence of 
this relationship is perhaps the drop in the striation 
frequency with the growing mercury atom concentration 
below the current intensity of 120 m.amp. 

From the fact that with the increase in concentration 
of mercury atoms the frequency variation curve becomes 
inverted at 120 m.amp, it can be concluded that owing 
to the larger energy losses associated with the larger 
current rate beyond 120 m.amp a change can occur in 
the heat dissipation conditions in the discharge. This 
may, among other things, influence the trend in the 
temperature-dependence of the moving striation frequency. 

The influence of temperature should be considered as 
an external factor at the formation of moving striation. 
As has already been explained!-*, in specific sections of 
the current range the external parameters resistance, 
capacity and induction of the electric circuit have a 
critical influence. A method for studying this influence 
has been provided by Kapzow!*. Assuming an equivalent 
circuitry for the discharge circuit, he discusses the con- 
ditions for oscillation by solving the second-order differen- 
tial equation for the discharge circuit. 

Accordingly, for the present investigations, the electric 
circuit for the discharge can be described by the equivalent 
circuitry as shown in Fig. 8a, where C denotes the sum 
total capacity of the discharge circuit and the water-jacket 
surrounding the tube which affects the discharge, R is the 
sum total resistance of the external circuit, L is the sum 
total induction given by these resistances and other 
circuit members, and # is the voltage of the d.c. current 
source maintaining the discharge. 

By applying Kirchhoff’s law in the vibrationless, 
balanced state of the discharge the following relation is 
obtained: 


E=I.R+ Uo 


where U, denotes the tube voltage at a current I. 

If with the start of an oscillatory process of any kind 
the current of the discharge changed to I + îi, then 
corresponding to the discharge characteristic of a slope 
U’ in accordance with Fig. 8b, the voltage drop of dis- 
charge would change to a value U,. Owing to the 
oscillations now in full swing a current 7, would flow 
through condenser C, and also the current flowing in the 
equivalent chain RL would vary by a value 24. 

Similar to equation (3), the following circuit relation 
can be written: 


(3) 
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: di, 
E = U, + R(I + i) + L- (4) 
since Ui: = Us + AU (5) 
and AVS U4 (6) 
1 
further U,- Us = AU = & fi, . dt (7) 
and then CU% = fó. dt (8) 
dz : 
TRE EH di = % (9) 
With this substituted in equation (4), since 
te =t tH (10) 
the relations: 

PARE dz dz, 
H=Uo+U%+R.I+R.G+R. tL + La (11) 
and 

H=U,+ i+ R.I+R.i+4 
, di dz , d% 
RCU ar Le + LOCU Je (12) 


will be obtained. Aftər turning the equations into their 
standard or a differensial ore of the form: 


d? 


LOU’ Ša + (ROU + rs t (R+ UV + 
Maa, epee” 
= (13) 
di RCU+L a R+U 
-a + Ico at zor =? (14) 


will be obtained. After solving this equation iaceonding 
to: 

t= A, exp(ryt) + A, exp(— rat) (15) 
where A, and A, are constants, the following equation 
may be written for r- 


= 1 ROUW+L oe lees BFU iè 
r= Tou" Lou’) ~ zoo (8) 
or in & reduced form: 
1/R 1 
r=-3G+ ap)? 
lire 1? dfreR ` 
Nile + gy] -zø l7 +1] (17) 


(a) If the quantity under the root sign is positive, then 
the current variation is of an aperiodic nature, and 7, and 


r, are real. In this event the condition for stability may 
be written: 
Tı <0 (18) 
Ta <O (19) 
This condition can be satisfied, first, if 
R l 
Z t OO”? 0 (20) 


and, secondly, if the absolute value of the first term under 
the root sign is smallər than the square of the first term. 
Otherwise a positive r would also be possible, that is, to 
satisfy conditions ™ and (19) it is n that: 


1 + am) — ral ot +1)< G LF ror) (21) 
that is, the inequality: 
roy + 1) > 0 (22) 
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exists, since both L and C are positive, for real r, and r: 
the condition for stability is given in the form: 


R 
A+ 1>0 (23) 


(b) If the quantity under the root sign in equation (17) 
is negative, then a solution will be found in the form: 





i = A, exp(—d¢ + jot) + A, exp(— dt — Jot) (24) 
where A, and A, are constants, and 
l R l 

ò= 3E t00 120) 


The condition for stability is that è> 0, that is, the expres- 
sion in (25) must also be greater than zero. Thus the 


inequality: 
1G + dy)» 


should exist. If conditions (22) and (26) exist at the same 
time, then the external parameters will cause no instability 
in the discharge. 

By using relation (26) the oscillation frequency in the 
neighbourhood of the current value corresponding to the 
working point may be given which might then become the 
generator of the moving striation. 

With the values of the external circuit elements in (26) 
and the slope of the curve associated with the current 
value in question inserted, a quantitative relation will be 
obtained showing that the frequencies of the oscillations 
are in fact within the range between 100 and 1,000 c/s. 

In the course of the experiments reported here the 
ohmic resistance, capacity, and inductance of the external 
electric circuit were determmed for the purpose of these 
calculations. The latter inductance is due to the induc- 
tivity of the ohmic resistance. 

As an external value the capacity of the water-jacket 
surrounding the discharge tube had to be taken into 


(27) 
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account. With this capacity taken up in the calculation 
the values of all other capacitative elements of the circuit 
become negligible. In Table 3 the circuit parameters 
associated with a 50-m.amp discharge current and the 
value of the slope U’ taken from Fig. 6 have been 
compiled. 
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Table 3 
R L C circuit C jacket U’ 
3,440 ohms 12x 10-4 14 x 10-1? 2-1 x10- 150 ohms 
henries farads farads 


The value of the frequencies is markedly influenced by 
the values of U’ and R, whereas L varies only slightly, 
and C may in this case be considered a constant (water- 
jacket). Depending on the slope and the character of 
the curve a variety of frequency values will be obtained 
from equation (26) for the various currents. As for 
order of magnitude, these frequency values agree with 
the experimentally established frequencies. 

It is thus obvious that external] parameters (especially 
temperature) together with the members of the external 
electric circuit have a critical influence on the striation 
processes. In the course of pertinent investigations more 
extensive and far-reaching information may be obtained 
concerning the fundamental physical phenomena occurring 
in the plasma. 
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KINETIC PARAMETERS FOR OXYGEN IN REACTIONS INVOLVING PURIFIED 
OXIDASES AND TISSUE SLICES 


By Dr. M. McCABE* 


Department of Biochemistry, Institute of Diseases of the Chest, Brompton Hospital, Fulham Road, London 


AND 


Da. D. A. GILBERT 


Chester Beatty Research Institute, Institute of Cancer Research, Royal Cancer Hospital, Fulham Road, London 


AYAISHI?! has recently summarized the apparent 
Michaelis constants for oxygen of several oxidase 
enzymes. In only one of the papers cited (that by Long- 
muir?) was the time-course of the reactions considered in 
any detail. In order to assess the suitability of Longmuir’s 
polarographic apparatus to our own work, we have 
examined the applicability of both integrated and differ- 
ential rate methods for determining the kinetic parameters 
for oxygen from the time-course of two oxidase reactions. 
These procedures are basically inferior to those in which 
only initial rates are considered due, for example, to effects 
resulting from the accumulation of products. However, 
we have found that consistent results are obtainable by 
these methods, provided excess catalase is edded to decom- 


* Present address: Physical Biochemistry Department, John Curtin School 
of Medical Research, Australian National University, Canberra. 


pose rapidly hydrogen peroxide formed during the reac- 
tions considered. The good reproducibility of the values 
obtained for the parameters invites a more frequent use 
of these methods especially when the supply of enzyme 
is limited and maximum information must be gleaned 
from each individual experiment. Applecation of these 
methods to the results obtained on the oxygen uptake by 
intact cells (ef. Longmuir®, Chance’, Bander and Kiese5) 
leads us to propose an alternative interpretation of pub- 
lished results on the kinetics of tissue respiration. 

The apparatus used for these investigations was essenti- 
ally as described by Longmuir*, the cell volume being 
approximately 18 ml. The experimental technique 
adopted was as follows: a buffered solution of the primary 
substrate (in large excess) was equilibrated with air 
(or oxygen at up to 3 atmospheres pressure) at 37° C, this 
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being followed by the addition of excess catalase (final 
concentration approx. 5 ug/ml.). The latter had no 
effect on the diffusion current. The mixture was then 
introduced into the air-tight polarographic cells (main- 
tained at the same temperature) and the reactions were 
initiated by the injection of 0-2 ml. of the appropriate 
enzyme solution. Glucose oxidase was obtained from 
Boehringer and Soehne, Mannheim, Germany. This enzyme 
is Specific for B-p-glucose, but, since the preparation con- 
tained a highly active epimerase, the B-D-glucose con- 
centration was effectively that of the total D-glucose 
present. Pig kidney D-amino-acid oxidase was purchased 
from Seravac Laboratories, Ltd., Colnbrook, England, 
the substrate used being D-alanine. 

Analysis of the results obtamed with both glucose 
oxidase and D-amino-acid oxidase shows that, under the 
conditions described, the reactions conform to simple 
Michaelis-Menten kinetics except at extreme values of 
oxygen concentration. Thus, if the data are plotted ın 
the form of the integrated rate equation: 


iat = Vn + f.n (F) 





t 


(where S, and S are the oxygen tensions at time zero and 
time ¢ respectively, Vm is the theoretical limiting rate and 
Km the apparent Michaelis constant), the graphs obtained 
are linear over a considerable range of oxygen pressures 
(for example, 30-700 mm mercury). From the intercepts 
and slope it is thus possible to calculate both Vm and Km. 
Alternatively, but perhaps less accurately, it proved 
possible to determine the rate of the reaction at any 
given partial pressure of oxygen from the slope of the 
time-course trace and hence obtain Lineweaver—Burk 
plots. The kinetic parameters can then be obtained in 
the usual way. In addition ıt is possible to determine 
the apparent reaction order for oxygen from the slope, 


Ve = 
n, of the log (2) versus log S plot (where V is 


the rate at the oxygen tension S). This value should 
be unity for simple Michaelis-Menten kinetics. By these 
methods the following range of values were obtained from 
the data of five experiments with each enzyme. 

Glucose oxidase: Vm = 240-270 ul. O/min (mean 
250); Km (oxygen) = 120-190 mm mercury (mean 
150): n = 0:97-1:05 (mean 1:00) (0-05 M phosphate 
buffer, pH 6, 0:01 M potassium chloride, 0:05 M glucose; 
initial oxygen tension varied from air satureted to 1 
atmosphere). 

D-Amino-acid oxidase: Vm = 85-95 ul. O./min (mean 
89); Km (oxygen) = 120-130 mm mercury (mean 125); 
n = Q-94-]-03 (mean 0-98) (0-05 M phosphate buffer, 
pH 8, 0-01 M potassium chloride, 5x 10-2 M p-alanine; 
initial oxygen tension varied from air saturated to 3 
atmospheres). 

The Km values in both cases (equivalent to abeut 170 
uM for D-amino-acid oxidase and 210 uM for glucose 
oxidase) are in good agreement with the values obtained 
by other methods (140-300 uM and 200 uM respectively®’). 

Non-conformation at both high and low oxygen tensions 
is to be expected as a result of the inapplicability of the 
simple theoretical equations at extreme values. In 
addition the degree of accuracy of the analytical methods 
is also lower in these regions. The deviations from simple 
Michaelis-Menten kinetics observed at very high oxygen 
tensions appear, however, to be real and could be due to 
inhibitions by oxygen or to intermediate intra-enzymatic 
reactions (that is, those not directly involving oxygen), 
or to the primary substrate being rate-limiting. 

The calculations described were also applied to results 
obtained with actively respiring rat hver slices (using 
succinate as substrate) in place of the purified oxidase 
systems. Again the kinetics of the uptake of oxygen 
conformed to simple Michaelis-Menten kinetics over a 
wide range of oxygen tensions. Measurements of this 
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kind have been concucted by several workers?-*: each 

of these have referred to the apparent reaction order for 

oxygen as being anomalous, with a non-integral value in the 

region of 1-3-1-4. Is should be pointed out, however, 

that. these workers all used the observed maximal rate 

for the value of Vm. If, on the other hand, one uses the 

theoretical value for Vm (for example, the value obtained 

from extrapolation cf the Lineweaver—Burk plots) as 

required by the relevant equations, a reaction order of 
unity is obtained (Fig. 1). It should be noted that the’ 
Imearity of the Lineweaver—Burk plot implies a reaction 

order of unity irrespective of the nature or value of the 

maximum velocity. In the demonstration of the reaction 

order by means of tke log-log plot, however, the inter- 

pretation will be dependent on the value used for the 

maximum velocity. Similarly, if the observed and 

theoretical limiting rates sre significantly different, then 
large errors may be iccurred in the estimation of the Km 

value from the oxyger concentration at which the respira- 

tion is half-maximal. The anomaly can thus be resolved 

on the basis that the observed and theoretical maximum 

rates are not necessanly equivalent. On this interpreta- 

tion, it would appear shat, under the conditions used, the 
reactions directly involving oxygen are not initially rate- 
limiting but become so when the tension falls below the 

so-called critical valus. Chance‘ has described how the 

tissue respiratory data can be explained on the basis of 
sequential reactions involving four cytochrome com- 

ponents and this rationale is unaffected by our interpreta- 

tion of the data. i 

In addition, we wish to mention that the apparent 
Michaelis constants for oxygen which we have obtained 
for tissue respiration (200 mm mercury, about 300 uM) 
differ by as much as cne or even two orders of magnitude 
from those hitherto reported for the reaction of oxygen 
with rat liver cytochrome oxidase!. It thus seems neces- 
sary to contemplate she existence of other rate-determ- 
ining factors. 

Some anomales kave already been considered by 
Longmuir and Bourke®*. Initially they felt the discrep- 
ancy might be explaired by a gradient of partial pressure 
of oxygen through tissue down which oxygen diffused 
from the outside to the respiratory site within the tissue. 
However, this required a value for the diffusion coefficient 
for oxygen. in tissue some hundred-fold less than through 
water. In addition, their original hypothesis did not 
explain the paradoxical result that the thickness of the 
slice appeared to have little effect on the parameter of 
critical oxygen tension of the tissue: the existence of a 
diffusion gradient would require that the critical oxygen 
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Fig.1. Respiration ofratlver kinetic parameters for oxygen. A freshly 
prepared slice (0:4 mm thics) of rat liver was suspended in a medium (0°05 
M phosphate buffer pH 7:4 0:05 M KCI 37° C) contaimed fn a reaction cell 
of the Longmuir type. Respiration was initiated by injection of sodium 
succinate to a final concentzation of 012M. Curve A shows the conform- 
ation to simple Michaelis—“fenten kinetics by means of the Lineweaver-— 
Burk por this graph alsp indicates the method of determining the 
theoretical maximum rate (Vm, 73 ul /min) and the Michaelis constant 
(Km, 220 mm mercury). The slope of the double logarithmic plot (curve 
B) gives the reaction order for oxygen (1:0) 
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tension should increase as the square of the slice thickness. 
Further examination of their experimental results led 
Longmuir and Bourke to the conclusion that diffusion 
could not be limiting, indeed the experimentally determ- 
ined value of the diffusion coefficient for respiratory tissue 
appeared to be 10 times that for water. In addition, they 
considered that respiration of a slice might be limited 
by an oxidase with a low affinity for oxygen”. 

The differences noted could arise from the existence of 
an active transport mechanism for oxygen within the cell. 
On the other hand, the results may merely reflect a marked 
dependence of the parameters on the conditions used, an 
alteration in the kinetic behaviour of the cytochrome 
oxidase as a result of cell disruption or perhaps the exist- 
ence of different kinetic forms (isozymes) of the latter 
enzyme within a particular species. 

We thank Dr. I. S. Longmuir for his advice and for use 
of facjlities. One of us (D. A. G.) was supported by grants 
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to the Chester Beatty Research Institute (Institute of 
Cancer Research: Royal Cancer Hospital) from the Medical 
Research Council and the British Empire Cancer Campaign 
for Research, and by Public Health Service research 
grant CA~03188-—08 from the National Cancer Institute, 
U.S. Public Health Service. M. M. also was in receipt of 
a grant from the Medical Research Council. 


1 Hayaishi, O., Ann. Rev. Biochem., 31, 25 (1962). 

2 Longmuir, I. S., Biochem. J., 57, 81 (1954). 

2 Longmuir, I. S., Biochem. J., 65, 378 (1957). 

‘ Chance, B., Fed. Proc., 16, 671 (1957). 

5 Bander, A., and Kiese, M., Arch. Exp. Path. Pharmak., 224, 312 (1955). 


® Miyake, Y., Mochizuki, S., Yamano, T., and Aki, K., Symp. Enzy. Chem. 
(Japan), 14, 73 (1960). 


f SDS H., Swoboda, E. P., and Massey, V., J. Biol. Chem., 239, 3927 
1964). 


3 Longmuir, I. S., and Bourke, A., Naturé, 184, 634 (1959). 
* Longmuir, I. S., and Bourke, A., Biochem. J., 78, 225 (1960). 
10 Longmuir, I. S., Rec. Chem. Prog , 24, 3 (1983). 


URINARY METABOLITES IN THE %-OXIDATION OF 
2,4-DIMETHYLHEPTANOIC ACID 


By Dr. S. R. TANNENBAUM and Pror. S. A. MILLER 


Department of Nutrition and Food Science, -Massachusetts Institute of Technology, 
Cambridge, Massachusetts 


HILE examining tho metabolism of 2,4-dimethyl- 
heptanoic acid-2-methyl-"C (DMHA) in the intact 
rat, it was found that approximately 20 per cent of the 
radioactive label was recoverable in the urime after 48 h, 
while more than, 60 per cent was recoverable in, respiratory 
carbon dioxide. (Manuscript in preparation. Normally, 
less than 1 per cent of the radioactivity from a carbon-14 
labelled fatty acid 1s excreted in the urine.) An investiga- 
tion of the nature of this radioactive material indicates 
that it may be the w-oxidation product of the parent 
compound. 

«-Oxidation of fatty acids occurs when oxidation from 
the carboxyl end of the molecule is blocked, or when the 
acid is of medium chain-length!?. Tryding and Westoo 
examined a series of 4C-carboxy!l labelled, methyl- 
substituted stearic acids’ which indicate that «-substitu- 
tion has little overall effect on metabolism, while B- or 
a,a-disubstitution almost completely block §-oxidation. 
The demonstration of w-oxidation în vitro in a cell-free 
system has also been reported*. On the other hand, there is 
no previous report concerning the metabolism of methyl- 
substituted fatty acids such as DMHA in which the sub- 
stitution occurs on the « and y carbon atoms. 

Rats weighing 200 g were given a diet containing 10 
per cent corn oil, and 0-2 per cent of DMHA-2-methy1-“C, 
specific activity 5 x 104d.p.m./mg. The synthesis of the 
non-radioactive compound has been previously reported’. 
The radioactive label was incorporated through a minor 
variation of the published procedure which involved the 
condensation of diethyl 2-methylpentylmalonate® with 
methyl-14C-iodide. The rats were housed in glass meta- 
bolism cages and urine was collected over a period of 48 h. 
The urine was acidified to pH 1, and continuously extracted 
with ether for 18 h with and without prior saponification 
with potassium hydroxide. Under these conditions, 93 
per cent of the urine radioactivity (by liquid scintillation 
counting) could be recovered from the saponified urine, 
while only 57 per cent could be recovered from the un- 
saponified urine, indicating ‘the presence of conjugated 
material. 

Acids in the ether extract from the saponified urine were 
esterified with diazomethane’ and gas-chromatographed on 
a 2-moter column of 10 per cent diethyleneglycol succinate 
on acid-washed diatomaceous earth at a helium flow rate 
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Table 1. GAS CHROMATOGRAPHY OF ESTERIFIED ACIDIC COMPONENTS OF 
URINE OF RATS FED 2,4-DIMETHYLHEPTANOIC ACID 
Retention time Percentage of total 
Peak (min) * urine radioactivity 
A 76 218 
B 70 35°5 
Cc 56 74, 
Dimethyl succinate 16 2°3 
Methyl 2,4-dimethylIheptanoate 85 0 


* A 2-meter column of 10 per cent diethyleneglycol succinate on acid- 
washed diatomaceous earth. Column temperature 100° C. Helium flow 
rate 60 ml. jmn. 


of 50 ml./min. The chromatographic effluent corresponding 
to each major peak in the chromatogram was collected in 
glass capillaries immersed directly in liquid scintillation 
counting vials containing the scintillation liquid. Only 
three major peaks were found which did not correspond 
to a chromatogram of the urine of rats which had been fed 
the same diet without DMHA. These peaks were desig- 
nated as shown in Table 1. None of these peaks had the 
same retention time as the methyl esters of a series of 
known compounds. (Methyl esters of: C-2, C-3, C-4, C-6, 
C-7, C-10 straight-chain dicarboxylic acids; methyl- 
malonic, methylsuccinic, 2-methylglutaric, 3-hydroxy- 
butyric, lactic, malic and citric acids. Ketoacids and 
fumaric acid are excluded, since they are not satisfactorily 
esterified and give non-volatile products with diazo- 
methane.) The only compound which occurred in normal 
urine, and had a, significant fraction of radioactivity, was 
dimethyl succinate (Table 1). No unmetabolized DMHA 
could be detected, although the method is suitable for 
identification of 5 ug of this compound. 

The materials corresponding to peak A, B, and C were 
trapped from the chromatograph in 1-ml. conical centrifuge 
tubes cooled with liquid nitrogen. Their infra-red spectra 
were determined in a Beckman IR-5 spectrophotometer 
using 0-05-mm cavity cells anda 5 x KBr beam condenser. 
The spectra of peaks A and B were essentially identical 
both as pure liquids and in CCI, solution. This supports an 
assumption that they are diastereoisomers, as had 
previously been demonstrated for the parent compound, 
DMHAS®. The spectra of A and B indicated that these 
compounds were esters. The transmission ratio of the 
carbonyl band at 5-75u to that of the C—H band at 3-75u 
was similar to that found in a series of dicarboxylic rather 
than monocarboxylic esters, suggesting that A and B 
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might be dicarboxylic esters. The presence of a band at 
7-254 also indicated the possibility of methyl groups on 
the chain’, particularly because the retention, time did not 
correspond to that of a straight-chain compound. 
Although the specific activities of A and B could not be 
accurately determined owing to the very small amount of 
material available, on a volumetric basis, they appear to 
be in the range of 90 per cent of that of the parent com- 
pound, DMHA. It was tentatively assumed, therefore, 
that A and B were derived from DMHA via w-oxidation 
and had the structure of 2,4-dimethylpimelic acid (1). 


HO,C—CH.—CH:, -CH—CH,—-CH—CO,H 
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| | (1) 

CH, CH, 
The mass spectrum of B was obtained with a CEC 21-130 
mass spectrometer, and indicated fragment peaks typical 
of dicarboxylic esters**. Tho peak at highest mass to 
charge ratio obtained was at m/e 185, and no discernible 
peak could be seen at m/e 216 where the parent mass 
ion (M) might be expected. It would not be unusual to 
find no parent mass ion for this type of compound, and 
the peak at m/e 185 probably corresponds to loss of a 
methoxyl ion (M-31). The base peak in the spectrum was 
at m/e 55 (C,H,), and corresponds to the branched paraf- 
finic ion expected from the fragmentation, pattern of (1). 
Other important peaks were found at m/e 88 (re-arrange- 
ment typical of 2-methy] substituted methyl esters (ref. 9)), 
m/e 59 (CO,CH;), and m/e 83 (C,H,,, fragmentation at 
1,2 and 5,6 with loss of H). No major peaks were detected 
that would not logically arise from (1). It is therefore 
tentatively concluded that (1) is the correct structure for 
A and B. 

The infra-red spectrum of peak C was similar to that of 
DMHA, both in the position and intensity of the bands 
over the region, of 3-3-9-5u. The major differences in the 
spectra of C and DMHA are the presence in the spectrum 
of C of a strong band at 2-9u and a medium intensity band 
at 10-6u. The 2-9-u band is due to a hydroxy group and 
varies in position with dilution.as expected!, shifting to 
lower wave-lengths in more dilute solutions. The 10-6-u 
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band may indicate the type of substitution of the carbon 
bonded to the hydroxyl, but is of limited value’. Since 
only a trace of this compound was available, it was not 
possible to obtain any further information regarding its 
structure. On the basis of biological considerations, C 
might be the 8-hydroxy derivative of DMHA, a compound 
which would be a normal intermediate of 6-oxidation. 
Another possibility is shat C is the w-hydroxy derivative 
of DMHA, since it has recently been shown, that the w- 
hydroxy acid is an intermediate in m-oxidation‘. 

It might have been expected a priori that fatty acids 
with alternate -methyl substitution would be meta- 
bolized an vivo, via B-2xidation, with the same ease that 
has been demonstrated for fatty acids with a single 
methyl group in the 2 or 4 position’. Although 60 per cent 
of the ingested DMHA was oxidized to carbon dioxide 
via, B-oxidation, the presence of 20 per cent of the radio- 
activity in urine mighs indicate that the alternate methyl 
groups along the chain present increased steric hindrance 
at one of the active sites in the B-oxidation enzyme system. 
Alternatively, it is possible that the extent of w-oxidation 
1s primarily a function of the chain-length of the compound 
—a hypothesis which rsmains to be tested. 

This work was supported by contract Af 33(616)-6008 
with the U.S. Air Force. 

We thank Drs. Philip Issenberg and Emily Wick for 
their advice. 
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‘PINK SPOT’ IN THE URINE OF SCHIZOPHRENICS 
By R. E. BOURDILLON, Pror. C. A. CLARKE, A. PAULINE RIDGES and Pror. P. M. SHEPPARD, F.R.S. 


Nuffield Unit of Medical Genetics, Department of Medicine, University of Liverpool 
Dr. P. HARPER* 
Department of Psychological Medicine, University of Liverpool 
AND 


Dr. SHIRLEY A. LESLIE 


Psychiatric Registrar, Royal Liverpool Children’s Hospital, L'verpool 


INCE Friedhoff and van Winkle! reported that they 

had isolated the compound 3,4-dimethoxyphenyl- 
ethylamine (DMPE)—the ‘pink spot’—from the urine of 
15 out of 19 schizophrenics whereas they found it was 
absent in 14 mentally normal people, other workers have 
carried out similar investigations. Of these, Sen and 
McGeer?, Kuehl et al. and Horwitt! were confirmatory, 
Perry et al. and Faurbye and Pind? were not, and 
Takesada eż al.” found that the compound was also present 
in nearly half their controls. In all these series the 
number of individuals tested was small, and moreover it 
appears that in none of them were the tests done in 
ignorance of the diagnosis. In the past many metabolic 
abnormalities have been described in schizophrenia, 


* Present address‘ c/o Research Facility, Rockland State Hospital, Orange- 
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but none has since been shown to have any funda- 
mental bearing on. the disease. It therefore seemed 
important to us to irvestigate the pink spot further, for 
if it could be shown tc be causally related to schizophrenia 
this would provide important evidence favouring the 
abnormal methylation hypothesis as put forward by 
Osmond and Smythies® and Harley-Mason?. 

We have tested for the pink spot in the urine of 808 
individuals to try to find out how often it is found : 
(a) in the different forms of schizophrenia; (b) in different 
types of mental disesse; (c) in close relatives of schizo- 
phrenics; (d) in mentally normal people. To try to 
answer these problems, four experiments were planned: 

Exps. I and II: Here two independent and ‘blind’ 
surveys were carried out in which separate workers 
ascertained the incidence of the pink spot using different 
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methods for its detection and also different criteria for 
the assessment of schizophrenia. 

Exp. III: A small series of family studies in which 
the close relatives of pink spot positive schizophrenic 
propositi were investigated. 

Exp. IV: A survey of mentally normal individuals 
some of whom were apparently healthy in every way 
and some of whom were in-patients in the wards of two 
general hospitals. 

Exp. I. The urines of 101 mental hospital in-patients, 
all ‘possible schizophrenics’, were tested with the primary 
object of finding the incidence of pink spot in the disease. 
The patients, who were drawn from three mental hospitals, 
consisted of acute and chronic cases and some had been 
off drug therapy for up to two months. All had at one 
time been given @ provisional diagnosis of schizophrenia, 
and this and the drug therapy were known to the investi- 
gator (R. E. B.) who was testing for the pink spot. After 
he had assessed the presence or absence of this, each 
patient was interviewed and re-assessed by a psychiatrist 
(S. A. L.) who was ignorant of the pink spot finding. It 
was she who made the final assessment, and in about 
17 per cent of the patients she thought the original 
diagnosis of schizophrenia, was substantially in doubt; 
when this was so they were classed as non-schizophrenic. 
Where the diagnosis of schizophrenia was definitely 
upheld the patients were grouped into those who at any 
time had exhibited one or more of Schneider’s first-rank 
symptoms?! and those who had not (these are referred to 
as Schneider positive and Schneider negative respectively). 
Afterwards the patients were also sub-divided into classical 
schizophrenics and those who showed only paranoid fea- 
tures without formal thought disorder or flattening of 
affect. The former for convenience are referred to as ‘non- 
paranoid’ and the latter as ‘paranoid’. In five patients 
the information necessary for diagnosis was unobtainable 
either because the patients were unco-operative or 
because of language difficulties, and these five are classed 
as ‘Impossible to assess’. 

The urine sample was, whenever possible, collected 
over 20h, though in some cases shorter periods of collection 
proved more practicable. The extraction and the paper 
chromatography were carried out as described by Friedhoff 
and van Winkle! and this is referred to here as Method 1. 
Where there was marked interference by drugs the 
presence or absence of the pink spot sometimes had to 
be classed as ‘impossible to assess’. 

Because a much more detailed investigation would be 
necessary to ascertain that 3,4-DMPE was in fact being 
demonstrated we have, throughout this article, preferred 


to use the term ‘pink spot’ rather than ‘presence of - 


DMPE’ in reporting the results. 

These are given in Table 1 and the statistical analysis 
in Table 2. This consists of various comparisons using 
the y? test or Fisher’s two-tailed test for exact probability, 
whichever seemed the more appropriate. The control 
group were 149 mentally normal individuals (tested by 
Method 1) none of whom had the pink spot. Given also 
(Table 3) are the percentages of individuals with the 
pink spot within sub-classes. 


Table 1. EXPERIMENT I 
(a) Pink spot in relation to Schneider’s first-rank symptoms 


Pink spot rating 
Impossible 
Positive Negative to assess otals 
Schneider rating 
Positive 35 11 6 52 
Negative 7 16 4 27 
Impossible to assess 4 0 1 5 
Non-schizophrenic 0 16 1 17 
Totals 46 43 12 101 
(b) Pink spot in relation to non-paranoid and paranoid classification 
j Pink spot rating 

Psychiatric assessment Positive Negative Totals 
Schneider positive { KON aa aS A a 
Schneider negative ORT aateg p i a 
Totals 42 27 69 
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Table 2, EXPERIMENT I. 


Comparison x? d.f. Probability 
Schneider positive with Schneider negative 11-57 1 <0-001 
Schneider positive with non-schizophrenic 24-95 1 <0001 
Schneider positive with control = 2-5 x 10-7" 
Schneider negative with non-schizophrenic = 0-029 
Schneider negative with control =8:1 x 107 
Non-paranoid with paranoid 20 18 1 <0-001 
Non-paranoid with non-schizophrenic 26:80 1 <0-001 
Non-paranold with control = 8:06 x 1077 
Paranoid with non-schizophrentc N.S. 
Paranoid with control = 0:0099 
Schneider positive with Schneider negative 
within non-paranoid = 0:0388 
Schneider positive with Schneider negative 
within paranoid N.S. 
Paranoid with non-paranoid within Schneider 
positive = 0:0020 
Paranoid with non-paranoid within Schneider - 
negative N.S. 
Table 3. EXPERIMENT I. PEROENTAGE OF INDIVIDUALS WITH PINK SPOT 
WITHIN SUB-CLASSES 
Sub-class Percentage with pink spot 
Schneider positive, non-paranoid 83-3 + 5-75 
Schneider positive, paranoid 0:0 
Schneider negative, non-paranoid 50 +16°8 
Schneider negative, paranoid 15°-4+100 


Exp. II. In the second experiment a different psy- 
chiatrist (P. H.) and biochemist (A. P. R.) worked 
together. The urines of 296 psychiatric in-patients 
drawn from two hospitals were investigated for the pink 
spot. The patients had often been in hospital for many 
years and included a larger proportion of chronic cases 
than in the first experiment. The samples of urine were 
analysed in ignorance both of the diagnosis and of the 
nature and quantity of drugs being received, so that a 
different part of the work was ‘blind’ from that in Exp. I. 
The psychiatrist selected the patients so as to include a 
variety of mental diseases, and he accepted the diagnosis 
given in the case-sheets and did not interview the 
patients personally as did the psychiatrist in Exp. I. He 
divided the cases into four groups: (a) ‘non-paranoid’ 
schizophrenics; (b) ‘paranoid’ schizophrenics; (c) schizo- 
phreniform syndromes (where although some features of 
schizophrenia were present it was uncertain whether or 
not the primary diagnosis was schizophrenia); (d) non- 
schizophrenics, which included such conditions as manic 
depressive psychosis, organic dementia and mental defect. 

‘Since a different psychiatrist was scoring the cases and 
the diagnosis was assessed from the case sheets, the 
classes are probably not strictly comparable with those 
of Exp. I. 

The chromatographic procedures were the same as 
those described by Friedhoff and van Winkle! (our 
‘Method 1’), but a different extraction procedure was 
used and the technique is referred to by us as ‘Method 2’. 
A volume of 300-500 ml. of a 16-h overnight sample of 
urine was adjusted to pH 9-0 with 2 N sodium hydroxide. 
This was extracted three times with 100-ml. portions of 
1,2-dichloroethane and the extracts dried over anhydrous 
sodium sulphate. The first extract was examined by ultra- 
violet absorption at 279 my. A peak at this value is a useful 
indicator of DMPE in the absence of interfering substances 
such as drug metabolites. The ultra-violet absorption spec- 
trum helps particularly to distinguish DMPE from any 
closely related compounds which could not satisfactorily be 
resolved from it by the chromatographic procedures used. 
The three extracts were then combined and evaporated 
to dryness on a rotary evaporator. The residue was 


Table 4. EXPERIMENT IJ. PINK SPOT ASSESSMENT IN 296 PSYOHIATRIC 


PATIENTS 
Pink spot rating 
Impossible 
Psychiatric assessment Present Absent toassess Totals 
Non-paranoid schizophrenics 20 30 19 69 
Paranoid schizophrenics 2 54 6 62 
‘Schizophreniform syndromes’ 5 58 26 88 
Non-schizophrenics 1 68 8 77 
Totals 28 210 58 296 


October 30, 1965 


No. 5009 
Table 5. EXPERIMENT If COMPARISON OF INCIDENCE OF PINK SPOT 
BETWEEN CLASSES 
Comparison z? d.f. Probability 
Non-paranoid with paranoid 19 16 1 <0 001 
Non-paranoid with non-schizophrenic 27:05 1 <0 001 
Non-paranoid with control =2 81 x 10-1! 
Paranoid with non-schizophrenic N.S 
Paranoid with control N.S. 


redissolved in dichloroethane for application to the 
chromatography paper. Authentic 3,4-dimethoxypheny]- 
ethylamine (K and K Laboratories) and mixed spots of 
urine extracts and authentic DMPE were applied along- 
side the urine extracts on the chromatography papers 
and the separation carried out. 

The results of Exp. II are given in Table 4 and the 
statistical analysis in Table 5. The controls are 310 
mentally normal individuals (tested by Method 2) one of 
whom had the pink spot. The results for the schizo- 
phreniform syndrome class have not been analysed 
because the group was probably very heterogeneous. 

Exp. III. The pink spot was investigated in 20 close 
relatives of three schizophrenic propositi, all three of whom 
were found (by one or both of the two methods) to 
excrete the pink spot. None of the relatives was schizo- 
phrenic though some were reported as having other 
mental abnormalities. 

The pink spot was not found in the urine of any of the 
close relatives, and these therefore are not significantly 
different from the control group of mentally normal 
individuals. 

Exp. IV: Investigation of mentally normal individuals. 
These consisted of two groups. The first was made up 
of 265 healthy individuals, mostly undergraduates or 
university staff. The second was composed of 126 
mentally normal in-patients, comprising 54 pre-operative 
and 20 post-operative cases, 10 patients with liver disease, 
20 with chronic neurological states and 22 with general 
medical conditions. The pink spot was assessed by one 
or both of the two methods previously described and the 
series has acted as the control for the various comparisons. 

All the controls were negative for the pmk spot with 
the exception of one healthy individual, a woman aged 54. 
She suffered from migraine but was mentally normal and 
so was her family. 

Comparison between Method 1 (Friedhoff and van Winkle) 
and Method 2 (ultra-violet + chromatography) in the investi- 
gation of the pink spot. In 133 people both methods for 
assessing the pink spot were used (Table 6). 


Table 6 COMPARISON OF METHOD 1 AND METHOD 2 IN INVESTIGATION 
OF THE PINK SPOT 
Ultra-violet + chrom. (Method II) 
Friedhoff and van Winkle Pink spot Pink spot 
(Method 1) positive negative Totals 
Pink spot positive 12 7 19 
Pink spot negative 2 112 114 
Totals 14 119 133 


Though there is a significant correlation, P = 1-06 x 10-29, 
between the results given by the two methods, there are 
discrepancies. 

There are several reasons which might account for this 
non-concordance: (1) Method 2 may be less sensitive in 
detecting the pink spot (as opposed to DMPE); (2) slightly 
different substances may be being estimated; (3) one 
method may be more likely to produce undetectable false 
readings because of the presence of drugs; (4) there may 
be observer discrepancies. These possibilities are being 
investigated and will be the subject of a further article. 


The association previously found between the pink spot 
and schizophrenia has been confirmed using large numbers. 
The results of Exp. I give compelling evidence that its 
presence is particularly associated with Schneider-positive 
individuals. It is much rarer in those who are Schneider 
negative and rarer still (if present at all) in non-schizo- 
phrenics. 
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In Exp. I the same patients have also been classified 
as to whether or not they only have paranoid features. 
The presence of the pink spot is particularly associated 
with the non-paranoid group but is significantly higher 
among the paranoid group than among the mentally 
normal controls. 

When the individuels are classified as being Schneider 
positive and non-pararoid this sub-class has a significantly 
higher incidence of the pink spot than does any other 
group (83:3 + 5-75 per sent). Thus to predict the presence 
of the pink spot the double classification is the most 
efficient. 

Five individuals were so seriously disturbed that they 
could not be interviewed or assessed on the Schneider 
rating. The fact that four of them showed the pink spot 
suggests that these ‘vere true Schneider-positive non- 
paranoid cases as judged by our other results. 

The second experiment using a different method for 
detecting the pink spot again shows the very strong 
association between tie presence of the pink spot and 
‘non-paranoid’ schizophrenia. The lower frequency of the 
pink spot may be due to any of the four reasons mentioned 
above and/or to the cases being less florid than in 
Exp. I. However, noz enough have been scored by the 
Schneider rating to show whether the association Js 
particularly with the Schneider-positive ‘non-paranoid 
group although the deta show a strong tendency in this 
direction. 

The evidence from zhe two experiments suggests that 
the pink spot is highly associated with schizophrenia and 
1s not often present in other forms of mental disorder or 
in close relatives or in controls. Moreover, from our 
survey it seems highly improbable that diet and institution 
life play any part in producing the pink spot. An impor- 
tant problem is whether the abnormal metabolite precedes 
or is a result of the Gsease. The family data point to 
the latter conclusion, Fut it is possible that the pink spot 
only appears shortly kefore the disorder manifests itself. 
and that more refined techniques might demonstrate it 
in sibs. It would be interesting to follow pink-spot- 
positive patients with florid schizophrenia during remis- 
sions since these data might indicate whether the acuteness 
of the disease was associated with the quantity of pink 
spot material. If it did, this might explain its absence 
in sibs. The possibility has to be considered that drugs 
might be the cause of the pink spot. This is refuted by our 
data. Thus the relationship between schizophrenia and 
pink spot is at least as marked in those who had been off 
drugs for two weeks œ more as ın those who had not. 
Moreover, the non-sckizophrenics on drugs showed no 
elevation of the frequancy of the pink spot over those 
not on drugs. However, a complicating factor in using 
the pink spot for diagnosis is that drugs interfere both 
with the chromatography and with the ultra-violet 
absorption and it 1s difficult to obtain patients (particularly 
acute cases) who are not on drug therapy. 

We thank Dr. B. Finkleman, Prof. F. J. Fish, Dr. 
A. V. de P. Kelly, Dr. I. Leveson, and Dr. B. Ward for 
allowing us to examine and test their patients, and the 
staffs of the hospitals concerned for help in the collection 
of samples. We also tnank the Hon. Miriam Rothschild 
for obtaining the co-operation of certain of the individuals 
investigated. 
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INTERFERON APPEARANCE STIMULATED BY ENDOTOXIN, BACTERIA, OR 
VIRUSES IN MICE PRE-TREATED WITH Escherichia coli ENDOTOXIN OR 
INFECTED WITH Mycobacterium tuberculosis 


By Pror. JULIUS S. YOUNGNER and Pror. WARREN R. STINEBRING 
Department of Microbiology, School of Medicine, University of Pittsburgh, Pittsburgh 


WER mice aro injected intravenously with bacteria 
or bacterial endotoxin an inhibitor indistinguishable 
from virus-induced interferon appears in the circulation’. 
Salmonella typhimurium, Serratia marcescens, and endo- 
toxin from Escherichia coli produce peak-levels of circulat- 
ing interferon at about 2 h after injection. Maximum 
interferon-levels following injection of Brucella abortus 
or Newcastle disease virus (NDV) are reached at about 
12 h. To elucidate the mechanisms of the different time 
patterns of appearance of interferon, experimental pro- 
cedures known to alter the reactivity of animals to the 
lethal or pyrogenic effects of endotoxin were investigated. 
Repeated exposure to endotoxin reduces the responsive- 
ness of animals to subsequent injection of endotoxin, 
while prior infection with Mycobacterium tuberculosis is 
known to increase the reactivity of the host to endotoxin. 
These phenomena have been termed ‘tolerance’ and 
‘hyper-reactivity’ in the literature dealing with endotoxin’. 
In connexion with the investigations reported here, which 
primarily deal with interferon production rather than 
lethality or pyrogenicity, it seems more appropriate to 
use the term ‘hyporeactivity’ in place of ‘tolerance’. This 
article deals with the modification of interferon appearance 
in the circulation which results from prior treatment of 
mice with endotoxin or infection with tubercle bacilli. 
Methods for the inoculation and bleeding of mice, for 
the assay of interferon in L-cells using the plaque-reduc- 
tion method with vesicular stomatitis virus (VSV), and 
for the preparation and standardization of inocula 
containing B. abortus or NDV have been described in 
detail previously}. The endotoxins used were prepared 
from different strains of E. coli (0111 : B4, 0118, or K235) 
and had similar potencies when measured by LDso 
determinations or interferon appearance in the plasma. 
Interferon titres were expressed, as the dilution of plasma 
which would reduce the plaque count to 50 per cent of 
that of the controls and were calculated by probit analysis. 
Preliminary studies showed that mice given 250 ug of 
endotoxin intravenously exhibited the usual pattern of 
peak interferon levels in the plasma 2 h later?; however, 
a second dose of endotoxin given 48 h later failed to 
produce circulating interferon. To further document and 
extend this observation, the following experiment was 
performed using challenge with NDV as well as endotoxin. 
A large group of mice was injected intravenously with 
125 ug of endotoxin. Forty-eight hours later these animals 
were challenged intravenously with either a second dose 
of 125 ug of endotoxin or with 5 x 10? plaque-forming 
units of NDV. Control mice which had received no prior 
endotoxin were also challenged with endotoxin or NDV 
as described. Because of the different time patterns of 
appearance of interferon, blood samples were obtained 
at 2, 4 and 6 h in the case of endotoxin challenge and at 
2, 6 and 12h from animals injected with NDV. The results 
presented in Fig. 1 show that prior treatment with endo- 
toxin completely eliminated the characteristic appearance 
of interferon which followed endotoxin inoculation of 
untreated mice. In the case of NDV challenge, mice 
treated 48 h previously with endotoxin showed a markedly 
depressed interferon titre compared to the untreated 
controls. The untreated mice showed significant interferon 


Inhibitor titre of plasma 


levels 2 h after injection of NDV. However, mice pre- 
treated with endotoxin did not produce a detectable 
level of interferon until 6 h after stimulation. At 12 h 
after inoculation of NDV, the interferon titre in control 
mice was 1 : 2,500, while in mice pretreated with endotoxin 
the titre had reached only 1: 140. It is of interest to note 
that, although the levels of circulating interferon in the 
two groups of mice were significantly different, the rate of 
interferon increase after 6 h was the same. 

Another experiment was performed in which mice were 
injected with different amounts (50 or 250 ug) of endotoxin 
and challenged 48 h later with a large dose (1,000 ug) of 
endotoxin, B. abortus, or decreasing amounts of NDV. 
The results obtained are summarized in Table 1. It is 


10,000 





1,000 


Hours post-injection 


Fig 1. Effect of prior injection with endotoxin on interferon titres of 

plasma pools from mice at different times after intravenous injection of 

endotoxin or Newcastle disease virus (NDV). Groups injected as follows: 

O, no prior treatment, 125 ug endotoxin; @, pretreatment with 125 ug 

endotoxin 48 h before 125 ug endotoxin; A, no prior treatment, 5 x 107 

plaque-forming units of NDV; A, pretreatment with 125 ug endotoxin 
48 h before 5 x 10’ plaque-forming units of NDV 
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clear that both doses of endotoxin produced hypo- 
reactivity although the higher dose (250 ug) was much 
more effective. In addition, decreased interferon responses 
were demonstrable in animals challenged with B. abortus 
as well as with endotoxin and NDV. It should be noted 
that no significant change in lethality of endotoxin was 
found in mice 48 h after the original dose of endotoxin. 

The possibility was considered that circulating humoral 
factors present 48 h after endotoxin injection were 
responsible for the hyporeactive state. To test this in the 
caso of endotoxin, 50 mice were injected intravenously 
with 250 ug of endotoxin; 48 h later, the survivors were 
bled and plasma collected and pooled. Before transferring 
this plasma pool to recipient mice, tests of the plasma pool 
showed that no residual interferon was detectablo, 
eliminating the possibility of transfer of interferon to the 
recipients. Ten uninoculated mice received intraperi- 
toneally I ml. of the donor plasma pool. Six hours later 
these mice and control mice were injected with 1,000 ug 
of endotoxin; 2 h later they were bled to determine the 
interferon content of their plasmas. Control mice had 
received plasma from untreated mice rather than from 
mice treated with endotoxin. No difference was noted in 
the interferon content of plasmas from the two groups of 
animals following the endotoxin challenge. These results 
tend to rule out the possibility of a circulating humoral 
factor which might mediate the lack of response to the 
second -dose of endotoxin. 
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Table 1. APPEARANOE OF INTERFERON FOLLOWING INJECTION OF ENDO- 
TOXIN, B. abortus, AND NDV IN CONTROL MICE AND IN MICE INJECTED 48 H 
PREVIOUSLY WITH A SINGLE DOSE OF E. coli ENDOTOXIN 


Interferon titre of plasma of mice 
injected 48 h previously with: 


Challenge of mice at 48 h with: Saline 50 ug endo- 250 ug endo- 
(0:1 mi. i.v) toxin (i.v.) toxin (1.v.) 
Endotoxin (1,000 ug) 1,750* 45 <16 
B. abortus (1-5 x 10° viable units) 560T 70 <16 
NDV (41x 108 P.F.U.) 1,400T 1,100 330 
NDV (4:1 x 107 P.F.T.) 860 850 200 
NDV (4:1 x 10° P.¥.v.) 50 55 <16 


Saline (0-1 ml i.v.) <16 — — 
* Mice challenged with endotoxin were bled 2 h after injection. 
t Mice challenged with B. abortus or NDV were bled 10 h after injection. 
The lot of endotoxin used in this experiment had an EDs of 420 ug. 


Previous experience using passively transferred anti- 
NDV chicken serum in mice showed that mterferon did 
not appear following NDV injection into recipients with 
circulating antibodies (Table 2). To test for the presence 
of virus-neutralizing substances in mice which had been 
rendered hyporeactive to endotoxin and NDV, the follow- 
ing was done. Mice were injected with 125 ug of endotoxin 
(Fig. 1); 48 h later they were bled without challenge and 
their plasmas were tested for NDV-noutralizing activity 
by æ plaque-reduction method using chick embryo fibro- 
blast cultures. No NDV-neutralizing activity was found. 
This result eliminated antibody as the mediating factor in 
decreased reactivity to NDV. 


Table 2. EFFEOT OF PASSIVE IMMUNIZATION OF MICE WITH ANTI-NDV 
SERUM ON INTERFERON TITRES TOLLO WING INTRAVENOUS INJECTION OF 


Interferon titre of plasma at 
4h 12h 


Treatment 
Anti-NDV chicken serum t <16f < 64t 
Normal chicken serum * 256 > 4,096 


* One ml. serum injected intraperitoneally 18 h prior to challenge with 
5x 107 plaque-forming units of NDV. 

t Plasma from py immunized mice prior to challenge with NDV 
showed a neutralizing titre of 1 : 1,250 by the plaque-inhibition method using 
chick embryo fibroblasts as host cells. ` 


t Lowest dilution tested. 


In order to determine whether or not prior injection of 
NDV would result in decreased interferon stimulation by 
endotoxin, a large group of mice was injected intra- 
venously with 2 x 10° plaque-forming units of NDV. 
The titre of interferon in representative animals was 
determined using plasmas obtained 2, 6, 12, 24, 48 and 
72 h after inoculation of virus. At 48, 72 and 144 h after 
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19,000 


KSSS NDV-INJECTED MICE 
C— CONTROL MICE 
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<16 





48 72 96 144 


Hours Dost-injection of NDV 


Fig. 2. Influence of prior njection of NDV on interferon response of 
mice to endotoxin. Interferon titres following injection of 2 x 10 plaque- 
forming units of NDV (©); a challenge dose of 500 ug of endotoxin was 
given at 48, 72, and 144 h and plasmas were collected 2 h later (see bars) 


120 


the single dose of NCV, virus-treated and control mice 
were injected intravenously with 500 ug of endotoxin; 
2 h later these animals-were bled and their plasmas tested 
for interferon. The results of this experiment, presented 
in Fig. 2, show that NV effectively decreased interferon 
response to endotoxin this decreased response to endo- 
toxin did not disappear until between 72 and 144 h after 
injection of NDV. It should be noted that 48 h after virus 
injection there was a residual interferon titre of 1:45 in 
the plasma and no add-tional interferon was detected after 
endotoxin inoculation; in control mice the same dose of 
endotoxin produced @ titre of 1: 1,100. At 72 h after 
NDV inoculation, whea no detectable residual interferon 
was present in the circulation, there was about 90 per cent 
inhibition of interferor. appearance in virus-treated mice 
as compared with contzols. By 144h after NDV injection, 
full reactivity to endotoxin had returned. The preceding 
experiments show: (1° that the decreased appearance of 
interferon in hyporeacsive animals is not limited to the 
material used to produce this state; (2) that no detectable 
humoral factor is resdonsible for the decreased inter- 
feron response inducec by the injection of endotoxin or 
NDV. 

Hyper-reactivity, ths enhanced state of responsiveness 
to the lethal and pyrogenic effects of endotoxin, is known 
to occur in mice infectel with attenuated tubercle bacilli‘. 
Results are presented here to show that infection with 
M. tuberculosis, strain. B.C.G., increases the reactivity of 
mice to endotoxin when measured by interferon response 
as well as by lethality. Mice were infected intravenously 
with 0-1 mg ofa 10-day culture of B.C.G. grown in a modified 
Dubos—Middlebrook medium’. Fourteen days later, LD,, 
determinations with erdotoxin were made using infected 
and un-infected mice. In addition, groups of infected and 
control mice received different doses of endotoxin, and 
interferon determinatyns were made with plasmas 


Table 3. INFLUENCE OF HYE@R-REACTIVITY FOLLOWING BCG INFECTION 
ON INTERFERON TITHES FOLLOVING DIFFERENT DOSES OF E. coli ENDOTOXIN 


Amount of endotoxin Jere ron 
o 


~ Group LD of used for interferon 
endowxin stimulation plasma at 2 h 

l (ug) (LDso) 
B.C.G.-infected mice 23 ug 32 14 > 4,096 
(infected 14 days 3-2 0:14 2,300 
prior to testing) 0°32 0-014 120 
0-032 0:0014 <16 
Un-infected mice 540-ug 500 0-9 > 2,048 
50 0°09 200 
5 0-009 200 
0°5 0-0009 30 
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obtained from bleedings 2 h later. The results are shown 
in Table 3. The mice infected with B.C.G. showed a 23-fold 
increase in sensitivity to the lethal offects of endotoxin. 
Associated with this, ınfected mice demonstrated a 
markedly enhanced ability to produce interferon following 
decreasing doses of endotoxin. For example, in infected 
mice 3-2 ug of endotoxin produced the same interferon 
titre as 500 ug in un-infected animals. Additional experi- 
ments, in which the degree of hyper-reactivity varied 
depending on the duration of infection, confirmed the 
correlation between heightened interferon-levels and 
increased sensitivity to the lethal effects of endotoxin. 

The appearance of interferon in the circulation following 
the injection of B. abortus and NDV was tested ın B.C.G.- 
infected mice which were hyper-reactive to the lethal and 
interferon-stimulating effects of endotoxin No significant 
differences were found in the responses of infected and 
control mice to B. abortus and NDV over a wide dose- 
range. 

The experiments which have been described indicate 
that the appearance of interferon in the circulation of mice 
can be affected by procedures which alter responsiveness 
to the lethal and pyrogenic effects of endotoxin. Hypo- 
reactivity produced with endotoxin inhibited responsive- 
ness, a8 measured by interferon-levels, to endotoxin, 
B. abortus, and NDV; moreover, prior inoculation of 
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NDV markedly reduced interferon stimulation by endo- 
toxin. These results indicate the likelihood that the same 
cells, probably phagocytic, are involved in the release of 
interferon following both types of stimulation, despite the 
different time patterns of appearance of interferon in the 
circulation}. 

In the case of hyper-reactivity to endotoxin elicited by 
infection with tubercle bacilli, ıt is apparent that the 
increased lethality of endotoxin 1s accompanied by an 
increased capacity of small doses of endotoxin to elicit 
interferon. The lack of a parallel increase in response to 
different doses of B. abortus or NDV in B.C.G. -infected mice 
is not explained by the results presented here and is being 
investigated further. 
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ALLOGENEIC INHIBITION OF TUMOUR CELLS BY IN VITRO CONTACT 
WITH CELLS CONTAINING FOREIGN H-2 ANTIGENS 


By K. E. HELLSTROM, |. HELLSTROM and C. BERGHEDEN 


Institute for Tumour Biology, Karolinska Institutet Medical School, Stockholm 


OMOZYGOUS tumour cells grow in a higher fre- 

quency and after a shorter latency period whon 
small cell numbers are transplanted to syngeneic hosts 
than. to ‘semi-syngeneic’ Fi hybrids!-*. This phenomenon 
has been designated by the term ‘syngeneic preference’ 
in relation to the homozygous host and ‘allogeneic inhibi- 
tion’ with reference to the F hybrid host‘. 

Allogeneic inhibition could not be explained by a host- 
versus-graft reaction against hypothetical antigens which 
might have been present in the homozygous cells and 
hosts but absent from the F, hybrid hosts, since pre- 
irradiation of the F, animals did not abolish the difference 
and since pretreatment of the F', hybrids prior to grafting 
with normal or tumour cells of the homozygous strain did 
not influence allogeneic inhibition®. Tissue culture experi- 
ments showed that cell extracts or homogenates containing 
foreign histocompatibility antigens inhibited the growth 
of explanted target cells, suggesting that allogeneic in- 
hibition ın vivo might be due to the contact between the 
grafted tumour cells and the foreign isoantigens of the 
host. This hypothesis was subjected to further test in 
the present article. Neutralization experiments were made 
in which lymphoma cells were exposed in vitro to spleen 
or tumour cells, containing foreign H-2 antigens, and their 
outgrowth in syngeneic hosts was measured after sub- 
sequent implantation. Furthermore, tissue culture 
experiments were performed, in which explanted tumour 
cells were followed for the development of cytopathic 
changes after exposure to lymphoma cells, containing 
H-2 antigens of the syngeneic or allogeneic type. 

Neutralization experiments. Four isoantigenic variant 
sub-lines were used, all derived from the LNSF lymphoma 
(of A/Sn x A.SW F, hybrid origin). Three lines, desig- 
nated LNSFSC, LNSFSD and LNSFSE, had been 
selected from LNSF for compatibility with the A.SW 
parental strain, and permanently lacked detectable H-2 


antigens specific for the A strain’. One lne, LNSPAD, 
had been selected from LNSF for compatibility with 
strain A. It lacked detectable H-2 antigens that were 
specific to the A.SW strain’. The variant lines were 
propagated by serial transfer in syngeneic mice (A.SW 
or A, respectively) during 1-10 passages. 

The technique used for the neutralization tests was a 
modification of one described by Klein and Sjogren’. 
A.SW-compatible variant tumours (LNSFSC, DNSFSD 
or LNSFSE) were gathered from syngeneic (A.SW) mice 
and cell suspensions were prepared mechanically and 
diluted in balanced salt solution to give a concentration 
of 104 or 105 cells per ml. Similar suspensions were 
prepared from the spleens of adult, untreated mice of 
various genotypes (A, A.BY, A.SW, CBA, A.SW x 
A F, ASW x A.BY F, ASW x CBA Fy). Among 
these strains A, A.SW and A.BY are congeneic resistant 
lines, differing at the H-2 locus*. Within each experiment 
spleens were taken from mice of the same sex (mostly 
virgin females), weight and age. After washing, the spleen 
cells were diluted to a final concentration of 108 blue 
unstained cells/ml. In half the experiments they were 
irradiated ın vitro immediately after preparation of the 
cell suspension with an X-ray dose of 1,000 r. (or in two 
experiments up to 10,000 r.). Tumour and spleen cells 
were mixed in equal volumes and Wellcome phytohaem- 
agglutinin (PHA) added in a final concentration of 1 : 100 
to establish a close contact between the tumour and 
spleen cells®!°. The mixtures were thoroughly shaken 
and incubated for 45 min at 37° C. Afterwards they were 
inoculated subcutaneously to adult A.SW mice to yield a 
total number of 103 or 104 tumour cells inoculated per 
mouse. The recipient mice had been irradiated with 
350 r. immediately before inoculation in order to decrease 
their own immunological reactivity. They were inspected 
2-3 times weekly for tumour development, three diameters 
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Fig. 1. Neutralization of lymphoma cell outgrowth in syngeneic mice, pre-irradiated with 350 r. after exposure to untreated or X-irradiated 
spleen cells and phytohaemagglutinin tn miro. In each group of experiments 6-8 mice were inoculated 


of any tumours appearing being measured and the geo- 
metric means calculated. 

Fig. 1 shows that allogeneic and F, hybrid spleen cells 
inhibited the outgrowth of the lymphoma lines, as com- 
pared to syngeneic spleen cells. When unirradiated spleen 
cells were added, F, hybrid cells were slightly less effective 
than allogeneic cells. Pre-irradiation of the spleen cells 
minimized this difference by decreasing the inhibitory 
effect of the allogeneic cells but scarcely affecting the 
effect of F, hybrid cells, 

The demonstration of allogeneic inhibition after contact 
of tumour cells with spleen cells, carrying foreign H-2 
isoantigens, led to experiments where the spleen cells had 
been replaced with tumour cells. This was done in order 
to test the possibility that neutralization as observed 
after addition of spleen cells was due to an immunological 
reaction of the added cells not sensitive to X-irradiation. 
Experiments were performed in a similar manner as when 
spleen cells were added. Two variant lines derived from 
LNSF were used, namely, DNSFAD, compatible with 
strain A and lacking H-2 antigens of A.SW origin, and 
INSFSE, compatible with A.SW and lacking H-2 anti- 
gens of A origin. In each experiment, suspensions con- 
taining 104 or 105 untreated lymphoma cells of one type 
were mixed with an equal volume containing 108 lymphoma 
cells of the other type which had been rendered incapable 
of multiplication by X-irradiation with 15,000 r.; in 
controls, irradiated lymphoma cells of the syngeneic type 
were added. After incubation in the presence of PHA the 
mixtures were inoculated in mice, syngeneic to the 
untreated cells, 6-8 mice being inoculated in each experi- 
mental group. In part of the experiments, the irradiated 
cells were ultrasonically disintegrated before they were 
added to the untreated lymphoma. cells. 

A total of four neutralization experiments were per- 
formed with added lymphoma cells (or cell extracts) and 
gave similar results, as exemplified by the experiment 
presented in Fig. 2. It appears that exposure of DNSFAD 
cells (A-compatible) to LNS FSE cells (A.SW-compatible) 
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Fig 2. Neutralization of outgrowth of lymphoma variants LNSFAD 
and DNSFSE in syngeneic (A and A.SW, resp.) mice after exposure to 
X-irradiated (15,000 r.) intact and ultrasonically disintegrated LNS FAD 
and DNSFSE cells. In each group of experiments 6 mice were inoculated 
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Table 1. RECORDS OF CULTURES EXPOSED TO LYMPHOMA VARIANT CELLS CONTAINING H-2 ISOANTIGENS OF THE SYNGENEIO OR ALLOGENEIO TYPE 


















Days 
after Records of cultures given* 
Explanted tumour addit. c Ratio of records with 
Exp. | of lym- | LNSFSD (A.SW-comp )+ syng : allog. ly. c.t 
No. Strain of | phoma 
Designation | origin cells 5x10 | 2x10? | 107 | 5 x 10° 
1 | S14 A 4 l 33 | %7 | 20 | 30 1-7 12 
5 27 3-3 1:3 23 2-1 1-4 
To | 2:3 3-0 03 | 20 77 1-5 
MWE ASW 4 1-0 13 23 37 23 28 
5 1:0 1-0 23 | 3:0 23 30 
9 03 0-7 50 Í 50 16-6 7-1 
2 S1A A 3 40 40 1-0 2-0 40 2-0 
6 40 4:3 1-0 2-0 4-0 2-2 
MWE ASW 2 2-0 3-0 3-0 3-0 1:5 1-0 
: 3 20 2-3 2:6 40 1-3 1-7 
6 20 30 3-0 4-0 1:5 13 
3 S1A A 3 2-7 30 1-5 25 1:8 1-2 
4 | 40 25 1-6 
MWE ASW | 38 20 40 i 3:5 4:0 1:8 10 
4 20 40 ` 40 5-0 2-0 1-3 
4 YAA-C1-C3 | A 3 43 4:0 5-0 05 4:0 48 8-6 1-0 1:0 
6 4:0 4:0 50 0-5 0-5 3:5 8-0 8-0 1-4 
5 YAA-C1-C3 | A 3 > 25 30 1-0 3-0 2:5 1-0 
5 20 4:0 1-0 30 2-0 1:3 
| 10 3-0 50 1-0 4-0 3-0 1:3 


* Cultures were observed for development of cytopathic changes after addition of 2x10’, 10’ and 5x 10° syngeneic or allogeneic lymphoma cells and 


compared with untreated control cultures, consisting of monolayers of a 
on untreated controls; 4, no difference between treated cultures and un 
dishes which had been exposed to the same treatment. 


t LNSFAD and LNSFSD cells were gathered from 4 x A.SW F. 


parently healthy cells. They were recorded as follows: 5, trea 
eated controls, 3, approximately 25 per cent of cells destroyed; 2, approximately 
r cent of cells destroyed; 1, only a few cells surviving; 0, all cells destroyed. The Table shows the mean of records given to a minimum of 3 Petri 


cultures better 


t Ratios were calculated between records with added syngeneic as compared to allogeneic lymphoma cells (allog, ly. ¢.), 


inhibited the outgrowth of DNS FAD and that growth of 
INSFSE was inhibited after contact with intact or 
disintegrated LNSFAD cells. 

The neutralization experiments demonstrate that differ- 
ences between homozygous and F, hybrid mice with 
regard to general host factors such as endocrine balance, 
immunological reactivity or hybrid vigour cannot account 
for allogeneic inhibition. The findmg that tumour out- 
growth was inhibited, both by pre-irradiated F, hybrid 
spleen cells and by intact or disintegrated lymphoma cells 
carrying foreign H-2 antigens, gives increased weight to 
the hypothesis that allogeneic inhibition depends on a 
close contact between cells carrying different histocom- 
patibility antigens, and thus having a different surface 
structure’. This is also strengthened by (unpublished) 
experiments where the inhibitory effect of added allo- 
geneic or F, hybrid cells was abolished if their H-2 antigens 
were specifically covered with antibodies. 

Tissue culture experiments. In vitro experiments were 
performed in order to definitely exclude all influence of 
the host animal on neutralization of tumour growth as 
observed after addition of- cells carrying foreign H-2 
antigens. Transplanted tumours of A or A.SW origin 
were explanted and the culiures were exposed to added 
lymphoma cells from A- or A.SW-compatible variant 
sub-lines, selected from LNSF. Three kinds of tumour 
celle were explanted: S14, MWE and YAA-C1-C3. 
S1A is a mammary carcinoma of A origin, MWE a 
sarcoma of A.SW origin and YAA-CI-C3 a cloned 
lymphoma of A origin. Explantation was made into 
50-mm ‘Falcon’ plastic Petri dishes, each Petri dish being 
seeded with 3 x 10° tumour cells. About 24 h after 
seeding, the culture medium was decanted and suspended 
lymphoma variant cells of the LNSFAD (A-compatible) 
or LNSFSD (A.SW-compatible) lines were added in 
0-2-ml. volumes to each Petri dish, the lymphoma sus- 
pensions containing between 2:5 x 10’ and 10° cells per 
ml. In addition, 0-2 ml. PHA, diluted 1 : 20, was added. 
After 45 min incubation at 37° C, 4-ml. culture medium, 
containing 20 per cent heat-inactivated calf serum in 
Earle’s solution, was added to each Petri dish, and the 
dishes were incubated in a 5 per cent carbon dioxide—air 
atmosphere. The Petri dishes were followed for appearance 
of cytopathic changes, which were recorded as stated in, 
the footnote to Table 1. A minimum of three Petri dishes 
were used for each kind of treatment. All dishes were 
given coded numbers at the time of addition of the 


lymphoma cells, the code being unknown to the persons 
observing the cultures. 

Findings are presented in Table 1. Addition oflymphoma 
cells containing H-2 antigens, allogeneic to the explants, 
consistently preduced cytopathic changes in the explanted 
cells with very small variation between individual Petri 
dishes, exposed to the same type and number of lymphoma 
cells. The fact that both lymphoma lines (LNS FAD and 
LNSFSD) were gathered from A x A.SW F, hybrid mice 
and tested on tumours for which they were syngeneic and 
allogeneic, respectively, excludes influence of normal 
stroma cells of host origin on the results. It follows that 
the cytopathic changes detected after exposure of ex- 
planted cells to allogeneic lymphoma variants are scarcely 
a consequence of immune -reactions of the added cells, 
unless the assumption is made that the lymphoma cells 
are capable of immunological reactivity ; the fact that 
neither pre-irradiation nor ultrasonic disintegretion of 
the lymphoma cells abrogated their ability to neutralize 
tumour growth in vivo excludes the latter possibility. 
Both neutralization and tissue culture experiments there- 
fore strongly support the hypothesis that allogeneic 
inhibition of tumour growth is a consequence of target 
cell contact with foreign H-2 isoantigens®: It is suggested 
that allogeneic inhibition may function as a surveillance 
mechanism, capable of eliminating cellular variants, the 
(H-2) antigenicity of which differs from the general 
pattern within a given tissue, without necessary engage- 
ment of immunologically competent cells. 

This work was supported by grants from the Swedish 
Medical Research Council and the Swedish Cancer Society, 
and by grant 0-3700 to Prof. G. Klein from the National 
Cancer Institute, U.S. Public Health Service. We thank 
Prof. G. Klein for his advice and Mrs. Solveig Humla, 
Mrs. Britta, Jonsson, Miss Maj Britt Sondell and Miss 
Cecilia Wijnbladh for their assistance. 
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SPECIFIC UPTAKE IN CORPORA LUTEA OF A NON-STEROID SUBSTANCE 
WITH ANTI-GESTAGENIC PROPERTIES 


By AKE HANNGREN, NIELS EINER-JENSEN and SVEN ULLBERG 


Department of Medicine, Karolinska Hospital, and Department of Pharmacology. Royal Veterinary College, 
Stockholm, Sweden 


ERTAIN unsymmetrical diphenylalkenes have been 

found to possess the ability to interfere with the 
vaginal oestrous reaction induced by oestradiol benzoate’? 
Among these substances, bis(p-hydroxyphenyl)-cyclo- 
hexylidenemethane (compound *F6060, Fig. 1) has an 
oestrogenic activity only about 1/1,000 that of oestradiol 
benzoate. 


CH,COO ie HO < Ax 
C= H N -i ai N 
E faye 
Y 


Compound *F8066' Compound ‘F'6060" 


Fig. 1 


In clinical investigations it was found that the acetyl- 
ated form of the compound (Compound ‘/'6066’) had an 
effect on prostatic cancer similar to conventional oestro- 
gens but without the feminizing side-effects*. In post- 
menopausal women a depression of the output of 
oestradiol-178 and changes in the relation between 
excreted FSH and LH were found‘. 

By determining the body distribution of the compound 
it was hoped to gain further information regarding their 
site of action. The substances were labelled with “C at 
the «-carbon’. The specific activity was about 10 ue./mg. 

The compounds, which were synthesized by Ferrosan, 
Ltd., Sweden, were dissolved in absolute alcohol and 
mixed with water containing ‘Tween 80° (5 per cent). 

Female mice, non-pregnant and pregnant in a late stage 
of gestation, were used. A dose of 0-8 mg corresponding 
to 8 uc. was given intravenously. The mice were killed 
by rapid freezing at the following intervals after injection: 
5 min, 20 min, 1 h, 4 h and 24 h. 

20-4 sections at various levels through the whole 
animal were taken at — 10° C. The sections were freeze-dried 
and pressed against Gevaert ‘Structurix D 7’ X-ray film®. 

The autoradiograms showed a remarkably strong 
and selective accumulation of radioactivity in corpora 
lutea after only 5 min (Fig. 2). This accumulation was 
still prominent after 20 min (Fig. 3) and then decreased 
successively but was still apparent after 24 h (Fig. 4). It 
was most pronounced in the pregnant mice. In non- 
pregnant mice the accumulation in corpora lutea varied, 
probably owing to different functional states. 

A selective accumulation was also noticed in part of 
the placenta. The activity was confined to 
the visceral yolk sac epithelium and was seen 
from 1 to 24 h (Fig. 4) with a peak at 4 h. 
From this time and during the whole obser- 
vation period it showed the highest activity 
in the body. A detailed description of the 
autoradiographic results will be published 
elsewhere. 

The influence of ‘#6066’ on early preg- 
nancy was tested in rats and rabbits. Groups 
of six female rats were caged together with 
males, two females to one male. On the first 
and second day the females were injected 
subcutaneously with an oil solution of 
‘F6066’. The injections were then repeated 
three times at weekly intervals. If pregnancy 


> . . Fig. 3. 
was observed the animals were killed just be- 


ANTI-FERTILITY IN RATS 


No. of pregnancies No. of fully developed 
per 6 animals foetuses per 6 animals 


Table 1. 


Olive oil 5 51 
| mg/kg/day *‘F6066" 4 41 
5 mg/kg ‘F'6066' l 11 
25 mg/kg ‘F6066" 0 0 


fore parturition. On the day of the last injection the males 
were removed and 3 weeks later all females were killed for 
examination of possible pregnancy and number of living 
foetuses. The results are presented in Table 1. The number 
of living foetuses decreased with increased dose. The 
highest dose used was < 1-5 per cent of the acute LD,,. 

In a modified Clauberg test, immature female rabbits 
(600-800 g) were primed with 0-5 ug oestradiol benzoate 
for 7 days. From days 8 to 14 they were all injected with 
0-2 mg progesterone in olive oil, subcutaneously, and half 
of them also receivec ‘F6066° simultaneously, on days 
8-14 or days 13-14. 

In the Clauberg test, injections of oestrogens produce a 
proliferation of the endometrium. Progesterone injections 


corpora lutea corpora lutea fallopian tube 


fallopian tube 





foetus 
(a) (bh) 


Fig. 2. Autoradiogram (b) shewing the distribution of “C- F6060' in ovary, 

fallopian tube and pregnant uterus 5 min after intravenous Injection, 

Corresponding tissue section (4) is stained by haemalum-eosin. Note the 
very high concentration im corpora lutea. No activity in the foetus 


foetus 


liver corpora lutea 





Whole-body autoradiogram from a pregnant mouse 20 min after intravenous 
injection of *C-' 6066’. Note high racioactivity in corpora lutea and liver 
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transform this to a secretory endometrium. Simultaneous 
administration of 1 mg ‘/’6066’ from days 8 to 14 prevented 
the development of the secretory endometrium. If 5 mg 
‘ £6066" was injected on days 13 and 14, when the secretory 
phase was established, a regression could be seen (Figs. 5 
and 6). 

The present investigation has shown that the sub- 
stances have: (1) a selective and high accumulation in 
corpora lutea; (2) an anti-fertility activity in rats; and 
(3) an anti-progesterone effect in the Clauberg test. 

The strong affinity for corpora lutea is unique and may 
indicate an interference with progesterone production. 
The lack of accumulation in some corpora lutea may 
indicate that the affinity is not related to the cell-type as 
such but to the intensity of hormone production. 

On the other hand, the Clauberg test shows that the 
substances interfere with the effect of injected proge- 
sterone, that is, have a peripheral effect on a target organ. 
lt is known that natural oestrogens and stilboestrol have 
similar properties. Thus the observed effect may be due 
to the weak oestrogenic activity. In the anti-fertility tests, 
however, the autopsies after administration of ‘16066’ did 
not show the large volume of sanguinary fluid in the 
uterine cavity that is often seen after stilboestrol-induced 
abortion. 
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placentae yolk sac epithelium 


Fig. 4. Autoradiogram showing the distribution of “C- *F'86080' in a preg- 

nant mouse 24 h after intravenous injection. Note high radioactivity in 

the visceral yolk sac epithelium. Radioactivity is seen in 5 corpora lutea, 
Three placentae and foetuses show no radioactivity 
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Endometrium of rabbit uterus on day 15 after administration of 


7, and 0-2 mg progesterone on days 


Fig. 5, 
0-5 ug oestradiol benzoate on days 1 


S-14 





9 - 


Fig. 6. Endometrium of rabbit uterus on day 15 after administration of 
0-5 py oestradiol benzoate on days 1-7, 0-2 mg progesterone on days 
3-i4 and 5'0 mg ‘F6060' on days 13 and 14 


The observations made may indicate interference with 
gestagen production as well as an inhibition of the gestagen 
effect on target organs. The accumulation found in the 
yolk-sae placenta may be explained as a foetal excretory 
event, but interference with progesterone synthesis may 
also be considered. 

Laboratory equipment used in this investigation was 
kindly supplied by Ragnar och Torsten Söderbergs 
stiftelser. 
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AN INSECT ‘BITOMETER’ 
By PHILIP KASHIN and HAROLD G. WAKELEY 


Life Sciences Research Division, IIT Research Institute, Chicago, Illinois 


ý ikre methods at present used to examine biting by 
mosquitoes are chiefiy limited to direct visual 
observation™*, or to the measurement of engorgement by 
changes in weight or radioactive tracer intake after the 
mosquito has bitten®-*. In determining the attractant 


or repellent properties of a compound based on the 
method of engorgement, there is no way to determine 
whether a mosquito has penetrated into and salivated in 
the skin of a host unless engorgement occurs. The degree 
of repellency attributed to a compound can be erroneously 
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rh s “laborious, aca "ond in 
asos. impractical. Since salivation isthe 
or by which mosquito-borne disease is dis- 
ated, the measure of repelleoncy of a com- 
nd by the degree of engorgement is 
iously limited. 

“Through a new assay procedure recently 
reloped in our laboratories, the various 
ases of the mosquito bite from the initial 
1etration of the mouth-parts to final 
hhdrawal can be detected electronically. 
was reasoned that the contact between 
mosquito and its host could be used to form 
‘integral part of a series electrical circuit, 
ere the insertion and withdrawal of 
-mosquito’s mouth-parts in relation to 
© host could be used as thé making and 
weaking switch in the circuit. 

Since it is impracticable to connect a wire 
ly to a mosquito, a 50- or 100-mesh 


ym its host. The screen covers a 1-pint 
und ice-cream carton (or gless container 
simultaneous visual observation is desired}. 
x emele Aedes aegypti L. are placed into the container. The 
creen is connected by a soldered lead to resistances total- 
ing 16 MQ, and then to the negative pole of a 1-35-V stan- 
Aard mercury cell (Mallory mercury battery, RM-1-E). 
Ch positive pole of the battery is connected to the input of 
suitable recording instrument. The recorder is a Sanborn 
-nodel 320 two-channel general-purpose recorder (Sanborn 
_J0., Waltham, Massachusetts). 
~ The circuit passes through the recorder and is carried by 
another lead from the recorder to the tail of an anaesthet- 
zed mouse (the host), where it is embedded via a hypo- 
“dermic needle soldered on to the lead. The mouse is placed 
on top of the bronze sereen, belly down. Contact of the 
emouse’s paws with the sereen is carefully avoided. The 
hair on the mouse’s body is sufficient to insulate the mouse 
from the screen, and no current flows. The entire circuit is 
‘thus connected in series (Fig. 1). The wiring diagram of 
the box which contains the resistors and the battery is 
shown in Fig. 2. 
When a mosquito bites the mouse, the mosquito holds 
-onto the wire screen with its legs and passes its proboscis 
through the spaces of the mesh and into the mouse. 
“When the skin of the mouse is penetrated, the circuit 
between the mouse and the screen is completed through 
e mosquito. The resulting flow of current is registered 
y a displacement of the writing stylus of the recorder. 
‘The current flows continuously so long as the mosquito 
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is completing the circuit, and the stylus is displaced from 
the base line (point of no current flow) en the recorder 
chart paper for the entire time the mosquito is biting. 
When the proboscis is withdrawn, the circuit is broken. 
The writing stylus immediately returns to the base line, 
indicating that virtualy infinite resistance has been 
re-established between. the meuse and the bronze mesh. 

The question of whetaer the flow of an electric current 
could change a mosquixo’s behaviour or create artefacts 
in the system was conssdered. A calculation taking into 
account the total resistance of the circuit and the total 
voltage available showed that a maximum of 8-2 x 10 
amp is available in ths circuit, assuming no resistance 
between the mouse and the mesh. The average displace- 
ment of the stylus is 1) mm from the base line when a 
single mosquito bites «© mouse through the screen. In 
calibrating the recorder whick was always set at its highest 
sensitivity level of 0-5 w V/mra and maximum gain), it was 
observed that a displacement of 3-4 mm from the base line 
is equivalent to 1 m¥. A displacement of 10 mm 
(equivalent to an average single mosquito bite), therefore, 
indicates a voltage drop of 2-94 mV across the recorder, 

From the known iaput resistance of the recorder o 
(0-5 MQ), and the measured voltage drop acros oes 
recorder when a mosqaito bites, it can be shown 
approximately 6-0 x 1€-* amp flows through a mosa 
at the time of the bite. This is probably an over- -estim 
tion, sinee the resistance of the mosquito is not taken mto = 
account. This is an extromely small quantity of electricity, oe es 
and is probably no more than the static electrical charge _ 
that the insect attains during free flight. We therefore 
consider that no artefasts that might affect a mosquitos ~ 
activities are introduced by this flow of electrical current.: 
We could not detect caanges in a mosquito’s behaviour 
even when all resistances were removed from the circuit. 
A value of 16 MQ of resistanee between the mesh and the 
battery seemed to give the most uniform recordings. 

The question of whether biting was the only activity 
that could cause a departure from the base line in the 
recording was also considered. When male Aedes aegypti L. 
mosquitoes or female raosquitoes whose proboscises were 
amputated were placed in the mesh-covered container, 
no displacement from zhe base line was observed at any 
time. We therefore cenclude that it is only the biting 
female mosquito which causes displacement. 

A visual observation and an electronic recording were 
made simultaneously Guring the course of a single mos- 
quite bite. The patterns recorded during the observed 
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(left side of Fig. 3).. When the mosquito. was observed to 
be in the biting attitude, the chart recording was much 
more regular (right side of Fig. 3). Engorgement was 
observed during the more regular phase of the recording. 
When the mosquito was fully engorged after about 1-5 min 
the proboscis was withdrawn from the mouse and the 
stylus immediately returned to the base line on the chart 
rocording (Fig. 4). 

When about 50 mosquitoes were placed in the container 
and permitted to bite simultanecusly, the pattern was 
very irregular (Fig. 5). The departure from the base line 
was greater than seen with a single mosquito bite. This 
greater departure is expected, since the resistance between 
the mouse and the mesh during the biting of a group of 
mosquitoes is less than during the biting of a single 
mosquito. However, proportionality of stylus displace- 
ment could not be detected for the bites of succeeding 
mosquitoes. The first mosquito that bites changes the 
resistance of the system from an infinite to a finite value. 
Subsequent bites do not cause as large a change, and 
proportionality should therefore not be expected. In 
effect, when a group of mosquitoes bite, a number of 
miniature parallel circuits are set up between the mouse 





Fig. 3. (Top). 


Fig. 4. (Middle). 
stylus to original base line. 


Probing (left) and engorgement (right); single mosquito 


Withdrawal of mosquito from mouse and return of 
Paper speed: E mm/sec. Paper direction: 
right to left 


(Bottom). Many mosquitees biting mouse simultancously. 
Paper speed: 5 mm/sec. Paper direction: right to left 


Fig. 3, 
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Fig. 6. Removal and replacement of mouse on mesh during biting by: 
group of mosquitoes 


and the mesh. Assuming the resistances of all the moe 
quitoes are equal, each biting mosquito should draw t 
same quantity of current. In terms of amps, then, pre 
portionality and additivity might be expected as t 
number of parallel units (biting mosquitoes) in the cireu 
increases. We are at present exemining methods 
quantify the apparatus so that the number of insect 
biting simultaneously can be ascertained. 

During the recording of a group of mosquitoes bitin 
simultaneously, the mouse was removed from the mest 
causing all the proboseises to be withdrawn from th 
mouse, and then replaced. Fig. 6 shows that, after th 
mouse was replaced on the mesh, the base line reverted t 
its original position. It was displaced again about 1-5 se 
later when the mosquitoes resumed their attack on th: 
mouse. a 

By changing the mesh size of the screen or the hos 
animal, the apparatus can be adapted to determining th 
biting activities of many species of biting and bloodi 
sucking insects, and the attractant, repellent and insecti 
cidal properties of various compounds can be determine 
By allowing the recorder to run overnight, or for a longe: 
period of time, the duration of effective activity ofe 
compound can be automatically monitored. The recorde: 
is also capable of portable operation with a battery 
converter and can therefore probably be adapted fox, 
operation under actual field conditions. 

This work was supported by the U.S. Army Medical 
Research and Development Command, Department of th 
Army, under research contract DA-49--193- MD-2281,. 

Note added in proof. A paper by McLean and Kinse ee 
(Nature, 202, 1358 ; 1964) describing a technique for record 
ing electronically aphid feeding and sealivation has recent 
come to our attention. Though similar in concept, the 
instrumentation, electrical circuitry, applicetions, and 
sensitivities of these techniques are different. : 
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SYNTHESIS OF RIBOSOMAL RNA IN SYNCHRONIZED HeLa CELLS 


By Pror. MATTHEW D. SCHARFF and Dr. ELLIOTT ROBBINS 
Departments of Cell Biology, Medicine, Neurology and Microbiology, Albert Einstein College of Medicine, Bronx, New York 


YHILE the synthesis and metabolism of ribosomal 

RNA in randomly dividing cultures have been 
described! , it is not known whether these processes occur 
similarly in all stages of the growth cycle. Several 
investigators working with individual cells have demon- 
strated that the rate of RNA synthesis increases progres- 
sively throughout interphase*-*; however, in order to 
study the synthesis of the different molecular species of 
RNA large numbers of synchronized cells are necessary. 
Using a method of synchronizaticn®* which avoids the 


ambiguities introduced by employing physical ania: 
chemical inhibitors, we have related the synthesis of high 
molecular weight and ribosomal RNA to various stages 
of the cell’s life-cycle. z 
Suspension cultures of synchronized S3 HeLa we = 
prepared by preferentially detaching mitotie cells from 
monolayers grown in Eagle’s spinner medium™ supple- 
mented with 3-5 per cent calf and 3-5 per cent foetal calf 
serum. Rates of synthesis of total RNA, DNA or protein 
were obtained by labelling 0-5-ml. aliquots of synchronized 
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lls in suspension for 30 min with either 0-2 ne. of 1C- 
idine (30 mc./mmole), 0-5 ue. of 4C-thymidine (30 me./ 
mole), or 1 uc. of a mixture of 14C-threonine, valine and 
ienylalanine (100-300 mc./mmole) (New England Nuclear 
srporation). The incorporation of isotope was stopped 

wy chilling, the cells washed free of serum with Harle’s 
line, and the pellets treated with 5 per cent trichloro- 
etic acid (TCA). The acid-precipitable material was 
ected on Millipore filters and analysed for radioactivity 
ı & low background gas flow counter (Nuclear-Chicago). 

ll determinations were carried out in duplicate with a 
plication error of less than 10 per cent. 

To characterize the species of RNA being formed, cells 
ere exposed, to 4C-uridine for either 20 min or 2 h, 
rashed in Earle’s salts, resuspended in hypotonic buffer 

mQO-? M NaCl, 10-2 M tris-HCI pH 7:4, 1-5 x 10-3 M MgCl.) 
ad disrupted with 1 per cent sodium dodecyl sulphate 
SDS). In some experiments cytoplasm was separated 
om nuclei by Dounce homogenization following hypotonic 
‘hock11)12, Unlabelled HeLa cell cytoplasm was added to 
rovide optical density markers and the lysates were 
nalysed by centrifugation at 20° C through 15-30 per 
ent linear sucrose gradients containing 0-5 per cent SDS, 
11 M NaCl and 5 x 10-8 tr7s-HCl pH 7-4. The ultra-violet 
‘bsorbancy at 260 mu was monitored with a recording 
pectrophotometer (Gilford) and acid-precipitable radio- 
swctivity was determined by making samples 12 per cent 
vith TCA and processing them as already described here. 
Alternatively, cells were washed, resuspended in hypo- 
onic buffer, added to HeLa cell cytoplasm, and the 
BERNA extracted with hot phenol and SDS!. While both 
echniques have given essentially the same results if less 
shan 10° cells are used, extraction with SDS alone is 
«more convenient and gives more reproducible data. 

The metaphase index was determined by sedimenting 
a small aliquot of cells and counting the fraction in 

«metaphase. 

The life-cycle of mammalian cells has been divided 
«into the interval between mitosis and DNA synthesis 
(G1), the period of DNA synthesis (s), and the interval 
between DNA synthesis and mitosis (G2)!*. In order to 
relate the rates of synthesis of high molecular weight and 
ribosomal RNA to these stages, it was important to 
establish the ‘rate of total RNA synthesis throughout 
interphase and its relationship to the synthesis of DNA 
and protein in our strain of HeLa S3 (Fig. 1). In general, 
the progressive increase in the rate of total RNA syn- 
thesis throughout interphase as well as the character and 
duration of the DNA synthesis curve confirm the findings 
which have been reported for single cells*-*. The depres- 
sion of RNA and protein synthesis in the presence of a 
high mitotic index immediately after synchronization 
{55 per cent of the cells in metaphase, 45 per cent in 
anaphase or telophase) and between 14 and 17 h, is 


Per cent 





Hours 


Fig.1. Synthesis of RNA, DNA and protein 10° cells in 0-5 ml. aliquots 
were incubated at the indicated times with 4C-uridine, “C-thymidine or 
a mixture of 'C-valine, 'C-threonine and C-phenylalanine for 30 min 
and processed as described in the text. The RNA data have not been 
corrected for the 8-10 per cent of the acid-precipitable '*C-uridine counts 


which are found in DNA during the period of significant DNA synthesis. 
x, Metaphase mdex; A, }‘C-thymidine incorporation; @, ‘C-uridine 
incorporation; O, ?*C-amino-acid incorporation 
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Fig. 2. Synthesis of 45S RNAin G1, s and G2. Separate preparations of 
synchronized HeLa cells were collected at 2, 9 and 15 h prior to labelling 
so as to allow simultaneous processing of G1, 8 and G2 populations. Four 
ml of cells at 2 x 10° cells/ml. were incubated with 5 we. **C-uridine for 20 
min. Following washing, the cells were mixed with 1 ml. of unlabelled 
HeLa cell cytoplasm from 2 x10’ cells. The mixture was extracted with 
1 per cent SDS and layered or linear sucrose gradients which were centri- 
fuged for 14 h at 19,000 r p Ms in the SW a swinging bucket rotor. O, 
L; A,s; @, 
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Fig 3. Synthesis of cytoplasmic RNA. Cells from G1, s and G2 were 
prepared as described in the legend of Fig. 2. Two ml. from each stage 
was exposed to 2°5 wc. C-uridine for 2 h, washed, and mixed with 
2x10 unlabelled HeLa celle. Cytoplasm was prepared as described in 
the text and following extraccion with 1 per cent SDS analysed on sucrose 
gradients centrifuged at 23,C00 r.p.m. for 16 h. O, G1; A, 8; @, G2 


consistent with autoratiographic investigations!*—!? and 
with our recent observation that the number of polysomes 
are greatly decreased Curing mitosis!?, 

Since mitosis lasts 30—45 min, an appreciable mitotic 
index persisting for several hours indicates the loss of 
synchrony which chazacteristically occurs during one 
division cycle. It is 2lear that this loss of synchrony 
makes it impossible to obtain a uniform population of 
cells which have compisted DNA synthesis but have not 
yet entered mitosis (42:1. Because of this, cell populations 
which we will call G2 are in fact contaminated with 
significant numbers of cells which are still synthesizing 
DNA or in mitosis, as well as a few which have begun a 
second interphase. 

In randomly dividing cultures of mammalian cells most 
of the RNA, synthesized is ribosomal RNA. Its synthesis 
begins with the appearance in the nucleus of & high mole- 
cular weight RNA with a sedimentation value of app1ox- 
imately 45S. After 2)-30 min exposure to ‘C-uridine, 
small amounts of new-y synthesized 28S and 16S RNA 
are also detectable and with longer labelling times 28S 
and 16S RNA are found in the cytoplasm in association 
with the 60S and 40& ribosomal sub-units respectively. 
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The 16S RNA enters the cytoplasm more rapidly than 
the 28S RNA?-5. 

Figs. 2 and 3 ilustrate that these events occur at all 
stages in the cell-cycle. Fig. 2 shows the results of 
exposing cells to 4C-uridine for 20 min during @1, s and 
G2. For more convenient comparison of the relative 
quantities of the different RNA species, the data have 
been ‘normalized’ so that there are the same number of 
total counts per gradient. Thus, while there is less total 
RNA synthesized per ml. of cells in G1 than in s, this 
is not apparent from the curves as drawn. As can be 
seen, cells in Gl, s and @2 synthesized primarily high 
molecular weight RNA during the first 20 min of exposure 
to label, although there was also a small amount of 
newly synthesized RNA. in the 28S and 16S areas. In 
the experiment illustrated there is relatively less newly 
synthesized 45S RNA and more 28S and 16S RNA in 
G1 than in s and @2, but these differences are vaniablo 
and of unknown significance; the precise height of the 
peak, however, is of less significance than the fact that 
45S RNA. is made in large quantity throughout inter- 
phase. Analysis of the cytoplasm alone (Fig. 3) further 
emphasizes the constant pattern of RNA synthesis during 
the growth cycle; after 2 h exposure to “C-uridine, 28S 
and 16S ribosomal RNA as well as 4S transfer RNA are 
present in the same relative amounts at all stages; 16S 
RNA was consistently present in larger amounts duo to 
its more rapid entry into the cytoplasm. Similar results 
were obtained when other time points in G1 and s were 
examined. 

Since it has been shown that RNA is not synthesized 
on replicating DNA?9, it is important to consider whether 
a decrease in either total or ribosomal RNA synthesis 
should be detectable during s in synchronized HeLa cells. 
During the time of maximum thymidine incorporation 
(11:5-12 h), only 5 per cent of the total DNA was syn- 
thesized. If the replication of the 400 cistrons responsible 
for synthesis of ribosomal RNA?° were a random process, 
it is clear that we would expect to see, at the most, a 
parallel 5 per cent drop in ribosomal RNA synthesis; 
this is essentially our experimental error. Even if the 
replication of these cistrons were not a random process 
and occurred during a short interval, lack of perfect cell 
synchrony would make detection of a decrease in RNA 
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synthesis difficult in our experiment; however, analy: 
of single cells using short exposures to label and aut 
radiography might resolve this question. It should 
noted that while Reiter and Littlefield?! reported 
decrease in nuclear RNA synthesis during $ in chi 


VOL, 208 


fibroblast cells synchronized with FUDR, it does n 


appear that their results are applicable to untreat: 
HeLa cells. 

Perhaps more interesting is the absence of a significa 
increase in RNA synthesis during s. This clearly impli 
that either the newly synthesized DNA does not act . 
a template for RNA synthesis or that the pre-existir 
DNA is progressively repressed. 

We thank Dr. A. Zetterberg for allowing us to see b 
manuscripts prior to publication. 
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National Science Foundation (GB 984), the U.S. Nation 
Institutes of Health (AJ 05231, AI 04153, GM 11558 ar 
GM 12182) and the A.C.S. (E-379). Both authors a 
recipients of career development awards from the Nation 
Institutes of Health. 
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OF ACRIDINE ORANGE BY 


POLYRIBONUCLEOTIDES | 


By Pror. R. F. BEERS, 


jun., and G. ARMILE! 


Department of Radiological Sciences, Schoo! of Hygiene and Public Health, Johns Hopkins University, Baltimore 


CRIDINE orange (AO) binding of polyribonucleotides 
results in extensive stacking of the dye molecules in 
linear arrays along the polymer chain!-*. This is attrib- 
uted to a highly co-operative influence of neighbouring 
bound dye molecules. The dissociation constant for the 
first dye molecule is larger than that of the second or 
subsequent adjacent dye molecules. If the discrepancy 
between the first and subsequent dissociation constants is 
great enough, a given polymer chain becomes 100 per cent 
saturated with the dye before a second polymer chain 
begins to bind the dye. 

Evidence for this quantum type of dye binding has been 
obtained in adsorption isotherm investigations with 
Micrococcus lysodeikticus and Bacillus cereust. The 
fraction of cells stained orange by the dye (10 per cent of 
dry weight) is proportional to the amount of dye bound by 
a given suspension of cells, that is, the percentage 
saturation of the bacterial suspension is equal to the 


percentage of bacterial cells saturated 100 per cent by 
the dye. 

The molecular weight of a polynucleotide~dye complex 
100 per cent saturated with AO is approximately twice 
that of the free polymer. Density gradient ultracentri- 
fugation should demonstrate an increase in mobility of the 
polymer saturated with dye and, indeed, separate the dye— 
polymer complexes from the free polymer molecules®. 
Polyadenylic, polyuridylic and polycytidylic acids were 
purchased from Miles Chemical Co., Elkart, Indiana. 
Polyadenylic acid saturated 50 per cent with AO was 
centrifuged in a sucrose gradient at 63,500g for 17-5 h. 
Fig. 1 shows the distribution pattern of the polymer 
(260 my) and of the dye (465 mu). The slowest component, 
which is essentially free of the dye, has the same mobility 
as that of the control sample of polyadenylic acid. The 
faster component with a mobility approximately twice 
that of polyadenylic acid corresponds to the distribution 
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Fig. 1. Density-gradient ultracentnfugation of poly A saturated 50 per 
cent with acridine orange. One ml. each of 1 mM poly A and 0°5 mM 
acridine orange in 0-5 mM éris, pH 7:5, were mixed and layered ina 
sucrose gradient 5-25 per cent. The preparation was centrifuged at 
63,500g for 17:5 h. Control was performed under identical conditions 
without the dye. One-ml. aliquots were moved from the bottom of the 
centrifuge tube for-measurement of their respective optical densities at 
260 mu and 464 mu. O, Optical density of poly A-acridine orange 
mixture at 260 mu, @, optical density of poly A—acridine orange mixture -~ 
at 465 mu; x, optical density of poly A control at 260 mz 
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Wig. 2. Density-gradient electrophoresis of poly A saturated 50 per cent 


with acridine orange. One ml. sample containing 8x10 M poly A. 

4x10 M acridine orange and 5x 10~ N phosphate buffer, pH 7-5, in 

4 per cent sucrose was layered on a sucrose gradient column 4-25 per 

cent mn 5x 107 M phosphate buffer, pH 7:3. Electrophoretic run lasted 

3hat2 m.amp and20°C. One-ml. aliquots were removed for measure- 

ment of thelr respective optical densities at 260 mu and 465 mz. O, 
260 my; @, 465 mu 


pattern of the dye and, in fact, is 100 per cent saturated 
with AO. A third component sedimenting to the bottom 
of the centrifuge tube is an aggregate of the dye-saturated 
polymers. Similar results have been obtained with poly- 
uridylic and polycytidylic acids. The fraction of polymer 
molecules saturated with the dye is always proportional 
to the amount of dye present. 

Resolution of copolymers by this method has not been 
successful, although the peak of dye distribution measured 
at 465 my is always in advance of that of the polymer 
measured at 260 my. The observed mobility of the dye- 
polymer mixture increases with the degree of saturation 
of the polymer mixture. Copolymers were synthesized 
by the action of polynucleotide phosphorylase prepared 
from Micrococcus lysodeikticus cells. 

Because AO is a singly charged cation at the pH ranges 
employed in these studies (pH 7-8), the fully saturated 
polymer should have a zero net charge. Therefore, it 
should be possible to separate the polymer components 
by electrophoresis. Density gradient electrophoresis 
studies were performed in a water-jacketed column modi- 
fied after the apparatus described by Olivera eż al.*. Pre- 
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liminary studies with zicc-free dye failed to demonstrate 
any separation of the components. However, with the 
zinc-dye complex (net charge +3) the polymer can be 
separated into two com onents. The faster component 
demonstrates a bright g-een fluorescence and the slower 
component a bright orange fluorescence. The former 
corresponds to Comple= II, the latter to Complex I 
(ref. 2). Fig. 2 shows the distribution pattern of poly- 
adenylic acid 50 per cent saturated with acridine orange 
electrophoresed in a sucrose gradient. The slower com- 
ponent is 100 per cent saturated with the dye. The 
addition of MgCl, at eoncentrations comparable with 
those of the dye reduced or abolished the resolution of the 
peaks. In contrast, zin2 increases the resolution of the 
peaks. 

Fig. 3 gives the distribution pattern of a copolymer 
of adenylic and uridyli2 acids with a one-to-one base 
ratio. Similar results nave been obtained with yeast 
RNA. However, the exsent of dye binding by the slower 
component is considerably less than 100 per cent. 

Equal molar mixtures pf polyadenylic acid, polyuridylic 
acid and AO, heated to 190° briefly and cooled slowly when 
electrophoresed, in the sucrose gradient, fractionate into 
two components (Fig. 4). The faster component contains 
80 per cent polyadenylic acid, indicating that the dye has 
a stronger affinity for polyadenylic acid than for polyuridy- 
lic acid. 

These results suggest that the capacity of a particular 
copolymer to bind the cye may be a function of its base 
composition or sequences. To test this hypothesis, an 
equi-molar mixture of two copolymers having 24:5 and 
86-5 per cent adenylic acid, respectively, was electro- 
phoresed with equi-molar AO in the sucrose gradient. The 
faster component free of the dye had an adenylic acid 
content of only 47-5 per cont, indicating that the copolymer 
containing the higher fraction of adenylic acid preferen- 
tially bound the dye. 

Similar results have b2en obtained with methylene blue 
and acriflavine. Acriflavine appears to provide a better 
separation of the polymer complexes. Moreover, the fully 
saturated dye—-polymer complex does not migrate from the 
origin. 

These investigations clearly establish for the first time 
the quantized nature of acridine orange binding by poly- 
ribonucleotides containmg one to four different bases. 
Even with RNA there is no evidence of any significant 
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Fig. 3. Density-gradient electrophoresis of poly AU saturated 50 per 
cent with acridine orange. Dne ml. sample of 9x10- poly AU (1:1 
base ratio), 45x10~ M accidine orange, and 5x10° M phosphate 
buffer, pH 7-5, in 4 per cent scrrose was applied to electrophoretic column. 
Electrophoretic run lasted 1 h at 3 m.amp and 4° ©. Experimental 
conditions were the same as in Fig. 2. O, 260 mu; @. 465 mu 
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Fig. 4. Density-gradient electrophoresis of equi-molar mixtures of poly 


A, poly U and acridine orange. One-ml. sample containing 0°36 mM each 

of poly A, Poly U and acridine orange in 4 mM phosphate buffer, pH 7 5, 

was heated briefly to 100° in a water-bath and cooled slowly to 4° before 

applying to the sucrose gradient. Electrophoretic run lasted 3 h at 

3m, amp and 4° ©. Experimental conditions were the same as in Fig. 2. 
O, 260 mz; @, 465 mz 


random dye binding in which the dimer of the dye pre- 
dominates’. 

Because of these findings the effects of the dye on the 
kinetics of polynucleotide phosphorylase must be re- 
interpreted’. In particular the mechanism by which the 
fully saturated dye—polymer complex stimulates the poly- 
merization reaction apparently involves more than a simple 
electrostatic effect as postulated elsewhere. ‘The dye 
titration studies with various polyribonucleotides?* also 
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must be re-interpreted on the basis of a quantized schen 
of dye binding. 

The second significant observation is the dependenc 
of the dye binding on the base ratios and possible bas 
sequences. This suggests the possibility of using the dy 
as a reagent for fractionating RNA according to the bas 
composition of the polynucleotides. 

The persistent negative electrostatic charge of full’ 
saturated AO—polymer complexes is an unexpected findir 
which may be accounted for by the presence of a zet» 
potential of the dye—polymer aggregate. These aggregate 
are formed reversibly but can be readily demonstrate 
by density gradient ultracentrifugation. Visual inspectio 
of the electrophoretic column suggests the presence c 
aggregates. If this is the case the dye-polymer complexe 
are not in solution but exist as the solid component of 
two-phase system. This would provide a physical bas’ 
for the existence of a zeta potential on the surface of thes 
aggregates. Attempts to reverse the charge of the com 
plexes by the addition of equi-molar Zn**+ were unsuccess 
ful. During the electrophoretic run the Znêt contaimne: 
in the dye migrated to the cathode, whereas the dye 
polymer complex migrated to the anode. 

This work was supported by Research Program Projec 
grant GM 10802-02, U.S. National Institute of Genera 
Medical Sciences. 
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NUCLEOTIDE PEPTIDES IN YEAST 


By Dr. D. J. MILLIN* and M. J. SALTMARSH-ANDREW 
Brewing Industry Research Foundation, Nutfield, Redhill, Surrey 


HE occurrence of complexes containing nucleotides 

and amino-acids has recently been reviewed!. The 
best known of these are the amino-acid derivatives of 
transfer-RNA and the corresponding peptide derivatives 
now regarded as ribosomal-bound intermediates in protein 
synthesis?:°. Complex mixtures of less-well-characterized 
compounds of low molecular weight are present in aqueous- 
ethanolic and trichloroacetic acid extracts of yeasts!" and 
similar mixtures have been reported from other micro- 
organisms, green plants and various mammalian 
tissues} 12-14, 

Davies and Harris®»° isolated several compounds from 
yeast and assigned structures involving phosphoanhydride 
bonds between the 5’-phosphate of uridylic acid and the 
carboxyl group of alanine. The extracts obtained from 
yeast were clearly very complex’®1!1, but many of the 
components had broadly similar amino-acid and nucleotide 
composition and reduced periodate rapidly. They were 
thus thought to possess 5’-phosphoanhydride bonds. After 
mild treatment with alkali the ability of these mixtures to 
reduce periodate increased. ‘This was interpreted as 
indicative of the presence of nucleotide peptides possessing 
ester bonds between the 2’- or 3’-hydroxyl group of ribose 
and the carboxyl group of an amino-acid!®. Similar 
structures had been suggested by Koningsberger et al.4»6. 

During re-investigation of these preparations, attempts 
were made to correlate nucleotide (calculated as uridylic 
acid from the extinction at 260 mu), ribose (determined by 
the method of Meybaum'* after bromination of the 
sample’), amount of periodate reduced** and number of 


* Present address: Research Laboratories, Brooke Bond Tea, Ltd., Blounts 
Court, Sonning Common, Reading, Berkshire. 


alkali-labile ‘activated’ bonds. The latter were estimated 
by reaction with hydroxylamine at neutral pH before and™ 
after mild alkaline hydrolysis followed by determination of 
the hydroxamate formed}*, The values thus obtained did 
not exceed 3 umole/g yeast in any of the samples tested. 
The nucleotide- and ribose-levels were always in reasonable 
agreement and in excess of the alkali-labile ‘activated’ 
bonds. ‘The initial uptake of periodate was, however, 
erratic and invariably in excess of the total ribose content. 
In some samples even the increment in consumption of 
periodate resulting from mild alkaline hydrolysis was 
greater than the total ribose in the sample. As purification 
proceeded, the correlation improved, but only after 
numerous procedures were the results observed from some 
fractions consistent with ribose being the only moiety 
oxidized by periodate. These results indicated the 
desirability of characterizing further components of the 
mixture, in particular a 2’- or 3’-ribose ester. One such 
class of compounds might be expected with a free 5’- 
phosphate group. These would be relatively acidic and 
were therefore sought in that small proportion of nucleo- 
tide—peptide concentrate which was retained by ‘Dowex-1’ 
(formate) in the presence of 0-1 M sodium acetate buffer, 
pH 5 (ref. 10), a fraction hitherto not investigated in detail. 
Elution of the ‘Dowex-I’ (formate) column with 0-1 N 
formic acid and subsequent rechromatography of poorly 
resolved regions on the same resin gave rise to thirteen 
distinct fractions. Each of these separated into two to four 
further fractions when passed through ‘Sephadex G-25’. 
Certain of the latter, which absorbed ultra-violet light, 
reacted with ninhydrin and exhibited an increased ability 
to reduce periodate after mild treatment with alkali, were 
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‘lected for detailed examination. One such investigation 
described in some detail as illustrative of the results 
otained. 

The sample had Amax 255 mu, Amin 235 mp. and appeared. 
; a single ninhydrin-positive spot with coincident absorp- 
on of ultra-violet light on thin-layer chromatography on 
lulose in three solvents (0-1 N hydrochloric acid, 
olvent a; propan-2-ol-water, 7:3 v/v, solvent b; 
iturated ammonium sulphate-0-1 M sodium acetate 
H 7-5-propan-2-ol, 40:9:1 v/v). It failed to move or 
sparato on paper electrophoresis (0-1 M sodium acetate 
iuffer, pH 4,36 V/cm). After treatment at pH 10 for 16 h 

« room temperature it was possible to separate the 
inhydrin positive and ultra-violet absorbing material by 
aper chromatography (solvent b). 

The peptide moiety was eluted and purified by paper 
lectrophoresis and chromatography before being hydro- 
vsed (6 N hydrochloric acid, 100°, 16 h, sealed tube). 

™mino-acids, determined by the method of Spackman, 
‘tein and Moore!*, were present in the hydrolysate in the 
proximate ratio glutamic acid : glycine : serine : alanine, 

:2:1:1 (Table 1) together with traces of aspartic acid, 

<hreonine and lysine. Reaction of. the original material 
7ith ‘dansyl’ chloride? and subsequent hydrolysis yielded 
, single derivative tentatively identified as dansyl-alanine 
xy chromatography”!. 


‘able 1, ANALYTICAL DATA ON A SELECTED NUCLEOTIDE PEPTIDE FRACTION 


Moles/mole 
ribose 
Nucleotide (calculated as G) 1-2 
Periodate consumed: (a) Initially 0-9 
(b) After hydrolysis at pH 10 1:03 
That is, mbose-ester bonds 0-13 
Amino-acids: Glu 0:063 
Gly 0-05 
Ser 0-026 
Ala 0 022 
That ıs, total peptide c. 0-024 


The nucleotide moiety was also subjected to hydrolysis 
{0-3 N potassium hydroxide, 37°, 16 h) after elution 
Krom the paper. Paper chromatography of the products 
Kn-butanol—acetic acid—water; 4:1: 1 v/v) revealed two 
components (4 and B, Rr = 0:2 and 0-38 respectively) 
with distinctive ultra-violet absorption spectra (Table 2). 
Neither component could be identified when compared 
with all the available authentic bases or nucleoside 
monophosphates either by paper or thin-layer chromato- 
graphy or by electrophoresis. Component A was then 
subjected to acid hydrolysis (pH 2, 100°, 10 min) and the 
products chromatographed on paper (n-propanol-ethy] 
acetate-water, 7: 1:2 v/v) adjacent to unhydrolysed 
component A. On developing with silver nitrate it was 
apparent that a hexose had been released by acid 
hydrolysis. This was identified as galactose, together with 
traces of glucose and mannose, by paper chromatography 
(pyridine-ethyl acetate—water, 4: 10:3 v/v, and methyl 
ethyl ketone—acetic acid—water, 9:1:1 v/v saturated 
with boric acid) and electrophoresis (0-1 M sodium borate 
buffer, pH 10, 22 V/cm). Finally, the nucleotide remaining 


Table 2. SPROTRAL AND CHROMATOGRAPHIO CHARACTERISTICS OF NUCLEO- 
TIDES DERIVED FROM AN INDIVIDUAL YEAST NUCLEOTIDE PEPTIDE FRACTION 


Component A B 

pH. 2 7 11 2 7 11 
Max 252 245 268 256 257 257 

271—4 265-70 

ünfl.)  (infl.) 

Esmu] E asmu 1-2 1-1 0-95 0-95 0 99 0-99 
Exomp/Easomu 0-63 079 0-83 023 0-74 0 66 

2Guanosine 
Cellulose thin layer, solventa 2°34 0-85 

solvent b 0°79 1°38 


No. 1 paper, solvent e 1:4 08 
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after acid hydrolysis wes tentatively identified as guano- 
sine 5’-phosphate by elating from chromatograms of the 
hydrolysate and re- ing on paper (propan-2-ol-6 N 
hydrochloric acid, 17 : 8 v/v; solvent c). Similar treatment 
of component B failed to reveal any acid-labile carbo- 
hydrate. The spectral ckaracteristics and chromatographic 
behaviour (Table 2) of this component therefore suggested 
that ıt was a methylated guanosine”?. 

From the data enumerated so far, it is tempting to 
suggest a structure for shis nucleotide peptide such as: 


Galactose_pGpMeG-peptide 


Indeed, a rather similar glucose-cytidylic acid—peptide 
having a qualitatively identical amino-acid composition 
has recently been isolsted from chlamydospores of oat 
smut??, The quantitative data collected in Table 1 are, 
however, not in agreen=nt with such a conclusion. One 
might reasonably expezt to recover at least 20-30 per 
cent of the peptide after eluting and re-running several 
times on paper. In this event there is reasonable agreement 
between the amounts of peptide and material which 
reduces periodate releasad by cleavage at pH 10. There is, 
however, far too little of either ribose-ester bonds or 
peptide when compared with the total nucleotide content. 
Furthermore, phosphate analyses were not in accord with 
this view. Perhaps tks best interpretation is that the 
fraction is a nucleotide derivative of galactose some 
5-10 per cent of which bears a peptide attached by a 
ribose-ester bond. 

Tt is clear that neithe: the techniques of separation nor 
the criteria of homogeneity so far used have heen 
adequate. Thus the pcssibility that the fraction may be 
considerably more commlex cannot be entirely excluded 
in view of the known strong association of guanine 
derivatives** and the recently reported occurrence of 
xanthosine monophosphate galactose in close association 
with nucleotide peptides from Escherichia coli!?. 

Several other apparently homogeneous ester-linked 
components were also examined in detail, but in no case 
were satisfactory quanzitative data obtained to support 
the qualitative findings. In addition, several other 
fractions from the ‘Sephadex’ columns which were clearly 
heterogeneous were factionated further on DEAE- 
cellulose according to Tomlinson and Tener?5. Invariably, 
in addition to fracticns exhibiting typical nucleotide 
spectra, several other components were obtained with 
Amax 225-230 mu; 32I mp, Amm 267 (pH 2 and 7), and 
Amax 232-233 mu; 308-310 my, Amin 264 (pH 9). These 
latter were not investigated closely, but it was established 
that they reduced perodate very rapidly. Compounds 
with these spectral characteristics were also found in 
considerable amounts in the whole nucleotide—peptide 
concentrates. 

The presence of bound hexoses and materials which 
react readily with per-odate, other than the nucleotide 
peptides themselves, invalidates the measurement!’ of the 
proportions of anhydrile and ester-linked compounds in 
these nucleotide peptids concentrates. Thus, the reported 
changes in these comp2unds accompanying physiological 
changes in the cells'4:=-28 cannot be regarded as having 
any quantitative significance or affording any indication 
as to the metabolic significance of nucleotide peptides. 

One class of nuclectide peptides having ribose-ester 
bonds might arise by the action of ribonuclease on 
ribosomal-bound transfer-RNA peptides?:** during the 
extraction procedure cr, in cell-free systems at least, by 
degradation of the t-ansfer-RNA-amino-acid prior to 
peptide bond formation, a process which inhibits protein 
synthesis and presumebly releases nucleotide peptides*. 
The nucleotide composition of such components should 
reflect the characteriszic terminal sequence of transfer- 
RNA. Such products would not be intermediates in 
protein synthesis but might provide an explanation of the 
apparent connexion between nucleotide peptides and 
protein synthesis*!-*4, Although investigations of the 
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incorporation of radioactive amino-acids into protein by 
systems derived from yeast and dependent on either 
ribosomes** or a heavier particulate fraction®? have 
indicated that this incorporation is accompanied by 
passage of radioactivity into materials which possess the 
characteristics of nucleotide peptides®?:*4, kinetic evidence 
has failed to demonstrate an intermediary role for these 
substances in protein synthesis in either system*+. From 
the extract of the heavier particulate fraction the nucleo- 
tides obtained by alkaline degradation may well have been 
characteristic of terminal fragments of transfer-RNA®. 
However, it has not proved possible to isolate, from either 
system, sufficient radioactive material in an adequate 
state of purity to elucidate the nature of the bond between 
nucleotide and peptide**. No nucleotide peptides having 
structures compatible with terminal fragments of transfer- 
RNA have, as yet, been adequately characterized and, to 
judge from the overall nucleotide composition of the 
preparations?:"!, ıt seems likely that only a relatively 
small fraction could be so derived. Perhaps the most 
reasonable explanation of an apparent intermediary role 
in protein synthesis in living cells®*, which is unconfirmed 
in. cell-free systems, is that certain nucleotide peptides are 
involved in the elaboration of structures which require the 
integrity of the cell, such as membrane, mitochondria, or 
cell walls?8. 

Although fragments of transfer-RNA amino-acid deriva- 
tives inhibit protein synthesis®, it is not obvious that the 
analogous peptide derivative could have the similar but 
apparently specific action required to explain the repres- 
sion of the induced synthesis of «-glucosidase observed by 
Koningsberger et al.3*. We have also examined the latter 
phenomenon using a strain of Saccharomyces cerevisiae 
(National Collection of Yeast Cultures No. 366). Cells in 
early log phase and protoplasts derived therefrom showed 
an induction pattern almost identical with that of 
stationary phase cells of this strain®’. Initially, in the 
presence of rather crude preparations containing nucleotide 
peptides our observations were very similar to those of 
Koningsberger et al.36. Attempts to fractionate these 
preparations by the techniques already outlined here, 
however, afforded rather confusing results, several frac- 
tions exhibiting simular activity being obtained. Repeated 
passage through ‘Sephadex G-25’ and final removal of 
traces of salts on ion retardation. resin (‘Bio-Rad. 4@11A8’) 
led to a gradual loss in activity, suggesting either that the 
active material is rather labile or ‘that it is not, in fact, 
nucleotide peptide. One of the most surprising observa- 
tions was that one fraction which had been kept cold 
throughout the preparative manipulations and exhibited 
only very slight activity was able to inhibit completely 
the synthesis of maltase in protoplasts after it had been 
warmed at 60° for 10 min. 

We also have independent evidence that may indicate 
the presence of substances having repressor-like activity 
in the readily extractable pool of low-molecular-weight 
substances from yeast. The sequential induction of the 
components of the maltose utilizing system in a further 
strain of Saccharomyces cerevisiae (N.C.Y.C. 240M), in 
which maltase activity only became apparent some 3-5 h 
after the addition of the inducer, was described earlier?’. 
It has since been found that this behaviour is dependent 
on the temperature at which the cells are washed prior to 
addition of the inducer. The delayed induction, in fact, 
occurs only after the cells have been washed at 0°—5°, 
whereas washing at 20-25° results in induction within 
less than 2 h. The latter effect can, however, be largely 
offset by an increase in the concentration of glucose in the 
inducing medium. One possible explanation is that wash- 
ing at the higher temperature removes substances with 
repressor-like activity. Freeze-dried washings are, how- 
ever, without effect on the induction in whole cells or 
protoplasts when observed manometrically. Nevertheless, 
it is possible that the repressor is degraded on excretion 
by enzymes located in. the cell wall3*. Indeed, this could 
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also explain the observation?! that repressor activity © 
be demonstrated on protoplasts but not on whole cel 
These observations may, perhaps, be connected with t) 
phenomenon of shock excretion of amino-acids ai 
nucleotides®® which is enhanced by elevated temperature 
Conceivably, some of the excretion products may Wii 
derived from nucleotide peptides; indeed, it is not impo 
sible that one function of shock excretion is removal 
repressor substances prior to an adjustment of enzyn» 
levels in response to a change of environment. Again 
these ideas, however, radioactivity from nucleotic 
peptides obtained from yeast grown in the presence » 
radioactive amino-acids failed to enter either cells v 
protoplasts to any significant degree*4, and a synthet 
nucleotide peptide*® linked by a 5’-phosphoanhydric 
bond failed to support yeast growth despite the fact the 
the tetrapeptide moiety alone was able to serve as so: 
nitrogen source!!. 

The precise significance of these results remains ur 
certain. There seems little doubt that low-molecula 
weight substances having a repressor-like activity exis 
in yeast, but whether this observation is distinct from ths 
of catabolic repression and is more specifically associate 
with nucleotide peptides seems rather doubtful. Th 
variety of structures which have been observed make i= 
unlikely that one can assign a single function to nucleotid 
peptides. Some may fulfil a genuine intermediary role b 
the assembly of cellular structures. The picture is : 
complex one and, for further systematic study, require 
the application of additional separation techniques anı 
the development of more rigid criteria of homogeneity. 

We thank Dr. A. H. Cook for his advice. 
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A MOLECULAR MODEL FOR A SODIUM PUMP 
By Dr. L. J. OPIT and Dr. J. S. CHARNOCK 


Cell Physiology Research Unit, Department of Surgery, Queen Elizabeth Hospital, Woodville, South Australia 


ALTHOUGH there are considerable experimental data 
relating to the exclusion of Nat and accumulation 
f K+ in living cells, our knowledge of the mechanism is 
udimentary and the molecular basis for this phenomenon 
emains unknown. Excellent reviews)? stressing these 
eficiencies continue to be published. From the work of 
"kou, Post, Glynn and Whittam durmg 1957-61 there 
3 strong evidence that the enzyme system known as 
Nat and K+ dependent adenosine triphosphatase’ is 
losely associated with the active transport of sodium and 
#otassium ions across cellular membranes. 

In summary, the salient characteristics which relate 
his enzyme system to the movement of Nat and K+ 
are: 

(1) The enzyme system is membrane bound, and 
rirtually ubiquitous in animal cells)’, 

(2) It requires the presence of both Na+ and K+ ions 
or activation—a well-known requirement for ion trans- 
sort in whole cell or tissue systems in vitro®-8. 

(3) In the erythrocyte, enzyme activation occurs only 
when Na+ is on the ‘inside’ and K+ is on the ‘outside’ of 
she cell®+?°, 

(4) Nat and K+ activated ATPase is specifically in- 
aibited by the cardiac glycoside ouabain, known to be a 

apotent inhibitor of cation transport both in vivo and 
ain vitro® 711, 

(5) Kinetic examination of the reaction in vitro shows 
activation by substrate and ions, and inhibition by ouabain 
at concentrations compatible with ‘physiological con- 
«ditions’?+12, 

Studies by Charnock and Post!4)4, Rose!® and others!:16 
have suggested the following reaction mechanism for the 
hydrolysis of ATP by this enzyme in the presence of 
Mg++, Nat and Kt: 


Nat 
ATP + Enzyme = E ~ P + ADP (1) 
w 
E ~ P + H,O —|—— E + P; (2) 
Ouabain 


The initial reaction step consists of the rapid reversible 
formation of a phosphorylated complex. This step is 
stimulated by Na+ ions, and no other ion appears able to 
replace Na+. The formation of this complex is followed by 
an almost irreversible decomposition to P; and free 
enzyme. This latter reaction is stimulated by K+ but not 
Na+ ions; K+ can be replaced with either NH,*, Lit, Rbt 
or Cst, It is this decomposition which is inhibited by the 
cardiac glycoside ouabain. The chemical nature of the 
phosphorylated complex is not yet known, although it 
seems certain that it is phosphoprotein and not phospho- 
lipid!8-17,_ Kinetic data from this laboratory also support 
this general reaction mechanism. The Km for ATP is 
28 mM; ADP acts as an inhibitor. Little consistent 
inhibition is apparent with concentrations of phosphate 
as high as 30 mM (ref. 12). 

Although the details of the reaction mechanism of this 
membrane-bound ATPase have been extensively studied, 
the means by which this enzyme effects a vectorial trans- 
port of Na* and K* is unknown. Further advances in 
understanding the mechanism of Na+ and K+ transport 


therefore require information about how such an ATPase 
might transport Nat against the concentration gradient 
from the inside of the cell, coupled with the movement of 
K* in the opposite direczion. The purpose of this article is 
to present a molecular model for the directional transport 
of these ions based on what is known of the ATPase 
reaction mechanism, and which is consistent with know- 
ledge about Nat and K+ transport characteristics in the 
whole cell or tissue. 

It has been generally accepted that the ATPase enzyme 
itself is membrane bound. We have recently obtained 
evidence that the enzyme preparation obtained from 
guinea-pig kidney cortex consists entirely of bilaminar 
membrane structures, many of which are vesicular, and 
which are thought to be derived from the endoplasmic 
reticulum. of the kidney cells”. 

We propose, * herefore, to develop the model on the basis 
of these bilaminar membrane fragments and take as our 
starting point the coniguration of the unit membrane 
proposed by Danielli. This unit contains a double protein 
layer, with lipid interposed. We will consider the inner 
facing protein structure to contain the ATPase enzyme. 
This belief is supportec by the observations of Whittam 
that hydrolysis of ATF only occurs in the red cell ghost 
when the ATP is intracallular?. 

If, in the intact cell, these enzyme membrane fragments 
were associated with cell surface or its prolongations into 
the cell and the endoplasmic reticulum?*-*!, then it is 
reasonable to suppose that the outer protein surface is 
directed toward the exsracellular compartment. 

The inner protein structure containing the ATPase 
must now be visualized as a highly ordered, polarizable 
chain, with many surface orientated cationic and anionic 
groups. Among the groups are situated a much smaller 
number of amino-acid groups that constitute the active 
centre of the ATPase anzyme itself (Fig. 1). The justi- 
fication for this type >f approach to biologically active 
protein structure has been developed in some detail 
by Ling?*, who refers to the active centie as the cardinal 
site. 

In the first state of the protein enzyme which we will 
consider, the model presupposes that the fixed anionic 
sites will show no strorg preference for either Nat ions or 
K+ ions, but will form associated ion pairs with either ion. 
The proportion of ion pairs formed by Nat will depend on 
the Nat concentration relative to the K+ concentration. 
To initiate operation of the ‘sodium pump’ a critical 
number of the protein anionic sites must be occupied by 
sodium ion pairs. Thus we propose to start with the 
concept that the operation of the ‘pumping cycle’ has an 
inherent feed-back control. The enzyme cycle is stimulated 
by raising Nat concentration and depressed as this con- 
centration falls and the Kt concentration rises. As a 
result of sufficient sedium ion pair formation, there 
is a redistribution of electron density throughout the 
macro-molecule, and this occurs as a result of both 
direct and indirect interaction between Nat and the 
protein. 

As in the protein fixed-charge model developed by 
Ling**, it is considered that the short-range interactions 
predominate in importance, and contribute in particular 
to the difference between the sodium and potassium 
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protein ion pairs. The inductive effect of the cation on the 
fixed-charge system will be additive and hence the effect 
of the sodium ion will bear a relation to the number of 
fixed anionic sites occupied by sodium ions. 

Because the protein will also contain surface orientated 
cationic groups it will also form associated ion pairs with 
anions at these sites. The interaction between anion and 
the protein will also effect the induction of charge by 
cation—anionic site ion pairs. Thus when sodium and 
potassium are present as fluoride salts in vitro the ATPase 
activity is virtually abolished!*. In this model we imply 
that the highly electro-negative fluoride anion is capable 
of preventing the inductive changes produced by Na+ 
adsorption and which are necessary to initiate operation 
of the enzyme. 

The redistribution of electron density induced by sodium 
ion pair formation is focused in the neighbourhood of the 
cardinal sites, and, as a result, this centre now reacts more 
actively with the substrate (ATP) to form the phosphory- 
lated intermediate (Fig. 1). This step corresponds to the 
biochemical reaction sequence: 


Na Na 
-+ATPS:- 
E E~P 


As a result of the phosphorylation of the cardinal site, 
there is a further inductive effect, and a redistribution of 
electron density along the polarizable chain of the protein. 
This produces a folding or deformation of the protein as 
well as a change in the adsorption energy of the fixed 
anionic site. 

The deformation of the enzyme results, in the model, in 
a rotation outwards of many of the fixed anionic sites, but 


+ ADP 


ATP. + ADP 
—_ 
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leaves the phosphorylated site ‘anchored’ and still inware 
facing (Fig. 2). There are many ways in which th: 
deformation might produce such a change in orientatio 
of the molecule. We consider there is evidence for believin 
that the whole membrane structure is concerned in th 
transport process, although not directly part of th 
enzyme. 

It is interesting to note that a recent paper by Tanak 
and Abood has suggested that lecithin is required t 
restore activity to this enzyme after treatment wit 
deoxycholate*®. We would interpret this finding a 
suggesting that the lipid is a necessary part of the enzym: 
system, although not involved in the chemical reactio: 
itself. 

The deformation suggested, therefore, implies unfoldin, 
or lengthening the inner enzyme protein chain with sub 
sequent rotation of the membrane fragment about th» 
central lipoid core. For a membrane unit of 1000 ” 
long and 60 A wide, and assuming that the axis of rota 
tion is in the centre of the lipoid core, a change in lengt} 
of about 50 A would be required to produce a single 27 
spiral. 

Because of the adsorption energy changes associatec 
with this phosphorylation and subsequent enzyme de 
formation, a marked preference for K+ is now exhibitec 
by the cation binding groups, and the Nat at these sites 
is exchanged for K+ (Fig. 2). The previous rotation of the 
membrane now implies that this exchange occurs extra 
cellularly, hence Nat has been transported from the 
intracellular to the extracellular environment. The 
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- adsorption of K+ on to these sites while the macro 


molecule is in this state of ‘electron strain’ again re 
distributes the electron density. In the region of the 


ATP +ADP 
a” 
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Fig. 1. Diagrammatic representation of 3 unit segment of membrane in which the horizontal sections depict the inner and outer protein layers, 
and the vertical broken units between the protein represent the central phospholipid complex described by Daniell. Projecting from the inner 


coil are shown the surface orientated anionic groups of the protein with which Nat and K+ havejformed associated ion pairs. Th 
projections represent the amino-acid groups which constitute the active centre of the enzyme. 


e longer vertical 
In this figure sufficient sodium ion pairs are 


considered to have formed to allow the active centre to react with ATP, and form the phosphorylated intermediate. Although the figure shows 
ATP reacting directly at the cardinal site ıt has long been established that magnesium ions are required for this reaction Mg?+ has been omitted 
from the figure for clarity 





Fig.2. Representation of the postulated effects of phosphorylation of the active centre of the enzyme. Elongation of the inner protein surface has 
produced rotation of these protein molecules about the centre of the lipoid core. The site of the pal ae hha active centre is shown as resisting 


this rotation. The surface orientated anionic groups with their associated ions have rotated outwards 


ollowing the elongation and twisting of 


the protein molecule. K+ for Na+ exchange is now shown to be taking place at sites of Nat adsorption to these groups 
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Fig. 8. Diagram showing that, following the K+ for Na+ exchange illustrated in Fig. 2, the inductive ckanges of electron density which take 
place in the elongated protein molecule lead to changes of field strength in the region of the phosphorylated active centre. As a result of these 
changes the phosphorylated centre 1s now readily attacked by water with cleavage of phosphate from the protein 


ardinal sites this alteration in electron distribution 
anders the phosphate groups more vulnerable to attack 
y water and cleavage of the phosphate bond occurs with 
16 liberation of orthophosphate. 

The liberation of phosphate from the phosphoprotein 
llows the molecule to return to its initial shape, and as a 
ssult the anionic binding sites with their adsorbed Kt 
state inwards toward the cell centre. Within the cell some 
f these adsorbed K+ ions are now displaced by Na+ and 

sho cycle of reaction begins again. 

These last hypothetical steps correspond with the second 
tep of enzyme reaction sequence: 


Kt 
E~P+H,0—>E + P; (2) 


Thus the cycle results in net transfer of Na+ from inside 

“he cell to the outside, coupled with the transport of K+ in 

he opposite direction, during which process ATP is 
ydrolysed to ADP and orthophosphate. 

Because there is evidence that the site of ouabain 
nhibition is at reaction (2) in the sequence given above?’, 
t seems unlikely that ouabain acts directly at the active 
entre of the ATPase enzyme. Ouabain does not prevent 
he formation of the phosphoprotein intermediate but 
uppears to prevent its decomposition!? 44, 

For the toxicity and action of cardiac glycosides on ion 
ransport certain features of cardiac glycoside molecule 
sppear essential*4:25. These features melude a cts-con- 
iguration of the C-D ring function, the presence of a 
}-hydroxy group at C,, and an unsaturated lactone ring 
at Cı. A conformational representation of ouabain is 
shown in Fig. 4. Although the orientation of the molecule 


0 





CH; OH 
HO 


Fig. 4. Conformational representation of ouabain (3-0-§-L-rhamno- 
pvranosy1-18,38,5,11¢,14,19-hexahydroxy-5f-card 20 (22)-enolide). We 
are indebted to Dr J. Mills, CSI R.O. Division of Biochemistry and 
General Nutrition, Adelaide, for this interpretation of the structure. Ro- 
tation of the rhamnose molecule will produce a configuration in which 
the undersurface of the molecule is hydrophobic, and the upper surface 
contains projecting OH and =O groups We envisage that these groups 
form hydrogen bonds with the extended surface of the inner membrane 
protein containing the ATPase 


will depend on the positions adopted by the lactone ring 
at C,, and the sugar moiety at C;, as both groups are free 
to rotate, a conformation could exist where the ketone 
group and the B-hydroxr at C,, face away from the same 
surface of the ouabain molecule. When oriented in this 
position, these groups might form by hydrogen-bonding 
the primary attachmens of the ouabain molecule to the 
surface of the ATPase enzyme. 

In addition, a cluster of OH. groups exist both on the 
AB rings of the aglycone and on the sugar moiety of 
ouabain. These groups could also form hydrogen-bonds 
with the protein enzyme surface. Attachment of ouabain 
to the protein enzyms> by the separated clusters of 
OH-groups would act, in the model presented in this 
paper, by maimtaining tke deformed state of the membrane 
shown in Figs. 2 and 3 This interaction would prevent 
both release of phosphate from the active centre, and 
operation of the deformation—restoration cycle required 
to move Nat and K* ions in the directions required. 

In the absence of direct experimental evidence, such an 
explanation for the mecnanism of ouabain inhibition must 
remain entirely speculative. 

The model presented in this article is an attempt to 
combine data about the ‘Nat + K+ activated ATPase’ 
into a consistent model which seeks to explain the means 
by which such an enzyme could produce vectorial Nat 
and K+ transport. 

A useful model should be fragile, and ought to suggest 
the appropriate tests as to its own validity. We believe 
this model suggests at east two genera] questions about 
‘Nat + K* activated ATPase’ with respect to its capacity 
to transport these ions. 

First, Do transition states of the enzyme exist with 
selective Nat or K+ bincing capacity ? The model, in fact, 
suggests that selective E+ binding occurs when the enzyme 
is in the phosphorylated state (Fig. 3). Recently an 
answer to this question has been sought using a histo- 
chemical electron microscope technique. With this we 
have been able to show what is believed to be evidence of 
markedly increased Cst binding by the enzyme membrane 
during the existence of the phosphoprotein transition 
state?®. Because Cst can replace K+ completely in the 
enzyme reaction?:* we believe that this implies that K+ 
binding will occur undez the experimental conditions that 
demonstrated Cst binding. As Cst has a greater electron 
density than K* it is consequently easier to visualize 
using the electron microscope. 

This evidence has necessitated the inclusion of a further 
step in the reaction secuence to account for a potassium 
for sodium exchange. 


Na Na 

= +ATP=-:- + H.O 
E E~ P 

Na K 

oe + K+ 2e + Nat 
E~P E~P 
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K 
++ + H,O Juse + K+ 
E~P 

Ouabain 


A second question which the model poses is: Does a 
measurable or detectable degree of molecular deformation 
occur during or following the formation of the phospho- 
protein ? One approach to the solution of this question 
requires direct biophysical examination by such tech- 
niques as X-ray diffraction, flow birefringence or light 
scattering. We have recently been able to show that the 
particulate enzyme gives a clear orientated X-ray diffrac- 
tion pattern although as yet we have obtained insufficient 
resolution to determine the presence of significant 
deformation?®. 

A more indirect approach would be to attempt an 
estimate of entropy change associated with the hydrolysis 
of ATP by this enzyme. The model predicts that the 
entropy values should be high for the ouabain-sensitive 
Nat and K+ ATPase, and much less for the ouabain- 
insensitive ATPase which is always associated with our 
preparations. 

Other workers interested ın ‘Nat + Kt activated 
ATPase’ have speculated about the mechanism of ion 
transport by this enzyme. Some authors have considered 
that either ATP itself, or the phosphate group of the 
labile phosphoprotein, acts directly as the ion carrier?’. 
However, most investigators have treated the enzyme as 
a polyanionic macromolecule the ion selectivity of which is 
determined by the turnover of labile phosphate groups?)?. 
Eisenmann?! has evolved characteristics for such a selec- 
tive ion binding system which 1s based on the field strength 
of the anionic site, and Ling?* has developed this type of 
approach with considerable rigour as the basis of special- 
ized, protein function in general. 

Working with the ‘Nat + K* activated ATPase’ from 
the electric organ of the electrophoresis, Albers, Fahn and 
Koval?’ have suggested a model with spatial separation of 
three enzyme steps. Their model, however, suggests that 
Na+ and K+ movement is coupled with the translocation 
of phosphate from inside the cell, but fails to account, 
however, for the return of the phosphate to the cell. 

All these models have sought to explain the changing 
selectivity of binding sites associated with the enzyme 
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‘1on carriers’, but none of them has attempted to incluc 
an explanation of the vectorial nature of the ion mov» 
ment, or the highly selective inhibition of both the enzy 
and ion transport by the cardiac glycosides. Although tl 
model presented in this article will undoubtedly be prove 
to be inconsistent as new facts emerge, we believe that 
will help to suggest the experiments necessary to uncove 
these new facts. 
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Relictogobius kryzhanovskii AND THE PENETRATION OF MEDITERRANEAN 
GOBIES INTO THE BLACK SEA. 


By Dr. P. J. MILLER 


Department of Zoology, University of Glasgow 


HE Ponto-Caspian seas of southern Russia are of 

particular interest to the European ichthyologist in 
their diverse fauna, with its endemic components, and its 
relationships to that of the Mediterranean. Jn addition, 
nomenclatural problems involving Mediterranean species 
have resulted from systematic work on this fauna. For- 
tunately, detailed reviews of both the hydrography and 
zoogeography of the Black and Caspian Seas have recently 
become available in Enghsh1-* together with several 
comprehensive lists of the fishes of these seast. Both 
seas, and their tributary drainage systems, are populated 
in varying part by endemic ‘Caspian’ (= ‘Sarmatic’ 
auctt.) faunal elements of more or less stenohaline 
brackish-water or freshwater animals. The phyletic 
ancestors of these species evolved from ancient Mediter- 
ranean. stock with onset of brackish conditions in the 
vast Sarmatic basin of the South Russian geosyncline 


after this had become separated in the Upper Miocene 
from the Mediterranean region of the disappearing Tethys 
Sea. The establishment of the present connexion between 
the Black Sea and Mediterranean in the late Pleistocene 
(post-Wurmian*,’) led to an increase in salinity of what 
had previously constituted the semi-fresh Novo-Euxine 
stage in the history of the Black Sea basin. In con- 
sequence, the originally widespread Caspian fauna of the 
latter now survives as ecological relicts in environments 
of lower salinity provided by coastal lagoons (‘limans’), 
estuaries of rivers, and the Sea of Azov, and has been 
largely replaced in coastal and open waters by Mediter- 
ranean immigrants which have entered the Black Sea 
probably within the past 12,000 years’. Although there 
are many Caspian forms restricted in distribution to the 
Caspian Sea, the existing Caspian fauna of the Black Sea 
exhibits little endemicity above the subspecific level, 
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wer than 5 per cent of the species being absent from the 
«aspian Sea. This has been attributed to the effect of 

1 earlier Pleistocene (Early Wirm/Main Wurm inter- 
iadial?, or Riss/Wiirm interglacial?) ingression of Medi- 

rranean waters into the Black Sea basin, when the 
«aspian fauna of the then hyposaline Ancient Euxine 

‘age of this basin is believed to have been almost com- 

Miletely eliminated from the ensuing marine Karangat 
«ea°, After the closure of this connexion with the onset 
f the main Wiirmian glaciation®.’, salinity of the Black 
ea basin became once more reduced and a Caspian fauna, 
1ostly identical in species with the present one, was 
3-established throughout the sea by immigration from 

hat persisting in the previously isolated basin of the 
‘aspian Khvalynsk stage (via a temporary river, flowing 
vestward, along the Manych depression)*. 

In the modern Black Sea, gobiid fishes form significant 
lements in both the Caspian and Mediterranean com- 
nents of the fauna‘-*. Among those at present included 
a the former is the monotypic genus Relictogobius 
>tchelina®, represented by R. kryzhanovskir Ptchelina, 
nown from the type locality, a saline lagoon (20 °/o9), 
sosely walled off from the sea, on the Abrau Penin- 
ula, near Novorossiysk, U.S.S.R. (44° 42’ N., 37° 45’ 
%.)8, as well as from Sochi, to the south-east (43° 35’ N., 

9° 40’ E.)!°, and from the Gulf of Varna, on the Bul- 
arian coast (43° 13’ N., 27° 55’ E.)*. Relictogobsus 
1as recently been listed as the only non-freshwater fish 
znus endemic to the Black Sea*. This is in marked 
sontrast to the other ‘Caspian’ Black Sea gobiids which 
ccur also in the Caspian basin and the populations of 
which found in the two regions are differentiated into no 
more than sub-species?!°, The Caspian Sea also contains 
several bizarre genera and species of gobiid fishes lackmg 
in the Black Sea!*. Had the existence of Relictogobius not 
«been apparently overlooked, its level of differentiation 
suggested by generic status could have provided evidence 
for persistence through the marine Karangat era of 
Ancient Euxine forms the survival of which into the 
Novo-Euxine phase has been the subject of contro- 
versy”"’. 

However, while compiling a check-list of European 
gobies (unpublished), I was impressed by the similarity 
between published illustrations*® of R. kryzhanovsku and 
specimens of the widely distributed Mediterranean Gobtus 
quadrivittatus Steindachner, hitherto unrecorded from the 
Black Sea. Although the type specimens of the former 
were destroyed at Novorossiysk during the Second World 
War, the original detailed account leaves no doubt that 
the two species are identical. Both are small (up to 65:5 
mm), elongate gobiids, with about 60-70 rows of cyloid 
scales in lateral series, a tubular posterior nostril, naked 
nape and breast, canine teeth, no free pectoral fin-rays, 
and in coloration show an intricate pattern of dark 
vermiculate markings over the head, numerous vertical 
bars across the flanks, and three pale transverse bands 
across the back, the broadest and most conspicuously 
demarcated being across the posterior nape and pectoral 
bases. The modified lateral-line system on the head lacks 
the cephalic canal p!—ọ? (nomenclature of Sanzo}*), but 
shows a seventh transverse sub-orbital row of sensory 
papillae, extension of the most posterior inferior segment 
of the sub-orbital series towards preopercular-mandibular 
row e, and approach or union in dorsal midline of occipital 
rows o. Gobius quadrivitiatus was made the type of a 
new sub-genus (Chromogobius) of Gobius L. by De Buen’. 
Suitably expanded in definition to include another Medi- 
terranean form (identified by me as Gobius depressus var. 
zebrata Kolombatovic), this taxon could well rank as a 
separate genus, for which Relictogobius Ptchelina 1939 
becomes a junior subjective synonym of Chromogobius De 
Buen 1930. 

Chromogobius quadrivittatus thus joins the increasing list 
of Mediterranean gobiids recognized as having penetrated. 
into the Black Sea. These also now include Gobius niger 
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L., G. paganellus L., G. cobitis Pallas (= G. capito C. & 
V.) G. bucchichi Steincachner, G. ophiocephalus Pallas, 
Pomatoschistus minutus elongatus (Canestrini), P. leo- 
pardinus (Nordmann) [P. microps leopardinus auctt., but. 
specifically distinct from the true P. microps (Krøyer)], 
and Aphia minuta (Risso)**%14, All these species have 
in common an inshore hazitat, several are known to tolerate: 
brackish conditions, and all are widely distributed 
throughout the Mediterranean, with five out of nine 
extending outside the Mediterranean into the colder 
Atlantic Boreal region. In their euryhalinity and eury- 
thermality (to be inferred from their wide geographical, 
range), these gobies, wien opportunity arose for colon- 
ization, would have bren pre-adapted for life in the 
present Black Sea, with zts broad temperature fluctuations. 
in shallow waters and markedly lower salinity than is. 
found in neighbouring >arts of the Mediterranean’. In 
common with most of the other Mediterranean fishes 
which have permanentty established themselves in the 
Black Sea, the gobies have not formed sub-species peculiar 
to the latter area, although local differentiation in the case 
of Pomatoschistus leopardinus is reported from the hyper- 
saline lakes (41-8-44-3/,.) at Eforia on the coast of 
Romania}®. The prestmably more stenotopic offshore 
gobiids of the Mediterranean (such as Lesueurigobius, 
Deltentosteus, Buenia, Gdondebuenia, Pomatoschistus spp., 
and Crystallogobius, etc have not been recorded from the- 
Black Sea. In parts of ihe Black Sea comparable to their 
known bathymetric range (25-300 m)1*, the values for 
temperature and salinity are appreciably less than those 
of the Mediterranean, and there is increasing deoxy- 
genation. and hydrogen sulphide pollution with depth??’, 
so that entry of these forms would seem to be effectively 
prevented by an array of ecological barriers. A reverse- 
tendency for ‘Caspian’ zobiids to extend their range out- 
side the Black Sea anc its drainage area (including the- 
Sea of Marmora) appears to be restricted to the brackish 
and freshwater Proterozhinus marmoratus (Pallas), found 
in rivers entering the northern Aegean Sea‘ *18, and 
Knipowitschia lencorarica (Kessler) [= Pomatoschistus 
caucasicus (Kawrajsky) Berg], known from the mouth of 
the R. Yaila (Samotkrace) and lagoons near Kavala, 
northern Greece (40° 56 N., 24° 25’ E.)*4. Spread of certain. 
Caspian gobiids of Blask Sea rivers into the Baltic Sea 
through Dnieper—Bug, Nieman, Dvina and Don—Volga— 
Ladoga canal connexions may also be expected***. 

I thank Dr. R. W. Hey, Geology Department, Cam- 
bridge, for advice on Eonto-Caspian successions. Useful 
accounts of Russian work on the biostratigraphy of 
Quaternary marine dedosits in the Caspian, Black and 
Mediterranean Seas aml also on the general correlation 
of local Quaternary sequences in Europe and the Ponto- 
Caspian region have rezently appeared in English+°-?°. 
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LETTERS TO THE EDITOR 


ASTROPHYSICS 


lonosphere, and X-ray Images of the Sun 


RUSSELL?! has obtained X-ray photographs of the Sun 
at an epoch close to the recent minimum in solar activity 
which occurred late in 1964 and which preceded the present 
rising phase of the new solar cycle. The photographs 
were taken from a high-altitude rocket, and the quality 
and resolution are sufficiently good to allow limb brighten- 
ing to be clearly distinguished from several small active 
regions that were present on the disk. The photographs 
seem to suggest that, in contrast to the brightening at the 
limbs, there was also some darkening at the north and 
south poles. 

These directly made photographs provide at least 
qualitative confirmation of the solar brightness distribu- 
tion derived by me? from ionospheric observations made 
during the previous solar minimum in 1954. This distrib- 
ution was based on measurements of the changes in electron 
density, in the ionosphere, that were caused by the total 
solar eclipse of June 30, 1954. On the day of the eclipse, the 
Sun was exceptionally quiet and no active area of any 
importance was visible on the disk. Analysis of the 
ionospheric data led to the conclusion that, on this occa- 
sion, 82 per cent of the radiation could be attributed to an 
extended source which covered the entire disk and which 
was uniformly bright except for some darkening near the 
north and south poles. The remaining radiation (18 per 
cent) was attributed to limb brightening, although the 
slight asymmetry which was observed suggests that there 
may have been a very small active area near the west 
limb. 

When ionospheric data are used to determine the 
brightness of the limbs relative to the uniform background, 
the degree of brightness which results depends on the value 
assumed for the effective recombination coefficient, «’, in 
the expression: 

J(t) = | = = + Ne? |sooy 
where J(é) is proportional to the intensity of the incident 
radiation, Ne is the electron density at the peak of the E 
or Fl layer, and x is the zenith angle of the Sun‘. The 
accuracy of the calculated. brightness distribution is 
limited mainly by the uncertainty in the value of «’. 

It seems likely that the new X-ray photographs will 
give good quantitative information about the actual 
degree of limb brightening near the 1964 minimum, and 
it is probably reasonable to assums that the brightening 
during the 1954 minimum cannot have been very different. 
If this assumption is correct, it would be possible to use 
the 1954 ionospheric data, in conjunction with the 1964 
value for limb brightening, in a new determination of 
a’. The result would be of considerable interest because 
the numerical value and the precise significance of «’ have 
long been subjects for controversy. 

Russell also refers to the presence of sources of X- 
radiation which extend outwards beyond the visible limb 
of the Sun, as predicted theoretically by Elwert®. A 
knowledge of the rapidity with which the intensity de- 
creases with distance from the limb would allow estimates 
to be made of the amount of residual X-radiation which is 
present during the total phase of a solar eclipse. This 
information also could be used in the determination of «’ 
from ionospheric data obtained during total eclipses, and 


its use for this purpose has been discussed on previou 
occasions®?, 
C. M. MINNIS 


International Years of the Quiet Sun Secretariat, 
6 Cornwall Terrace, 
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Radiation Balance of Jupiter and Saturn 


Ir is frequently stated}? that the radiation balance c 
Jupiter presents a significant problem in that the tem» 
perature derived for the cloud tops (~ 165° K) is con 
siderably higher than the value which would be achieve. 
by a rapidly rotating body having Jupiter’s characteristic 
in simple equilibrium with solar radiation (~125° K)m 
This discrepancy has been cited as possible evidence fo 
thermal radiation from the interior of the planet; that is 
it has been suggested that Jupiter might still be cooling 
down from an early, high-temperature phase®. The role 
of the atmosphere in maintaining the thermal balance ha: 
generally been disregarded since it has been assumed tham 
the known constituents were all transparent in the wave- 
length region of importance (20-40u). The situation for 
Saturn is very similar; the temperatures are simply some- 
what lower. A number of recent findings when considered™ 
together appear to require a revision of these ideas. 

Trafton® has pointed out that the pressure-induced#l 
dipole absorption of H, may produce significant absorption» 
in the case of Jupiter. He finds that temperatures of the 
order of 147°K are not difficult to maintain by an 
atmospheric greenhouse effect depending only on this 
absorber. Owent has reviewed a number of measurements 
of the temperature of Jupiter and has analysed one of the 
methane bands im the planet’s spectrum to obtain a value 
of 200°+ 25° K. The conclusion of this investigation was 
that there appeared to be strong evidence for temperatures 
in the range 175°—200° K in and above the cloud layer 
which is envisaged as considerably more complex than a 
simple flat surface. It thus seems necessary to invoke 
another absorber if the atmosphere is to provide the 
necessary opacity. 

The way out of this dilemma appears to be provided by 
some recent laboratory studies of ammonia. Walsh’ has 
obtained spectra of ammonia in the region 20-35u at a 
number of path-lengths, with the gas subjected to various 
degrees of pressure broadening by N,. A series of his 
traeings for an equivalent path-length of about 12 m atm. 
of ammonia at three different pressures of N, is reproduced 
in Fig. 1. It is evident that, even with no broadening by 
N,, the transparency in this region is very low. In 
Jupiter’s atmosphere, of course, the temperature will be 
lower than the laboratory value, so the population in the 
higher rotational levels (which are responsible for the 
absorption shown in Fig. 1) will be diminished. On the 
other hand, the atmospheric pressure within the region of 
the clouds is almost certainly in excess of 76 cm mercury 
and, while the broadening gases will be H, and He instead 
of N., the susceptibility of ammonia to pressure broaden- 
ing is so great that at the expected pressures the absorption 
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uld lie within the range displayed by the three curves 

Fig. 1. Whether this will indeed be sufficient to produce 

3 required greenhouse effect can only be demonstrated 

a more careful treatment which includes the absorption 

other wave-lengths. The spectrum of appropriately 

‘ge amounts of methane should also be examined to see 

iether the band at 44u may be a significant source of 

acity. 

Saturn presents a rather different problem. Following 

inham®, it is generally assumed that Saturn’s atmo- 

here also contains ammonia. However, recent examina- 
ms of the spectrum of this planet have failed to reveal 

ə absorption bands of this gas’, and an alternative 

planation for Dunham’s identification of ammonia in 
«ms of an overlapping methane band has been adduced®. 
irthermore, a recent temperature measurement by Low?’ 
:@ wave-length of 10u has led to a value of 93° K, well 
low the earlier results of ~130°K. At 90° K, the 
‘pour pressure of ammonia is only 10+» mercury, 
ggesting that its spectroscopic detection is extremely 
likely. Hence the low temperature and the absence of 
«amonia absorption are consistent. 
It thus seems highly probable that the 93° temperature 
fers to some level of the atmosphere within the cloud 
yor, that is, the thermal radiation measured at 10u is 
ming from cloud particles rather than from the v, 
»sorption band of ammonia as in the case of Jupiter. 
‘here may be some radiation from higher rotational lines 
, the nearest strong methane band at 7-7u.) A model 
«r the detailed structure and composition of the cloud 
yer will have to await additional observations, but it 
sms likely that the absence of convective phenomena 
riven by the large latent heat of sublimation of ammonia 
‘41 cal/g mole at 198° K) may be responsible for the 
reater visual uniformity of the disk of Saturn compared 
ith that of Jupiter. While it is inevitable that clouds 
mnsisting of ammonia crystals will form at some atmo- 
sheric level, the low temperature of the upper atmosphere 
f Saturn also permits the deposition of methane, suggest- 
ig a possible explanation for the difference in the polariza- 
ion of Jupiter and Saturn reported by Dollfus’. In this 
iow, the atmosphere above the level of visual opacity in 
the case of Jupiter is charged with ammonia crystals, 
rhile in the much colder atmosphere of Saturn these are 
placed by crystals of methane. The difference in the 
larization of the two planets could then arise from the 
‘ifference in the index of refraction of the two kinds of 
Tystals or a difference in their mean size. 

The consistency established by the low temperature and 
“bsence of ammonia in the atmosphere of Saturn has 
“teresting implications for the foregoing argument. 
Saturn’s atmosphere is known to contain methane and 
1ydrogen in somewhat greater amounts than the atmo- 
sphere of Jupiter. (The increase is due to the lower level 
of the cloud layer in the atmosphere of Saturn.) Yet the 
measured temperature is very close to the radiation 
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equilibrium value (~ 90° K), and apparently refers to a 
region in the atmosphere very close to the visually 
observed cloud layer. In other words, in the absence of a 
detectable quantity of gaseous ammonia, a Jovian-type 
atmosphere does not seem to have sufficient opacity to 
produce a large greenhouse effect. Thus — either 
Jupiter is, in fact, still cooling down (while Saturn 1s not), 
or it is the presence of a substantial amount of ammonia 
in its atmosphere which leads to the observed high 
temperatures. The lakoratory evidence presented in 
Fig. 1 suggests that the latter alternative must be 
seriously considered before resorting to the internal heat 
source suggested by the -ormer. 
TOBIAS OWEN 
Astro Sciences Center, 
ITT Research Institute, 
Chicago 16, Hlinois. 
Tomas E. WALSH 
Radio Corporation of £merica Laboratories, 
Princeton, Mew Jersey. 
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GEOPHYSICS 


Daily Variation of Cosmic Rays 


One of the interestinz properties of cosmic radiation 
of intermediate energies, 1-100 GeV, is the daily variation 
of intensity measured as the Earth. This variation, of 
average amplitude ~0-3-0-4 per cent, appears largely 
diurnal in character altnough harmonic analysis reveals 
a semidiurnal componsnt. The maximum intensity 
occurs, on the average. about 1700 1.7. although the 
phase can vary considerably. 

An understanding of the mechanism producing the 
variation has increased in the past few years with the 
discovery of the solar w-nd, the development of a model 
of the large-scale magnetic field configuration in the inner 
solar system, and the use of computers to achieve detailed 
information about the trajectories of charged particles in 
the geomagnetic field. Several theories have been put 
forward in recent months to account for the observed 
anisotropy in terms of the (overtaking) streaming of the 
cosmic ray gas parallel to the Earth’s motion around the 
Sun. On the other hand, Sarabhai et al.1 have suggested 

that part of the daily variation is 
due to removal of particles from 


gia the morning side of the Earth due 

me to scattering by magnetic irregu- 

80 larities. This communication 

$ 80 proposes an alternative mechan- 
8 70 ism for such removal. 

= 60 Several investigators have cal- 

pt culated particle trajectories un- 

aoe der the influence of the Earth’s 

3 oo magnetic field to ascertain 

gq 80 Ocm Hg N, ‘asymptotic’ directions of such 

È 20 20 cm Hg Ns particles, as a function of rigidity, 

10 N f | outside this influence. By projec- 

rn! \ JN 60 cm Hg Ne ting a negative particle from the 

: | | Earth (re-creating the history of 

34 38 32 381 30 29 28 27 26 25 24 28 22 21 a positive particle arriving at the 
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Fig. J. Absorption spectra of ammonia subjected to pressure broadening by nitrogen (ref. 5) 


Earth) and following its trajec- 
tory until the path leaves the 
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magnetosphere, orbit calculations have been made in detail 
for protons entering this region of influence of the Earth. 
Allowing for the energy spread of primary particles capable 
of contributing effectively to neutron monitor counting 
rates, and for atmospheric effects, protons may enter the 
magnetosphere within an appreciable cone of directions 
prior to detection on the Earth at any location. The 
cone will, however, be restricted to equatorial latitudes 
for low and middle latitude detectors. 

Outside the magnetosphere, however, the magnetic 
field has a value of about 3 or 4y, and is usually considered 
to be oriented in the basic pattern of an Archimedes 
spiral centred on the Sun. When the cone looks up the 
Archimedes spiral, most of the detected primaries will 
have mirrored between the Sun and the Earth, assuming 
that the Alfven guiding-centre approximation is valid 
and ignoring magnetic irregularities in the spiral. Cosmic 
ray primaries approaching the Earth from the antisolar 
direction up the spiral will be largely isotropically distri- 
buted in direction. (We should, perhaps, emphasize that 
in this model the majority of particles detected at the 
Earth by neutron monitors are confined to the spiral arm.) 
Passing the Earth, those the pitch angles of which are large 
will mirror near the Earth and then pass outwards along 
the spiral. For smaller pitch angles the mirror points 
will be closer to the Sun.’ For very small pitch angles, 
however, the mirror points will be in the Sun and the 
particles will be lost. Using the subscripts Æ and S for 
values at the Earth and Sun respectively, the critical value 
for the pitch angle «z is given, assuming the conservation 
of magnetic moment, by: 





sin2as Bs 

‘that is, sin «g = (Bg/Bs)! œ% 5x 10? assuming B, oo(dis- 
tance from Sun)-’, that is, «g ~ 5x 10-3 rad. Assuming 
an isotropic pitch angle distribution at the Earth, the 
number of particles absorbed by the Sun will ke: 


Qn 
AN = Anj dọ ie sin 0d0 ~Œ 105 N 


dr 
where N ıs the number density of particles. The free 
space anisotropy should therefore be of the order of 
0-001 per cent. Neutron monitors, however, detect 
primaries from restricted angle of approach. For Sulphur 
Mountain the effective solid angle is about 2 x 10-2 sterad. 
Hence the detected flux: 


2x 10-2 
os 4x 





e NV 17x10 NV 


where V is the velocity. 
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Thus AF/F = AN-V/F = 0:6 per cent when 
asymptotic direction of approach coincides with 
Sun—Earth field line. This value, however, overestime 
the magnitude of the anisotropy since the particles, 
differing rigidities, absorbed by the Sun would not h 
contributed with equal effectiveness to the durectic 
response of the detector. On the other hand, if B, sho 
vary more slowly than 1/r*, the effect will be enhanced 

The effect of the cosmic-ray gas streaming past 
Earth due to co-rotation of the gas with the Sun J 
been estimated by Axford? and Parker? to be of the or 
of 0-4-0-7 per cent. The predicted minimum due to t 
effect is at 0600 L.r. The solar absorption effect w 
however, be directed up the spiral, 45° west of the Karts» 
Sun line. The resultant will therefore be the vector s. 
of the two effects. Figs. la and b show the frequency 
occurrence of the experimentally observed anisotropies 
polar diagrams for 1964 for selected days at Sulpl 
Mountain and Calgary respectively (counting rates 
10° and 2-5~x 10*/h respectively). Selection of the d: 
was based only on internal consistency between the t 
monitors in the shapes of the sums of the first and seco 
harmonics of the data for each monitor for each de 
Data from 154 days are included. It is clear from th: 
plots that the minimum direction is centred on 60° we 
of the Earth—Sun line. The averaged amplitudes of i 
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minimum for the data taken together are 0-56 + 0-01 x 


cent and 0-56+0-01 per cent for Sulphur Mountain a 
Calgary respectively. Both direction and magnitude 
the observed minimum are in fair agreement with a 
vector sum of the two effects considered, taking t 
lower value of 0-4 per cent for the streaming mechanis 

The absorption mechanism suggested by the authors 
restricted by the following considerations: 

(1) The gyroradii of the participating particles mu 
be less than the scale size of irregularities in the magne 
field. This being so, the guiding centre approximativ 
remains valid. When the gyroradii are of the san 
magnitude as the irregularities, however, the particl™ 
are scattered‘ by the latter, and the fraction that rea» 
the Sun will be small. 

The gyroredii of protons the pitch angles of which are < 
x 10-5 radians in a field Be=4y and the energies of whic 
are 1, 10 and 100 GeV are less than 5:5 x 103, 4-5 x 104 ar 
4-0 x 105 km respectively. 

Assuming the spiral field suggested by Parker? and t 
constancy of (sin?«)/B, it follows that the gyroradius : 
a proton decreases almost linearly with decreasir 
distance from the Sun. Measurements by Esplor: 
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Fig.1. Direotion-frequency plot of Z'max and Tmin for the daily variation in neutron intensity for 154 days during 1964 at (a) Sulphur Mountain 
and (b) Calgary, Canada 
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VIII’ indicate periods in which magnetic irregularities 
` 105-108 km exist. If 105 km is the minimum extent 

the fluctuations, then the mechanism will be operative 
1d will be independent of energy. Should smaller 
cegularities occur an energy dependence would be 

(pected. ~ 

(2) The direction of minimum intensity will be that 
‘the field lines at any instant, and since their direction 
anges over periods of a few minutes to a few hours 
05 ~ 107 km h b he mini 
450 km/sec | there will be a broadening of the minimum 
ad perhaps a difference in the recorded time of minimum 
ven for stations whose cones of acceptance do not greatly 
«iffer. 

(3) Changes in direction of the ‘average’ spiral field 
1 a day-to-day basis will be responsible for part of the 
oread in direction of Tmin as observed in Figs. la and b. 
uch fluctuations would be related to changes in solar 
rind velocity. 

J. B. MERCER 


Department of Physics, B. G. WsoxN 


Iniversity of Alberta, Calgary, Canada. 
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Frequency Spectrum of Doppler-shifted 
Whistler-mode Signals 


To further our knowledge of very-low-frequency signals 
seceived via the whistler mode of propagation we have 
sonstructed a 25-channel spectrum analyser. Other 
work}? has shown the existence of apparent Doppler 
shifts on these signals of up to two or three parts in 10° 
of the carrier frequency; but the equipment used did not 
allow the variations of doppler shift with time to he 

<«cesolved to better than 30 min. It sometimes appeared 
that there could be large positive and negative shifts 
occurring within a single 30-min period. 

The new equipment consists of 25 filters, of the coherent 
detector-low pass amplifier type, in which the filter is 
tuned to the reference frequency supplied to the coherent 
detector and the band-width 1s determined by the low- 
pass amplifier. Use of this type of circuitry reduces the 
problem of the alignment of a bank of closely spaced 
filters to one of frequency synthesis, which in this case is 
done electro-mechanically. One filter is at the nominal 
carrier frequency and the others are disposed about this, 
12 above and 12 below at a nominal spacing of 2 parts in 
10° of the carrier frequency. Each channel has a band- 
width of approximately 0-5 parts in 10°. 

In the short time that the equipment has been operating 
whistler-mode activity has been seen fairly frequently at 
off-sets of several parts in 10°. Occasionally events such as 
those shown in Fig. 1 are seen in which the Doppler shifts are 
oscillatory in nature. This is shown more clearly in Fig. 2 
where the median frequency shift is plotted as a function 
of time. It is probable that it was events of this nature 
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which, when recorded or the original equipment, indicated. 
the possibility of simultaneous positive and negative 
Doppler shifts. 

The signals in this cas are from station NPG at Seattle 
on a, frequency of 18-6 ke/s. It will be noticed that there is 
a short period of ‘key-up’ followed by a period of ‘key- 
down’ just prior to the >eginning of each hour. The loop 
aerial was turned to oktain a minimum of the direct or 
ionospheric signal, this being done to limit the spill-over 
of this component into the filters adjacent to the centre 
frequency. The large-amplitude slow-period beat on the 
centre channel is the sult of a perfect null not being 
obtained. The period oz the beat indicates the difference 
between the carrier frequency, as received, and the local 
standard. 

R. A. Morris 
N. POLETTI 
Physics and Engineering Laboratory, 
Department of Scientiic and Industrial Research, 
Lower Hutt, New Zealand. 
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GEOCHEMISTRY 


Radioactive Elemerts in the Continental Crust 


THE radioactive elements are particularly useful as 
indicators of the chemical composition of the deeper 
parts of the crust. Thorium, uranium, and potassium 
show a strong concentration towards the surface of the 
Earth and are enriched ın the continental crust. The 
abundance of thorium. uranium and potassium can be 
estimated by two independent methods; a physical 
method based on hest-flow data, and a geochemical 
method based on- geological premises. These estimates 
differ by a factor of two (Table 1). The estimates for the 
heat-flow data are from Clark and Ringwood’, and are 
based on a 37-km-thik two-layer crust. The upper 
layer ıs 16 km thick, reszing on a layer 21 km thick. Cailcu- 
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Table 1. ESTIMATES OF THORIUM, URANIUM AND POTASSIUM ABUNDANCES 
IN REGIONS OF THE CONTINENTAL CRUST ` 
Th U K 
(p.p.m.} (p.p.m.) (per cent) Ref. 
Geochemical estimates 
11'4+2 3006 Adams ef al.™?; geochemical balance; 
abundance in crust exposed to weather- 
ng 
100 28 26 Heier and Rogers; correlation between 
Th, U, and K in magmatic rocks; K 
figure adopted from MacDonald” (con- 
tinental crust) 
2°7 209 Taylor’; 1:1 ratio of basalt and granite 
(continental crust) 
9-0 2-3 2-55 Clark et al.*; median of granod{orites 
88 2-2 235 1:1 ratio of mafic and felsic rocks (data 
from Clark et al.*) 
1:5 1:1 ratio of basic rocks and granodiorite 
(data from Clark et al *) 
Estimates from heat flow 
46 1-12 1°84 Clark and Ringwood?; surface heat flow 1°5 
ucal/em* sec; average of 87 km crust 
3-2 0-81 1:31 Surface heat flow 1-2 ucal/cem? sec 
2-5 0 64 1°05 Surface heat flow 1:0 noaljomt sec 


Table 2. ESTIMATES OF THORIUM, URANIUM AND POTASSIUM ABUNDANOES 
IN DIFFERENT REGIONS OF THE CONTINENTAL CRUST 


Abundances derived from heat flow data (after Clark and Ringwood (ref. 1)) 


Surface Depth 
heat flow interval U Th K 
(ucal/em* sec) (km) (p.p.m.) (p.p.m.) (per cent) 
Shield 1:0 0-16 1:00 4:00 1:63 
16-37 0°37 1:48 0-61 
Continental 1:2 0-16 1:32 5°28 2:15 
16-87 0°42 1-68 0:69 
Continental 1:5 0-16 1:87 7-48 3-05 
16-37 0:57 2-28 0°93 


lations of the concentrations of thorium, uranium and 
potassium within each layer for different heat flows are 
given in Table 2. It is noteworthy that the concentrations 
of the radioactive elements in the 16-km layer in regions 
with high heat flow are comparable with the geochemical 
estimates made on the basis of the new abundance data 
by Clark e¢ al.?. The concentrations calculated for the 
lower layer are similar to those in basalts. This could 
indicate that this layer has a basaltic composition. How- 
ever, metamorphic processes, including generation of 
granite magma, and the cycling of elements within the 
crust could also account for the low concentrations of 
radioactive elements in the deep crust®-', These processes 
would result in a more mafic average composition of the 
lower crust as compared with the higher crust®-*. There 
is also some indication’ that high-grade metamorphic 
rocks, especially those of granulite facies, have lower 
concentrations of thorium and uranium than magmatic 
rocks of comparable chemical composition, so that the 
upward concentration of thorium and uranium in the 
crust could be more marked than that of potassium. 

Crustal abundances in general are derived from premises 
similar to those used to obtained the geochemical estimates 
of uranium and thorium in Table 1. It is possible, there- 
fore, that we are at present overestimating many of the 
volatile and ‘granitophile’ elements in the crust, and that 
the average continental crust is more mafic than present 
estimates**. It is worth noting that Clarke! and Gold- 
schmidt" restricted their estimates to the composition of a 
10-mile-thick upper crust. 

K. S. Heme 

Department of Geophysics and Geochemistry, 

Australian National University, Canberra. 
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Sub-millimetre Dispersion and Rotational 
Line Strengths of the Hydrogen Halides 


To obtain the integrated absorption strength of 
narrow spectral line by direct spectrophotometric measur 
ment high resolution is necessary and the resulta: 
profile must be corrected for finite instrumental resolutio 
As an, alternative, dispersion data at much lower resolutic 
may be used to obtain line strengths, and we report som 
measurements on a few of the low J rotational transitior 
in the halogen halides. 


Table 1. SUB-MILLIMETRE ROTATIONAL LINE STRENGTHS IN THE HYDROG?E 


ES 
HOL HBr BI D 
Rotational ‘i 0 Ay 
transition & Aj ky A; ki (cm~ 
J—(J+1) (em) (cem atm) (em) (cem atm-) (cm~) atm?) 
0—1 20-88 173+034 16°70 0-24+0-02 — — 
1—2 41:76 8254049 33°40 2-13+005 25°70 0:42 + 0 
2—3 — — 50-10 5-39+0-30 38°54 1-10 + 0: 
3—4 — — — — 51-36 2-72 +0 


We have used the method of Fourier refractometry!: 
to obtain, the refractive index of gaseous HCl, HBr an» 
HI in the region 10-55 cm-! at a resolution of 2 cm- 
The gases were carefully dried before introduction into ¢ 
cell placed in one arm of a Michelson interferometer 
Dispersive interferograms were recorded for various ga» 
pressures up to about 500 mm mercury at temperature» 
near 293° K, and after Fourier transformation the differ. 
ence n(k)—ñ between the refractive index n(k) at wave 
number k and the mean ñ over the radiation band was 
calculated? from: 

, Hg. Q(k) 
nk) ñ Tdh {arctan Pe) + nm (1) 
where P(k) and Q(k) are respectively the cosine and sine 
Fourier transforms of the interferogram function, m is an 
integer, and é is the cell length (20:3 cm). A typical set 
of results for HCl at three pressures is given in Fig. 1, in 
which the anomalous dispersion associated with the lines 
J = 0— land J = 1—2isseen. The data were reduced 
to 760 mm mercury pressure and 300° K temperature 
using a standard form’, and from these the strength per 
atmosphere 4; of a line at wave-number k: was calculated 


-using the relation!: 


o 272 Oster (E | Aj Fi(k’,k*) 
P= ae mlk) — mlk) — See (2) 
+ filk’, k”) i( ) i( ) JZ filk sk ) 
between, the refractive index difference at two wave- 
numbers k’, k’(k’ < ki < k”) and the absorption strength. 
We have written: 
l l 
4 A a a o $o 3 
Fi(k’, k”) [aa + pa] ( ) 
The experimental index values determined near any given. 
transition k; include the significant contributions of 
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Fig. 1. The sub-millimetre dispersion of gaseous HCl fn the region of the 
J=0-1 and J =1->2 rotational lines. Each point represents the average 


of two independent measurements made at the pressure stated, and the 
curves join the experimental data points. Cell-length is 20-3 cm 
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ighbouring transitions k; and account is taken of these 

a using the experimental refractive index data in 
uation (2) and including the term under the summation. 
he various A}, Aj are found by an iterative method 
nce they are all initially unknown. Details of the experi- 
«ental method and calculation will be given elsewhere. 
sing our index data and some recently published values 
“the rotational constants® to calculate the k; in equation 

-), we find the values for the line strengths given in 
able 1. 
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CRYSTALLOGRAPHY 


X-ray Studies on Highly Pure Magnesium 
Oxide 


HicH-puRiIry (99:999 per cent) magnesium oxide was 
«repared by the thermal decomposition of pure magnesium 
«xalate dihydrate. Details of the preparation, analyses 
nd thermal decomposition of the magnesium oxalate 
«ave been given elsewhere?*. Prior to the X-ray exam- 
nation, the magnesium oxide was recrystallized by firing 
8 a pressed disk at 1,500° C for 24 h. X-ray powder 
liffraction data were obtained by means of a 19 cm 
Miameter camera using copper K,-radiation with a nickel 
ilter, and standard procedures. The observed spacings 
are given in Table 1. 


Table 1. X-RAY DATA FOR PURE MGO 


hkl I/To d (A) 
111 4 2:438 
200 10 2:108 
220 10 1:4899 
311 4 1 2695 
222 6 1.2165 
2 2 1:0629 
ne l 0 9661 
of GB 
rr E: 
-R1 
511 1 0-8104 


Table 2. COMPARISON OF THE LATTICE CONSTANTS OF MGO 
Material Lattice constant (A) 


MgO, data of Swanson and Tatge (ref. 4) 
MgO, present study 


4-213 

4°2119 + 0 0005 

The accurate lattice constant of the cubic magnesium 
oxide was determined by the method of Nelson and 
Riley’, using sodium chloride as an internal standard. 
The result obtained is given in Table 2 together with the 
value given by Swanson and Tatget, for comparison. 

This work was supported by the Steetley Organization 
Research Department. I thank Dr. A. J. E. Welch for 
initiating and supervising the work. 
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Adsorption and tha Differential Capacitance 
of the Electrical Double-layer at Platinum/ 
Halide Metal Interfaces 


MEASUREMENTS of the differential capacitance of the 
electrical double-layer at an LiCl-KCl eutectic melt/ 
platinum interface at 453° C have been made by Laitinen 
and Roe! over a range of potentials from —0-34 V to 
—2-11 V versus a Pt/Pt?+ (1 M) reference electrode. 
Their curve of capacitanze versus potential can be roughly 
divided into two regicns: an anodic region of com- 
paratively high specific capacitance (~100 uF em-*) and a 
cathodic region of low specific capacitance (~ 50 pF cm), 
the transition between zhem occurring at approximately 
—0:8 V to —1:0 V. Ths high values of capacitance were 
attributed? to the specific adsorption of chloride ions at 
potentials which are prssumably anodic to the point of 
zero charge of this interface. 

Double-layer capacitence versus potential curves for 
other metal/melt interfazes are quite unlike the previously 
published curves for platinum!?4 in that they are 
symmetrical about a well-defined minimum at the poten- 
tial of zero charge (silver, thallium and tin are exceptions 
to this rule in that they exhibit a step in the cathodic 
branch’). Although it appears that the halide ions are 
surface active, because, “or example, the addition of iodide 
ions to a chloride melt produces an increase in double- 
layer capacitance’, the increase is the same in both the 
anodic and cathodic branches of the curve for a given 
|e] (the magnitude of she rational potential). 

The present work suggests that the double-layer 
capacitance of a platinum/melt interface is dependent on 
the well-known existerce of oxide layers on platinum 
surfaces’, and on the specific adsorption of platinum ions 
at concentrations determined by the redox potential of 
the melt. 

The capacitance of ths double-layer at a flame-polished, 
platinum hemisphere microelectrode under certain well- 
defined conditions (see following) falls to a minimum at 
approximately —0:8 V versus a Pt/Pt?+ (1 M) reference 
electrode (Fig. 1, curve a). In the region from —0-6 V 
to —0:8 V the capacitance varies with time so that it is 
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Fig. 1. The differential doable-layer capacitance at platinum micro- 
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electrode/LiCl-KCl eutectic melt interfaces at 450°C. (a) Pure melt; 
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necessary to allow up to 10 mm for the system to come 
to equilibrium at each value of potential. Ifthis procedure 
is not adopted, the curve becomes less well-defined and 
shows a marked similarity to the curves obtained by other 
workers, provided that the potential is changed in a 
cathodic direction. If the potential is changed in an 
anodic direction and time is not allowed for the system 
to come to equilibrium, the higher values of capacitance 
are never attained (Fig. 1, curve d). Under equilibrium 
conditions curve (a) in Fig. 1 can be reproduced without 
any difficulty whatever the direction of potential change; 
provided that the potential of the platinum electrode is 
not taken too far into the cathodic region, where there is 
risk of surface modification by, for example, the deposition 
of alkali metal. 

The slow change of capacitance with time at potentials 
in the range — 0-6 V to —0-8 V can be attributed to the 
desorption of chemisorbed oxygen atoms or the cathodic 
stripping of a stoichiometric oxide from the platinum 
surface. This process 1s reversed as the electrode potential 
is returned through the — 0-8 V to — 0-6 V region, because 
of the presence of low concentrations of oxide ions even 
in highly purified melts in glass apparatus® (purified by 
vacuum. pre-electrolysis and filtration’). It is significant 
that the adsorption process is slower than the desorption 
process, reflecting not only the irreversibility of the 
process but also the inaccessibility of the oxide ions 
present at low concentration in the melt. 

If the platinum surface is completely stripped over the 
range —0-6 V to —0-8 V, then this latter value (the 
point of minimum capacitance) is the zero charge potential 
for the system (the average value calculated from a 
number of experiments is —0-83+0-02 V versus the 
Pt/Pt*+ (1 M) reference electrode). This value agrees 
rather well with the proposition that the difference 
between. the standard electrode potential and the potential 
of zero charge of an M/M*+ couple is in the range of 
0-5 V—0-9 V1, 

The addition of very small quaniities of platinum ions 
to the melt by anodic dissolution cf a platinum counter- 
electrode produces a number of changes 1n the capacitance 
versus potential curve (Fig. 1, curves 6 and c), the most 
interesting of which is the formation of a better defined 
minimum. and the shift of this mmimum to more cathodic 
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Fig. 2. Double-layer capacitance values obtamed with the previously 
used microelectrode introduced ito a fresh melt without prior surface 
treatment. (a) Pure melt; (b) ~10-4 M Pt?+ 
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potentials. This suggests that platinum ions are adsorbe 
on to the electrode surface as negatively charged specie» 
perhaps as a square-planer PtCl,?- complex ion, which 
particularly suited to adsorption on a plane surface an 
can lead to a more compact structure for the double-laye 
The minimum capacitance in curves (b) and (c) is indee 
increased over that of the pure melt even for the ver 
lowest concentration of platnum ions and this is typice 
of an adsorption phenomenon. This effect could als 
arise from a change in the electrode surface followin 
the electrodeposition of platinum metal. However 
curve (a) in Fig. 2 indicates that this is not so. This curv 
was obtained with the previously used microelectrod 
introduced into a fresh melt without prior surface treat 
ment. The minimum capacitance was reproduced withi» 
the accuracy of the method (+3 per cent) and th 
addition of platinum ions (in somewhat higher concen 
trations than before) produced the characteristic increas 
at the minimum together with the cathodic shift (Fig. 2° 
curve b). 

A method has been developed to make these experiment 
possible, the details of which are published elsewhere!® 
A. fast rise-time (10-8 sec) constant current pulse is appliec 
to the electrode system, and measurements are made or 
the resulting over-potential/time transient before the 
faradaic process interferes, that is, within 2x 10-7 ses o. 
the initiation of the pulse!t. This method!? has beer 
modified?’ in the present work to enable measurements 
to be made at electrode potentials other than the 
equilibrium redox potential of the system. It is possible, 
therefore, to measure a true double-layer capacitance (free 
from pseudocapacitance) even in the presence of a fast 
electron transfer process, and hence detect the effects of 
the adsorption of the electroactive species. 

This work is supported by the Central Electricity 
Generating Board. 
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Evidence of Thermal and Hot Processes in the 
‘Hot-zone’ produced by Copper-64 Recoil Atoms 
in Solids 


ALTHOUGH the mechanism of recoil atom reactions in 
solids has been studied by a number of authors, some 
important problems still remain unsolved. For example, 
thermal and hot processes were discriminated in the recoil 
atom. reactions in the gaseous or liquid system, but this 
1s not clear in solids. Harbottle and Sutin? have proposed 
a concept of chemical reactions in the ‘hot-zone’; however, 
this concept was somewhat ambiguous from the point of 
view of the presence of thermal and hot processes in the 
‘hot-zone’. In the course of studying hot-atom chemistry 
of copper-64 recoil atoms in «- and £-copper phthalo- 
cyanines, we have. found evidence of thermal and hot 
processes in the ‘hot-zone’ in solids. 
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mho hot-atom chemistry of copper phthalocyanine has 
n investigated by Herr and Gotte*, while the effects of 
—gtal structure on the initial retention and on the 
rmal annealing rate have been investigated by Cook* 
1 by ourselves’. 
Purified «- and B-copper phthalocyanines were checked 
the X-ray diffraction method. Neutron irradiation 
“the target materials was carried out in a nuclear reactor 
2IGA Mark II at Rikkyo University (neutron flux: 
x 1014 n/em?/sec). An irradiated sample was dissolved 
cooled sulphuric acid (~ —20° C), and the solution 
ured into ice water to precipitate copper phthalocyanine. 
terwards the precipitate was filtered, and the precipitate 
d the filtrate separately counted by means of a Baird- 
omic single channel y-ray spectrometer (crystal: 
al, 1:75 in. x 2in.). 
The relationship between the initial retention and 
‘adiation temperature is shown in Fig. 1. To avoid any 
‘ects of thermal and radiation annealing during irradia- 
yn, all retention values have been corrected for irradia- 
m time t = 0. A remarkable difference between a- and 
crystals can be seen in Fig. 1. The initial retention in 
«crystals at low temperature Rg, is much higher than that 
a-crystals Ra, The shape of the curve of B-crystals is 
fferent from that of «-crystals. This sensitivity of the 
itial retention in ®-crystals seems to be closely 
lated to the rate of increase of the retention on annealing. 
«able 1 shows initial annealing rates in «- and 8-crystals at 
rious temperatures. A remarkable difference between 
. and B-crystals can again be seen. 


ible 1. COMPARISON OF INITIAL ANNEALING RATES IN a- AND B-CRYSTALS 


Annealing Tnitial annealing rate (per 40 min) 
temperature a P ajb 
87° O 0 25% 4'0% 1/16 
189° C 1:0 20 1/20 
198° © 34 50 1/15 
Mean 1/17 


According to Harbottle’s model’, hot-zone reactions 
uench in & very short time after the recoil event, and 
Bherefore they are not completed in a ‘hot-zone’, but 
ontinue on thermal annealing. In other words, a reaction 
a a ‘hot-zone’ will be succeeded by substantially the same 
ind of reaction at the recoil site on thermal annealing. 
f thia is true, the relationship of annealing rate between 
« and B-crystals must hold good for that of ‘hot-zone’ 
actions between «- and 8-crystals (at least in the thermal 
‘ange of the ‘hot-zone’). On this assumption, we can 
«imply go back to ‘hot-zone’ reactions from thermal 
mnealing as is shown schematically in Fig. 2(a). At the 
srossing-point of two lines the quantity Rs (= 5-0 per cent) 
an be obtained. Ra represents reactions which complete 
n the ‘hot-zone’ and 1s considered to be contributed by 
10t processes. In this way we can estimate the percentage 
of thermal processes and hot processes. Fig. 2(b) shows 
the results obtained. The apparent insensitivity of the 
wetention in «-crystals to temperature, and the sensitivity 
of the retention in 6-crystals to temperature, can be easily 


w Ha an 
© © © 


to 
© 


Retention (per cent) 


= 

© 
E 
© 


0 Rao 
—200  —150  —100 — 50 0 50 100 
Temperature (° C) 


Fig. 1. Relationship between Daal retention and irradiation tempera- 
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Fig 2. Estimation of therma. and hot processes in the ‘hot-zone’. (a) 
Methods of analysis. (b) Results 


understood by considering the extent of the contribution 
of the hot process to the retentions. This kind of analysis 
is limited to the polymozphic crystals in which structure- 
sensitive reactions are concerned at the present stage. 
Although this method is not very accurate (small correc- 
tive terms will be discussed elsewhere), it makes it possible 
to estimate thermal and hot processes which in solids it 
was hitherto difficult to discriminate between. 
We thank Dr. Shibata for his help. 
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Electron Spin Resonance in X-irradiated 
Oriented Deoxyribonucleic Acid 


SEVERAL papers dealng with electron spin resonance 
investigations of irradiated deoxyribonucleic acid (DNA) 
and its constituents have appeared in the literature’°. 
In all cases, however, anoriented powder samples have 
been used. In this communication we wish to report some 
preliminary findings made with an oriented sample of 
calf-thymus DNA. 

Fibres of the DNA wer drawn under controlled humidity 
conditions (66 per cent relative humidity) and wound on 
to a ‘Spectrosil’ grade quartz plate which could be mounted 
inside a tube’ of the same material, enabling the fibres to 
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Fig. 1. Electron spin resonance spectra of dry calf thymus DNA fibres X-irradiated at 
room temperature. @, Fibres parallel to the magnetic field; b, fibres normal to the magnetic 


field 


be irradiated in an inert atmosphere of known humidity 
and afterwards transferred to the electron spin reson- 
ance spectrometer. The latter was of conventional 
design, using 100 ke/s modulation and first derivative 
presentation. 

Fig. 1 shows spectra obtained after irradiating the fibres 
(weight 10 mg) at 0 per cent relative humidity under 
nitrogen with 250 kV X-rays to a dose of about 1 Mrad 
at room temperature. Specira are shown with the magnetic 
field both parallel and normal to the fibres. The spectrum 
for the parallel position is approximately symmetric (line 
width between points of maximum slope ~4 gauss), 
while that for the normal position is somewhat broader 
and asymmetric. Spectra were recorded over the dose 
range 0-1-5 Mrad, but were in all cases similar to those of 
Fig. 1. After the maximum dose (1-5 Mrad) had been 
given, the radical concentration was estimated to be 
5-6 x 1018 free spins g-! corresponding to a yield G~6 
(radicals/100 eV). The radicals showed little evidence of 
decay over several weeks, the fibres being stored under 
dry nitrogen at room temperature. 

It will be noticed that the spectra are very different 
from those obtained by Ehrenberg et al.3 for y-irradiated 
calf-thymus DNA in two respects. First, our spectra show 
only a faint trace of hyperfine structure and, secondly, 
the line width, measured between points of maximum 
slope, is much less than those reported in the literature. 
However, when an amorphous sample of the same batch 
of DNA was irradiated under similar conditions, a 
spectrum’ showing a narrow central line (maximum slope 
width ~6 gauss) and well-resolved hyperfine lines was 
obtained. 

An attempt was made to anneal the radicals by immers- 
ing the quartz sample tube in warm water for 10 min at 
successively higher temperatures. Between 60° and 70° C 
a 50 per cent decrease in radical concentration occurred, 
while at 80° C there was evidence of the appearance of 
hyperfine lines, but these were always of low intensity. 

When the tube containing the (dry) DNA fibres was 
opened to the atmosphere, no change in signal was observed 
after 30 min. The signal disappeared, however, after 
leaving the fibres exposed to the atmosphere overnight. 
It has previously been reported that the decay of radiation- 
produced electron spin resonance signals in DNA appears 
to depend on the water content’. 

Since DNA is believed to have a helical structure, we 
consider the expected angular variation of the spectrum 
of a system of helically distributed radicals. Assuming 
that tho free radical sites have the same orientation as in 
the undamaged helix, the g-value parallel to the helix 
axis will be the same for each member of a population of 
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repeated radical species irrespective of tm 
helical rotation operation. With the fi 
normal to the helix one has, in general 
distribution of g-values depending on t 
magnitudes and inclinations to the he 
axis of the principal g-values of the radic 
species. If the g-tensor has cylmdric 
symmetry, a spread of g-values is, of cours» 
obtained only if the unique direction do 
not coincide with the helix axis. Furth 
consideration of the perpendicular fie 
case shows that, although the spread 
g-values produces an overall broadeni» 
effect, this alone will not give an asyr 
metric spectrum provided that the fraction 
change in g-value is very small. 

Similar considerations apply to the hype 
fine coupling tensors in that single values » 
splittings occur along the helix axis. Tl 
parallel field case is analogous to that foun 
in single crystals when. site-splittings a 
absent. Averaging of the spectrum occwm 
in the perpendicular case when one c 
more of the tensors exhibits anisotrop 
in this direction, but the spectrum becomes asymmetr 
only when hyperfine anisotropy is accompanied by « 
value anisotropy. It can be shown, for example, that 
only an anisotropic doublet is present, the maximur 
absorption of the smeared-out spectrum is displaced tc 
wards the low-field side if the direction of the smalle 
g-value in the perpendicular plane coincides with that o 
the larger hyperfine splitting. 

The foregoing considerstions are independent of the 
exact nature of the radical sites. We can now conside 
what types ofredical are present. As mentioned previously 
the spectrum for the parallel orientation shows only sligh. 
resolution of components even though the best resolutior 
is expected for this direction. One factor to be considered 
is the degree of orientation of the radicals within the 
helices and of the helices within the fibres themselves. 
If only one type of radical were present, the lack of resolu- 
tion could be accounted for by poor orientation. However,, 
we should then expect a distribution of g-values leading 
to an asymmetric spectrum. The observed spectrum is 
nearly symmetric. If we suppose that several radical 
species are present, the overlapping hyperfine structure 
characteristic of each producing a poorly-resolved result- 
ant, the g-values must lie within narrow limits to account 
for the relative lack of asymmetry. This would be the case 
if the radicals were r-electron systems located on the 
bases. 

Now polarized infra-red investigations’ have shown that, 
at high humidities at least, the base planes in DNA are 
nearly normal to the helix axis. Theoretical considerations!’ 
show that the g-values of such radicals normal to the plane 
of the n-electron system should be nearly equal to the free 
spin value, with slightly larger in-plane values. Reported 
experimental data confirm this. The two in-plane 
values are usually unequal. On this picture we expect all 
the zx-electron radicals to contribute nearly the same 
g-value along the helix axis so that a nearly symmetric 
spectrum results. At low water contents the bases are 
tilted off the helix axis; but even if this were by as much 
as 30° the g-value normal to the base planes would still 
make the largest contribution along the helix axis. 

If this picture is correct the asymmetry of the perpen- 
dicular spectrum presumably arises both from asymmetry 
in contributions from any one radical species due to simul- 
taneous g-value and hyperfine anisotropy as discussed 
above, and asymmetry arising from differences in the 
mean in-plane g-values of the various species supposed to 
be present. In practice, we cannot distinguish these two 
effects. 

One of us (J. P. E.) thanks the British Empire Cancer 
Campaign for Research for a maintenance grant. We also 
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iank Mr. Paul Cooper of the Department of Biophysics At the moment all these parameters are being 
King’s College, London, for supplies of DNA. examined with the view of obtaining quantitative 
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BIOPHYSICS 





Computer Recognition of Cervical Cell Nuclei 


COMPUTER programmes which process data obtained by Fig. 1 
scanning 35-mm films of individual 
sxervical cells are being tested in an 


wttempt to obtain a quantitative defini- Normal 

jon of the differences between normal Call Ba - Cell Ba 

md malignant cels. The scanning 3 p} 

instrument is of an electro-optical nature Computer Selection Manual Selection 


and has a digital output!*. It scans the 
photographic film in an array of points 
with each point yielding a number 
Kbetween 0 and 128) the value of which 
«depends on the emulsion density. The 
scan resolution can be varied from 4 lines 
each with 4 points to 256 lines each with 
512 points. A typical single line scan 
(with 128 points) across a cervical cell 
nucleus is seen in Fig. 1. Normally these 
data are punched out automatically on 
paper tape, suitable for input to a Ferranti 
Sirius computer. 
Having transformed the cell into an 
array of numbers, the problem now is to Channel Number Channel Number 
extract from it parameters which show ; Fig. 2 
significant differences between normal and 
malignant cells. It is essential for the 
solution of this problem that the original 
geometry of the cell nuclei be preserved. 
This has now been achieved in spite of the Malignent 
difficulties encountered when a cytoplasm 
is present. Cell M3e Cell M3v 
The successful preservation of the 
geometry is illustrated by the graphs in 
Figs. 2 and 3, which were obtained after 
the computer had processed data obtained 
from scanning a normal cell and & 
‘malignant’ cell. The object was to obtain 
a measure of the apparent thickness of the 
nuclear surface membrane. As & check on 
the validity of the computer programme 
the same sets of data were processed. 
manually. These results are plotted 
beside the computer’s selections. 
The results for the nuclear surface mem- 
brane are taken from only a small part of cha 
the computer programme which is designed Initial > final nuclear channels 
to extract a number of parameters charac- =F «""""*" Inrhal x final peak channels 
teristic of the cell. It was because of the 
ease of visual display of the nuclear 
surface Beo N it was selected iene Timbe Chanel deeper 
for presentation here. Fig. £ 
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I thank Dr. A. Ward for his advice and Mr. John Gray 
for assistance. 
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University of Strathclyde. 
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G. W. McMaster 


Distribution of Deoxyribonucleic Acid along 
Human Chromosomes 


To the physicist the structure of the 46 normal human 
chromosomes is a problem analogous to that of atomic 
structure with as much fundamental sigmficance. Al- 
though the appearance of artefacts and deviations result- 
ing from variations in the technique of preparing samples 
of human chromosomes introduces, at this time, a degree 
of error into the results, 1t is possible to consider the 
measurement of the distribution of deoxyribonucleic acid 
(DNA) along the chromosome as essentially a purely 
physical problem of structure. 

Elsewhere the electronic instrumentation involved in 
this work has been described in some detail!-4. Briefly, 
the equipment consists essentially of a flying-spot scanner 
which scans a 35-mm transparency of (in this case) a 
human chromosome and converts the image into an array 
of numbers representing the grain densities involved. In 
the work described here the scan consists of 16 lines each 
containing 32 points and the grain density on any one 
point is represented by an integral number lying any- 
where between, 0 and 128. That is to say, the image of the 
human chromosome is scanned with 128 shades of grey. 

The decision to limit the scan to a matrix of 16 x 32 
was made for technical reasons only, and it is hoped later 
to increase this matrix as the equipment is improved 
Nevertheless, even at present, using a 16 x 32 matrix and 
bearing in mind the limitations in the image due to 
diffraction and artefacts, the present matrix appears to 
be of considerable use in discovering the DNA distribution 
along the chromosomes. It is anticipated that, as the 
techniques of preparing the human chromosomes for this 
work steadily improve and artefacts are reduced and as 
the measuring equipment improves, it will be possible to 
make a more and more carefully detailed study of the 
DNA. distribution, that is to say the physical structure of 
the human chromosome. The resulis described here may 
be regarded as a prelimmary survey indicating the likely 
final development of the technique. Eventually, when the 
structure of the normal human chromosomes has been 
discovered in sufficient detail, the 
technique will be applied to a study 
of human chromosomes associated 
with differont physiological con- 
ditions in human beings, particu- 
larly those mvolving malignant 
growths. 

For convenience, chromosomes 4 
and 12 were selected for study, as 
they are obviously different when 
viewed by the human eye. The 
transparencies of the chromosomes 
were inserted into the scanning 
instrument and the images of each 
of the chromosomes were trans- 
formed into a 16 x 32 matrix of 
numbers. These numbers were 
observed visually on a display tube 
as a check on the scanning procedure 
and then punched out on paper-tape. 
The paper-tapes were anelysed by a 
Ferranti Sirius computer program- 0 10 
med to provide two forms of output 
data. The first form consists of a 
geometrical print-out, an array 
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of crosses indicating when a number was above a» 
arbitrarily selected background-level. The result of suc 
a print-out is shown in Fig. 1 for chromosomes 4 and 1: 
The second form in which the data appear from tl 
Serius computer consists of a series of 32 numbers; each < 
these numbers represents the sum total of all th 
numbers appearing in that particular vertical column c 
the original matrix. That is to say, these numbers repre 
sent the total DNA at a particular point along th 
chromosome, the distance along the chromosome bein 
determined by which of the particular columns is bein 
considered. This type of analysis is particularly interest 
ing, as a graph of these 32 numbers gives essentially th 
DNA distribution along the chromosome, and typica 
results for chromosomes 4 and 12 are shown in Fig. 2. 
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Ekt can be seen from Fig. 2 that the vamation in DNA 
tribution along the two chromosomes is quite striking 
hough it should be stated that these are preliminary 
sults and there is some reason to believe that the stain 
ing used may in itself tend to be taken up with variable 
iciency along the chromosome and therefore the stain 
nsity, which is of course the quantity being measured. 
not a very accurate representation of the DNA. 
stribution. This factor of the best choice of stain is 
ing investigated at this laboratory, and it is hoped to 
d a stain which is sufficiently dark for scanning purposes 
d which also is taken up uniformly by the DNA present. 
Other results on chromosomes 4 and 12 show essentially 
e same type of structure as indicated in Fig. 2, and a 

‘ogramme is now under way to discover the essential 
«atures of the DNA distribution along all the 46 normal 
iman chromosomes. 

This work was made possible by research grants from 
1e Medical Research Courcil and the Department of 
sientific and Industrial Research. I thank Mr. J. Gray, 
iss L. Robertson and Mr G. Fraser, head of the Computer 
nit at the University of Strathclyde, for their help. 
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BIOCHEMISTRY 


mecretion of Newly Synthesized Insulin in vitro 


Ur to the present, there has been little information 
vailable concerning the rate at which newly synthesized 
rotein hormones may be secreted, following the stimula- 
ion of endocrine glands. In recent work on the synthesis 
f insulin within pancreas slices, in vitro, it became of 
nterest to determine whether or not newly synthesized 
nsulin may be released directly into the incubation 
nedium, or alternatively whether or not release of insulin 
night be delayed following its accumulation within 6- 
rranules. It has already been suggested by Lacy’ that 
lease of insulin from @-cells in response to glucose in- 

volves the movement of these granules to the cell surface, 
«vhere they are released into blood vessels. 

In the experiments to be reported, insulin was labelled 
tby incorporation of label into pancreas slices in vitro, and 
nts release into media containing glucose studied. When 
wabbit pancreas slices are incubated ın physiological 
media, such as Krebs-Ringer bicarbonate, there is a small 
release of insulin at low glucose concentrations, though this 
1s very greatly increased when the sugar concentration is 
raised. The increased release of insulin has been shown to 
reflect, at least qualitatively, the physiological behaviour 
of B-cells in vwo?. To label the insulin, rabbit pancreas 
slices were incubated for 1 h with tritiated leucine of high 
specific activity by methods which have already been 
described in detail elsewhere®*. The incubation medium 
was then poured off and the pancreas slices washed 
thoroughly with fresh medium to remove excess radio- 
activity. The slices were then incubated for 30 min in a 
medium containing low concentrations of glucose 
(50 mg/100 ml.). For the final l-h incubation phase, the 
medium was again discarded and the pancreas slices 
divided into two parts, one being incubated in a medium 
of low glucose concentration (50 mg/100 ml.), the other 
being incubated in medium containing a much higher 
concentration of glucose (250 mg/100 ml.). The medium 
was gassed with 95 per cent oxygen and 5 per cent carbon 
dioxide before each incubation phase. Insulin inthemedium 
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derived from the final incabation phase was assayed by an 
immunological method’, end isolated from the medium so 
that its specific radioactivity might be determined. 

The isolation of labelledinsulin in the medium was carried 
out by an immunological technique, based on the precipi- 
tation of an insulin-ant body complex by means of an 
anti-y-globulin. For this purpose, the whole medium was 
dialysed against distillec water and freeze dried. The 
proteins were then dissol~ed in a small volume of 0-003 M 
hydrochloric acid, and allowed to react with 0-5 ml. of a 
potent anti-serum made >y repeated injection of crystal- 
line ox insulin into guinza-pigs®. The whole y-globulin 
fraction was then precipitated by the addition of a rabbit— 
anti-guinea-pig y-globulirserum. The precipitate obtained 
was spun off, and after washing with saline, the insulin 
was regenerated from ıt by acid, and further purified by 
two-dimensional chromac-ography and electrophoresis on 
paper as previously described‘. Insulin regenerated was 
assayed in the extract ky immunoassay. The results of 
two representative incukations are shown in Table 1. 


Table 1 


Insulin release into medium in Specife radioactivity of insulin 


final incubation phase extracted from medium 
Exp. (mvU/flask/h (c.p m./ug) 
Low glucose High zlucose Low glucos igh glucose 
1 6-48 ai 4 1,040 567 
2 7:36 3'1 912 552 


It will be seen that when pancreas slices are mcubated 
in a medium containing a low concentration of glucose 
for 1-5 to 2:5 h after the start of labelling, there 1s some 
release of labelled insulic. However, when the final phase 
of incubation is in a medium of high glucose concentration, 
insulin release from the slices 1s increased several-fold 
while the specific activizy of the insulin falls markedly. 
Very recently, similar sults have been obtained from 
experiments in which the medium was extracted with 
acidic ethanol and the crude insulin precipitated with 
ether-ethanol’ before pu-ification by the method already 
described here. In two such experiments the ratio of 
insulin output in the High glucose medium to that in 
medium of low glucose content was 4:08:1, while the 
ratio of specific activitms of the insulin extracted was 
0:35: 1. It seems, therefore, that the greater part of the 
insulin secreted in respoase to a glucose stimulus has not 
been synthesized in tk» preceding 1-5-2°5 h. These 
results are in marked contrast with those obtained for the 
secretion from liver of rewly synthesized albumin. which 
is known not to be stored in granules®. 

In pancreatic acinar tsue there is evidence from auto- 
radiographic studies that newly synthesized secretory 
proteins appear first in tne rough surfaced elements of the 
endoplasmic reticulum, then ın the Golgi complex and 
finally after 1 h in the zymogen granules, from which they 
begin to be discharged 2 h after synthesis®. From the 
results described here, it seems possible there may be 
analogies between the secretion of newly synthesized 
insulin and the discharge of recently made secretory 
proteins. 

We thank the Medical Research Council, the 
British Diabetic Association and British Insulin Manu- 
facturers for financial assistance for various aspects of 


this work. S. L. HOWELL 
D. G. Parry 
K. W. TAYLOR 
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King’s College Hospital Medical School, 
Denmark Hill, London, 8.E.5. 
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Hormonal Control of Lipid Concentration in 
Rat Heart and Gastrocnemius 


In perfused rat heart and isolated rat diaphragm the 
rate of release and oxidation of fatty acids from muscle 
glycerides is increased by alloxan-diabetes!. These 
changes in diabetes involve actions of growth hormone 
and corticosteroids in insulin-deficient rats because they 
are not seen in muscles of hypophysectomized diabetic 
rats unless the animals are treated with growth hormone 
and cortisol’, As part of an investigation of the mechan- 
isms of these changes we have investigated the effects of 
diabetes, hypophysectomy and treatment with growth 
hormone and cortisol on the concentrations of glycerides 
and phospholipids in rat heart and gastrocnemius (the 
latter as a representative skeletal muscle). The methods 
and procedure were as follows. 

Rat hearts were perfused for 10 min with medium 
containing glucose (5:5 mM) and insulin (0-1 unit/ml.), 
and the excised ventricles frozen with a tissue clamp and 
powdered in a percussion mortar®. Gastrocnemius 
muscle was frozen in acetone-solid carbon dioxide mixture 
and powdered after 10 min of hind-limb perfusion through 
the abdominal aorta with the foregoing medium containing 
glucose (11 mM) but no insulin. These perfusions remove 
blood and blood lipids. Details of induction of alloxan- 
diabetes and treatment with growth hormone and cortisol 
were as described elsewhere*. The frozen muscle powder 
was extracted with chloroform/methanol (2:1 v/v) 
{15-30 ml./g) in a Potter homogenizer, allowed to stand 
at 0° for 2 h and centrifuged. The supernatant was 
shaken with 0-3 vol. of 4 mM magnesium chloride and 
phases separated by centrifugation after 30 min. The 
chloroform phase was evaporated to dryness at 70° and 
the residue taken up in about 7 ml. of chloroform and a 
sample (0-5 ml.) taken for determination of phospholipid- 
P (ref. 3), after evaporation of chloroform and oxidation 
with 0:15 ml. concentrated H,SO,/HCIO, (2:1 v/v). The 
remainder was shaken with 0-5 g silicic acid to remove 
phospholipid‘ (confirmed by assay of phospholipid-P). A 
sample of supernatant (4 ml.) was evaporated to dryness 
and glycerides separated by thin-layer chromatography 
on ‘Silica Gel G’ (Merck) using as solvent petroleum ether 
{fraction 40°-60°)/di-ethyl ether/methanol/acetic acid 
(90: 20:2:3 v/v). As markers crude triolein (British 
Drug Houses, Ltd.) containing mono- and di-olein, and 
pure tripalmitin and mono-olein (Hormel Institute, 
University of Minnesota), were used (about 0-5 umole). 
The Rr values of the separated classes were: mono- 
glycerides 0-05; diglycerides 0-45; triglycerides 0-90. 
The spots, located by markers, were scraped from the 
plate and extracted twice with 2 ml. of chloroform/ 
methanol (2:1 v/v). The extract was evaporated to 
dryness at 70°, saponified with 0-5 ml. 4 per cent potassium 
hydroxide in 95 per cent ethanol for 30 min at 60°, 
acidified with 0-5 ml. 10 per cent HC10,, neutralized with 
saturated KHCO,, and KCIO, separated by centrifugation 
at 0°. Glycerol was assayed enzymatically in the super- 
natant®. Recoveries (using 1-[!4C]-palmitate labelled 
tripalmitin from the Radiochemical Centre, Amersham, 
added to extracts of heart) were in excess of 90 per cent. 
Recovery of mono-olein was in excess of 80 per cent. 
- Contamination with phospholipid-P was less than 0-05 per 
cent. 

The results are shown in Table 1. In the glyceride 
series the concentration of triglyceride was greatly in 
excess of that of di- and mono-glyceride, the concentration 
ratios being 140: 1:6 in normal rat heart and 120:1:4 
in normal rat gastrocnemius. These values indicate 
that loss of the first fatty acid may limit triglyceride 
breakdown in muscle. The concentration of triglyceride 
in heart and gastrocnemius was significantly increased by 
alloxan-diabetes. In hypophysectomized rats alloxan- 
diabetes failed to increase the triglyceride concentration 
unless the animals were treated with growth hormone 
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Table 1. GLYCERIDE AND PHOSPHOLIPID CONCENTRATIONS IN RAT HE 
AND GASTROCNEMIUS 


Concentration poles dry wt. 
Digly- Monogly- Phospholi 
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Rat Tissue ‘Trigly- 
ceride ceride ceride phospho! 
Normal (6) Heart 13-641:4 0-1 0:6 184+8 
Alloxan-diabetic (6) * 28-2+1°9 0:6 0:7 _ 1638 
Hypophysectomized (6) 10:3 +13 0-4 0:7 14344 
Hypophysectomized 
diabetic (6) 10-6+0 9 0-3 0-7 164+4 
Hypophysectomized 
diabetic treated 
growth hormone and 
cortisol (4) * 22:9+3-7 — - 14245 
Normal (8) Gastroc- 
nemius 12415 0-1 0:4 6442 
Alloxan-diabetic (8) 28 +27 0-4 0:5 63+1 


*P<0-01 versus control. No. of muscle samples given in parentheses. 


and cortisol. The concentration of diglyceride (measure 
on pooled extracts) may also have been increased 
alloxan-diabetes whereas the concentrations of mon 
glyceride and phospholipids appeared to be unchange 
When. hearts from normal rats were perfused for 60 m 
without substrate the triglyceride concentration fell fro. 
18-7+0°8 (8) to 8-7+0-7 (8) (umoles/g dry wt.; mes 
+S.#. with number of hearts). No significant change 
phospholipid was detected (186 + 6-171 + 7). 
These observations lead us to conclude that hea 
muscle triglyceride is broken down during perfusion, thi 
providing fatty acid for oxidation®. Evidence for tk 
location of this glyceride in muscle cells has been pr. 
sented!»?, The concentration of triglyceride, but nc 
that of phospholipid, is increased by actions of growt 
hormone and cortisol in an insulin-deficient rat. Lor 
of the first fatty acid from triglyceride appears to lim 
breakdown in both normal and diabetic rats. The ro: 
of increased triglyceride concentration in accelerate 
lipolysis in diabetic muscle! and the source of muscM 
glyceride (that is, whether derived from plasma glycerid 
or plasma not-esterified fatty acids) is under investigation 
We thank Mr. R. O. Law for help with perfusion c 
hind limbs and the British Diabetic Association, th 
Medical Research Council and the Royal Society for grants 
R. M. DENTON 
P. J. RANDLE 
Department of Biochemistry, 
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Acrylamide-gel Electrophoresis of 
B-Lactoglobulins stored in Solutions at pH 87 


Native §-lactoglobulins-A and -B, mol. wt. 35,500, 
can reversibly dissociate into sub-units of mol. wt. 17,750 
in acidic! or alkaline? solutions. Aggregation of B-lacto- 
globulin-A to a tetramer structure hes been observed! in 
solutions of pH 3-5-5-2 stored at 4° C. Irreversible 
denaturation of 8-lactoglobulin occurs on heating? neutral 
solutions above 65° C or on storage*-5 in alkaline solution 
at 25° (slowly in the pH range 8-9-5, more rapidly in 
solutions of higher pH). This denaturation was shown by 
changes in iso-electric solubility, optical rotation and light 
scattering; Tiselius electrophoresis in ‘Verona! (pH 8-4) 
buffer separated one, or occasionally two, faster-migrating 
components in addition to native #-lactoglobulin. An 
initial reversible splitting followed by irreversible aggre- 
gation was postulated’, but the nature and number of 
products formed were not studied further. Bingham, 
Krugman and Estermann?! recently noted that stored 
samples of B-lactoglobulin were separated by acrylamide 
disc electrophoresis’? into five bands whereas the fresh 
material split into only two bands; they gave no indication 
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the pH or composition of the @-lactoglobulin samples. 
is communication reports the progressive formation of 
least eleven new species when $-lactoglobulin-A or -B 
-A/B is stored in alkaline solution. 











ts were separately prepared? from the milks of 
idually-typed Ayrshire cows’, and the A/B mixture 
pooled herd milk, and each was freeze-dried. Each 
‘as electrophoretically pure (Fig. 1, a, 6, c). The protem 
0 mg) was dissolved in buffer solution (1 ml.) consisting 
0-076 M tris titrated to pH 8-7 with HCI and containing 
-10 M NaCl, and stored for several days at 2° C. Aliquots 
ere removed daily for electrophoretic examination. 
Sample solutions containing 100 ug of $-lactoglobulin 
‘vere separated by vertical dise electrophoresis’? in 11 per 
went acrylamide-gel rods. The gels were prepared in 63 x 
mm glass tubes using ‘Cyanogum 41’ (a mixture of 
gael and methylenebisacrylamide; B.D.H., Ltd., 
oole, England) dissolved in 0-076 M tris titrated to pH 
-6 with citric acid. The electrode tanks contained 0-3 M 
ric acid titrated to pH 8-5 with sodium hydroxide’. It 
not necessary to use the system’ of additional ‘spacer’ 
‘sample’ gels of weaker acrylamide concentration 
lymerized on top of the main gel column; the sample 
olution, made more dense by addition of 10 per cent 
-ucrose and made visible by a trace of bromophenol blue, 
evas layered directly on to the flat top of the 11 per cent 
‘acrylamide gel underneath the tank buffer solution. After 
»lectrophoresis for about 1 h at a constant current of 4 
m.amp per gel rod, the rods were stained with amido 
lack and electrolytically de-stained. The gel rods were 
«stored in 7 per cent acetic acid, and photographed under 
strong back-lighting. 
The electrophoretic patterns revealed a progressive for- 
‘mation of slower-migrating protein bands as the storage 
iod increased. After one day about three new bands 
visible (Fig. 1, d, e, f) and after seven days there were 
tat least eleven sharp, slower-migrating bands. The 8-A 
wand 8-B and 8 A/B mixture appeared to behave similarly, 
giving equal numbers of new bands at the same rate. 
After seven days storage nearly all the original 6- 
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lactoglobulin bands had disappeared (Fig. 1, g, h, i) from 
the alkaline solution, but a control sample of 1 per cent 
8-lactoglobulin in 0-076 M tris titrated to pH 7-0 with 
hydrochloric acid still showed only the original (fast) 8- 
lactoglobulin band and no new bands. Portions of 7-day- 
old alkaline solutions were titrated to pH 6-0 and examined 
after storage at this pH Sor several days further, but their 
electrophoretic patterns »emained identical to those of the 
7-day-old alkaline solution. This shows that the formation 
of the new species is incuced by the high pH and is not 
reversible by subsequent acidification. Because of the 
molecular-sieving effect of 11 per cent acrylamide gels*', 
it is probable that the slower-migrating bands represent 
progressively higher molecular weight aggregates formed 
slowly from either the eriginal 8-lactoglobulin molecules 
(mol. wt. 35,500) or their half-units. The amount of 
aggregation did not cause precipitation from the pH 8-7 
solutions even after stcrage for several weeks, and no 
protein material remained on the origin of the gel rod after 
electrophoresis. 

Probably the new speeies result from alkaline oxidation 
of cysteine residues, linkmg adjacent -lactoglobulin mole- 
cules by a disulphide bend. The similarity of heat- and 
alkali-induced aggregatien is now being investigated. The 
foregoing results emphasize that $-lactoglobulin or whey 
protein solutions shoulc always be freshly prepared for 
routine electrophoretic examination and not stored in 
alkaline solution. 

I thank Mr. M. Rogers for his help. 
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Haemoglobin Pelymorphism in the Cod 
(Gadus morrhua): a Single Peptide Difference 


HAEMOGLOBIN of the cod (Gadus morrhua), when sub- 
mitted to agar-gel electrophoresis at pH 7-3, shows a clear 
polymorphism. 

Using this technique Sick! showed the existence of three 
patterns (Fig. 1) suggesting a single gene control for the 
fast bands Hb Il and Hb I2. Furthermore, he found the 





Hb Il-2 


Type: Hb Il 


Fig. 1. of patterns of cod haemoglobin subjected to agar- 
= wager «Fh car phosphate buffer 0-02 M, pH 7°3 ti 
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frequencies of the three types, Il, I2, 11-2, to be in good 
agreement with the expected values according to the 
Hardy—Weinberg law. 

_ In order to investigate the nature of this polymorphism 
in terms of structural differences, we analysed several 
sumples of cod haemoglobin by means of the ‘finger- 
printing’ technique. 

Whole blood samples, collected by heart puncture in 
ACD solution, were washed and haemolysed, and the agar- 
gel electrophoresis was performed at once, following the 
technique of Sick. The three patterns were easily found. 

The haemoglobins of the same type were pooled together, 
and purified by starch-block electrophoresis (‘Veronal’, 
0-05 M; pH 8-6). Since the two bands Hb Il and Hb I2 
of the heterozygotes are not resolved with this method, 
the fast bands I1 and 12 of the homozygotes were isolated, 
checking the purity of the eluted fractions by agar-gel 
electrophoresis. From the eluted haemoglobin, globin wes 
prepared (by the method described in ref. 2, modified by 
using low temperature). The globin was then submitted 
to tryptic hydrolysis, using a pH-stat, and fingerprinted®. 

The patterns obtained (Fig. 2) were absolutely identical 
for the two types examined. The specific staining for 
arginine, tyrosine, histidine, tryptophan and S-amino- 
acids also failed to reveal any differences. 

The use of « different solvent for the chromatography*, 
the analysis of the neutral zone of the fingerprint by high- 
voltage paper electrophoresis at pH 3-5, and the ‘extended 
fingerprint’ technique’ also gave the same negative result. 

The globin was then submitted to chymotryptic 
digestion, and fingerprinted’. The patterns of the two 
types Il and I2 were found to be exactly the same, except 
for a clear peptide spot in Hb Il with no counterpart in 
Hb I2 (Fig. 3). The extra spot was also present, more 
faintly coloured with ninhydrin, in Hb 11-2 (the hetero- 
zygote type in Sick’s hypothesis). The specific staining 
showed the extra peptide to contain hystidine, but no 
other differences were found on comparing the patterns of 
the two types. Again, using the solvent suggested by 
Baglioni, the analysis of the neutral zone peptides by 
paper electrophoresis at pH 3-5, and the extended fingerprint 
revealed no other difference than the extra peptide in HbI1. 

The trypsin-resistant ‘core’ was then analysed by diges- 
tion with chymotrypsin and fingerprinting. The ‘core’ was 





Fig. 2. Tracing of at 
The pattern is t 


cal fingerprint of trypsin-digested cod haemo- 
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Fig. 3. Tracing of a typical fingerprint of chymotrypsin-digested cod 
haemoglobin. The shadowed spot is present in type Hb fi only 





Tracing of a typical fingerprint of the trypsin-resistant ‘core’ 

tally shadowed spot (right) is 

present in type Hb I1; the ira wa Se oaii spot (left) is present in 
ype -= 


Fig, 4. 
digested with chymotrypsin. The horizon 


obtained by spinning down at pH 8 the undigested globin 
of a tryptic digest, lowering the pH of the supernatant to 
6-5, and heating it at 100°; the precipitated peptides were 
then spun down, and washed three times with diluted 
Michl’s buffer, pH 6-4. 

The ‘cores’ of the two types Il and I2, digested with 
chymotrypsin, gave fingerprints differing only by the 
position of one peptide, moving a little faster towards the 
cathode in type I2 (Fig. 4). 

The speeific staining and the alternative methods de- 
scribed did not reveal any other differences between the 
two patterns. It should be mentioned that the critical 
peptides did not stain for histidine. 

Two questions are raised by these findings, namely: (1) 
What is the difference, in terms of amino-acid composition, 
between the two peptides with different mobility in the 
fingerprints of the chymotryptic-digested ‘cores’? Since 
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nge in position is indeed small, the substitution, if 
ould involve two neutral amino-acids. A pre- 
nalysis seems to suggest that this is so. (2) What 

relationship between the aforementioned ‘core’ 
and the ‘extra’ one in Hb 11 chymotryptic digest? 
answors will come only from sequence analysis of the 
: peptides. 
is work was carried out in the Laboratory of the 
partment of Paediatrics of the University of Groningen. 
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Factors affecting the Amount and Composition 
- of the Serum Seromucoid Fraction 


- Tue glycoprotein-rich seromucoid fraction? is isolated 
y first precipitating most serum proteins with perchloric 
acid—seromucoid being precipitated from the filtrate with 
_hosphotungstic acid. The solubility of certain glyco- 
roteins in perchloric acid is assumed due to covalently 
ound hexose, hexosamine, fucose and sialic acid residues. 
hus, seromucoid contains perchloric acid-soluble 
-rosomucoid, Zn-a,-glycoprotein, haemopexin, the hapto- 
lobins and 3:5 S «,-glycoprotein? with total carbohydrate 
nd sialic acid contents above 8-0 and 3-3 per cent respect- 
wely. Insoluble glycoproteins, absent from seromucoid, 
nelude «,-macroglobulins, ceruloplasmin and transferrin 
vith less carbohydrate content. Seromucoid also contains 
small amounts of co-precipitated albumin, pre-albunnn 
and y-globulins which, when pure, are perchloric acid- 
_nsoluble. 

< If a causal relationship were to exist between glyco- 
protein solubility and carbohydrate content, then removal 
of carbohydrate residues from glycoproteins should 
decrease their solubility in perchloric acid and lead to 
ecreased seromucoid precipitation. Since terminally- 
‘bound sialic acid residues on glycoproteins can be seleet- 
rely removed by neuraminidase, the effect of this carbo- 
‘hydrate on glycoprotein solubility in 0-6 M perchloric acid 
has been investigated. 

“Normal human serum, containing 60 mg glycoprotein- 
ound sialic acid/100 ml., was used; the seromucoid-level 
yas 103 and 16-7 mg/100 ml., expressed in terms of 
rotein and hexose contents respectively. Seromucoid 
as precipitated’ before and after treatment of serum with 
euraminidase (E.C. 3.2.1.18), the source of which was 
eceptor destroying enzyme (R.D.E.) from Vibrio cholerae 
Burroughs Wellcome and Co., London). To 10 ml. of 
serum were added 10 ml. of 0-2 M acetate buffer (pH 5:5, 
‘eontaining 10-* M ealcium acetate) and 3 ml. @-1 N hydro- 
ehloric acid, the final pH being 5-5. To 4-ml. aliquots were 
dded 2 ml. R.D.E. These mixtures were incubated at 
7°, At varying time intervals (0-24 h) 24-8 ml. 0-9 per 
ent sodium chloride was added to each mixture, and 
e sialic acid estimated in 0-2 ml. aliquots’. To 30 ml. of 
e remaining mixture were added 14-96 ml. of 1:8 M 
erchloric acid; the precipitated proteins were separated 
-by filtration through No. 50 Whatman filter paper after 
‘min. The seromucoid fraction was then precipitated 
ym. 32 ml. of the filtrate with 6-4 ml. of phosphotungstic 
id reagent (5 per cent, w/v, in 2 N hydrochloric acid), 
measured turbidimetrically at 400 my after standing 
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for lSmin. The fraction wasthen centrifuged down, washed © 
with 10 ml. 95 per cent v/v) ethanol, dissolved in 4 mi. 
0-1 N sodium hydroxide, and estimated for hexose and 
protein’. As is seen in Fig. 1, the enzymatic removal of 
sialic acid from serum gl-copreteins was accompanied by 
decreased seromucoid precipitation. Sialic acid residues 
evidently confer hydropaylic properties on some serum 
glycoproteins, their removal decreasing glycoprotein 
solubility in perchloric azid, thus decreasing the amount.. 
of seromucoid precipitated frora the perchloric acid filtrate 
by phosphotungstic acid. This effect was particularly 
noticeable when seromucoid was estimated turbidimetric 
ally®. a 
Glycoproteins with desreased perchloric acid-solubili 
following sialic acid removal are probably relatively low 
carbohydrate content sinze purified orosomucoid, contam- 
ing 40 and 12 per cent tetal carbohydrate and sialic acid. 
respectively, remained perchloric acid-soluble after the: ~. 
complete removal of sialic acid, presumably because the 
amounts of hexose and hexosamine remaining were. 
sufficiently high to maintain solubility. oh 

The presence in seromucoid of serum proteins which are 

normally perchloric aciG-insohuble may result from the: 
‘protective’ properties of glycoproteins’. The protective 
effect of serormucoid on the precipitation of albumin by | 
perchloric acid was therefore investigated, using seromucoid 
(containing 4 per cent sialic acid) isolated from normal 
serum by the precipitation method deseribed in Fig. 1. To 
five tubes containing albumin (0-8 mg), dissolved in 0-1 mal. 
0-9 per cent sodium chloride, were added increasing 
amounts of seromucoid (0-1 mg), dissolved in 0-1 mil. 
0-05 N sodium hydroxide, To each tube was added 3 ml. 
phosphate buffer (02 M, pH 7:4) followed by 1-6 mil. 
1:8 M perchloric acid; the albumin precipitated was 
measured turbidimetricaly at 400 my after 10 min. From 
Fig. 2, it is evident thet seromucoid protected albumin 
from precipitation by perchloric acid. 

Serum glycoproteins function as protective colloids, 
probably enabling smal. amounts of normally insoluble 
substances, such as albumin, pre-albumin and -globulins, 
to remain soluble on the addition to serum of perchloric 
acid, addition of phosphotungstic acid to perchloric acid 
filtrates causing them tc precipitate with the seromucoid 
fraction. The presence of these normally insoluble sub- 
stances in seromucoid, therefore, depends on the amount 
and protective efficiency of serum glycoproteins, which. 
may vary in pathological conditions. 

Factors affecting seromucoid precipitation are of some 
importance, since these levels vary in disease’ and are 
claimed to be of value ir cancer diagnosis and in assessing 
response to treatment®. This is particularly relevant in 
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Fig. 1. Decreased precipitateoon of scromucoid following the removal of 

sialic acid from serum glycooroteins. Seromucoid-levels were determ- 

ined turbidimetrically (©), and by estimation of seromucoid protein (A) 

and hexese ({]) contents. ‘Results are expressed as the percentage 

decrease in the seromucoid fraction following the progressive enzymatic 
removal of sialic-acid from serum glycoproteins 
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Fig. 2. Protective effect of seromucoid on the precipitation of albumin 
by 0:6 M perchloric acid. as was estimated turbidimetrically at 
mye 


-~ view of recent reports that orosomucoid, isolated from 
- the serum of patients with eertain diseases, is sialic 
acid-deficient’®". If other serum glycoproteins also lack 
sialic acid, low seromucoid-levels may result due to 
“decreased glycoprotein solubility in perchloric acid. 
Whether the low seromucoid-levels observed in patients 
with parenchymatous liver diseases!? result from defective 
synthesis in the liver! producing sialic acid-deficient, 
perchloric acid-insoluble glycoproteins must await further 
knowledge of the composition of these substances in ab- 
normal sera, the perchloric acid-solubility and protective 
properties of which appear dependent on the nature and 
amount of covalently bound carbohydrates. 
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Tubular Site of Urate Secretion in the 
a Rabbit 

In the rabbit a pronounced secretion of urate during 
infusion of urate has been shown!. In the Dalmatian 
-dog secretion of urate may be readily demonstrated, 
while re-absorption of urate prevails in the mongrel 
“(that is, non-Dalmatian) dog. A proximal re-absorption 
of urate in the mongrel deg has consistently been observed 
by the stop-flow method?-*, whereas secretion has been 

~~ found at this site in the Dalmatian dog®™t, Yü et al.4 

-= have suggested that a weak secretion of urate also occurs 
_. in the distal tubule. We have examined the site of urate 
secretion in the rabbit by the stop-flow method and with 
‘the aid of labelled urate. 






















E spiration pump, and polye ylene ca j 
. inserted in the jugular vein and carotid artery 






























side, and in the right ureter. The stop-flow procedt 
was similar to the method of Malvin et al.5. An infusi 
containing creatinine (0-5 per cent), mannitol (5 per ce: 
and in some instances urate (0-1 per cent), dissolved. 
physiological saline, was given through the veno 
cannula at a rate of 23 ml./min. One minute befe 
releasing the occlusion, a solution containing 250 rs 
inulin and either 50 mg urate or 15 ue. 8-“C-urate w 
injected over a period of 30 sec. Urate was analysed’ 
an enzymatic method*. Radioactivity was measured 
a Packard “Tri-Carb’ scintillation counter after dissolvi 
50 ul, of urine in 5 ml. of Bray’s mixture’. 

Fig. 1 gives the results of an experiment in whi 


50 mg of urate was injected post-occlusively. The conce 
tration of Nat, urate, and inulin has been plotted as- 
function of the amount of urine collected after the stoj, 
flow period. Corresponding to the dip in the Nat-cury 
(which marks the distal part of the nephron), the urat 
concentration increases sharply. The concentration w 
urate reaches a peak value after collection of e. 4 ml. 
urine. It can be seen from Fig. 1 that an increase. 
urate concentration occurs just before the appearance € 
inulin (the inulin indicates formation of new glomerula. 
filtrate after the stop-flow period). The experimen 
thus shows a pronounced permeation of urate across the 
proximal tubules. 

In the experiment shown in Fig. 2 urate was infuse 
during the whole experiment, and probenecid—whie.. 
inhibits urate secretion in the rabbit-—was administeres 
intravenously in a dose of 100 mg/kg prior to the stop-fiov. 
period. At the end of the ocelusion period labelled urat 
was infused along with inulin. It appears from Fig. | 
that radioactivity in samples originating from the dista 
tubule is very small. An increased number of counts i 
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ved concomitantly with the excretion of inulin in 
urine. It is seen that the rise in the ‘radioactivity 
>is only slightly greater than that for the inulin 
re. On the basis of these findings it may be concluded 
at- probenecid strongly inhibits an active transport of 
ite from the plasma to the tubular fluid in the proximal 
bules. 

The two curves on the left side of the diagram show a 
ot of the U/P values of chemically determined urate 
d creatinine. A pronounced rise in the U/P values for 
ate and creatinine is observed in samples from the distal 
bule. Creatinine may be used as an approximate 
easure of glomerular filtration rate in the rabbit, and 
6 increase in the distal concentrations of creatinine 
uring stop-flow conditions is due to re-absorption of water 
lowing the re-absorption of Nat). The U/P values 
r urate are a little below the corresponding ones for 
veatinine. A similar relationship between the excretion 
urate and creatinine after administration of probenecid 
found under free-flow conditions, and so it must be 
neluded that the re-absorption of water in the distal 
rt of the nephron accounts entirely for the increased 
neentration of urate during the stop-flow period. No 
-et transport of urate can be demonstrated, and since 
he distal tubule is practically impermeable to the radio- 
active urate, infused during the occlusion, urate has 
‘ither moved out of or into the tubular fluid of the distal 
aart of the nephron. 

~The experiments thus show that the secretion of urate 
a the rabbit is localized to the proximal tubules and 
aay be almost completely inhibited by administration of 
Probenecid. In contrast, the distal part of the nephron 
8 virtually impermeable to urate. 
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< Response of Melanocytes of Dermis and 

: Epidermis to Lightening Agents 

‘Ts frog has been prominent in investigations of 
hormonal control of human skin colour. The excised skin 
of Rana pipiens is sensitive to a-melanocyte stimulating 
hormone (a-MSH); less than 10-"' g added to 20 ml. of 
inger’s solution containing the specimen produces 
arkening. The responsiveness of frog skin to MSH led 
to its use in an in vitro frog skin assay! which played an 
important part in the isolation and identification of a- and 
8-MSH?. These peptides when administered systemically 
darken human skin®*, The use of the frog skin assay led 
‘also to the isolation of an indole, melatonin, which is 
‘synthesized in the pineal’. When added to frog skin 
previously darkened with MSH, melatonin was found to be 
‘avery potent lightening agent. Other compounds sharing 
‘this ability to lighten MSH darkened frog skin are nor- 
epinephrine and acetylcholine’. 

~~ Tt is the purpose of this communication to contrast the 
-effect of these lightening agents on dermal and epidermal 
melanocytes. 

Frogs were decapitated, the skins removed and washed 
1 four changes of frog-Ringer’s solution for 3 h before use. 
kins were mounted on rings, placed in beakers containing 
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20 ml. Ringer’s solution and reflectance (skin colour) was 
measured with a ‘Photovolt’ model 610 reflectance meter 
as described: | 

Specimens were fixed in 10 per cent formol-saline for 
30 min, then incubated with 0-5 per cent trypsin (1 : 250 
Difeo) for 10 min at 30°. The specimen was then rinsed 
and, under observation with a dissecting microscope, the 
epidermis was peeled frora the dermis. 

Examination of the epidermis in an area of a dark skin 
marking revealed contracted melanocytes with a rare: 
projection (Fig. 1). Five units of MSH, added to the speci 
men 60 min before fixetion, effected the expansion o 
epidermal melanocytes to srborized, dendritic fort 
with long-branched prozesses, morphologically indis 
guishable from mammalian melanocytes (Fig. 2). 

Melatonin (2 x 10-3 ug? added to a skin darkened for 60 
min with 5 units of MSH produced almost complete 
lightening (increased reflectance) to a pre-MSH treatment 
value within 20 min. The epidermal melanocytes (Fig. 3), 
however, were identical with epidermal melanocytes of the 
MSH-darkened skin. . 

This laek of response ef frog epidermal melanocytes to 
melatonin is consistent with its lack of effect on human 
skin colour? and guinea-pig epidermal melanocytes*. 

Dermal melanocytes from the preceding specimens were 
found to be contracted and compact before the addition of 








Fig. 1. Epidermis from skin of Rana pipiens which has been fixed and 
separated from dermis as indicated in text. The specimen was cleared in 
xylene and mounted on a glass slide. The skin was washed for 3 h in 
Ringer's solution, before fixation. The melanocytes are dense and con- 
tracted. A rare dendritic process is filled with melanin granules. Notice 
the extra-melanocytic melarin granules in the epidermis. (x 468) 





Fig. 2. Epidermis from a spesimen exposed to 5 units of MSH for 60 min 
before fixation. The cell bodies are less dense than in Fig. 1. Melanin 
granules fill the dekwate dendritic processes, (x 468) 
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Fig, 3. Epidermis from a specimen exposed to 5 units of MSH for 60 

min to which melatonin 2 x 10 ug was then added 20 min before fixa- 

tion. The epidermal melanocytes are identical with those fixed in 
formalin before treatment with melatonin (Fig. 2). (x 468) 


MSH. MSH effected the expansion of dermal melanocytes 
to stellate, dense forms. The addition of melatonin to the 
specimen darkened with MSH caused the dermal melano- 
cytes to contract to the pre-MSH state. 

Two other agents, acetylcholine and norepinephrine, 
are powerful lightening agents for MSH-darkened frog 
skin’. Acetylcholine (5x 10-? M) or norepinephrine 
(6x 10-* M) when added to speeimens darkened with 
MSH produced 90 per cent lightening (increased reflect- 
ance) and contraction of the dermal melanocytes to the 
pre-MSH state. Neither acetylcholine nor norepinephrine, 
however, caused any morphological alteration in epidermal 
melanocytes previously expanded by MSH. 

It is apparent from these observations that dermal 
melanocytes have a qualitatively different response to 
melatonin, acetylcholine and norepinephrine from epider- 
mal melanocytes. Both populations of melanocytes 
respond similarly with melanin granule dispersion to 
MSH”, 

This work was supported by U.S. Publie Health Service 
grants AM 08073, TT-AM-1003, and CA--04679. 
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Role of the Gut in Synthesizing the Protein 
Component of Low-density (Beta) Lipoprotein 


SYNTHESIS of the protein component of human low- 
density lipoprotein (LDL), and elaboration of these lipo- 
proteins from lipid and protein constituents, are regarded 
as occurring in the liveri. In the Bassen-Kornzweig 
syndrome, absence of LDL is associated with steatorrhoea 
and changes in small-gut histology?. Salt et al.? have 
speculated that the gut wall might be one site of lipo- 
protein synthesis. Isselbacher and Budz! have shown 
that rat intestinal mucosa does synthesize lipoproteins. 
In rats, cholesterol synthesis occurs in the gut®. In human 
beings, 70 per cent of plasma cholesterol is carried by 
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LDL, and if gut wall synthesis of cholesterol is shown ` 
occur in man, the possibility again arises that a proportis 
of human LDL might also be elaborated in the intestin 
mucosa. LDL newly synthesized by the gut could reac 
the general circulation via lacteal-lymphatic pathway 
or directly through the portal venous system. 

The opportunity to investigate possible synthesis ar 
transport of LDL by the lymphatic pathway arose in tw 
patients with chyluria secondary to filarial obstructic 
of upper abdominal and thoracic lymphatics. Lymp®. 
angiography in these patients had revealed free con, 
munication between distended lymphatics in the upp: 
abdomen, including the area occupied by the base of tk 
small gut mesentery, and the right renal pelvis. Protei 
uria in the two patients averaged 13-0 g and 5-0 gad 
respectively. This total included approximately 800 m 
and 300 mg a day of LDL, determined by gel-diffusio 
precipitin assay®, and by dextran sulphate precipitation 

Turnover of labelled LDL was followed in thes 
pavients by a method previously reported®. Total LD: 
was isolated from the serum of each patient, labelled wit 
iodine-125 in the peptide component, and returned to th. 
patient by intravenous injection. Serum LDL wa 
assayed in duplicate by dextran sulphate precipitatior 
and the concentration of LDL in urine measured by 
modified procedure using large volumes of urine ane 
additional Ca*+. Specific activities were then calculatee 
for plasma and for urine on the assumption that af 
radioactivity entering a trichloroacetic acid precipitate was 
associated with LDL. Data from the turnover investiga 
tions are shown in Table 1. 

During the first 3 h of each investigation, a diuresis wax 
produced by oral intake of fluid, including milk. In botk 
patients, free radiciodide was present in urine passec. 
20 min after the intravenous injection, but protein-bound 
radioactivity was first detected in urine formed aftew 
90 min in both patients. This interval of 90 min agreed 
with the time of appearance of 7',,.,;-albumin in urine: 
following intravenous injection of 6-78 mg of Evans blue: 
into these two patients as a separate investigation, anc. 
contrasted with the rapid appearance of 7',.9,-albumin ire 
patients with nephrotic syndrome. The time-courses for 
specific activity of plasma and urine are shown in Fig. 1. 
Specific activity figures for urine samples are plotted at 
the midpoint of the successive collection periods, which. 
were short early in the investigations and over 24 h periods 
in the latter stages. Plasma specific activity declined: 
steadily during the investigation. Urinary specific activity’ 
rose, during the 4-12-h (overnight) collection period, to 
reach a maximum value of the same order as that of the 
plasma, and then declined in parallel with plasma specific 
activity. 
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Fig. 1. Specife activity of **°1-LDI in serum and urine of the two 
patients, expressed as counts per mg of total LDL in 5-ml. quantities of 
serum or urine, 24-h urine collections were incomplete in subject 1 over 

the interval 2-7-6-7 days. 
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7 Table 1. TURNOVER RESULTS 
| i + ie ae ee S A er 
i | Jncorrecte | Yo Gi total 
Plasma | . Mean Serum IV LDL _ | Correctecé | catabolic | Corrected | ELDE 
volume | serum |t} T-LDL pool U/P ratio | U/P ratic | rate serum | catabolic | distributed 
(mL/kg) | LDL level | (days) (mg/kg) (%)* (%)t LDL (mg/ rate§ extra- 
_|ttae/t00 mal.) l | | ke/day) ft vascularly¥ 
F 1 | 530 | 25 192 | 475 | 359 | 912 68-9 9 
jen M 50-6 570 2-8 28B | 31-8 2990 906 | 862 32 
nge of values ob- set a 420 21 112 | m 242 ae 44 12 
eim emma | O | O e o l E gs | 8 
normal | : 7 a 5i i 54: i | 
men for ME OF | | | fi | fi 353 | 54-4 | | 188 | 40 


LDL studies 



















Ratio 24 h HF excretion to mean plasma radioactivity (ref. 12). 


Jeulated from uncorrected U/P ratio. 
paleulated from corrected U/P ratio. 
From multi-compartmental analysis by method of Matthews (ref. 12). 


furnover investigations have revealed a small extra- 
cular distribution of LDL peptide in human sub- 
ts, In animals there is evidence for transfer of LDL 
m plasma to hepatic lymph”. Human abdominal 
whaties may therefore contain some LDL from 
atic lymph besides transporting LDL which has passed 
o the extravascular compartment from blood capil- 
vies. During a ‘I-LDL investigation, the fall in 
cific activity of plasma LDL is due to catabolism of 
“belled LDL with immediate excretion of iodine-125, and 
» dilution of the remaining '5I-LDL by newly syn- 
aesized, unlabelled LDL. Regardless of catabolism, 
DL returning to the blood vascular compartment via 
dominal lymphatics would be expected to show the 
ame specific activity aè plasma unless newly synthesized 
_poprotein was added to LDL in the lymphatics from gut 
_ssues or possibly from the liver. 

_ In our two patients specific activity in abdominal lymph 
ose over 4-12 h to equal that of plasma, and then 
jaintained this equilibrium over successive 24-h periods. 
‘his finding argues against entry of newly synthesized 
JL peptide into abdominal lymphatics. The results 
wecorded here do not exclude LDL elaboration by the gut 
with direct passage of newly synthesized lipoprotein into 
«he portal venous system. This possibility could be 
explored by the #°I-LDL technique only if portal venous 
jlood could be sampled over an adequate period and its 
specific activity compared with that of peripheral blood. 


P. J. Scorr 
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Evidence for Pre-synaptic Inhibition in the 
Lateral Geniculate Body 


| SzentAcoruar' reported the presence of axo-axonic 
endings on fibres entering the lateral geniculate body from 
the retina. Bizzi and Brooks? have shown that in the 
naesthetized, unrestrained cat irregular groups of 
ves could be recorded simultaneously from the pontine 


P ratio recalculated, after correction for protein bound I ¢*I-LDL} in urine; that is, using only free I exsretion. 





reticular formation and the lateral geniculate body during = = 
the desynchronized phase of sleep. The latter waves 000. 
could no longer be recorded in the same conditions if 
the optic fibres were allewed to degenerate’. Recently, o uou 
Andersen, Brooks, Eccles and Sears‘ have produced ee 
evidence pointing to the existence of presynaptic inhibition = 
in the ventrobasal thalamus on stimulation of peripheral o =o 


nerves, 
Since axo-axonic endings have been demonstrated 


Bizzi and Boller? may be taken to indicate that the slow 
waves in the lateral genicalate body could be presynaptic 
in origin, an investigatior. has been carried out in order to- 
see if there is any evidence for presynaptic inhibition in 
the same nucleus. ; 

The experiments were performed on cats in which a com- 
plete transection of the brain stem immediately rostral 
to the exit of the trigeminal nerve had been made (‘mid- 
pontine pre-trigeminal preparation’>) under ether anaes- 
thesia. A micro-electrode was inserted into the lateral 
geniculate body and used to stimulate the optie fibres 
entering this nucleus. The antidromic response to this 
stimulus was recorded cither from a bipolar concentric 
electrode inserted into the optic chiasm, or from the optic 
nerve after enucleation. The presence of any change in- 
the terminal parts of the optic nerve fibres was assessed 
by any change in the exzitability of these fibres near the 
microelectrode tip, and hence change in the size of the 
antidromic response’. 

It has been found that after a brief tetanus to the 
mesencephalic reticular sormation or to the visual cortex 
the antidromic volley recorded either from the chiasm 
or from the optie nerve was increased in size. Examples 
of the increase in excitability of the optic nerve fibres 
after a tetanus of 8 shocks (with an interval of 3-2 msec) 
had been applied to ths reticular formation and visual 
cortex are shown in Figs. 14 and B respectively. It can 
be seen that the maximum increase in excitability occurred 
around 50 msec after the start of the tetanus and the 
effect of the tetanus lasted for approximately 250 msec. — 
In addition, after stimulation of the reticular formation 
with a short tetanus, a negative wave could be recorded 
from the optic nerve, which resembled the dorsal root 
potential’. This latter wave was found to increase in size 
with a deerease in the body temperature of the animal, and 
to decrease in size with en increase in the rate of presenta- 
tion of the tetanus. An example of the slow wave re- 
corded from the optic nerve to a tetanus of 8 shocks with 
an interval of 32 mses to the mesencephalic reticular - 


formation is shown in Fig. 1C. Often, especially at low Be 


spikes were seen to be superimposed: on 


temperature, i 
spikes could also be. 


the summit of the slow wave; these 


recorded from the optie chiasm. The spikes may cor. 


respond to the dorsal zoot reflex*. Comparison of Figs. 
14 and C shows that the increase in excitability and the 
slow wave of the optic nerve ran a similar time-course. 


That this slow wave was probably not an envelope of 











the lateral geniculate body and the experiments by — ae 
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Fig..1. Evidence for pd Sided geri in optic nerve fibres by stimulation of the mesencephalic reticular formation and visual cortex. The experi- 


mental arrangement is shown diagrammatica 


Iyin D. The micropipette used for stimulating is placed in the lateral geniculate body (LGB): the 


. electrodes for recording the antidromis response were either in the chiasm (Ch) or on the optie nerve (ON). The graphs show the effect on the 
percentage amplitude of the antidromic response (4D) at various times after a brief tetanus (8 shocks with a duration of 1 msec and a separation 
OF 3-2 msec) applied at a rate of 1/5 sec to the mesencephalic reticular formation {4} and the visual cortex (B). Each point is the average of 5 


“observations. 
“points. Both graphs were obtained from the same animal in 


smooth curves were obtained by avereing the observations in each 50 msee period and drawing the curves through these 
w 


a ieee | ) ich the stimull were applied alternately to the mesencephalic reticular formation 
andthe visual cortex. The slow wave recorded monophasically from the optic nerve 


after stimulation of the mesencephalic reticular formation 


in an animal with a rectal temperature of 82° C is shown in C 


trifugally conducted impulses has been shown by 
ating the chiasm with a single electric shock at 
ious times during the slow wave: no evidence of 
between the action potential, evoked by the 
imulus, and slow wave was obtained. 
ig the size of the slow wave as an indicator of the 
veness of the tetanus applied to the brain stem, it 
n found that the regions giving the biggest slow 
re centred around the central tegmental tract. 
increased excitability of the optic fibres, produced 
Amulation of the mesencephalic reticular formation 
visual cortex, can be taken to indicate that both 
tures exert a presynaptic inhibitory control on the 
nsmission through the lateral goniculate body, accord- 
ing to previous investigations". The possibility that the 
increased excitability of the optic nerve fibres may be 
assively produced by current flowing in a potential field 
due to activity elicited in nearby structures exists and 
anot be overlooked. However, the fact that the time- 
course of the increased excitability, and of the slow wave, 
in the optic nerve have the long duration characteristic 
f the presynaptic inhibition shown in the spinal cord, 
and cuneate nucleus after cortical stimulation®-!" seems 
pate that the phenomenon we observe is due to a 
presynaptic inhibition. Hoes 
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4 dbnormal Aaker chromosome in kor granulo- 
leukaemia was described by Nowell and Hunger- 
and its occurrence widely confirmed*-*. This 
r, the Philadelphia chromosome (Ph'), occurs in 
ost all typical cases of chronic granulocytic loukaemia 
ppears to be an acquired abnormality specific for 
isease. The Ph? is derived from a chromosome of 
1 by loss of a variable proportion of the long arms. 
has been shown’ that in untreated chronic granulo- 
ukaemuia all the dividing cells in direct preparations 
jone marrow are Ph}-positive. Apparently, mega- 
ocytes and erythroid precursors as well as granulocyte 
recursors carry the Phi. As haematological abnormalities 
re usually confined to the granulocytic series, it has been 
uggested® that the genetic material lost from the Ph? has 
mmediate relevance to leucopoiesis only. It is postulated’ 
iat the erythroid, granulocytic, and megakaryocytic 
alee have a common stem cell and the original deletion 
o produce the Ph? occurs in this stem-line. However, 
eripheral blood cultures in untreated cases yield mixed 
populations of Ph!-positive and negative cells, As the 
lividing cells m cultures of normal blood are almost 
oy of lymphoid origin", it appears that the blood 
nphocytes are Ph}-negative and therefore must originate 
rom a separate stem-line. Apart from cells of bone 
narrow origin and lymphocytes in the peripheral blood, 

ultured subcutaneous fibroblasts have been examined 
or the presence of the Ph! chromosome with negative 
results’, Only in the spleen are cells of both lymphocytic 
and bone marrow stem-lines to be expected to occur 
t ogether, and so it is particularly importent to study the 
cytogenetics of that organ in chronic granulocytic 
leukaemia. To our knowledge no such investigations 
have been reported. We have developed a method™ 
for the cytogenetic study of lymphoid tissue; this tech- 
nique was applied to spleen to obtain the results here 
reported. 

The patient was a married woman, aged twenty-nine. 

Chronic granulocytic leukaemia, diagnosed 24 months 
previously, had been treated with busulphan, splenic 
irradiation, 6-mercaptopurine and cyclophosphamide. 
Resistance to all therapy had arisen and the disease had 
undergone acute transformation. Splenectomy was 
performed for massive splenomegaly and intractable 
thrombocytopenia. Splenic cell suspensions were cultured : 

(a) for 16 h without phytchaemagglutinin, (b) for 84 h 
with added phytohaemagglutinin. The chromosome 
count distribution was: 


Chromosome Noa <45 45 46 47 48 92-93 Totals 
io. of cells g 7 8 26 5 1 E 47 
f (5 
















7 12 53 16 0 2 90 

analysis, the dominant cell line was diploid and Pre- 

tive. A second line with 47 chromosomes due to the 

ence of a second Ph! was also identified. Excluding 

hnically unsuitable cells, results of analysis as regards 
“presence of the Ph! chromosome were: 


Cells Status 
analysed Phi + 


7 Phi + + Phi— uncertain 
Toparation (a) 41 29 7 1 4 
(b) 73 57 14 1 1 





‘Thus Ph? negative cells accounted for only 2-4 per cent 
of the cells in 16-h culture and 1-4 per cent in 84-h culture. 
Splenic sections showed loss of normal architecture and 
absence of lymphocyte aggregations. A differential 
count of 500 cells in a splenic imprint showed 4 per cent 
of lymphocytes in a population of leukaemic blast cells 
and promyelocytes. 

hus almost all dividing cells from this patient's spleen 
ere Ph? POTS This result, to be expected in the 16-h 
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unstimulated eulture, is. surprising- in the 84-h culture 2 ae 
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with phytohaemagglutin, where Phinegative cells of 
lymphoid origin might well be prominent. Possibly these 
cells failed to divide; however, splenic lymphocytes have 


been successfully cultured in this laboratory and else-. o- 
The initial small number of lymphocytes eae 


where}. 
relative to leukaemic blast cells might explain the rarity : 


of Ph?-negative mitoses, but studies have shown that in = 
cultures with phytohaemagglutinin normal cells may — 


outstrip leukaemic cells***, A better hypothesis is th 
in advanced chronie granulocytic leukaemia all spler 
stem cells, possibly ineuding lymphocytic precurso 
carry the Ph}. 

The presence of two Ph? chromosomes per cell: 
previously been observec in the chronic phase of chr 
granulocytic leukaemia?’ and also in the phase of acu 
transformation’-*, whem it is more common. 


eytic leukaemia during tae chronic phase and after nents: l 
transformation are desirable. 
A. $. D. SrreRs 
A. G. BAKIE 
University of Melboume 
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Stable Messenger RNA in Nucleated — 
Eryth rocytes 
THE mammalian reticulocyte is capable of synthesizing 
haemoglobin for many hours after its nucleus has been. 
extruded. Since the nucleus is the site of messenger-RNA_ 
synthesis', these cells must be using stable messenger for 
continued protein synthesis. In contrast to the red blood — 


cells of mammals, erytarocytes of lower vertebrates and 


invertebrates are almcst always nucleated. With the 
nucleus present these «ells could conceivably synthesize 
protein on short-lived messenger templates. 
determine whether nucleated red blood cells utilize short- 
or long-lived messenger-RNA, representative avian and 
reptilian erythrocytes were investigated by stopping 
DNA-dependent RNA synthesis with actinomycin D and 
following the course of protein synthesis in the functionally 
‘enucleated’ cells. 

Reticulocytosis was produced in young chickens and in 
adult turtles {Pseudemys elegans) by repeated bleedings; 
15-day chick embryo erythrocytes (about 100 per cent 
reticulocytes) were used with identical results. Reticulo- 
cytes in turtle blood samples numbered about 10 per cent 
and in chick blood about 30 per cent. The red cells were 
separated by centrifugation, washed, and incubated in 
Waymouth medium with penicillin and streptomycin in 















Further | 
investigations of splenic cytogeneties in chronic granulo: = =o 


In order to 














498 





a 5 per eent a 


30 min with 5 ue. /ml. L-leucine-*tC (sp. act. 220 me./mM) 
in saline. The cells were precipitated with per cent 
trichloroacetic acid (TCA), plated on ‘Millipore’ filters 
and counted in a gas flow counter. Each experiment was 
repeated at least twice. To ensure that actinomycin 
stopped messenger-RNA synthesis persisting in circulating 
cells, experiments were performed in which reticulocytes 
were incubated in nutrient medium with 0-5 pe./ml. 
uridine-4C (sp. act. 25 me./mM) for 10 min. The culture 
was then divided and 10 pg/ml. actinomycin added to 
one portion. The synthesis of RNA (uridine counts 
precipitable with cold 5 per cent TCA) was shown to stop 
dei 10 min for chick cells and within 20 min for turtle 
cells. 

Experiments such as those in Fig. 1 demonstrated that 
protein synthesis continued for at least 24 h in the absence 
of new messenger-RNA production. The life-span of the 
messenger was similar in both the chicken and in the 
turtle erythrocytes. The results do not show that protein 
synthesis in these red blood cells is equivalent to haemo- 
globin synthesis, but haemoglobin is the major protein 
product of the mammalian reticulocyte’, and it is likely 
for these cells as well. 

The fact that there is long-lived messenger-RNA in the 
chicken and turtle erythrocytes plus the evidence of 
Cameron and Prescott? that maturation of the chick 
erythrocyte nucleus is associated with cessation of RNA 
synthesis indicate that in the maturing erythrocyte the 
nucleus is inactive so far as transfer of genetic information 
is concerned. 
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Fig. 1. Persistence in vitro of protein synthesis (above) in turtle erythro- 
eytes (incubated at 30°) and (below) in chicken erythrocytes (incubated 
at 37°) after stopping messenger-RNA synthesis with actinomycin D 
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IMMUNOLOGY 


Serological Relationship between Galactans 
from Normal Bovine Lung and from 
Mycoplasma mycoides 


A GALACTAN (pneumogalactan) isolated from bovi 
lung? precipitated 28 per cent of pneumococcal po! 
saccharide type XIV antiserum?, This suggested that be 
polysaccharides have galactose residues of similar linkag 
possibly @-1:6, 8-1:3 or 6-1:3:6%, and agreed with t 
postulated structures of type XIV pneumococcal po 
saccharide and of lung galactan’. 

Recently it was reported*.* that a galactan was isolat 
from Mycoplasma mycoides, the causative organism 
contagious bovine pleuropneumonia (CBPP). lt w 
decided, therefore, to determine whether a serologi 
relationship existed between the galactans from norn 
bovine lung and from this organism causing lung lesio 
in cattle. 

Purified pneumogalactan was kindly supplied 
Hoffman-La Roche, Ine., Nutley 10, New Jersey. Sir 
the isolation method of pneumogalactan is not describi 
we extracted, with hot phenol’, an acetone powder 
bovine lung obtained from the U.S.A., a country free 
CBPP (California Corporation for Biochemical Resear 
3625 Medford St., Los Angeles); this material is referr 
to as normal bovine lung extract. M. mycoides cells wi 
used for preparation of antiserum (x) in sheep*. Se 
from animals naturally infected with CBPP were also us 
(sera Nos. 21 and 42). As our attempts to produce antise 
against pneumogalactan have so far failed, the resu 
presented here are of experiments with pneumogalact 
M. mycoides antigens and antisera against M. mycoides. 

Table 1 shows the results of complement-fixatic 
indirect haemagglutination® and tube agglutination tes 
using M. mycoides antigen with immune sera and s 
absorbed with excess pneumogalactan. These results sh 
that the pneumogalactan absorbs a considerable prop 
tion of the relevant antibodies against M. mycoides. 

In the agar-gel precipitin test, serum against Men 
coides (x) gave homologous lines with hot phen 
extracted carbohydrate from M. mycoides’, pneun 
galactan, and normal bovine lung extract. Sera 21, : 
and z’ formed precipitin lines with hot-phenol-extract 
carbohydrate: after absorption with 30 mg of pneun 
galactan no lines were formed with either serum 21 or 
and only very faint lines were produced with serum 2” 


Table 1. RECIPROCAL TITRES OF M. mycoides ANTISERA, BEFORE AND AF 
ABSORPTION WITH PNEUMOGALACTAN, AGAINST M. mycoides ANTIGE? 


M. mycoides Complement indirect _ 

antiserum fixation haemagglutination Agghutinat 

x’ before absorption 80 640 6400 

after absorption 16 80 BO 

‘21’ before absorption 8G 320 3G. 
after absorption 20 8G 40 
‘42’ before absorption 160 820 320°. 

after absorption 20 Rü 4j 


< myecore 


genesis of CBPP, either in an allergic type reaction, 
“Joealizing the organisms in the lung through an 
edy-—-antigen reaction. It would also be of interest to 
nine whether human lung contains a galactan which 
, cross-react with the pneumococcal polysaccharides. 
s work was partly financed by the United States of 
ica Agency for International Development under the 

of CCTA/AID Joint Project 16 for research on 


Lee 


ious bovine pleuropneumonia. 


M. SHIFRINE * 
R. N. GOURLAY 


„ast African Veterinary Research Organization, 

Pepe 1 Muguga, 
P.O. Box 32, 

Kikuyu, Kenya. 


> US, Department of Agriculture, Agricultural Research Service, on leave 
vom University of California, Davis. 

< Wolfrom, M. L., Weisblat, D. I., Karabinos, J. V., and Keller, O., Arch. 
Biochem., 14, 1 (1947). 

: Wolfrom, M. L., Sutherland, G., and Schlanowitz, M., J. Amer. Chem. Sot., 
4, 4883 (1952). 





RADIOBIOLOGY 


Influence of Oxygen and Cysteine on the 
- Radical State of X-irradiated Lyophilized 
oe Liver 
< Blyamenfel’d and Kalmanson' as well as Gordy? and 
Miyagawa’ have already reported that radicals are formed 
in lyophilized rat liver by ionizing radiation using electron 
apin resonance techniques. Moreover, Gordy and Miyagawa 
‘shown that oxygen and cysteine, which was allowed 
iffuse into the liver before freeze-drying, alter the 
ron spin resonance spectra. This report describes 
estigations on X-irradiated mouse liver. The study 
3 includes preparations of liver in which solutions of 
steine were injected before freeze-drying. To some 
<tent we obtained results different from those described 
he foregoing authors. 
vers freshly removed from mice were frozen at 77° K in 
ntreated state and subsequently lyophilized. Prepara- 
‘containing cysteine were obtained by injecting 0-5 
f a cysteine solution (300 mg cysteine-HCl/ml. H,0) 
the freshly-removed organ. Then the liver was frozen 
1° K and lyophilized. The preparations were ground 
< volume about 330 em3/100 g) and irradiated with 
ys (200 kV, half-value layer: 0-64 mm copper, dose- 
920 r./min, dose: 100 kr.) under vacuum (about 10-3 
rr) and in air respectively at room temperature. The 
ctron spin resonance measurements were carried out 
der the same conditions, with an X-band spectrometer. 
chnical details were as already described in a previous 
ples of non-irradiated liver show a signal (5x 1016 
licals/z), which possesses the structure of an unresolved 
et. The ‘b signal looks like the dotted spectrum 
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Fig. 2. Electron spin resorance spectra of X-irradiated lyophilized 
liver treated with cysteine. Tue solid line gives. the resonance ofa saniple 
irradiated and measured in vacuum, and the dotted line shows the 
resonance of the same samp measured 20 min later after admission 


air 








in Fig. 1 but does not correspond with the glycylglycine- 
type signal’ because of its smaller breadth. A touch of 
moisture leads to a rapid decay of the blank. Irradiation 
of the liver preparation ‘with and without cysteme respec- 
tively) in air produces an increase of the ‘blank’ signal 
without a change of its structure. P 
Irradiations of the samples with and without cysteine 
respectively under vacaum conditions produce in both 
cases the same electron spin resonance spectra (compare 
the solid spectra in Figs. 1 and 2). The ‘blank’ signal is. 
slightly increased by ths irradiation and overlapped by a- 
second broad signal. With regard to the ‘blank’ signal the —. 
radiation yield amounts to G=3-0 per 100 eV absorbed — 
X-ray energy. The incrzase of the doublet by irradiation 
may be due to oxygen residues in the sample tube. Peon peace 
An admission of air to the substances irradiated under 
vacuum immediately leads to a change of the electron spin 
resonance spectra. The alteration produces somewhat di 


















ferent spectra in the semples with and without cysteine =- 
(see dotted spectra in Figs. 1 and 2). In both cases the a 


broad signal is quenchec and at the same time the doublet 
is increased. This process continues for some hours after 
admission of air, because the air has to penetrate the whole 
sample by diffusion. Immediately after admission of air 
only about 80 per cent. əf the initial radical concentration 
can be measured. In the preparation with cysteine the  _ 
increase of the doublet is not so large as in that witho 
cysteine. On the other Band, an additional signal is for 
in the region of lower raagnetic field strength. This ma 
be due to a sulphur radical, although it is not the typica 
‘cysteine-cystine-spectrum’. ae | 
Warming the irradiated sample in the evacuated state => 
to 353° K for 10 min will only quench the broad signal; € 
the signal height of the Joublet is not altered all the time. 
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Only if the sample is stored for several hours at this high 
temperature does the radical concentration of the doublet 
also decrease. f 

These investigations show that atmospheric oxygen is 
able to induce a radical shift without external energy 
feed. Similarly, we have also found a transposition of 
X-ray-induced radicals from a carbon to a sulphur atom 
in a dimeric form of homocysteine-thiolactone, in experi- 
ments which we hope to report soon. 


MITSUYUKI ABE * 
Hans MÖNIG 
RUPRECHT KOCH 


Radiologisehes Institut, 
Germany. — 
* Present address: Department of Radiclogy and Faculty of Medicine, 
Kyoto University, Japan. 
* Blyumenfel’d, L. A. and Kalmanson, A. E., Biofizika, 2, 552 (1957). 
* Gordy, W., Rad. Res., Suppl. 1, 491 (19593. 
* Gordy, W., and Miyagawa, I, Rad. Res., 12, 211 (1960). 
+ Ménig, H., and Koch, R., Nature, 202, 288 (1964). 
* Gordy, W., and Shields, H., Rad. Resa 9, 611 (1958). 


‘Cell Killing’ in Radiobiology 


Ont of the most significant advances in cellular radio- 
biology was the development by Puck and Marcus! of a 
technique by means of which the survival from irradiation 
of animal cells in culture was p.aced on a quantitative 
basis. Survival has usually been expressed arbitrarily as 
the ability of an irradiated cell te produce, over a 10-20- 
day period, a macroscopic clone of descendants comprising 
at least 50 ‘normal’ (that is, non-giant) cells. 

The loss of this capability is aù present described in a 
variety of ways: ‘cellular death’, ‘cellular lethality’, 
‘reproductive death’, or ‘reproductive imeapacity’*; 
‘inhibition of clone formation’, ‘damage to reproductive 
capacity’, or ‘inhibition of unlimited proliferation’; 
‘lethal events’ or ‘killing’4; ‘reproductive cell killing’, 
‘loss of reproductive integrity’ or, ‘cell killing’; ‘effect 
on ability to proliferate’*; ‘loss of proliferative capacity’’; 
‘loss of proliferative integrity’, or ‘lethality’®. 

May one now enter a plea for a return to the succinct 
terminology of Puck and Marcus? These authors pointed 
out the analogy between their technique with irradiated 
HeLa cells and those with irradiated bacteria. They also 
showed that the term ‘cell killing’ had long had a specific 
meaning in microbiology, referring only to the ability of 
an individual cell to produce a macroscopic colony. In the 
absence of full knowledge of the mechanisms involved in 
the prevention of clone formation by irradiation, it is 
difficult to describe the phenomenon without ambiguity. 
But the use of a standard phrase in all reports of radio- 
biological investigations involving single cell plating tech- 
niques would seem to be a step m the right direction; and 
‘cell killing’ is proposed as being the most suitable 
choice. 


D. M. ROBINSON 


Medical Research Council, 
Radiobiological Research Unit, 
Harwell, 

Berkshire. 
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BIOLOGY 


Ultrastructure of the Antigen-retaining | 
Reticulum of Lymph Node Follicles as show, 
by High-resolution Autoradiography 


Previous investigations in this laboratory'-* he 
described the localization of antigens in lymphoid follic 
Much circumstantial evidence was presented for 
existence in follicles of a highly specialized fine dendr: 
web of macrophage fibrils responsible for antigen trapp¥ 
and retention. Light microscopy alone, however, prow 
inadequate for the unequivocal demonstration of # 
strueture of this web. The electron microscopic investi 
tion reported here has defined more precisely the sites — 
localization of Salmonella flagellar antigen in the + 
popliteal lymph node. 

Whole flagella of Salmonella adelaide were labeli 
in vitro with iodine-125 by the direct oxidation meth. 
of Hunter and Greenwood as has been described ele 
where®. Ten-week-old normal Wistar rats were inject. 
in one hind-foot pad with 20 ug flagella containing W 
me. iodine-125 (0-7 g atom iodine-125 per 30,000 
flagella). The draining popliteal lymph node was remove 
one to five days later, diced into pieces of about 2 mm 
fixed in cold buffered OsO, (ref. 6), dehydrated in ethar 
and embedded in ‘Araldite’. Throughout the fixation ar 
dehydration, less than 5 per cent of the node’s tot: 
radioactivity was lost’, despite the large area of expose 
cut surfaces. 

A section 2u thick, embracing the total availab 
area of tissue, was cut from each block and mounted c 
a gelatine-coated slide for normal autoradiography wit 
Kodak N7'B-2 emulsion. To facilitate subsequent stair 
ing with methyl green-pyronin, the ‘Araldite’ was remove 
from the section with sodium methoxide® before th 
emulsion was applied. Exposure for one day was sufficier 
to allow the detection of labelled follicles under 100-fol 
magnification. The position of a heavily iabelled follie] 
was noted on the autoradiograph, the ‘Araldite’ bloe 
oriented appropriately and then trimmed to the size of th 
specified area comprising a follicle and some perifollicula 
tissue. Other blocks were prepared to contain typice 
areas of heavily labelled lymph node medulla. Ultra 
thin sections displaying silver to pale gold coloratio, 
were cut with glass knives on a Huxley ultramicrotom 
and mounted on collodion coated shdes®. Matchin 
sections (0-54) were cut to enable precise light microscop 
autoradiographie correlation studies to be made. 

The technique of high-resolution autoradiograph 
developed by Salpeter and Bachmann’ with Kodak NTI 
emulsion was used with the following modifications 
(1) the slides were fire-polished!® before being coated wit! 
collodion; (2) sections were either unstained, or wer 
stained for 0-5-2 h (before or after mounting) with . 
per cent aqueous uranyl acetate; (3) the emulsion wa 
applied by dipping the slides into a Coplin jar containiny 
diluted? NTE emulsion. After exposure for 1-3 months 
the slides were developed by passing them through th 
following solutions: “Dektol’ (Kodak, diluted 1/2) a 
24° C, 1 min; 3 per cent CH,COOH, 10 sec; water, 5 sec 
‘Amfix’ (May and Baker, Australia), 30 sec; water, 2 min 
Finally, the slides were soaked in distilled water for 1 1 
or overnight before the collodion film was scored arounc 
the area of the sections and then stripped from the glass 



















Sections were mounted on either annular copper disk: 
of l-mm internal diameter! or NEW 100 ‘Athene’ grid: 
(Smethurst High-Light, Ltd., England). A Siemen 
UM100H4 electron microscope was used with a 50-: 
objective aperture and was operated at 60 kV. Specimen 
were photographed at magnifications ranging from x 1,25t 
to x 7,200. 

The specificity of the developed grains was establishec 
by locating the label on serial sections. With the develop 
ment régime used, the grains appeared as round. o 


* Puck, T. T., and Marcus, P. I., J. Exp., Med, 108, 653 (1956). 

2 Greenblatt, C. L., Intern, J. Rad. Biol., 4, 185 (1961). 

* Barendsen, G. W., in The Initial Effects of Ionizing Radiation on Cells, edit, 

by Harris, R. J. C., 183 (New York: Academic Press, 1961). 

* Taylor, J. H., J. Cell. Comp. Physiol, 62, Suppl. 1, 149, 150 (1963). 

* Tolmach, L. J., J. Cell. Comp. Physiol., 62, Suppl. 1, 150 (1963). 

* Archambeau, J. D., Drew, R. M., and Robertson, J. B., The Biological 
Effects of Neutron and Proton Irradiations, 1, 343 (Vienna: Intern. 
Atomie Energy Agency, 1964). 

? Whitmore, G. F., and ‘Till, J. E., Ann, Rev. Nucl. Sei., 14, 347 (1964). 

* Hikind, M. M., and Sinclair, W. K., in Curren! Topics in Radiation Research, 
edit. by Ebert, M., and Howard, A., 1, 165 (Amsterdam: New Holland 
Publishing Co., 1965), 
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Electron microscopic autoradiographs of a primary follicle from the popliteal lymph node ofa rat mjected with **I-labelled Salmonella 
A, Note the heavy label associated with fine cytoplasmic processes, D, Lym hi 


ocyte, (xc. 19260). B, Magnification x 11,300, A 


lymphocyte surrounded by membrane-assoclated clumps of label 


comma-shaped dots (diam. 400 + 200 A), rather than 
as spirals. Significant background labelling was not seen, 
so that two or more grains at the one location could be 
lidentified with some confidence as specific label. By 
making a photo-montage of the complete section, the 
exact nature and location of labelled cells could be corre- 
lated with the more familiar and characteristic appearance 
of the matching autoradiograph in the light microscope. 

The results showed that label in primary lymphoid 
follicles was indeed associated with fine cytoplasmic 
processes lying between the lymphoid cells (Fig. 1), thus 
confirming the previous findings and speculations‘. The 
processes appeared to be long, fine, convoluted extensions 
of dendritic reticular cells. The label showed close associa- 
tion with the cytoplasmic membrane of these processes, 
a fact that was more readily apparent from inspection of 
areas where the density of grains was lower than in Fig. 1. 
The lack of label of the body of reticular cells and of the 
broader processes emanating from them (Fig. 14) sugges- 
ted that the antigen was preferentially located at the 
terminal arboreal regions of the dendritic processes. 

The association between labelled dendritic processes 
and adjacent lymphocytes was extremely close (Fig. 15B). 
In some cases the contact was so intimate that it was 
impossible to determine whether label emanated from the 
process of a reticular cell or from the cytoplasmic mem- 
branes of the lymphocyte itself. The labelled dendritic 
processes were distinct from the cytoplasmic extensions 
which often ensheathed clumps of collagen fibrils. Further- 
more, the dendrites did not appear to emanate from the 
‘tingible body’ macrophages'* which contained no 
obvious intracellular label. 

The findings in the lymph node medulla were strikingly 
different. Here the label was located almost exclusively 
in the cytoplasm of typical macrophages (Fig. 2), much 
of it being associated with large granules and vacuoles. 
There was no evidence of label specifically associated with 
cytoplasmic processes or cell membranes. 





Fig. 2. Portion of a medullary macrophage showing intrasemun label 


predominantly associated with electron dense gran 


. N, Nucleus of 
the macrophage. (xe. 19,300) 


We conclude that there are two basic mechanisms for 
antigen retention in ymph nodes. In the lymphoid 
follicles there is a mechanism whereby antigen becomes 


on ci Mnt, Cot, 7 
: (MgCl, KO, NaCl, HgCl, and FeCl). 





-> beet root diffusate and Hy is the hatch in distilled water, 
- and also as a percentage of the total number of eggs in the 











iy ae i aa 
sytie The: distribution of label in “lymphoid follicles 
loads. us ‘to suggest that the term ‘phagocytic reticulum’ 
which we have previously used‘ in relation to this area 
should be replaced by the term ‘antigen-retaining reticu- 
lum’, It is tempting to speculate that the two patterns 
of lymph node antigen distribution reflect different 
facets of the immune processes. 

We thank Prof. G. J. V. Nossal and Dr. G. L. Ada for 
their advice and Mr. J. Pye for performing the iodinations. 
This work was supported by grants from the National 
Institute of Allergy and Infectious Diseases, U.S. Public 
Health Service (4 J-—0—-3958), to Prof. Nossel, and from the 
National Health and Medical Research Council, Australia. 
Some batches of iodine-125 were a gift of Glaxo Labora- 
tories, England. 

JUDITH MITCHELL 
A. ABBOT 
Walter and Eliza Hall Institute, 
¿owi Melbourne, Australia. 
E * Ada, GL 
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Zine and Other Metallic lons as Hatching Agents 
“for the Beet Cyst Nematode, Heterodera 
schachtii Schm. 


Some inorganic salts stimulate eggs of the beet cyst 
nematode, Heterodera schachtit Sekm., to hatch, but less 
effectively than diffusate from sugar-beet roots!-*. The 
effective ions are potential oxidizing agents. We have 


extended hatching tests to some metallic ions not 


“previously tried, 
Zn**+ and Cd**, 


including Ba*+, A+, Pb, MoO,-, 
and have re-tested some salts 
Copper, previously 
tested as the sulphate, was tested as the chloride, and 

chlorides of the other metals were included in tests where- 


$ E ever: possible. All salts were first tested at a concentration 


of «3 mM in water and those with some activity were 
tested again over a range of concentrations. 


The hateh of 
eggs (Table 1) is expressed 1 as a hatch rating’: 


H, 







re H 2 is the hatch in the substance, Ha is the hatch in 





“eysts. 

=- Zine sulphate, zine nitrate and zinc and cadmium 
= chlorides proved potent hatching agents; twelve other 
. salts were moderately or weakly active, and ten were 
inactive or inhibitory. The zinc salts and cadmium ehlor- 
ide are more effective than the other inorganic hatching 
agents for H. schachtii® although neither anion nor cation 
-is a potential oxidizing agent. The activity of these two 
chlorides (zinc and cadmium) was not caused by hydro- 
-ehloric acid formed by hydrolysis, because hydrochloric 
-acid itself is only moderately active at its optimum con- 
= gentration. 


TN onda ated Tuas 


oncen 
{mM} 


: Yompound 





San rating 
Zine chloride 4* 180+ 64 
Cadmium chloride 0-6* 177 i O0 
Zine sulphate 2 127 S5 5S 
Zine nitrate 2 113 45 
Ammonium molybdate 3* 82 38 
Lead acetate 3* 75 23 
Aluminium chloride 3* 69 32 
Manganese chloride a* 66 32 
Cobalt chloride 0-6 * 60 31 
Ferrous sulphate 2 59 23 
Zine acetate 2 27 27 
Cadmium suiphate 0-6* 56 34 
Barium chloride 3* B4 2T 
Calcium chicride 3* 53 18 
Cadmium nitrate pet 31 22 
Ferrous ammonium sulphate l 26 16 
Lead nitrate * 22 20 
Potassium chloride 3 19 11 
Ferrie chloride 06 * 16 20 
- Sodium chloride 3 15 11 
Cupric chioride 0-6 * 4 20 
Ammonium nitrate 3 —14t 10 
Ammonium sulphate 4 ~15 10 
Magnesium chloride 3 ~ 30 14 
Sodium nitrate 6 — 3s } 
Mercurie chloride 0-6 * ~ 05 1 


* Optimum concentration in a dilution series, 
at Bold type Tucacas hatch as good as or better than in root diffusate 
ch is + 
ae Negative sign indicates percentage inhibition compared with the hatc 
in water, which is 0+ 10. 


Because of its potency in causing H. sehachtii eggs te 
hatch, we tested the ability of zinc chloride to hatch eggi 
of other Heterodera species: H. avenae, H. carotae, H 
cruciferae, H. oe H, goettingiana, H. rostochiensis, H 
tabacum and H. trifolii. With H. avenae, where the 
number of eggs which hatch in oat-root diffusate and ir 
water is the same, zine chloride inhibited hatehing slightly 
With H. goettingiana, where only very few eggs hateł 
either in water or in pea-root diffusate in vitro, a few mort 
larvae hatched out in zine chloride. With all the othe: 
species, zinc chloride caused more eggs to hatch than dic 
water, and with most of these species hatching was ai 
great as or greater than that in the root diffusate from 
their host plants. As with other agents that stimulate 
hatching, it is not known how Zn**+ and Cd?** ions act. 

A. J. CLARKE 
AUDREY M. SHEPHERD 
Rothamsted Experimental Station, 
Harpenden, Hertfordshire. 
' Rademacher, R., and Schmidt, O., Arch. PA Bau, 10, 237 (1933), 
2 Wallace, H. R., Ann. App. Biol., 44, 274 (1956). 
* Clarke, A, 7., and Shepherd, A. M., Nematologica, 10, 431 (1964). 


Failure of the Zona Reaction in Five Pig Eggs 


In most mammals which have been examined, the first 
spermatozoon that penetrates into the egg stimulates the 
egg to undergo a reaction which prevents subsequent 
spermatozoa from traversing the zona pellucida!, This 
phenomenon is called the ‘zona reaction’. In the pig 
following the zona reaction, spermatozoa can still pene 
trate into the zona but they normally cannot traverse it? 
However, eggs aged for several hours before exposure to the 
first spermatozoon sometimes fail to elicit the zone 
reaction and several spermatozoa enter the vitellu 
(polyspermy) to become male pronuclei (polyandry)*. ` 

In the course of examining several hundred recently 
fertilized pig eggs, we observed five eggs which did no! 
exhibit a zona reaction. The first of these came from t 
litter of nine eggs recovered about 8 h after ovulation 
Eight of these were at normal stages while one egg (egg A 
was unusual in that it contained two spermatozoa in the 
perivitelline space (Fig. 1). After the egg was fixed ir 
acetic-alcohol and stained with orcein, a vesicular nueleu: 
was revealed (Fig. 2). Hancock reported that out o: 
1,677 pig eggs examined, three had vesicular nuclei. ‘The 
second egg that had not undergone a zona reaction: me 
from a litter of five eggs recovered 54 h after insemination 
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wur of these were normal, fertilized, four-celled eggs 
aile the fifth (egg B) was one-celled and contained more 
an twenty spermatozoa in the perivitelline space 
ig. 3). Unfortunately, egg B was lost during fixation so 
wat its nuclear status could not be determined. Eggs 
D, and Æ (Figs. 4, 5, and 6) were recovered 10-16 h 
Mer ovulation and were found to contain 10-15 accessory 
berm in the perivitelline space and to have vesicular 
clei. We are not aware of any other recorded observa- 
ən describing spermatozoa in the perivitelline space of 
© pig egg. 
Pig eggs, and most other mammalian eggs examined, 
6 normally in second metaphase at the time of ovulation. 
age and Dziuk*® found twenty-eight eggs with vesicular 
clei during a study of 1,472 recently fertilized pig eggs, 
d nine of these twenty-eight each had a spermatozoon 
the cytoplasm but pronuclei had not formed, such as is 
own in Fig. 6. Some eggs, therefore, fail either to receive 
to respond to the signal for initiation of meiotic develop- 
bent and maturation prior to ovulation. Eggs A, C, D and 
had vesicular nuclei and therefore were not fully mature. 
nis suggests that as an egg matures meiotically it con- 
*mitantly develops its ability to elicit a zona reaction. 
this hypothesis could be tested by transferring follicular 





Fig. 1. Egg A with spermatozoa in perivitelline space (arrows) (fresh 
whole-mount; xc, 225) 
Fig. 2. Egg A showing vesicular nucleus (arrow) (fixed and stained; 
xe. 125) 
Fig. 3. Egg B showing several spermatozoa in nee space 


(arrows) (fresh whole-mount, xe, 280) 


Figs. 4 and 5. Eggs C and D showing spermatozoa in perivitelline space 
(arrows) (fresh whole-mounts, xe. 280) 


Fig. 6. Egg E showing penetrated spermatozoon (arrow) near vesicular 
nucleus (fixed and stained, xe. 280 
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eggs at various stages of maturation into the oviduct of 
recently mated sows. Afer an appropriate time-interval 
these eggs would be recovered and examined to see 
whether spermatozoa are present in the perivitelline space. 


P. J. DZIUK 


Animal Science Department, 
University of Illinois, 
Urbara. 


Z. DICKMANN 


Department of Obstetmcs and Gynecology, 
Vanderbilt University, Nashville, Tennessee. 
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Effects of (2-Chloroethyl)trimethylammonium 
Chloride and Gibberellic Acid on Growth, 
Fruit Bud Formation and Frost Resistance 

in One-year-old Pear Trees 


THE growth retardant N-dimethylaminosuccinamic 
acid (B-995) has been shawn te modify growth in various 
fruit trees'-*, 

In experiments at East Malling, another growth retar- 
dant, (2-chloroethyl)trimethylammonium chloride (CCC), 
has shown similar effects on pear trees. A single spray 
with 1 per cent CCC, applied on May 25, 1964, to 1-year-old 
pear trees of the variety ‘Williams’ Bon Chrétien’, halved 
the total new shoot-length and greatly increased the num- 
ber of fruit buds. These effects were obtained regardless of 
any pre-treatment of the trees with gibberellic acid (GA). 

Four sets of ten trees were sprayed with GA at 500 p.p.m. 
on the following dates: (4), April 18, April 29 and May 4, 
1964; (B), April 29 and May 4; (C), April 29 only; (D), 
April 18 only. A fifth set (E) was left unsprayed. On 
May 25, half the trees in each set were sprayed with 1 per 
cent CCC (treatment F). 

The results are shown ia Figs. 1-3. The GA sprays had 
no effect on primary shoot growth, but the triple GA spray 
(treatment A) increased both secondary and axillary 
shoot growth. The single CCC spray dramatically reduced 
shoot growth, regardless of whether or not GA had pre- 
viously been applied (Fig. 1). Fruit bud formation was 
reduced by triple GA spray, but greatly increased by the 
CCC spray in every case (Tig. 2). Fig. 3 shows the appear- 
ance of trees of the most contrasting treatments E, EF, 
and A in the following spzing. 

On April 26, 1965, wher. the trees were in full bloom two 
trees of each treatment were exposed to a freezing cycle, 
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Fig. 2, Effect of GA and CCC on fruit bud formation of ‘Williams’ BC’ 





Fig. 3. ‘Williams’ Bon Chrétien’ pear, a vear after receiving treatments: 
E, unsprayed control; EF, 1 per cent CCC on May 25, 1964; A, GA 500 
p.p.m. on 3 occasions. Photo, April 21, 1965 


giving a temperature of —3-5° C for 15 min. The results 
Table 1) showed that blossoms on the trees receiving a 
~ 
CCC spray in 1964 had a greatly increased frost resistance. 
` 5 ` 
The cell size of blossoms is being investigated. 


Table 1. EFFEOT OF CCC SPRAY IN MAY 1964 ON FROST DAMAGE TO FLOWERS 
IN 1965 
(Percentage flowers killed) 
Treatments A B C D E Mean 
Without CCC 80 R5 93 54 D4 81 
With CCC 45 44 54 67 38 50 


Growth retardants, used alone and in conjunction with 
gibberellins, open exciting new possibilities in modifying 
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and controlling growth and fruitfulness of trees, and in t 
control of irregular bearing. 


[RENA MoODLIBOWSKA 


East Malling Research Station, 
East Malling, Maidstone, Kent. 
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Anatomical Changes associated with Juvenile 
to-Mature Growth Phase Transition in Heder 


THE morphological change which accompanies a juvenil 
to-mature transition in various plant species has receive 
considerable attention in recent years’-?. Some worke 
have attempted to relate biochemical’: and anatomical 
factors to those changes which are so striking in certa 
plants as to give the impression that the mature phase 
an entirely different species. These studies confirm th 
findings of Beakbane™ and extend her hypothesis com 
cerning adventitious rooting. 

Leaf, stem, root, and vegetative bud tissue was take 
from actively growing juvenile, transitional, and matu 
phase plants of ivy (Hedera helix) and prepared for micre 
scopic examination. In addition, flower buds of matum 
plants were studied. Stem sections were taken 2 c: 
below the apex. All tissues were prepared by dehydratir 
in the tertiary butyl alcohol series, embedding in parafti»y 
staining with safranin-fast green, and sectioning with 
rotary microtome at 10u. 

Tissues were examined for characters which might t 
associated with a change in growth phase. No gros 
anatomical differences were noted in the leaves, roots, € 
buds of juvenile and mature tissues. However, one strikin 
difference was observed in the cross-section of the ster 
In addition to the anticipated greater lignifieation c 
tissues in the mature stem, a discontinuous ring of fibre 
encircled the phloem in these plants (Fig. 1, top). Phloer 
fibres were extremely rare in juvenile stems (Fig. 1, bot 
tom). Transitional stems, beginning to show some matur 
morphology, possessed a few fibres which became mor 
numerous as the maturing plant progressed in age. 

Previous reports of difficulty in the vegetative propa 
gation of mature Hedera’? resemble those reported b¥ 
Beakbane™ in various woody plants. She has shown tha 
shoots of difficult-to-root plants often have a high degres 
of differentiation into fibres and sclereids. In ‘Conference 
pear an almost continuous ring of thick-walled fibre 
encircled the phloem. She found an inverse relationshiy 
between ease of rooting and continuity of the ring 
Stoutemyer?® found that the mature phase stem in apple 
contained more pericyclic fibres than the juvenile form 
Differences in response of cuttings from non-flowering anc 
flowering plants have been correlated with differences 
anatomical structure, the flowering stem containing £ 
higher proportion of xylem!*. Flowering of seedlings was 
also found to be associated with the structure of the stem 
Struckmeyer™ showed that the cell walls of stems of 
various flowering plants had become greatly thickened 
and changes in anatomical structure occurred early in the 
development of plants placed in an environment favour- 
able to the formation of flower primordia. 

This experiment supports Beakbane’s suggestion that 
an increased difficulty in rooting is associated with in- 
creased fibre development in mature stems. Also suppor- 
ting Beakbane, it is difficult to conceive that such a 
correlation could explain the rooting problem strictly on 
the basis of a mechanical barrier, since in no case observed 
in Hedera was the fibre ring continuous so as to form a 
lignified cylinder. Beakbane also refers to difficult-to-root 
plants, such as Pittosporum, in which no sclerenchyma is 
present. Recent experiments by Sachs, Loreti, and De 
Bie!S showed no simple relationship between density and 
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Fig. 1. Cross-sections of mature (upper) and juvenile (lower) stem of 
Hedera helix, Arrow points 19 See re eam to the phloem in the 
mature stem 


continuity of sclerenchyma and ease of rooting in seven 
varieties of olive cuttings. Indeed, if the correlation des- 
eribed by Beakbane, and supported by the present work, 
is significant, a chemical involvement must be assumed. 
One other point deserves mention concerning Hedera 
morphology and anatomy. As the ivy proceeds from the 
juvenile to mature growth phase, changes in leaf shape, 
stem shape, anthocyanin content, formation of aerial roots, 
and phyllotaxy occur. In addition, growth habit changes 
from a distinct plagiotropie to an orthotropic form. Prob- 
ably the strengthening of stems, and change to a shrubby 
habit, may be associated with the increased shoot lignifi- 
cation and development of fibres. The additional shoot 
strength imparted by the fibres is apparently sufficient to 
change Hedera from a vining to an upright growth habit. 
J. R. GOODIN * 
Department of Agricultural Sciences, 
University of California, 


Los Angeles. 
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Milker’s Nodule Virus Infections in Dorset 
and their Similarity to Orf 


BETWEEN January 1864 and March 1965 seven farm 
workers on six Dorset farms developed lesions on the 
hand or forearm which were diagnosed as clinically typical 
orf infections. Material from each patient was examined 
by electron microscopy and tissue culture as previously 
described!*. In each iastance pox-virus particles were 
seen which in morpholegy and size were identical with 
orf virus’. In tissue culture four specimens produced the 
same cytopathic changes as orf virus and serial passage 
of three virus strains was obtained in primary human 
amnion and rhesus monkey kidney. No difference in 
behaviour was noted between these strains and orf virus 
strains previously grown from humans infected from 
sheep. 

Orf virus infection of sheep is well known as contagious 
pustular dermatitis (CPD). None of our seven patients 
had been in contact with sheep, but all had milked cows 
within three weeks of onset of their lesions. Orf infection 
of cattle has not been reported, so these human infections 
would have been diagnosed as milker’s nodules or pseudo- 
cowpox if the animal source of infection had been con- 
sidered of prime importance'-’. 

Investigation of the six dairy herds revealed teat lesions 
on some animals in all six herds. Two distinct types of 
lesion are recognizable: (1) Benign or chronic. This is a mild 
erythema of the teat which is quickly followed by profuse 
scabbing. The scabs are soft, scurfy and yellowish-grey 
and are often rubbed eff at milking. The teat surface 
becomes corrugated and prone to develop chaps and sores. 
The lesions are painless throughout their course and 
persist for several months. This type of lesion seldom 
affects many cows ina herd. (2) Acute. An erythematous 
eruption of the teat develops into a small vesicle or 
pustule which ruptures within 48 h. Prolific scab forma- 
tion follows rapidly, some of the scabs being very large. 
Pain is only noticeable before scab formation, and indeed, 
scabs can be removed with no response by the cow. 
Granulation develops beneath the scab until the lesion 
becomes elevated some 2-3 mm above the general teat 
surface, and varies in diameter from 0-5 to 2-5 cm. The 
lesions heal from the centre, and, when the seab drops or 
is rubbed off, a charaeteristic horseshoe-shaped ring of 
minute scabs at the circumference is left. Each lesion 
takes 7-10 days to this stage. A small wart-like granuloma 
then remains, marked cut in the early days by the horse- 
shoe ring, and persists “or many months, several of these 
making the teat very coarse. Spread of the lesions from 
cow to cow appears to be slow, and 5-10 per cent of the 
herd is usually affected at any one time. Freshly calved 
animals and those recently entering the herd are most 
often affected. Two herds had an epidemic of the infec- 
tion which appeared a few weeks after their arrival from 
a different county. 

Seabs were collected when present and small biopsies 
were made of the other types of lesion. As shown in 
Table 1, identical pox-virus particles were found in the 


Table 1. TissceK CULTURE N PRIMARY HUMAN AMNION, SECONDARY 
MONKEY KIDNEY AND PRIMARY BOVINE TESTIS 
Method of examination No. of No. positive 
Farm Farm Micro- Pas- cattle Micro- 
worker scopy Calture sages examined scopy Culture 
I R.T. Positive Positive 2+ 3 3 3 
2 S.T. Ay aS 4+ 0 ; x 
3 M.J.-P. -j t None 1 1 1 
4 J.M.P. A 3+ 4 3 3 
4 A.M. A Neaative — 
5 Miss C. 2 ii = 4 4 N.D. 
6 A.H. is ND. 6 4 N.D. 


Passages given are number attempted. The virus from M.J.P. produced 
bed ie cytopathic changes bet failed to passage. The others showed no 
evidence of decreasing infectivy when passage was discontinued. 

N.D., not done. 
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lambs and. ewes is enzootic in Dorset, the virus having 
been isolated by us both from sheep and from shepherds. 
The possibility of transfer of orf infection from sheep to 
cattle was considered, but no evidence of such transfer 
was found. In order to find out how common teat lesions 
might be among dairy herds in West Dorset which were 
not associated with human infections, 16 herds were 
inspected. Teat lesions were found in some animals in 
every herd. At least four presumptive human infections 
were also found although too late for laboratory investi- 
gation. Confirmation of the bovine infections was 
possible in 14 of the 16 herds. As only one specimen 
was examined from each of the two negative herds, this 
does not exclude their infection. Of 48 animals examined, 
36 had the pox-virus infection, 5 bovine warts and 7 
animals were negative. The infection is therefore enzootic. 
No marked seasonal variation was evident. Lesions of 
the mouth in calves have not been seen, but few ealves 
were suckled for more than three days because these 
were dairy herds. 

-It has been found that electron microscopy is a quicker 
and more reliable method than tissue culture for examina- 
tion of this kind of material. Bacterial and fungal 
contamination of the specimen is heavy and the virus 
grows slowly. When only small numbers of virus particles 
are. present successful culture is far less likely, as shown 
in Table 2. No positive results were obtained with 
cultures when microscopy was negative. Microscopy is 
therefore an invaluable tool for this type of field inves- 
tigation and could be applied on a large scale provided 
that adequate cultural confirmation is included. 

Comparison of the growth of cattle and sheep virus 
strains in a variety of tissue culture cells is shown in 
Table 3. No consistent differences were observed in the 
range of cells affected, in the type of cytopathic change, 
or in the number of successful passages possible. Both 
viruses have a tendency to die out and the differences 
shown appear to be no greater than between different 
atrains of either source. Growth in primary cells is more 
reliable and yields more virus than in continuous cell 
lines. Most strains have passaged 10 or more times in 
primary cells without dying out. 

There are several aspects of the work presented 
that seem worth consideration. 


_ Table 3. COMPARISON oF NUMBER OF BOVINE POXVIRUS PARTICLES SEEN 
, BY MICROSCOPY WITH CULTURAL RESULT 


Virus particles Tissue culture 





per grid square * Positive Negative 
1,000- 1 0 
100-1,000 19 0 
10-100 8 6 
1-10 6 4 
0 Q 12 
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ately 100x x 100... 


Ovine strains 

















Sheep Human 
CPD? 5957 25772 
-rimary cell cultures 
‘Bovine testis a 
++ 


«Monkey kidney 
_ Cell lines 

- Hela strain 232 | + 
HeLa strain MK 2 ] + 


“Human amnion 
| 


| Mouse ascites tumour * 
Rabbit RK 13 
KB 


Mouse L cells ~ 
BHE 21 (hamster kidney) | 
j 


| 


| 
t 
I 
| 
| 
i 
H 


oe ro Indefinite passage possible with cytopathic effect (CPE); +n, limited number of passages (last passage number with appreciable CPE ind 


“In-vitro adapted Bandinelli strain. 
+ CPD is the Wellcome Laboratories vaccine strain. 


Orf- infection of- 


Table 38. GROWTH IN TISSUE CULTURE 


EEE EAE cia Aerenea e EE aranana naa aang ALLAH 


AMEN iaaa on arm maa mapaa aani iiie e aaa aaa | 













io animal so 














between ovine and bovine infections. A wider experiens 
might enable this, but all the dermatologists we haw 
consulted so far have agreed that differential diagnos 
is based on knowledge of the animal source. Thu 
shepherds are said to have orf whereas a similar lesi 
on a cowman is called a milker’s nodule. We feel that. 
thorough comparison of the lesions is likely to show tk 
same pathology irrespective of the source of infection. 

(2) Bovine lesions. This infection of dairy cattle 
hitherto unsuspected, is clearly enzootic in Dorset. Th 
it came to our notice by the appearance of the huma 
infections is suggestive of a higher recent incidence 
perhaps due to changes in farming, as three infectior: 
were from two herds with epizootic infection in conse 
quence of being recently moved into the county. 

There is no information at present on the incidence c 
infection elsewhere in Britain, but it is probably wide 
spread and might be the ‘spurious cowpox’ deserib 
by Jenner in 1799 (ref. 6). 

Teat lesions in dairy cattle tend to be regarded as du 
to minor trauma, chapping in cold weather, ete. But i 
is worth consideration that even trivial lesions are pron: 
to secondary bacterial infection and this is one way ie 
which bacterial infection of a teat could occur whick 
might lead to mastitis. 

(3) The relations of the bovine virus. The poxviruse: 
are divisible into two groups by morphology. The large: 
group have the vaccinia type of structure, the smalle: 
one that described for orf**. We refer to the latter ag 
the orf group because of the antiquity of the word ‘orf? 
that is Old English hreof: rough, scabby’, and orf-qualm - 
cattle plague’, and the fact that this morphological type 
was first described by Abdussalam and Cosslett in 195% 
(ref. 8) for ovine virus, in preference to the suggestec | 
use of ‘paravaccinia’ group recently proposed by Peters, 
et al", = 

So far the orf structural group includes the viruses of. 
orf or contagious pustular dermatitis?*", milker’s 
nodule or pseudocowpox virus®?, bovine papular stoma~ 
titis virusi, chamois contagious ecthyma!:* and that 
described recently by Pournaki et al. as bovine X or BX- 
virus”, We consider that our bovine virus is synonymous, 
with those described as milker’s nodule, pseudocowpox 
and BX. Its relationship to bovine papular stomatiti 
(BPS) virus remains to be determined. Plowright anc 
Ferris'* consider BPS to be synonymous with th 
proliferative stomatitis described in the United State: 
by Olson and Palionis!* and several other stomatiti: 
agents. It is noteworthy that two of the American 
workers developed milker’s nodes on their hands, ani 
material from these injected into calves produced stoma 
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BPS strains are not readily available in Britain 
we have been unable to find evidence of natural 
nfections. 
The relationship of the bovine strains to orf and the 
other animal viruses will remain conjectural until further 
rie especially serology, is complete, but on present 
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vidence their similarity appears so close as to make 
paration difficult. 
We thank Mr. G. H. C. Ellis, Mr. W. MacKinnon, 
. J. Hall and Mr. M. H. Woodford for their help, and 
f. J. D. Boyd for enabling us to use the electron 
icroscopy facilities of the Department of Anatomy, 
Boambrides. 
J. NAGINGTON 
Public Health Laboratory, 


Cambridge. 
G. H. TEE 
Public Health Laboratory, 
Dorchester. 
J. S. SMITH 
Dorchester. 
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Plant Tumour Virus in Arthropod Host : 
Microcrystal Formation 


Tue wound tumour virus (WTV) belongs to a group of 
plant pathogenic viruses that infect not only plants 
but also their respective arthropod carriers’. The virus 
has been detected in extracts of an insect vector and 
found to multiply in this vector, the clover leafhopper 
Agallia constricta van Duzee*. Purified preparations of 
WTYV from plant and insect hosts permitted the determ- 
ination of the particle size and its morphology*. Purified 
WTYV particles, about 600 A in diameter, have the shape 
of an icosahedron with a surface of 92 sub-units, about 
75 A in diameter‘. The virus core stains heavily with 
uranyl acetate and comprises about 20 per cent of the 
volume of the particles. It consists of a double-stranded 
RNAS‘. The virus reaches considerable concentrations 
in extracts from insects and plant tumours, but the 
infection of the insect host is not apparent’. 

Until we undertook this investigation, it was not known 
whether WTV particles could be visualized in tissues of an 
insect vector in situ. The presence, in the cell cytoplasm 
of both healthy and virus-infected insects, of numerous 
spherical particles makes it extremely difficult to differ- 
entiate between normal cell constituents and virus, unless 
special circumstances arise which make identification 
possible. 

Clover leafhoppers, A. constricta, were confined for 4 
weeks to sweet clover (Melilotus officinalis L.) plants 
infected with WTV. Afterward, whole abdomens were 
dissected and fixed for 90 min in a 6 per cent glutar- 
aldehyde and insect Ringer solution. This was followed 
by washing with 3 changes of distilled water for 30 min 
each, and further fixation in 2 per cent osmium tetroxide 
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for 60 min. After dehydration in graded ethanol, the 
pieces wero embedded in methacrylate or epoxy resin. 
Ultrathin sections were cut with a Porter-Bluam MT-1 
microtome, using a diamond knife for epoxy, and a glass 
knife for methacrylate resin. The sections, approximately 
25-50 mu thick, were deuble-stained (for epoxy embedded 
materials) with 6 per cent uranyl acetate for 60 min and 
with lead for 15 min’. Electron micrographs were taken 
with a Siemens Elmiskop J, with 80 kV accelerating 
voltage. 

Although the size and shape of WTV were known from 
purified preparations, the identification of isolated 
particles would have resented a difficult task. For- 
tunately, striking accamulations of particles, forming 
crystalline arrays, were encountered in the cytoplasm 
of muscle and fat body cells. Since these particles, found 
in erystalline arrangement, resembled in size and shape 
WTV particles, and since such particles were never 
observed in non-infected insects, it was concluded that 
the regular accumulations were WTV microcrystals. 
This conclusion was further confirmed by the finding of 
particles of the same size and morphology in WTV- 
infected plants, particularly in root and stem tumours of 
diseased sweet clover plants, and in WTV enations of 
Rumex acetosa and enlarged veins of WTV-infected 
Trifolium incarnatum’, but not in healthy plants of the 
same species. Similar regular arrangements and distances 
between particles of the same size as found in the micro- 
erystals were observed »y Whitcomb (unpublished results) 
in a cross-section of a pellet of purified WTV. 

Fig. 1 shows one of the striking accumulations of WTV 
microcrystals in a single fat body cell of A. constricta. 
Individual microcrystals of compactly packed WTV 
particles were also encountered within microfibrils of 
muscle fibres, as shown in Figs. 2 and 3. These electron 
micrographs of microcrystalline virus inclusions indicate 
the regular, three-dimensional arrangement of the 
particles. When the mocrocrystals were found in fat body 
and muscle cells, it wasmot known whether they also occur 
in other organs of the arthropod host. The time-consuming 
part of our work was the subsequent identification of 
particles, particularly ef individual ones or of very small 
WTV accumulations®. The finding of virus microcrystals, 
on the other hand, turned out to be easier than was 
anticipated. It should be pointed out that the size of the 
WTV inclusions is sraaller than, or similar to, mito- 
chondria, which makes their structural identification 
difficult under a light microscope. 

The diameter of tha virus particles within a micro- 
crystal was calculated as 58-60 mu. These measurements 
were made on epoxy embedded materials, including 
central darker areas surrounded by less dense regions. 
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Fig. 1. Crystalline inclusions (m ) of wound tumour virus 


stals 
(WTYV) in the cytoplasm of ht boas cell of A. constricta 
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Parsons* summarized the differences in size between 
isolated virus particles and those obtained from ultrathin 
sections of animal viruses. It was known that methacrylate 
polymerization causes considerable shrinkage and dis- 
tortion’’. Therefore, the diameter of virus particles in 
methacrylate-embedded sections was expected to be 
smaller than the diameter of purified WTV particles. 
This was confirmed in the results shown in the legends to 
Figs. 2, 3 and 4. Centre-to-centre measurements resulted 
in different average diameters, when the measurements 
were made from different directions. 

Electron micrographs of some WTV microcrystals 
clearly showed the regularly repeated pattern of darker 
and lighter particles (Fig. 4), corresponding with the 
denser and less dense masses of regularly arranged units. 
Obviously, in such sections, the cutting face of the knife 
was not parallel to the surface of the WTV microcrystal. 
The darker particles have a central core, while the less 
dark ones are devoid of the core. 

The nature of the crystal formation is not clear. Tt is 
feasible to assume that they represent the result of virus 
multiplication at the site where they are found. In the 





Fig, 2. Cross-section through a WTV microcrystal within microfibrils of 
a muscle cell of A, constricta, Epoxy resin embedding. Average diam- 
eters of 42 particles were: first direction (8 particles): 66-8 mu; second 
direction (6 icles); 66-0 my; third direction (8 particles): 57-5 mu; 
fourth direction (6 particles): 57-6 my; fifth direction (8 particles): 61-7 
my; sixth direction (6 particles): 61-9 mp. Single particles inside 
crystal (3 particles); 594 my eee particle, outside microcrystal: 
78 mu 
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Fig. 3. Cross-section through a WTV microcrystal in A. constricta musele 
cell. Epoxy resin embedding. Average diameters of 9 particles were: 
first direction—70-5 mæ; second direction—72-5 mu; third direction— 
69:5 my. Single particle inside microcrystal measured 63-0 my x 59-6 my 
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he 4. Cross-section of a WTV microcrystal, embedded in methacrylate 

resin. Average diameters of 20 particles were: first direction—45 mu; 

second direction—35 my. Average diameters of 10 particles in a loose 

cluster within same fat body cn pei 57 m and 38 my for the two 
rections 


case of animal viruses in animal host cells, such a hypo- 
thesis had been put forward by several workers!?-12, 
However, some virus particles are not arranged regularly 
in the cytoplasm!*. While it appears likely that virus 
multiplication occurred in the cytoplasm of the cells in 
which the microcrystals were encountered, these regular 
arrangements of particles could also represent the final 
stage of storage and accumulation of particles that have 
multiplied earlier in a viroplasmic matrix situated at 
another part of the cell. 

The novel and unusual feature of the present findings 
is the formation of microcrystals of a plant-pathogenic 
virus in an animal host. So far as the authors are aware, 
this is the first such account. Regular arrangements of 
rice dwarf virus have also been reported in an insect 
vector’, but electron micrographs of that virus did 
not suggest the formation of a crystalline three-dimen- 
sional structure. It should be pointed out that WTV 
microcrystals were also found in some cells of infected 
plants, alongside of large accumulations of virus particles 
and irregularly scattered WTV7. 

This work was supported in part by grants CA—07453 
from the National Cancer Institute and AJ-04290 from 
the National Institute of Allergy and Infectious Diseases, 
U.S. Publie Health Service, and by grant GB-1199 from 
the U.S. National Science Foundation, Washington, D.C. 


EISHIRO SHIKATA * 
KARL MARAMOROSCH 


Boyce Thompson Institute for Plant Research, 
Yonkers 3, New York. 


m * On leave from the Department of Botany, Hokkaido University, Sapporo, 
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Development of Eimeria tenella in Avian 
Embryos 


More than 300 species of the genus Himeria have been 
recorded from birds and mammals. Where details of the 
_ife-cycles are known, only two species appear to develop 
an sites other than the intestinal tract. These species, 
wi. stiedae and E. truncata, occur in the liver of the rabbit 
sand the kidney of the goose respectively and are not known 
‘to develop at other sites. Infection of hosts normally 
woccurs after the introduction of sporulated oocysts by 
mouth and the development of species, other than Æ. 
»stiedae and E. truncata, is confined to the intestine. Æ. 
wWenella usually shows a rigid preference for the caecal 
mucosa of the domestic fowl although, in common with 
the other species of Eimeria in the fowl, the sporozoites 
are released in the small intestine. When this parasite is 
introduced by either the intravenous or intraperitoneal 
routes developing stages can only be located in the 
caeca*-*. 

This rigid site selection does not necessarily apply to 
E. necatrix or E. brunetti as sporozoites introduced directly 
into the caeca invade the walls and complete their life- 
cycles in the usual way®:’. The present investigation shows 
that E. tenella can develop in the chorioallantoic membrane 
of the chick embryo. 

Sporozoites were released from the oocysts by using a 
modification of an in vitro excystation method’. In pre- 
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liminary experiments, sporozoites injected into the allantoic 
cavity or intravenously caused the early deaths of ten- 
day-old embryos. Deaths usually occurred immediately 
after the intravenous injection of sporozoites whereas 
deaths occurred up to 24 h after allantoic injection and 
were associated with heavy bacterial contamination. To 
control contamination. the oocyst suspensions were 
incubated at 30° C for 24 h in peptone broth contaming 
50 1.0. penicillin and streptomycin per ml. This procedure 
was followed by a 1 h treatment in 1: 500 ‘Chloros’ 
solution and finally in 2 per cent formalin solution. The 
oocysts were washed in sterile 0-9 per cent sodium chloride 
between each treatment and then excysted. The findings 
following the inoculation of sporozoites are summarized 
in Table 1. 

Sporozoites injected nto the allantoic cavities of ten- 
day-old embryos produced infections and fewer early 
deaths than in six-day-cld embryos. Intravenous inocula- 
tion of sporozoites produced no developing stages. Intra- 
amniotic inoculation wes highly lethal and sudden deaths 
occurred associated wita multiple haemorrhages. 

In the infections which occurred from injections of 
sporozoites into the allantoic cavity parasites were only 
detected in the chorioalantoie membranes and not in the 
embryo itself. Immature and mature schizonts were seen 
in increasing numbers in histological sections of the 
chorioallantoic membranes on days 4, 5, 6 and 7 and 
numerous merozoites wore found in the allantoic fluid on 
days 6 and 7. Schizonts, morphologically similar to those 
found previously, were also readily seen on days 8 and 9. 


Table 1. THE EFFECT OF INTRODUCING SPOROZOITES OF E. tenella INTO AVIAN EMBRYCS BY DIFFERENT ROUTES 


were found from dmys 4-10, gametocytes and oocysts from 
days 7-11. Nine deaths occurred on day 7; numerous 
schizonts were seen in the C.A.M. and numerous free mero- 
zoites were seen ir the allantoic fluid 


Number of 
sporozoites Volume Site of Age of Number Early deaths 
inoculated injection embryos | injected —— — -— Findings 
(10") (mil.) Time 
140 0'1 Intravenous 11 bad One survivor, killed day 7, no parasites 
140 01 Allantois 11 Within In 2 survivors schizonts and oocysts present in C.A.M.* on 
72h lg j- and 10 afer infection. One survivor negative on 
vi 
24-38 | 0-05-0-08 Intravenous 5 2-24 h All negative for parasites when examined between 5 and 11 
| days after inoculacion 
48-240 | 0-1-0°5 Amnion 10 be Multiple haemorrhages 
108 0-1 Allantois 6 12 Within In 3 survivors schizents were found in the C.A.M, on days 4, 5 
48 h and 7 after inocwation, No tes were found in em- 
bryos examined oa days 8 and 9 after inoculation 
64 0-05 Allantois 10 20 Within The C.A.M.’s of all embryos were positive for parasites when 
| 24h examined between days 4 and 11 of infection. Sechizonts 
| 
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Fig. 1. Mature schizonts in chorioallantoic membranes; 
embryo 4 days after inoculation: (b 
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peor stained by haematoxylin and eosin ¢« 600). (a) Schizont from 14-day-old 


schizonts from 16-day-old embryo 6 days after inoculation 
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(b) 


sts (0) free in the allantois of a 20-day-old embryo, 10 
ù) Con (0), gametocytes (g) and merozoites (m)in the 


same embryo. Unstained preparation (x 600 


These schizonts were similar to the second generation 
schizonts of Æ. tenella in the caeca of hatched chickens on 
days 5 and 6 after receiving sporulated oocysts per os. 
The nine embryos found dead on day 7 after inoculation 
were presumed to be due to the very large numbers of 
schizonts in the chorioallantoic membrane and haemorrhage 
which occurred in the allantoic cavities. Gametocytes and 
oocysts were found in small numbers on day 7 and were 
found in increasing numbers until day 11. Oocysts were 
found free in the allantoic fluid and in necrotic material 
sloughed off from the chorioallantoie membranes. Photo- 
micrographs of the different stages observed are shown in 
Figs. 1 and 2. The oocysts recovered from a ten-day-old 
infection sporulated normally and produced typical caecal 
infections when inoculated into one-week-old chickens. 

The results show that the life-cycle of Eimeria tenella 
can occur at a site other than the caeca of the chicken and 
this may have important consequences. The life-cycle 
appears to be slightly delayed (large numbers of oocysts 
occurring after day 9 of the infection) and the phase of 
schizogony extended. 

intenance of the avian Eimeria normally necessitates 

frequent passaging in fowls kept in strict isolation. The 
growth of E. tenella in the chick embryo may provide a 
more convenient and less expensive alternative. It is 
possible that other species of Eimeria also develop tn 
embryos. An extension of this work is proceeding with 
other species of Eimeria of the fowl and E. stiedae of the 
rabbit. The method may be of use in the evaluation of 
anti-parasitic substances and, in addition, provides 
bacteria-free material for immunological investigations. 
Of particular interest is the apparent prolongation of 
schizogony of the parasite and the opportunity now 
afforded for studying the parasite in a host in which 
resistance is minimalë, 


P. L. Lone 


Houghton Poultry Research Station, 
Houghton, 
Huntingdon. 

' Pellerdy, L. P., Catalogue of Eimeriidae (Protozoa; Sporozoa) (Hungarian 

Academy of Sciences, 1963). 
* Sharma, N. N., and Reid, W. M., J. Parasit., 48, Sect. 2, 33 (1962), 
* Davies, 8. F. M., and Joyner, L. P., Nature, 194, 996 (1962). 
* Long, P. L., and Rose, M. E., Expl. Parasit.,16, 1 (1965). 
è ——— C., Proc. First Intern. Parasitol. Cong., Rome, 1964 (in the 

press), 


* Horton-Smith, C., and Long, P. L., Parasitology, 55, 401 (1965). 
* Farr, M. M., and Doran, D. J., J. Protozool., 9, 403 (1962). 


* Burnet, F. M., Stone, J. D., and Edney, M., Austral. J, Exp. Biol. Med. Sci., 
28, 291 (1950). 


MISCELLANEOUS 


Effect of Certain Types of Paper on Sexual 
Maturation of the Insect Pyrrhocoris 
apterus 


On reading the article entitled “Juvenile Hormone 
Activity for the Bug, Pyrrhocoris apterus”, by Slama and 
Williams', I was struck by a likely correlation. 

These authors report that this European insect fails to 
undergo normal sexual maturation in the presence of 
certain American papers (New York Times, Wall Street 
Journal, Boston Globe, Science and Scientific American), 
while British papers (The Times and Nature) had no 
inhibitory effect on the attainment of normal sexual 
maturity by this insect. 

The active principle in the paper was found to be heat 
stable (100° C) and insoluble in water, but soluble in 
methanol, acetone, ether and petroleum ether. The authors 
ascertained that balsam fir, hemlock and yew contained 
the active principle, while red spruce, European larch 
and southern pine possessed very little activity. 

The heart wood of Douglas fir contains dihydroquercetin 
as was first shown by Pew*, and this is well known in the 
American wood pulping industry, for this substance 
interferes with pulping and tends to oxidize to quercetin, 
which is yellow on account of its cinnamoyl resonance; 
this spoils the appearance of the paper, so steps are taken 
to prevent its oxidation. 

Moewus* showed that quercetin occupies a central 
position in the development of sexuality in the primitive — 
biflagellate alga Chlamydomonas eugametos, being a 
precursor of isorhamnetin required in the female gametes 
and of peonin required in the males. 

It might therefore be profitable for entomologists to 
ascertain whether the inhibitory substance may not be 
dihydroquercetin, which could well interfere with sexual 
maturation if quercetin should be a step in the pathway 
to sexual maturity in these insects, as it is in Chlamy- 
domonas eugametos. 


C. A. B. CLEMETSON 


Department of Obstetrics and Gynecology, 
University of California Medical Center, 
San Francisco, 
California. 
* Sláma, E., and Williams, M., Proc. U.S. Nat. Acad. Sci., 54, 411 (1965). 


* Pew, J. C., J. Amer. Chem. Soc., 70, 3031 (1948), i 
* Moewus, F., Ann. New York Acad. Sci., 61, 660 (1955). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, November | 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at Savoy 
Place, London, W.C.2), at 9.30 a.m and 2.15 p.m.—Colloguium on “HS 303 
m(Early Bird) and the Post Office Earth Station at Goonhilly”’. 


PLASTICS INSTITUTE, PLASTICS PROPERTIES DISCUSSION CIRCLE (at the 
cnet ye roe Mandeville Place, London, W.1), at 3 pm. —Mr. D. R. 
id. “Ageing”. 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W.12), at 4 p.m.—Dr. D. A. Price Evans: “Genetics 
and Drug Idiosyncrasy”’.* 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.30 p m.— 
Prof. J. Ralph Audy (U.S.A.): “Red Mites and Typhus. I. Scrub-itch and 
the Ecologist’. * 


UNIVERSITY OF LONDON (in the Chemistry Theatre, University College, 
Gower Street, London, W C.1), at 5.30 p.m.—Prof. D. J. Millen: “Mole- 
cular Measurements” (Inaugural Lecture). * 


INSTITUTION OF MECHANICAL ENGINEERS, MEDICAL ENGINEERING WORK- 
ING PARTY (at 1 Birdcage Walk, Westminster, London, 8.W.1), at 6 pm.— 
Informal Discussion on “The Doctor’s View of Engineering: The Engineer's 
View of Medicine”. 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 8.W.7), 
at 6 p.m.— ‘The Island” (film with introduction by Prof. O. A. Fisher). 


SOOIETY OF CHEMIOAL INDUSTRY, LONDON SEOTION (at 14 Belgrave Square, 
London, S.W.1), at 6 30 pm.—Dame Kathleen Lonsdale, D.B.E., F.R.S.: 
‘Crystallography as a Research Tool in Chemistry” (J ubilee Memorial 

ure). 


Tuesday, November 2 


UNIVERSITY OF LONDON (at Imperial College of Science and Technology, 
Tondon, S.W.7), at 1 80 p.m.—Mr. E. F. Schumacher: ‘Guides to Action: 
Is There a Universal Teaching of Mankind ?”* 


UNIVERSITY OF LONDON (at the Institute of Obstetrics and Gynaecology, 
Hammersmith Hospital, London, W.12), at 3 p.m.—Prof. P. Polani: 
“Human Chromosomes and their Abnormalities (I1)”.* 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, London, 8.W.1), 
at 5.30 p.m.—Mr. J. A. Banks: Presidential Address. 


ROYAL INSTITUTION, LIBRARY CIROLE (at 21 Albemarle Street, London, 
W.1), at 5.80 p.m.—Dr. H. D Anthony: “The Study of Scenery”. 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.30 p.m.—Prof. 
J. B. Kinmonth: ‘Angiology of the Human Lymph System”. (Fourth of 
fifteen lectures on “The Scientific Basis of Medicine” organized by the 
British Postgraduate Medical Federation.) * 


UNIVERSITY OF LONDON (in the Large Physics Lecture Theatre, Westfleld 
College, Kidderpore Avenue, London, N.W.3), at 5.80 p.m.—Dr. J. Sicher 
(Czechoslovak Academy of Science): “The Steric Structure of Medium Ring 
Compounds and Approaches to Conformational Analysls”’.* 


UNIVERSITY OF LONDON (at Queen Mary College, Mile End Road, London, 
B.1), at 6 p.m.—Prof W. R. Sears (University of Cornell): “Fundamental 
Ideas”. (Firat of four lectures on ““Magneto-Fluid Dynamics’’.)* 


PLASTICS INSTITUTE, LONDON SECTION (at the Wellcome Building, Euston 
Road, London, N.W.1), at 630 p.m —Mr. BH Birtles: “The Government 
Services for Exporters”. 


Tuesday, November 2—Wednesday, November 3 


INSTITUTION OF MECHANIOAL ENGINEERS, HYDRAULIO PLANT AND 
MACHINERY GROUP (at 1 Birdcage Walk, Westminster, London, 8.W.1}— 
Symposium on ‘Surges in Pipelines”. 


PLASTICS INSTITUTE (at the Connaught Rooms, Great Queen Street, Lon- 
don, W.C.2)—Conference on ‘‘Automatic Control tor Plastics Processing”. 


Wednesday, November 3 


BIOMETRIO SOCIETY—BRITISH REGION (at the Wellcome Building, Euston 
Road, London, N.W.1), at 2.30 p.m—Symposium on ‘Non-Parametric 
Methods”. Principal Speakers: Mr. P. Sprent, Prof. P. Armitage, Mr. I. D. 
Hill and Dr. G. B. Wetherill. 


COLOUR GROUP (Great Britain) (in the Physics Department, Imperial 
College, Prince Consort Road, London, 8.W.7), at 3 pun A. C. Hardy: 
“The Colour Coordination of Tiles and other Factory Coloured Products 
for the Building Industry in relation to BS 2660”; Mr. F. Malkin: “An 
Experiment in the Colour Tolerance of Glazed Wall Tiles”. 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C.2), at 5.80 p.m.—Mr. P. A. Bradley and Mr C. 
Clarke: ‘‘Atmospheric Radio Noise and Signals Received on Directional 
Aerials at High Frequencies”; Mr. C. Clarke, Mr. P. A. Bradley and Mr. 
D- E. Mortimer: ‘“‘Characteristics in Atmospheric Radio Noise Observed at 

ngapore”’, 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (at Savoy 
Place, London, W C.2), at 5.30 p.m.—Dtscussion on “The Distribution and 
Application of Electricity in Building Sites”. 


ROYAL METROROLOGICAL SOOIETY (at 49 Cromwell Road, London, 8.W.7), 
at 5.30 p.m.—Mr. M. H. Freeman: “Long Range Weather Forecasting”. 


ROYAL MICROSCOPICAL SOCIETY (at the Royal Society, Burlington House, 
Piccadilly, London, W.1), at 5.80 p.m.—Mr. R. W. Horne: “Flectron 
Microscopy on the Macromolecular Level”. 


SOCIETY OF NON-DESTRUCTIVE EXAMINATION (in the Weir Lecture Hall, 
Royal Institution of Naval Architects, 10 Upper Belgrave Street, London, 
W.1), at 5.30 p.m.—Mr. B. R. Byrne: “The Selection, Training and Briefing 
of N.D.T. Personnel” (Third Croxson Memorial Lecture). 
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UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine Keppel Street, Gower Street, London, W.C 1), at 5.30 p.m.— 
Prof. J. Ralph Audy (U.S.A.) “Red Mites and Typbus. II. ushi: 
The Red Mites of Japan”. * 


INSTITUTION OF ELECTRONIO AND RADIO ENGINEERS, ELEOTRO-ACOUSTIOS 
GROUP (at 9 Bedford Square, Lendon, W.C.1), at 6 p.m.—Dr. B. L. Clarkson: 
“Hıgh Intensity Acoustic Nois« Sources”’. 


Thursday, November 4 


ROYAL SOCIETY (at Burlington House, Piccadilly, London, W.1), at 
10.30 a.m.—Discussion Meeticg on “Advanced Methods of Energy Con- 
version—Magnetohydrodynamiz Power Generation” organized by Dr. L. 
Rotherham, F.R.S. 


SOOIETY OF CHEMICAL INDUETRY, MICROBIOLOGY GROUP (at the School of 
Pharmacy, 29 Brunswick Square, London, W.C.1), at 2.30 p.m.—Meeting 
on “Recent Developments in Microbiology in the Beverage Industries”. 


UNIVERSITY OF LONDON (at King’s College Hospital Medical School, Den- 
mark Hill, London, S.E.5), af 4.80 p.m.—Prof. H. Rahn (U.S.A.): “The 
Physiology of the Diving Won-en of Korea and Japan’”.* 


INSTITUTION OF ELECTRICAL SNGINEERS (joint meeting with the Institution 
of Electronic and Radio Engmeers, at Savoy Place, London, W.C.2), at 
5.30 p.m.—Discussion on “The Selection of Topics for Research in Electrical 
and Electronic Engineering” opened by Sir Robert Cockburn, K.B.E., 
Dr. E. Eastwood, 0.B.E., Pof. Sir Wills Jackson, F.R.S., and Dr. L. 
Rotherham, F.R.S. 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, wer Street, London, W.O 1), at 5.30 p.m.— 
Mr. D. C Phillips: “The Structure of Lysozyme”. - (Fifth of fifteen lectures 
on “The Scientific Basis of Medicine” organized by the British Postgraduate 
Medical Federation.)* 


UNIVERSITY OF LONDON (in the Large Physics Lecture Theatre, Westfield 
College, Kidderpore Avenue, London, N.W.3), al 5.30 p.m.—Dr. J. Sicher 
(Czechoslovak Academy of ScBnee): ‘Conformational Equilibria in Disub- 
stituted Cyclohexanes’”’. * 


INSTITUTE OF REFRIGERATION (at the National College for Heating, 
Ventilating, Refrigeration anc Fan Engineering, Southwark Bridge Road, 
London, 8.5.1), at 6 pm.—Dr H. N. Daglish: ‘‘Applications of Low Tem- 
peratures tn Satellite Commurications”’. 


INSTITUTION OF MECHANICAL ENGINEERS, STEAM PLANT GROUP (at 1 
Birdcage Walk, Westminster, London, 8.W.1), at 6 p.m.—Duscussion on 
pers pecs Merits of Once-Through Versus Other Types of Boiler 

re on”. 


UNIVERSITY OF LONDON (at Queen Mary College, Mile End Road, London, 
E.1), at 6 p m.—Prof. W. R. 3ears (University of Cornell). ‘‘Steady Flow”. 
(Second of four lectures on ‘‘Magneto-Fluid Dynamics” )* 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (joint meeting with 
the Brunel College Chemical Society, at Brunel College, Woodlands Avenue, 
London, W.8), at 7 pm.—Mr. M. C. Hyde: ‘Collecting Information on 
the Chemical Industry”. 


Friday, November 5 


INSTITUTION OF ELECTRICAL ENGINEERS, FLECTRONICS DIVISION (at 
Savoy Place, London, W.C.2) at 5.80 pan Ra, R. W. Cannon, Mr. G. C. 
Rider and Mr. D. Wilkinson: “Operational Experience with Tropospheric 
Scatter Systems”. 


SOOIETY OF CHEMICAL INDUSTRY, LONDON SECTION (joint meeting with the 
Fine Chemicals Group, at 14 Belgrave Square, London, 8.W 1), at 6.30 p.m. 
—Dr. W. Gerrard: “Studies in Boron Chemistry: Organic Analogues of 
Heterocyclics”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9 p m.— 
Dr. D. C. Phillips: ‘The Stracture and Function of Lysozyme”. 


Saturday, November 6 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, Lon- 
don Road, Forest Hill, Londa, S.E.23), at 3.30 p.m.—Mr. Michael Boorer; 
‘‘Rhinoceroses”’. * 


Monday, November 8 


PLASTICS INSTITUTE, PLASTICS PROPERTIES DISCUSSION CIRCLE (at the 
Mandeville Hotel, Mandeville Place, London, W.1), at.3 p.m.—Mr. R. A. 
Horsley: “Creep Properties af Thermoplastics’’. 


SOCIETY OF CHEMIOAL INDUSTRY, COLLOID AND SURFACE CHEMISTRY 
GROUP (at 14 Belgrave Square, London, 8.W.1), at 5.30 p.m.—Mr. G. P. C. 
Chambers: “The Colloidal acd Surface Properties of Clay Minerals”. 


INSTITUTION OF ELECTRICAL ENGINEERS, CONTROL AND AUTOMATION 
DIVISION (at Hatfield College 2f Technology, Hatfield), at 6 p.m.—Discussion 
on “Is Laboratory Work Reaily Necessary ?” opened by Dr. K. B. Sturley. 


INSTITUTION OF MEO” NIDAL ENGINEERS, NUCLEAR ENERGY GROUP 
(at 1 Birdcage Walk, Westm-nster, London, 8.W.1), at 6 p m.—Discussion 
on ‘‘Fuel Element Behaviour in Gas-Cooled Reactors”. 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND STUDENT 
SECTION (at Savoy Place, London, W.C 2), at 6.30 p.m.—Mr. A. G. Page: 
on Manufacturing and Processing Techniques in the Electronics 

ndustry”. 


ROYAL GEOGRAPHICAL SOGETY (at 1 Kensington Gore, London, S.W.7), 
at 8.15 p.m.—Lord Rennell of Rodd: ‘‘Heinrich Barth and the Opening 
Up of Central Africa”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

RESEARCH ASSISTANT or RESEARCH FELLOW (graduate in physics or 
engineering) IN THE DEPAFTMENT OF CIVIL ENGINEERING, to work on 
problems of creep in concrese—The Registrar, King’s College (University 
of London), Strand, London_ W C.2 (November 5). 
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RESEAROH ASSISTANT (with a degree in mathematics, physics or chemistry 
and preferably some postgraduate experience) IN THE CHEMISTRY DEPART- 
MENT, to help in the devising and running of computer programmes for large 
problems in crystallography and theoretical chemistry under the supervision 


of Prof. D. W. J. Cruickshank—The Secretary of the University Court, 


University of Glasgow, Glasgow, W.2 (November 5). 

ASSISTANT LIBRARIAN (university graduate and chartered librarian)—The 
Principal, Lanchester College of Technology, Priory Street, Coventry 
(November 8). 

GRADUATE IN THE DEPARTMENT OF BOTANY for work on the physiology 
of insect-pathogenic fungi—The Registrar, University Senate House, Bristol, 
2 (November 8). 

RESEARCH ASSISTANT (preferably with a degree in engineering) IN THE 
DEPARTMENT OF MECHANIOAL ENGINEERING IN THE FACULTY OF SOIENCE, 
to operate research ie pa Sa engaged in investigation of combustion in 
reciprocating engines, to help in analysis of observations, and to assist in the 
development of instrumentation—The Registrar, The University, Man- 
chester, 18, quoting Ref. 185/65 (November 10). 

LECTURER (graduate with some years of teaching experience at degree level, 
and preferably an interest in control systems work or in computing) To 
ASSIST IN THE FACULTY OF TECHNOLOGY—The Academic Registrar, Enfield 
College of Technology, Enfteld, Middlesex (November 12). 

SPECIAL TERMINABLE ASSISTANTSHIP IN APPLIED PSYCHOLOGY (full-time 
gonn with duties in either industrial or educational psychology—The 
ecretary, University College, Cork, Republic of Ireland (November 12). 

SUPERINTENDENT gerada in physics, preferably with experience of 
administration in industry, in the government service or in universities) 
OF LABORATORIES IN THE DEPARTMENT OF PHysiIcs—The Registrar, Univer- 
sity College of Swansea, Singleton Park, Swansea (November 12). 

LECTURER IN MEDICAL PHYSIcS—The Registrar, The University, Manches- 
ter, 13, quoting Ref. 188/65 (November 13) 

READER IN STATISTICS AT THE LONDON SCHOOL or Econosmcs—The 
Academic Registrar, University of London, Senate House, London, W.C.1 
(November 18). : 

LECTURERS/ASSISTANT LECTURERS (3) IN THE DEPARTMENT OF PURE 
MATHEMATIOS—The Registrar, University College of Wales, Aberystwyth 
(November 19). i 

CHAIR OF PURE MATHEMATIOS—-The Registrar, University of Newcastle 
upon Tyne, 6, Kensington Terrace, Newcastle upon Tyne 2 (November 20). 

LECTURER IN PHILOSOPHY—The Secretary of the University Court, 
University of Glasgow, Glasgow, W.2 (November 20) 

LECTURER IN SOCIAL ANTHROPOLOGY—The Secretary, The Queen’s Univer- 
sity, Belfast, Northern Ireland (November 20). 

READER, SENIOR LECTURER, LECTURER or ASSISTANT LECTURER IN 
PHYSIOS IN THE SOHOOL OF MATHEMATICS AND PHysics—The Registrar, 
-University of East Anglia, Earlham Hall, Norwich, NOR 88C (November 20). 


CHAIR OF ORGANIO CHEMISTRY at the University of Tasmania, Australia— 
The Association of Commonwealth Untversities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 (Australia and London, November 22), 


CHAIR OF MICROBIOLOGY IN THE FACULTY OF MEDICINE—The Secretary, 
The Queen’s University, Belfast, Northern Ireland (November 24). 


CHAIR OF BIOCHEMISTRY—The Secretary of the University Court, The 
University, Glasgow (November 26). 


CHAIR OF PHYSIOLOGY—The Secretary of the University Court, The 
_University, Glasgow (November-26). 

CHAIR OF SOCIAL AND PREVENTIVE MEDICINE at the University of the 
West Indies—The Secretary, Senate Committee on Higher Education 
Sh alae University of London, Senate House, London, W.C 1 (November 

LECTURER (preferably with special interests and qualifications in terres- 
trial zoology with emphasis on entomology, especially the ecology of insects) 
IN ZOOLOGY at Victoria University of Wellington, New Zealand—The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, 8.W.1 (New Zealand and London, November 80). 

LECTURER (with a distinguished academic record and preferably with a 
research interest in one of the following fields. vertebrate phvsiology, 
embryology or tissue culture, cell biology, invertebrate zoology, other than 
entomology or marine biology) IN THE DEPARTMENT OF ZOOLOGY, School 
of Biological Sciences, University of New South Wales, Australia—The 
Association of Commonwealth Universities (Branch Office), Marlborough 


> -- House, Pall Mall, London, S.W.1 (Australia and London, November 30) 


LECTURERS (2) (one preferably theoretical reactor physicist with e erience 
in modern computational techniques, and the other well qualified in ‘the 
fields of fluid dynamics and heat transfer) IN THE DEPARTMENT OF NUCLEAR 
ENGINEERING—The Registrar, Queen Mary College (University of London), 
Mile End Road, London, E.1 (November 30). . 

LECTURER (Grade II) IN THE DEPARTMENT OF SOCIOLOGY—The Registrar, 
University Senate House, Bristol, 2 (December 1). 

TEMPORARY LECTURER IN ZOOLOGY at the University of Westorn Australia 
—The Association of Commonwealth Universities (Branch Office), Mari- 
aoe House, Pall Mall, London, S.W.1 (Australia and London, December 


SENIOR FELLOW or FELLOW; and a SENIOR RESEAROH FELLOW or 
RESEARCH FELLOW IN THE DEPARTMENT OF MATHEMATICS, Institute of 
Advanced Studies, Australian National University—The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, 8.W.t (December 6). 

SENIOR LECTURER/LECTURER IN THE SCHOOL OF TEXTILE TECHNOLOGY, 
University of New South Wales, Australia—The Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
S8.W.1 (Australia and London, December 12). 

ENTOMOLOGIST (national of the United Kingdom or the Republic of 
Ireland, with a B.Sc. degree and preferably experience of African conditions) 
in Bechuanaland, to undertake a survey of the cotton, maize and sorghum 
pests and make recommendations as to their contro!l—The x ppoinimonts 
Officer, Ministry of Overseas Development, Room $01, Eland House, Stag 
Place, London, S.W.1, quoting Ref. 218/19/06. T 

HEAD OF THE MATHEMATICS DEPARTMENT —The Master, Dulwich College, 
London, 8.H.21. 

LECTURER (with a good honours degree in zoology and preferably & higher 
degree)—The Registrar, Regional College of Technology, Leicester. 

RESEARCH ASSISTANT IN THE DEPARTMENT OF AGRICULTURAL BOTANY 
for work on soil microbiology—The Registrar, University College of Wales, 
Aberystwyth. E z 

TEOHNICIAN/SENIOR TEOHNIOIAN IN THE DEPARTMENT OF BIOLOGIOAL 
ScreNcES—The Secretary, Bradford Institute of Technology, Bradford 7. 
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The Royal Institute of Chemistry. Lecture Series 1964. No. 3: Orbita 


Degeneracy and Spin Resonance of Free-Radical fons. By Dr. A. Carrington. 
(e dola Medal Lecture 1984.) P.22. 4s. No. 4: Relaxation Methods for 


udying Very Rapid Reactions in Solution. By Dr. D. N. Hague. . 16 48. 
No. 5: The Chemistry of Carbenes, By Dr. A. Ledwith. Pp. 66. 6s. (London‘ 
The Royal Institute of Chemistry.) [149mm 


British Broadcasting Corporation. B B.C. Engineering Monograph No. 58: 
Sine-Squared Pulse and Bar Testing in Colour Television. Part 1: Pulse and 
Bar Testing of the Chrominance Channel. Part 2: An Augmented Pulse and 
Bar Waveform for Testing the Complete Colour Signal. By L E. Weaver. 
Pp. 27. (London: British Broadcasting Corporation, 1965.) 5s. 149 

The Royal Observatory, Edinburgh. Publications—Vol 8, No. 9: The 
Cygnus II Association J. Intercomparison of Photometrics with the Edin- 
burgh and Hamburg Schmidt Telescopes. L. O. Lawrence and V. C. 
Reddish. Pp, 279-309. (Edinburgh and London: H.M. Stationery Office, 
1965.) 9s. net. - [149 

London and Home Counties Regional Advisory Council for Technological 
Education Engineermg Education in the Region. Ninth edition. Pp. 48. 
(London: London and Home Counties Regional Advisory Council for Tech- 
nological Education, 1965 ) 5s. [149 

Sixth Report from the Estimates Committee together with the Minutes of 
the Evidence taken before Sub-Committee E and Appendices, Session 1964-65 
—Recruitment to the Civil Service. Pp. xxxviii+269. (London: H.M. 
Stationery Office, 1965.) 268. net. [149 

Library Association Pamphlet No. 24: Central Library Storage of Books. 
By P. W. Plumb. Pp. 57. (London: Iabrary Association, 1965.) 16s.; 
(L A. members and 149 

Standing Committee on National Parks. Study No. 1: Afforestation in 
National Parks—a Policy for Tree Planting and Management in National 
Parks. Pp. 13. 1s. Study No. 2. The Future of National Parks and the 
Countryside. Pp. 17. 1s. (London: Standing Committee on National 
Parks of the Council for the Preservation of Rural England and the Protection 
of Rural Wales, 1965.) [149 


Other Countries 


United States Department of the Interior: Geological Survey. Bulletin 
1183-G: Geology and Hydrology of the Hartford Research Center, CANEL 
Site, Middletown, Connecticut. By J. A. Baker, S. M. Lang and M. P. 
Thomas. Pp iv+42+plates 1 and 2. Bulletin 1199-F: Bauxite Deposits of 
the Springvale District, Georgia. By Lorin D. Clark. Pp. ii+24+plate 1. 
Water-Supply ee 1578' Geology and Ground-Water Resources of the 
Bristol-Plainville-Southington Area, Connecticut. By A. M. La Sala, Jr. 
Pp_iv+70+ plates 1-3. Water-Supply Paper 1615-G: Testing Procedures 
and Results of Studies of Artificial Recharge in the Grand Prairie Region, 
Arkansas. By R. T. Sntegocki, F. H. Bayler, Kyie Engler, and J. W. Stephens. 
Pp.iv+56. 25 cents. Water-Supply Paper 1649: Water for Oregon. By K N. 
Phillips, R. C. Newcomb, H. A. Swenson, and L. B. Laird. Pp. x+150. 60 
cents. Ta er Bunply Paper 1772: Geology and Ground-Water Resources of 
Prowers County, Colorado. By Paul T. Voegeli, Sr , and Lloyd A. Hershey. 
Pp. vi+ 101 -+ plates 1-6. Water-Supply Paper 1788: Ground-Water Re- 
sources and Geology of Niobrara County, Wyoming. By Harold A. Whitcomb. 
With a section on Chemical Quality of the Ground Water by T. Ray Cummings. 
iB)" 101+plates 1-3. (Washington, D O.: Government Printing one 

United States Department of the Interior: Geological Survey. Water- 
Supply Paper 1790-B: Summary of Floods in the United States During 1960. 
By J. O. Rostvedt. Pp. vi+147. 45 cents. Water-Supply Paper 1809-C: 
Ground Water in the Upper Star Valley, Wyoming. By Eugene H. Walker. 
Pp 1v+27+plate 1. 15 cents. Water-Supply Paper 1809-G: Ground-Water 
Resources on North Park and Middle Park, Colorado—a Reconnaissance. By 
Paul. T. Voegell, Sr. Pp. iv+654-+ plates 1 and 2. Professional Paper 491-A: 
Introduction, Spread and Area Extent of Saltcedar (Tamarzr) in the Western , 
States. By T. W. Robinson Pp. tii+12+plate 1. Professional Paper 498—B: 
Variations ın Chemical Character of Water in the Englishtown Formation, 
New Jersey. By Paul R. Seaber. Pp. iii+35. 30 cents. (Washington, D C.- 
Government Printing Office, 1965 ) (149. 

The Law in Nature and the Dynamics of Openness. By Ernest L. Remits:' 
Pp. iv+96. (Ottawa: The Runge Press, Ltd., 1965.) [410 

World Health Organization. Protection of the Public in the Event of 
Radiation Accidents. (Proceedings of a Seminar jointly sponsored by the 
Food and Agriculture Organization of the United Nations, the International 
Atomic Energy Agency, and the World Health Organization, Geneva, 18-22 
November 1963.) Pp. 370. (Geneva: World Health Organization; London: 
H.M. Stationery Office, 1965.) 22 Sw. francs; 378. 6d.; 7:25 dollars. [410 

Annals of the New York Academy of Sciences. Vol. 126, Article 1: Viral 
Diseases of Poikilothermic Vertebrates. By M. H. Attleberger and 71 other 
authors. Pp. 1-680. 
12 dollars 


(New York: New York Academy of Sciences, yt i 


Proceedings of the Preliminary Meeting on College Level Mathematics . 


Education, Katada, 1964. (Under the auspices of the U.S.Japan Program 
on Scientific Co-operation.) Pp. xi+96. (Tokyo: Japan Society for the 
Promotion of Science, 1965.) [410 
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P d | 79 H The Pye Model 79 pH Meter is a new 
ye mo e p meter instrument based on new principles. 
i : Moderate in cost and robust in con- 
struction, it provides exceptionally good 
accuracy and discrimination. It sets new 
standards in this class of measuring in- 
strument for stability and freedom from 
effects of power supply variations. 
Based upon the Pye taut band micro- 
ammeter and a specially developed 
transistorised power stabiliser, the 
Model 79 represents a major advance in 
general purpose pH meter design. 
Ranges of measurement are 0 to 14 pH 
or +350 to —350 mV which are 
covered on a 7 inch scale. With a 
precise millivolt measuring range, the 
Model 79 has many applications as a 
high impedance millivoltmeter. 
Facilities are provided for both auto- 
matic and manual temperature com- 
pensation for slope and zero shift 
throughout the range of O to 100°C. 
A calibrated buffer control can be used 
to indicate electrode deterioration. An 
output of 5-0-5 mV is available for a 
potentiometric recorder. 
The Model 79 represents exceptional 
value for the modern chemical labora- 
tory. Please write for full details. 
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Accessories Clear Scale Taut Band Meter 

The Model 79 1s supplied with an The fascia of the Model 79 Is at an Special features of the Pye taut band. 
integral electrode clamp and a Pye ideal viewing angle and parallax errors or pivotless, panel meter are Its - 

Ingold combined glass/reference are eliminated by the knife-edge invulnerability to damage by heavy 
electrode which has a measuring range pointer and backing-muirror on the electrical overloads and Its remarkable 
of O to 13 pH, a temperature range of meter. These features, combined with freedom from mechanical hysteresis, 
—5 to +70°C (intermittent use to bold and well-defined calibration on friction, sticking and deterioration. This 
100°C) and an electrical null point of the unusually wide scale, enable gives very high sensitivity coupled with 
E.7 for long-term stability. Additional readings to be taken to 0.02 pH without high accuracy and long term stability. 
accessories include a nickel resistance difficulty. . The Pye suspension system employs 


thermometer, a laboratory stand, a wide strong incorrodible gold alloy strip 
range of E,7 electrodes, etc - 


W. G. Pye & Co. Ltd., P.O. Box60, York Street, Cambridge SCiENpFO(Y 
Telephone: Cambridge 58866 Telegrams: Pye Cambridge Telex: 81215 XD 
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replacing verniers > Stationary observa- 
tion telescope * Circle reader enlarging 
image of scale - Slow motion adjustment 
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This polarimeter has been supplied in 
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abroad and has always been acclaimed 
as being of advanced design and workman- 
ship. Please ask for particulars “N”. 
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THE ROAD TO PEACE 


i is now more than twenty years since the United 
Nations Charter was signed on June 26, 1945, at the 
San Francisco Conference, but although the anniversary 
was duly observed at San Francisco the dominant note 
was gloom rather than rejoicing. The problem of paying 
for past and future operations of the United Nations was 
still unsolved and was overshadowed by the continuing 
clash over Vietnam. Moreover, when on October 4 Pope 
Paul addressed the General Assembly of the United 
Nations, while neither of these had been resolved, the 
conflict in Kashmir had added to immediate anxieties. 

Little wonder is it that there should be deep concern 
over the future of the United Nations, quite apart from 
any disappointment over failure to fulfil the high hopes 
entertained twenty years ago. While it is indeed appro- 
priate that we should re-examine the structure of the 
Organization itself and seek the causes of weaknesses 
which in practice have developed, it is no less important 
to consider the changed circumstances and conditions in 
which the United Nations as an organization operates 
to-day, compared with those existing when it was estab- 
lished. It is true that the repeated failure to reach 
agreement on the revision of the Charter has proved a 
great hindrance and disappointment—this is especially so 
since, more clearly than the Covenant of the League of 
Nations, the Charter provides expressly for its own 
revision and modification in the light of experience. 

Some of the changed conditions, indeed, are to be found 

in the United Nations itself. While China remains out- 
side, the fifty nations represented at Dumbarton Oaks 
have grown to 114. The increase does not represent any 
substantial new areas or populations, but the proliferation 
of former dependencies into independent States with 
their own representation. The change, moreover, has 
been largely within the past decade: equatorial middle 
Africa is now represented, for example, by 30 independ- 
ent Black States, and of these only two were inde- 
pendent before 1956, and 19 have been created since 
1960. : 
It is natural enough that a strong spirit of nationalism 
should run among the new nations, but nationalism goes 
Ul with international statesmanship and co-operation. 
Further, the new nations are mexperienced as yet in 
world affairs: perhaps the most serious charge that could 
be levelled against the former Colonial Powers is that 
they did so little, and that late, to prepare their depend- 
engies for independence, even when, as with Britain, the 
goal had long been accepted. This comparative political 
immaturity of the new nations constitutes a great danger, 
as it can tend to political irresponsibility. The resources 
required to support the United Nations and make its 
policies effective remain, by and large, with the Great 
Powers. 

That position has to be recognized and it should be 
noted, in passing, that this extends also to scientific 
policy, as has been recently emphasized (Nature, 201, 
327; 1964). The influence of science, however, is even 
more significant in two other factors which have trans- 
formed the world since the San Francisco Conference. 
The first is the appearance of the nuclear bomb, which 


was only used for the first time well over a month after 
that Conference. The decision to use the bomb intro- 
duced a new and unforeseen factor into the world situa- 
tion, to which adequata thought was certainly not given 
by statesmen, although it would appear that some 
scientists did so. The second factor, and like unto the 
first, is the increasing pace of technological change of all 
kinds, of which a noteworthy instance is to be seen in the 
developments leading u> to the Early Bird satellite trans- 
mission, which allowed Pope Paul’s address to the General 
Assembly to be seen and heard, as he delivered it, thousands 
of miles away. 

Development and change on this scale and at this rate 
must profoundly affect the relations between nations and 
the institutions through which those relations are organ- 
ized. There has indeed been a remarkable growth in the 
activities of the various international scientific unions 
and the organizations through which those activities are 
conducted; so much so, that considerable expansion in 
the resources provided for the International Council of 
Scientific Unions is imperative if those activities are not 
to be circumscribed. The advent of nuclear warfare has 
intensified problems o? disarmament; and its control, 
quite apart from all ths psychological consequences and 
the problem of preventing the spread of nuclear weapons, 
is probably one of the most urgent and important problems 
of our times. 

All this, however, has not made the United Nations 
redundant but more essential than ever if mankind is to 
survive. There is no other such viable international body 
reflecting the growing interdependence of the world and 
providing on an adequate scale the framework for the 
immense variety of inser-relations to-day. If it were 
dissolved it would be imperative to create immediately 
just such another institution as the alternative to world 
chaos. That this is reslized is one hopeful feature in a 
gloomy situation. 

Consider first, however, some of the consequences and 
implications of these scientific and technological develop- 
ments of the past twensy years. The advent of nuclear 
weapons has inereased the complexities of any steps 
towards disarmament, while at the same time it has 
undoubtedly had a restraining effect through the wide- 
spread realization that mankind cannot risk being in- 
volved in a nuclear war If this problem could be solved 
the prospect of nuclea> power has much to offer the 
world, though probably to a different extent in different 
parts of the world. 

Here, however, we see that the real issue is the use 
which mankind makes of the new powers that have 
been placed at our disposal, whether they are used for 
good or for ill. The improvements in speed of travel and 
communication which, for example, enabled the Pope to 
reach New York so swiftly and allowed him to be seen 
and heard by millions when addressing the General 
Assembly, can be used to enable the Security Council to 
meet swiftly to deal wita any emergency—if its members 
so desire. The techniques of television or broadcasting 
can be used thus for purposes of goodwill and to promote 
public understanding: they can equally be the sounding 
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board for propaganda, for misrepresentation and for 
fostering ill-will. 

Finally, it should not be forgotten that the United 
Nations was founded deliberately as a democratic 
institution and such institutions make high demands .on 
those who belong to them. They cannot function without 
discipline and fair-mindedness and a respect for the rights 
of others. The eruption into the General Assembly of a 
considerable number of those who, as yet, have had little 
experience of practising those qualities, of fostering the 
self-discipline, cannot but produce strains, misunder- 
standing, and failure to equate power and responsibility, 
and to forget that who wills the end must will the means. 
Time and experience are required to develop the qualities 
to use a democratic institution and to make it work 
effectively. If the demands made on the patience and 
sympathy of the old and more experienced democracies 
may sometimes seem heavy, if not excessive, it is at least 
encouraging that the new nations should be eager to use 
the United ‘Nations as their main instrument and plat- 
form. That way there is at least hope. 

If then the United Nations has ceased to be what its 
founders expected it to be, there is another side. In those 
twenty-years of disappointment and frustration rather 
than failure have come the new opportunities provided 
by nuclear power, the exploration of outer space, the 
development of the backward parts of Africa and Asia, 
the acceleration, if not transformation, of communica- 
tions; these opportunities which call imperatively for 
some sort of co-ordinating body have not been entirely 
missed by the United Nations. With some political 
failures there has been an immense advance in expert 
collaboration, within which to-day the International 
Council of Scientific Unions functions, and of which it is 
well aware. Some of this activity may be humdrum, but 
it is none the less vital, and the operations of the Inter- 
national Atomic Energy Agency, of the International 
Labour Organization, of the Food and Agriculture 
Organization, of the World Health Organization and of 
the United Nations Educational, Scientific and Cultural 
Organization are widely known. Some of them are indeed 
direct descendants of organs of the League of Nations and 
testify to the greater ease of international collaboration 
in technical as opposed to political matters. In fact, it is 
largely the influence of scientists that has led to what 
slender progress has yet been made in the control of 
nuclear weapons. 

That is one important reason for welcoming the emphasis 
laid on technical assistance and the attention being given 
to the formulation of scientific policies for the developing 
nations. It is true that the spirit of the Lagos Conference 
on the organization of research and training in Africa 
in relation to the study, conservation and utilization of 
natural resources (Nature, 205, 1141; 1965) was deeply 
disappointing as well as unrealistic. It gave little indica- 
tion that Dr. S. Dedijer’s wise counsel was receiving the 
attention it deserved. Nevertheless, the fact remains that 
the developing nations are using the United Nations as a 
means of obtaining help from the richer countries without 
becoming open to political pressures and also of securing 
jmportant reforms in the system of world trade. 

In this last-mentioned connexion, the solidarity of some 
75 nations at the United Nations conference on trade 
and development should not be overlooked, nor indeed 
the skilful diplomacy of Britain which contributed so 
much to avoid a split and to help the United Nations 
to retain its chance of being & principal instrument for 
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solving a large and explosive world problem. Since then, 
a most constructive report has come from the Advisory 
Committee on the Application of Science and Technology 
to Development. This body was established by the Econo- 
mic and Social Council in January 1964 to follow up the 
work of the Geneva Conference in the previous year on the 
Application of Science and Technology for the Benefit of 
the Less Developed Countries (Nature, 207, 897; 1965). 
Here again are ample opportunities for constructive work, 
given goodwill and determined co-operation. 

All this amounts to really impressive opportunities, 
and especially for Britain. Certainly, it should not be 
forgotten how much Britain has already contributed since 
the organization was founded. She is, in fact, the second 
largest contributor in cash and exceeds even the United 
States in the provision of experts who have served with 
the United Nations in the technical fields. This summer 
Britain gave a further lead with an unconditional gift of 
ten million dollars to help the United Nations out of its 
financial difficulties. However much more Britain might 
or should be doing, it is no service to peace to disparage 
or make party political capital of what she has hitherto 
done. 

Where perhaps Britain—and others—have failed is in 
the tepid support given to the International Co-operation 
Year and the Development Decade. Half-way through 
that decade the target of 151 million dollars set in 1961 
is still unachieved. Neither Britain nor the other members» 
are really using the United Nations to do the jobs for 
which it was designed and where political obstacles are 
unsubstantial. That is why it is not enough for the 
emphasis to be placed on peace and peace-loving. We 
need not underrate the influence of Pope Paul’s noble 
address, which may well extend far beyond his own 
Church or even Christendom. Where the way forward 
may seem at the moment to be blocked, we should be 
using to the full the opportunities for advance open 
elsewhere, and especially for bringing together in practical 
effort or consultation men and women.of different 
nationalities. 

Here the very rapidity of advance since the Charter 
was drafted at Dumbarton Oaks and then signed at San 
Francisco places a greater responsibility on the shoulders 
of the scientist and technologist. The opportunities 
which are theirs to-day are immensely greater, and though 
time may still be required before the effect of their 
co-operation reaches up to the highest levels, it can 
already begin to lay firm foundations for wider and 
deeper understanding. The Pugwash Conferences have at 
least indicated some of tho possibilities. The challenge, 
moreover, is to professional institutions as well as to 
individual scientists and technologists. Their colleagues 
in the new nations will require the support and guidance 
which such institutions in the older countries can give if 
they are to organize themselves so as to influence effect- 
ively the Governments of their own countries and shape 
policy on lines that will promote the fullest development 
and use of indigenous resources. There are still large 
opportunities of personal service overseas which can con- 
tribute to international goodwill and understanding, and 
there is the responsibility that rests on all citizens to 
see that Britain’s contribution to technical assistance and 
in other fields is generous. 

If it is true that Britain should be leading the United 
Nations, part of that leadership must be contributed 
from the ranks of scientists and technologists. This is 
not to deny that realistic and constructive thought must 
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be given to the outstanding difficulties. Peace-keeping 
operations in the future will not always be agreed by 
everyone, and when some members have an objection to 
& particular operation, it is absurd and impractical to 
insist that they should be financially responsible for it. 
Moreover, while from time to time proposals will no doubt 
be advanced like those recently made for a world centre 
for medical research or an administrative staff college, 
which are of dubious merit on professional grounds, it 
should always be remembered that success in one place 
or field will lead to demands to use the United Nations 
and its agencies for others. All countries should be wary 
of squandering on dubious projects their resources and 
especially those of the United Nations, but where the 
effort is worth while, their response should be whole- 
hearted, imaginative and sustained. That is the road to 
peace. 


NATURALLY OCCURRING PHENOLIC 
COMPOUNDS 


Biochemistry of Phenolic Compounds 

Edited by J. B. Harborne. Pp. xi+618. (London : 
Academic Press, Inc. (London), Ltd.; New York: Academic 
Press, Inc., 1964.) 126s. 


p! OCHEMISTRY of Phenolic Compounds is a literary 
symposium which enjoys the advantages, and 
suffers the defects, of the type. It has beon possible to 
gather together contributions from experts in their respec- 
tive fields, hailing chiefly from the United States and 
the United Kingdom, with two Australian authors. But 
these are of unequal merit, ranging from a rather scrappy 
and ill-arranged selection of examples to well-ordered 
short monographs. For this reason the work is unlikely 
to be read tn toto by students, though it must prove of 
the greatest value to research workers in any of the special 
fields discussed. 

Few recent extensions of the organic chemistry end 
biochemistry of natural products have been more sur- 
prising than those recorded in relation to plant phenolics. 
Perhaps it was too readily assumed that these regions had 
been rather fully explored and that, in any event, their 
inhabitants were not particularly interesting. If so, 
both assumptions were quite incorrect. The variety and 
significance of phenolic substances is now seen to be great 
indeed. 

This change of attitude is primarily due to the intro- 
duction of new techniques, particularly the chromato- 
graphic separations, which have injected a new precision 
into descriptive subjects such as those treated under 
anthoxanthins and anthocyanins. The results of surveys 
made with the use of these clearer glasses have given us 
not only a more accurate idea of composition, but have 
also provided taxonomic data and helped notably with 
certain genetic problems. 

Chapters of fundamental importance to the worker 
in the chemistry of natural products are those of Margaret 
K. Seikel on the isolation and identification of phenolic 
compounds in biological materials, of J. B. Harborne 
and N. W. Simmonds on the natural distribution of pheno- 
lic aglycones, and of J. B. Harborne on the natural 
distribution of phenolic glycosides. 

The first-mentioned covers the topic from A to Z and 
is an admirable account of it. The only useful tip, known 
to me, and not here mentioned, is the formation of good 
crystalline derivatives by combination of polyhydric 
phenols with N-methylstrychnine or N-methylbru- 
cine. 

The two chapters of which the editor is author and 
part-author are central to the theme, since without them 
the edifice could not have been constructed. The brilliant 
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pioneering work of Bate-Smith at Cambridge must be 
recalled in this connexion. An example among the 
anthocyanins will serve to show the kind of progress 
made. Many of these pigments are well-characterized 
by their properties, including habit of crystallization. 
This is the case with chrysanthemin and pelargonin, to 
take two clear examplss. But mecocyanin, isolated by 
Willstitter and We (1917) from flowers of Papaver 
rhoeas L., is by no means so well defined. Its discoverers 
showed that it hydrolyses with formation of cyanidin 
and two molecules of giucose. When chrysanthemin was 
synthesized, it became clear that mecocyanin must be a 
cyanidin 3-bioside, because its colour reactions were as 
near as possible identical with those of chrysanthcmin 
(cyanidin 3-glucoside). Accordingly in 1934 the 3-ccllobio- 
side, maltoside, lactoside and gentiobioside were synthe- 
sized. These pigments closely resembled each other but 
showed slightly different distribution ratios between 
partially miscible sofvents. The gentiobioside and 
mecocyanin came closest. But later the chromatography 
of carefully hydrolysel mecocyanin showed that tho 
sugar was sophorose, that is 2-glucosidylglucose instead 
of the 6-derivative. Sophorose was first isolated in 
1940. 

The advances in chromatographic technique led at once 
to their application to genetic problems and, as R. E. 
Alston shows, the increase of visibility on the road, while 
clearing the way, has opened up fresh vistas. It cannot, 
however, be claimed that much progress has been made 
towards a real understanding of the basis of heredity in 
these fields. The facts have been clarified and arranged 
and this is an importans preliminary to future generaliza- 
tion. 

Useful summaries of what is known are also contained 
in two chapters on the metabolism of phenolics. This is, 
however, a part of general biochemistry and it seems 
somewhat artificial to concentrate on the phenolic group 
in all cases. 

More specific to the subject-matter are the four highly 
interesting chapters on aspects of the biosynthesis of 
phenolic substances. The major pathways, recorded by 
A. C. Neish, are those starting from acetate (malonate), 
shikimiec acid (or both) and the isopentane route. The 
part played by each is evaluated as the result of applica- 
tion of various experimental methods, of which the most 
important is the use of isotopic tracers. The general 
reader as well as the specialist will be fascinated by the 
tale that is unfolded. 3. A. Brown describes the use of 
these and other methocs to elucidate the biosynthesis of 
tannins and lignin. The work mentioned has not only 
solved the problem set but also has reflected light on the 
structure of these important substances themselves. 

The final chapters cn phenolics in relation to their 
pharmacology, physiolozy, pathology, and even taste are 
doubtless of high interest but look as if they had been 
added for the sake of completeness. 

This compendium, with some faults and many virtues, 
is primarily of interest to chemists and biochemists and 
will be a standard work of reference for them for many 
years to come. Its production reaches the high standard 
which we have been led to expect from the publishers. 
There are few errors, the structural formulae being 
especially clear and accurate. ROBERT ROBINSON 


HIGH-PRESSURE PHYSICS 


Physics of High Pressures and the Condensed Phase 
Edited by A. van Itterbeek. Pp. xv +598. (Amsterdam: 
North-Holland Publishing Company, 1965.) 140s. 


HE growing interest in high-pressure studies has been 
reflected in recent years in a number of books, but 
there is no text dealing in such detail with the particular 
aspect chosen in this zollection of articles by different 
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authors. The title of the book is somewhat misleading 
since most of the chapters deal with systems at low tem- 
peratures and moderately high pressures, and not all the 
topics are relevant to the condensed phase, for example, 
the articles on the spectra of gases. The standard is high, 
at the level of appeal to research workers. Since the 
chapters appear to be independent, with little cross- 
reference, they will be reviewed seriatim. 

_ Chapter 1, by L. Deffet and L. Lialine, on “High Pres- 
sure Techniques in General’’, is limited to a rather per- 
functory account of methods of closure and manometric 
devices, followed by a good summary of theory and 
observation on the elastic equilibrium and plastic flow of 
thick-walled cylinders. Ultra-high pressure techniques are 
not considered. 

The mechanical properties of metals at low temperatures 
are treated by J. F. Watson, J. L. Christian and A. Hurlich 
in Chapter 2. This field has recently become important m 
relation to cryogenic work on missiles, hydrogen bubble 
chambers, etc. After a brief summary of theoretical 
principles the major part of this chapter consists of a 
detailed report on the behaviour of various alloys. 

Chapter 3, by J. M. H. Levelt Sengers, consists of a 
critical appraisal of the experimental methods for the 
determination of the equation of state of gases at low 
temperatures and at pressures greater than a few atmo- 
spheres. An unusual feature is the report, about a page for 
each, on ten research centres throughout the world. A 
repeat is given of an account of manometric devices 
discussed in Chapter 1. 

Chapter 4, by O. Verbeke and A. van Itterbeek, on 
“The Equation of State of Gases’, is confined in the 
experimental section to work done at Leuven, Belgium 
(already reported on two pages in Chapter 3). This section 
is followed by a useful survey of data for the liquid vapour 
pressures of hydrogen, neon, oxygen, nitrogen, argon and 
methane and valuable compilations of thermodynamic 
data. In correlating these data more use could have been 
made of the principle of corresponding states. The final 
section comprises a summary of the various theories of the 
liquid state, including quantum liquids, and some com- 
parison with observation (the authors state (p. 155) that 
the Monte Carlo method has not yet been applied to the 
liquid phase). 

J. W. Stewart (Chapter 5) tackles the properties of 
“solidified gases” (that is, those substances which are 
gases under normal conditions) at high pressure and at 
temperatures less than 200° K, covering melting curves, 
compressibility, phase equilibria (surprisingly different for 
CH, and CD,), etc. There is a useful summary of theories 
of melting. 

After Chapter 4, with 23 pages on the theory of liquids, 
it is somewhat surprising to revert to this topic in Chapter 
6 by A. Münster. However, the treatment is more sophis- 
ticated, although relaxation phenomena are omitted. 
Considerable attention is directed to the Monte Carlo 
method. As is usual in this rather unsatisfactory field, 
examples are limited to simple non-polar molecules. 

Liquid and solid helium are rightly given separate 
chapters (respectively by R. H. Sherman, Chapter 8, and 
J. S. Dugdale, Chapter 9), since the quantum behaviour 
and choice of isotopes give a rich field of study. The 
bizarre properties of helium are excellently treated in these 
two chapters; the most compressible of solids, helium is 
often taken as a model substance from which the properties 
of other substances may be inferred in inaccessible regions. 
J. S. Dugdale rightly warns research workers against too 
slavish an adherence to this principle. Much remains to be 
done in this field; for example, why is an open body- 
centred cubic structure adopted near to 0° K? 

“The Velocity of Sound in Dense Fluids” by W. van 
Dael and A. van Itterbeek (Chapter 7) and ‘Transport 
Phenomena” by O. van Paemal (Chapter 10) treat kinetic 
phenomena in fluids, often at low temperatures. The 
former chapter has the more detailed theoretical analysis. 
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Chapters 11 and 12, respectively by B. Oksengorn, 
H. Vu and B. Vodar on “Optical Aspects of High Pressure 
Investigations” and by J. P. Colpa on “Induced Absorp- 
tion in the Infra-red”’, might have been combined ; indeed 
the last-mentioned author devotes some space to the work 
of Vodar eż al. already treated in Chapter 11. These 
chapters are concerned with molecular interactions in 
gases and their effect on spectral transitions, and such 
optical topics as the effect of pressure on the refractive 
index, rotatory dispersion, ete., are omitted. 

The final two chapters on superconductivity (M. Levy 
and J. L. Olsen) and the electrical properties of metals 
and semiconductors (G. Landwehr) are, perhaps, some- 
what out of place in this volume since the range of pressure 
is so much greater, extending to 600,000 atm. for measure- 
ments of conductivity, and only the former chapter is 
confined to low temperatures; nevertheless they are both 
useful summaries. 

The treatment throughout is authoritative and the 
production excellent (although an author index would have 
been useful and the subject index is inadequate). In spite 
of the repetition, the occasional infelicities in the English, 
and the high price, this book can be recommended to all 
high-pressure workers, as it is packed with useful inform- 
ation, although much of the book is concerned with a 
rather limited range of molecules, the lighter inert gases 
and a few others of simple structure. The region of 
moderately high pressure, with which most of the book is 
concerned, provides a very satisfying study, since high 
precision is possible in the measurements and theory need 
not be unduly stretched. The editor is to be congratulated 
on bringing together this collection of articles which 
should stimulate further research—much remains to be 
done, for example, on the critical state. 

R. S. BRADLEY 


SPACE DYNAMICS 


Dynamics of Rockets and Satellites 
Edited by G. V. Groves. Pp. xi+ 313. (Amsterdam: 
North-Holland Publishing Company, 1965.) 80s. 


HIS volume is a record of the lectures at the inter- 
national summer school on the “Dynamics of Rockets 
and Satellites’ held at Cambridge in July 1963. The book 
begins with a short section on the equations of motion of 
a rocket, by D. S. Carton. This is nicely balanced in the 
next chapter by an account of an actual design, the 
European Launcher Development Organization'slaunching 
vehicle, by H. G. R. Robinson. Chapters 3 and 4 return to 
mathematics, with J. M. J. Kooy discussing the dynamics 
of controlled rocket launching, and E. Stiefel dealing with 
many-body problems, as applied to interplanetary and 
circumlunar flight. In Chapter 5, R. H. Giese outlines the 
essentials of satellite tracking and orbit determination. 
The next two chapters are concerned with orbital 
perturbations. M. J. Davies derives Lagrange’s planetary 
equations and shows how they can be used for determining 
the effect of the atmosphere on orbits. W. M. Kaula 
propounds an elegant and generalized method for evaluat- 
ing gravitational perturbations and also touches on the 
effects of radiation pressure, which have so far proved 
resistant to elegant formulation. The theme of the final 
two chapters is the rotational motion of a satellite about 
its centre of gravity. W. G. Hughes discusses attitude 
stabilization, including the torques acting, the methods of 
sensing attitude and control actuation. The subject of the 
last and longest chapter, by A. J. Sarnecki, is the dynamics 
of rigid-body rotation: a thorough and illuminating 
exposition of vectors and tensors is followed by a descrip- 
tion of the rotational motion of typical satellites. 
Most of the individual contributions are of a high 
standard and the complete book forms a valuable con- 
spectus of space dynamics. In organizing the conference 
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Dr. Groves chose both subjects and lecturers judiciously ; 
and in editing the book he has managed to avoid many of 
the perils of multiple authorship, though some overlapping 
among the contributions inevitably remains. The book 
would form a sound basis for an academic postgraduate 
course on space dynamics: it is, however, too advanced 
for an undergraduate course, and some of the contributions 
are of groater academic than practical interest. The book 
is well printed and the layout is pleasing. 
D. G. Kine-Heiz 


MATERIALS AT HIGH 
TEMPERATURES 


Thermal Stress 

Edited by Dr. P. P. Benham and Dr. Russell Hoyle. Pp. 
x +382. (London: Sir Isaac Pitman and Sons, Ltd., 1964.) 
90s. net. 


Plenum Press Handbooks of High Temperature Materials 


No. 1. Materials Index 
By Peter T. B. Shaffer. Pp. xx+740. 17.50 dollars. 


No. 2. Properties Index 
By G. V. Samsonov. Translated from the Russian. Pp. 
xii +418. 22.50 dollars. 


No. 3. Thermal Radiative Properties 
By W. D. Wood, H. W. Deem and C. F. Lucks. Pp. 470. 
17.50 dollars. (New York: Plenum Press, 1964.) 


HERMAL Stress is a symposium based on a con- 
ference held at the Imperial College of Science and 
Technology, London, in 1962, on the effects of temperature 
on the stresses within a body and on the properties of the 
component materials. It is divided into three parts, the 
first giving a résumé of the theoretical aspects of thermal 
stress, the second concerning thermal cycling and creep 
but also including a chapter on materials at high tempera- 
ture, and the third detailing some industrial examples of 
thermal stress problems and their solution. 

Like most p tblished symp9s‘a, the book can be criticized 
for a lack of balance and completeness in dealing with its 
subject. The treatment of the high-temperature properties 
of materials, for example, is cursory, occupying only two 
out of twenty chapters, and would probably have been 
better omitted altogether. Regarded as a collection of 
papers, however, the book performs its function of pre- 
senting the thinking and results of those active in the 
field. 

The Plenum Press Handbooks of High Temperature 
Materials provide, in three volumes, a wealth of data on 
those metals and ceramics that are used or usable at 
elevated temperatures. Volume 1 lists more than five 
hundred different ceramic materials such as carbides, 
borides, nitrides, sulphides, phosphides, silicides, and 
oxides, giving for each such structural. chemical, mecha- 
nical, thermal and physical data as could be culled from 
the sources consulted, these being mainly U.S. Government 
reports. The data available about a given substance 
vary enormously and the reader may be frequently di: - 
appointed in not finding the information for which he 
seeks. ‘The book does not claim, however, to be exhaustive, 
and the author, Dr. P. T. B. Shaffer, is to be complimented 
on providing a good start to the classification of high- 
temperature materials and their properties. 

Volume 2 in the series is the translation of a Russian 
work by Prof. G. V. Samsonov in which data on refractory 
materials are classified according to properties rather than 
materials. It has a brief but useful introduction followed 
by data on structure, composition, density and thermal 
stability. Chapter 2 deals with thermal properties of all 
kinds, and the succeeding chapters cover in turn the 
electrical, optical, mechanical, chemical and refractory 
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characteristics of these materials. Oxides are not covered 
in this book as they have been dealt with elsewhere. A 
final set of tables gives examples of the application of 
refractory compounds This work is more exhaustive 
than Volume 1 with more than 1,300 references compared 
with less than 500 in the latter, but the two volumes are 
clearly complementary and together provide an ind'spens- 
able source of collected data. 

Volume 3 deals with the thermal] radiative properties of 
high-temperature materials and contains data on titanium 
and its allovs, stainless steel, iron, nickel and cobalt and 
their alloys, chromium, columbium, molybdenum, tanta- 
lum and tungsten witi their alloys, coated materials of 
many kinds, ceramics and graphites. For each material 
the data provided inclide a graph of emittance (spectral 
or total) against temperature (given unfortunately in 
degrees Fahrenheit) together with information on the 
methods and conditions of measurement and, of course, 
the reference. In mary cases graphs of normal spectral 
emittance against wave-length at some reference tempera- 
tures are also supplied. There are mntroductory chapters 
on “Fundamentals and Definitions’ and on “Methods of 
Measurement”, the latter being a brief survey backed 
up by thirty references to the literature. 

E. H. ANDREWS 


THE WORLD OF FISH 


A Draught of Fishes 

By Dr. F. D. Ommanney. Pp. 254+23 photographs. 
(London: Longmans, Green and Co., Ltd., 1965.) 36s. 
net. 


Gone twenty-three thousand species of fish inhabit 
the waters of the world, more than those of all the 
other vertebrates put together. Their habitat covers 
more than 70 per cens of the surface of the globe, and 
ranges from the sunshine and surf of the shore to the 
black death-like calm of the abyss. The fishes—using 
the word in its widest vernacular sense—are the oldest 
class among the living vertebrates, and have had many 
million years more than the other classes to evolve in 
adaptation to their infinitely varied environment; though 
time has apparently stood still for many of them since the 
Carboniferous, natural selection must yet be acting on 
the combinations and permutations in the gene pool of 
others. This great hcst, not only of species but also of 
individuals, provides a subject well suited to such an 
accomplished writer a3 Dr. Ommanney, who has spent 
many years in researcn on improving the yield of com- 
mercial fisheries in many parts of the world. 

The book opens with a chapter sketching in the oceano- 
graphic background of the fish’s world and of the fisheries 
that exploit its wealtn. The various forms of fishing 
gear and their methods of use are then described, from the 
latest European V-D trawl, and the ships equipped with 
radar and fish-finding echo-sounders that use it, to the 
simple traps and fish-weirs so commonly used on tropical 
coasts—not that simple “fixed engines” are extinct in 
Europe, for the wicker putchers still used in the Severn 
Estuary can be little different from the fish traps no 
doubt fished there when Julius Caesar first landed, or 
perhaps in neolithic times or even earlier. Dr. Ommanney 
intersperses his chapters on such subjects as shoaling, 
the colours of fishes, the abyss and the inshore waters, 
fresh waters, and the plankton feeding fishes, with others 
describing the different researches on specific fisheries, 
and the exploratory voyages undertaken in their prosecu- 
tion, with which he has been associated. The last are 
among the best in the book, for his vivid style conveys the 
essential flavour of life in a trawler on the northern grounds 
off Iceland and Bear Island or with the tunny men of` 
Brittany in the Bay of Biscay. The fisherman’s world is 
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poles apart from the ordered routine of the landsman, 
who can héive no inkling of its distance from his way of 
life; but, rough and uncomfortable as the life of a fisher- 
man may be, the ceaseless struggle against the unending 
hostility of the eloments and the ever-changing beauty, 
probably seldom consciously appreciated, of their infinite 
variety bring a primitive satisfaction that drives men to 
sea again and again in spite of all sea-born vows to 
swallow the anchor for good. i l 

The last two chapters discuss the possibility of farming 
the sea, and the future of fisherios and man. The artificial 
cultivation of fresh-water fishes has a long history and 
a bright future, but no more than the first tentative 
experiments have yet been’ made in cultivating marine 
fishes—the artificial rearing of fry, the transplantation 
of young fish to rich feeding grounds, and the fertilization 
of semi-enclosed areas of the sea. One wonders whether 
pouring the untreated sewage of much of northern Europe 
into the North Sea can have had any effect in making it 
one of the finest fishing grounds of the world, or whether 
‘the suggested ploughing of the bottom to stimulate the 
production of the benthos which forms the diet of so 
many: food fishes could increase the harvest. ` The human 
population explosion results in an ever-increasing demand 
for food protein; Dr. Ommanney speculates about the 
possibilities of satisfying the demand with the products of 
the sea, and on the effects of the radioactive wastes that 
we dump into the depths in ‘leak proof’ containers when 
inevitably they do leak. ‘“There seems to be no limit to 
what man may achieve with his technology and his 
formidable know-how. . . . Nevertheless, the abuse of his 
own know-how threatens his very existence and already 
casts a lengthening shadow which reaches even to the 
uttermost depths of the sea.” 

Dr. Ommanney’s book will be enjoyed equally by the 
professional biologist and by the layman for whom it is 
primarily intended. It is well illustrated with. coloured, 
and monochrome photographie plates and with numerous 
line drawings of excellent quality. There are, however, 
several howlers that a more careful final revision might 
have avoided; the Weberian ossicles have certainly not 
become the hearing bones of the ear of higher animals 
(p. 45), the claspers of elasmobranchs are not, as Agassiz 
mistakenly supposed, ‘‘pressed together so that their 
grooved inner faces form a tube along which the sperm 
flows” but are inserted singly into the female passage 
(p. 73); no carefully measured Basking shark has reached 
“a length of 40 feet”, 30 ft. is nearer the mark (p. 79)3 
thé marine lancelet Branchiostoma is not the same 
creature as the ‘‘sand launce’”’, which is the sand eel 
Ammodytes (p. 197), and Fig. 19 purporting to show gill 
rakers is a failure. These regrettable lapses form the 
few shadows that contrast with the brilliance of the rest 
of the book. L. Harrison MATTHEWS 


PURPOSE AND MEANING OF A 
UNIVERSITY 


The Modern University 
By Prof. G. L. Brook. Pp. 192. (London: André Deutsch, 
1965:) 25s. net. 


ROF.: G. L. BROOK, Smith professor of English 
language and medieval English literature in the 
University of Manchester and a Pro-Vice-Chancellor, has 
written an account of university problems to-day similar 
to that of ‘Bruce Truscott’ some twenty years ago. There 
is the same ease of expression but more authority as well 
as balance about the whole book. It is a little dis- 
appointing, therefore, that the production of such an 
admirable book should fall considerably short of what was 
possible in the midst of the War at a third of the price. 
’ Prof. Brook’s opening chapter gives a brief discussion 
of the purpose of a university, and this, together with the 
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following chapter on entrance requirements, and an 
appendix on the organization of a modern university, 
should make plain to prospective students, and their 
parents, much that sometimes perplexes them. In the 
succeeding chapters he writes on students and on lec- 
tures and tutorials with a refreshing sanity and humour, 
as well as with balance; his remarks could be discon- 
certing to the extremist. In general, however, the most 
valuable chapters in the book are those which deal with 
books, with professors and lecturers and with academic 
freedom. The first will be welcomed by those urging more 
generous provision for university libraries. Librarians 
should be encouraged by the clear understanding shown 
of their difficulties and also of the problem of book-buying 
by students. The second corrects a misleading impression 
conveyed by ‘Bruce Truscott’ and should assist in giving 
a clearer understanding outside the university of the 
problems involved in the relations between research and 
teaching. Together with the final chapter on expansion, 
it brings down to earth some of the wilder statements and 
arguments of those who seek to determine university 
expansion by service to political doctrine rather than by 
reference to public needs and the real nature or purpose 
of a university. z 

For the chapter on academic freedom alone The Modern 
University would be welcome. Prof. Brook’s exposition 
of- the issues, including those aspects arising from the 
relations of university teachers with one another and the 
amount of freedom that ‘students should enjoy, could 
scarcely be improved. He sees the danger at present as 
so real that our universities will do well to keep the very 
considerable freedom they have, and he believes-that the 
chief threat comes from well-disposed persons, genuinely 
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‘interested in education but who value other things more 


highly. The threat from outside is largely the result of 
the success of universities, and Prof. Brook shows clearly 
how the ear-marked grant can act inthis way. The greatest 
single external threat to academic freedom to-day is the 
dependence on the State for so large a proportion of the 
The greatest internal threat is 
indifference among university teachers, or the practice of 
‘taking it for granted’; here he includes the fact that the 
scholar is reluctant to take his or her share in adminis- 
tration. Nor does he believe that the University Grants 
Committee will by itself suffice. For the defence of 
academic freedom it is necessary to convince public 
opinion that the State ought not to exercise the power it 
possesses. He adds that accordingly maintenance of a 


‘high standard of administrative efficiency under academic 


control is a most important safeguard of academic free- 
dom, that many important decisions in university affairs 
should not rest entirely in the hands of one man, and 
that students, as well as teachers, have rights to be 
safeguarded. _ 
Prof. Brook closes this chapter on a note of responsi- 
bility addressed particularly to the university teacher. 
That is the keynote of his final chapter, which includes 
many frank but uncomfortable words for student as well 
as teacher and administrator. He brings a timely prag- 
matic point of view to bear on the whole problem of 
expansion, arguing that the important question is whether 
potential students can profit by a university education 
sufficient to justify the considerable expenditure of time 
and money involved. He reminds us of the limits set to 
expansion by the availability of university teachers of 
the right calibre, and that the number of students who 
could profit from some other form of higher education is 
very much larger than the number of those whose proper 
place is in a university. He has constructive suggestions 
for breaking down existing barriers between school and 
university teaching. The whole tone of the book is a 
complete answer to those who accuse the university of 
being conservative, out of date and unwilling to face 
modern opportunities. Prof. Brook is to be congratulated 
on a most readable and timely book. R. BRIGHTMAN 
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MIMICRY AND THE EVOLUTION OF ANIMAL COMMUNICATION 


By Dr. W. WICKLER 


Max-Planck-Institut fur Verhaltensphysiologie, Seewiesen u. Starnterg, Germany 


URING the hundred years since Bates’s discovery of 
mimicry in 1862, countless numbers of mere sugges- 
tions, experimental analyses and intense discussions about 
the evolution, the consequences and even the existence of 
mimicry have been compiled. This literature will not 
be reviewed here. Instead, I would like to suggest that 
the study of deceptive signals and a re-defined mimicry- 
concept offer a strict method for reconstructing the 
phylogeny of social signals and that we have to study 
mimicry carefully with respect to the evolution of animal 
communication. This makes it necessary to reconsider 
the concept of mimicry under the aspects of modern 
ethology. 

As early as 1890, Poulton drew a distinction between 
defensive or protective mimicry, as illustrated by wasp- 
like beetles, moths, flies, etc., in which the mimic is 
preyed on by a predator, and aggressive mimicry, in 
which the mimicking species is itself the predator and 
preys on some animal which is not afraid of the mimicked 
species. This is the case, for example, in the mimicry 
between the wrasse, Labroides dimidiatus, and the blenny, 
Aspidontus taeniatus!, which I have studied in greater 
detail’, because Aspidontus mimics even behavioural 
characters of its model. Labroides removes ectoparasites 
from the bodies, fins and buccal and gill cavities of other 
fish. These fish often show special ‘invitation postures’ 
and the cleaner occasionally displays in a sort of dance in 
which the caudal fin is spread and the posterior part of 
the fish oscillates up and down. Size, form, coloration, 
and even the dancing of the cleaner are simulated by 
Aspidontus, who thus succeeds in eliciting the invitation 
posture from other fish. Being a fin-eater, however, he 
then attacks instead of cleaning them. 

Another case classified as aggressive mimicry is that 
of the oggs and young of parasitic birds which mimic the 
signals serving as species recognition marks and/or eliciting 
brood care in the host species. The orchids of the genus 
Ophrys, the flowers of which mimic the social releasers of 
female Hymenoptera wnd elicit sexual behaviour in the 
males, fall into the same category; they offer no nectar 
but only the opportunity for pseudocopulation to the 
male insects, who thus transfer their pollen. 

Essential for both types of mimicry is the deceived 
partner, one of the normal reactions of which is ‘misused’. 
This may be a flight reaction or a blocking of feeding in 
protective mimicry, and quite a number of different 
reactions in so-called aggressive mimicry. Often a feeding 
reaction is exploited as by the angler fishes, but many 
other behaviour patterns may also be exploited, such as 
the need for being cleaned (by Aspidontus), the copulatory 
reaction (by Ophrys), or the care of the young (by the 
various brood parasites). These examples show (1) that 
in spite of some existing mimicry-definitions no predator 
need be involved in a mimicry system, and (2) that the 
terms ‘defensive’, ‘protective’, and ‘aggressive’ are inade- 
quate to cover the diversity of signals and eacvions 
misused in mimicry. Moreover, though colours and 
forms of organs and movements as optical markers are 


most conspicuous ta us, scents and sounds may be 
mimicked also, as Kullenberg’ has shown in some orchids 
which even imitate tne sexual] odours of hymenopteran 
females, and as Nicolai* has shown in the whydahs that 
imitate the calls and songs of their host species. There- 
fore, instead of referring to pseudosematic or deceptive 
colours we should rasher speak of deceptive stimuli or 
signals. Since the deceived partner may be 1esponding 
as predator, or mate, or parent, or cleaning customer, 
it will be called simply the reacting signal-receiver or the 
receiver. 

Mimicry, then, can be defined in the following way: 

(1) A signal is emitted by two different signal-senders 
(Sı S) which have at least one signal-receiver (R) in 
common that reacts Similarly to both of them. 

(2) One of the senders is called a model, the other a 
mimic (and the whole model—mimic-receiver system a 
case of mimicry), if it is profitable (+ ) for the receiver to 
give the reaction to one of the serders, but unprofitable 
(—) to react in the same way towards the other. That 
means that if the signals from the two senders could be 
distinguished by the receiver, individual experience and/or 
selection would favour different reactions. This is shown, 
for example, by the clsaner mimicry: Aspidontus deceives 
mainly younger fish, st least some of which then learn to 
distinguish between model and mimic and to avoid the 
latter. Constant loaming by the signal-receiver results 
in & strong selection pressure against detectable differences 
between model and mimic. 

(3) It suffices to d2fine model and mimic as follows: 
the sender the signal of which elicits a reaction which has 
negative selective consequences for the receiver (which 
would be selected against if given to this sender only), 
that is the sender by which the receiver is deceived, is 
called the mimic, the cther the model. These relationships 
may be symbolized thus: 

Ss, +R- 8s, 


The selective consequences for the receiver of responding 
to the model are always positive (the reaction would 
disappear if it were at all unfavourable to the receiver). 
The mimic—if a livicg creature—always has a selective 
advantage (+) in releasing the reaction from the receiver 
(an unfavourable signal will disappear, too). If S, is the 
mimic, our formula automatically turns into: 
S +R- +8, 

(It is. of course, a matter of convenience whether one 
chooses the reaction cr the signal as a reference unit; one 
could equally as well have considered the selective conse- 
quences for the receiver in receiving the signal from both 
senders and for them in emitting it.) 

The selective consequence for the model eliciting and 
obtaining the reacticn from the receiver may: (a) be 
absent, if the model is an inanimate object; (6) be negative, 
if the model is a worm, for example, usually eaten by tho 
receiver and mimicked by another predator in order to 
catch the receiver; (2) be positive as in the wasp (who 
remains alive if it is avoided by the predator), or in the 
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cleaner (who feeds on parasites harmful to other fish), or 
in those hymenopteran females, the male-attracting signals 
of which are mimicked by certain orchids. 

The simple definition given here overcomes the diff- 
culties arising from some recent characterizations of 
model and mimic. It is irrelevant which of the two 
was first present. Poulton postulated that model and 
mimic should be sympatric. They need not be sym- 
patric, however, but must only have a signal—receiver 
in common: a model might be in Africa and its mimic 
in Europe (or vice versa), functionally connected by a 
migratory bird. Another postulate was that mimics 
must be less numerous than their models. This means, 
correctly stated, that the receiver Has to meet the mimic 
less often than the model, and is based on the assump- 
tion that one experience with the model has the same 
after-effect, the same ‘weight’ as has one with the 
mimic. This need not beso, however; in fact, the negative 
experience seems usually to be the stronger one. This 
negative experience may result from an encounter with 
the model (a wasp) or with the mimic (for example, the 
Aspidontus). In the latter case one would suppose that 
the mimic in fact has to be less numerous than the model?, 
but there might very well be more wasp mimics than 
wasps. 

Assuming that a predator learns to reject a conspicu- 
ously coloured protected anima! from a single experience 
and—as in imprinting—without forgetting it, then the 
model-species has to sacrifice one individual per predator 
regardless of how many mimics there may be. Of course, 
the protective power of the model, that is the advantage 
of being its mimic, is reduced with increasing numbers 
of mimics, hecause the predator will eat larger numbers of 
them before his first encounter with the model. Further- 
more, if the signal receiver reacts towards the signal 
via an ‘innate releasing mechanism’ (IRM) which cannot 
be modified by experience, each individual of the receiver 
species will be fully deceived by the mimic even if it 
never meets a model (this seems to be the case in some of 
the female-mimicking orchids). Thus, whether or not the 
reaction is eliminated in phylogeny depends on its useful- 
ness to the species in other contexts. 

In all cases the selective value for the mimetic charas- 
ters increases, among other things, with the number of 
successful deceptions from one deception per receiver on. 
The orchids (and other mimicking flowers) are the only 
mimics known to me, however, that need at least two 
de2eptions per receiver—in order to undergo cross-pollina- 
tion. The disadvantage for the deceived species should, 
therefore, be minimized, as it is by the orchid-flower 
allowing only attempts at copulation and thereby parasitiz- 
ing the strong reward offered by true copulations with a 
female. So, finally, the type of reaction given by the 
receiver has also to be taken, into consideration. 


Signal Standardization and Miillerian Mimicry 


It will have become clear already that even fundamental 
characteristics of mimicry are determined mainly by 
behavioural properties of the signal—receiver and that, 
therefore, a precise knowledge of the identity of the 
receiver and a thorough ethological study of its behaviour 
are indispensable for the understanding of mimicry. 
Additional argumonts for this will come from the following 
conside~ations which will show, m>oreover, that mimicry 
is not sharply distinct from, but gradually merges into, 
other sender—receiver communication systems. 

First, since palatability is a matter of degree, there 
might possibly exist a whole range of increasing distaste- 
fulness even in the mimics, model and mimic in the extreme 
case being equally unpalatable and sharing the same 
warning coloration. This stage is called Millerian mimicry 
which in our notation would be: 


S 1 + + R + + S H 
This is no true mimicry, however, since nobody is deceived 
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and it is impossible to differentiate between model anc 
mimic. But there is still another difficulty: all individuals 
of a given wasp-species look alike and all are equally 
protected. Yet this is not usually called Miullerian» 
mimicry, simply because the signals were not independ- 
ently, convergently evolved. Since, however, the male 
wasps have no protective properties® but retain their 
group-specific warning coloration, this clearly is Batesian» 
mimicry, although model and mimic are conspecifics anda 
their signals are homologous. Convergenco of the signal- 
characters, therefore, is essential only for the so-called» 
Mullerian mimicry, and thus Miillerian mimicry is dis- 
tinguished from other cases of signal standardiza- 
tion. 

Summing up, the typical (Batesian) mimicry merges 
into Miillerian mimicry if the difference between the 
selective consequences for the receiver of reacting similarly 
to S, and S, diminishes; and by homology of the signal 
characters it further merges into general signal standard- 
ization and such problems as that of typical intensity“. 

Secondly, insects may be protectively coloured by 
resembling a wasp or a twig, the first case being called 
mimicry, the latter mimesis. The difference again lies 
within the signal—receiver. If the mimetic signal does not 
release any reaction in the receiver, it falls under mimesis. 
This is illustrated by De Ruiter’s neat experiments with 
stick caterpillars which by virtue of their close resem- 
blance to twigs are protected against insect-eating birds’. 
As soon as there are too many caterpillars, however, the 
bird develops an interest in them and then also attacks 
real twigs. In our notation this would be: 

S ; Ga +R— —S§ 9 
S being the caterpillar, S, the twig and (as shown by R’s 
minus) the mimic. If then one positive experience of R 
with the caterpillar had the same weight as a negative 
one with a twig (and the signal remains unchanged) it will 
depend on the relative abundance of caterpillars and 
twigs whether all twigs are mistakenly exterminated or 
R’s feeding reaction towards twig-like objects disappears, 
changing our formula into: 


Sit —R+ +S, 


so that now the caterpillar (S,) becomes the mimic. 

This again illustrates the importance of R’s reaction to 
decide correctly which is the model. This example further 
shows how easily an object (here the twig) may quite 
involuntarily become a mimic. This is further well 
illustrated by the common ‘farming’ relationship between 
ants and aphids. The siphones and cauda of the aphid 
correspond respectively to the bases of the antennae and 
labium of the ant, and the aphid’s abdomen is mistaken 
by the ants for the head of a fellow ant, thereby eliciting 
the food-begging response which is identical with milking. 
Saturated ants in their turn even try to feed the abdomens 
of the aphids*. Aphid-species with reduced abdominal 
siphones use their hind legs as antennae-dummies, the 
movements elicited being originally defensive movements. 
This is exactly the way in which mimicry arises. Mimetic 
characters need not have evolved under the selection, 
pressure of mimicking; in fact, their earliest evolutionary 
stages could not even have been brought about in this 
way. All the cases that I have been able to study so far 
could be traced back to an incipient stage of deceptive 
resemblance borne as a pre-adaptive atelic by-product 
of pre-existing species-specific characters, thus providing 
a point of attack for selection pressure. Tho ‘dancing’ 
of Aspidontus mentioned already originated as an up- 
and-down movement of the head which occurs in all 
blennies during a conflict between the tendencies to 
approach an object and to flee from it. This may occur 
in stationary fish as nodding or be superimposed on 
swimming, becoming a sort of dance. These movements 
usually have a special social meaning in threat or court- 
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ship, but in Aspidontus they are socially meaningless and 
30 could become specialized as an interspecific signal?. 
That the characters of the mimicking signal secondarily 
evolve further under natural selection is usually admitted, 
mhough sometimes doubted, as is even the mere existence 
of positive selective consequences resulting from the 
«deception of a communication partner. The simple reason 
mor these doubts is that in order to analyse and understand 
«2 given mimicry-system one needs a rather comprehensive 
mknowledge of morphology, behaviour, ecology and their 
«mutual relationships in animals usually belonging taxono- 
menically to different classes of the animal kingdom (for 
example, wasps (Hymenoptera)—flies (Diptera)—insect- 
eating amphibians, reptiles, birds and small mammals). To 
mceconstruct the evolution of such a complicated com- 
munication system, one also needs a detailed acquaintance 
with a larger group of forms related to each of the animals 
involved. But, in fact, we are far from having all these 
data. 
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Intra-specific Mimicry 


That positive selective consequences do result from the 
deception of a communication partner is, however, shown 
automatically by deceptive signals that have evolved 
intraspecifically. In the small characoid fish Corynopoma 
riiseit the operculum of the male is elongated into a thin 
whitish stalk terminating in a small blackish plate. This 
is raised during courtship together with the operculum, 
and by its jerky movement resembles an edible object. 
This the female tries to grasp, and so comes into close 
contact with the male. Here mimic and receiver belong 
to one species. There are other cases (for example, the 
mimicking orchids or the parasitic whydahs) in which 
model and receiver belong to the same species. However, 
the safest conclusions can be drawn from intraspecific 
mimicry, in which model, mimic and receiver all belong 
to one and the same species. The best-known such 
example is the use of egg-dummies by the males of mouth- 
brooding Haplochromis species®, a group of African cichlid- 
fish. These dummies are conspicuous yellow or orange 
spots near the base of the anal fin which precisely resemble 
the eggs of the particular species. They are displayed to 
the female during courtship and during fertilizing and 
elicit her reaction of snapping up eggs. During courtship 
they make the male more attractive to the female. In 
spawning they assure fertilization of the eggs, which are 
taken into the female’s mouth immediately after they 
have been laid and before the male is able to fertilize 
them: in snapping at the ‘egg spots’ with her lips, the 
female inhales the sperm, thus fertilizing the eggs within 
her mouth. 

Here the specific female behaviour pattern of gathering 
eggs into the mouth is elicited alternately by model and 
mimic several times in succession with intervals of only 
about l-2 sec, and within the same spawning pit. This 
offers ideal opportunities for comparison, since environ- 
mental factors as well as the internal states of the animals 
remain, roughly constant. Moreover, the undeceived and 
the deceived reactions together form a functional unit, 
the deception clearly having positive selective conse- 
quences for the species. Nevertheless, the receiver’s 
minus towards the mimic in our formula remains correct, 
since the individual clearly is deceived. 

Another example of intraspecific mimicry is offered by 
some Old World monkeys, especially the Hamadryas 
baboon, the females of which during oestrus display 
conspicuous swellings of the ano-genital region, which is 
presented to the males as an invitation to copulate. 
Presenting, however, serves still another social function, 
since it is used by both sexes as an important appease- 
ment or ‘greeting’ ceremony towards higher-ranking 
group members. The males, in order that their presenting 
be as effective as that of the females, imitate the females’ 
swelling by a conspicuously red coloration of their hind- 
quarters as a dummy oestrous-marking!.1), 
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The Theoretical Importance of Deceptive Signals 


To reconstruct the evolution of a case of intraspecific 
mimicry as a special communication system is relatively 
simple for one needs detailed knowledge of but one 
rather narrow taxonomic unit. This is important, because 
mimicry is an indispensable step in studying the evolution 
of animal communication. This study usually starts 
from. conspicuously elaborated signals, which postulate a 
signal—receiver interested in them. The receiver will 
practically always have undergone a special moulding 
towards optimal receiving of the signal. One must, 
however, follow up the mutual adaptations of the sender 
and the receiver separazely. This is easily done so far as 
the evolution of a resction or a receiving mechanism 
is concerned in all precators that try to find their prey, 
and in all prey-animals that try to escape an approaching 
predator. The ‘suppression’ of signals may be studied 
in predators that try to sneak up on @ prey unnoticed. 
However, the ‘elaboration’ of a signal (in which the 
receiver must, of course be interested) can only be studied 
without co-adaptive interference from the receiver where 
the sender has a one-stled interest in the signal, which 
then can only be an imitation of either a signal developed 
in their common intersst by the receiver and another 
signal-sender or a signal emitted by another signal— 
sender and only made use of by the receiver in his own 
interest. Both cases, ky the definition given, are called 
mimicry. An additionel advantage is that we know the 
model as the final stage towards which the mimic will 
evolve (so far es the signal characters are concerned), 
thus indicating the trend in evolution that is still operating 
and that probably will further elaborate themimotic signals. 

Finally, we may briefly consider social signals in 
general. It is legitimate to treat them as structures, even 
if they are motor-patterns’®. Evolutionary ‘new’ struc- 
tures are merely moditications of preceding structures; 
“the emergence of a new structure is normally due to the 
acquisition of a new function by an existing structure’’!®. 
In the same way the egg-signal in Haplochromis, which 
originally belonged to the context of brood-care, has 
taken over the new functions first of bringing the gametes 
together and, secondly, even of bringing the parents 
together; and it has given rise to a new structure, the egg- 
dummies. If all signa have emerged during evolution 
at one time or another es ‘novelties’ one may question for 
what they might have keen mistaken in statu nascendi by 
their respective signa]—receivers. To treat signals gener- 
ally as having passed tarough an original mimetic stage 
renders studies of mimisry valuable tools for students of 
the phylogeny of signa:s and of animal communication. 
In this way I have found that another cichlid fish, 
Tilapia macrochir, deposits spermatophores: I considered 
the male’s conspicuous genital tassel as an imitation of 
something which finally turned out to be the spermato- 
phore'*. It should be added, however, that it is not as 
yet quite clear whether the spermatophore truly is the 
model, because both tessel and spermatophore may be 
mimics of a still unknawn model. Finally, there is the 
possibility of chain-mmicry, that is, of secondarily 
mimicking a mimic; however, research in this field is still 
In @ very early phase. 
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THE JUVENILE HORMONE* 
By Sır VINCENT WIGGLESWORTH, C.B.E., F.R.S. 


Department of Zoology, University of Cambridge 


N choosing this topic for the opening address to the 

third conference of European Comparative Endo- 
crinologists, I had in mind the consideration of the 
juvenile hormone in general terms—as an agent with 
properties that must be of interest to all endocrinologists. 
I shall not therefore attempt a complete or specialized 
survey of this very complex subject, but will select only 
a limited number of points for discussion. 


A Morphogenetic Hormone 


The juvenile hormone is a morphogenetic hormone— 
one of the most outstanding morphogenetic hormones 
known. The existence of a hormone responsible for 
maintaining larval characters was first revealed by the 
fact that decapitation in young Rhodnius larvae causes 
premature metamorphosis!. Parabiosis showed that this 
hormone was freely circulating in the blood; and by 
removing progressively more and more of the anterior 
parts of the head from the insects used in the parabiosis 
experiments, it was shown that the hormone came not 
from the brain but from the corpus allatum—an endocrine 
organ that buds off from the ectoderm at the base of the 
mouthparts and comes to lie just behind the braint. This 
conclusion was confirmed by the implantation of corpora 
allata from young (8rd- or 4th-stage) larvae into 5th-stage 
larvae. These 5th-stage larvae then moulted not into 
adults but into giant 6th-stage larvae?. 

The juvenile hormone acts directly on the epidermal 
cells responsible for laying down the cuticle at moulting: 
restricted local application of the hormone results in a 
restricted local patch of larval cuticle in an otherwise 
adult insect?. It is possible, for example, to produce adult 
insects with one larval wing’. The self-same cell has the 
capacity for laying down larval cuticle or adult cuticle. 
That is most clearly shown in the sensory bristles or 
hairs: the trichogen cells which form the bristles persist 
from one stage to the next; in the presence of a large 
amount of juvenile hormone these cells lay down larval- 
type bristles; in the absence of the hormone they lay 
down. adult-type bristles, and with intermediate amounts 
of juvenile hormone, bristles of intermediate type are 
developed!. Under natural conditions intermediate forms 
do.not commonly occur. There is a strong tendency for 
the insect to develop either larval or adult characters. 

Experiments by many authors have shown that the 
juvenile hormone controls metamorphosis in insects of all 
kinds. > In holometabolous insects, which have a pupal 
stage between the larva and the adult, the juvenile hor- 
mone again controls the morphogenetic change: a large 
amount of the hormone ensures retention or re-develop- 
ment of larval characters; absence of the hormone results 
in metamorphosis to the adult; the presence of a very 
small amount of juvenile hormone leads to the appearance 
of the pupal form‘. This result not only confirms the 
importance of the juvenile hormone in controlling morpho- 
genesis, but it illustrates in a most striking way a point 
often made by C. M. Child: that the same inductor 
substance can evoke totally different results depending 
on, its concentration or the timing of its action. 

Here again intermediate forms rarely occur in Nature. 
But they can be induced experimentally: if the corpus 
allatum is removed from the last-stage larva of the honey- 
bee® or of the giant silkmoth Hyalophora® the supply of 


* Substance of an opening address to the third conference of European ` 


Comparative Endocrinologists held in Copenhagen during August 1965, 


juvenile hormone falls below the level necessary to produce 
the pupa, and monstrous forms intermediate between 
pupa and adult develop. Some caterpillars pass througl:?” 
a regular succession of morphological stages in successive 
instars. These forms also seem to be regulated by levels 
of juvenile hormone secretion—but the detailed evidence 
for this has not yet been fully worked out’. 


The Nature of Hormone-controiled 
Metamorphosis 


It has long been recognized that the effect of the 
juvenile hormone is to control the realization or suppres- 
sion of inborn potencies. In other words, it brings about 
‘gene switching’. In this regard it resembles the inductor 
substances which control morphogenesis in different parts 
of the body during differentiation; and the factors which 
lead to the differences in form of different individuals in 
environmentally induced polymorphism®. Indeed, there 
are a number of polymorphic changes in which there is 
evidence that the level of juvenile hormone activity may 
itself be involved, notably (i) the change over from the 
‘solitary’ to the ‘gregarious’ form in locusts’; (ii) the 
switch from apterous to alate forms among partheno- 
genetic aphids; (iii) the production of the soldier caste 
in, termites™??, 

Just how and where the juvenile hormone is acting is 
not known. Twelve years ago I wrote “‘it is a matter for 
discussion, whether the simultaneous inheritance of the 
dual potentialities for larval and adult differentiation 
within these societies of cells is by way of the nucleus or 
cytoplasm or both”}*. Hight years ago I submitted that 
the juvenile hormone “controls the manifestation of 
alternative genetically controlled forms” and I suggested 
that “it is possible to conceive it as being concerned in, 
the regulation of permeability relations within the cells 
—in such a way that the gene-controlled enzyme system 


_responsible for larval characters is brought incroasingly 


into action when the juvenile hormone is present”. 

The position is unchanged to-day—except that tissue- 
specific puffing patterns in the chromosomes of Droso- 
phila's, on one hand, and the theories of enzyme induction 
in bacteria as developed by Jacob and Monod" et al., on 
the other, render us much more prepared to accept the 
idea of a primary action of the hormone at the level of 
the gene. Experimental evidence has yet to come. 


Reversal of Metamorphosis 


The question was early raised whether the genetic 
system responsible for the production of larval characters 
was still capable of re-activation by the juvenile hormone 
in the adultinsect. In other words, whether metamorpho- 
sis can, be reversed. Of course, this can only be tested by 
making the adult moult again by exposing it artificially 
to the moulting hormone. 

In general it can be said that in most adult tissues it 
is not possible to induce any reversal of metamorphosis. 
But there are certain undoubted examples of such rever- 
sal: in the abdominal cuticle of Rhodnius!? and of Onco- 
peltus!®, in the thoracic cuticle of the earwig Anisolabis, 
where the ‘ecdysial line’ characteristic of the larva can 
be re-induced in a moulting adult}®, and in the integument 
of Lepidoptera where larval cuticle can be re-induced in 
fragments of pupal and ‘imaginal integumont*®??. 

Reversal of metamorphosis is an abnormal phenomenon. 
There has been no selection for its occurrence and it is 
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not surprising that it occurs with difficulty. Likewise the 
production of stages intermediate between, the normal 
stages in motamorphosis is an abnormal phenomenon, and 
selection, will have acted against it. 


Time of Action of the Juvenile Hormone 


The most effective moment for exposing the tissues to 
the juvenile hormone seems to be just before they begin 
the synthetic activities characteristic of the larval stage. 
Hormone administered too early is less effective—pre- 
sumably because it is broken down in metabolism before 
the time for its action has arrived?2?:23, 

But there are certain effects which are induced in the 
cells long before they become manifest. A very small 
dose of juvenile hormone administered soon after feeding 
in the 5th-stage larva of Rhodnius has no effect on the 
type of cuticle laid down: normal adult cuticle is produced 
over the abdomen. But it does have the effect of ensuring 
the survival of the trichogen cells (almost all of which 
normally break down, and disappear from the dorsum of 
the abdomen during metamorphosis), so that an exces- 
sive number of hairs appears on the abdomen of the 
adult?s, 

The juvenile hormone has a comparable effect on the 
survival of the thoracic gland. The thoracic gland (the 
source of the moulting hormone) normally undergoes 
autolysis in Rhodnius within 24 h after moulting to the 
adult. This is a response to some hormonal factor in the 
newly moulted adult. But if the gland has been exposed 
to juvenile hormone during the pre-moulting period, it 
does not respond in this way and fails to undergo 
autolysis*4. (The breakdown of certain muscles after 
metamorphosis in the silkmoth Hyalophora cecropia has 
recently been shown to be regulated in much the same 
ways.) 


Influence of the Juvenile Hormone on Behaviour 


In certain caterpillars, behaviour is different in the 
final stage before pupation than it is before moulting in 
the earlier larval stages. The wax moth Galleria spins a 
tough cocoon, before pupation, a flimsy web before a 
larval moult?*. The sphingid Mimas tiliae crawls down 
the tres-trunk to the soil before pupation, but rests on the 
foliage before each larval moult??. These differences 
result from the presence or absence of juvenile hormone 
and are attributed to a direct effect on the nervous 
system. But the possibility remains that they could 
result from a nervous feed-back effect from other organs, 
for example from the distended silk glands. 


Gonadotrophic Effects of the Juvenile Hormone 


Secretion of the juvenile hormone ceases in Rhodnius 
in the Sth-stage larva before metamorphosis, but begins 
again in the adult. The hormone is then necessary for 
yolk formation in the female and for the full activity of 
the accessory glands in the male, which serve to produce 
the spermatophores to enclose the sperm’. In Hyalophora 
cecropia, in which the eggs are developed during the pupal 
stage, very little Juvenile hormone is secreted in the adult 
female, but large amounts are produced in the adult 
male**, which secretes a succession of spermatophores. 

The precise nature of the gonadotrophic effect of the 
juvenile hormone is uncertain. The position is complicated 
by the fact that in some insects the secretion from the 
neuro-secretory cells in the brain seems to be more 
important than the juvenile hormone in ensuring yolk 
production. In the case of Rhodnius, G. C. Coles?’ 
concluded that the juvenile hormone acts on the fat body 
cells and serves to activate those components of the gene 
system which lead to the synthesis of the specific proteins 
that are discharged into the blood and are taken up by 
the oocytes and added to the yolk. In the male locust, 
Schistocerca, T. R. Odhiambo* considers that the juvenile 
hormone activates the many systems concerned in protein 
synthesis in the nuclei of the accessory glands. 
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Metabolic Action of the Juvenile Hormone 


The juvenile hormone is often said to be & ‘metabolic 
hormone’—by which is meant that it sets going metabolic 
processes, either of synthesis or of combustion, whether 
or not these are required for the working body. I am 
sceptical about the existence of metabolic hormones in 
this sense; I think ther are unphysiological. I fancy that 
in most cases of this kind the hormone is setting in motion 
some physiological pracess, and the observed changes in 
metabolism are feed-back effects. (But, of course, 
abnormally large doses of hormones may have an abnor- 
mal pharmacological offect on metabolism which has 
little relation to their normal infiuence in the body.) 

A well-known example of a metabolhe effect of the 
juvenile hormone is the accumulation of reserves of fat 
and glycogen in the faz body of the grasshopper Melano- 
plus when the corpora allata are removed?!. But 
Odhiambo* has shown that in the locust Schistocerca the 
juvenile hormone acts on the central nervous system and 
causes continuous activity. After allatectomy tho insect 
continues to feed normally but it becomes inactive; 
consequently reserves pile up. The accumulation of 
reserves is not a feed-back effect from the gonads; the 
same effects are seen in males with or without their acces- 
sory glands. 

In the blowfly Cailiphora®® and in the cockroach 
Leucophaea* the corpora allata are necessary to maintain 
the normal high level of oxygen consumption. But here 
again the juvenile hormone may be initiating some 
physiological activity (perhaps the synthesis of ovarial 
proteins) which demands increased oxygen consumption. 
In these cases it is not known whether nervous or muscular 
activity is changed. In the bug Pyrrhocoris the effect 
of the corpus allatum on metabolism is seen only if the 
gonads are present: it appears to be a feed-back effect 
from the activated ovaries which are demanding 
nutrients*®. Likewise in Rhodnius, the accelerated rate 
of digestion in the presence of the corpus allatum is a 
feed-back effect from the developing ovaries**. 

In Leptinotarsa the adult female goes into diapause 
when, the juvenile hormone is absent or the corpora allata 
are removed. The rate of metabolism falls to a very low 
level and egg development ceases. In this state the 
thoracic muscles and their mitochondria degenerate almost 
completely. When juvenile hormone is supplied every- 
thing is restored: the beetles become active, the ovaries 
develop, muscles and sarcosomes are fully regenerated®’. 
The metabolic effects are profound—but just where the 
juvenile hormone is aczing is not known. 

It is, of course, self-evident that hormones can influence 
the body only by bringing about chemical changes in the 
cells. In this sense they are always ‘metabolic hormones’. 
Within a few hours the moulting hormone restores 
nucleoprotein synthesis in dormant epidermal cells of 
Rhodnius; the juverile hormone seems specifically to 
induce the synthesis o? yolk proteins in the fat body of 
Rhodnius??; as Gilbert’! has recently shown, the juvenile 
hormone will induce the fat body of the cockroach 
Leucophaea to synthesize ovarian lipids. But these, and 
many similar effects, are elements in a pattern of develop- 
ment evoked by the hormone. They are not simply 
quantitative changes in metabolism unrelated to growth 
requirements—as is commonly implied by the expression 
‘metabolic hormone’. 


Chemical Nature of the Juvenile Hormone 


The large accumulation of juvenile hormone in the 
adult moth of Hyalopkora cecropia provided a source of 
active extract. Ether extracts from the abdomen of the 
male moth gave an orange-coloured oil rich in juvenile 
hormone activity*®. This material was utilized to develop 
methods of assay®?? and methods for concentrating the 
active principle by countercurrent separation®*. These 
procedures were applied to extracts from many sources 





and have shown that material with roughly the same 
partition properties, and with juvenile hormone activity, 
is widely spread throughout the animal and plant king- 
doms: in the tissues of invertebrates and vertebrates, in, 
higher plants, some bacteria and yeasts. l 

The material extracted from two of these sources, 
namely from the excrement of the mealworm, Tenebrio, 
and from yeast, was examined chemically by Schmialek*® ; 
the active principle was isolated and shown to be a mixture 
of trans-trans-farnesol and its aldehyde farnesal. The 
question arises whether the natural juvenile hormone in 
the insect has any relation to farnesol or is of a totally 
different nature. 

At the present time the answer to this question, is not 
known. Farnesol will certainly reproduce all the morpho- 
genetic and gonadotrophic effects of the Juvenile hormone 
in Rhodnius*®*. It is particularly effective if its stability 
is increased by blocking the alcohol end of the molecule 
in the form of an ether (for example, farnesyl methyl 
ether) or as the farnesyl acetone*?. 

In the form of the methyl ether, a 0:06 per cent solution 
of the active trans-trans isomer is far more effective than 
the natural extract from cecropia. 1:2 ug will cause a 
partial retention of larval characters in Rhodnius—a dose 
of 5-2 ug/g of body-weight**. In Antheraea, 20,000 ug 
of the natural extract from cecropia will cause a partial 
retention of pupal characters—a dose of 4,000 ug/g of 
body-weight*?. 

_ By repeated partition with methyl alcohol, chromato- 

graphic separation on silicic acid columns, followed by 
the crystallization of impurities, a ‘non-crystalline frac- 
tion’ has been isolated which will produce this same effect 
in Antheraea at a dose of 5 ug, that is, 1 ug/g of body- 
weight42, Accepting these results at their face value this 
product is about five times as effective as farnesyl methyl 
ether in Rhodnius. 

Further attempted purification by gas-liquid chromato- 
graphy leads-to heat destruction of the natural substance, 
but one fraction isolated in this way had an activity twelve 
times that of the ‘non-crystalline fraction’**. Meyer, 
Schneiderman and Gilbert‘? report similar results, showing 
pyrolytic breakdown of the material in the gas-liquid 
chromatography column, but with some highly active 
fractions. Roller, Bjerke and McShan* have isolated a 
well-defined active substance which is certainly not 
farnesol. 

The significance of-these results is uncertain. Assay 
methods for material that is exerting its action over & 
period of many days of development, and which is con- 
tinuously being broken down in metabolism, have no very 
precise meaning. (By modifying slightly the means of 
administering the material I have recently repeated the 
results on Rhodnius as described here with half the earlier 
dose, that is, with about 2-5 ug of the active isomer of 
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farnesyl methyl ether per gram of body-weight.) At 
the present time farnesol derivatives are the only com- 
pounds of known chemical composition with juvenile 
hormone activity. They were identified as the substance 
with juvenile hormone activity in the extracts of non- 
insect material. They have been, found in the extracts 
of cecropia and other silkmoths. ` Until other known 
compounds have been isolated, I am inclined to hold to 
the provisional hypothesis that the active group in the 
juvenile hormone is indeed the triple isoprene unit of 
farnesol, and that this exists in the natural hormone in 
some form that has not yet been, defined. 
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OBITUARIES 


Dr. H. R. Marston, F.R.S. 


Dr. Hepiey RarLru Marston died in Adelaide on 
August 25, the day before his sixty-fifth birthday, and 
the day on which he was to retire from his post of chief 
of the Division of Biochemistry and General Nutrition of 
the Australian Commonwealth Scientific and Industrial 
Research Organization. He was one of three brothers 
born in Bordertown, South Australia; his father was a 
Civil Servant. The family moved to Adelaide where he 
attended Unley High School. A school-fellow, Mark (now 
Sir Mark) Oliphant, attained high scientific distinction 
and remained a life-long friend. In 1934 Marston married 


Kathleen Nelly Spooner, who survives him. They had no- 


children. 


There were two rather unusual features about Marston’s 
career. From first to last he held appointments in Adelaide; 
and his first degree was conferred on him honoris causa, 
some thirty-three years after his first academic appoint- 
ment. When an undergraduate student of chemistry in 
the University of Adelaide, he chanced to meet, during a 
country walk, a stranger with whom he fell into convers- 
ation. This proved to be Brailsford Robertson, newly 
arrived to take up the chair of physiology and biochemistry 
in the University. Within a few days, Marston had joined 
Robertson’s department as demonstrator, and during the 
next seven years assisted him in organizing the teaching 
of biochemistry and physiology in the University. In 
1926, Marston sat for the B.Sc. examination in biochemis- 
try and physiology and headed the honours list ; but he was 
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7 then so fully engaged in research and teaching that he 
s unwilling to retrace his steps in order to comply with 
© regulations necessary for taking a degree. This rather 
.0rthodox entry to the academic world in some degree 
calls that of Gowland Hopkins, who was first an articled 
ipil to a public analyst: he moved to Guy’s Hospital 
edical School, where he took a medical degree, but only 
. time snatched from research and teaching commitments. 
‘may be that academic life will be the poorer now that 
sistence on ‘paper qualifications’ has made such unusual 
Sbuts all but impossible. During these early years, 
arston received much help from Archibald Watson, 
19 professor of anatomy, of whom he always spoke with 
fection, as well as from Brailsford Robertson. 
His first paper adumbrated the importance of the mito- 
ondria as centres of enzyme activities—a, concept since 
nply confirmed. In other papers he showed for the first 
mno that the mammary gland of the monotreme echidna 
d indeed secrete true milk, described the first micro- 
ethod for the determination of guanidine and methyl 
1anidine, and published work on the sterol isolated from 
16 “giant toad stool’. 
In 1927 he joined the Division of Animal Nutrition of 
16 (then) C.S.I.R., newly formed under Brailsford 
obertson. He was in charge of the Division between 
obertson’s death in 1929, and the appointment of Sir 
harles Martin as chief in 1930. A close bond grew up with 


Martin, and when he returned to England in 1932, Marston ` 


as appointed chief nutrition officer, and plaeed in charge 
K the Nutrition Laboratory, which becamo part of the 
8ivision of Animal Health until 1944, when the Division 
: Biochemistry and General Nutrition was established 
ith Marston as its first chief. During this period the 
»searches of Marston and his colleagues covered a wide 
ald and had important practical applications. While he 
ways insisted that advances in practice depended on an 
nderstanding of the underlying natural phenomena, he 
‘evertheless tried to ensure that the practical means of 
oplying scientific principles were available, Among 
ther subjects, the work included valuable fundamental 
ssearches on the animal’s requirements for protein for 
10 manufacture of skin and wool and on the special need. 
x sulphur-containing amino-acids (now, but not then, 
‘ommon knowledge). He early observed the effect of 
‘opper on keratinization and hence on the quality of wool. 
bther work dealt with the requirements of the sheep for 
hosphorus, and of the effects on it of thyroidectomy. 

In 1936 he was invited by Hopkins to spend a year in 
he Biochemical Laboratory, University of Cambridge. 
‘here he continued his work on carbohydrate fermenta- 
on by ruminal micro-organisms, and interested J oseph 
Rarcrott in general problems of ruminal function, with most 
cuitful results. 

During the Second World War he furnished, with his 
olleagues, valuable information to the Army on avail- 
ble human rations, and compiled highly useful dietary 
ables. After the War he worked on the basic problems of 
nergy transactions in ruminants. The work for which he 
3 most widely known can be traced to its beginnings in 
933, when he became interested in ‘Coast disease’. 
/onsiderable stretches of land, among them the ‘ninety 
ale desert’ near his birthplace, would support neither 
seful crops nor domestic stock. This was (wrongly) 
scribed to phosphorus deficiency. Marston and his 
olleagues showed that phosphorus was adequate, but 
hat there was a lack of cobalt and copper, and in certain 
reas of zinc, and that traces of such elements would 
ermit the normal growth of both plants and animals. 
‘hese fundamental discoveries proved the key to the 
olution of difficulties encountered by agriculturists and 
astoralists in other continents besides Australia, and gave 
npefus to the conception of the importance of heavy 
1etals in biological processes which is still prowing. 
larston was able to show that cobalt was effective only 
fter it had been incorporated into vitamin B; by ruminal 
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micro-organisms, and thet at least one of its functions in 
the body was that of co-erzyme in certain isomeric changes. 
The story must now be left to other hands to unfold: 
that there are further ckapters is certain. 

Marston was widely read, and widely travelled, both in 
Europe and the United States, with a fund of reminiscences 
of people and places. ‘In 1957 he was elected D.Sc. 
honoris causa (his first dezree) by the Australian National 
University, and in 1959 to a D.Sc. of the University of 
Adelaide ad eundem gradum. He was invited to lecture on 
the work of the Division to the Royal Society of London in 
1948, and was elected Fellow in 1949. In 1951, Sir Mark 
Oliphant and he were sctive in the foundation of the 
Australian Academy of Sciences, of which they were 
original members. He numbered among his close friends 
not only scientific collecgues such as Martin, Hopkins, 
Rivett, Oliphant and E. V. McCollum, but also famous 
artists, and leaders in the industrial world such as W. &. 
Robinson in Australia anc J. L. Pratt and Robert Kleberg, 
jun., in the United States. Perhaps from such contacta 
sprang some of his sympathy with practical problems. 

E. G. Houses 


Prof. Arthur Holmes, F.R.S. 


ARTHUR Homes, emeritus professor of geology and 
mineralogy in the University of Edinburgh, died on 
September 20 at the age of seventy-five at his home in 
Putney. His brilliant research on the wider problems of 
geology has earned him h‘s place as one of the great Earth 
scientists of the century. 

Holmes was born at Hebburn, near Newcastle-upon- 
Tyne, in 1890. He graduated at the Imperial College of 
Science and Technology in 1910 and undertook an expedition 
to Mozambique in 1911. Here an attack of blackwater fever 
nearly ended his career (there was in fact an announcement 
of his death in the local paper), but he came back to rejoin 
the staff of Imperial Colleze until 1921.- He then joined the 
Yomah Oil Co. in Burma as chief geologist; but, fortu- 
nately for the future of geological science, he returned in 
1924 to become head of the newly created Department of 
Geology in the University of Durham, which under his 
leadership rapidly gained an international reputation for 
petrological rosearch. In 1943 he was appointed regius 
professor of geology in the University of Edinburgh, 
which was honoured with his occupation of the chair for 
thirteen years, and with Lis presence as emeritus professor 
for six years after he retized in 1956. 

Prof. Holmes has exercised a profound influence on 
almost all branches of geology, not only through his own 
remarkable researches but also by his beautifully written 
text-books and the stimulation of the research qualities 
of his students. His output of publications has been pro- 
digious—nearly 200, including several famous text-books 
such as The Age of the Earth, Nomenclature of Petrology, 
Petrographic Methods and Calculations and Principles of 
Physical Geology. He has made a great number of con- 
tributions to our knowledge of the geology of many parts 
of the world, from his home district in the north of England 
to Africa, India and elsewhere; but the descriptive aspect 
of his work has been, far more than with most men, merely 
æ prelude to his remarkeble work on the wider genetic 
problems of the science. He went deeply into the major 
questions of the origin of igneous rocks, partly in associa- 
tion with his accomplished and eminent wife, Dr. Doris 
Reynolds. He was never a man to shun controversy, and 
his work on the origin of the alkaline rocks of Africa and 
elsewhere, on the thorny problems of granites and their 
associates, on the origin and development of magmas, 
and on the role of metasomatism in rock genesis, has 
broadened the vision of igneous and metamorphic petrolo- 
gists all over the world. : ~ 

During his school-days, Holmes’s inquiring mind had 
questioned the magic date for the Creation, 4004 B.c., in 
Archbishop Ussher’s chrcnology for the book of Genesis, 
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and in the sixth form his interest in geology was awakened 
by an enlightened schoolmaster who encouraged him to 
read Kelvin and Suess. He was thirteen years of age when, 
Rutherford realized that radioactivity might provide a 
means for determining the actual ages of minerals, and he 
was an undergraduate at Imperial College when this idea 
bore fruit, and Boltwood (using lead ratios) and then 
Strutt (using helium content) approximately dated a 
number of uranium-bearing minerals. Working in Strutt’s 
laboratory, Holmes became one of the pioneers in this 
field, and since that time he has been one of the leaders in 
applying the results of radioactive methods to the dating 
of rocks. He took a major part in the construction of & 
geological time-scalo in terms of millions of years—consid- 
ering both post- and pre-Cambrien rocks and the age of 
the Earth itself. 

Holmes’s major work was not confined to igneous and 
metamorphic petrology and geological time. His contribu- 
tions to the geophysical aspects of geology are classic: the 
nature of orogenic and epeirogenic activity, convection 
currents in the Earth’s mantle, continental drift, radio- 
activity in geology—one could go on for a long time 
listing the aspects of geology to which he has made major 
contributions. In fact there is scarcely a main branch of 
the subject, other than palaeontology, with which his 
name is not associated. Much of his thinking was on the 
grand scale, applied to the broad philosophical aspects of 
the Earth sciences. ; 

Holmes’s distinguished career received international 
acclaim. He was elected Corresponding, Foreign or 
Honorary Member of the Geological Societies of America, 
Belgium, and Stockholm, and the Academies of Science 
of the United States, Sweden. the Netherlands, and France. 
He was awarded the Murchison and Wollaston Medals of 
the Geological Society of London, the Penrose Medal of 
the Geological Society of America, the Fourmarier Medal 
of the Royal Academy of Belgium, and the Makdougall- 
Brisbane Prize of the Royal Society of Edinburgh. In 
1964 he shared with Prof. P. Eskola of Helsinki the Vetlesen 
Prize of Columbia University, New York, for outstanding 
achiovement in science relating to “a clearer understand- 
ing of the Earth, its history or its relation to the universe”. 
He was a Fellow of tho Imperial College of Science and 
Technology and an Honorary Doctor of Laws of the 
University of Edinburgh. 

In spite of many years of poor health, Holmes continued 
his creative work until the end. The second edition 
(largely re-written and greatly enlarged) of his Principles 
of Physical Geology, published this year, is a masterpiece 
of lucid writing and shows a breadth of knowledge and 
vision which few men possess. 

Those fortunate enough to have known Prof. Holmes 
found him a quiet man of extraordinary charm and 
unfailing kindness, and will remember with affection and 
gratitude the help and advice which he gave so readily. 
In 1914 he married Margaret Howe. and they had one 
son. His wife died in 1938, and he later married Dr. 
Doris Reynolds, herself a distinguished geologist. 

F. H. STEWART 


Sir Ernest Thomas Fisk 


Wiru the death of Sir Ernest Thomas Fisk at his home 
in Sydney on July 8, at the age of seventy-eight, the world 
lost a man who made a conspicuous contribution to the 
development of wireless communication. 

Born at Sunbury-on-Thames, England, on August 8, 
1886, he entered the Marconi Company’s training school 
in 1906 and came to Australia in 1911 as resident engineer 
of a branch which the Company had opened in Sydney. 
He submitted to the Australian Government proposals 
for the setting up of a number of wireless stations, but his 
proposals were not accepted. 

In the same year, the Australasian Wireless Company 
was formed with Australian capital to acquire and operate 
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the patent rights of the Telefunken system. Two yea» 
later, Amalgamated Wireless (Australasia), Ltd., w 
inaugurated, and the rights of the Marconi and Telefunk 
systems were acquired. Fisk became technical and gener 
manager, and in 1917, managing director. 

In England in 1916 Fisk arranged with Marconi 
conduct a series of tests, and in the following year ™ 
erected an experimental receiving station at Pymble ne 
Sydney. Tests were conducted there with the view 
determining the best type of circuit to use for long-wav 
long-distance reception. 

Later, Fisk transferred the station to Wahroong 
another Sydney suburb, and began experiments with thE 
Caernarvon station in Wales early in 1918. When t™ 
tests were satisfactory, arrangements were made for 
public demonstration of direct wireless communicatie 
between England and Australia. 

Messages to Australian newspapers were sent fro: 
Caernarvon by the then Australian Prime Minister, Me 
W. M. Hughes, and the then Australian Minister for tl 
Navy, Sir Joseph Cook, who were in England at that tim 
These, the first direct wireless messages between the tw 
countries, were received at Fisk’s Wahroonga station ar 
delivered to the Sydney Press. 

Later, the experimental receiving station was tran 
ferred to Koo-wee-rup, in Victoria, where the scope ° 
the work was extended, new apparatus was installe 
and continuous day and night observations made : 
signals from all high-powered stations in Europe ar 
the United States. 

The Koo-wee-rup experiments established that wirele 
waves from England to Australia followed the course» 
the greatest darkness—a discovery which ultimately w: 
of immense value when aerials for the short-wave servi 
were being designed. 

As an outcome of successful experiments, Fisk, on beha» 
of Amalgamated Wireless in conjunction with tł 
Marconi Company, in 1921 offered to estabhsh a dire 
wireless service between Australia and Great Britain ar 
+o transmit messages at rates one-third less than existir 
cable charges. The proposal, which was strongly oppose 
by exponents of a relay system, found champions in M 
W. M. Hughes and General Smuts of South Africa. The 
opposed the relay system and made it clear at the Imperi: 
Conference in 1921 that their respective countries woul 
proceed with direct communication. 

Strengthened by the positive attitude of Mr. Hughe 
Fisk persisted with his advocacy of a direct service, an 
in March 1922, on behalf of Amalgamated Wireles 
signed an agreement with the Australian Governmer 
under which the Company was to establish and maintai 
direct wireless communication between Australia and tł 
United Kingdom and Canada, and to assume control < 
existing coastal and island wireless stations. The Goverr 
mont acquired 50 per cent of the shares in the Compan 
plus one to give it a bare majority, the remainder of tł 
shares being held by private shareholders. 

Fisk was not daunted by the refusal of the Britis 
Government to grant a licence to the Marconi Company t 
erect a high-power station in England. The experiment 
were continued, and in January 1924 the first transmissio 
of short-wave signals was received from the Marcor 
station at Poldhu, Cornwall. In August of that yeer, 
fresh agreement was entered into with Amalgamate 
Wireless to erect short-wave transmitters with direction: 
aerials to provide service to Great Britain and to Canad 
when corresponding stations were built in those countrie 
Fisk’s foresight and initiative were rewarded in 1927 wit 
the opening of the Beam Service to the United Kingdon 
and in 1928 to Canada. 

Commenting that the Company had fought again: 
powerful opposition, Royal Commissioners who invest 
gated broadcasting within Australia reported to Feder: 
Parliament in 1927 that the Company, Fisk and h 
officers were “entitled to great credit for the establis) 
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1ent of the Beam system”. They commented that“... 
5 was largely due to the technical ability and persistence 
f its managing director that it ultimately prevailed and 
‘hat Australia has the benefit of an up-to-date and extreme- 
y rapid means of communication with Great Britain. ..-”. 
In the field of Australian broadcasting, Fisk was a 
toneer. He gave the first demonstration of wireless 
<olophony in’ Australia in August 1919. Gramophone 
ausic played into a wireless transmitter was received in 
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\oyal Society Research Professorship: Prof. W. S. Fyfe 


Pror. W. S. FYFE, professor of geology in the University 
«f California, Borkeley, has been appointed to a Royal 
~ociety research professorship. He will work at the 
Jniversity of Manchester and will take vp his sppoint- 
«nent in January 1966. Prof. Fyfe, who was born in 
Yew Zealand and has he'd e-ppointments at the University 
f Otago and the University of California, is well known 
or his work in the field of experimental mineralogy and 
yetrology. 


“Anglo-French Military Aircraft: Ministry of Aviation: 
` Mr. J. A. Hamilton 


Mz. J. A. Hamicton, formerly of the Royal Aircraft 
istablishment, Farnborough, has been appointed project 
lirector for the Jaguar strike/trainer and the variable- 
geometry combat aircraft to be developed jointly by the 
Jnited Kingdom and France. He will be responsible 
vithin the Ministry of Aviation for the managemént of 
he two projects, acting in concert with corresponding 
lirectors in the French Direction Technique des Con- 

«structions Aeronautiques. Mr. Hamilton was educated in 
scotland at Penicuik and Lasswade Secondary Schools; 
10 graduated in engineering from the University of 
idinburgh in 1943 and then joined the Marine Aircraft 

MExperimental Establishment. He was engaged initially 
m the development of anti-submarine weapons and later 
yecame responsible for all flight research within the 

stablishment. In 1951 he joined the Aerodynamics 
epartment of the Royal Aircraft Establishment and in 

952 he was appointed head of the Free-flight Division. 

uring his stay at Farnborough he promoted the develop- 
nent of methods for conducting aerodynamic research 
asing rocket-propelled test vehicles, eventually co- 
yperating with the Australian Weapons Research Estab- 
ishment to extend the technique into the régimes of 
iypersonic flight. Immediately before transfer to his 
oresent post he was head of the Projects Division of the 
Aerodynamics Department, and in this capacity respons- 
ble for the preliminary study of future military and civil 
aircraft. 


special Merit Promotions at the National Physical 
Laboratory : Mr. H. H. Pearcey 


Iv has recently been announced that Mr. H. H. Pearcey, 
xf the Aerodynamics Division, National Physical Labor- 
tory, has had a special merit promotion to deputy chief 
scientific officer. Mr. Pearcey is an internationally recog- 

snizod authority in several branches of fluid dynamics, 
EY the interaction between shock waves and 
oundary layers and the many intricate features of tran- 
yonic, supersonic and separated flows. He has successfully 
rused the results of his research in the progressive develop- 
nent of swept-wing aircraft for cruising at high subsonic, 
Nransonic and supersonic speeds by synthesizing methods 
for the design of the wing section and by evolving 
advanced section shapes. His ‘peaky’ type of aerofoil, 
with isentropic supersonic compressions, and the work 
«that he initiated and supervised on aerofoils with thick 
railing edges, including the use of automatic ventilation 
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Wales, several city blocks away. A year later he arranged 
a complete broadcast concert to a large audience in 
Parliament House, Melkourne. 

He was foundation president of the Institution of Radio 
Engineers Australia and one of the earliest members of 
the Wirələss Institute of Australis. He continued as 
chairman of directors pf Amalgamated Wireless until 
1945. L. A. HOOKE 
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to reduce the base drag, are well known. So also is his 
important discovery of the intrinsic connexion between 
the variation of static pressure at the trailing edge of & 
wing and the effects of shock-induced and other types of 
boundary-layer separation. His suggestion that this could 
be used to prodict the threshold of aircraft buffeting has 
been widely exploited. Mr. Pearcey also made a classic 
investigation of methods for suppressing the separations 
that cause the buffeting and other undesirable aero- 
dynamic characteristics. In particular, he demonstrated 
how the properties of vartex generators can be utilized in 
this respect and has been instrumental in applying them 
to numerous aircraft, thus effecting many significant 
improvements in aerodynamic behaviour and in safety at 
both high and low speeds. During the course of his work, 
Mr. Pearcey has made vital contributions to the develop- 
ment of experimental mathods for research in high-speed 
flow and has played a leading part in planning, designing 
and commissioning the fine range of high-speed wind- 
tunnels now operating m the Aerodynamics Division of 
the National Physical Laboratory. Since 1958 he has 
been responsible for the High-speed Flow Group at the 
Laboratory; in 1963 he was awarded the Bronze Medal 
of the Royal Aeronautieal Society, for his contributions 
to aerodynamics, and gained the Wolfe Award of the 
Department of Scientific and Industrial Research, for an 
outstanding contribution to the Department’s research 


Dr. R. C. Lock 


programme. 

Dr. R. C. Loox, of the Aerodynamies Division, National 
Physical Laboratory, hes been promoted to senior prin- 
cipal scientific officer (spacial merit). Dr. Lock is perhaps 
best known in aviation circles for his outstanding 
theoretical and experimental research that has produced 
aerodynamic design methods which render the concept of 
shock-free, low-drag flow—derived from the abstract 
infinite yawed wing—a raality for the finite-wing/fuselage 
combinations of practical aircraft, even for supersonic 
flight speeds. His papers on this subject are well estab- 
lished and extensively used by aircraft designers; one, 
on wing planform design, won the Royal Aeronautical 
Society’s Edward Busk Memorial Prize for 1962. Dr. 
Lock is a leading figure In swept-wing research and plays 
a prominent part in several programmes in this and 
related fields that are co-ordinated between the National 
Physical Laboratory and other establishments in the 
United Kingdom, Europe and the Commonwealth. How- 
ever, his reputation is more widely based than this. Already, 
before joining the Laboratory in 1954, he had had a 
brilliant career at Cambridge, and this had been interrup- 
ted at the end of the War by a brief but successful 
spell at the Royal Aircraft Establishment working on 
problems of aircraft desgn. At Cambridge he won the 
University Mayhew Prize for the best applied mathe- 
matics candidate in the Mathematics Tripos, Part ITI, 
and was awarded a research fellowship at Gonville and 
Caius College during the tenure of which he made 
important contributions in the fields of hydrodynamic 
stability and megnotohydrodyneamics. At the National 
Physical Laboratory he first turned his attention to in- 
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volved problems of supersonic wing theory and wing/body 
interference, which led on to his work on swept wings, to 
his complementary experimental programme and to his 
active interest in the application of numerical methods 
and modern digital computers to outstanding problems in 
fluid dynamics. It is of considerable interest to note that 
Dr. Lock’s work is in direct line of descent from the work 
that his father, the late C. N. H. Lock, pioneered at the 
National Physical Laboratory in the: 1930's. 


National Instrument Service in Britain 


THE Science Research Council, in collaboration with 
the Ministry of Technology and the Office of Scientific 
and Technical Information, set up earlier this year a Panel 
under the chairmanship of Prof. G. Porter (University of 
Sheffield) to consider the feasibility and economics of a 
centralized national instrument service. A number of 
expensive, physicochemical instruments could provide a 
rapid service of routine measurements, on a repayment 
basis, for all scientists, such as those in Government, 
industrial and university laboratories. This service would 
enable physical-analytical techniques to be more widely 
available than at present and would thereby encourage 
the use of new instrumental techniques. Such a centralized 
arrangement would have additional advantages, particu- 
larly if it were associated with an interpretation service 
and data-store facilities. The Panel is hoping to find out 
whether such a service would be an effective means of 
meeting more economically the growing needs of research 
scientists for routine measurements on increasingly 
expensive research instruments. A description of some 
services which might be offered is being circulated, together 
with a brief questionnaire, to a cross-section of potential 
customers. The answers received will enable an assessment 
to be made of the need for services of this kind and of 
their economic viability. When this assessment has been 
thoroughly studied, the Panel will make recommenda- 
tions to the Science Research Council regarding any 
future action. 


Cambridge Engineering Freshmen 


It is too early to know the state of this year’s entry 
of students into the technological faculties of all univer- 
sities and colleges of advanced technology, but a fact 
which should cheer industry is that at the University of 
Cambridge the number of freshmen entering the Engineer- 
ing Department is 304, the highest in any year since the 
Mechanical Sciences Tripos was established in 1892. The 
exceptional quality of these men is indicated by the fact 
that 208 of them have been admitted to the fast stream 
which enables them to complete the course leading to the 
Mechanical Sciences Tripos Part I after two years of 
study instead of the normal three. As recently as 1960 
the rate of freshmen entering the fast stream was only 
about one-third of the total intake. 


1.C.S.U. Bulletin 


The I.0.8.U. Bulletin (No. 4; July 1965), issued by 
the International Council of Scientific Unions, contains a 
brief account of the third meeting of the Executive Com- 
mittee of the International Council of Scientific Unions, 
to which was presented a report on the Scientific Com- 
mittee on Oceanic Research. There has been a steady 
increase in the activities of this Committee, which now 
has twenty-seven national adhering institutions. A 
report was also presented from the Scientific Committee 
on Antarctic Research, and a discussion on the work of 
this Committee directed attention to the near extinction 
of some species in Antarctica due to efficient and intensive 
fishing operations, and it was suggested that the restricted 
areas around Antarctica should be extended from 3 to 
10 miles. The Executive Committee agreed that immediate 
action was necessary to prevent certain whales, particu- 
larly the blue whale, from becoming extinct. It also 
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discussed at length the mcreasing importance of sol: 
terrestrial physics and the activities of the Inter-Unic 
Commission on Solar Terrestrial Relations, its terms « 
reference and membership. A report was also presente 
from the Working Group on Relations with Developir 
Countries, and the suggestion was made that scientis 
from advanced, countries should be encouraged to unde 
take missions in the developing countries. Scientists fro 
the latter countries should be assisted to enable them i» 
attend international meetings. The Bulletin also contar 
news from the scientific unions, including reports on: tl 
work of the Committee on Atmospheric Sciences; tt 
work of the Naples Zoological Station; the Internation. 
Union of Biochemistry; and other reports from tł 
Scientific Committee on Oceanic Research, the Cop 
mittee on Space Research, the Federation of Astronomic: 
and Geophysical Services, the Special Committee for tł 
International Years of the Quiet Sun, and on the Inte 
national Committee for Geophysics. There is also a lit 
of publications, and the usual calendar of meetings fi 
August 1965—January 1966. 


International Paper Size 


Tue proposed change-over to the metric system ` 
Britain will necessarily take a long time for full realizatio 
and it will pose many practical problems, both industri 
and domestic. Not the least of these is the effect on pape 
sizes and printing, where tradition is likely to die ver 
hard. If the proposed scheme of the metric-based ‘Inte 
national Paper Sizes’ is adopted, it will completel 
revolutionize the present practice of the printing an 
publishing trades, with consequent repercussions is 
commerce, professional and private customs, particular™ 
where books, pamphlets, display leaflets, stationery an 
envelopes are concerned, to mention only a few of tr 
items involved. The keyword behind the conception < 
‘International Paper Sizes’, as it is known, is simp! 
rationalization. It means “. . . the introduction of 
completely new range of paper sizes, from small to larg 
each based upon a metric measure and each related, 1 
logical sequence and proportion, to the rest of the range’ 
One result, perhaps not unwelcome, will be the replace 
ment of the time-honoured words ‘quarto’, ‘crown 
‘octavo’, etc., by a numerical code, which will be univer: 
ally understood. An impartial and non-technical expos 
tion of the definitions, advantages and disadvantages < 
the ‘International Paper Sizes’ system has recently bee 
published in the form of a booklet entitled Paper at Wor 
Number 4: International Paper Sizes (A Series of Spice 
Guides. Pp. 8. London: Spicers, Ltd., 1965). Include 
in this booklet is a full-sized Al sheet (23-4 in. x 33-1 in. 
which is half the AO size of 1 square metre. This A 
sheet is folded to demonstrate physically the full sizes « 
A2, A3, A4 and A5 and their relationship to each othe 
This example adequately illustrates the new code; th 
system is based on three series of sizes—all of th 
same proportion—designated A, B and C. The A serie 
is perhaps the most widely used, for example, for stationer 
and general leaflet printing; the B series is intende 
primarily for larger printed items such as posters, wal 
charts, etc.; the C series, in conjunction with some c 
the B sizes, is intended for envelopes. In the ultimat 
adoption of this ‘International Paper Size’ system ther 
are undoubtedly benefits of cost, convenience, intel 
national standardization and simplification. The di 
advantages also have to be faced, but in the long ru 
should not prove insuperable; for example, som 
printers’ machinery may not be geared to handle “Inte: 
national Paper Size’ with optimum productivity; als 
office filing, filing equipment, addressing machines, etc 
may not be suitable for dealing with ‘International Pape 
Size’ sizes; but these hazards will be overcome eventually 
and meanwhile everybody concerned has time for cor 
sideration and thoughtful reappraisal of the importar 
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3sues involved. Finally, the vital concern of all industry 
m Britain at the present time is export and it is here that 
International Paper Size’ has come into its own. Twenty- 
ix countries are using the system for commercial and 
echnical paperwork; these include Austra, Belgium, 
Jenmark, Finland, Germany, Holland, Italy, Norway, 
ortugal, Spain, Sweden and Switzerland. 


Millboard Manufacture 


THE main raw material in the manufacture of millboard, 
8 waste paper, and this, like many of the other com- 
nodities used in the process, has considerably increased 
n price since the end of .1964. Coupled with increased 
wages and overheads, and the fact that many overtime 
10urs have had to be worked in the factory at Bourne 
End, Bucks., due to permanent under-staffing, the price 
structure of the products of Jackson’s Millboard and Fibre 
Co., Ltd., has been correspondingly increased. These and 
some other interesting items are disclosed ın the statement 
of the chairman (Mr. M. W. Jackson) at the seventy-fourth 
annual general meeting on September 29, 1965 (Jackson’s 
Millboard and Fibre Co., Ltd., Directors’ Report and 
Accounts, 1965. Pp. 12. London: Jackson’s Millboard 
and Fibre Co., Ltd., 1965). The first fully automated 
ntermittent board-making machine in Britain was 
installed in the Company’s main factory in 1962. In this 
sonnexion, Mr. Jackson says: ‘In my report in September 
1964 I referred to the purchase of the board making unit 
from Norway, and this installation is now on the point 
of completion. We have also modernized one of our 
existing board-making units at present concerned with 
the production of leatherboard, and this makes our second 
automatic machine. It is hoped that well before the end 
of the year we shall have three automatic board-making 
units in operation at Bourne End”. These innovations 
should help considerably to mutigate price increases 
and expand the Company’s export trade, an important 
item. But in spite of all efforts to improve efhciency, 
including expenditure on modern plant as described, 
“. . . the increases in operating costs over recent months 
are more than we are able to bear, if we are to show 
a reasonable return”. Thus, even an advanced state 
of automation in manufacture, such as is in process 
of achievement in this factory, would not appear to be a 
panacea for all the economic ills in this industry at the 
present time. It can only be hoped that Mr. Jackson’s 
somewhat gloomy foreboding will be dispelled by events 
this year in the shape of increased turnover and export 
business, especially in the Far East, where interesting 
padres of overseas visits appear already to be bearing 
ruit. 


Particle Size Measurement 


Å. REPORT of a meeting, held in November 1963, at the 
British Ceramic Research Association, Stoke-on-Trent, to 
consider particle size measurement, has recently been 
published by the British Ceramic Society on behalf of the 
European Ceramic Association (Pp. 20. British Ceramic 
Society, Shelton House, Stoke-on-Trent, August 1965. 
5s.). Measurement of particle size and interpretation of 
results to practical advantage are common problems in 
the ceramic and many other industries. Recent years 
have seen many improvements in traditional methods of 
measurement, such as using the microscope and the tech- 
nique of sedimentation, but methods based on new prin- 
ciples have also appeared. It is pointed out, however, 
that unfortunately none of the latter has universal 
application, and so diversity of method increases. At the 
meeting four prepared contributions formed a basis for 
discussion: a review of the purpose of analysis and 
problems involved as seen by the British Ceramic Research 
Association; a report on a recent classification of methods 
undertaken by a sub-committee of the Society for 
Analytical Chemistry; an assessment of the Coulter 
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counter as a means of analysis of some ceramic materials ; 
and an account of size analysis of clays within the sub- 
micron range. On the subject of appraisal of methods of 
particle size measurement now commonly publicized, 
some interesting results are revealed from replies to & 
questionnaire sent to industrial concerns, universities and 
colleges of technology. The questions concerned methods 
actually in use, type of material analysed, size-range, 
purpose of measuremers (routine control, research, etc.). 
In so far as rephes from 69 respondents may at this stage 
be considered representative, cautiously interpreted, they 
are certainly indicative, and fall into line with what might 
well be anticipated as the trend of things to-day. Sum- 
marily, sieving is the most frequently used single method; 
the Andreasen pipette method follows closely; sedi- 
mentation methods are generally popular; elutriation is 
relatively seldom used, graticules are frequently used, 
so also is the Coulter counter, while permeability methods 
receive a fair share of support. Of the 74 methods of 
particle size measurement in use and listed in the classi- 
fication, 24 were not used by the respondents. Of the 69 
replies received, 32 respondents used one method or 
another in routine control operations, 61 in research or 
development work. It is planned to organize comparative 
tests of some of the better-known methods on a large 
scale; possibly this msy take the form of analysis by 
different laboratories of the same sample by the same 
method, or the analysis by the same laboratory of the 
same sample by different methods. 


Surface Active Agents 


SuRFACE active agents are playing an increasingly 
important part in the manufacture of many diverse 
products in use in everyday life. These vary from 
materials such as oil paints and plastics, to duplicating 
inks and deodorants. These agents are incorporated in 
industrial and domestic preparations not only for their 
‘point of use? effect, fr example, in shampoos, paint 
removers, etc., but alsc to facilitate manufacture, as in 
the case of emulsion pants, or to promote consistency in 
products such as cosmetic creams. The problem of 
determining the type of surface active agent present in a 
variety of different preparations is one constantly facing 
many analytical and industrial chemists, some of whom, 
by long experience, are experts in this field. Others, how- 
ever, possibly the majority, have limited experience of 
these agents, and the apoaratus requisite to their analysis. 
For the latter group, particularly, a most useful handbook 
has recently been published entitled Surface Active 
Agents: their Extractior., Characterisation and Determina- 
ton, by Maurice Bell (Pp. 24. Leeds: Glovers (Chemicals), 
Ltd., 1965. 5s.). It is shown in this booklet that, in spite 
of the wide range of products of which surface active 
agents are important constituents, it is possible to divide 
such materials into a comparatively small number of 
groups: emulsions (oil-in-water or water-in-oil); aqueous 
based (that is, dissolved in water or mixtures of water 
and water-miscible sol-ents); non-aqueous based (dis- 
solved or dispersed in ols, fats or organic solvents); and 
dry based (adsorbed on o> admixed with powdered inorganic 
or organic materials, or similar in tableted or cake form). 
With this classification in mind, the various techniques 
and tests are considerec under the appropriate headings: 
separation of the isolated surface active agents; charac- 
terization of the isolated surface active agents; quan- 
titative examination of surface active agents; control of 
surface active agent corcentration; chemical methods of 
control. The directions throughout, although to some 
extent summarized, are clear, concise and practical; if 
further detailed informazion on any procedure is required, 
then the list of references included will help. Domestic 
soap and detergent powders, washing-up liquids, and the 
like, are excluded from this booklet. They are the subject 
of special investigations and analytical schemes described 
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by other authors, to whom appropriate references are 
quoted. This little monograph is to be commended. It is 
the first of a series which it is the intention of the pub- 
lishers to issue from time to time on various aspects of 
surface chemistry. 


A Fresh Approach to the Problem of Allergy 


G. B. West and J. M. Harris of the Department of 
Pharmacology, School of Pharmacy, University of Lon- 
don, have shown that rats secured from one Wistar albino 
colony are resistant to the first injection of dextran or egg- 
white, and that they fail to develop gross oedema 
of the extremities (the so-called anaphylactoid reaction) 
(Ann. N.Y. Acad. Sci., 118, Article 8: Pharmacogenetics 
—a Fresh Approach to the Problem of Allergy. Pp. 439— 
452. New York: New York Academy of Sciences, 1964). 
Selective breeding experiments showed, first, that this 
non-reactivity is an autosomal recessive character, and 
secondly, that it is not linked with the colour genes for 
black or yellow. Pure stocks of non-reactor rats were 
established for both albino and non-albino strains, 
confirming that the anaphylactoid reaction is genetically 
controlled. Egg-white allergy in man is also partly 
inherited and also produces severe oedema of the exposed 
parts. It will be important, therefore, to determine the 
cause of non-reactivity of rats to egg-white and dextran, 
particularly as some genetical polymorphisms in man are 
known to produce biochemical differences. 


Soil and Landscape at Archaeological Sites 


Ir is not unusual for the pedologist to be concerned in 
the study of former occupation sites, and an interesting 
paper on the examination of soil profiles, and a suggested 
chronology of events in such a neighbourhood, has been pre- 
pared by P. H. Walker (Records of the Australian Museum, 
26, No.7; June 12, 1964: Soil and Landscape History in the 
Vicinity of Archaeological Sites at Glen Davis, New South 
Wales. Pp. 247—264 + plates 25-27. Sydney: The Aus- 
tralian Museum, 1964. 6s.). The sites are in shelters 
formed from large erratic sandstone boulders on the 
lower slopes of the Capertree River Valley, Australia, 
where they are characterized by several hundred feet of 
intensively weathered coarse sandstone talus with narrow 
terraces. ‘The debris on the upslope side of boulders 


reveals the past movement of the superficial deposits. - 


The country rock is highly quartzose Triassic sandstone 
displaying strong current bedding. The deposits of the 
cave floors are relatively uniform and unstratified, and 
contain few rock fragments in comparison with the soil 
outside; but, according to modal particle size, are derived 
from the sandstone rock, are less sorted than the river 
deposits and have arisen from the deposition of coarse 
material in a sheltered position. Artefacts are found in 
the loose, sandy layers of the soul, which is unique in the 
locality. The soils inside and outside the caves are, how- 
ever, to be regarded as minor surface disturbances of 
short duration in the development of the valley. 


Gairdner Foundation Awards 


THe 1965 Gairdner Foundation annual awards, valued 
at 5,000 dollars, have recently been awarded to: Dr. 
Charles P. LeBlond, head of the Department of Anatomy, 
McGill University, Montreal, for development of the 
technique of autoradiography; Dr. Jerome W. Conn, 
University Hospital, Ann Arbcr, Michigan, for his 
pioneering work on the clinical significance of aldosterone; 
Dr. R. R. A. Coombs, Department of Pathology, Univer- 
sity of Cambridge, for his work on antibody on the surface 
of red blood cells; Dr. Charles E. Dent, University College 
Hospital, London, for his work on paper chromatography 
leading to the discovery of diseases caused by imbalance 
of amino-acids; Dr. Daniel J. McCarty, Hahnemann 
Medical College and Hospital, Philadelphia, for his work 
on the causes of gout and rheumatoid arthritis; Sir 
Horace Smirk, University of Otago Medical School, 
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Dunedin, New Zealand, for his work on tho applicatio» 
of nerve-blocking drugs in the treatment of high blooc 
pressure. The Foundation was established in 1957 bv 
J. A. Gairdner, the Toronto industrialist. Annual award 
of 5,000 dollars are bestowed on those who “have mad 
contributions to the conquest of disease and the relief o 
human suffering”. 


David Anderson-Berry Prize, 1966 


A DAVID ANDERSON-BERRY MEDAL, together with : 
sum of money, will be awarded by the Council of th 
Royal Society of Edinburgh during 1966, for recent worl 
on the effects of X-rays and other forms of radiation or 
living tissues. Applications and proposals on behalf oj 
others should be addressed to the General Secretary 
Royal Society of Edinburgh, 22-24 George Street, Edin 
burgh 2, from whom further information can be obtained 
The closing date for applications will be March 31, 1966 


Announcements 


Pror. O. V. S. HEATH, at present professor of horti 
culture in the University of Reading and honorary 
director of the Unit of Flower Crop Physiology of the 
Agricultural Research Council, has been appointed to fil. 
a vacancy in the membership of the Agricultural Researcl 
Council, which has arisen on the retirement, after ter 
years’ service, of Sir Hans Krebs. 


THe sixth seminar on “Electrochemistry” will be helga 
at the Central Electrochemical Research Institute, 
Karaikudi, during December 26-29. Further information 
can be obtained from Dr. K. S. Rajagopalan, Centrat 
ia Research Institute, Karaikudi 3, Madras 

tate. 


SEVERAL oceanographic meetings and conferences, 
sponsored by the Institute of Marine Science, will be held 
at Miami Beach during November 11-24. Further 
information can be obtained from the Institute of Marine 
Science, University of Miami, 1 Rickenbacker Causeway. 
Miami 49, Florida. 


AN international conference on ‘Radiological Pro- 
tection in the Industrial Use of Radioisotopes”, organized 
by the Société Francaise de Radioprotection, will be held 
in Paris during December 13-15. Further information 
can be obtained from the Secretary General, Société 
Frangaise de Radioprotection, Boite Postale 3, Fontenay 
aux Roses, Seine. 


THE winter meeting of the British Biophysical Society, 
on “The Conformation of Biological Macromolecules’’, 
will be held at Queen Elizabeth College, University of 
London, during December 20-22. Further information 
can be obtained from Prof. R. E. Burge, Department of 
Physics, Queen Elizabeth College, Campden Hill Road, 
London, W.8. 


THE International Institute for Conservation 1s planning 
to hold a conference on ‘‘Chemicals in Museums: Quality, 
Care and Safe-handling’”’ at the Institute of Archaeology, 
in the University of London, on January 27, 1966. The 
speakers invited to take part will include a factory in- 
spector, the medical adviser to the Trades Union Congress, 
a representative from the firm of Hopkin and Williams, 
and a member of the Government Laboratory. Further 
information can be obtained from Miss Gedye, Institute 
of Archaeology, 31 Gordon Street, London, W.1. 


An international conference on the “Lymphatic 
System’’, sponsored jointly by the Committee on Shock 
of the National Academy of Sciences—National Research 
Council and the Tulane University School of Medicine, 
will be held in New Orleans during December 12-14. 
Further information can be obtained from Prof. H. 8. 
Mayerson, Department of Physiology, School of Medicine, 
Tulane University, New Orleans. 
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USE OF PIGS IN BIOMEDICAL RESEARCH 
By Dr. L. K. BUSTAD 


Biology Department, Pacific Northwest Laboratory, Battelle Memorial Institute, Richland, Washington 


AND 


R. O. McCLELLAN 


Medical Research Branch, Division of Biology and Medicine, U.S. Atomic Energy Commission, Washington, D.C. 


HE first symposium devoted exclusively to the basis 

for and extent of utilization of pigs in biomedical 
research was held at the Pacific Northwest Laboratory, 
Richland, Washington, during July 19-21, under the spon- 
sorship of the U.S. Atomic Energy Commission and the 
Battelle Memorial Institute (contract AT(45-1)1830). 
About 150 scientists from Canada, Denmark, France, 
Germany, Great Britain, Switzerland and the United 
States joined scientists of Battelle Memorial Institute’s 
Pacific Northwest Laboratory (a U.S. Atomic Energy 
Yommission facility formerly operated as the Hanford 
Laboratories by the General Electric Co.) for three days 
of formal presentations and panel discussions. 

The symposium was divided into four general categories: 
I) comparative anatomical and physiological character- 
istics; (II) biomedical applications of pigs and miniature 
oigs; (III) laboratory management practices; (LV) 
miniature pig development programmes. Session and 
panel chairmen were: DÐ. L. Anderson, Division of 
Biology and Medicine, U.S. Atomic Energy Commission ; 
I. J. Cunha, University of Florida; D. K. Detweiler, 
University of Pennsylvania; H. W. Dunne, Pennsylvania 
State University; D. ©. England, Oregon State Univer- 
sity; T. Gillman, Institute of Animal Physiology, 
Babraham, Cambridge; W. Montagna, Oregon Regional 
Primate Research Center; L. E. Mount, Institute of 
Animal Physiology, Babraham, Cambridge; and J. H. 
Rust, University of Chicago. 

D. F. Cox, Iowa State University, reviewed pig genetics, 
pointing out that with the exception of information on the 
inheritance of blood antigens of pigs, knowledge of the 
yenetics of inherited traits which are controlled by a few 
yenetic factors is limited. He noted that domestic pigs 
orovide some unique opportunities for research because of 
she vast array of genetic variation both between and within 
sho various breeds. 

Inheritance investigations described by J. Moustgaard 
ind M. Hesselholt, Royal Veterinary and Agriculture 
Jollege, Copenhagen, have shown that the presence or 
ubsence of antigenic factors on the surface of pig erythro- 
ytes is genetically controlled by allele genes belonging 
io fourteen chromosomal loci. Blood group systems have 
seen established and designated by letters A BCE FG 
HIJ KLM N and O. 

R. A. MeFeely, University of Pennsylvania, presented 
‘ecent work on pig cytogenetics. The pig appears particu- 
arly well suited for cytogenetic investigations because it 
1as only 38 chromosomes, which can be readily paired 
nd grouped in a manner not unlike human chromosomes. 
If particular interest are studies in pigs with intersex 
‘conditions where chromosome analysos in several cases 
1ave shown that the role of the Y chromosome in the 
letermination of sox may be somewhat different from that 
n man and the mouse. 

D. Smidt et al., University of Gottingen, reported on 
heir investigations of reproduction using miniature pigs. 
[hey obtained fertilized ova by flushing oviducts and 
ransferred the eggs from miniature sows to other minia- 
ure sows and reciprocally between miniature and 


Landrace sows. The embryo implantation rate was 25 per 
cent, and 50 per cent of these were carried to term. The 
sizo of the sow influencad the birth weight and the pro- 
portions of the pigs. The weight differential persisted 
until they were about 6 weeks old. 

Birthe Palludan, Royal Veterinary and Agricultural 
College, Copenhagen, presented an interesting, comprehen- 
sive review of teratological studies in pigs with avitamino- 
sis-A. A number of malformations were observed, the 
most frequent being mierophthalmia. No malformations 
were seen if vitamin A was administered to vitamin A- 
deficient sows before the 16th-17th day of gestation. 
Administration of large doses of vitamin A to prognant 
sows caused eye anomalies and malformations of the 
heart similar to those caused by vitamin A deficiency. 
She also observed that thalidomide administered at high 
levels to pregnant pigs caused retarded development of 
the palate, heart, lungs, alimentary tract, and urogenital 
system. 

L. E. Mount, Institute of Animal Physiology, Cam- 
bridge, described the patterns of heat production and heat 
loss in the new-born pig, relative to the pig’s environment, 
and discussed some similarities to those observed in the 
human new-born. 

S. L. Hansard, Louis:ana State University, described 
extensive investigations of placental transfer and foetal 
utilization of absorbed minerals. He noted that absorbed 
minerals passed freely from dam to foetus at a rate which 
was inversely proportional to ionic size, but that the 
cations iron, calcium, phosphorus, and zine traversed 
the placenta more rapidly than the anions iodine and 
phosphorus. 

Several papers descrited work in the areas of dental 
and skeletal research. E. B. Jump and M. E. Weaver, 
University of Oregon Dental School, who pioneered the 
use of miniature pigs in dental research, described some 
advantages and limitations of this species. They noted 
that the pig masticates with both incision and trituration 
and is unique among the common laboratory animals in 
having a long period of deciduous and transitional 
dentition. This latter feature permits experimental 
investigations on many dental problems afflicting children. 
Their preliminary work demonstrates the suitability of 
miniature pigs for clinccal experiments in restorative 
dentistry, orthodontics, veriodontics, and the pathology 
and therapeutics of the sooth pulp. An interesting, but 
unexplained, difference trey noted between man end pig 
was that the latter produces larger amounts of dental 
calculi without experiencing the periodontal pathology 
associated with dental celeulosis in man. 

A paper by H. D. Dellmann and R. C. McClure, 
University of Missouri, Ccescribed skull measurements to 
establish a co-ordinate system for stereotaxic placement 
in the brain of the pig. Their results suggest the possi- 
bility of developing a stereotaxic atlas for pigs even 
though breed and strain differences exist. 

F. A. Spurrell, University of Minnesota, presented 
results obtained by him and his associates, W. J. L. 
Felts and L. A. Baudin, cn the development of osteons in 


532 


pig and man, and the effect of dietary calcium restrictions. 
Cortical bone development in miniature pigs was com- 
pared and found sunilar to that in the standard domestic 
plg- 

The structure of bones of starved pigs was evaluated 
by C. W. M. Pratt in a paper he presented with R. A. 
McCance, University of Cambridge. Newly weaned pigs 
were subjected to severe undernourishment for periods up 
to l year, maintaining their weight at 3-8 kg. 

Their bones, although showing no specific pathology, 
were structurally distinctive, being unlike either normal 
growing bone or miniature mature bone. On the basis of 
calcium to collagen ratio. the bone appeared to be hyper- 
calcified. Recovery of these undernourished anmals 
occurred when they were allowed unlimited food. All 
bones ultimately reached close to their expected length, 
ee mild deformities of the shaft appeared in some 

ones. 

Only one paper on renal physiology was presented. In 
this paper, T. W. Nielsen with C. A. Maaske, University 
of Colorado, and N. H. Booth, Colorado State University, 
reported on their work on standard renal function tests 
performed on conscious unanacsthetized pigs. Endogenous 
creatinine, insulin, PAH, and osmotic clearances were 
determined. They reported that the pig has predominantly 
short-looped nephrons (97 per cent), compared with 
86 per cent for man, whereas in the dog nearly 100 per 
cent of the nephrons are long. The ability of the pig to 
concentrate urine was also comparable to man. The pig, 
however, appeared to be insensitive to urea loading, and 
acetylation of the PAH in the pig probably compromises 
its use for clearance measurements using this material. 

Several papers discussed gastrointestinal function and 
nutrition. D. F. Magee, University of Washington School 
of Medicine, described investigations of pancreatic secre- 
tion in pigs, which he found to have several advantages 
over dogs. He found that the volume of juice secreted is 
directly related to the hydrogen ion concentration in the 
duodenum of pH 7-1 and (unlike the dog) peptone, oleic 
acid and olive oil all increased the output of amylase and 
lipase in the juice. Above pH 7, inhibition of secretion 
was noted. The pancreas seems to be involved in the 
regulation of duodenal pH on both sides of neutrality. 

In a paper by T. W. Perry et al., Purdue University, 
oesophago-gastric ulcers observed sporadically in pigs 
were described and were considered similar to those found 
in man. A high incidence of these ulcers could be pro- 
duced by feeding corn, gelatinized corn, wheat, barley, 
or oats. Dietary additives such as «-tocopherol, mena- 
dione, vitamin A, antibiotics, copper, and methionine 
vee without effect in preventing the oesophago-gastric 

cers. 

W. G. Huber and R. F. Wallin, University of Illinois, 
analysed the gastric secretion from pigs bearing Heiden- 
hain pouches or simple gastric fistulae. Differences were 
noted in pH, freo acid, chloride, pepsin and histamine, 
between the two types of surgically prepared pigs; how- 
ever, no significant difference was observed m total acid 
secretion. Difficulty was encountered in maintaining 
electrolyte balance in the pigs with the Heidenhain 
pouches. 

Work on the sex-related differences in body composition 
in the pig and human infant was described by L. J. Filer 
et al., University of Iowa. Filer noted that information 
on body composition of human infants is almost entirely 
restricted to that which may be accumulated by indirect 
methods of examination. He proposed thet the growing 
pig be used as a model for comparisons to the human 
infant, permitting investigations on the influence of age, 
sex and diet on the rate of growth and body composition 
during infancy. 

The application of pigs in investigations of severe 
protein malnutrition was discussed by W. G. Pond et al., 
Cornell University. They found that when pigs were 
weaned at 3 weeks of age to dry, low-protein diets, bio- 
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chemical and anatomical changes occurred which reser 

bled kwashiorkor in human infants. When a 3 per cen» 
protein, low-fat diet was fed, the pigs remained activ 

and. alert and failed to develop the severe liver patholog 

and oedema seen in pigs fed a 3 per cent protein, high-fa 

diot. 

B. C. Johnson, University of Illinois, also reported o» 
the results of undernutrition of pigs, with emphasis o» 
enzymatic and cardiovascular effects of starvation an» 
re-feeding. Apparent irreversible damage was producer 
in myocardium as well as arteries and arterioles as . 
result of stresses of re-feeding following starvation 
Johnson noted diastolic hypertension after only tw 
starvation—re-feeding episodes. 

E. R. Miller and D. E. Ullrey described cardiovascula 
effects in baby pigs with dietary deficiencies. Thiamine 
deficient pigs consistently exhibited bradycardia, sinu 
arrhythmia, and atrioventricular blocks. In recent years 
pigs have been increasingly used in cardiovascular research 
In deference to this widespread interest, an evening pane 
was devoted entirely to cardiovascular research. D. K 
Detweiler, University of Pennsylvania, who chaired this 
panel, reviewed the growing utilization of pigs in cardio. 
vascular investigations, especially in North America anc 
Germany. W. von Engelhardt, School of Veterinary 
Medicine, Hanover, presented a comprehensive revien 
of pig cardiovascular physiology. 

H. Luginbuhl, a Swiss scientist now at the University 
of Pennsylvania, discussed spontaneous atherosclerosis ir 
pigs. Although it has been known for a decade that pigs 
develop lesions comparable to those of the pre-atheroma- 
tous phase in human atherosclerosis, Luginbuhl is the 
first to report on a large series of aged pigs (ranging from: 
8 to 14 years old). In these pigs, pre-atheromatous changes 
progressed to the formation of atheroma in the aorta, 
Iliac, cerebral and coronary arteries of several animals. 
Luginbuh] identified all tissue elements constituting 
atheroma, of man, and described for the first time the: 
detection of complicated atherosclerotic lesions with 
ulceration and thrombus formation in pigs. Areas of 
cerebral occlusion were comparable to those in man. 

H. C. Rowsell et al., Ontario Veterinary College, reported 
on some of their investigations of the effects of dietary 
substances found in the diet of man on the development 
of atherosclerosis in pigs. Their work has shown that 
diets high in butter, egg yolk and lard plus cholesterol 
increased the amount of atherosclerosis and thrombosis 
in pigs. Rowsell ef al. observed that, in endothelial 
preparations from pigs as young as 2 weeks of age, 
deposits rich in platelets occurred around vessel orifices 
and bifurcations in a topography and pattern similar to 
early atherosclerosis. Pigs were found to be ideally suited 
for the examination of the interactions of the vessel wall, 
the blood platelet, and blood coagulation. 

Several papers were devoted to experiments involving 
heart surgery. C. A. Maaske, together with N. H. Booth 
and T. W. Nielsen, University of Colorado and Colorado 
State University, described experimentally induced cardiac 
failure in pigs. By partially occluding the main pulmonary 
artery of the pig, they produced a slow, progressive, right- 
sided, congestive heart failure accompanied by signs of 
clinical heart failure. Thoy noted that induction of con- 
gestive heart failure in pigs was particularly significant, 
since cardiac failure was induced by a single surgical 
manoeuvre, while in dogs, multiple assaults or series of 
surgical manoeuvres are required to produce comparable 
results. At necropsy, grossly distended central veins, 
right atrial and ventricular dilatation and hypertrophy, 
hepatomegaly, and ascites were observed in affected 
animals. 

G. D. Lumb, Warner-Lambert Research Institute, 
Canada, also reported on investigations of experimentally 
induced cardiac failure in pigs. Taking advantage of the 
similarity of the distribution of the coronary arterios of 
pig and man, he ligated the coronary branches supplying 
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the atrioventricular node and bundle of His, and then 
examined the degree of collateral circulation that ensued 
and the beneficial effects of medication. 

D. C. Sawyer and H. L. Stone, U.S. Air Force School 
of Aerospace Medicine, reported on techniques and results 
of thoracic surgery for implantation of sensing devices for 
monitoring cardiac output and other parameters. They 
presented a coloured film on their surgical tochnique for 
implanting electromagnetic flow sensors placed around 
the ascending aorta. Implants remained functional more 
than 40 days. They reported values of 5-3 1./min for 
cardiac output, a stroke volume of 41 cm3/beat and a 
heart-rate of 124 beats/min in unanaesthetized pigs 
trained to recline quietly on a laboratory table. The 
major reason for their choice of miniature pigs over the 
dog for these investigations was the high incidence of 
aortic rupture in surgically prepared dogs. 

In a more fundamental investigation, N. H. Booth 
with H. E. Bredeck and R. A. Herin, Colorado State 
University, reported on their work on the baro- and 
chemo-receptor reflex mechanism in pigs. H. Hoernicke, 
University of Hanover, closed the cardiovascular panel 
by reviewing the Borlin symposium on circulation in pigs. 
His review was largely concerned with hertztod, a cardiac 
disease in pigs of considerable economic importance in 
Germany. Differences in cardiovascular performance 
between domestic and wild pigs were also discussed. He 
noted that body-temperature loss appears to be an im- 
portant factor in exercise tolerance by domestic pigs. 

Normal haematological and biochemical parameters of 
miniature pigs were described by A. 8. Tegeris et al., Food 
and Drug Administration, and by R. O. McClellan eż al., 
Battelle-Northwest. Their papers provided extensive 
information on more than 30 parameters. Both papers 
emphasized the need for dynamic investigations in 
evaluating haematological and biochemical changes. 
McClellan emphasized the dynamic changes which appear 
to be age-related. 

Another very interesting application of pigs is in certain 
immunological investigations, for which they seem 
uniquely suited. D. Segre, University of Illinois, stated 
that the immunological incompetence of colostrum- 
deprived baby pigs could be overcome by the adminis- 
tration of the antigen mixed with minute amounts of 
specific antibody or with large quantities of normal 
y-globulin. By such investigations, support was generated 
for the natural selection theory of antibody formation, 
which holds that the antigen-antibody complex rather 
than the antigen alone constitutes the proper antigenic 
stimulus. The results presented by Y. B. Kim and by 
D. W. Watson differed somowhat from those of Segre. 
These workers, together with S. G. Bradley, University of 
Minnesota, found that “immunologic virgin” pigs appear 
to be immunologically competent, as manifested by their 
excellent response to antigenic stimuli—a single intra- 
peritoneal injection of 10% particles of actinophage 
MSP-2. They found that germ-free, colostrum-deprived 
miniature piglets taken by hysterectomy 3-5 davs before 
term were free of detectable immunoglobulins and 
antibodies if great care was exercised in preventing 
contamination of the new-born pig, with any foreign 
contaminant such as dam’s blood. Of related interest also 
to immunologists was a paper by D. E. Ulirey, C. H. 
Long and E. R. Miller, Michigan State University, in 
which they investigated the absorption of intact proteins 
from the first milk of the mother for protection of the 
new-born pig. Colostrum-deprived pigs were used to 
establish that intact protein could be absorbed from the 
intestine after birth. This was done by feoding either a 
protein-free or protein-containing purified diet labelled 
with fluorescein isothiocyanate. One of their interests is 
to determine the mechanism of “‘gut closure”, and in this 
regard they suggested that we may not have to wait very 
Jong for the clarification of this mechanism. If means for 
readily ‘opening’ and ‘closing’ the gut to y-globulin-size 
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particles could be developed, it would represent a sig- 
nificant fundamental and applied technique for those 
interested in areas such as immunization and anaphylaxis. 

Standard pigs are commonly afflicted with an arthritic 
condition that 1s of esonomic concern to pig producers. 
G. M. Neher and J. M. Carter, Purdue University, sug- 
gested that this natarally occurring arthritis of pigs 
bears many similarities to rheumatoid arthritis In man, 
although the aotiologival agent is not common to both 
species. They observad that the disease could become 
active at any stage, and complete remissions were common 
in tho early stages. Thoir work suggested that hyper- 
sensitivity is involvec in the aetiology of the disease. 
R. W. Moore pointed out that at Texas A and M they 
have produced a myccplasm arthritis in pigs which may 
be a superior model r rheumatoid arthritis in man. 

F. D. Klopfer related the results of some of his investi- 
gations of visual learning in pigs at Washington State 
University. He found that unless special procedures are 
used in rearing very ycung pigs, they do not learn readily 
to solve visual discrimination problems for food reward. 
The effective procedures appear to be those preventing 
the strong developmert of position responses in feeding, 
so as to permit the development of visual discrimination 
while feeding. Using discrimination learning procedures, 
Klopfer found it was possible to demonstrate wave-length 
discrimination in thess animals and to determine the 
photopic and scotopic visibility functions. 

Pigs have beon used quite extensively in radiobiological 
investigations; examp-es of present research in this area 
were reviewed in several papers. U.S. Naval Radiological 
Defense Laboratory scientists, in a paper presented by 
N. P. Page, described the recovery pattern of pigs given a 
large sub-lethal dose af X-irradiation. They found the 
acute DD5o;3) (mid-line air dose) of 8- to 9-month-old gilts 
was about 400 r. for 1 mVp. X-rays. Recovery from the 
effects of 238-265 r. exposures was estimated by re- 
determining the DD;, at various times after thoir initial 
exposure. The animaB had recovered from 48 per cent 
of the initial injury by 3 days, and by 7 days the majority 
of animals appeared to have recovered completely. In 
fact, the data suggested that some of the animals had 
become ‘radio-resistant . By 20 days the LD,, was about 
170 per cent of the LD,, of the unconditioned animals. 

In another paper on the effects of external whole-body 
radiation, D. G. Broun, University of Tennessee Agri- 
culture Research Laboratory, reported on investigations 
of the late effects of pigs exposed to 15-700 rads of mixed 
neutron y-radiation from a nuclear detonation 8 years 
ago. About 44 per cent of the irradiated pigs still survive 
compared with 69 por cent of the controls. The increased 
mortality in the irradmted pigs is attributed to gastro- 
intestinal alteration and neoplasia. 

R. O. McClellan reviewed the use of pigs in radionuclide 
toxicity investigatione describing long-term examina- 
tions of the effects of daily ingestion of radiostrontium, 
investigations of the gastrointestinal absorption of 
plutonium and SNAE radionuclides, and metabolism 
and effects of plutonium deposited in the skin. He 
emphasized the importance of the size of the minia- 
ture pig, gastrointestinal tract and relatively long 
life-span as pertinent factors in favouring the use of the 
pig because of tho importance of these criteria when 
results may be extrapalated to man. Of special interest 
was the reported high mcidence of haematopoietic tissue 
neoplasms in miniature pigs ingesting large quantities of 
strontium-90. 

For many years workers have regarded the skin of pigs 
as being very similar to human skin; it is only recently 
that careful, thorough, anatomical assessment has been 
accomplished by one cf the outstanding authorities an 
skin, William Montagna. In a brief review of his work, 
Montagna stated that although pig skin shares some 
anatomical and histochemical features with that of man, 
it is distinctly different. Tho skin of both is characterized 
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by a sparse hair coat, a thick epidermis with a well- 
differentiated under-sculpture, a dermis which has a 
woll-differentiated papillary body, and most noteworthy, 
a large elastic tissue content. In contrast to man, the 
pig dermis is poorly vascularized and the sebaceous glands 
contain much alkaline phosphatase. In view of his 
observations, Montagna recommended that caution should 
be exercised in suggesting that there is a strong resem- 
blance between the two skins. 

In his interesting paper on pig skin, G. D. Weinstein, 
University of Miami, found the kinetics of epidermal 
proliferation to be similar in man and pig. Using tritiated 
thymidine labelling, Weinstein showed that labelled cells 
in the epidermal basal layer had a transit time through 
the viable epidermis of 14 and 13 days in the pig and 
human epidermis, respectively. The total turn-over time 
of pig epidermis ıs about 30 days, while in human 
epidermis it is 27 or 28 days. 

T. Gillman presented a film describing work on histo- 
genesis of healing incised and excised wounds which he 
has performed with his associate, L. Ordman, at the 
Institute of Animal Physiology, Cambridge. Young pigs 
have been his principal subjects. Gilman stressed the 
indispensability of three-dimensional analysis of histo- 
genesis. Sutures, he noted, evoked marked reactions 
especially in epidermis and skin appendages transected 
by the suture needle. Tape closure utilizing micropore 
(Minnesota Mining and Manufacturing Co.) was found 
highly effective in eliminating these complications and in 
permitting perfect healing without wound disruption. 
The results of this work demonstrate that widely accepted 
descriptions of healing cutaneous wounds are incorrect 
and therefore require revision. 

Two papers described the results of radiation exposure 
of pig skin. In the first paper, J. O. Archambeau et al., 
Brookhaven. National Laboratory, reported on the use of 
pig skin for evaluating the effects of ionizing radiations. 
They concluded that the histology and radiation geometry 
of pig skin resembled the human sufficiently to warrant 
its use as an in vivo system for comparing effects of 
different types of ionizing radiations and extrapolating 
these results to man. ; 

In a paper by the late L. A. George and L. K. Bustad, 
Battelle-Northwest, gross observations of early and late 
changes in pig, sheep and rabbit skin after acute exposures 
to phosphorus-32 or strontium-90 plaques were described. 
The pattern of early response observed in pigs resembled 
generally that described for man. 

One day of the symposium was set aside for panel dis- 
cussion of laboratory management and miniature pig 
development. L. E. Mount, Institute of Animal Physio- 
logy, Cambridge, was chairman of the panel on housing 
and handling. The members of this panel were: D. F. 
Cox, Iowa State University; A. Dettmers, University of 
Minnesota; F. L. Earl, Food and Drug Administration; 
R. L. Murphree, University of Tennessee (AEC); and 
R. O. McClellan, U.S. Atomic Energy Commission. The 
panel reviewed experimental pig units at their sites, and 
in this connexion made recommendations on housing, 
including floor space, air movement, temperature, feeding, 
water, and farrowing facilities, and on techniques in 
handling, including bleeding and anaesthesia. 

S. G. Hastings, N. H. Booth and M. L. Hopwood, 
Colorado State University, submitted a paper on general 
anaesthesia for thoracic surgery procedures, and G. L. 
Waxler and C. K. Whitehair, Michigan State University, 
read a paper on techniques for using germ-free pigs in 
biomedical research. J. J. Landy, University of Miami, 
gave ə brief report on his work with delivery and main- 
tenance of germ-free pigs and the application of these 
procedures in human surgory. 

Another panel discussed nutrition of pigs. The panel 
included the chairman, T. J. Cunha, University of Florida; 
A. Dettmers, University of Minnesota; L. K. Bustad for 
V. GQ. Horstman, Battelle-Northwest; L. J. Filer, Ross 
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Laboratories; E. G. Hill, University of Minnesota; C. K. 
Whitehair, Michigan State University; and J. P. Bow- 
land, University of Alberta. 

In addition, E. G. Hill submitted a paper on fatty-acid 
composition of miniature pig tissue lipids, and J. P. 
Bowland submitted a review of his extensive work on the 
composition of pig milk. 

The third panel discussion was on disease and disease 
control. The chairman of the panel was H. W. Dunne, 
Pennsylvania State University. The panel members were: 
D. G. Brown, University of Tennessee (AEC); F. L. Earl, 
Food and Drug Administration; A. G. Edward, Univer- 
sity of California, Davis; R. A. Griesemer, Ohio State 
University; R. O. McClellan, U.S. Atomic Energy Com- 
mission, for H. A. Ragan, of Battelle-Northwest; and 
M. J. Twiehaus, University of Nebraska. The panel 
reviewed the disease problems encountered and most 
likely to be encountered in experimental pig herds, and 
recommended an effective disease control programme for 
experimental pig herds and for the use of pigs in the 
laboratory. 

D. C. England, Oregon State University, was the chair- 
man of a panel on miniature pig development. The panel 
members were: W. E. Rempel, University of Minnesota; 
L. Welch, University of Nebraska; D. Smidt, Göttingen, 
Germany; J. C. Taylor, U.S. Department of Agriculture; 
P. Nizza, Fontenay-aux-Roses (Seine), France; and L. K. 
Bustad, Battelle-Northwest. The panel discussed the 
concept of miniature pig development and implementation 
of the concept, and defined essential features of existing 
herds. 

In his introductory statement, D. C. England recalled 
that in 1949 the Hormel Institute of the University of 
Minnesota began the first project to develop a breed of 
miniature pigs specifically for use in biomedical research. 
Medical personnel of the Mayo Foundation gave added 
impetus, since it recognized the need for a convenient 
experimental animal that would better meet certain 
anatomical and physiological demands. The objectives of 
the University of Minnesota programme were to develop 
pigs with a mature size small enough to be easily handled 
and maintained, with normal physiological characteristics. 

In the review of the various herds under development 
it was clear that one had an assortment of strains from 
which to choose. Several herds are white-skinned and 
have adult body-weights about the size of man. 

An interesting recent introduction of the Labco pig, a 
gentle, sparsely haired pig obtained from Moxico by H. 
Quick, of Homewood, Illinois, into Hanford miniature 
pig was demonstrated. Many of the offspring were white 
and had sparse hair coats. The ‘Labco’ miniature and the 
‘Vitavet’ lab. miniature developed by F. Conder, of 
Marion, Indiana, represent the only private development 
of miniature pigs which have come to our attention. 

A promise of some very small stock from Nepal was 
reviowed by W. Rempel, University of Minnesota, who 
showed pictures of some pigs that weighed only about 
10 lb. at one year of age. This is even smaller than the 
Vietnamese pigs which were imported by Haring et al. 
into Göttingen, Germany, and crossed with German 
‘Landrace’ and ‘Hormel’ miniatures in their labora- 
tory. 

It appears that two classes of miniature pigs will be 
established on the basis of predicted need. Not only is 
there a real demand for pigs which have an adult weight 
less than 30 kg, but also for one that as an adult weighs 
about 70 kg, similar to the so-called standard man and to 
the weight of most of the miniature pigs now being 
used. 

Collectively, the papers presented at the symposium 
reflect the present state of our knowledge on the applica- 
bility of pigs in biomedical research and establish the pig 
as an important and very promising experimental animal. 

With the development of a standard 60-lb. pig which 
may well be available during the next decade, many pigs 
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vill assume a major role in research laboratories. In fact, 
in appreciable increase in usage is predicted before this 
mower weight is realized. 
Increased use of pigs and miniature pigs in the areas of 
zenetics, nutrition, gastrointestinal and renal physiology, 


NATURE 


535 


immunology, toxicology, radiobiology, and fundamental 
and clinical cardiovascular physiology seems assured. 
Additional information is needed to provide a firm basis 
for a broader assessment of the future role of pigs in 
biomedical research. 


NATURAL SELECTION AND TRANSMISSIBLE DISEASE 


N informal meeting on “Natural Selection and Trans- 
missible Disease”, arranged on behalf of the Human 
Adaptability Sub-Committee of the International Bio- 
Mogical Programme (LBP), was held at the Ciba Founda- 
mion on July 21-22, 1965. In his introduction, Prof. J. S. 
Weiner said that there were now some thirty national 
IBP committees and it was envisaged that the pro- 
esramme would include both world-wide surveys un blood 
groups and other genetical traits and also more intensive 
multidisciplinary studies on selected pcpulations. Genet- 
xcal constitution in relation to disease had been adopted 
as an IBP topic, but so far there had been no discussion 
on the prospects of research or the methods to be 
used. 

Speaking on “The Genetical Analysis of Disease Sus- 
ceptibility”’, Prof. L. 8. Penrose gave examples of 
inherited disease resistance in plants and animals, and 
pointed out that genetical analysis of this phenomenon 
m man was much more difficult. It was particularly 
difficult to disentangle the effects of inborn and acquired 
immunity and this made the interpretation of familial 
concentrations of such diseases as tuberculosis and acute 
rheumatism uncertain. ‘Traditional beliefs about the 
differmg disease susceptibility of racial groups might 
often be mistaken, and attempts to correlate body-build 
with disease susceptibility had not been convincing. 
Haldane initiated the modern approach m 1932, when he 
suggested that thalassaemia might protect against 
malaria, and Allison had provided evidence for this in the 
caso of sickle-cell trait. In African peoples with high 
sickling rates, eradication of malaria could lead to a 
detectable fall of sickling frequency in three or four 
generations. Theoretical treatment of gene frequency 
dynamics was more complex for sex-linked genes and 
where several interacting alleles exist in the same popula- 
tion. He suggested that the effects of chromosomal ab- 
normalities induced by viruses on susceptibility to other 
diseases might be worth investigating. 

In the discussion, Prof. Penrose stressed the advantages 
of examining single-gene traits and questioned the value 
of twin-studies. Prof. Vogel thought that multifactorial 
characters should not be ignored and that useful data 
could be obtained from twins examined throughout their 
life-span. Dr. Kirk, Dr. Allison and Prof. Penrose dis- 
cussed the interpretation of gene frequency differences 
between West Africans and American Negroes. Dr. 
Roberts suggested that genetical data might be collected 
on volunteers experimentally infected with the common 
cold. The relationship between susceptibility to disease 
and clinical severity was discussed by Sir Graham Wilson, 
Prof. Stuart-Harris, Dr. Omerod and Prof. Vogel. 

Prof. C. H. Stuart-Harris spoke on the epidemiology 
of virus diseases. He said that their epidemiological 
behaviour was similar to that of bacterial diseases. Some, 
like poliomyelitis, were confined to man; others, like 
rabies, affected man by chance and did not spread; 
while others, which are spread by insect vectors, are 
maintained in the population by a cycle of transmission. 
Some virus diseases have been established for many cen- 
turies, and epidemics of these may be due to changes in 
virus virulence, host susceptibility or conditions mfluenc- 
ing transmission. Viruses are well known to be plastic in 
the laboratory, but as yet it has not been proved that viru- 
lence changes underlie major epidemics. Viruses live in 
very close association with cells, and genetical variations in 


the host tissues would ke expected to be important in sus- 
ceptibility. Mouse strains d.ffering in resistance to certain 
viruses such as yellow-fever had been bred and inter- 
specific differences in susceptibility are well known. He 
gave examples of ths varying relationship between 
attack-rates and severity of disease and the age of the 
subjects. He then discussed smallpox, mfluenza, yellow- 
fever and typhus. India and Pakistan are now hyper- 
endemic areas for smallpox, and mortalities might reach 
40-50 per cent in some epidemics. Yellow-fever is 
endemic in West and Central Africa and heavy mortalities 
have occurred in recent epidemics in the Sudan and 
Abyssinia. Typhus, which is now endemic in the Middle 
East, North Africa, China and other regions, formerly 
caused heavy mortalitics especially in persons more than 
fifty years of age. The influenza virus 1s very plastic and 
epidemics tend to occur when a new strain emerges. The 
work of McDonald and Zuckerman had shown that blood 
group O was more frequent among persons who had been 
infected with influenza A, virus, and unpublished work 
confirmed this. He thought that there was still scope for 
genetical investigations on populations to which certain 
viruses had not yet spread. 

In the discussion, Picf. Barnicot asked for examples of 
non-immune pcopulatiors which might be favourable for 
genetical investigations, and Prof. Stuart-Harris men- 
tioned the measles epidemic in Greenland and polio 
epidemics among Eskimos. He said that Type I polio 
virus was absent in Tiistan da Cunha before the exodus. 
In reply to Dr. Harrson, he said that little could be 
deduced about individval variations in susceptibility by 
measuring antibody titres. Dr. Roberts mentioned his 
own work on ABO blocd groups in relation to Ricketisia 
infections in Nigeria, ard Dr. tpicer spoke of his analysis 
of periodicity in deaths from respiratory diseases. 

In his paper on “ABO Blood Groups and Infectious 
Diseases”, Piof. F. Vogal said that in much of the earlier 
woik on this topic tke samples were too small, but 
relatively high B and AB frequencies had been found 
among patients with tertiary syphilis. His own work on 
ABO groups and smallpox had been stimulated by 
geographical correlatiors and by the claim, which was in 
dispute, that vaccinia virus contains A-like antigen. It 
was best, he thought, td seek correlations between blood 
group and clinical severity, and in India his team had 
found that scarring was more severe in subjects of groups 
A, B and AB or of groups A and AB than in those of 
group O. Clinically moze severe cases among fresh small- 
pox cases in Pakistan were more frequent ın groups A, 
B and also AB compared with O. Groups A and AB were 
in excess in a sample of post-vaccination encephalitis cases 
examined in Germany. Work in Austria suggested that 
infantile diarrhoea was more severe ın group A children 
than in those of group O; German data for 1956 and 
1960-63, which he himself had analysed, showed the same 
trend, but it was reversed im data for 1957-59. He felt 
that these various lines of work were sufficiently encourag- 
ing to deserve further attention. 

In the discussion, Dr. Garlick reported a small series 
collected in a smallpox epidemic in Nigeria; no relation 


-was found between ABD group and either the incidence 


or severity of disease. Dr. Allison expressed scepticism 
about the effect of ABD groups on smallpox infections. 
The possibility of collecting more data on tertiary syphilis, 
post-vaccination encephalitis and infantile diarrhoea was 
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discussed. Sir Graham Wilson pointed out the difficulties 
of diagnosis of post-vaccination encephalitis. 

In a paper on the epidemiology of protozoal diseases, 
Mr. W. E. Ormerod said that disequilibrium between host 
and parasite could be adjusted by either of them becoming 
adapted by selection; owing to short generation times, 
adaptation of the parasite was likely to be more rapid. 
Some protozoa such as Entamoeba coli cause no disability 
in man; others, like Plasmodium vivaz, cause illness; and 
some, such as Trypanosoma rhodesiense, are generally 
lethal. A benign parasite may be more harmful if other 
parasites are present. West Africans and American 
Negroes seem to have a solid immunity against P. vivax 
which is presumably genetical. This parasite may have 
been an important selective agent before equilibrium with 
man was achieved. Marked differences between certain 
cattle breeds in resistance to trypanosomiasis are known. 
This disease is enzootic ın cattle but sporadic in man, and 
probably exerts little selective pressure on the latter. 
Toxorlasma is endemic in some human communities and 
may be a significant cause of abortion and still-birth. In 
general, if parasites can change rapidly, as can trypano- 
somes in contrast to plasmodia, hast adaptation cannot 
proceed far in any direction. The highest selective pres- 
sures are likely to occur where a disease is holoendemic. 

The epidemiology of toxoplasmosis and the immunity of 
Negroes to P. vivax were discussed. Dr. Allison con- 
sidered that the latter phenomenon was genetical but not 
associated with haemoglobin variants or with G-6PD 
(glucose-6-phosphate dehydrogenase) deficiency. 

Speaking on the epidemiology of bacterial diseases, Sir 
Graham Wilson said that the proportion of clinical, sub- 
clinical and latent infections and of uninfected people, 
both susceptible and immune, would depend on many 
factors. 98 per cent of people might catch a disease 
such as measles if it were introduced into a virgin 
population, whereas infectious anaemia of rats was wide- 
spread but latent. Probably most people are susceptible 
to plague and cholera, but these diseases do not occur 
to-day in Britain because conditions for transmission are 
unfavourable. Very little is known about genetical factors 
in disease resistance. Wide differences in the incidence 
of tuberculosis in troops of various nationalities in the 
First World War had been noted and in underdeveloped 
areas the disease assumes a rapidly progressive form when 
first introduced, but it is uncertain to what extent 
genetical differences are involved. Concordance work on 
twins is usually considered to show that genetical 
factors influence susceptibility to tuberculosis, but in a 
recent careful investigation Simonds attributed differ- 
ences in twin responses mainly to environment. Certain 
cattle breeds and also mouse strains are known to differ 
widely in resistance to tuberculosis; in resistant mice 
there is better mobilization of mononuclear phagocytes, 
and strains resistant to Salmoneila typhimurium have 
higher lymphocyte counts. Sir Graham Wilson thought 
that geneticists should direct the attention of epidemio- 
logists to various simply inherited traits in the hope that 
they might be able to suggest possible connexions with 
disease resistance. 

The role of nutrition in resistance to infections was 
-discussed. Dr. Spicer said that both genetical and environ- 
mental factors were doubtless involved in susceptibility 
to tuberculosis. There had perhaps been a large epidemic 
of this disease reaching a peak in England in the nine- 
teenth century. The interpretation of work on twins was 
further discussed and also the reasons why cholera tends 
to remain endemic in Bengal though occasionally breaking 
out elsewhere. Dr. Roborts had compared local variability 
in disease incidence in Nigeria with variability in blood 
groups and failed to find suggestive trends. 

Dr. A. C. Allison spoke on ‘‘Genetical Components in 
Disease Resistance”. He gave examples of single gene 
factors in bacteria conferring phage-resistance and in 
phages influencing infectivity. Resistance of insects to 
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insecticides had provided striking examples of evolu- 
tionary processes. In higher animals the picture is 
complicated by various immune responses. Evidence 
from work on bacteria, phage and on some mammals andl 
birds indicated that genetical changes in cell surface 
components might affect susceptibility to attack by 
perasites. The susceptibility of certain mouse strains to 
polyoma and mouse hepatitis virus is greatly increased» 
by thymectomy at birth. The Aleutian mink gene affects 
coat colour and also leucocyte morphology; the homo- 
zygotes are susceptible to a ‘collagen disease’ induced by 
a filterable organism. Dr. Allison summarized the work on 
sickle-cell trait and malaria and considered that the 
evidence for a protective effect was now quite impressive. 
Both in Central America and the Caribbean sickling rates 
tend to be low where selection due to malaria has been 
relaxed. Sicklmg rates in various regions correlate well 
with rates of G-6PD deficiency. He pointed out that 
ABO blood group heterozygotes such as AO and BO 
would presumably be handicapped in producing anti- 
bodies to two types of antigen and might therefore be at 
a selective disadvantage. 

In the discussion, Prof. Vogel stressed that stable 
equilibrium due to heterosis might not be important in 
the case of ABO blood groups; one disease might push the 
frequency of a gene up and another push it down. 
Mechanisms other than heterosis for achieving equi- 
librium were mentioned by Prof. Penrose and Dr. 
Harrison. Experimental work on malarial infections in 
relation to sickling and G-6PD deficiency was discussed 
by Dr. Kirk and Dr. Allison. Dr. Edwards doubted 
whether protection against malaria by sickling should be 
regarded as an example of heterosis and whether this was 
the important mechanism in the case of blood group 
polymorphisms. Dr. Roberts mentioned his own work 
on both G-6PD deficiency and sickling in Nigeria. 

Summarizing and commenting on the meeting, Prof. 
Barnicot said that many examples of disease resistance 
due to single genes in animals and plants had been cited, 
but the detailed mechanisms of gene action were generally 
not clear. Work on animals might suggest fruitful lines 
of research, but it showed only what might happen in 
man and not what does happen. On the whole, the 
meeting had emphasized the pitfalls more than the 
possibilities of work on genetical factors in disease 
resistance. 

Lines of attack on this problem include (a) twin studies; 
(b) the study of disease incidence in families; (c) the 
genetical comparison of affected and control samples; 
(d) correlation of the geographical distributions of genes 
and diseases. ‘Twin data are difficult to collect, and 
analysis of disease susceptibility cannot be pressed very 
far. Family studies are complicated by acquired im- 
munity, and heterogeneity for age of subjects and 
infective dose. Comparison of affected and control 
populations may require very large samples to show 
convincing effects, though small selective pressures may 
be important m evolution. It may also be difficult to 
obtain a valid control sample. Many genes and many 
pathogens are known, and a blind search for associations 
is hkely to be both fatiguing and futile. The examination 
of single gene traits clarifies the genetical aspect of a 
complex situation; in the case of multifactorial characters 
we may not know how much of the phenotypic variation 
is environmentally induced and disease resistance may 
depend on hidden effects of contributory genes rather than 
the visible phenotype. Geographical correlations may 
have been disturbed by relatively recent population 
movements and historical data on these may be meagre. 
In studying immigrant populations there are uncertainties 
about the exact origins of the migrants and the extent of 
intermixture in their new home. Genetica] investigations 
of epidemics need special organization if good material is 
to be collected, since local conditions may not be favour- 
able for scientific work. N. A. Bagnicor 
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A SIMPLE ASSESSMENT OF PARTITION DATA FOR CORRELATING 
STRUCTURE AND BIOLOGICAL ACTIVITY USING , 
THIN-LAYER CHROMATOGRAPHY 


By Dr. C. B. C. BOYCE and Dr. B. V. MILBORRD W 
‘Shell’ Research Ltd., Milstead Laboratory of Chemical Enzymology, Broad Oak Raad, Sittingbourne, Kent 


INCE the work of Overton! and Meyer? the conditions 
for the penetration of compounds into cells and the 
structure of cell membranes have been the subject of 
continuous investigation. Collander? has shown that the 
rate of migration of non-electrolytes into and out of the 
Nitella cell can be closely correlated with their partition 
coefficients between water and a number of organic 
solvents. Other factors such as molecular dimensions, 
hydration, adsorption and hydrogen bonding undoubtedly 
influence the rate of penetration, but the correlations 
observed for a number of biologically active compounds 
lead one to believe that partition coefficient is of over- 
riding importance in controlling penetration of non- 
electrolytes into living cells‘. 

Hansch and Fujita®, and Fujita, Iwasa and Hansch, 
have recently proposed a general mathematical relation- 
ship between, the penetration of a molecule into cells and a 
substitution constant, z, which they support with excellent 
structure/activity correlations obtained with eight dif- 
ferent classes of compounds, each assayed against a 
specific test organism. The constant m is based on par- 
tition coefficient and is defined by the free-energy 
relationship : 


n = log (ax/oz) 
a = partition coefficient of a parent compound 
ax = partition coefficient of a derivative 


The direct determination of partition coefficient is 
tedious and often presents practical difficulties, par- 
ticularly when the compound is highly insoluble in either 
of the solvent phases. We have therefore turned to a 
simplified assessment of partition coefficient and its 
derivatives by exploiting the theoretical relationship 
between partition coefficient («) and Rr value deduced 
by Martin’ for liquid-liquid partition chromatography : 


z = K (1/Rr—1), where K = constant for the system. 


Bate-Smith and Westall* introduced the term Ry, where 
Ru = log (1/Rr—1). The change in the value of Ru for 
a substituent (ARm) is a free energy-based constant 
identical with m used by Hansch. It is therefore possible 
in principle to correlate the penetration of substances 
with their Ry values. Preliminary results were encour- 
aging, and we therefore investigated the system further 
and found that for this purpose the chromatographic 
method has many advantages over the conventional 
method of measuring partition coefficient. 

We chose a series of N-n-alkyltritylamines for investi- 
gation (Table 1) because their observed molluscicidal 
activity can. be attributed primarily to different rates of 
penetration to the site of action. An analysis of the 
toxicity of a range of trityl compounds?! has indicated 
that activity is associated with nucleophilic attack at the 
quaternary carbon atom of the trityl group: 


® 
Ph,C-NH-R — Ph,C—-NH,-R —> Ph,C-X +NH,-R 
a t @ 
XP 


Molluscicidal activity Gepends on the rate of penetration 
to the site of action and-the facility with which the leaving 
group can be displaced when at that site. In the homo- 
logous series of N-n-alEyltritylamines the same toxicant 
is formed from all compounds and the relatively small 
differences in the naturs of the leaving group have been 
found to make a negligible contribution to the observed 
activity. This can therefore be ascribed to different rates 
of penetration. The compounds were prepared by heating 
a solution of triphenylehloromethane (0-01 mole) in dry 
acetone (10 ml.) with tae appropriate n-alkylamine (0-02 
mole) for 1 h under reflax. The mixture was poured into 
water and the solid prcduct was collected and recrystal- 
lized several times from ethanol, or, in the case of the 
hexyl-, heptyl- and oct-1-derivatives, which were liquids, 
the compounds were islated from the aqueous mixture 
by extraction with ether and were purified by chromato- 
graphy on neutral alumina with hexane as eluent. Melting 
points and other data are given in Table 1.~ 


Table 1. THE Ry VALUES ANE MOLLUSOICIDAL ACTIVITIES OF N-n-ALKYL- 
=” 


ž CRITYLAMINES E 
Com- Inter- 
pound Melting point ° C LDs estimates and Mean plate 
h,0. Found * iterature 95 per cent fiducial Ræ value standard 
NELR limits (meg/l.) error 
Methyl 71-2 73t 2:10 1-94 -2:31 — 0:305 0 045 
Ethyl 74-6 75-7 +t 0:138 0113-0-:165 -0119 0 034 
Propyl 69-71 70-2 + 0:048 0:043-0049 0008 0-036 
Butyl 51-2 52 5~53-5t 0:035 0033-0:087 0-115 0-081 
Pentyl  42§ —- 0054 0049-0061 0:225 0-018 
Hexyl OHS§ = 0633 0521-0-794 0-368 0-038 
Heptyl Oil§ — 31-65 25:67 -89°65 0-485 0-029 
Octyl Oil§ — > 50 — 0:620 0 030 


* Uncorrected. 

t Beilstein’s Handbuch der Orzanischen Chemie, 12, 1344. 

ł Iliceto, A., Fava, A., and M=zzuccato, U., J. Org. Chem., 25, 1445 (1960). 
§ Novel compound for which satisfactory analytical data were obtai ned. 


Chromatography was carried out on glass plates 
(20 x 20 cm) coated wth a 250 thick layer of ‘Silica 
Gel G’ (Merck). After Crying at room temperature for 2 h 
and then at 105° for 10min the plates were impregnated 
by allowing a 5 per cenr solution of liquid paraffin BP in 
hexane (v/v) to run to she top of the plate; the solvent 
was then evaporated at-40°. The compounds (3 yg/spot) 
were applied at 1-5 cm intervals along a hne 2 em from 
one edge of the plate so as to be 1 cm above the level of 
the developing solvent. In order to avoid any systematic 
error, compounds were =pplied to positions from a set of 
pre-determined random allocations, none being nearer 
than 2 cm to either margin. In addition, N-tritylmorpho- 
line was run on all plates as a standard. The plates were 
developed by the ascending technique in a chromato- 
graphy tank under cond:tions of equilibrium. The mobile 
phase, aqueous acetone saturated with stationary phase, 
was allowed to run for spproximately 100 min when the 
solvent front had advanzed 14 em from the origin. The 
plates were then dried and the N-n-alkyltritylamines 
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Fig. 1. Relationship between Rsr values and number of methylene carbon 
atoms in the n-alky) chain of N-n-alkyltritylamines in a series of acetone/ 
water mixtures. With the exception of the Cl compound there 1s a linear 
relationship in all systems. Proportion of ecetone (v/v) in the mobile 
phases: @, 0:60; V,0°56; E, 0:67; © ,0°75; O, 0:82; A,0°83; 0,091 
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Fig. 2. Relationship between LDso (log;, molar concentration x 107) and 
Ru when the proportion of acetone (v/v) 1n the mobile phase was 0-70 


were detected by spraying with a solution of trichloro- 
acetic acid (5 per cent w/v) in acetone. Yellow spots of 
the triphenylmethyl carbonium ion were produced after 
heating the plates at 100° for 5 min and, although these 
faded during the next 2-3 h as moisture was absorbed, 
they could be restored by repeating the detection pro- 
cedure. 

Estimates of LD; (Table 1) were computed from dose- 
mortality data obtained with the snail Australorbis 
glabratus. Details of the procedure will be reported else- 
where?. 
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Since these compounds obey the Martin equation, that 
is, there is a linear relationship between fim and the 
number of methylene carbon atoms in the side-chain 
(Fig. 1), we have related the biological activity of these 
compounds with their respective Ru values (Fig. 2). The 
quadratic relationship observed has been found in other 
chemical series and is attributed by Hansch and Fujita® to 
an, increase and decrease in the rate of penetration as the 
Rm values in a series change progressively and pass 
through an optimum. 

The choice of chromatographic method is a matter of 
convenience; we have found no important differences 
between paper and thin-layer chromatography except 
that the latter is quicker and marginally more repro- 
ducible in our hands. Water is a constituent of the cell 
membrane and the protoplasm, so its use in one phase of 
the model system is obvious, but the lipoidal constitution 
of the cell membrane is unknown and the choice of 
hydrophobic phase must be somewhat arbitrary. From 
thermodynamic considerations, the nature of the non- 
aqueous phase should not affect the results qualitatively” 
provided that there is no hydrogen bonding. Collander’s 
results? support this in that ether/water and olive oil/water 
partition coefficients are equally correlated with penetra- 
tion into Nitella cells. 

Protein is absent from the aqueous and non-aqueous 
phases used for direct partition coefficient measurements. 
Therefore, the contribution of the proteinaceous material 
in a cell membrane is tacitly excluded from the model 
system. The justification for this is that the variation in 
penetration can be almost entirely accounted for by 
partition coefficient data. We were unable to detect any 
effect on the Rr values of the N-n-alkyltritylamines when 
casein was incorporated into the silica gel support of the 
chromatogram (1: 5 w/w) and we have therefore omitted 
protein from the chromatographic system for assessment 
of Rm values. We chose the reversed-phase system liquid 
paraffin/aqueous acetone with ‘Silica Gel @ as support, 
although other materials, for example, alumina or What- 
man No. 4 paper, impregnated with liquid paraffin were 
equally satisfactory and the Rr values were similar-with 
all three types of support. 

Using ‘Silica Gel @ impregnated with liquid paraffin 
and 7:3 acetone/water (v/v before mixing) as mobile 
phase, it was possible to obtain Rr values for all members 
of the series of tritylamines from methyl to octyl in the 
range of maximum accuracy (0-2-0-8) (ref. 11). However, 
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Fig 3. The effect of solvent composition on the Ry of N-n-hexyltrityl- 
amine. Each point is the mean of at least ten determinations 
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in another class of biologically active compounds, the 
substituted benzonitriles!?, no single solvent system would 
give satisfactory Rr values for the most lipophilic and 
hydrophilic members which remained on, or ran close to, 
the origin and solvent front, respectively. We were able 
to overcome this difficulty and to extend the scope of the 
method by examining the Rr values of the tritylamines 
with mobile phases containing varying concentrations of 
acetone. Soczewinski and Wachtmeister!® have shown a 
linear relationship between Rm and solvent composition, 
provided that the solvent mixtures did not deviate 
markedly from ideal solutions. When the composition of 
the mobile phase was adjusted systematically, this 
relationship was confirmed for the tritylamines (Fig. 3). 
Given preliminary chromatographic data with a variable 
proportion of water in the mobile phase, it is possible to 
choose a solvent mixture which will give not only Rr 
values in the range of maximum accuracy for most of the 
compounds, but also maximum Ry increments (Fig. 1). 
The Rr values which fall outside these limits can be 
measured tn a number of suitable mixtures and the Ryu 
values for the primary system can then be obtained by 
extrapolation. 

The conditions necessary for obtaining accurate and 
reproducible Rm values have been described in detail by 
Bate Smith and Westall® for paper chromatography and 
have been reviewed by thin-layer chromatography, for 


example, by Stahl'4 and by Truter’. The mean Rm values’ 


for the tritylamines, together with their respective ınter- 
plate standard errors, are given in Table 1. The greatest 
source of error 1s the inter-plate variation, which is 6'5 
times greater than the intra-plate variation, which was 
assessed by replication of a standard on each plate. Since 
there was no evidence that the inter-plate variation was 
dependent on the Rm value, the estimate of error could 
be pooled to give a standard error or 0-033 for a single 
determination and the standard error of the mean Ry 
value from nine determinations was 0-011. This is 1-2 per 
cent of the total range of Rm values examined. The mean 
standard error of the estimates of the log LD.) values 
expressed as a percentage of the range of these estimates 
is 2°6 per cent. The accuracy with which Rm can be 
determined is therefore adequate for structure/activity 
correlations because of the difficulty of assessing bio- 
logical response with equal precision. 

The measurement of the Ru values by reversed-phase 
chromatography has a number of advantages over the 
conventional partition measurements, the most important 
feature being that it is much quicker and less tedious 
because fewer manipulations are involved. Up to twenty 
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five compounds can berun simultaneously on one 40 em x 
20 cm thin-layer plate, so Rm values can be compared 
directly. The detection of spots by simple unspecific 
methods, for example, by iodine absorption or by the use 
of a fluorescent indicator, avoids the need for specific, 
quantitative analytical methods. As a corollary of this, 
it follows that impur-ties present will be detected or, 
alternatively, the material need not be pure provided 
that the salient spot can be identified. If necessary, the 
compounds can be extracted from thin-layer material 
The measurement of partition coefficients of sparingly 
water-soluble compounds demands a Jong period of equi- 
libration to ensure tkorough partitioning between the 
phases and then colloidal material has to be removed by 
centrifugation. After tais there still remains the difficulty 
of measuring low concentrations of the solute. Reversed- 
phase paper or thin-layer chromatography in a range of 
solvent mixtures can give Ry values for any of these 
mixtures by extrapolation provided: that the linear 
relationship between Rm and solvent composition is estab- 
lished. Very little material, often less than 1 ug, is 
required for detection. When the layer is overloaded the 
spots streak and such plates should be discarded, thus 
ensuring that the results will not be affected by the 
presence of colloidal material or by the degree of satura- 
tion of the phases by the substance under investigation. 
The chromatographic method provides ə rapid repro- 
ducible means of obtaining quantitative partition data 
for many types of compounds that can be used to assess 
the roles of penetration and inherent effectiveness in the 
expression of biologica. activity. With the growing use 
of multiple regression techniques for the analysis of this 
kind of problem the ımportance of such data is likely to 
increase. 
1 Overton, E., Studien ùber die Narkose (Jena, 1901). 
* Mever, H., Arch. Exp. Path. Pharmakol , 46, 838 (1901). 
> Collander, R., Physiol. Plant., 7, 420 (1954). 
t Davson, H., and Danielli, J-F , The Permeability of Natural Membranes, 
second ed. (Camb. Univ. Fress, 1952). 
* Hansch, C., and Fujita, T., J. Amer. Chem. Soc., 86, 1616 (1964). 
°? Fujita, T., Iwasa, J., and Hazsch, C., J. Amer. Chem. Soc., 86, 5175 (1964). 
? Martin, A. J. P., Biochem. So:. Symp. Camb., 8, 4 (1949). 
irc: E. ©., and Weetall, R. G., Biochum. Biophys. Acta, 4, 427 
’ Boyce, C. B. C. (in preparation). 
10 Collander, R., Acta Physiol. Scand., 18, 363 (1947). 
aa , Marcinkiewicz, S. and McHale, D , Chromatog. Revs., 5, 91 
18 Milborrow, B. V. (in preparation). 
13 Soczewinski, E., and Wachtmeister, ©. A., J. Chromatog , 7, 811 (1962) 
“Stahl, E , Thin-layer Chromatography (Academic Press, London, 1965) 
ay at a V., Thin Film Chromatography (Cleaver-Hume Press, London, 


OF HYDROMAGNETIC EMISSIONS 
LATITUDE 


By Dr. ALV EGELAND 


Norwegian Institute of Cosmic Physics, Blindern, Oslo 


N this article the regular emissions in the frequency 

range 0-5-5 c/s are considered. Interest in them has 
increased considerably during the past five years, but the 
approach to the problem adopted here is somewhat different 
from that employed hitherto by other workers. The 
nomenclature for this type of oscillation is rather complex. 
In 1964 the IAGA committee (ef. Jacobs et al.1) recom- 
mended that the term Pe 1 should be used for regular 
oscillations between, 0-2 and 5 c/s, but many workers have 
also referred to these signals as hydromagnetic emissions, 
pearl pulsations, ‘type A’ oscillations, etc. (compare, for 
example, Troitskaya?, Campbell’, Gendrin and Stefant*, 
and Tepley’). In what follows the term ‘hydromagnetic 


emission’ (HM) will be used to describe the regular oscilla- 
tions in this ultra-low-feequency range. 

The principal detection systems used normally com- 
prise 1ron-core loops (>r air-core), low-noise amplifiers 
(between 0-1 and say, 1) c/s), chart and/or magnetic tape 
records. The use of tape makes possible careful analysis 
after the phenomenon has been observed. The HM 
emission data obtained have normally been presented ın 
one or both of the following two types of displays: (a) 
amplitude against time, and (b) frequency against time 
(sonagrams). Both these methods of presenting data 
offer much valuable irformation concerning the micro- 
pulsations 
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Fig. 1. Spectral density function for the Tromso hydromagnetic emission record on 
December 9, 1964. a, Record between 2147 and 2149 M.E.T..; b, record between 


2151 and 2153 M E.T. 


However, if we take the resolution time on the sona- 
grams this is normally no better than the order of 10-30 
sec, and the signal amplitude of sonagrams can only be 
read, off with an accuracy of about 20-30 per cent. This 
means that the bandwidths as well as the mid-band 
frequency of ultra-low frequency emissions cannot be 
determined accurately. Concerning the amplitude against 
time display, Pope! has shown that these records must be 
used very cautiously when more than one emission, 
frequency occurs, as the amplitude is strongly dependent 
on, both the number and amplitude of beating frequencies 
in the emissions. ` 

I therefore feel that if one could find a simple and 
accurate method of evaluating spectral density functions 
of HM emissions, it would be of great additional value for 
the two types of data presentation mentioned here; 
especially where bandwidths, centre-frequency and power 
density are concerned. Power spectra can, of course, be 
evaluated from amplitude-time displays, but the normal 
methods for reduction and computation of power spectra 
are time-consuming and not favourable for statistical 
analysis (cf. Vozoff et al.7). 

This communication describes an accurate and rather 
simple method for power spectral analysis of micropulsa- 
tions, and demonstrates two examples of HM emissions 
recorded in this way. The measurements were started 
at the Auroral Observatory at Tromso (® = 70° N., 
A = 19° E.) last autumn. The rapid geomagnetic fluctua- 
tions were received on an air-core loop antenna, with an 
effective absorbing area of approximately 3,000 m? and 
with the axis located in the magnetic N.-S. direction. A 
d.c. preamplifier, with maximum gain of approximately 100 
dB for 1 uV input, was used. With a frequency-modulated 
adapter (cf. Mohus®) connected to a magnetic tape-recorder, 
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it is possible to record (with a tape speed of 
7-5 in./sec) signals between. d.c. and approxi- 
mately 200 c/s. All the instruments were 
transistorized and battery-powered. 

The tape-records are analysed on ‘ISAC’, 
a statistical analogue computer, designed 
and, built at the Automatic Control Labora- 
tory of the Norwegian Institute of Tech- 
nology. ISAC computes correlation func- 
tions, power spectra and first-order distribu- 
tion functions for signals in the frequency 
range 0-200 c/s. All computations, which 
are performed at high speed, are done auto- 
matically and the results are plotted direct 
by an xy-pen recorder. The resolution in 
frequency and power is high (see below). 
Frequency- and amplitude-calibrations are 
automatically carried out. ISAC weighs 
approximately 40 kg and may easily be 
carried around. (For further details con- 
cerning ISAC, compare, for example, Balchen 
5 and, Blandhol!?.) 

Two samples of spectral density function 
of HM emissions evaluated by this method 
shown in Fig. la and b. The calculation 
and plotting of each power spectrum take 
about 8 min. No attempts at smoothing 
the curve have been made. Fig. la displays the spectrum 
recorded on December 9, 1964, between 2147 and 2149 
M.E.T., while Fig. 1b illustrates the spectral density of 
HM emission recorded 2 min later the same night: also 
in this case only 2 min of actual recording on the tape has 
been used in the analyses. The frequency accuracy is 
better than 0-1 c/s for both spectra. 

As easily seen from the curves in Fig. 1, three dominant 
narrow bands are observed. Mid-band frequency as well 
as the bandwidth of the HM emissions can, be measured 
very accurately direct from the curves. The centre 
frequency of these bands in Fig. la is 0-95, 1-7 and 2-96 c/s, 
while the corresponding figures for Fig. 1b differ by less 
than 0-2 c/s. The frequency widths (half-widths) for these 
three pronounced bands shown are 0-18, 0-32 and 0-1 c/s 
measured from the origin, while the corresponding band- 
widths in Fig. 1b are 0-4, 0-13 and 0-2 c/s. The ratio 
between the band-width and the centre frequency (Af/f) 
varies from 0-4 to about 0-03; thus the pulsations of HM 
emissions are normally confined to a very narrow fre- 
quency-band. 

On first viewing these emission curves, it may look as if 
the second and third peak (measured from the origin) 
are the second and third harmonics of the first band, but 
the figures given here show that this is not the case. How- 
ever, it can be objected that a rather large uncertainty 
exists in defining mean periods and bandwidths when such 
relatively short intervals of data are used. On the other 
hand, as these two curves are almost identical (except 
for the fine structure), both the mid-band frequency 
and the bandwidths of this HM emission should be 
significant. š 

Tt is difficult to devise accurate calibration for measure- 
ments of this type and, so far as I know, very little has been 
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Fig. 2. Amplitude-time display. Record on December 9, 1964. upper, between 21.47.30 and 21.47.47 M.E.T.; lower, between 21.52.05 and 21.52.22 M E.T. 
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written concerning signal strength of ultra-low-frequency 
emission. Unfortunately, no satisfactory calibration was 
carried out during December 9. But from later measure- 
ments it seems possible to conclude that the peaks in 
the spectra shown in Fig. 1 correspond to a variation in the 
magnetic field of the order of a few my c/s-1/2. This implies 
that the ultra-low-frequency emissions contain, rather low 
energy compared with micropulsations in the frequency 
range between, say, 0-1 and 0-001 c/s. But, on the other 
hand, the amplitude resolution with this type of data 
presentation (cf. Figs. la and b) is very high. 

That fine structure exists (superimposed on the regular 
band emission) is seen in the spectral density functions. 
However, detailed studies of fine structure of HM emissions 
can be made more directly and simply from frequency- 
versus-time displays (sonagrams). 

With the other methods of presenting data that have 
been, mentioned, it is very difficult to determine, with 
extreme accuracy, bandwidths and mean, periods. This is 
especially true for the amplitude-time display. To illus- 
strate this better, a small part of the amplitude-versus- 
time records obtained during the same time interval as the 
magnetic tape data used for the plotting of two power 
spectra discussed here, are shown in Fig. 2. The wave- 
form display varies more or less symmetrically about a 
base line but, as is easily seen, the modulation, pattern, 1s 
rather irregular, and they scarcely seem to exhibit a charac- 
teristic modulation frequency. Therefore, an, interpreta- 
tion, of the spectrum, based, for example, on the peak-to- 
peak interval can be completely misléading. It is also 


NATURE 


54] 


impossible to arrive at the number of emission bands 

directly from such wave-form display. 

Furthermore, it sEould be pointed out that the two 
spectral density funetions of HM emissions, described 
here, were recorded Curing magnetically quiet conditions 
and no riometer absorption, occurred during this time. 
Also, during the 12 h immediately before and after this 
time of observation, scarcely any magnetic- and/or 
riometer-deflexions cculd be seen on the diagrams. 

Many other power spectra, with quite different shapes, 
have been obtained. These results together with theoreti- 
cal considerations will be discussed in a later report. 

This work was supported by the Cambridge Research 
Laboratories, OAR, through the European Office, Aero- 
space Research, U.S. Air Force, contract AF 61 (052)-811. 
I thank Mr. I. Mohus of the Norwegian Institute of 
Technology for help with the power spectra analysis. 
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COINCIDENCE OF MAGNETIC DISTURBANCES WITH LOCAL EARTHQUAKES 
RECORDED FROM THE ETHIOPIAN RIFT SYSTEM 


By Pror. PIERRE GOUIN 
Geophysical Observatory, Haile Sellassie 1 University, Addis Ababa, Ethiopia 


ABORATORY experiments'~? have been carried out 
to investigate the behaviour of rock magnetic sus- 
ceptibility under conditions thought to approach those at 
focal depth prior to, or at the moment of, an earthquake: 
slow stress accumulation, sudden shear stress release. 
various Earth magnetic field mtensities and omentations 
using different rock types, etc., in order to foresee what 
kind of magnetic anomalies might possibly be expected 
in the local magnetic field when an earthquake occurs. 

Some authors have even expressed the opinion that 
some magnetic anomalies prior to a seismic event could 
even be used as a method for predicting earthquakes’. 

In general, however, authors do not agree**.? on the 
total validity of the laboratory experiments on the 
grounds that they either do not reproduce the exact con- 
ditions prevailing at the seismic focal points, or simply 
because earthquake mechanism is not yet completely 
understood’ and varies according to local geological or 
tectonic conditions. I presume that the study of well- 
controlled field data may provide a more solid basis to 
the discussion of the problem. What, in fact, do geo- 
physical stations equipped with both magnetic and 
seismic recorders register prior to or during a seismic 
event of a given magnitude (M) occurring at limited 
epicentral distance ? 

The Geophysical Observatory at Addis Ababa (09° 02’ 
N., 38° 46’ E.) is in a favourable position to answer such 
a question. About 175-200 km north-north-east from the 
station, on the western escarpment of Afar, lies the very 
seismically active region of Kara-Kore, from where more 
than 3,000 shocks were registered during the summer of 
1961; two of these shocks were of M > 6-2. At a similar 
distance to the south-south-west on the floor of the Mam 


Ethiopian Rift is tha dormant volcano Chubbi; this 
region is less active shan Kara-Kore, but nevertheless 
experienced in 1960 ar earthquake of M = 6-3. Thirdly, 
500-600 km to the ncrth-east of Addis Ababa is situated 
the seismically active zegion of the Gulf of Tadjura. 

Since its opening, the magnetic station at Addis Ababa 
has been equipped with three standard Ruska variographs 
(A, D and Z) operatinz at sensitivities of about 3 y/mm, 
with a time base of 20 mm/h. Prior to November 1962, 
the S, for D was 10 y/mm. 

In February 1965, two high-sensitivity rapid-run Selzer 
Fluxgate H and D meégnetometers (supplied through the 
courtesy of the Institus de Physique du Globe, Paris) were 
put into operation with galvanometer periods of 0-5 and 
4-0 sec, and with overall sensitivities ranging from 0-02 
to 0-002 y/mm adjusted according to the level of sferics. 
These flux-gate magnetometers are insensitive to seismic 
noise and long-period magnetic variations. 

In order to detect any magnetic effects related to local 
earthquakes, all the magnetograms since March 1959 
(date of opening of the AAE seismic station) were atten- 
tively examined for unusual magnetic disturbances prior 
to, simultaneous with, or following a local earthquake of 
magnitude M > 5-0 (Bichter intensity scale). Since the 
Ruska H and D variometers are of the pendulum type, 
they are sensitive to earth tremors and, under the violence 
of local shocks of the aforementioned magnitude, the 
photographic traces disappear for periods of time often 
as long as 9-10 min. It should be noted, therefore, that 
the magnetic disturbances discussed here and indicated 
as coinciding with Earth tremors may have taken place 
either suddenly, or gradually during this ‘black-out’ 
period. 
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Table 1 
Seismic data Magnetic data 
AH AD AZ 
No. |, Date M (y) Observations 
1 1958, May 25 55 0 — — 
2 1958, May 25 50 R R.: R 
8 1960, July 14 6:3 R 0 = . 
4 ~1960, Aug. 8 5-4 0 0 0 
5 1961, Mar. 11 5°9 -15 0 0 AH may be due to normal magnetio activity 
6 1961, May 29 5-0 -5 0 — AH =4y about 36 min ahead (?) 
7 1961, May 29 5'5 — 20 0 0 Small pip at 13 : 30 
8 1961, May 29 50 0 0 0 H-trace at night-level 
9 1961, May 29 5:0 ? ? ? Effect covered by previous shock 
10 1961, May 80 ? —1 0 0 
11 1961, June 2 6'4 —1ô 0 0 H-trace above night-level due to a magnetic bay 
n: 12 1961, June 2 6'2 —4 0 0 i 
13 1961, June 2 ? —12 0 0 
14 1961, June 2 58 0 0 0 
15 1961, June 2 5:5 0 0 0 Magnetic activity: k=5, C,=1°3 
16 1961, June 3 5'8 ? ? ? Too many shocks to detect any reliable AH 
17 1961, June 14 57 0 0 — AH =2-3y 42 min ahead (?) 
18 1962, Nov. 11 56 0 - - H-trace at mght-level 
19 1968, Oct. 5 5:3 0 0 - H-trace at night-level 
20 1964, July 3 5:0 0 0 - H-trace at night-level 





R, Record missing, —, Event not recorded on that component, 


Table 1 sums up the observations on Ruska magneto- 
grams for local earthquakes of M > 5:0 at the moment 
of the seismic registration. On these magnetograms, no 
abnormal magnetic disturbances have been detected 
either prior or subsequent to the Earth tremors. It must 
be emphasized that the AH, AD and AZ values indicated 
in Table 1 do not refer to the amplitude of the pendulums 
oscillations, but to a sudden permanent change in the 
intensity of the magnetic field. The station being situated 
at the magnetic equator, H œ F. 

From Table l, it appears that at the moment of a 
local earthquake: 

(1) No permanent change in declination (D) or in the 
intensity of the magnetic vertical component (Z) has yet 
been observed. 

(2) Magnetic disturbances prior to the seismic events 
listed as Nos. 6, 7 and 17 could only questionably be 
related to these events and are in no way outstanding. 

(3) Permanent changes in the intensity of the magnetic 
field (restoration of the field to its normal value) are 
observed at the time of the registration of local earth- 
quakes and are always negative. 


Fig. 1. Ruska standard magnetogram of May 29, 1961, showing the 

sudden decrease in the value of H at the moment of local earthquake 

No. 7 in Table 1. The tremors following that seismic event show no 
apparent change with intensity of the fteld 


(4) Neglecting a possible effect of focal depth for 
tremors of approximately equal epicentral distances and. 
magnitudes, the negative magnetic disturbances (AH) 
show a certain tendency to be enhanced during day-time, 
when the H (or F) trace 1s above night-time level (com- 
pare events Nos. 6 and 13 with Nos. 8, 17 and 20). There 
are, however, three apparent exceptions to this tendency. 

(a) Earthquake No. 11 happened at might (L.Mm.T. 02 : 29) 
but shows a AH = —16y. The occurrence of this earth- 
quake coincided with a magnetic bay when the H-trace 
was above the normal night-level. The decrease in inten- 
sity of the magnetic field by 16y may either be due to the 
earthquake or may simply mark the end of the magnotic 
bay. 

(b) Earthquakes Nos. 14 and 15 happened in the 
morning when the H-trace was well above night-level; 
the seismic magnitudes were respectively 5-8 and 5-5 and 
epicentral distances 215 and 175 km, but no magnetic 
disturbances were registered. Observations show, how- 
ever, that this absence of magnetic disturbances prevails 
during a swarm of tremors. Earthquakes Nos. 14 and 15 
were preceded by two shocks which released —4 and 
— 12y, respectively, within 56 mm. Many other similar 
examples could be given. In a swarm of quakes, when 
tremors follow one another at short intervals, the total 
piezo-magnetic energy is released during the first shocks, 
and if a new build-up of piezo-magnetic energy does occur 
in such a short period of time (a few minutes) its intensity 
is too weak to be recorded 200 km away. 

(5) The theoretical rate-of-change in the intensity of 
the Earth magnetic field during the hours or days pre- 
ceding a major seismic event cannot be expected to be 
observed at magnetic stations under the influence of the 
equatorial electrojet; it would be hidden in the unpre- 
dictable variability of the daily Sq variation. 

A question arises: Could the displacement of the 
H-trace on the Addis Ababa records, interpreted as a 
variation of the magnetic field at the moment of a local 
earthquake, be mistaken for seismically induced physical 
displacements of the working parts of the H-variometer ? 
Such a possibility is very doubtful because: 

(a) The variometers at the station are solidly cemented 
to therr pier and their base can in no way be moved. 
Had they been moved under the seismic shock the base- 
line traces also would have been displaced, since the 
mirrors for these are attached to the base of the instru- 
ments. 

(b) The mechanical effects would therefore be restricted 
to the pendulum, which is free to oscillate within the 
limits of its damping cup. One does not easily understand 
why, in a series of earthquakes of equivalent magnitudes 
and epicentral distances, a few shocks happening when 
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Fig. 2. Fiux-gate record of April 14, 1965, showing possible magnetic effects of earthquake No. 6 in Tabs 2 (the record has been retraced by hand 
owing to the faintness of the trace) 


the H-trace is above night-level would cause a physical 
disturbance on the H-pendulum when all the other shocks 
occurring at night-level hours did not produce any such 
physical disturbances (Table 1). 

(c) The instruments have been submitted to a mech- 
anical vibration test (because of the solidity of the pier, 
the seismic oscillations could not be exactly reproduced) 
and no permanent change in the position of the H-trace 
has been noticed. I think that seismic shocks as men- 
tioned in (b) are still the best test. j 

Moore’ reported an astonishingly sudden increase of 100y 
in the intensity of the total field (F) recorded on a flux- 
gate magnetometer at Kodiak, 66 min before the Alaska 
earthquake of March 27, 1964. Kodiak was 440 km away 
from the epicentre. Unfortunately, Moore’s comments 
are based on a single observation. 

Breiner’® mentions repeated events recorded just prior 
to local earthquakes, but although his records (op. cit. 
Fig. 2) show a positive disturbance 10 min before the 
seismic event studied, he refrains from commenting on 
this magnetic disturbance until more evidence becomes 
available. 

The flux-gate magnetic records from Addis Ababa have 
been examined in correlation with local earthquakes, 
some of which are listed in Table 2. I admit that the 
choice of seismic events in Table 2 is not ideal, owing to 
generally low magnitudes and to epicentral distances 
higher than 300 km, but this cannot be remedied until 
more and bigger local earthquakes are experienced at 
Addis Ababa. 


Table 2 
d 
No. Date iP (L M.T.) (km) M Magnetic observations 
1 1985, April 18 05:36:28 850 5-1 No magnetic disturbance 
2 + m 23:26:58 300 27 3 = 
3 1966, April 14 04:05 08 320 2°5 ys si 
4 jy sy 06:13:05 320 8'1 m he 
5 re 7 07 -13.08 350 87 Small + prpsat06:55 35 
and 07:17:10 
6 ‘3 B 10:58:11 350 4-3 See Fig. and comments 
below 


Of the six events listed in Table 2, only the last one 
(d = 350 km, M = 4:3) showed any magnetic disturb- 
ances (Fig. 2) which could be termed unusual, but these 
certainly would not be differentiated from normal mag- 
netic pulsations if it were not for the knowledge that a 
local earthquake had, in fact, occurred and that therefore 
seismo-magnetic effects might be expected. 

Fig. 2 shows a part of the flux-gate magnetic H-trace 
recording for July 14. Both the origin time and iP-phase 
recorded time are indicated. The very small pips on the 
magnetic trace are lightning effects, well recorded on the 
D-trace. Prior to ¿P (10:53:11), no unusual magnetic 


disturbance could be cetected. At 10: 56, a large isolated 
sinusoidal pulsation ‘x) occurred, but this ıs nothing 
unusual on the flux-gate records. Later, at 11:11 and 
ll: 14:5, two similar very sharp and quite unusual 
positive pulses (A and B) appeared at the end of 30-sec 
abrupt increases of tke magnetic field. Note that these 
disturbances do not appear on the D-trace. 

The last two negat-ve disturbances marked A and 
are presumed to be sesmo-magnetic, but further observa- 
tions are necessary before a cause-to-effect relation coul 
be affirmed. ` 

In conclusion, from the examination of the standard 
magnetograms at Adcis Ababa, up to now at least, it 
appears that: l 

(a) No disturbance în the local magnetic field has been 
observed either prior to or following a local seismic event 
originating in the Ethiopian Rift system. 

(5) Negative stepped decreases in the intensity of the 
total magnetic field (E œ~ F at Addis Ababa) have been 
observed coinciding in time with local Earth tremors. 
(Nagata and Kinoshita® would have expected a + AH.) 
The amplitude of the Jecrease AF seems proportional to 
the magnitude of the aarthquake (therefore to the stress 
accumulated), to its epicentral distance from the station, 
and most probably to the amplitude of the positive daily 
variation (S) of the magnetic field above the mean night 
level. Such a decreasein the intensity of F has also been 
observed by Breiner in Nevada?®, 

(c) The seismo-magretic effects produced no deviation 
in magnetic declination such as Miyakoshi!" has observed 
in Japan. 

Unexplained phenomena have also been noted on the 
high-sensitivity short-period flux-gate recording either 
before or following local seismic events. Their polarity 
seems to be positive while the permanent magnetic effects 
on standard magnetograms have been observed to be 
negative. However, the time of their appearanco in 
relation to either the origin time of the earthquake, its <P 
recorded time at the station or its epicentral distance, is 
so inconsistent that much more evidence is needed before 
any conclusion could ke drawn. 
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RELATIVE SIMILARITIES IN ONE DIMENSION 
By Pror. J. W. CARMICHAEL, Pror. R. S. JULIUS and Dr P. M. D. MARTIN 


Mold Herbarium and Culture Collection, and Departments of Computing Science and Bacteriology, University of Alberta, Edmonton 


ERCEPTION, in man, is the act of deriving some 

meaning or message from signals transmitted to the 
brain from the sense organs. It consists of detection, in 
a set of simultaneous or sequential signals, of sets of 
interrelations among the signals, which we may call 
‘patterns’. The human brain, then, must have some 
mechanism for detecting patterns in signals and also for 
comparing recently received patterns with previously 
received ones. We do not know what this mechanism 
is, but when a pattern is recognized as & familiar one, 
we call the process identification. When a pattern is 
recognized as novel, the process is classification, or concept 
formation, because in the recognition of novelty we have 
added a new pattern to our repertory. In other words, 
we have added a new concept to our view of reality, or 
we have enlarged our perceptual sorting system for 
deriving meaning from signal input, or we have added a 
new class to our classification of all things. 

This process begins at, or before, birth, and continues 
day by day and minute by minute. The result is a 
mapping, in the brain, of what we conceive of as reality. 
Reality for the individual can only be his map of what 
the world is like in relation to the signals he receives. 
‘Reality’ in the sense of ‘what the world is like in relation. 
to man collectively’ 1s the object of scientific investigation. 
We can say that whenever concepts about reality lead to 
reliable predictions, and hence useful responses, the 
concepts are valid ones. When they do not lead to 
reliable predictions or useful responses, the concepts are 
‘wrong’. Validity of concepts can only be judged on 
their utility, even though we may hope that the concepts 
of science form an undistorted mapping of the physical 
universe. 

Of course, this process of concept formation, or develop- 
ment of pattern sorting systems, soon becomes complex. 
Without receiving new signals, we can detect patterns of 
patterns when we have a large store of them in our 
repertory (and perhaps even conceive of patterns not 
implicit in our repertory). This process we might call 
abstract conceptualization. 

In the classification of bacteria, as in many problems 
in psychology, the attributes available for classification 
are largely non-visual. When the attributes in which 
we wish to perceive patterns are non-visual and not 
obviously convertible into visual form by any simple 
method. we are cut off from the superbly efficient, intuitive 
system which we have developed for sorting visual signal 
patterns. It is thus understandable that psychologists 
and bacteriologists have been leaders in attempts to 
develop numerical methods to substitute for visual 
ability in classifying. The attempts, so far, are somewhat 
unsatisfying, not only because they involve algorithms 
which may be different from our intuitive systems, but 
because they may yield different results. It therefore 
seems desirable to attempt to understand the intuitive 
mental procedures we follow to recognize and compare 
patterns, even though the mechanism by which we carry 
out the procedures remains unknown. 

One of the many problems is to determine the procedure 
by which we judge one-dimensional similarities (that is, 
similarities among pairs of states of a single attribute). 
The method by which we distinguish qualitative similarity 
is obviously related to discriminatory ability. Things 
which we can discriminate between are ‘different’; things 
which we cannot discriminate between are ‘one’ or ‘the 


same’. This has been the basis of most numerical 
taxonomy so far. Single attributes are considered only 
as having qualitative similarity (0, 1 or +, —). In some 
instances similarities among single attributes have been 
scaled by considering them as sums of qualitative simi- 
larities (+++, ++—, +—-—, ——-—). Methods for 
weighting the sums have also been used}. However, so 
far as we can determine, no one has proposed a satis- 
factory definition for what is meant by quantitative or 
fractional ‘similarity’ in a single dimension’. 

The key to solvmg this problem lay in the use of a 
model. We assumed (hopefully without distortion) that 
states of any single attribute (values in a single concep- 
tual dimension) were ordered and monotonically related 
to distance m a single Euclidian dimension. We then 
considered sunilarities among a number of lengths 
(distances in one dimension). Considering hypothetical, 
exact lengths, ıt became clear that quantitative similarity 
is not a function of discriminatory ability. The uncer- 
tainty in an estimate of similarity is related to discrim- 
ination, but the size of the estimate need not be. It was 
also obvious that quantitative similarity must be relative, 
since there 1s no similarity (other than 0 or 1) when one 
considers only two states in the absence of other states 
or a base line of some kind. 

If you ask a person: “How similar are lengths of 1 and 
2 units?” he may tell you they are 1/2 similar. This 
sounds as though similarity is simply the ratio of two 
lengths. Other people, given the same task, will say that 
the lengths have no similarity, or they will avoid answering 
in terms of similarity, indicating that they do not have 
any basis for judging this relationship. If you give a 
set of three lengths, A=1, B=2, and C=12 units, and 
ask how similar are A and B, most people will say that 
they are quite simular, and will volunteer that A and B 
are more similar than A and C and further that B and C 
are more similar than A and C. There is no doubt in 
most minds about the rank order of the three pairs. 

Similarity is obviously a ratio or proportion of some 
kind. But a proportion of what? We arrived at the 
answer to this question, appropriately enough, by 
gradually recognizing that we had backed past it some 
time before. As one of a number of attempts to code 
attributes in some way so that similarities could be 
weighted, we had tried the relation: 


L- |A- B 

SAB = e at) (1) 
where Sap is the similarity of states A and B, and L is 
the distance between the most dissimilar pair of states 
(C and D) in the set being considered. In our length 
model, the ‘state of A’ is the value of length A in the 
arbitrary scale units used. 

Equation (1) specifies that simularities are fractional, 
that they range between 0 and 1, and that they are valid 
only within a given range of states. If the set of lengths 
is enlarged so as to increase the distance between the most 
dissimilar pair, the original fractional similarities must be 
shifted towards 1. Although the fractional values 
change, the rank order of the similarities does not (that 
is, the shift is monotonic). Thus, speaking of relative 
similarity is redundant, since all similarities are relative 
to some explicit or implied range. However, we would 
like to retain the expression ‘relative similarities’ as a 
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term for a ‘set of similarities computed according to a 
single procedure for a specific set of things’, 

Going back to the similarity between lengths of 1 and 2, 
we see that those who said they were half similar assumed 
that the lengths were a sample from a set ranging from 
0 to 2, while those who said there was no similarity 
assumed that they were a sample of a set (or the whole 
set) ranging from 1 to 2. The inclusion of a third and 
longer length in the set increased the range and increased 
the similarity of lengths one unit apart. 

Verbalizing equation (1) we see that ‘similarity is the 
fraction of the considered range not included between 
two states’. We now accept this as the definition of 
similarity in one dimension, and suggest that if you 
substitute ‘things’ for ‘states’ in the foregoing definition, 
you have a good general definition for the intuitive concept 
of similarity in any number of dimensions. One reason 
that this concept has been so elusive is that the numerator 
is defined by stating what is not (the considered range 
not included). There was no word for this quantity and 
we propose that it be called ‘undifference’ (U). Undiffer- 
ence is the quantity which relates the distance that does 
exist between a pair of states to the distance that could 
exist between them. Or, stated another way, undifference 
is the distance that a pair of states is not apart. The 
intuitive idea that a pair of identical states drawn from 
a short set is not as undifferent as a pair of identical 
states drawn from a long set does not apply to hypo- 
thetical lengths, because we can distinguish an infinite 
number of such lengths in either a short or a long set. 
In the hypothetical case, the following relations hold: 
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L = U for this system 
L (2) 


and hence equation (1) can be rewritten as: 


Uap 
Sag = U 


Although the undifference is defined only to within an 
arbitrary, multiplicative constant (the scale used to 
define the states), the relative similarities are uniquely 
defined since the same scale is used for A, B, C and D. 
Undifference, as described here, was clearly anticipated 
by Reynolds’ in his recent article on comparative 
elaborateness. 

When. we wish to use a concept, such as length, to 


indicate something about the nature of a real thing, , 


uncertainty arises. We can stipulate, and hence know 
for certain, the state of a concept; but real things do 
not exist in our conceptual dimensions and states, they 
exist in reality (whatever that may be). Therefore, our 
only recourse ıs to stipulate tests or measures (physical 
sorting systems) which yield signals (measurements) 
which we will interpret as data (states) which we assume 
are applicable to our concept. A number of measurements, 
made by repeatedly applying the same measuring proce- 
dure, may be treated statistically to yield a mean value 
and a probability that the next measurement made by 
the same system would fall within a given distance of the 
mean. Unfortunately, statistics may not tell us whether 
our concept of what we are measuring fits what we 
actually are measuring, but this need not lead to error, 
so long as the deficiency is recognized. There are, then, 
two sources of uneertainty: (1) Lack of precision due to 
measuring error, (a) where imprecision is independent of 
the magnitude of the measurement over the range being 
measured, and (b) where imprecision is related to the 
magnitude over the range being measured. (2) Lack 
of precision due to inapplicability of the measuring 
system (non-unidimensionality in the quantity being 
measured, wide infra). 
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Let us assume first that the best estimate we can get 
for the state (value ir arbitrary units) we are trying to 
determine is the mear or average of the measurements. 
It would seem reasonable to determine relative similarities 
according to these m3ans. Thus, for equation (l) we 
could substitute: 


L-|A-B 
ss- b= 8 B 
where L= |Č — D| 
or perhaps L= Cmax — Dmin 


The multiplicative corstant for U is now restricted by 
the number of states that we can reliably discriminate 
between. We can ptt any interpretation we like on 
‘reliably’, but we suggest a confidence limit of, say, 99 per 
cent (where P < 0:01). If we wish to make our sets ot 
relative similarities comparable to one another, then the 
important criterion is to have comparable Ps in the 
different sets. By >eing conservative we can also 
minimize the likelihood of overweighting similarities 
where P is calculated, compared to similarities where P 
is Judged intuitively. The confidence limit of the mean 
of a number of measurements is related to the unit. 
standard deviation, s>9 that we could calculate the 
undifference at P = 0-31 for an identical pair of means 
A,A, on a scale of lengta L. However, this comparatively 
elegant method is computationally difficult and probably 
unwarranted for the us.ial number of measurements used 
to compute values for states. Also, we will usually have 
a number of sets of similarities where U is judged 
intuitively. When the measuring error is approximately 
constant over the given range of values (case la), we 
would prefer to assume that P will be sufficiently smal 
if we let Amax be the highest measurement for A, and 
Amin the lowest, 


and Ra = A max -= Amin 

snd Ba “44 Ae Fn in tE, (4) 
L 

and U =e Uaa œ% Upp 


When we estimate, or judge, the states of a non-numerical 
attribute, and distribute them among a number (n) of 
ordered classes that are intuitively equally reliable, then 
the undifference of the system, U, is given by the number 
of class intervals (n — 1), and this may be taken as the 
scale length, L, for use in computing similarity. Since n 
and U depend on the number of equally reliable (but not 
necessarily equally prcbable) states that an attribute 
can exhibit, we sugges; that they are measures of the 
relative information ccntent for classification. If we 
wished to sum sets of similarities to obtain an overall 
similarity, then the one dimensional similarities could be 
appropriately weighted according to: 


Wsupz = log, (U + 1) = logan (5) 


For measured states, where the measuring error 1s not 
constant, but is a funetion of the value of the mean 
(case 1b), one procedure would be to compute a separate 
U for each pair of states by assuming that the relation: 


U = (Uaa + Uspsp) (6) 


holds good. This would mean, in effect, that the similari- 
ties in one relative set wculd be based on different numbers 
of classes and would have different weights. To avoid 
this intuitively unsatisfying arrangement, and to simplify 
computation, it would seem better to transform the scale 
used, so that the error ir. scale units is independent of the 
mean of the state. We could then proceed as for case la. 
For estimated or judged states, we would intuitively 
compensate for value-d=pendent errors when we form 
equally reliable classes. 
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Fig. 1. A-G. Models of an attribute (y), in which the state varies over another dimension (z). a-g, Histograms derived by taking 15 measure- 
ments of y randomly distributed over æ 


‘When the spread of values, on repeated measurement, 
is larger than we would expect the measuring error to 
be, we would assume that non-unidimensionality of the 
attribute is the cause. Let us assume that the error in 
the measuring system can be estimated. We can then 
make a scale of a number of classes of equal confidence 
and small P. If repeated measurements fall into more 
than one class, lack of unidimensionality 1s present (case 2). 
To illustrate this pomt, consider the irregular bars in 
Figs. LA-G. If we assume that each of these bars has 
a height, in arbitrary classes on the y axis, and we 
repeatedly measure the height at random over the 2 
dimension (axis), we will get the histograms shown in 
Figs. la-g. The shapes of the bars define the histograms; 
but if we do not know how the y measurements are 
distributed over the x dimension (even whether they are 
random or not), the histograms do not uniquely define 
the shapes of the bars (for example, where y is spore- 
length and w is the reason(s) why different spores are 
not the same length). 

Following our previous rationale, the procedure in this 
case would be to compute similarities on the means for 
the y measurements, and the undifference as in equations 
(4). 

Another, more presumptuous, approach would be to 
assume that the distribution of frequencies in the histo- 
grams had some meaning which should affect the similari- 
ties as well as the weights. With this assumption we 
could compute a similarity based on the undifference of 
each measurement in each class of A compared with 
each measurement in each class of B. To compute this 
kind of similarity we would: let the state of A be an 
array of frequencies, A,, £a A, . Az... dAn; and the 
state of B be an array of frequencies, Ba B., Bead aD 

. Ba; and the sum of the frequencies of A be called Fa: 
and the sum of the frequencies of B be called Fg; and 
the range or scale-length, n—1, be called L. Then the 
similarity of A and B is given, when Fac Fg, by: 


© Ar BL Ft) (7) 
Sar = sial se 


g [Ë rade = lè — jI) + È BeBAL— i—i) 


1, j=l 
or rewriting the above equation in ie notation, 


COPA U’ 4B (8) 
(Uaa + U'BB) 
When Fa ~ Fp, we can correct by expanding to: 
O'sn: Fa: Fs (9) 
~ (Uaa FR? + U' pp Fa?) 


This equation maintains the general relation that similarity 
is the fraction of the range not included between the 
states, but both the ‘range’ and the ‘distance’ between 
the states are affected by the spread of the values about 
the means of the states. Secondly, this equation stipulates 
that frequencies-in-common, or close frequencies, are 
more important in contributing to similarity than more 
widely separated frequencies are important in detracting 
from similarity. The equation does not assume a normal 
distribution of frequencies, and the results with skewed 
distributions are intuitively satisfying. The high simi- 
larities yielded with very broad spreads or bimodal 
distributions (because of the second effect already noted) 
are somewhat disturbing intuitively. The generally 
higher similarities that result when we use frequencies, 
rather than means of single values, are reasonable enough, 
since the similarity is still zero when all values fall in the 
two most distant classes. 

Not only does increasing spread result in inereasing 
similarity, but the spread of the states results in an 
effective compression of the range and this should be 
recognized in computing the weighting of the similarity. 
This is easily accomplished by modifying equation. (5) so 
that: 

W = log, n. aa + om zer) = 
max 


where U’ max = Paks 
which, if Fa = FB simplifies to: 
U' max = FL 


When we know the way in which the y measurements 
are distributed over the x dimension, we would probably 
not want to use either of the foregoing methods. For 
example, if y represents growth rate and % represents 
different known temperatures, one could compute a 
similarity for the growth rate at each temperature used. 
How many temperatures (values of x) should we use to 
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compute an overall similarity for growth rate (state of y) ? 
Obviously the range of temperatures is limited by the 
lowest and highest temperatures at which any of the 
strains will grow (that is, the only useful values of x are 
those for which not all the y values are identical). 
The number of temperature values, within this range, 
which would contribute new information about the 
distribution of y over #, is limited by the minimum 
temperature difference which would produce growth rates 
between which we could reliably discriminate. Thus, we 
have a finite number of test classes, as well as attribute 
classes, and the number in each case is based on equally 
reliable discrimination within the range found. If we 
compute a set of similarities for an attribute, in each of 
a number of test classes, in each of a number of test 
dimensions, then we would need a weighted mean 
similarity for the attribute under all test conditions in 
order to compare it with, or add it to, similarities for 
other attributes. The relative weight of such mean 
similarities for single attributes should be the log of n 
for the whole attribute-test system, rather than the sum 
of the log n’s in each test class of each test dimension 
(compare equation (5)). : 

We have promulgated. a principle for determining 
similarities in one dimension and devised some methods 
for applying it to attributes to yield sets of relative 
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similarities and weights. An obvious way to produce, 
from these, sets of overall similarities (Saxn’s) is to let: 


n 
i ÈZ 
as =1" 1 Sae. Wap, (11) 
P 
Z W ap, 
t=l 


The weights of the overall similarities should be the sums 
rather than the averazes of the weights for the individual 
similarities. 

The matrix of weighted, overall similarities then needs 
to be transformed into a useful classification. One 
promising approach appears to be through multidimen- 
sional scaling*-*. This approach might even be able to 
compensate for the dəfect that the supposed one-dimen- 
sional similarities contain varying redundancy when 
summed. 

‘Sokal, R. R., and Sneath, P. H. A., Principles of Numerical Taxonomy 
(Freeman and Co., San Francisco, 1963). 


* Handbook of Mathematical Psychology, edit. by Luce, R. D., Bush, R. R., 
and Galanter, E.,1 (Wiley, J., New York, 1963). 

‘Shepard, R. N., Psychometrika, 27, 125 (1962). 

‘Shepard, R. N., Psychomeirzka, 22, 219 (1962). 

8 Kruskal, J. B., Psychometrixza, 29, 1 (1964). 

* Kruskal, J. B., Psychometriza, 29, 115 (1964). 

7 Reynolds, K. A., Nature, 206, 166 (1965). 


A.C. RESISTIVITY OF ANODIC OXIDE FILMS ON VALVE METALS 
By Dr. G. C. WOOD and C. PEARSON’ 


Corrosion Science Division, Department of Chemical Engineering, Faculty of Technology, University of Manchester, 


HE frequency dispersions of a.c. resistivity of anodic 

oxide films on niobium, tantalum, aluminium, zir- 
conium, titanium and tungsten have been measured and 
also the resistivity profiles through films on niobium by 
an extension of the technique of Heine and Pryor'. 

Specimens in the form of sheet or as the ends of wires 
were generally chemically polished, followed by a 10-sec 
etch in 40 per cent HF in the case of tantalum and 
niobium. Aluminium, however, was simply etched in 
0-5 N NaOH solution for 15 min at 20°C followed by a 
l-sec dip in 50 per cent HNO, at 90°C, and zirconium 
was finished on lu diamond suspension. The specimens 
were anodized, generally in 3 per cent w/v ammonium 
tartrate solution (pH adjusted to 7), at 10 m.amp/cm* 
to an appropriate cell voltage followed by current decay, 
or occasionally to a given overpotential. The frequency 
dispersions of impedance of as-formed films or of films 
thinned in 1 per cent HF were measured, generally in 
tartrate solution, using a General Radio capacitance 
measuring assembly type 1610-B with a 50-mV p-p 
signal. This permitted the calculation of resistivities, on 
the assumption of the validity of a simple electrical 
analogue for the film of a resistor in parallel with a 
capacitor at any one frequency. Such results are plotted 
as bold curves in the diagrams; dotted curves, where 
included, indicate the effect of correcting for double-layer 
resistance by the simple method of Heine and Pryori. 
Thinning was judged to be macroscopically and mucro- 
scopically uniform from interference colours and trans- 
mission electron microscopy respectively. As-prepared 
films seemed flaw-free and the flaw density was so low in 
thinned films that there appeared to be negligible effect 
on the impedance. The film capacitance was a sound 
measure of film thickness when compared with inter- 
ference-colour determinations. 

Fig. 1 shows the frequency dispersions of average a.c. 
resistivity for films 230, 1150 and 2300 A thick formed 
on zone-refined niobium (purity_ better than 99-99 per 
cent except for about 100 p.p.m. tantalum) at 10 m.amp/ 


cm?*, followed by appropriate current decay to a residual 
current of less than 2C pamp/em?. Clearly the thicker the 
film the higher the average resistivity. This could suggest 
either that the films become more perfect the thicker they: 
grow, or that the resistivity of the film region adjacent to 
the metal is lower than elsewhere. Evidence presented 
here favours the latter interpretation. The observation 
seems to be a general ane for valve metals, because ıt holds 
at all frequencies for tantalum and niobium in aqueous 
and non-aqueous solutions and for aluminium in non- 
aqueous solution. Is is also true for aluminium and 
zirconium in aqueous solution at 10 ke/s and above. The: 
curves converge at and below 1. ke/s for aluminium in 
aqueous solution, probably because of effects dueto grossim- 
purity substitutionof QH-ions!4, and for zirconium possibly 
for similar reasons. The phenomenon could not be checked 
for tungsten because the films thinned or showed strange’ 
behaviour during and immediately after formation’ in 
many electrolytes, or for titanruam because a sufficient 
range of film thicknesses could not be obtained. For 
niobium, and particularly for tantalum, the results were 
relatively Independent of metal purity (99-8 per cent to 
zone-refined), anodizing electrolyte and whether the main 
anodizing current density of 10 m.amp/cm? was terminated 
abruptly or by currenz decay. 

Figs.:2a and b give the average resistivities at 1 ke/s and 
100 ke/s respectively, measured after various stages of 
thinning by 1 per cens HF, for a 2300 A film formed on. 
zone-refined niobium. Each point plotted represents the 
average value for the ilm of that thickness remaiming on 
the specimen, not the resistivity of a small element of 
oxide in that location!. Results for 230 A films thinned in 
I per cent HF and m M.Na,CrO, solution with pH 
adjusted to 11-2 with NaOH solution (representing :a 
much slower thinning rate) were quite similar. The various 
results indicate low-resistivity oxide adjacent to the metal 
at both frequencies, confirming the trends reported here. 
According to the Heins—Pryor theory", this represents an- 
n-type semi-conducting region containing oxygen ion 
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Fig. 1. Frequency dispersions of average resistivity for anodic oxide 
films on niobium. ©, 230 A; A, 1150 A; D, 2300 A 


vacancies or possibly excess metal ions. The associated 
partly trapped electrons required for electrical neutrality 
produce principally electronic relaxation effects observable 
at both frequencies. Presumably this represents a steady- 
state situation because it is held? that about 70 per cent of 
Frenkel defects present during formation rapidly dis- 
appear on stopping the current. When the results at 
100 ke/s, corrected for double-layer resistance, are plotted 
as equivalent parallel resistances, Rp (obtained by multi- 
plying the resistivity by the thickness at each thickness), 
@ smooth non-linear curve is obtained. If Rp is plotted 
against the square of the thickness, a straight line passing 
through the origin 1s obtained, indicating that the number 
of these n-type defects varies with the inverse distance 
from the metal/oxide interface for the entire film, accord- 
ing to the theory of Heine and Sperry*. This contrasts 
with films on aluminium where the metal-deficient region 
extends only 60-80 Å into the film for 240A films?‘. 
These preliminary results require confirmation, but the 
difference might be due to the greater solubility of oxygen 
in niobium. ‘The undulations in the outer regions -at 
1 ke/s may be genuine because they are semi-quantitatively 
reproducible, but further work is required to explain them. 
The initial drop was originally thought to be due to 
opening of flaws by the HF, but simple calculations of the 
contribution of conduction down the few flaws to the 
overall impedance do not support this argument. The 
average resistivities at both frequencies for films thinned 
to 1150 A and 230 A respectively agree within experimental 
error with the corresponding values for films formed only 
to these thicknesses. If films on all the valve metals could 
be thinned uniformly (which is doubtful), it is probable 
that resistivity -profiles of the general form shown would 
always be found. Similar, but not identical, curves 
have been obtained for aluminium in non-aqueous solu- 
tions?, which should prove more amenable to quantitative 
interpretation than the more complex ones obtaimed on 
partially hydrated films formed in aqueous solutions?'*. 
Fig. 3 presents a comparison of the frequency disper- 
sions of average a.c. resistivity of 230 A films formed on 
the various metals. Table 1 lists important constants for 
the metal oxides obtained from many sources. The values 
of dielectric constants used to calculate the appropriate 
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Table 1. IMPORTANT CONSTANTS FOR ANODIC OXIDE FILMS ON METALS 


VoL. 208 


Melting 
Metal point of o Factor — . 
and Dielectric bulk (metalionradius) Refractive A/V 
oxide constant ae (oxygen ion radius) index ratio 
Aluminium 8-10 5 2,050 0-38-0-39 1:52-1:67 10-14 
(Al,03 (8) (12) 
Zircomum 2-24-7 2,700 0 60 2-13—2-2 21-256 
(ZrQg) (22) (25) 
Tantalum 276 1,870 0 52-0-56 2 12-2 3 17-5 
(Ta,O5) 
Niobium 414 1,520 0 52-0 54 222-246 23 
(Nb:0,) 
Tungen 41-7 1,473 0:47 22 18 
Titamum 12-114 depend- 1,640 0 52 2-5-29 20-50 
(T104?) ing on form of (20) 


T10, (107) 


resistivities and the A/V ratios used to estimate film 
thicknesses are given in brackets where a range of values 
is quoted. Clearly, the lower the dielectric constant of the 
film the higher its a.c. resistivity. In order to obtain the 
curves presented it was necessary to know the dielectric 
constants of the films and their A/V ratios. The only case 
of uncertainty is titanium, where both parameters are not 
well defined and a variety of curve positions can be 
obtained. The curve for tungsten (not included) lies near 
that of niobium (similar dielectric constant) but rather 
below it because the film tends to dissolve. Now, Young® 
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Fig. 3. Comparison, of frequency dispersions of average resistivity for 
230 A films formed on various metals. @, Al; V, Zr; O, Ta; D, Nb; 


has suggested that the higher the dielectric constant of the 
film, the lower its ionic resistivity. Although the a.c. 
resistivity measured with a low applied alternating voltage 
is complex, probably receiving contributions from several 
conducting processes, and is not necessarily directly 
related to the ease of ion movement under forming con- 
ditions at high direct voltages, the same trend seems to 
hold. 
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High a.c. resistivity (low dielectric constant) appears 
related to high oxide melting point (refractoriness), with 
titanium and zirconium as exceptions. The melting points 
quoted are, of course, for bulk oxides and do not neces- 
sarily apply to thin anodic films which are generally 
neither pure nor fully crystalline. The curve for the anodic 
film on zirconium may be out of position on the melting 
point criterion due to zhe film’s greater tendency towards 
crystallinity. In any case, the thin-film, glass-forming 
characteristics (apparently favoured by a small ratio of 
metal ion radius to oxygen ion radius (p factor) but not 
well understood®) may be important and modify any 
criterion related to bulk melting point alone. Thus, 
Al,O; would be expectad to be a better glass-former than 
ZrO, on the basis of p factor, although it does not vitrify 
readily in the bulk stats, and this may partly explain their 
relative resistivities. Apparently Ta,0, and Nb,O; 
should have good glass-forming characteristics but may 
be restrained from acting in this way by high ọpọ factors’. 
The low resistivity of iO, is said to be more likely due to 
poor glass-forming cLaracteristics than to impurities§. 
However, anodic films on zirconium and titanium are 
notoriously leaky compared with those on other metals, 
which may account for their behaviour. There appears to 
be little direct trend of 3.c. resistivity with either refractive 
index or A/V ratio, which is not surprising. , 

Very recent consideration of the foregoing results, in 
the light of apparently more precise film and double-layer 
equivalent circuits, methods of determining point re- 


` gistivities through the film and of applying the double- 


layer Impedance correstion, indicates that there may be 
a need to modify the absolute values of resistivity given 
here. Because of their complexity, these ideas will have 
to be elaborated in detail elsewhere®. Most of the fore- 
going trends still hold, but the theory based on the simple 
model may require some modification in due course. 

We thank Prof. T. K. Ross for providing facilities and 
the Science Research Council for a maintenance grant to 
one of us (C. P.). 


? Heine, M. A., and Pryor, M. J., J. Electrochem. Soc., 110, 1205 (1963). 
? Young, L , J. Electrochem. Soc., 111, 1289 (1964). 

* Heine, M. A., and Sperry, P. R., J. Electrochem. Soc., 112, 359 (1965). 

t Wood, G. 0., and Brock, A. L (to be published), 


2 oars a Anodic Oxide Fians (Academic Press, London and New York, 
1961). 
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COLOUR OF ‘PURE’ WATER* 


By Dr. JOHN E. TYLER 


Visibility Laboratory, Scripps Institution of Oceanography, University of California, La Jolla 


N a previous article! a method was described for obtain- 

ing @ fundamental specification of the colour of ocean 

or lake water, independent of the spectral variation of 

the natural lighting and independent of the spectral 
sensitivity of the photodetector. 

The method consists essentially of three steps: first, the 
choice of suitable geometry for measuring the input flux 
to the body of water and the output flux from the water 
to the instrument; second, the measurement of a funda- 
mental spectrophotometric property of the water body 
(which has been called the output/input ratio); and, third, 
the computation from these data of the trichromatic 
coefficients of the water colour. This method has recently 
been used to determine the colour of the exceptionally 
clean water of Crater Lake. 


* The results used in this article were obtaimed during the course of research 
on optical methods for n setu detection and estimation of chlorophyll and 
other pigments in the ocean, a research programme which 1s supported by the 
U.S. National Science Foundation, Earth Sciences Division. 


Crater Lake 1s the principal feature of Crater Lake 
National Park, a U.S. National Park in South-western 
Oregon. The lake is 20 miles in circumference, about 
2,000 ft. deep, with its suriace at an altitude of about 
6,000 ft. It has no inlet other than rain or melting snow. 
The surrounding crater wall is sparsely vegetated and 
sparsely populated by wild animals, so that contamination 
from these sources has been small. One of the outstanding 
characteristics of the laxe is its unusual blue colour, which 
is, of course, a consequence of its Jack of contamina- 
tion. 

In 1940 the lake was examined for phytoplankton and 
particulate matter by Utterback and Phifer?. They found 
that, “In the upper 30 metres of the lake, there was 
practically no phytoplankton ...’’. They also noted that 
the water contained small particles of volcanic glass, 
but they did not uncertake to determine the vertical 
distribution of these latter particles. 


550 


In this work, the colour of Crater Lake was measured 
with the same instrument used to obtain the data of the 
previous publication’. The instrument was mounted 
underneath a small raft with the irradiance plate for 
measuring the input flux to the water just above the water 
surface, and the axis of the underwater collection system 
oriented horizontally. Generally clear, sunny weather 
prevailed during the measurements. 

The average output/input ratio data for Crater Lake, 
shown in Fig. 1, were obtained from a location off an 
island near the west side of the lake. The instrument was 
oriented to point in a north-westerly direction in order to 
avoid the forward scattered flux from the Sun’s direct 
rays. F 

Although it is valid to specify the colour of the water 
for any chosen direction, it is more difficult to obtain a 
satisfactory measurement in the Sun’s direction because 
the forward scattered component of the sunlight rapidly 
changes in magnitude as the Sun changes its position 
relative to the instrument’s direction of observation. With 
the Sun behind the instrument, repeated measurements 
taken an hour or more apart showed no significant changes 
in the output/input ratio due to the changes in the Sun’s 
position. 


10-4 


Output/input ratio 


10-4 
400 500 600 700 
Wave-length (nm) 


Fig. 1. Average output/input daia, aa Crater Lake (August 23, 25, 


The data of Fig. 1 have been used, together with the 
relative spectral distribution of the energy in sunlight 
above the Earth’s atmosphere, to calculate the tri- 
stimulus values of the colour of Crater Lake water. This 
colour has been plotted in the C.I.E. co-ordinate system 
in Fig. 2, and from the plot the following colorimetric 
specification has been obtained: 


Dominant wave-length: 483 mu 
Photometric brightness: 91-7 per cent 
Purity: 56-0 per cent 


One of the interesting features of this method for 
determining the colour of the ocean or a lake is the 
ability to make accurate comparisons of the colour of 
remotely separated water bodies. The cleanliness of 
Crater Lake can be immediately deduced from Fig. 2, and 
the extent of the chlorophyll contamination in the other 
waters illustrated can be comparatively judged. If data 
were available, it should also be possible to distinguish 
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Fig 2. C.I.E. plot to show colour of Crater Lake water relative to 

sunlight outside the Earth's atmosphere as a reference standard. The 
other points represent water containing chlorophyll (see ref. 1) 


red algae from green, since these colours would occupy 
characteristic regions of the diagram. 

One objective of this work was to obtain output/input 
data on the purest water that could be found. Such data 
could then serve as a standard, against which to estimate 
the contamination of other waters. There are, no doubt, 
many bodies of clean water which will compete for the 
‘honour of being the purest’, and further measurements 
will have to be made if the ultimate standard of purity is 
to be found. 

It is possible, however, to make one interesting com- 
parison. In 1930, Beebe? published a paper in which he 
described the spectra of the spacelight observed in a 
horizontal direction under water. Beebe’s observations 
were visual, and consequently must be interpreted with 
care, since, for the greater depths at which he worked, his 
vision was scotopic and the spectral sensitivity of his eye 
would have been shifted considerably. On the other hand, 
at a depth of 800 ft., the selective absorption of light by 
water must have converted ordinary daylight into nearly 
monochromatic light. If we assume that this was the case, 
then we can deduce from Beebe’s observations that the 
minimum value of the attenuation coefficient for Bermuda 
water occurred at 520 mu. . 

From Fig. 1, the minimum value of the attenuation 
coefficient for Crater Lake is at about 450 mu. It follows, 
therefore, that Crater Lake water in 1964 was bluer and 
cleaner than was the water off Nonsuch Island in 1930. 

For the detection and estimation of specific pigments 
such as chlorophyll, ıt 1s of course more useful to work 
directly from the output/input data rather than from the 
colour of the water. References to papers on this subject 
are given in refs. 4 and 5. 

I thank the staff of Crater Lake National Park, especially 
R. A. Nelson, superintendent, Donald Robinson, assistant 
superintendent and R. M. Brown, chief park naturalist, 
for their help. 


1 Tyler, J. E., Nature, 202, 1262 (1964). 

2 Utterback, C. L., and Phifer, L. D , Ecology, 28, 97 (1942). 

® Beebe, W., Bull. N.Y. Zool. Soc., 38, No. 6, 201-232 (see 226, 227) (1980). 
4T¥ler, J. E., Proc. U.S. Nat. Acad. Sci , 51, 671 (1964). 

8 Tyler, J. E., J. Optic. Soc. Amer , 55, 800 (1965). 
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RELATIONSHIP BETWEEN THE ELECTROMYOGRAM AND THE FORCE 
OF THE ISOMETRIC REFLEX RESPONSE OF NORMAL HUMAN SUBJECTS 


By ALEX M. CLARKE* 


Department of Psychology, Australian National University, Canberra 


ARLY research by physiologists revealed a correla- 
tion of electrical (motor unit) activity with muscular 
contraction in spinal and decerebrate animals as well as 
involuntary contractions in man}. Since then many reports 
have appeared in the literature to show that surface 
electromyograms (EMG) bear a linear relationship to the 
magnitude of voluntary muscular tension under conditions 
of isometric contraction®?-*+.. However, no observations 
appear to have been reported of a relationship between 
the magnitude of the isometric response in a myotatic 
stretch reflex and EMG in man. 

In the experiments described here, the knee-jerk was 
selected for examination for the following reasons: (a) the 
neural linkage for the a-route at the lumbar region of 
the spinal cord is monosynaptic, thus providing a reason- 
ably simple pathway’; (b) the response is remarkably 
restricted in scope at low levels of excitation®: the reaction 
is confined to the quadriceps femoris, while synergist and 
antagonist muscles usually are inhibited or unaffected; 
(c) the subject can sit and relax in a chair specially 
designed to hold him in a comfortable, standard, symmet- 
rical position since body and limb positions are known to 
affect reflexes®:*, There is adequate evidence to establish 
the functional dependence of the myotatic stretch reflex 
on the excitation of the primary (annulo-spiral or nuclear 
bag) ending of the muscle spindle which is exclusively 
innervated in mammals by small-diameter motor nerve 
fibres (y-efferents)§ 1°11, In this way feed-back is pro- 
vided which, although being too slow to monitor reflex 
movements, has a strong indirect influence on the spindles, 
biasing them for different tensions of extrafusal muscle 
and rates of movement}*1°. The y-efferent system itself 
is regulated from a number of central nervous system 
structures, notably the mesencephalic, diencephalic and 
bulbar regions of the reticular formation™. In addition, 
y-discharge has been found to relate closely with change 
in level of cortical activity so that spindle sensitivity, 
generally speaking, is controlled centrally by the degree 
of alertness or activation of the subject»16 

Therefore, in an attempt to reduce cerebral activity in 
the expectation of making y-discharge at least more 
consistent than it is in norma! circumstances, the three 
young normal male adults who were used in the experi- 
. ments were trained to apply Jacobson’s method of mental 
and physical relaxation!’. Atleast six daily sessions of 1 h 
each were required to train the subject individually to 
reach the criteria of displaying: (a) quiescent EMGs, 
indicating supported and relaxed muscles before and 
after the mechanical tap to the ligamentum patellae!8 ; 
(6) discrete, highly synchronous muscle action potentials 
ın response to the stimulus?®, 

Figs. 1 and 2 show comparisons between the records 

obtained by trained and untrained subjects. 

- Testing was conducted in a sound-proofed, electrically 
shielded and thermally insulated room in order to control 
auditory and visual stimuli, room temperature and 
relative humidity, and to suppress 50 c/s” electrical 
interference for EMG purposes®®. Silver disk surface 
electrodes, 11 mm diameter, with a shallow central 
depression were applied in standard positions 3 in. apart 
over the belly of the muscles, rectus femoris and biceps 
femoris. EMG signals were amplified through push-pull 
circuitry and fed to a Both pen recorder. Force records 
were obtained by amplification of signals from silicon 
strain gauges mounted on the pendulum-hammer and on 
the ankle cuff linkage. 


t Commonwealth postgraduate research seholar. 


Peak forces between 1:5 kg and 3-5 kg were applied 
to the hgamentum pazellae by varying the height from 
which the hammer was dropped in some sessions and, on 
other occasions, the hammer was dropped from a standard 
height for a series of trials. Under the latter conditions, 
it was found that subjects could maintain consistent muscle 
tonus over short periods involving about ten taps as 
indicated by uniform force records. 

However, irrespective of whether there were variations 
in the force applied ta the ligament (implying variations 
in the extension of the muscle), slight changes in muscle- 
resting tension, or consistent muscle tone, between trials 
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Fig. 1. Simultaneous elestromyograms and force records showing 
electrical quiescence in the muscles of a trained and relaxed subject 
(G B). The discrete, diphasic potential in the EMG (rectus femoris) is 
the result of the tap on ligamentum patellae and indicates a high degree 
of synchrony 1n the dischacge of muscle action potential. Negligible 
activity in biceps femoris 
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Fig. 2. Simultaneous elestromyograms and force records showing 

random electrical activity n the museles of an untralned and tense 

subject (A. M.). Hump in the force record of the isometric contraction 

cates that a elonus condition has occurred. The ‘interference 
pattern’ An is evident in biceps femoris 
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Table 1 
Isometric Electromyo- Confidence 
response gram electrical Product lmits of 99% 
Sub- Ses- N impulse impulse moment forrpop (Z 
ject sion (g sec) {EV sec) corre- transformation 
x S £ 8 lation* of R. A. Fisher) 
A.M. 1 15 2811 63:9 283 0°27 +0978 0:995to0 914 
2 21 196-3 32:1 417 065 +0918 0975 0753] 
3 21 315-1 90:6 325 0:98 +0933 0979 0782 
4 18 268°8 108:9 3:07 1:29 +0943 0984 0790 
5 33 276°7 1051 2:10 1:37 +0979 0-992 0-949 
6 25 2693 1152 319 O81 +0890 0-962 0-702 
7 25 255:9 899 1-84 095 +0960 0986 0-885 
8 14 394°6 1131 2:02 0938 +0977 0995 0-885 
G.B. 1 19 137-5 313 3876 082 +0918 0977 0736 
2 16 2449 391 6599 1:18 +0967 0993 0879 
3 21 156:9 197 2:12 0-57 +0923 0979 0-759 
4 24 1286 429 176 095 +0934 0-978 0-811 
5 16 243:6 238 409 078 +0812 0952 0400 
6 16 3001 468 388 1:10 +0946 0-986 0789 
7 26 1686 306 1:89 059 +0897 0960 0-726 
8 37 371:3 698 265 093 +0935 0975 0861 
9 85 3243 691 1:94 075 +0°875 0-949 0726 
10 82 803:1 68667 133 O61 +0882 0952 0-716 
W.R 1 19 103:8 358 228 0:60 +0909 0974 0-707 
2 12 1113 330 228 060 +0923 0'985 0628 
3 17 2279 454 158 061I +0969 0-992 0-885 
4 26 172:4 689 355 0-57 +0904 0968 0-757 
5 25 1764 786 507 O87 +0841 0945 0758 
6 14 148:9 393 2°45 0-26 +0897 0977 0592 
7 27 794 646 2:94 061 +0975 0991 0982 


* All correlations are significantly different from zero (P < 0-001). 


in any one session, a high positive relationship was found 
between the impulse (the integral of force over time) of 
the isometric contraction, measured at the ankle, and the 
EMG impulse of the quadriceps muscle. 

Table 1 provides data relevant to the product-moment 
correlations obtained between these two variables for the 
three subjects. 

The explanation for this near linear relationship 
probably lies in the consistency of y-mnervation of the 
spindles under the experimental conditions imposed 
for these subjects and in the fact that there was no compli- 
cating activity from the flexor muscles. The y-discharge 
causes the contraction of the intrafusal fibres and leads 
to a decreased threshold of the muscle spindle to stretch”. 
It is thought that in many instances, a reflex is augmented 
by an increase in y-efferent activity??. Thus, fluctuations 
in the sensitivity of the spindles to stretch by variable 
activity of the y-motoneurones in biasing the intrafusal 
muscle fibres would result in a greater or lesser number 
of spindle receptors firing when stimulated by the tendon 
tap at any given time. Assuming that the motor end-plates 
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of the extrafusal fibres fire proportionally to the number 
of spindles activated, then one may take the discrete, 
highly synchronous potential impulse of the EMG as 
the best, indirect indicator of the magnitude of y-biasing 
of the spindles of the quadriceps muscle (rectus femoris). 
In view of the small standard deviations obtained in this 
variable, one might conclude that fluctuations in small 
fibre control of the stretch reflex response were mini- 
mal. 

Some preliminary work on the correlation between the 
maximum, force of the isometric contraction and the 
impulse has yielded correlations of the order of + 0:992 
which probably indicate that the reflex response is ballistic. 
In this event, the y-innervation would be too slow to have 
any direct effect during the response; presumably the 
force-time relations of the muscle contraction under 
isometric conditions are programmed beforehand by at 
least such factors as the degree of sensitization of the 
spindles and the initial resting tension of the muscle. 
Triggering occurs when the mechanical tap imparts a 
sudden. brief stretch to the muscle. 

Consequently, provided that there is no modification of 
the knee-jerk response by involvement of flexor muscles 
and if fluctuations in y-control over spindle sensitivity 
are minimal, a high positive relationship would be expected 
between the EMG and the isometric contraction of the 
extensor muscles. 

I thank Dr. J. R. Trotter for his advice. 
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PURINE RICH REGULATORY SEQUENCES IN MESSENGER 
RIBONUCLEIC ACID 


By Pror. ROY H. DOI 


Biological Research Laboratories, Department of Bacteriology and Botany, Syracuse University, 
Syracuse, New York 


A elegant proposal for the existence of a messenger 
RNA by Jacob and Monod! has been supported by 
evidence obtained from phage-infected cells?-', step-down 
transition cells*-!° and log phase bacterial cells?19 11. The 
results from these systems indicated that a polynbo- 
nucleotide fraction had most of the properties postulated 
for a messenger RNA (m-RNA), that is, a short half- 
life*.1?, a DNA-like base composition®!°, a heterogeneous 
size}: 14, an affinity to ribosomes?5.16 ‘and a sequence 
complementarity to DNA+6. However, there is still a 
paucity of results regarding the actual template function 
for protein synthesis of the in vivo m-RNA fraction. The 


* Present address: Department of Biochemistry and Biophysics, Uni- 
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most definitive results have been obtained by using 
synthetic polyribonucleotides!?)4* or phage RNA?*2° as 
messages. Synthetic polymers have been used for in- 
corporation of specific amino-acids into polypeptides. The 
product made in the presence of phage RNA has poly- 
peptides ordinarily found in the phage coat protein. In 
binding experiments, polynucleotides*+-?* and trinucleo- 
tides*4 attached to ribosomes have directed the binding of 
specific aminoacyl-transfer RNAs. These various studies 
have led to the present dogma that transfer of information 
from DNA to protein occurs through an m-RNA. 

In this rapid advance in our knowledge of protein 
synthesis, it was felt that a critical analysis of the data 
available would produce some useful information on the 
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Table 1. BASE RATIOS OF MESSENGER RNAS Table 2. BASC COMPOSITION OF VIRAL RNA 
m-RNA Moles per cent 
Organism %GC C A U G %AG A/U GIC Ref Tobacco mosaic 185 298 26-3 25:4 652 113 137 52 
B. subtilas 43 204 286 283 225 611 101 1-10 9 Cucumber 18-2 257 806 254 511 084 1:40 52 
B. subtilis 43 205 310 263 222 532 118 108 Tomato bushy stunt 20-4 276 245 276 552 1:18 135 52 
B subtils 43 212 302 281 205 507 107 097 43 Turnip yellow mosaic 880 22-6 222 17-2 398 102 045 62 
P. vulgans 37 198 30-1 292 209 61:0 1:03 106 44 Southern bean mosaic 230 25-8 25-3 258 51:6 1:02 112 652 
P. vulgaris 37 227 267 230 27-6 543 1:16 1:22 44 Potato X 2298 345 214 21-4 559 161 094 52 
E. cola 50 197 266 289 284 500 0-82 4119 465 Tobacco ringspot 232 23:9 282 247 486 085 1:06 52 
E colt 50 230 264 266 240 60-4 099 104 45 Tomato bushy stunt 208 257 25-7 27-9 6386 100 1:34 52 
E. colt 50 235 259 25:4 252 61-1 1:02 1-07 45 Tomato bushy stunt 20-5 25-7 255 282 5389 101 138 52 
E. colt 50 23-6 251 288 2665 616 1-05 1°12 45 Tomato bushy stunt 204 259 256 281 540 101 1:38 52 
E. cola 50 94-9 25-1 28-8 262 518 42105 105 45 Aucuba mosaic 185 297 264 254 551 112 41:37 52 
E. colt 50 261 234 202 303 537 116 1316 45 Rıb grass 180 293 270 258 651 108 41:43 52 
E. coli 50 273 221 202 304 525 109 111 45 BO g f 20 28 0 y 9 i He on i oi 53 
P. aeruginosa 66 259 224 284 283 507 096 109 6 0 umour À $ : T  O i 
P. aeruginosa 66 270 215 218 297 512 099 110 6 MS2 phage 228 252 249 271 623 101 1:19 54 
P aerugmosa 66 30-3 209 190 298 507 1:10 098 6 J2 phage 26:9 22-2 251 260 48:2 0-88 097 
> a : ‘ f : i R 17 phage 249 2831 257 263 494 090 1:06 56 
S. ceremsiae 36 21-7 286 287 212 498 1-00 0-98 7 : . : . 
MS2 phage 25-5 233 248 264 49-7 094 1:04 48 
S. pombe — 206 33:8 236 220 558 143 107 8 Pollomyelitis 195 30-4 24-7 254 558 123 1-30 652 
S. pombe — 178 350 238 234 584 1:47 131 46 Influenza A PRB 240 231 328 20-1 482 070 0-84 52 
A. punctulata 89 23:1 289 244 23-6 625 1:18 102 47 Influenza B LEE 231 230 356 183 41:3 065 079 62 
A. punctulata 39 228 281 27-4 218 499 102 096 47 
HeLa cell 43 242 266 27-7 21-5 481 0-96 089 48 l 
HeLa cell 43 269 254 273 21:0 464 093 078 48 has been shown in one case to act as an m-RNA!. On the 
B3 phage 43 176 33-2 264 228 560 1:26 130 49 assumption that soms viral RNAs and perhaps all are 
a phage 44 205 310 23:0 255 565 135 124 32 “decd -#i RNAS i ; rected to their b 
T2 phage 34 174 310 287 219 529 108 126 44  mAeed m- , attention is now directed to their base 
T Dhage J 22 8 23:0 212 sel 66 1 1-08 145 2 compositions. Table 2 lists the various viruses and their 
phage : , . “12 sie . - 
T4 phage 34 154 306 329 21-1 Bl7 098 137 50 RNA base compositis. The properties of viral RNAs 
TT phage 47 226 274 283 21-7 491 0-97 096 51 Can be summarized as follows: | 
X174 phage 42 175 238 331 256 494 0-72 146 31 (1) Percentage of A + Q or the purine content of viral 
ọX174 phage 42 175 255 340 230 485 0-75 131 31 


properties of m-RNA. A particular property of the 
m-RNA which could be analysed was the reported base 
compositions of the m-RNA fraction. Table 1 presents a 
list of organisms and the base compositions of the m-RNA 
fraction isolated from these organisms. Three criteria 
were used for inclusion of RNA base ratios in this Table. 
The RNAs were (a) hybridized to DNA*44,50,57, (b) 
synthesized after phage infection, or (c) synthesized during 
step-down transition. The RNAs studied were pulse- 
labelled or steady-state labelled with *2PO,+ and analysed 
after alkali hydrolysis. Most of the RNAs were hybridized 
with DNA and separated from the bulk of the cellular 
RNA by differential sedimentation, column fractionation, 
or membrane filtration before analysis. Those RNAs not 
hybridized with DNA were obtained under conditions in 
which undetectable or very low levels of ribosomal and 
transfer RNAs were synthesized. A fact to remember is 
that these m-RNAs are heterogeneous populations. 


The properties of the m-RNA in Table 1 can be sum-" 


marized as follows: 

(a) Percentage of guanylate + cytidylate (%GC) or 
resemblance to DNA composition. For most m-RNAs 
there is a resemblance of the %GC to that of the DNA. 
However, for many of them the %GC is significantly 
different from that found in the DNA. For E. coli, for 
example, the range is from 43-1 to 57-7 per cent. In P. 
aeruginosa the %GC of the m-RNA is much lower than 
that of the DNA. The deviation is less marked with the 
phage m-RNAs. 

(b) Percentage of adenylate + guanylate (%AG) or 
purine content of M-RNA. All the RNAs except that from 
HeLa had a %AG of 50 + 2 per cent or higher. The 
m-RNAs have either an equivalence of purmes and 
pyrimidines or are purine-rich in all the cases examined 
except one. Conversely one can state that m-RNAs are 
pyrimidine-poor. The DNA composition of the organisms 
analysed was from 34 to 66 per cent guanylate + cytidylate. 

(c) The adenylate—uridylate ratio (A/U). In most of the 
RNA populations the A/U ratio is equal to or greater than 
1-0. In an extreme case the ratios 1-47. If one considers 
a 2-0 per cent molar ratio difference between A and U as 
insignificant in the base composition analyses, one finds 
that in all cases the content of A is equal to or greater than 
U in m-RNAs. 

(d) The guanylate-cytidylate ratio (G/C). Once again 
the G/C ratio is equal to or greater than 1-0 in all cases 
except for HeLa cells. 

Before discussion of the possible significance of these 
facts, it is of interest to consider viruses, since viral RNA 


RNAs. In all cases except for turnip yellow mosaic virus 
and the influenza viruses, the purine content is 50 + 1 per 
cent or significantly higher than 50 per cent. Many cases 
exist in which the purine content is 55 per cent. In the 
three cases in which the purine content is less than 50 
per cent, the molar content of A + Gis about 40 per cent. 

(2) The A/U ratio. About two-thirds of the analyses 
show that the A/U ratio is equal to or greater than 1:0. Of 
the one-third in which the A/U ratio is less than 1-0, some 
have a ratio as low as 0-65. 

(3) The G/C ratio. In all cases except for turnip yellow 
mosaic virus and the influenza viruses, the G/C ratio is 
equal to or greater than 1:0. An extremely low G/C ratio 
is seen with turnip yellow mosaic virus RNA. 

Before these facts sre related to present knowledge of 
m-RNA compositions, a pertinent question can be asked. 
What type of informazion is present in m-RNA? Accord- 
ing to present coding theories, the codon for each amino- 
acid and the sequence of amino-acids in the polypeptide 
product are determined by the sequence of nucleotides in 
the m-RNA (ref. 25). Since the m-RNA interacts with 
ribosomes during protein synthesis in-an ordered manner, 
a recognition or starting and stopping sites for translation 
may be encoded intc the ends of the polynucleotide™. 
Furthermore, evidence has been presented for polycistronic 
m-RNA?8-29, that is, aa m-RNA which codes for more than 
one polypeptide chain. If this is indeed the case, there 
must exist a mechanism which allows ribosomes to recog- 
nize the end and begirmings of the cistrons. This mechan- 
ism may allow ribosames to separate from the m-RNA 
or it may allow the Ainished polypeptide chain for each 
cistron to separate from the ribosome which continues in 
the translation process®*®. This mechanism may involve 
specific nucleotide sequences. Therefore the total base 
composition of an m-RNA population would reflect the 
composition of the codons for the amino-acids in the 
proteins and other sequences of nucleotides which in 
some way ‘regulate’ the translation process. 

Two general compositional properties of m-RNA are 
significant: (i) m-RNAs appear to be either purine rich, 
or have equal contents of purines and pyrimidines; and (ii) 
the A/U and G/C ratios are higher than 1-0 except in one 
case. For viral RNAs, (a) the purine content is higher than 
the pyrimidine-level in most cases examined; (6) the G/C 
ratio is equal to or graater than 1-0 in all cases examined 
except three; (c) for tne A/U ratio, only two-thirds of the 
virus RNAs had a ratio equal to or greater than 1-0; this 
is significantly different from the results with m-RNAs. 

Is there any significance or relationship of these data to 
other facts which are known about the information transfer 
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process in living systems? From recent results obtained 
by a variety of techniques and by many investigators, 
certain information has appeared which seems to have 
relationship to the data presented in Tables 1 and 2. 

Several groups have reported that only one strand of 
the double-stranded DNA is transcribed. Direct evidence 
has been obtained with phage systems in which phage 
specific m-RNA hybridized with only one of the two strands 
of phage DNA*!-**, This information-carrying strand has 
been the pyrimidine-rich DNA strand in all cases reported. 
Thus the phage m-RNA are rich in purine. This suggests 
then that the purine-rich m-RNA found in non-phage 
systems may also be significant. It implies that informa- 
tion carrying genetic sites may in all cases be rich in 
pyrimidine. 

The high purine content of the m-RNAs examined so 
far suggests that adenylate and guanylate may be encoded 
into sequences of nucleotides regulating translation. 
Recent reports appear to support this contention. In 
investigations with aminoacyl-transfer-RNA binding 
directed by trinucleotides*®®»3* and polynucleotides’, the 
sequences AGA and UAA did not support binding of any 
of the aminoacyl-transfer RNAs tested. The presence of 
two adenylates in both cases seems significant in view of 
the high adenylate content of natural m-RNAs. From a 
theoretical point of view (triplet code) an m-RNA with a 
1:2 x 10° mol. wt. can code for six polypeptides of 
2:0 x 10t mol. wt. If 3 per cent of the nucleotides in this 
polycistronic m-RNA were involved in regulatory functions 
and two-thirds of these nucleotides were adenylate, the dis- 
tribution of bases would show that adenylate is present at 
a molar level 2 per cent higher than that of the other bases. 
This calculation is based on equal distribution of the 
remaining 98 per cent of the bases. The percentage of 
nucleotides involved in regulation may be proportionately 
even higher, since it was demonstrated recently that a 
naturally occurring m-RNA with 36 nucleotides coded 
for the im vitro synthesis of a polypeptide containing ten 
amino-acids**®, In addition, both terminal nucleotides of 
this natural m-RNA were adenylates. The low purine 
content of Hela cell m-RNA may be significant, since 
in cancerous cells one might expect some deficiency in the 
regulatory mechanism. This deficiency is perhaps in the 
information-carrying DNA strand in which pyrimidine 
sequences are altered or decreased. 

It would be of interest to learn whether triplets with 
two guanylates are inactive in binding. The triplet GGU 
was shown to bind glycine, but the results with the other 
possible sequences have as yet to be reported. As the 
G/C ratio 1s usually greater than 1:0 in m-RNAs and the 
genetic code appears to be universal*5, it is a possibility 
that in DNAs with high %G0, the G containing regulating 
sequences may be more abundant. In this respect, P. 
aeruginosa has an A/U ratio of 1-0 but a G/C ratio of 
greater than 1-0. In DNAs with high %AT, the A-contain- 
ing regulating sequences may be more abundant. 

The presence of regulating sequences containing A or G 
can be masked in many ways including high frequency 
of amino-acid codons which are low in A and G, large 
m-RNAs with few cistrons, or large cistrons with few 
regulating sequences. These and other reasons may be 
involved in masking the regulating purine content of 
RNA from RNA-containing viruses. Although degeneracy 
in coding probably alters the composition of the m-RNAs 
in different species, the recent work from Nirenberg’s 
laboratory*®,36.58 suggests that all four bases are involved 
with equal frequency. Furthermore, the purine relation- 
ship is seen in organisms with high and low %GC in their 
DNAs. 

Although the proposal of regulatory sequences contain- 
ing purines is hypothetical, the fact remains that well- 
characterized m-RNAs do have compositional properties 
which appear to fit a pattern. It is of added interest that 
this pattern holds true for bulk RNA compositions (ribo- 
somal and transfer (RNAs) as tabulated by Belozersky and 
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Spirin®*, Recent advances on protein-synthesizing 
systems*®.41, on the use of natural RNA templates®*, and 
on RNA sequence analysis‘? have indicated that direct 
experimental evidence should emerge soon to test this 
hypothesis. 


This work was supported by the National Science 
Foundation and the Atomic Energy Commission. 


* Jacob, F., and Monod, J., J. Mol. Bol., 8, 318 (1961). 

* Volkin, E., and Astrachan, L., Virology, 2, 149 (1956). 

? Nomura, M., Hall, B. D., and Spiegelman, S., J. Mol. Biol., 2, 306 (1960). 
‘Hall, B. D., and Spiegelman, S , Proc. U.S. Nat. Acad. Sci., 47, 137 (1961). 
€ Brenner, S., Jacob, F., and Meselson, M., Nature, 190, 576 (1961) 


bari M., and Spiegelman, S , Proc. U.S. Nat. Acad. Sci., 47, 1564 


* Kitazumi Y., Yeas, M., and Vincent, W. S., Proc. U S. Nat. Acad. Sct , 48, 
265 (1982). 


* Gross, P. R , and Mitchison, J. M., Nature, 195, 805 (1962). 
* Doi, R. H., and Igarashi, R. T., Proc. U.S. Nat. Acad. Sci., 52, 755 (1964) 
1° Yeas, M., and Vincent, W. S , Proc. U S. Nat. Acad. Sci., 48, 265 (1962). 


11 Gros, F., Hiatt, H., Gilbert, W , Kurland, C. G., Risebrough, R. W., and 
Watson, J. D., Nature, 190, 581 (1961). 


1? Levinthal, C., Keynan, A., and Higa, A., Proc. U.S Nat. Acad. Sci., 48, 
1631 (1962). 


i sani doo i M. H., Hayashi, M., and Spiegelman, S , Biophys. J., 2, 

H Gros, F., Gilbert, W., Hiatt, H. H., Attardi, G, Spent, P. F., and Watson, 
J. D., Cold Spring Harbor Symp. Quant. Biol., 26, 111 (1961). 

18 Warner, J. R , Rich, A., and Hall, C. E., Science, 188, 1399 (1962). 

26 Wettstein, F. O., Staehelin, T., and Noll, H., Nature, 197, 430 (1963). 


17 Anr M W., and Matthaei, J. H., Proe U.S. Nat. Acad Sci., 47, 1588 


18 Lengyel, P , Speyer, J. F., and Ochoa, S , Proc U.S. Nat Acad. Ser, 47, 
1986 (1961). 


1° Nathans, D., Notani, G., Schwartz, J. H., and Zinder, N. D., Proc. U.S. 
Nat. Acad. Scr., 48, 1424 (1962). 


*° Schwartz, J. H., Eisenstadt, J. M , Brawerman, G, and Zinder, N. D., 
Proc. U.S. Nat Acad. Se., 58, 195 (1965) 


*1 Arlinghaus, R., Favelukes, G., and Schweet, R , Brochem. Biophys Res. 
Commun., 11, 92 (1963). 


32 Nakamoto, T., Conway, T., Allende, J., Spyrides, G , and Lipmann, F., 
Cold Spring Harbor Symp Quant Bol., 28, 227 (1463) 

*3 Kaji, A., and Kaji, H., Beochem. Brophys. Res. Commun ,18, 186 (1963) 

24 Nirenberg, M , and Leder, P , Scrence, 145, 1399 (1964). 

235 Crick, F. H C., Prog. in Nucleic Acid Research, 1, 164 (1963). 

z: Ohtaka, Y., and Spiegelman, S., Science, 142, 493 (1963) 

27 Nishi, A , and Zebin, I., Biochem Biophys Res. Commun , 138, 320 (1963). 

23 Martin, R. G., Cold Spring Harbor Symp. Quant. Bol., 28, 357 (1963). 


z2 Gutman, B. S., and Novick, A , Cold Spring Harbor Symp. Quant Biol., 
28, 373 (1963) 


so Ames, B N., and Hartman, P. E., Cold Spring Harbor Symp. Quant Bol., 
28, 349 (1963). 

a Hayashi, M , Hayashi, M. N., and Spiegelman, S., Proc. U S. Nat. Acad. 
Sci , 60, 664 (1968). 

32 Tocchini-Valentini, G. P, Stodolsky, M, Aurisicchio, A., Sarnat, M, 
Graziosi, F., Weiss, S. B., and Geiduschek, E. P., Proc. U.S. Nat Acad. 
Sci., 50, 935 (1963). 

33 Marmur, J , and Greenspan, C. M., Science, 142, 387 (1963). 

34 Saunders, G. R , and Campbell, L. L , Fed. Proe., 24, 348 (1965) 


35 Leder, P., Rottman, F., Brimacombe, R., Trupin, J., O’Neal, C, and 
Nirenberg, M , Fed. Proc , 24, 408 (1965). 


56 Bernfield, M., Fed. Proc , 24, 409 (1965). 


57 Nishimura, S., Jones, D. S , Wells, R. D., Jacob, T. M , and Khorana, H G., 
Fed. Proc., 24, 409 (1965). 


** Hall, J. B., and Sedat, J. W., Fed Proc ,24, 409 (1965). 


39 Belozersky, A. N , and Spirin, A. S., in The Nucleic Acids, 3, edit by 
Chargoff, E ,and Davidson, J N., 147 (Academic Press, New York, 1960). 


40 Nishizuka, Y., and Lipmann, F., Fed. Proc., 24, 283 (1965). 


41 Willer, R , Hausmann, E., Erickson, R , and Schweet, R., Fed. Proc , 24, 
288 (1965). 


42 Holley, R. W., Agpar, J., Everett, G. A., Madison, J. T., Marguisee, M., 
Merrill, S. A., Penswick, J. R , and Zamir, A., Science, 147, 1462 (1965) 


+ Doil, R. H. (unpublished results) 


ae poo: a T., and McCarthy, B. J., Proc U.S. Nat. Acad. Sci., 48, 1390 
1962). 


4: Bolton, E. T , and McCarthy, B. J., J. Mol. Biol., 8, 201 (1964). 

46 Mitchison, J. M., and Gross, P. R., Exp. Cell Res., 37, 259 (1965). 

47 Gross, P. R., Kraemer, K , and Malkin, L. I., Biochem. Biophys. Res 
Commun., 18, 569 (1965). 

48 Penman, S , Scherrer, K , Becker, Y., and Darnell, J E., Proc. U.S. Nat. 
Acad. Se , 49, 654 (1963). 


4° Yehle, C , and Doi, R. H. (unpublished results). 
5° Bautz, E. K. F., and Hall, B. D., Proc. U.S. Nat. Acad. Sci., 48, 400 (1962). 
51 Volkin, E., Astrachan, L., and Countryman, J. L., Varology, 6, 545 (1958). 


52 Schuster, H., in The Nuclere Acids, 3, edit. by Chargoff, E., and Davidson, 
J. N., 245 (Academic Press, New York, 1960). 


53 Gomatos, P. J., and Tamm, I., Proc. U.S. Nat Acad. Sci., 50, 878 (1963). 
54 Strauss, jun., J. H., and Sinsheimer, R. L , J. Mol. Biol., 7, 43 (1963). 
55 Loeb, T., and Zinder, N D, Proc. U.S. Nat. Acad. Sci., 47, 282 (1961). 


56 Mitra, 5 , Enger, M D,and Kaesberg, P , Proc. U.S. Nat. Acad Se., 60, 
68 (1963). 


ae Nyy’ A. P., and Hall, B. D., Biochem. Biophys. Res. Commun., 12, 98 
1 ; 


58 Trupin, J. S , Rottman, F M , Brimacombe, R L. C., Leder, P., Bernfield, 
M. R., and Nirenberg, M. W , Proc. U.S. Nat. Acad. Scr., 58, 807 (1965). 


November 6, 1965 


No 5010 


NATURE 


555 


CHANGES IN THE t-RNA METHYLATING ENZYMES 
DURING INSECT METAMORPHOSIS 


By Dr. B. S. BALIGA, Pror. P. R. SRINIVASAN and Pror. ERNEST BOREK 


Department of Biochemistry, College of Physicians and Surgeons, Columbia University, New York 


NUMBER of enzymes the function of which is the 

specific methylation of nucleic acids is now known 
to exist?. While considerable information has been 
gathered about the mechanism of action and specificities 
of these enzymes, very little 1s known about the biological 
function achieved by the methylation of nucleic acids. 
That the methylation of DNA confers an individuality 
in one instance has been demonstrated by Arber*, who 
found that host range modifications in -bacteriophage 
may be introduced by methylation. 

For the enzymes which methylate /-RNA, the t-RNA 
methylases, no biological function has been found as yet. 
It has been demonstrated in our laboratory, however, 
that the RNA methylases can be profoundly altered in 
bacterial cells on phage infection or induction’. 

Both the RNA and DNA methylases are species 
specific!:45, We have speculated whether the species 
specificity of these enzymes may not point to their 
involvement in differentiation, a process requiring the 
greatest species specificity?. We have now tested this 
hypothesis in an insect during its cycle of metamorphosis 
and wish to report that alterations occur in the t-RNA 
methylases not only at the transition from larva to pupa 
but also throughout the duration of the pupal stage right 
up to the emergence of the imago. 

Collection of pupae and their development into adult 
beetles. Tenebrio molitor larvae were purchased from a 
local supply house and were maintained in open poly- 
ethylene trays on a diet of oatmeal, wheat bran and 
sliced carrots. 

Prior to transformation into pupae, the larvae were 
found to have passed into an immobile phase close to the 
surface of the food bed. These were transferred to open 
glass trays and left at room temperature. Pupae were 
gathered from these trays daily at the same time. Pupae 
collected on a particular day were formed sometime 
during the preceding 24 h and were referred to as ‘1- 
day-old’. ‘They were incubated at 28° in a humid 
atmosphere. About 50 per cent of these pupae developed 
into adult beetles on the seventh day. The process was 
nearly complete on the eighth day. Pupae ranging in 
age from one to seven days were picked up from these 
stocks and were used in the manner described below. The 
larvae were also collected separately and used similarly 
for assay of RNA methylases. (Methyl-14C)-s-adenosyl-L- 
methionine with a specific activity of 29-9 mc./mmole was 
purchased from New England Nuclear Corporation and 
diluted with non-radioactive s-adenosyl-L-methionine to 
give a concentration of 10 ue. per 0-5 umole per ml. 

Methyl deficient -RNA was prepared by procedures 
previously published. Protein was estimated by the 
method of Lowry et al.®. 

Preparation of enzyme extracts. Larvae or pupae were 
crushed and ground in a pre-cooled mortar with three 
volumes of a solution containing sucrose (0:25 M), 
magnesium chloride (0-001 M), and 2-mercaptoethanol 
(0:005 M). The homogenate was transferred into a 
Potter—Elvehjem type homogenizer. The mortar was 
washed with an equal volume of the extracting solution 
and the washings were added to the homogenate. The 
mixture was next homogenized for one minute with a 
motor-driven ‘Teflon’ pestle at 3,500 r.p.m. The homo- 
genate was cooled for 5-10 min in an ice bath and the 


homogenization was repeated for another minute. The 
homogenate was then filtered through cheese cloth and 
the filtrate centrifuged for 20 min at 27,500g in a refri- 
gerated centrifuge. The faintly yellow-coloured super- 
natant was filtered tc free it from membrane-like material 
floating on the surfsce. This filtrate, which contained 
8-12 mg protein per ml. (depending on the stage of 
development of the pupae), was used as the source of 
enzymes for the metLylation studies reported below. The 
enzyme extract was prepared fresh daily and was used 
immediately thereafter. All the operations connected 
with the preparation of the enzyme extracts were carried 
out in the cold (2°-¢°) unless otherwise stated. 

Assay of methylase activity. Methylase activity of the 
extracts was assayed by measuring the incorporation of 
144C¢-methy] from (metayl-“C)-s-adenosyl-L-methionine into 
methyl-deficient E. zoli t-RNA. The reaction mixture 
contained 50 umoles tris-HCl buffer, pH 8-2; 5 ymoles 
MgCl,; 5 umoles 2-mercaptoethanol; 20 pmoles of (methyl- 
14C)-s-adenosyl-L-methionine (20 mec./mmole); 0-15 
mg methyl]-deficient 7. colt i-RNA, water and the appro- 
priate amount of enzyme extract In a final volume of 
1:0 ml. Enzyme extract was added to the reaction 
mixture which had been pre-incubated at 37°. After 
30 min, the reaction was terminated by the addition of 
1:0 ml. of cold 10 per cent TCA followed by 3 ml. of 
5 per cent TCA. The contents were cooled and centri- 
fuged. The precipitete containing the protein and RNA 
was thoroughly agitsted with 5 ml. of 5 per cent TCA, 
centrifuged as before and the supernatant discarded. 
The precipitate was similarly washed twice more with 
5 ml. of TCA. Finaily, the precipitate was dissolved in 
1 ml. of 0-2 N ammonium hydroxide solution and was 
transferred quantitatively into stainless steel planchettes. 
The solution was evaporated to dryness under an infra-red 
lamp and the radivactivity measured in a Nuclear 
Chicago gas-flow low-background counter. Control 
experiments were simultaneously carried out in which 
RNA was omitted. The difference in radioactivity 
between the experimental and control tubes provided a 
measure of methyl groups incorporated into methyl- 
deficient ¢-RNA. 

One unit of enzyme is defined as that amount which 
catalyses the incorporation of 1 umole CH, into ?-RNA 
in 30 min under the foregoing conditions. Specific 
activity is defined as units of activity per mg of protein. 

The amount of erzyme taken, 0-3—-0-6 ml., was such 
that the methyl groups incorporated into #-RNA in 
30 min did not exceed. 40 uumoles. Within this range, 
the reaction was proportional to concentration of enzyme 
as well as to the time of reaction. 

Extent of methylation. This was measured as in the 
assay of activity by incubating the reaction mixture for 
4 h with 0-6 ml. of enzyme extract. No appreciable 
increase in methylation was noticed by incubating for a 
longer period. 

In Fig. 1 the results of examination of the rate of 
incorporation of metnyl groups into a methyl deficient 
E. colt t-RNA by exsracts derived from larvae in their 
terminal stage and from pupae at various stages are 
presented. It is readily apparent that large changes 
occur in the activity of the RNA methylases almost 
daily within the pupas. The experiments were performed 


Activity per mg of protein 
(zumoles CHa/30 min) 





Age of pupae (days) 
Fig. 1. Activity of -RNA methylases 


on different batches of larvae and pupae over a period of 
several months, yet the pattern of enzyme activity is 
reproducible. A minimal activity on the third day is 
followed by a maximum on the fourth. On the seventh 
day, just prior to the emergence of the beetle, enzyme 
activity is at its lowest. 

Another measurable parameter of the t-RNA methylases 
is the extent of methylation of the substrate, that is, the 
total number of methyl groups introduced by the enzymes 
in infinite time. Such determinations are presented in 
Fig. 2. Again large differences in total enzyme activity 
are apparent. For example, extracts from a ]-day-old 
pupa can seek out a little more than twice as many sites 
for methylation in ¢-RNA as extracts from a 7-day-old 
pupa. There is excellent concordance between the rates 
and total enzyme activity of the organisms in the same 
stage of their cycle of metamorphosis. Only in one 
batch of pupae (B VII) was there a l-day discrepancy 
in reaching maximal activity in mid-pupa stage. The 
deviation from the norm by 1 day in this batch under- 
lines the remarkable synchrony of the other batches of 
larvae and pupae. 
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Fig. 2. Extent of methylation 


It is difficult to assess the biological meaning of these 
changes in enzyme activity. Interpretations are hindered 
by our lack of knowledge of the specific biological function 
of the methyl groups in t-RNA. Some regulatory function 
m protem synthesis for ¢-RNA has been suggested by 
Ames and Hartman’. Methylation of the t-RNAs is one 
method of altering these molecules for changing functions. 
If such should eventually prove to be the case, then the 
fluctuations in the t-RNA methylases during phases of 
metamorphosis will assume a new meaning and a search 
for the new proteins the syntheses of which are directed 
by the changing patterns of methylating enzymes could 
be undertaken. g 

Between the first and seventh day in the life of a pupa 
there is approximately a 50 per cent reduction in enzyme 
activity, whether it is measured as a rate or extent of 
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methylation. The natural question posed. by this finding 
is the cause of the reduction: it could be due to some enzyme 
inhibitor, or the findings could also be accounted for by 
the appearance of a new nuclease which essentially elim- 
inates all or part of the substrate. In Table 1 the results 
of experiments designed to probe these possibilities are 
presented. Various amounts of enzymes from I-day-old 
and 7-day-old pupae were admixed and comparisons were 
made with respect to both rates and extents of the methyl- 
ating potencies of the extracts. The addition of small 
amounts of the extracts of 7-day-old pupae which them- 
selves have low activity does not seem to diminish the 
levels of activity of the extracts from l-day-old pupae. 
However, on the addition of larger volumes of the extract 
from the 7-day-old pupae, the activity, especially in 
terms of the extent of methylation, does become dimin- 
ished. It appears as if a certain concentration of some 
inhibitor must be reached before it becomes effective in 
interfering with methylation. 
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Table 1. AOTIVITY OF METHYLASES AND EXTENT OF METHYLATION. MIXING 
EXPERIMENTS WITH EXTRACTS OF 1-DAY-OLD AND 7-DAY-OLD PUPAE 


Exp. 1 Exp. 2 
1-day-old 7-day-old 1-day-old 7-day-old 
pupal ex- pupalex- <Activ- Ex- pupalex- pupalex- Activ- Ex- 
tract (ml ) tract (ml ) ity tent tract (ml) tract(ml.) ity tent 
03 14°5 03 11:9 
06 572 895 0:6 341 955 
0-3 85 03 V1 
0:6 15-2 554 06 16:5 652 
03 0-3 26 9 03 03 24 1 
06 0-3 40-4 1038-4 06 03 366 805 
03 06 31-2 03 0:6 36 0 
06 0:6 46-6 420 0:6 0-6 43°6 66-7 


Activity is expressed as wumoles of methyl groups incorporated into 015 
mg of ¢-RNA ın 30 min. Extent is expressed as zumoles of methyl groups 
incorporated in 4 h. In these experiments the total volume of the reaction 
mixtures was 15 ml 


Nuclease activity in extracts of the pupae was also 
examined as a possible cause of the alterations observed 
here. Even after incubation for 4 h with these extracts, 
very little, if any, nuclease activity could be detected. 
Therefore, the reduced capacity for methylation in the 
extracts of the 7-day-old pupa cannot be due to the 
diminution of the substrate but rather to some inherent 
attribute of the methylases, the nature of which is obscure 
at present. 

A rather potent nuclease activity which cleaved t-RNA 
was detected occasionally in larvae. The appearance of 
this nuclease activity was correlated with the conditions 
of the housing of the larvae. The nuclease appeared and 
reached a maximum within a period of two weeks in 
larvae which were kept in a relatively dry atmosphere. 
Under these conditions, the process of pupation was 
slowed down and ultimately ceased altogether, resulting 
in the death of large numbers of larvae. K 

The almost daily alterations in the levels of the RNA 
methylases during the pupal stage are highly suggestive of 
some basic function. This is a period of extensive differen- 
tiation aimed at the production of the new tissues and 
organs of the imago. The t-RNA methylases alter the 
structure of one of the cardinal components of the protein 
synthesizing machinery of the cell. We have also observed 
changes in the t-RNA methylases in an entirely different 
biological system during upheavals in its metabolic 
pattern. Either in bactema infected by T2 bacteriophage 
or in lysogenic bacteria after induction of the latent phage 
by ultra-violet irradiation, major alterations in the 
enzyme-levels as well as in the patterns of methylation 
have been noticed’. In other words, in both instances, as 
a result of changes in the methylating enzymes, alterations 
must occur in the relative amounts of the methylated 
bases in the ?-RNA of the host cell. It is difficult to ımagine 
that bacteriophage carry information within their highly 
limited volume to make alterations in one of the macro- 
molecules of the host without some purpose. We must 
therefore search for some regulatory mechanism at the 
level of t-RNA which is triggered by methylation. 
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INFLUENCE OF HETEROLOGOUS HISTONE ON THE SYNTHESIS OF CELLULAR 
AND VIRAL RIBONUCLEIC ACID AND PRODUCTION OF HAEMAGGLUTININ 


By A. G. BUKRINSKAYA, A. K. GITELMAN and !. M SHAPIRO 
Institute of Virology, U.S.S.R. Academy of Medical Sciences, and Institute of Animal Morphology, U.S.S.R. Academy of Sciences 


T has been shown that histones inhibit cellular RNA 
synthesis both in vivo and in vitro'-4, This effect 
seems to be connected with the histone-induced blockage 
of DNA as a template. On the other hand, a protein of 
a histone type was found to be produced ın a cell in the 
first hours after its infection with a virus. This protein 
inhibits the cellular RNA synthesis before the onset of 
the viral RNA synthesis®>. The synthesis of histone in 
virus-infected cells increased during the first hours after 
infection®. These data suggest that treatment of the 
infected cells with histone may stimulate the viral RNA 
synthesis. 

In the present work the action of histone on the synthe- 
sis of cellular and viral RNA as well as on haemagglutinin 
production and infectious properties of virus has been 
studied. 

The experiments were carried out on monolayer cultures 
of chicken fibroblasts. Fowl plague virus (Weybridge 
strain) was obtained as allantoic fluid of eleven-day-old 
chicken embryos. In some experiments the virus was con- 
centrated by one cycle of adsorption and elution on chicken 
erythrocytes. The multiplicity of infection was about 
10 and 100 ID;» per cell, respectively. The period of 
adsorption was 30 min at 4° C; the same volume of 
balanced salt solution was added to the control cells. After 
washing, the histone in balanced salt solution was added, 
and, the cells were incubated at 37° C; this moment was 
considered as zero time of the experiment. ™C-cytidine 
was added to the medium every hour or every half-hour 
after infection. The monolayers were washed, cells 
taken off the glass, pipetted, collected on ‘Millipore’ 
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filters, treated twice with cold 5 per cent perchloric 
acid, twice with cold 96 per cent ethanol, and dried. 
After counting, the ‘Millipore’ filters were dissolved 
in acetone, RNA was hydrolysed by 1:7 M HCIO, for 18 
h at 4° C and the radioactivity was counted per ug RNA. 

The total histone was isolated from the calf thymus by 
the method of Hnilisa and Hupka’ in the Institute of 
Medical and Biological Chemistry, U.S.S.R. Academy of 
Medical Sciences. 

In some experiments cells were incubated in the presence 
of 5-fluorodeoxyuridme (FUDR), 10-8 mole/ml. being 
added at zero time. 

As can. be seen in Fig. 1, histone inhibited 14C-cytidine 
incorporation in the acid-insoluble fraction during the 
first 2-3h. The same-xresults were obtained ın the presence 
of FUDR. Hence ths effect is connected with the inhibi- 
tion of RNA synthess. 

The inhibition of incorporation (varying from 12 to 
60 per cent of the cortrol-level) occurred in the first 2 h 
after infection with tk» allantoic virus. The incorporation 
was maximal 4-5 h acter infection and reached about 130 
per cent of the controL When concentrated virus was used. 
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Figs. 1 and 2. Rate of “C-nytidine incorporation in acid-insoluble frac- 
tion of chicken fibroblasts Radioactivity of histone-treated non-infected 
(O) and untreated infected { A) cells as percentage of the control, radio- 
activity of histone-treated infected cells (A) as per cent of radioactivity 
of histone-treated non-infec.ed cells. (1) Multiplicity of infection 10 IDo 
per cell; each point is the average of 4 sets of experiments with 100 pgimnl. 
of histone. 007 uc./ml. CP “C-cytidine (specific activity 25 pe per 
mole) were added in 2-8 flasks 0, 1, 2, 3 or 4 h after infection and left 
for 1 h. (2) Multiplicity of infection 100 IDs, per cell; one typical 
experiment with 150 ug/ml. distone. 0 07 uve /ml. “O-cytidine were added 
0, 0-5, 1, 1:5, 2, 2:5 cr 8 h after infection and left for 0'5 h 
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the minimal and maximal incorporation was found after 
l hand 2-2-5 h, respectively. Simular results with infected 
cells were observed in the presence of FUDR (Figs. 1 and 
2). The inhibition of the mcorporation seems to be 
caused by the formation of virus-induced repressor of 
cellular RNA synthesis while the stimulation of the in- 
corporation represents the viral RNA synthesis®. 

In the experiments with histone treatment the maximum 
of incorporation after infection with non-concentrated 
virus was higher than in the infected control, the minimum 
and maximum of incorporation were observed at 1:25 + 
0-3 h and 2-8 + 0-43 h, respectively ; whereas in the experi- 
ments without histone these intervals were 2:25 + 0:3 h 
and 4:4 + 0-28 h, respectively. The maximum of the 
incorporation in histone-treated cells infected with con- 
centrated virus was lower than in infected controls and 
occurred 1 h earlier (Figs. 1 and 2). Thus, histone treat- 
ment brought about inhibition of cellular RNA synthesis 
and earlier synthesis of viral RNA. It may be supposed 
that heterologous histone acts similarly to virus-induced 
repressor. Their combined action inhibits cellular 
synthesis of RNA earlier and, probably due to this, earlier 
synthesis of the viral RNA occurs. There would seem to 
be a relationship between the time of the cellular RNA 
synthesis inhibition and that of the viral RNA reproduc- 
tion. 

The haemagglutinin titres and ID; in histone-treated 


cells were lower as compared with infected controls 
(Table 1). 


Table 1. HISTONE ACTION ON HAEMAGGLUTININ AND IDs, TITRES AT DIFFER. 


ENT TIMES AFTER CTION 
Hours after infection 
2 4 6 8 12 
Experimental 
series HA HA HA ID so HA HA IDs. 
Control cells 0 16 32 1075 64 128 1075 
Histone-treated 
cells 0 2 4 107 ° 8 16 107° 


Cells were infected with 10 IDs» per cell, thoroughly washed, and 100 
pe/ml. of histone were added at 0 time. 


The cells were disrupted 12 h after infection by quick-freezing and thawing, 
haemagglutinin titres were determined ın supernatant fluid with a 05 per 
cent suspension of chicken erythrocytes, 7D,;, titrated in chicken embryo 
pool and expressed as haemagglutinin units/ml. and ZD,,/ml. 


It is of interest to note that probably there is a com- 
paratively narrow time-interval over which the addition 
of histone to the medium can influence haemagglutinin 
production. After the treatment of cells from 0 to 2 h, 
haemagglutinin titres were 8—16-fold lower than those 
in the control; when histone was added 3 or 5 h after 
infection, haemagglutinin titres were about the same as 
in the control. In three experiments histone was added 
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Fig. 8. Haemagglutinin production ın relation to the time of histone 
addition Each point is the average of 3 experiments. Cells were infected 
with 10 ZD; per cell and thoroughly washed, and 100 ug/ml. histone were 
added 0, 1, 1°25, 1°56, 175, 2, 8 and 5 h after infection The haemag- 
glutinin titres were determined as described in Table 1 


to the medium every 15 min after infection. The most 
sensitive period to histone action was between 0 and 1:5 h 
after infection, the haemagglutinin titres were lowest 
when histone was added 1-5 h after infection (Fig. 3). 
Haemagglutinin production in this system starts 3 h 
after infection. Thus the most sensitive period was found 
much earlier than the process of haemagglutinin produc- 
tion started. 

It is not yet known whether the cell genome takes part 
in haemagglutinin production of myxoviruses. That is 
why it is difficult to decide whether the effect observed is 
due to the binding of histone with DNA or viral RNA. 
Of interest is the fact that actinomycin D in low con- 
centration (up to 2 ug/ml.) has the same effect as histone 
on the synthesis of the viral RNA and haemagglutinin 
of PR8 and Weybridge strains of fowl plague virus®™1°. 
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SUPPRESSION OF THE PUPILLARY LIGHT REFLEX IN BINOCULAR RIVALRY 
AND SACCADIC SUPPRESSION 


By M. LORBER*, Dr. B. L. ZUBER* and Dr. L. STARK* 


Neurology Section, Electronic Systems Laboratory and Biology Department, Massachusetts Institute of Technology, 
Cambridge, Massachusetts 


N 1948 Bárány and Halldén? reported that the pupillary 

response to a flash presented to the non-dominant 
eye of a subject experiencmg binocular rivalry was 
smaller than the response to the same flash presented to 
a dominant eye. We have sought to repeat these experi- 
ments using the direct-recording infra-red pupillometer? 
in order to get an objective measure of this suppres- 
sion. 

The subject’s head was firmly held in front of the 
pupillometer by means of a bite board and head rest. 


* Present address: Information Engineering Department, University of 
Tilmois at Chicago Circle, P.O. Box 4348, Chicago 


The right eye viewed a circular field of about twenty degrees 
in diameter which was dimly illuminated, and in the 
centre of which was a small fixation cross at optical 
infinity. The test flash, when it appeared, was super- 
imposed on this field and had a duration of 10 msec. 
The fixation target for the left eye was a small dot at 
optical infinity and in the centre of a uniform field 
illuminated with a diffuse red light. The stimulus was 
delivered to the right eye every 3 sec, so that during 
rivalry flashes were alternately presented during domin- 
ance and non-dominance (reported by the subject, who 
controlled a two-position switch). 
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The stamulating apparatus (pupillometer) 
was basically the same as described above. 


a rey Cane om here: TAP ae ee a ies ae Ss ‘ * . šj ith th 
Pupil Sira P ARE Se ee peg R ep f es “HENS dd} Viewing ccnditions were monocular with the 
blarea -igya : Thre, ae ree EAR PMA ferika left eye oceluded, and a second fixation cross 

AEE ae GA a NNER NOT EAST T Pi was placed_at the left periphery of the field for 

a (Seed ote if EN ace tek ae! the right eye. Eye movement was always from 
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Fig. 1 Measurements of the pupillary response during binocular rivalry. 


responses with the left eye patched, b, responses dung rivalry. 
lary responses; broad shifts of base line on lower trace 
dominance, narrow pulses indicate stimulus presentations 


In Fig. la the responses to control flashes, taken with 
the left eye occluded, are shown. Fig. 1b shows responses 
during rivalry. Pupillary responses appear on the upper 
trace, while the subject’s state of dominance (broad shift 
of the base line) and the occurrence of the stimulus 
(narrow pulses) are represented on the lower trace. On 
the whole, the responses during ‘right eye dominant’ are 
smaller than control responses, probably because the 
subject often experienced fusion of the two fields under 
this condition. There seems to be a significant decrease 
in the amplitude of the pupillary response when the right 
eye is suppressed (left eye dominant). These results have 
been confirmed by Richards?. 

It has been well established that the visual threshold 
is significantly elevated just before and during a saccadic 
eye movement‘-'8, This phenomenon has been referred 
to as ‘saccadic suppression’!3. The experiments described 
here were designed to determine whether or not the 
pupillary light reflex is involved in this suppression. 

The time required for the completion of a saccadic eye 
movement is short compared with the latency of the 
pupillary response. Thus the pupillary response to a flash 
presented to the moving eye may be measured by the 
pupillometer well after the eye has come to rest. 
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and angular distance of about eight degrees. 
A signal proportional to eye position was 
obtained by a previously described method. 
Test flashes were presented, to the subject at 
various times before, during and after the 
beginning of a saccadic eye movement, and 
visual response (seen or unseen), pupillary 
response, Gye movement and stimulus were 
recorded. A pulse with variable associated 
delay and constant width (10 msec) was used 
as the stimulus. 

Pupillary responses to test flashes presented 
during and after the eye movement were 
averaged on a digital computer (GE 225) 
equipped with analog-to-digital converter+. 
For these stimuli the eye position signal 
served as 2 trigger both for the inputting 
sequence of the computer and for the presenta- 
tion of the delayed, test flash. The time of 
presentation of the test flash with respect to 
the beginning of the eye movemert was 
determined by the delay setting. The subject 
indicated having seen a given test flash by 
depressing a push-button which caused a 
pulse to be registered on the recorder. Thus, 
visual saccadic suppression was followed 
on the recorder, while pupillary saccadic 
suppression was followed on the com- 
puter. 

Responses to test flashes presented before 
the eye mcvement could not be averaged on 
the computer because: (1) the eye movement 
could not be used as an initiator; (2) the 
variability of the latency of eye movement 
was too great. In this case the subject 
moved hie eye on receiving an auditory 
stimulus which also served as a trigger for 
the test flash. This was delayed so little 
that it occurred during the’ latency -associ- 
ated with the eye movement. These 
responses ‘were grouped according to time 
of test flash presentation and hand-averaged. 
Saccadic suppression was followed as already 
described here. 

Average responses to test flashes presented during and 
after the eye movement. are shown in Fig. 2. Pupillary 
responses are shown m arbitrary units. Controls con- 
sisted of: curve A, responses to the test flash during 
central fixation, that is, with no eye movement; curve B, 
responses to the test flash during left peripheral fixation 
(no eye movement); curve C, responses to the eye move- 
ment with no test flash presentation. In some experiments 
a small pupillary response was observed in this last 
control, probably due to a small change in accommodation 
from one fixation point to the next. The average response 
for this control was subtracted from all computer-averaged 
responses (excepting sontrols) in order to emphasize 
more clearly trends in the data. Curves D—D represent 
average responses to these test flashes (control C sub- 
tracted out), the time of flash. presentation with respect 
to the beginning of the eye movement appearing to the 
right of each response. It is clear that the average 
pupillary response is much diminished for short times of 
flash presentation. As the time of flash presentation 
approaches 980 msec the average response amplitude 
approaches that of the control responses. Fig. 3 shows 
psychophysical saccadic suppression and pupillary saccadic 
suppression results from the same experiments where test 
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Fig. 2. Pupillary responses to test flashes presented at various times 
during and after eye movement. Time of presentation in msec appears 
at right of each average response. Curves A, B and @ are controls 


flashes were presented before, during and after the eye 
movement. The visual saccadic suppression observed in 
this experiment agrees in general with previously pub- 
lished results?12._ When saccadic suppression is maximal 
no test flashes are seen and the average pupillary response 
is reduced to 10 per cent of the average response to the 
test flash during central fixation. While it is clear that 
visual and pupillary saccadic suppression occur con- 
currently, the time-course of pupillary saccadic suppression 
seems far more extensive than that of visual saccadic 
suppression. This experiment has been performed on 
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Fig. 3. Saccadic suppression and pupillary saccadic suppression as a 

function of time of flash presentation with respect to beginning of eye 

movement (t=0). Visual response represents per cent seen; pupil 

response represents average amplitude as percentage of amplitude of 
average response during central fixation 


two subjects and the results are quite similar for both. 

Much of the pupillary saccadic suppression observed in 
these experiments occurs before the eye movement, 
seemingly minimizing the probability that the suppression 
is caused by an artefact. Possibilities for such artefacts 
are non-linear addition in the pupillary system’-!” and 
illumination of new retinal areas caused by the eye 
movement. 

Based on the results of these experiments we are not 
able to determine whether the suppression observed in 
binocular rivalry and that observed ın saccadic suppression 
are generated by the same mechanism. It is hoped that 
further experiments, both neurophysiological and psycho- 
physical, will further elucidate these es well as many 
other related phenomena. 

Major support for this. work was provided by the U.S. 
Public Health Service (MH-—06175-02), the U.S. Navy 
(Office of Naval Research (Nonr—1841 (85)), and the U.S. 
Air Force (AF 49 (638)-1313). 
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FUNCTIONAL SIGNIFICANCE OF SWEAT GLANDS AND SEBACEOUS 
GLANDS IN SEALS 


By JOHN K. LING 


Antarctic Division, Department of External Affairs, Melbourne, Australia 


IOLOGICAL investigations being carried out by 

Australian National Antarctic Research Expeditions 

at Macquarie Island (54° 30’ S., 159° E.) include a study 

of the skin and hair cycle of the southern elephant seal, 

Mirounga leonina (L.)!. Skin samples have been collected 

from five other pinnipeds also inhabiting southern lati- 
tudes but from different climatic regions. 


It has been regarded as typical among mammals for 
the apocrine sweat glands to open into the pilary canal 
above the opening of the sebaceous glands, or even on to 
the skin surface?. In the Phocidae this situation is 
reversed (Fig. 1), as previously noted in reports on skin 
from the general body surface?*. Examination of serial 
sections of skin cut parallel to the skin surface of the 
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i aad Section of elephant seal skin from back, cut parallel to hair 

fi to show opening, SO, of sebaceous duct, SbD, above orifice, 

Sw0, of sweat duct, SwD. SbG =—sebaceous ; Se = stratum corneum. 
Oll red O and haemalum, x275 


body and flippers of three phocid species confirms that 
the sweat ducts enter the hair canal below the sebaceous 
gland ducts. 

Sweat glands in the Otariidae open into the pilary 
canal above the sebaceous gland openings over the 
general body surface (Fig. 2A). It is remarkable, however, 
that the apocrine sweat glands associated with hair 
groups on the flippers of the Australian fur seal, Arcto- 
cephalus doriferus Wood Jones, enter the pilary canal by 
way of a duct opening below the sebaceous gland orifice 
(Fig. 2B). Thus we have opposite arrangements on 
different parts of the same species of seal. The distally 
naked areas of skin on the fore and hind flippers have 
no cutaneous glands, although sections of ‘naked’ regions 
on hind flippers of the New Zealand fur seal, Arctocephalus 
forsteri (Lesson), have revealed minute hairs with asso- 





Fig. 2. Sections of Australian fur seal skin cut parallel to hair follicles 
0 into pilary canal. 

as for Fig. 1. A, real body 

urface y j pa flipper. Mallory’s triple stain 
x * 
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ciated sweat and sebaceous glands. These hairs could 
not be seen when the outer surface of fixed material was 
viewed microscopically. 

In the true seals (Phocidae) the sweat glands are rather 
insignificant, though in accurately oriented longitudinal 
sections their ducts can generally be traced alongside the 
follicle and seen to open just above the constricted region. 
Thus the sweat duct passes between the sebaceous gland 
and the follicle, and the two gland openings are visible 
one above the other. with the mouth of the sebaceous 
duct appearing in the form of a delta among the lamellae 
of the stratum corneum, particularly of the elephant seal. 
Copious lipid secretion can be demonstrated in frozen 
sections stained with oil red O (Fig. 1). 

The sweat glands cver the general body surface of the 
fur seals (Otariidae) are relatively enormous organs 
extending well below the bases of the hair follicles. Their 
secretory portions are much coiled and the ducts ascend 
outside the sebaceous glands to open into the funnel- 
shaped upper end of she pilary canal above the sebaceous 
gland opening. On the hairy proximal regions of the 
flippers of otariids the sweat glands are somewhat reduced 
and their ducts ascend between the follicle and the 
sebaceous gland in the same way as on all regions of 
phocids. In these areas the sebaceous glands are larger 
and the stratum corneum is thicker and more richly 
supplied with lipids. 

The bilobed sebaceous glands of Phocidae are large 
compared with the size of the follicle and are situated on 
its ental side. These glands have unequal lobes in the 
Otariidae and the larger one enters the ental side of the 
guard hair follicle, while the smaller and more slender 
gland opens on the ectal side of the underfur follicles 
that emerge from a common pilary ? 

With the exception of the harp seal, Pagophilus 
groenlandicus (Erxleben), the relative positions of the 
cutaneous gland openings on the general body surface are 
distinct for the two families of seals. Bergersen’s* 
meticulous observations on P. groenlandicus leave no 
doubt that the sweat gland orifice in this species lies above 
the opening of the sebaceous ds. However, in 
addition to the guard hair, the follicle bundles of the 
harp seal contain 5-9 subsidiary hairs, quite a high 
number in comparisen with other phocid species, 

It has been stated that the naked areas of flippers of 
all Pinnipedia—including the walrus, Odobaenus rosmarus 
(L.)—are devoid of sweat glands*. However, the ap 
of liquid droplets on the glabrous palmar surface of the 
northern fur seal, Calorhinus ursinus (L.), after exposure 
to radiant heat was assumed to indicate that sweating 
had been induced®. Large and abundant sweat glands 
have been found in microscopic preparations of skin from 
naked regions of fore and hind flippers of the same species’. 

I recently noticed fine hairs with associated cutaneous 
glands in histological sections of apparently naked skin 
from the fore flipper of C. ursinus (kindly lent by Dr. V. B. 
Scheffer). A similar situation obtains in the ‘naked’ skin 
of the hind flipper (but not the fore flipper) of A. forsteri. 
No cutaneous appendages have been found in naked skin 
of the fore or hind flippers of other southern otariids. 
There were, however, delicate, lipid-rich strands ascending 
vertically through the stratum corneum on the hairless 
part of the fore flipper of the Kerguelen fur seal, Arcto- 
cephalus tropicalis gazella (Peters), but no associated 
tubules were visible in the dermis. The nature of these 
structures remains unknown. 

The phylogenetic significance of apocrine sweat glands 
in primates has beem discussed recently in terms of the 
shifting position of tre orifice of the sweat duct from the 
skin surface of the Frosimii to within the pilary canal of 
man?, This latter situation is common for most mammals, 
an exception being the pig, the glands of which open on to 
the skin surface*. Thus there is no clear relationship be- 
tween the amount of hair and the position of the sweat 
gland orifice in mammals described so far. 
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sweat glands of the walrus—an almost hairless pinniped 
“eare large, they actually atrophy during autumn’. The 
_ sebaceous glands are relatively small, but the nature of 
_.. their secretion is not known. 
= Aoki and Wada” have shown that sweat glands on the 
general body surface of dogs are sensitive to local stimuli 
such as radiant heat and drugs, but are insensitive to 
bodily conditions of heat stress. These authors suggested 
that temperature regulation is the chief function of the 
apocrine sweat glands of dogs. It is probable that similar 
local effects of sweat glands are associated with the hair 
bundles of heavily furred body regions of fur seals and 
the harp seal. 
There is an apparent distinction in relative size and 
_ position of the sweat glands and sebaceous glands between 
the more terrestrially inclined Otariidae and the aquatic- 
ally adapted Phocidae. This seems to weaken the argu- 
ment for a biphyletic origin of the Pinnipedia!!. Sweat 
glands appear to be functionally important in association 





achieved by the thick layer of subcutaneous blubber. It ` 
has been suggested that northern fur seals depend on their _ 
naked flippers for maintenance of their body temperature’, 
but this may not be a general rule in the Otariidae. The | 
density, size and distribution of cutaneous glands, if any, ` 
and blood vessels in the naked flippers of Otariidae need 
to be carefully analysed before their significance can be... 
evaluated. | 

Further detailed quantitative studies of the skin of 
pinnipeds and other aquatic mammals are required to. 
elucidate structure and function of the integument and | 
its associated glands. Perhaps the evolutionary path 
back to the water by these once terrestrial forms will 
then emerge. 
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INTERFEROMETRIC ESTIMATION OF EFFECTS OF TESTOSTERONE AND 
METHANDROSTENOLONE ON THE DRY MASS OF VARIOUS 
RAT MUSCLES 


By Dr. W. STAUBLI and Dr. T. OKADA 


Research Laboratories, Pharmaceutical Department, Ciba, Ltd., Basle 


| animals following castration certain target organs 
A display marked atrophy, which is reflected in a decrease 
in their wet and dry weights!. This loss of weight of hor- 
mone-dependent organs can be partly or completely 
reversed by giving the castrated animals substitution 
treatment with androgenic!-* or anabolic? steroid hor- 
mones. In the present study we investigated the myo- 
trophic effect of testosterone and methandrostenolone 
(Dianabol) on certain skeletal muscles in the castrated 
rat. The optical path difference of the muscle fibres, as 
determined with the aid of an interference microscope, was 
selected as a criterion of the effect exerted by the hormones 
on the muscles. 

Male Sprague-Dawley rats weighing approximately 
100 g were used. They were kept on a standardized diet, 
and offered drinking-water ad lib. The rats were divided 
as follows into four groups, each containing four animals: 
(1) untreated controls; (2) castrated controls; (3) cas- 
trated animals, given one subcutaneous injection of 
testosterone (10 mg/kg in sesame oil) daily for 14 days, 
starting on the 15th day after castration; (4) castrated 
animals, given one subcutaneous injection of methandro- 
stenolone (30 mg/kg in sesame oil) daily for 14 days, 
starting on the 15th day after castration. The m. levator 
ani and the m. bulbocavernosus were selected as repre- 
sentative ‘sexual muscles’. Since the m. levator ani 
displays the characteristic features of a ‘white’ muscle’, 
the white portion of the m. psoas was used for comparison 
purposes. 

Immediately after removal, the muscle tissue was 
fixed in Carnoy’s solution, mounted in paraffin, and 4u 
sections were prepared. For the purposes of interfero- 


metry, the sections, after removal of the paraffin, were 
covered with glycerol. 

The optical path difference of the muscle fibres (9) was 
estimated on longitudinal sections of the fibres (Fig. 1) 
with the aid of a Leitz interference microscope (fluorite 
objective with a magnification of 50 times, A, 0-85; 
monochromatic light of à = 546 mu) by measuring the: 
displacement of the interference bands (d/D, Fig. 1) 
caused by the object. The optical path difference de- _ 
termined in this way is in direct proportion to the dry ` 
mass per unit of area’ (A1, 42, 43, Fig. 1). As the. 
volumes (Vi, V2, V3, Fig. 1) of the muscle fibres fluc- - 
tuated markedly in response to hormonal treatment 
(Fig. 1), the following volume parameters were determined — 
on photographs of cross-sections stained with haematoxy-. 
lin-eosin: (1) the number of muscle cell nuclei per unit. of 
area (5 em x 5cm); (2) the number of muscle fibres per 
unit of area; (3) the area of the muscle fibres as estimated ©. 
by planimetry (A'l, A’2, A’3). Since the thickness of the 
specimens (f, Fig. 1) was kept constant, the path difference 
can be regarded as proportional’ to the concentration of 











substances (C = y ) in the muscle fibres. The volume 


V is a prism, the sides of which are marked a, | (length of 
the muscle fibre), and ¢ (thickness of the section) in Fig. 1. 
After the wet weight had been measured, the muscle 
were dried to constant weight at 110° C for the purpose 
of estimating their dry weight. “ 

It is known that the areas of the fibre cross-sections i 
certain target muscles are considerably reduced as a 
result of castration’. Since the muscle fibres in histological _ 
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Fibres ai Area of fibres | Nuclei 
No. | % | Mean. % | No | % 
| (a) | (2b) | (3a) | (3b) | (4a) _ Gd) | 
i | : 
m*| — |138*| — | 16 | — 
| 62 (+843) 37 | ~73 | 51 +215 
| 1L | 21) 150f| +9) 20 | +25 
; i f i 
per 1+8 F200 42 
y ‘Absolute ‘timber per unit area (5em x Bem). 8 = —tit—~S~stS 


Percentage change of untreated controls. 
Mean, mean area of fibre cross-sections expressedi n arbitrary units, 
Hach value represents the mean of 36 to 104 individual measurements. 


ss-sections usually have an irregular polygonal con- 
figuration, measurement of their diameter is not a suitable 
eriterion for estimating changes in their volume. The 
dependence of the 3-volume parameters already mentioned 
on the hormonal treatment is shown in Table 1. As was to 
be expected’, castration led to a reduction in the volume 
of the muscle fibres, which was reflected in an merease in 
the number of cell nuclei and of muscle fibres per unit of 
area and in a decrease in the areas of the fibre cross- 
sections. The extent of this reduction in volume was most 
marked in the case of the m. bulbocavernosus, less marked 
in that of the m. levator ani, and least marked of all in 
that of the m. psoas. 
The administration of testosterone and of methandro- 
‘stenolone to castrated animals in the dosages indicated 
produced an increase in fibre volume in all the types of 
muscle studied (cf. Fig. 1); the reaction of these muscles to 
the hormonal stimulus, however, was not uniform. Thus, 
testosterone and methandrostenolone increased the fibre 
volume in the m. levator ani and in the m. psoas almost 
to the level of that in the untreated controls, whereas the 
‘values for the m. bulbocavernosus were lower. Both 
testosterone and, to a somewhat lesser extent, methandro- 
stenolone caused the fibre volume of the m. levator ani, 
as estimated by measuring the area of the fibre cross- 
pections, to rise above the control-levels by 9 and 7 per 
cent respectively (Table 1). 

“The results of the interferometric estimation of the 
optical path difference are indicated in Table 2. It can be 
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his value is significantly (P< 0-01) higher than the corresponding value of untreated controls. 






Table 2. DEPENDENCE OF THE @PTICAL PATH DIFFERENCE (J) ON Honmon 
TREATMENT 

(Mean values S.E.) ae 

M. M. psoas 
Treatment M. levator ani bulbocavernosus (white)... os 

Untreated controis 0-37 + @-032 0-36 + 0-054 O35 E POZ 000028 

Castrated controls 0-49 + @-O88 * 0-30 + 0-143 eta 
Testosterone 0-39 + #084 0-40 +0141 O41 4 OTAQ Cee 

Methandrostenolone 0-33 + #156 0-39 + 0-079 0-36 40-075 


+ These values differ significamtly (P < 0-01) from those of the corresponding 
untreated controls, 


seen that castration caused a slight increase in the optical 
path difference and thas in the dry weight/area of the. 
muscle fibres (ef. Fig. 1). The administration of tes- 
tosterone or methandrestenolone brings the optical path 
difference back again to within the vicinity of the control- 
levels. 

The castration-indueed increase in the optieal path 
difference of muscle fibres appeared to be relatively small 
(Fig. 1). Since the area (42) of the fibres is markedly 
reduced following castration, the optical path difference 


M2 
sy 


in relation to the untreated controls if the dry mass 


) would have to show a corresponding inerease 


remains constant (Mi = M2). As, however, this is not the 


case (Table 2), it can be assumed that the musele fibres 
must undergo an appreziable loss of substance as a result 
of castration and that the two hormones are capable of 
making good this loss (Fig. I and Table 2). 

This loss of substanee, demonstrated with the aid of 
interferometry, must also exert an effect on the coneentra- 
tion of dry substances in the muscle fibres. Since the 
considerable diminutior. in the volumes (Table 1), which. 
occurs following castra:ion, is accompanied by a loss of - 
dry mass, the concentration in the muscle fibres of 
castrated animals does rot undergo any substantial change | 
in comparison with the untreated controls and the hor- 
mone-treated animals (Fig. 1). In the light of the pro- 
portional relationship between the optical path difference 
and the concentration’ in our experimental procedure, we 
attempted to correct the path difference with the aid of the 
volume parameters listed in Table 1 (Table 3). It ean be 
seen that the following expressions yield values which-— 


Table 3. RELATIONSHIP BETWEEN THE CORRECTED OPTICAL FATH 
DIFFERENCE AND Dry WEIGHT (48 DETERMINED GRAVIMETRICALLY) 


As percentage of untreated controls 


Muscle Treatment Dry 
e*i(ia) (2a) r(3a) weight 

M., levator ani Castrated controls 44 31 35 38 
Testosterone 92 130 115 98 | 

Methandromenoions 80 115 96 96 

M. bulbo- Castrated centrois 32 17 16 16 

CA VETNOsUs Testosterone 86 79 84 86 

Methandrostenolone 86 83 86 88 

M. psoas Castrated controls 68 69 7 ~~ 

(white) Testosterone 112 125 119 — 

Methandrostenolone 115 123 99 —_ 


+y (compare with Table 2) was corrected with the aid of the volume 
parameters listed In Table 1. 





(la, 4a, Fay’ Table ai D ratio pe a path 
difference (ẹọ) and number of fibres per unit of area (2a 
_ 5a, 8a, Table 1); (3) product of optical path difference ( (9) 
and area of the fibre cross-sections (3a, 6a, 9a, Table 1). 
_ Among the various volume parameters, the optical path 
difference (expressed in terms of concentration of dry 
substance) appeared to be most directly related to the 
area of the fibre cross-sections. 
-Table 3 also shows that following testosterone treatment 
2 the corrected optical path difference (column 3b) of the 
_ ma. levator ani and of the m. psoas is 15 and 19 per cent, 
tively, above the correspending values in the 
eated controls; mothandrostenolone does not display 










Fee The reason for this difference is not known. There are, 

l however, two main possibilities: 
= (4) It is conceivable? that the hormone-stimulated 
a synthesis of cellular substances, that is, contractile 
_. proteins, for example, proceeds more rapidly in the region 
< of the cell nuclei at the periphery than in those zones of 
_. the fibres further removed from tha nuclei. Hence, there 
<- would have to be a concentration gradient decreasing from 
the periphery towards the centre of the fibre. The optical 
path difference, however, was determined at the periphery 
Of the fibre. If this gradient were to be maintained for 
longer following testosterone than following methandro- 
stenolone, determination of the optical path difference 
should yield higher values for testosterone. The figures 
listed in Table 2 do in fact indicate that testosterone tends 
to raise the optical path difference in the ‘white’ muscles 





sould Be aie to ae fact that eons anon 0 
sarcoplasm and its particulate organelles* has not yet bee: 
completely arrested? at this point (14 days after castra 
tion). 

(2) The second possible explanation would be 4 10 
determination of the optical path difference yields hig! 
values following testosterone than following methand 
stenolone (Table 2) because the dry mass of connect 
tissue (D, Fig. 1) is affected in different ways by the 
hormones which nevertheless otherwise exert the same 
type of effect on the muscle ceil. oy: 

The results of interferometric measurements of its 
dividual muscle fibres are very closely related to those of 
gravimetric determinations of muscle mass. Although the 
interferometric method is rather laborious, it makes it 
possible to quantitate certain cytological changes which 
may be encountered as a result of hormone treatment. ` 

We thank Prof. F. Ruch of the Federal Institute of 
Technology, Zurich, for his advice and Dr. P. Barthe for 
his help in preparing the animals for the experiments. 
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A PHAGOCYTIC FUNCTION OF HASSALL’S CORPUSCLES 


By Dr. J. N. BLAU 
Pathology Department, Guy's Hospital Medical School, London, S.E.I 


IN The Microscopic Anatomy of the Human Body in 
= A Health and Disease, published in 1849, Hassall) first 
me desoribed and illustrated the corpuscles which bear his 

name. -He quotes from a ‘Prize Essay’ entitled A Physio- 
< logical Essay on the Thymus Gland by John Simon, F.R.S. 
R aw, London, 1845), who examined thymus glands 
animals of varying maturity and concluded from 
ie application of acetic acid to the histological section”, 
that the cells of the corpuscles had a “great affinity to 
abryonie cells”. The origin and function of these cor- 
cles remain unknown or under dispute, and as recently 
1964 Christianna Smith?, an authority on thymic 
omy, wrote: “The weight of evidence as to the 
igin of typical Hassall’s corpuscles favours the theory 
ated by Kingsbury in 1928, that they are the expression 
of growth within a confined space of an epithelium which 
128 lost its surface function not dissimilar to the epithelial 
arls of keratinizing epitheliomas.” 
iring an investigation of the entry of proteins, col- 
al and particulate materials into the thymus of guines- 
“ander normal and pathological conditions, it was 
that Hassall’s corpuscles were larger when the gland 
“Involuted following either lccal X-irradiation or 
“systemic cortisone. Two days after injecting indian ink 
` “into. the circulation, particles of carbon were visible in 
- macrophages inside the thymus of control animals and in 
pater concentration in the treated group. In addition, 
rbon was evident in some Hassall’s corpuscles, and it is 
phenomenon that is the special purpose of this article. 
oung immature albino guinea-pigs (Hartley strain) of 
sexes, weighing 220-370 g and 7-10 weeks old, were 

























grouped into animals of comparable weight and sex. 
Each experimental animal had its own control. ‘The 
thymus was caused to involute either by local X-irradia- 
tion or by systemie injection of cortisone. 

Kach animal was anaesthetized with intraperitoneal 
Standard Veterinary Pentobarbitone Sodium B.P. 
(Abbotts), laid on its back and the limbs secured. A lead 
screen covered the animal apart from a window, 4 em 
x 5 em, through which 300 r. of X-rays were directed 
to the ventral aspect of the neck. The irradiation con- 
stants were 40 r./min, 220 kV and half-value layer 
1-4 mm copper. Five animals were irradiated, three 
which were allowed to survive for 2 days and two for 7 da 
when they were killed. Five control animals were anaes 
thetized, not irradiated and killed at similar time-intervals. 
In the cortisone group, five animals received subcutaneous 
injections of cortisone acetate B.P. (Organon) twice 
daily ; two hed 2:5 mg for 5 days end three others had. 
5-0 mg for 7 days after which time they were killed. Five 
control animals had the same number of subcutaneous 
es octione of sterile saline in the same volume, 0-1 and 

Each animal, irradiated, cortisone treated or conitel 
had one intracardiac injection of 0-1~-0-15 ml./100 g neds 
weight of indian ink (Günther Wagner Pelikan Werke, 
Hanover, Batch C11/143la), which consisted of 10: per 
cent carbon black with an average particle size of 
200-500 A, stabilized with 4-3 per cent fish glue, and. 
contained 1 per cent phenol in water. The injections y 
given within 1 h of irradiation or at the commenc : 
the series of cortisone ICE EE with the exception of ne 
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wradiated animal and one control animal which were 
jected 2 days efter the initial time and killed 1 h later. 

The guinea-pig’s thymus, which is situated in the neck, 

annot be injured by intracardiac puncture. 

The animals were killed with ether anaesthesia and the 
issues immediately fixed in 10 per cent formol saline. 

ions, 5-7 thick, were cut from each lobe of the 
ymus, a cervical and mesenteric lymph node, spleen and 
“rom either the lung or the liver. Sections stained with 
waematoxylin and eosin did not provide good contrast 
or the small carbon particles. For this purpose light 
Mtaining with methylene blue or neutral red was better. 
All the animals were seen to change to a slaty grey 
solour during the injection of indian ink, and to return to 
sheir normal colour within minutes. At post-mortem the 
spleen from each animal was intensely black and the liver 
“darker than normal. Some lymph nodes were darkened in 
tches. The thymus glands from animals that had been 
xposed to X-rays or treated with cortisone were darker 
han those from control animals which were pink. The 

treated group showed varying degrees of diminution in 
size of the thymus, and both groups had occasional black 
‘streaks on their surfaces. 

Histologically, the spleen from each animal contained 
very large quantities of carbon in the sinuses of the organ. 

rge amounts of carbon particles were also to be seen in 
all the livers examined (irradiated group) and a consider- 
able amount in the lungs (cortisone group). The lymph 
nodes, one cervical and one mesenteric from each animal, 
contained carbon particles albeit to varying extents. 

After irradiation, thymic lobules showed the ‘inverted’ 
relationship of cortex to medulla, the cortex staining less 
deeply owing to impoverishment of thymocytes and 
prominence of reticulum cells. Following cortisone treat- 
ment the cortex was narrower than in control animals 
and showed the ‘pockmarked’ appearance. These cavities 
contained macrophages. The thymus glands from all 
treated animals contained a large number of Hassall’s 
corpuscles, their size at times reaching very large 
dimensions. 

Particles of carbon were evident in blood-vessel walls 
inside the gland as well as between and on the surface of 
lobules. The uniformly small particles in the wall of blood 
vessels contrasted with their size in macrophages where 
they ranged from small to large and in many instances 
had aggregated into sizable masses (Figs. 1 and 3). 
These heavily laden macrophages were to be found in the 
capsule, cortex, cortico-medullary junction and the 
medulla. In the cortex they frequently occupied the 
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Fig. 1. Blood vessel at cortico-medullary junction from an animal 
treated with 2-5 mg cortisone twice daily for 5 days showing carbon in 
mnero es inside dilated vessel. Fine particles of carbon are seen in 
vesse] and larger aggregates in macrophages adjacent to and away 


from the veasel (methylene blus, x 540) 
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Fig. 2. Hassall's corpuscle containing carbon particles of varying sizes. 

Animal irradiated with 300 © locally over the thymus and indian ink 

injected Intravascularly 7 day pees: Carbon particles, indicated by 

arrows, have to be distinguished from deeply staining nuclear debris 
(methrlene blue, x 540) 





Fig. 3. From same animals as Fig. 2, showing the appearance of a 

‘compound’ Hassall’s corpuscle containing carbon. A heavily laden 

perivascular macrophage and 3 other meg eag not proximate to a 
vessel are visible (methylene blue, x 540) 


cavitios of the ‘pockmarking’. At the cortico-medullary 
junction where the bleod vessels were dilated they were 
situated perivascularly. In the medulla some were close 
to, and others well away from, blood vessels. The con- 
centration of carbon-bearing macrophages at the junction 
of the cortex and medulla was striking in some cortisone- 
treated animals and contrasted with the occurrence, often 
in patches, of solitary labelled macrophages both in the 
cortex and medulla in the irradiated group. In all the 
treated animals the quantity of carbon was much greater 
than in control groups, and comparison of the whole 
series showed that, the longer the time that had elapsed 
between injection of indian ink and death, the more 
carbon was present in the gland. 

The Hassall’s corpuseles consisted of a hyaline lamellated 
portion resembling a cut onion. Associated with this was 
a variable amount of deeply staining chromatin material 
consisting of small nuclear fragments, their differing 
shapes resembling pclymorphonuclear leucocytes. In 
control animals this ‘compound’ corpuscle occurred far 
less frequently and was invariably smaller than in in- 
voluted glands. There they gave the appearance of 
having resulted from the fusion of two and often more 
corpuscles and were very large (Fig. 3). 
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Fig. 4. Hassall’s corpuscle from an animal injected 
de. daily for 7 days. Carbon is seen outside, at the edge a 
corpuscle (methylene blue, x 540) 


Carbon was rare in the lamellated portion of the cor- 
puscle, but was evident in varying quantities and size of 
particle among the nuclear debris (Fig. 4). By no means 
did all the corpuscles in stimulated animals contain carbon, 
yet some control animals had a few of these ‘compound’ 
corpuscles which contained a little carbon, suggesting that 
involution was going on. At the periphery of a corpuscle 
a large cell with foamy cytoplasm was seen at times to 
contain one or more particles of carbon. Here as well as 
inside the corpuscle the variable size of the particulate 
matter corresponded to the variation found in macro- 
phages (Fig. 4). 

The striking morphological resemblance of Hassall’s 
corpuscles to keratinized squamous epithelium has per- 
haps been one of the mainstays of the belief that they are 
vestigial remnants arising from epidermal invagination 
from the third and fourth branchial pouches. The human 
embryos on which Norris? based his conclusions were 
examined by Ruth et al.‘ in the Embryology Department 
of the Carnegie Institute, Washington. The latter stated 
that: “Norris is the only investigator who claims to have 
traced the development of these structures to ectoderm. 
His drawings are interesting but not convincing.” 

So far the views held on the origin of Hassall’s corpuscles 
have obscured investigation of their potential active func- 
tion. Thus, well-recognized observations of their increase 
in size following irradiation® and systemic cortisone’ have 
been neglected. The increase in content of nuclear frag- 
ments noted in the corpuscles during involution of the 
thymus gland cannot be accounted for on the basis of an 
effete vestigial structure, neither can the presence of 
y-globulin in the corpuscles of human infants, children’, 
normal adults and patients with myasthenia gravis*. 

If Hassall’s corpuscles are not vestigial structures, what 
then is their function ? Kostowiecki® argues that macro- 
phages exist in the thymus and lists an impressive series 
of authors supporting his views. Green and Bloch’ 
showed that carbon particles appoared in macrophages in 
some new-born mice, Clark" confirmed the entry of ferritin 
in adult mice and Bailliff'* found the thorotrast in the 
thymus of rats and mice. The experiments cited here, 
using carbon, confirm this in the guinea-pig, and other 
investigations with Evan's blue (unpublished) are also in 
agreement. 

The suggestion that macrophages become incorporated 
and form Hassall’s corpuscles has been made by Kosto- 
wiecki’, who found that following the intraperitoneal 
injection of Evan's blue the corpuscles were stained with 
dye. Clark", too, found this dye to be present in some 
cells which formed rudimentary corpuscles in mice. 

The observations reported here demonstrated that 
particles of carbon are present in macrophages and in 
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Hassall’s corpuscles if sufficient time is allowed to elapse 
after intravascular injection, and this effect was markedly 
accentuated if the gland was caused to involute. This 
function of the corpuscle has hitherto been hinted at, but 
not satisfactorily demonstrated for a number of possible 
reasons: use of the wrong animals, like rats and mice, 
where the corpuscles are rudimentary; use of normal 
animals in which the thymus gland is not involuting or 
involution is proceeding very slowly; failure to use a 
readily visible foreign particle; allowing insufficient time 
for the accumulation of foreign material in the gland. It 
is only the simultaneous presence of these four conditions 
which has made these observations possible. This may 
explain why in Marshall and White’s experiments™ 
trypan blue and pneumococcal polysaccharide failed to 
enter the normal gland, yet gained entry when the gland 
was traumatized: hence their proposition of a blood- 
thymus barrier. Clark! supports the concept of a func- 
tional and partial barrier and the observations cited here 
would be in favour of such a barrier rather than an 
absolute one, since particulate matter, ferritin in mice and 
carbon in guinea-pigs, has been found in macrophages of 
unstimulated animals. 

The mode of entry is almost certainly via the blood 
stream. In comparing sections from animals that had 
carbon injected 1 h, 2, 5 and 7 days before death, there 
were increasing quantities of particulate matter in macro- 
phages situated perivascularly and well away from blood 
vessels. Hence a likely interpretation is that perivascular 
macrophages take up carbon from the walls of the blood 
vessels which they line, or possibly circulating macro- 
phages migrate through these vessels, as is suggested by 
Fig. 1. The permeability of the small blood vessels of the 
thymus may well have been affected by irradiation and 
cortisone treatment, and certainly in the latter group 
vessels seemed more prominent. These perivascular 
macrophages might then migrate to the Hassall’s 
corpuscles and contribute in their formation. 

Whether this dynamic interpretation derived from a 
series of static histological sections, taken at timed 
intervals, is correct or not requires further evidence. 
However, if the definition of a reticulo-endothelial tissue 
is based on its ability to phagocytose foreign particulate 
matter, then the demonstration of carbon black inside 
Hassail’s corpuscles must imply that they belong to this 
tissue system in the guinea-pig. 

To what extent arə these observations relevant to the 
behaviour of the thymus in man in health and disease ? 
The illustrations of Hassall’s corpuscles in children with 
involution of the thymus™ bear such close similarity to 
those seen in the guinea-pig after irradiation and systemic 
cortisone that one can see little, if any, difference. The 
presence of germinal centres in some patients with myas- 
thenia gravis and in a strain of New Zealand mice! 
implies that an antigenic stimulus has reached the organ. 
Furthermore, Marshall and White’? produced germinal 
centres in the guinea-pig thymus by direct injection of 
killed typhoid and paratyphoid bacilli into the exposed 
thymus gland. Hence it is possible that, if antigenic 
molecules reach the thymus via macrophages in suf- 
ficient concentration, this could provide the stimulus for 
the formation of germinal centres. The local conditions 
in the thymus which determine the formation of these 
centres awaits elucidation. 

In conclusion, Hassall’s corpuscles in the thymus glands 
of guinea-pigs have been shown to take up particles of 
carbon after the injection of indian ink into the circulation, 
especially when the thymus glands are undergoing involu- 
tion caused either by X-irradiation or the systemic injection 
of cortisone. It is suggested that macrophages play an 
important part in the formation of Hassall’s corpuscles 
which in certain circumstances have a phagocytic function 
and form a part of the reticulo-endothelial system. 

This work was carried out with the aid of a personal 
grant from the Medical Research Council. I also thank (the 
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and ©. W. M. Adams for hospitality in the Pathology 

Department of Guy’s Hospital Medical School, Prof. C. B. 

Allsopp and Mr. K. W. Twinn for X-irradiation, Dr. 58. 

Leibowitz for the indian ink, Mr. Ronald Morgan for 

photography and Miss Lesley Kennedy for experimental 

assistance. 
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ANDROGEN-OESTROGEN-INDUCED TUMOURS: LACTIC DEHYDROGENASE 
RELATIVE TO CHAETEPITHELIOMA INDUCTION IN TRE SYRIAN HAMSTER 


By Pror. F. T. ALGARD 
Department of Biological Sciences, Victoria University, British Columbia, Canada 
AND 
A. H. DODGE and Pror. H. KIRKMAN 


Department of Anatomy, Stanford University School of Medicine, California 


HERE is some presumptive evidence that neoplastic 

changes (induction) and subsequent progression from 
the benign to the malignant state may be accompanied by 
fluctuations in enzyme patterns. In view, especially, of 
the accumulating data suggesting a possible relationship 
between lactic dehydrogenase (LDH) and progression in 
certain tumours', this enzyme has been selected for an 
initial study on the histogenesis and growth of an andro- 
gen—oestrogen-induced, hormone-dependent epithelioma 
(chaetepithelioma) deriving from matrix cells of hair 
follicles in the flank organs (scent glands) of the Syrian 
hamster’. 

The chaectepithelioma is a particularly favourable 
tumour for use in such an enzyme investigation because of 
the essential role of sex hormones in the clear-cut succes- 
sion of developmental stages’. Under endogenous andro- 
gen influence the tumour arises from epithelial cells 
migrating from hair bulbs into adjacent connective tissue. 
These cells organize the connective tissue into microscopic, 
laminated, epithelial-connective tissue complexes (stage 1) 
which, under the influence of exogenous androgen stimula- 
tion, enlarge to barely macroscopic, still preneoplastic 
stage 2 nodules. Stage 2 masses enlarge and fuse to form 
potentially malignant stage 3 neoplasms only following the 
addition of oestrogen to the androgen’. 

Initially this survey of LDH has been limited to tumour- 
bearing animals treated with both the sex hormones 
required for progression to ultimate malignancy. ‘Tissue 
samples were taken at appropriate intervals during the 
life-history of the neoplasm for isoenzyme histochemistry 
using microscopic methods as well as acrylamide-gel 
electrophoresis. 

Each histological tissue sample was sectioned serially at 
20u on an International Harris cryostat. Both fresh and 
acetone-fixed sections from each sample were incubated 
for 10-20 min in 0-1 M pt-lactate LDH medium. Since 
available sulphydryl (S—H) groups are known to reduce 
nitro-blue tetrazolium, fresh sections were incubated in 
the standard LDH medium containing the S-H blocking 
agent, N-ethyl-maleimide. Each of these procedures was 
controlled by omitting the substrate from the incubation 
medium. Definitive tumour tissue (stage 3) was subjected 
to electrophoresis on acrylamide-gel strips according to 
Brody*. Urea (2-6 M concentration) was used to depress 
the slowest migrating isoenzyme! in tissue sections. 

LDH assessments were made on three groups of 
androgen—oestrogen-treated animals selected after periods 


of treatment known to evoke the different stages of 
tumorigenesis’, that is, 100-175 days for stage 1, 150-250 
days for stage 2, 250 days or longer for stage 3. Histo- 
logically, the flank orgen hair matrices of the short-term 
androgen—oestrogen-treated animals contain variable 
amounts of LDH ranging from slight to relatively heavy 
concentrations. Smaller, though less-variable, amounts of 
LDH occur in the outer root sheaths of the hair bulbs. 
Connective tissue components (dermal sheaths and 
papillae) always contain recognizable amounts. Laminated 
corpuscles (stage 1) contain recognizable quantities of 
LDH concentrated predominantly in the central core 
composed of epithelial cells. Little LDH is seen in the 
connective tissue laminae although scattered cells may 
contain as high a corcentration as is present in any 
single cell in the central aggregate. 

Stage 2 tumours, in which connective tissue components 
are reduced to a supporting stroma for cords of epithelial 
cells?, contain greater concentrations of LDH than do 
stage 1 nodules, althorgh considerable variation persists 
in different samples. With the transformation of stage 2 
to stage 3 masses, the variability in amounts of LDH in 
different samples largely disappears and the concentration 
becomes distinctly greater. 

Acrylamide-gel electrophoresis of stage 3 tumour tissue 
discloses four distinct kands of LDH. Of these, the most 
conspicuous is the slowast-moving isoenzyme, LDH No. 5 
(ref. 4), with decreasing amounts of No. 4, No. 3 and No. 2. 
If the fastest-moving isoenzyme (No. 1) is present, its 
concentration is below the sensitivity threshold of this 
method. Attempts to isolate sufficient quantities of tissue 
from stages 1 and 2 Zor electrophoretic determinations 
have not yet been successful. These results are sum- 
marized in Figs. l and 2. 

A 2-6 concentration of urea, which suppresses the slow- 
moving band (No. 5) (ref. 4) on acrylamide gel, is found in 
histological preparatiors to depress the LDH complement 
in the flank organ hair matrices, to completely inhibit the 
enzyme in stage l tumours, to depress the amount in 
stage 2 tumours to varying degrees and to diminish 
uniformly the reaction in stage 3 tumours. The order of 
magnitude of this letter inhibition is approximately 
50 per cent which is roughly comparable to the percentage 
inhibition seen in the Fair matrices. 

It appears from this preliminary investigation that 
LDH diminishes during the initiation of stage 1 nodules, 
and that there is a gredual and variable synthesis of the 
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Fig 1. Comparison of relative amount of LDH per section of the three 


tumour stages 


enzyme, probably in more than one form, during the 
transformation of stage 1 to stage 2 masses and ultimately 
the marked elaboration of additional types and quantities 
of LDH during the development and growth of the 
definitive stage 3 tumour. 

The full physiological significance of this investigation 
necessarily awaits the completion of similar studies of 
untreated males and females of varying ages, as well as 
animals treated independently with each of the two hor- 
mones. Of value, also, would be an investigation of the 
effect on types and levels of LDH in these tumours follow- 
ing hormone withdrawal. The correlation of hormone 
treatment with LDH synthesis during the life-history of 
this epithelioma may be physiologically significant, in vivo: 
whether there may be a direct influence on types and 
concentrations of LDH isoenzymes might, however, be 
best determined using in vitro techniques*-*. The possible 
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fastest migration 


LDH isoenzyme pattern No. 1 





Stages of tumorigenesis 
Fig 2. Diagrammatic distribution of LDH isoenzymes in three tumour 
stages based on 2 6 urea inhibition investigations of sections and acryl- 
amide-gel electrophoresis 


involvement of viral LDH stimulating agents®’* must 
await additional studies. 
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Dr. R. L. Hunter for advice and for laboratory facilities. 


1 Goldman, R. D., Kaplan, N O., and Hall, T. © , Cancer Ees., 24, 889 (1964). 
2 Kirkman, H., and Algard, F. T., Cancer Res., 24, 1569 (1964). 
? Kirkman, H., and Algard, F. T., Acta Un, Intern. Cancrum, 20, 743 (1964). 
*Brody, A I., Nature, 201, 685 (1964). 
č Brody, A. I , and Engel, W. K., J. Histochem. and Cytochem ,12, 687 (1964). 
© Algard, F. T., J. Nat. Cancer Inst., 26, 557 (1960) 
1 Algard, F. T , J. Nat. Cancer Inst , 27, 1493 (1961). 
è Algard, F. T., Nat. Cancer Inst. Monog., Vi, 216 (1963). 
® Riley, V., Lilly, F., Huerto, E , and Bardell, D., Science, 182, 545 (19860). 

10 Yaffe, D., Cancer Res., 22, 573 (1962). 

11 Crispens, C. G., J. Nat, Cancer Inst., 30, 361 (1963). 

12 Plagemann, P. G. W., Gregory, K. F., Swim, H. E., and Chan, K.K W., 

anad J. Microbiol , 9, 75 (1983). 
13 Gottschalk, R. G., Grantham, H. H., and Miller, P. O , Cancer Res , 25 
919 (1965). 


TITRATION CURVES DEPICTING CENTRAL STIMULANT, DEPRESSANT AND 
DUAL STIMULANT-DEPRESSANT ACTION OF GLUTARIMIDE 
HOMOLOGUES IN MICE 


By Dr. A. SHULMAN*, GLENDA M. LAYCOCK* and J. A. HENRY 


Department of Phystology, University of Melbourne 


| E eia aasi has been presented from quantitative 
titrations in mice that certain analeptics (including 
bemegride) and hypnotics (including pentobarbitone 
sodium) act at common sites in the central nervous 
system? ?, It has been proposed?, in terms of ‘rate theory’ 
of drug action’, that with respect to the complex formed 
with the responsive sites, an analeptic is an agonist with 
high association and dissociation rate constants (kı and 
ka respectively) and thereby maintains a continued high 
rate of association with the sites which manifests as con- 
vulsion. On the other hand, a hypnotic has a low &, and 
prevents the action of the agonist by its prolonged 
association with the responsive sites. Analepsis occurs 
when the agonist maintains a sufficiently high rate of 


* Full-time grantee of the National Health and Medical Research Council 
of Australa. 


association in the presence of hypnotic to overcome the 
depression caused by the latter. The action of these 
drugs has also been described! in terms of ‘receptor 
occupation theory’ of drug action‘. 

Independent support for these views has been obtained 
from structure/action investigations in mice with members 
of a homologous series of 6,8-disubstituted glutarimides. 
It has been shown that §$-methy]-f-ethylglutarimide 
(bemegride, “Megimide’), 8-methyl-Q-n-propylglutarimide 
and §-methyl-8-n-butylglutarimide and 6-methyl-f-n- 
amylglutarimide show the properties of agonist, partial 
agonist and antagonists respectively in the central nervous 
system; the partial agonist, which is intermediate ir 
structure between agonist and antagonist, has dua 
stimulant and depressant action and, it is proposed, ar 
intermediate k,. It is probable that these substances 


November 6, 1965 


No 5010 


Table 1. 


NATURE 


569 


MEDIAN CONVULSANT AND HYPNOTIC DOSES AND LEAST SQUARES REGRESSION LINES REPRESESTING TITRATION* BY PENTOBARBITONE 
SODIUM OF HOMOLOGOUS £,8,DIAKYLGLUTARIMIDES IN MICE 























8,8-Dialkyl Regression lines 

glutarımıde representing stimulant action 
Methyl, ethyl y=0-2149 v +1107 

(bemegnide) (lower doses) 






¥=0 0556 2 +1777 
(higher doses) 
Methyl, n-propyl y =0:1027 x +1129 


Methyl, n-butyl 





Methyl, n-amyl — 


* The titration end-point is hypnosis in 50 per cent of a group of mice 
t Estimated limits, P=0 05 


which differ only by the progressive addition of one 
methylene group to the @-alkyl substituent, and the 
hypnotic pentobarbitone sodium all act at common 
central sites which mediate both the stimulant and 
depressant actions of these drugs’. 

If these views are correct, it may be anticipated that 
when progressively increasing doses of each of the afore- 
mentioned glutarimides are titrated against pentobarbitone 
sodium. to an end-point of hypnosis in 50 per cent of a group 
of mice, the agonist will show only increasing analeptic 
activity, the partial agonist initial analeptic activity 
followed by potentiation of hypnosis, and the antagonist 
only increasing potentiation of hypnosis. Titration curves 
substantiating these views are shown in Fig. 1. In carrying 
out these titrations the titrants, either in aqueous solution 
(pentobarbitone sodium, bemegride and the n-propyl- 
glutarimide) or as a 1 per cent tragacanth suspension 
(the n-butyl- and n-amyl-glutarmmides), were administered 
intraperitoneally in a temporal sequence such that their 
maximal effects occurred contemporaneously. The titra- 
tion interval following drug administration was 10-15 min 
Each titration point is the mean of at least two concordant 
estimations. 

Theoretically, it is expected that the titration points 
for bemegride and its n-propyl homologue against pento- 
barbitone sodium take the form of hyperbolae‘, but their 
relative analeptic potency has been estimated by fitting 
the points in each case by two highly significant least 
squares regression lines (P < 0-001) which intersect and 
show highly significant difference in slope (P < 0-001); 
each lower regression line intersects the hypnotic axis at 
a point non-significantly different from (0, HDs) (Fig. 1 
and Table 1). 

It may be seon (Table 1) that bemegride is approx- 
imately twice as potent as its n-propyl homologue both 
as an analeptic to pentobarbitone sodium depression and 
as a convulsant. Their relative analeptic potency was 
calculated from the slopes of the lower regression lines, 
that is, where increasing doses of either glutarimide show 
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Fig. 1. Titration curves and least squares regression lines repiesenting 
titration of pentobarbitone sodium by #-methy]-f-ethylglutarimide 
(Me,Et), @-methyl-f-n-propylglutarrmide (Me,n-Pr), 6-methyl-8-n-buty]- 
glutarimide (Me,n-Bu) and f-methy!-8-n-amylglutarimide (Me,n-Am). 
The titration end-point is hypnosis in 50 per cent of a group of mice. 
Each titration point 1s the mean of at least two concordant estimations 
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increasing antagonism to barbiturate depression, while 
their relative convulsive potency was calculated from the 
CDs values (Table 1), estimated by plotting log. dosage 
of drug against probit percentage of mice which show 
mild clonic convulsion By analogy with Paton’s an 
vitro findings with homologous alkyltrimethylammonium 
cations®, it is hkely that the k, values of bemegride and 
its n-propyl homologue are very similar and, hence, that 
the latter has a higher affinity (k,/k,) for the common 
responsive sites since, being a partial agonist, its k 18 
lower. It is also likely, judging by the close similarity in 
their structures and tine courses of action, that a similar 
proportion of the peripheral dosages of the two glutar- 
imides will reach the responsive sites during the titration 
interval. Consequently. it appears that k, of the drug- 
site complex is the cardinal factor determinmg the 
potency of these two drugs as stimulants in the central 
nervous system; this is to be expected from the assump- 
tion that k, limits the rate of dissociation of the drug 
from the responsive sites and hence its rate of association 
with the sites, and from Paton’s definition of stimulant 
potency (k,/k,)*. 

The inflexion in the bemegride—pentobarbitone sodium 
titration curve (Fig. 1) is considered to represent approach- 
ing saturation of the common sites for which the hypnotic 
has the greater affimty!?; a greater concentration of 
analeptic 1s required ta attain the titration end-point in 
the presence of a hyprotic with a higher affinity when 
the drugs are present in excess with respect to the 
responsive sites than wien the number of sites is adequate 
for maximal association of both drugs at the concentra- 
tions present. It is likely that the inflexion in the B-methyl- 
8-n-propylglutarimide—pentobarbitone sodium titration 
curve, in this case a change from a positive to a negative 
slope, also represents approaching saturation of the 
responsive sites since, in these circumstances, the stimu- 
lant action of the partial agonist would be expected to 
decline because its k, would be too low to permit the 
maintenance of an adequate rate of association when the 
number of free sites is limited. 

The titration pomts of the n-butyl- and n-amyl- 
glutarimides against pentobarbitone sodium have also 
been fitted by least squares lines which show highly 
significant regression (F < 0-001) and which approximate 
very closely to the lmes joining the estimated HDs, 
values of pentobarbitcne sodium, 110-4 yM/kg (109-2- 
111:0 uM/kg, P = 0-05), and ®§-methyl-6-n-butylglutar- 
imide or 6-methyl-8-7-amylglutarimide (Fig. 1 and 
Table 1) These HD; values were estimated by plotting 
log dosage of drug agairst probit percentage of mice which 
lost righting reflex for at least 3 min. 

Comparison of the slopes of the regression lines for the 
glutarimide hypnotics with that of the regression line for 
the higher doses of the partial agonist B-methyl-B-n-propyl- 
glutarmide shows that the mn-amylglutarimide has 
approximately twice tha depressant potency of its n-butyl 
homologue which is spproximately equipotent to the 
n-propyl homologue (Table 1). However, the regression 
coefficient for the -propylglutarimide gives a false 
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impression of its depressant potency since the regression 
line represents both decreasing analepsis, up to a dosage 
of 1,227 uM/kg, and potentiation of pentobarbitone- 
induced hypnosis at dosages beyond 1,227 uM/kg. A 
more accurate indication of the depressant potency of 
B-methyl-6-n-propylglutarimide is given by its HD» 
which was estimated by the same method already 
described here for the other glutarimides using @ warm, 
near-saturated, aqueous solution (12 mg/ml.). A com- 
parison of the HD; values of the three glutarimides 
(Table 1) shows that @-methyl-8-n-amylglutarimide has 
approximately twice the depressant potency of its n-butyl 
homologue which is in turn approximately twice as potent 
as the n-propylglutarimide. This approximate two-fold 
difference in depressant potency for these drugs is similar 
to that shown for the stimulant potency of the ethyl 
and n-propyl homologues (Table 1) and probably reflects, 
primarily, a progressive fall in the k, of the drug-site 
complex representing, with each additional methylene 
group, the formation of a stronger bond between the 
glutarimide and the responsive sites. 

Jt might be argued that potentiation of pentobarbitone 
sodium hypnosis by the higher doses of B-methyl-8-n- 
propylglutarimide results not from the action of the latter 
as a partial agonist but from its capacity to replace the 
barbiturate at common sites on plasma or tissue proteins 
or to decrease the rate of excretion, biotransformation or 
the extent of storage of the barbiturate, each of which 
would tend to increase the concentration of free hypnotic 
in the plasma for transfer to the responsive central sites. 
However, these possibilities seem unlikely since the 
n-propylglutarimide would need to be markedly more 
specific in these actions than its closely related ethyl, 
n-butyl and n-amyl homologues. The ethyl homologue, 
bemegride, is bound negligibly to plasma protein? and 
shows continued analeptic activity against pentobarbitone 
sodium over a 117-fold range of analeptic dosage?, while 
the hypnotic n-butyl and n-amyl homologues produce no 
more than the expected additive depression in combina- 
tion with the barbiturate. 

Further, it has been demonstrated that whereas mice 
given 6-methyl-8-n-propylglutarimide 500-600 uM/ke, in 
the absence of hypnotic, may die within 2-15 min of 
convulsion usually associated with maximal hindleg 
extensor tonus, animals receiving five times this dosage 
lose righting reflex within 2 min, following an initial burst 
of convulsion, and sleep without signs of stimulation for 
a period varying from 4 to 30 min. These mice wake with 
generalized hypertonia and excitement and show sporadic 
episodes of mild jumping and clonic movements the 
intensity of which decreases progressively until complete 
recovery some 3-4 h later. These observations suggest 
that B-methyl-8-n-propylglutarimide is a partial agonist 
which in high dosage can itself inhibit the maximal lethal 
convulsive action which it produces in a much lower 
dosage. Further, even though the drug is probably 
present for a considerable period at a concentration in 
excess of that necessary for maximal stimulation, it 
appears that the relationship between the kı and k, of 
the drug-site complex is such that the number of free 
responsive sites is never sufficiently high to maintain a 
rate of association greater than that commensurate with 
mild clonic convulsion. 

Not only does 8-methyl-8-n-propylglutarimide antagon- 
ize its own convulsant action but it also antagonizes that 
of its ethyl homologue (bemegride) and pentylenetetrazol. 
The ”-propylglutarimide at a sub-hypnotic (1,800 uM/kg) 
or hypnotic dosage (Table 1) eliminates maximal hind-leg 
extensor tonus? produced in mice by a 100 per cent 
effective intraperitoneal dosage of the ethyl homologue 
(290 pM/kg) or pentylenetetrazol (800 uM/kg); mice 
receiving 1,800 uM/kg of the n-propylglutarimide show 
only mild stimulation and at times appear almost normal. 
Anticonvulsive action and potentiation of barbiturate 
depression by other compounds with stimulant properties 
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have been reported previously, for example, 5,5-diphenyl 
2,4-diketooxazolidine and its hydantoin analogue 
(‘Dilantin’)? and phencyclidine and the related compound» 
‘CI-581°2°. Antagonism by high doses of stimulant actior 
present in low doses has also been reported for the last- 
mentioned two compounds?®, 

As anticipated, B-methyl-f-n-propylglutarimide in low 
dosage (114 uM/kg, 0:5 x CD,;)) potentiates the eon- 
vulsive action of the ethyl homologue, decreasing its 
CDs, from 126:8 to 63-2 uM/kg (62-7-63-7, P = 0-05); 
both drugs in a non-convulsive dosage (0-5 x CD;,) are 
analeptic to the n-butyl and n-amyl homologues at their 
HD; On the other hand, a higher dosage of the n-propyl- 
glutarimide (1,800 uM/kg) potentiates the action of the 
HD; of the hypnotic glutarimides. 

The dual stimulant and depressant action of B-methyl- 
B-12-propylglutarimide and the form of its titration curve 
suggest that stimulation, manifesting as convulsion or 
analepsis, and depression, manifesting as anticonvulsive 
action and potentiation of hypnosis or hypnosis, are 
continuous phenomena. Thus, it is very likely that con- 
vulsion and hypnosis are the opposed extremes of a 
common physiological process occurring at the responsive 
central sites; the pure convulsive and hypnotic actions 
respectively of the ethyl and n-butyl homologues strongly 
support this contention. A hypothesis has been presented! 
which suggests that convulsion and hypnosis produced by 
selected barbiturates, glutarimides and a variety of 
related drugs are the opposed extremes of physiological 
wakefulness occurring predominantly at excitatory syn- 
apses on reticular neurones concerned in arousal, and that 
anticonvulsive action is an intermediate state of depres- 
sion. These views are consistent with those obtained from 
direct neurophysiological and neuropharmacological in- 
vestigations! and with the ability of most anticonvulsive 
drugs to antagonize convulsion in low dosage and to 
produce hypnosis in higher dosage. 

The relative affinities, association and dissociation rate 
constants and the central nervous system penetrabilities 
of pentobarbitone sodium, bemegride and other hypnotic 
and analeptic drugs! are being estimated (using the 
IBM 7044 computer) from titration curves of the type 
shown for bemegride and pentobarbitone sodium in Fig. 1 
(ref. 6). These parameters, representing the action of the 
drugs at the common sites in the central nervous system 
of mice, will also be computed for the n-propyl, n-butyl, 
n-amyl and related glutarimide homologues from appro-, 
priate titration curves. It is hoped in this way to determine 
the progressive changes in the magnitudes of the associa- 
tion and dissociation rate constants which accompany the 
progressive addition of one methylene group to the 
B-alkyl substituent of the glutarimide ring. Similarly, 
changes in the penetrabilities of successive homologues 
can be examined and compared with changes in relevant 
physical characteristics. 

It i3 suggested that the foregoing conclusions, con- 
cerning the central actions of f§-methyl-8-n-propyl- 
glutarimide, and titrations of the type shown in Fig. 1 
may be useful in elucidating the mode of action of other 
central nervous system stimulant and depressant drugs, 
especially those having apparently paradoxical actions. 
For example, these considerations have been applied to 
the central actions of a convulsant barbiturate and the 
anticonvulsant diphenylhydantoin sodium (‘Dilantin’), 
and it seems possible that these substances, phencyclidine 
and ‘CI-581’!°, a number of psychoactive drugs!? and 
certain halogenated aliphatic ethers and paraffins! also 
behave as partial agonists in the central nervous system 
and act at the same central sites common to the other 
drugs discussed in this article. 

We thank Mr. R. Benn for his valuable assistance with 
the experiments and Nicholas Pty., Ltd., for their gift 
of the glutarimide drugs used in this investigation. This 
work was supported by the National Health and Medical 
Research Council of Australia. 
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BREEDING A PELAGIC COPEPOD, Euterpina acutifrons (Dana), 
IN THE LABORATORY 


By HEINZ W. NEUNES and GIAN-FRANCO PONGOLINI 


Laboratorio per lo Studio della Contaminazione Radioattiva del Mare, Comitato Nazionale per l'Energia Nucleare— 
European Atomic Energy Community, Frascherino (La Spezia), Italy 


N order to evaluate the uptake, distribution and turn- 
over of radioisotopes in a marine ecosystem, it is 
highly desirable to evaluate results observed in the open, 
sea, in terms of experiments carried out under precisely 
controlled conditions in the laboratory. An essential 
prerequisite is therefore to have at hand a method for 
rearing relevant organisms in, the laboratory. 

Copepods form an essential element in the marine food 
chains. So far, however, laboratory work with pelagic 
copepods has always posed serious problems, for it has been 
impossible to rear them under culture conditions which 
permit them to reproduce. 

Only recently, Zillioux and Wilson! succeeded in maim- 
taining a culture of the coastal species Acartia tonsa 
through five generations, and Conover? had previously 
been able to raise eggs of Calanus hyperboreus to the adult 
stage; these, however, failed to reproduce. 

The excessive growth of bacteria in the culture vessels 
is presumed to be one of the main factors for the difficul- 
ties; Conover? therefore added antibiotics to the water. 
In order to bind heavy metal ions present, Bernhard’ 
used EDTA and other complexing agents and was thereby 
able to overcome the difficulties in culturmg sea urchin 
larvae. 

Taking advantage of this experience, we have carried 
out breeding experiments with some species of pelagic 
copepods, especially with Temora stylifera, Oncaea sp. 
and Huterpina acutifrons, which are abundant in the 
Mediterranean. The copepods came from the laboratory’s 
sampling zone (see Bernhard et al.t) in the Ligurian Sea, 
about ten nautical miles off the coast near La Spezia; 
the samples were taken in surface tows over a water depth 
of about 250 m, except for the individuals of Huterpina 
acutifrons, used to set up the first laboratory culture, 
which originated from the Gulf of La Spezia in the immedi- 
ate vicinity of the coast. 

Aboard the ship, the plankton samples were diluted 
with natural sea-water and kept in 5-l. polyethylene 
bottles to which 50 mg/l. penicillin was added. The 
samples were then stored at 18° C. During the 20 min 
required to transport the plankton from the quay to the 
laboratory, no further precautions were taken to keep the 
temperature constant. Immediately on arrival, the 
copepods were transferred to culture vessels and kept in a 
room thermostatically controlled at 18° +1° C. 

Natural sea-water served as basis for the culture media 
in all cases. EDTA in a concentration of 37 mg/l. (=10-+ 
mol) was added as a complexing agent. As antibiotics, 
penicillin and streptomycin were used alternately; two 
different concentrations were tested: 50 mg/l. and 6:5 


mg/l. The control mecia contained EDTA but no anti- 
biotics. 

A suspension of a mixture of the flagellates Tetraselmis 
micropapillata, Dicratecia sp. and Platymonas Sp., @ 
dinoflagellate Gymnowinium sp. and the diatom 
Phaeodactylum tricornutum was added as food. The 
culture medium was changed at regular intervals, using a 
siphon, fitted with nylon gauze to prevent the nauplı 
from escaping; the intervals ranged from 1 week to 1l 
month according to ths experiments. 

The copepods were kept either individually as ‘single 
cultures’ in Boveri capsules with a capacity of 30 ml. or in 
groups of more than ten individuals as ‘mass cultures’ in 
Erlenmeyer flasks rang-ng in capacity from 2 I. to 10 1. 
The flasks were filled to half capacity or less. 

In preliminary survival experiments with single cultures 
of Temora stylifera and Oncaea sp., two concentrations of 
antibiotics were compared: 6-5 mg/l. penicillin, in weekly 
alternation with 6-5 mg/l. streptomycin, gave better results 
than, either the controis or the higher concentration of 
50 mg/l. which was recommended by Conover’. 

The superiority of the lower concentration, of antı- 
bioties was significant at the 95 per cent level for Temora 
(F = 3:73 at d.f. 2 anc 28). For Oncaea, although it also 
survived longer in the bwer concentration, the difference 
was not statistically significant (F = 1-71 at d.f. 2 and 
34). A mixture of various zooplankton species in @ mass 
culture lived longer in the lower concentration of anti- 
biotics than in the Higher concentration and in the 
controls. 

The original concentration of 50 mg/l. antibiotics appears 
to have some detrimental effect on the vitality of the 
copepods, which effect is reduced or eliminated by using a 
lower concentration. As to the effect of the penicillin 
medium on the bacteria, it should be kept in mind that an 
aqueous solution of penirillin is very unstable in sea-water. 
According to Korzybsxi and Kurylowicz*, a penicillin 
solution at pH 5 at 0° Closes about half its activity within 
8 days; in weak alkaane solutions, such as sea-water 
(pH 8), and also at higher temperatures, the process of 
inactivation requires ccnsiderably less time. 

In order to evaluate under these conditions the effect 
of a penicillin solution cn the bacterial growth in copepod 
cultures, an experimert was set up in which periodic 
counts of bacteria were made. 

Three different media were tested: (a) penicillin medium. 
(6-5 mg/l. penicillin + 37 mg/l. EDTA), (b) sterilized sea- 
water (autoclaved for 20 min at 110° C, + EDTA), and (ec) 
control medium (natural sea-water + EDTA). Two 
Boveri capsules were filled with each medium and five 
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sterilized sea-water. EDTA was included in all media 
copepodites of Huterpina acutifrons added per capsule. 
The serial dilution method was used for the bacteriological 
tests; the diluted samples were then poured on “pep- 
tone agar’’ plates (Oppenheimer and ZoBell*) and the de- 
veloping colonies were counted in due course. Samples 
for the bacteriological counts were taken from the cul- 
tures at 0, 14, 26, 38 and 62 h. The results are given in 
Fig. 1. 2 

The results confirm that an appreciable difference in 
the number of bacteria can be noted in the first 38 h only. 
At zero time, the number of bacteria in the penicillin 
medium was 18 per cent of that of the controls,.at 14 h 
about 40 per cent; after 26 h the numbers of bacteria in 
the penicillin medium and in the controls were about 
equal. In the sterilized medium which had been contam- 
inated with bacteria by the copepods, the bacteria needed 
62 h to reach the level of the eontrols. A parallel experi- 
ment with mass cultures of zooplankton showed a longer 
survival time in the penicillin medium, but shorter in 
sterilized sea-water. i 

The fact that the penicillin medium has a bacteriostatic 
effect during a period of less than a day may well be of 
vital importance, because it is possible that the resistance 
of copepods against excessive bacterial growth is extremely 
low during the initial period in which they are probably in 
a weakened condition after having undergone the straining 
procedures of collection, the transportation to the labora- 
tory and finally the transfer by means of a pipette into 
the culture vessels. 

The shorter survival-time in sterilized sea-water may 
be due to chemical changes effected by the high autoclav- 
ing temperature. 

On the basis of these findings, the lower penicillin 
concentration (6-5 mg/l.) was adopted for standard culture 
medium. - 

The first species of which we obtained nauplii in the 
laboratory was Euterpina acutifrons (Dana), a pelagic 
copepod of the sub-order Harpacticoida. The nauplii, 
hatched from the eggs of females caught near the coast 
on August 22, 1963, were transferred into a bottle with 
3 1. of standard culture medium. Initially, the medium 
was changed weekly. The population established itself 
but remained at a very low density. When, however, the 
medium was renewed at monthly intervals, the population 
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density increased rapidly. The population remained in the 
same vessel for one year. The masses of live and dead algae 
and detritus collecting at the bottom were never removed 
and did not have any obvious detrimental effect on the 
culture. In August 1964, the population was divided and 
distributed into several new containers. 

The population was examined every 4 days over a 
period of several months. Young naupliar stages were 
always predominant, which suggests a rather high larval 
mortality. 

Generally, the density was between 1,000 and 3,000 
individuals per litre, with rather marked fluctuations. But 
high values such as the following have been observed: 
500 adults, 2,000 copepodites, 2,500 nauplii IV-VI, 
9,000 nauplii I-III. These numbers were calculated for 
1 1. on the basis of replicate samples of 5 ml. 

In order to determine the time required for the comple- 
tion of one generation, the life history of single individuals 
was observed. Females with eggs were transferred from 
the laboratory population into Boveri capsules. On the 
following day, the nauplii which had hatched in the 
meantime were transferred singly into covered salt 
dishes containing about 3 ml. standard culture medium. 
Observations were made daily and the moulted skins 
were counted and removed. The mortality was high: 
only 22 out of 50 nauplii survived to the first copepodite 
stage and only two of those reached the adult stage. 
Another experiment was therefore set up with 50 nauplii 
of various stages taken directly from the laboratory 
population. Of these, 12 developed into adults. Table 1 
gives a summary of the results, combining the two 
experiments. At 18° C the resulting average time for the 
completion of larval development (egg to adult) is between 
17 and 18 days. This result is confirmed by another obser- 
vation: in a population started anew with ten females 
bearing eggs, the first F,-adults appeared after 14 days 
and the first F -nauplii after 17 days. 
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Table 1. DURATION OF LARVAL STAGES IN SINGLE CULTURES OF Euterpina 
acutifrons AT 18° C 


Length of larval period (days) Overall 
0 1 2 4 5 


N 3 av. (days) 
Nauplius I 57 44 12 1 1:34+0°5* 
II 38 23 14 1 1-4 
Ii 380 l 19 9 1 18 
IV 26 17 7 1 1 15 
Vv 16 18 8 1:5 
VI 23 22 1 10 
Copepodite I 23 11 10 2 1-6 
II 22 10 9 3 17 
OI 22 1 8 6 6 1 1-9 
Iy 20 1 7 11 1 16 
Vv 14. 2 8 3 1 2-2 
Total 176 


* To the mean time length of the neunua stage I, 0-5 days were added, 
because at the time 0, the nauplii were between 0 and 24 h old. 


This is not very different from records of other eopepod 
species reared under similar conditions. The non-pelagic 
Tigriopus brevicornis needs 19-5 days on the average to 
grow from egg to adult (own observation), and Acartia 
tonsa has a generation time (egg to egg) of 21-30 days at 
17° C (Zillioux and Wilson). 

If we assume a period of about 3 days for the time 
between emergence as an adult and hatching of its first 
eggs, a generation of Huterpina, under the conditions 
described, averages 20-21 days. On the basis of this 
average, we can assume that the population, which is now 
18 months old, at present should contain individuals which 
belong to the 27th generation. 

Originally it was presumed that pelagic populations of 
Huterpina might be less resistant to cultus conditions 
than the coastal one which was used to set up our first 
laboratory culture. Therefore, on November 28, 1963, and 
January 21, 1964, two new cultures were started with’ 
Huterpina collected in the open sea. 
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The resulting laburatory population performed just as 
well as the original one derived from a coastal population; 
there appeared to be no difference in their adaptability 
to culture conditions. One of the populations was later 
transferred to a culture medium without antibiotics with 
no apparent detrimental effects. It seems safe to assume 
that antibiotics are necessary only for the initiation of a 
laboratory culture. 

It should be noted that Huterpina acutifrons is closely 
related to the non-pelagic genus Tigriopus which lives in 
tide pools and is very easy to maintain in the laboratory. 
It might be interesting to carry out culture experiments 
with other pelagic Harpacticoida as well, in order to 
determine whether a relatively high adaptability to 
culture conditions is a general feature of this group. 
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OPTICAL ROTATORY DISPERSION OF A CHLOROPLAST PREPARATION 


By Dr. BACON KE 
Charles F. Kettering Research Laboratory, Yellow Springs, Ohio 


PTICAL rotatory dispersion (ORD) was used more 
than a century ago by Biot, Pasteur and others for 
the study of molecular structure!. Its use on proteins 
dates back to the work of Hewitt? and Jessen-Hansen$ in 
1927. During the interim period, rotation measurements 
have been limited in the main to a few wave-lengths 
where convenient light sources could be found. However, 
in the past decade ORD has been, undergoing a renaissance, 
largely as a result of new applications it has found in, the 
study of molecular structure, and it is now considered 
one of the most powerful methods for studying conforma- 
tion and conformational changes in biological macro- 
molecules. 

The most significant use of ORD in protein work is 
probably the estimation of helix content of a protein, and 
the detection of helix-coil transition taking place in 
proteins during denaturation. Another interesting area 
of molecular conformation studied by ORD is that found 
by Blout and Stryer’, who showed that Cotton effect 
can, be induced in the absorption-band region. of certain 
symmetrical dye molecules when they are complexed 
with a dissymmetric helical structure of a polypeptide. 
They also found that the Cotton effect reverses sign, when, 
the dye is bound to a polypeptide of an opposite helical 
sense. When the dye is bound to a polypeptide with 
random conformation, no Cotton effect is observed. 

As ORD is sensitive to the conformation and conforma- 
tional changes in proteins and to the effect of binding 
small molecules, we have investigated the rotatory 
properties of cholorophyll> and other pigments in solution, 
as well as in the native environment of the chloroplast, 
to gain, some insight about the nature of binding of these 
pigments and to correlate it with the photosynthetic 
activity of the chloroplasts. This article presents some 
preliminary observations made on a chloroplast prepara- 
tion. 

The problem of binding of chlorophyll to lipoprotein 
has been investigated by many workers in the past, 
mainly through such optical properties as absorption, 
and emission. Although the state of chlorophyll in vivo 
is probably radically different from that of isolated 
molecules in solution, the absorption peaks of the bound. 
pigment usually display only a slight shift as a result of 
binding’. * Studies of optical anisotropy have usually led 
to the conclusion of a textural or form anisotropy in the 
chloroplasts’-*. More recently, polarized-absorption and 
-emission measurements!’ with Euglena chloroplasts and 
electric-dichroism measurements! with quantasomes have 


indicated an orientation of part of the chlorophyll 
molecules in the chloroplasts. j 

Chloroplasts are known to be sites of photosynthesis. 
As revealed by electron microscopy, chloroplasts consist 
of laminated systems smbedded in, a matrix, or stroma. 
The lamellae and stroma are surrounded by a double 
membrane. The dark layers in the laminated system are 
where the chlorophylls and other pigments are concen- 
trated. Considered chsmically, the laminated system is 
a gigantic organized complex of lipoprotein and chromo- 
phores. However, the so-called chlorophyll-lipoprotein 
has never been isolated from the chloroplasts in pure 
form. When chloroplasts are broken, the dark regions 
are released in particulate forms called ‘grana’. The 
lamellae appear to be made of sub-units which were first 
observed by Froey-Wyssling and Steinmann??, and have 
recently been given the name of ‘quantasomes’%. The 
quantasomes are oblate spheroids 200 x 100 A. Tt has 
been suggested that tha quantasomes probably represent 
the smallest functions] units capable of carrying out 
quantum conversion and electron transport. 

The chloroplasts used in this work were prepared from 
spinach leaves. Quantasome aggregates were prepared 
according to the procedure described by Park and Pon”, 
except that KCl was substituted for sucrose. Further 
rupture of the grana was achieved by sonication, and the 
lamellar fragments were fractionated and freed from 
stroma by differentia: centrifugation. ORD measure- 
ments were made ın the Cary ‘Model 60’ spectropolari- 
meter, with cell compartments thermostatic at 24° C. 
Up to 600 my, the bandwidth was programmed at 3 mu. 
Above 600 my, the bandwidth was manually set at 5 my 
to avoid excessive nois because of low light intensity. 

ORD spectra of isolated chlorophylls a and b in diethyl 
ether over the visible and near ultra-violet regions have 
been reported recently®. Negative and positive Cotton 
effects were found to correspond to the major absorption, 
bands in the red and blue regions, respectively. These 
Cotton effects indicata that the electronic transitions 
corresponding to the absorption bands are optically active. 
The Cotton-effect inflexion points correspond closely to 
the absorption peaks. 

The ORD spectrum of the chloroplast suspension, 
shown, in Fig. 1, shows considerably more complexity 
and intensity than thas of the free chlorophylls. Cotton 
effects corresponding tc almost all the absorption peaks of 
chlorophylls a and b are retained in the spectrum of the 
lipoprotein complex. For comparison, the ORD spectrum 
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Fig. 1. ORD spectra of a suspension of the chloroplast lamellar frag- 


ments (recording pee) and an ether solution of chlorophylls a and b 

(dashed line). Both solutions contain the same amount of chlorophylls 

@ (15 ug/ml.) and b (5 ug/ml.). Arrows at top indicate absorption peaks of 

the chloroplast suspension; arrows at bottom indicate cel ea eaks 

of the chlorophyll solution in eer aa scale bars represent a rotation 
o o 


of an ether solution containing equivalent amounts of 
isolated chlorophylls a and b is drawn in the same figure- 
in dashed lines. The pigment absorption peaks of the 
chloroplast suspension and those of the free chlorophylls 
in ether in the visible region are indicated by arrows at 
the top and bottom of the spectra, respectively. 

ORD measurements of mixtures of chlorophylls a and 
6 at various proportions showed that the magnitude of 
rotation, is apparently additive. Consequently, the 
Cotton effects of the chlorophyll mixture in the red region 
become less sharp. On the other hand, in the chloroplast 
suspension, the negative Cotton effects corresponding to 
chlorophyll a (678-5 mu) and chlorophyll 6 (650 mp) are 
completely resolved and their magnitude greatly enhanced. 
The positive Cotton effects corresponding to the two sub- 
sidiary bands of chlorophyll a (624 and 594 my) in the 
chloroplasts are also discernible. 

. The Cotton effects of the free chlorophyll solution in 
the Soret region are much better resolved, apparently 
because of a greater magnitude of the effects and a 
wider separation of the absorption peaks. ‘However, in 
the chloroplasts, because of overlapping absorption by 
the chlorophylls and carotenoids, the assignments of the 
Cotton, effects to the individual adsorption peaks between 
400 and 500 mu becomes difficult. This is especially.true 
for the overlapping absorption between chlorophyll b 
(470 my) and the carotenoid band at 455 mu and between 
chlorophyll a (437 mu) and another carotenoid band at 
428 mu. Based on the known absorption-peak position 
of the carotenoids, the strong negative trough near 480 my 
was tentatively designated as a Cotton effect originating 
from the carotenoids. 

A pronounced negative trough with peak wave-length 
at 235 my. was observed in the chloroplast preparation. 
This is similar to the 233 my trough first observed by 
Simmons and Blout}5 in the protein sub-units of tobacco 
mosaic virus and later in various other polypeptides and 
proteins!, and is believed to represent the n-7* transition 
in the peptide chromophore. The magnitude of the 233 
my trough has been used as an approximate measure of 
the a-helix content!* in a polypeptide or protein. By the 
same procedure of calculation*, and assuming the helical 
protein in the chloroplast lamellae to be a right-handed 
a-helix, the magnitude of the ‘reduced mean residue 
rotation’ corresponded to a helical content of the order of 
15 per cent in the lamellar protein. 

Our present knowledge about the nature of protein 
and lipids in the chloroplast lamellae is rather limited. 
Although the amino-acid composition of whole-leaf and 
chloroplastic proteins has been reported!?, the amino-acid 
sequence and protein conformation remain to be determ- 
ined. Several earlier studies®:1*.1® reported the absence 
of ultra-violet dichroism in chloroplasts, and conse- 
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quently Goedheer® and Ruch’® proposed that the chloro- 
phyll molecules were complexed with spherical protein 
molecules and that the pigment molecules were only 
slightly oriented. However, drawing analogies from the 
lamellar structure in the para-crystalline phase of poly-y- 
benzyl-L-glutamate’®, it was suspected that chloroplast 
lamellae might also be composed of long parallel helices, 
with the pigment orientation governed by the available 
attachment sites. The low helical content found here 
was indeed contrary to expectation. However, the 
identification of the presence and the-amount of «-helices 
in the chloroplast lamellae protein has lent a definitive 
character to the structural protein in the chloroplasts and 
furnished a conformational basis for any orientational 
effect on the pigments by the protein. There is no 
evidence that there might be a mixture of right- and left- 
handed helices present in the chloroplast lamellae. 
However, such a possibility should not be completely 
ruled out without further investigation. 

The enhancement of the intrinsic Cotton effects of 
chlorophylls and carotenoids complexed with the lipo- 
protein suggests a strong interaction either between the 
pigment molecules themselves or between the pigment 
molecules and the attached macromolecules. The en- 
hancement of rotation, in the carotenoid absorption region 
appears to be especially strong. Although the xantho- 
phylls present in spinach (the oxygen-containing deriva- 
tives of a-carotene) are known to be optically active, 
examination of à hexane extract containing ten times the 
combined carotenoid concentration of the chloroplast 
sample yielded only negligible rotation, mostly buried in 


`- the noise. The strong rotation in the carotenoid absorp- 


tion region suggests a possibility of an orientational effect 
by the lipid matrix, resulting in either an induced Cotton 
effect in the carotenoids including the optically inactive 
B-carotene or an enhancement of rotation of the intrinsic 
optically active xanthophylls. Presumably the lipid 
matrix could also exert an orientational effect on the 
chlorophylls through the phytol chain.. A definitive 
clarification, to these suggestions obviously requires further 
investigation. ORD measurements appear to offer new 
avenues for such studies. : 

After the completion of this work, I learned the results 
of a similar study on quantasomes by K. Sauer®®. It has 
been found that isolated chlorophyll a at a high concen- 
tration in carbon tetrachloride exhibits profound changes 
in its ORD spectrum. Sauer attributed such enhance- 
ments to chlorophyll aggregation and felt that a similar 
pigment—pigment interaction could also account for the 
enhanced ORD spectrum observed in quantasomes. 
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ASTROPHYSICS 


Rotational Period of the Planet Mercury 
Na recent communication by 8. J. Peale and T. Gold! 
rotational period of Mercury, determined from radar 
oppler-spread measurements to be 59 + 5 davs?, has 
n explained in terms of a solar tidal torque effect, 
ng into account the large eccentricity of Mercury’s 
hit, and the 1/r* dependence of the tidal friction (r being 
‘he Sun-planet distance). They conclude from a very 
Š ief diseussion that after slowing down from a higher 
~ direct: angular velocity, the planet will have a final period 
» of rotation between 56 and 88 days, depending on the 
assumed form of the dissipation function. However, from 
their discussion it is by no means clear why permanent 
_ deformations would imply a period of 88 days as a final 
_ rotation state after a slowing-down process. A very 
_ nearly uniform rotational motion of 58-65 sidereal- day 
_ period, that is 2/3 of the orbital period, may indeed he a 
_ stable periodie solution. This rotational motion could 
have the axis of minimum moments of inertia nearly 
-aligned with the Sun-Mercury radius vector at every 
perihelion passage. The orbital angular velocity at 
. perihelion (27/56-6 days) is close to 27/58-65 days, leading 
to an approximate alignment of the axis of minimum 
_ moment of inertia with the radius vector in an arc around 
_ perihelion where the interaction is strongest. The axial 
_ asymmetry of Mercury’s inertia ellipsoid may result in a 
_ torque that counterbalances the tidal torque, giving è 
stable motion with this orientation and with a period 
_ two-thirds of the orbital period. It would therefore be 
_ possible for Mercury to have a higher permanent rigidity 
_ than that permitted by Peale and Gold. 
_ In discussion with I. I. Shapiro’, we concluded that the 
actual rotational motion may have evolved via a speeding- 
_ ‘ap process from a lower angular ‘velocity er possibly from 
-a retrograde motion. We would point out that a 58-65-day 
period, precisely because it is 2/3 of the orbital period, 
fits some of the old optical observations as well as the 
recent radar measurements. 
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In Fig. 1 a rough planar sketch is shown of the o1 
tion of Mercury’s axis of minimum moment of ine! 
different points along ts orbit, given that the ro 
period is two-thirds of the orbital period and. 
axis is aligned with the Sun-planet vector at per 
G. Cor 
University of Padova, Italy, and 7 
Smithsonian Astrophysical Observatory, 

Cambridge, 
Massachusetts. 
i Peale, S. J., and Gold, T., Mature, 206, 1241 (1965). 
* Pettingill, G. H., and Dyce, E. B., Nature, 206, 1240 (1965). 
* Shapiro, I. I. (personal communication). 


ASTRONOMY 


Filamentary Nebulosity in the Vicinity of ae 
the Cetus Arc 


Formine large diamster circles across the sky are three .. 
ridges of enhanced radio emission. They are the North — 
Polar Spurt, 111° in diameter, the Cetus Arc®, 91° dia- 
meter, and a third, unnamed, 60° diameter loop centred _ 
on the northern celestial pole’. ae 

The radio continuum emission from these features is 
identical to that from the old supernova remnants. How- 
ever, the nature of the 60° diameter loop is complicated 
by its correlation with twelve high-velocity neutral 
hydrogen clouds*. It has therefore been suggested that. 
two, if not the third, of these objects are the remnants of 
nearby supernova exp:osions. 

The principal difficulty to the acceptance of this theory | 
has been the lack of detection of amy optical emission - 
regions coincident with these loops®*. All the accepted. = 
supernova remnants have charactoristic filamentary = 
nebulosity bounding treir radio regions. gate 

Such nebulosity has recently been searched for, on 
these three radio sources, in a photographic programme 
carried out at the high-altitude observatories of Jungfrau- 
joch and Pie du Midi. Photographs were taken with o — = 
smell, high-speed camara and filter combinations whieh - TE 
had low detection limizs for emission nebulosity, o 000 G 05e 

A further effective method of detecting faint, larg 
scale nebulosity was aiso used on this problem. In th 
Palomar Sky Survey plates were copied at reduced se: 
and very high contrast. These were then compi 
form mosaies across the radio features. Faint d 
changes that were continueus through adjacent. 
were “considered to be eaused by nebulosity. } 

The results produced by this work are as fo 
(a) No filamentary nebulosity was detected on the’ 
Polar Spur. However, a very diffuse optical emissi 
region was shown to be present over this area. As yet 
is impossible to say whether or not this is associsted wi 
the radio feature. (b) No filamentary nebulosity has been 
found on the 60° diameter loop. A search for diffuse 
nebulosity is now being undertaken. (c) It was on the. 
Cetus Are that the most interesting nebulosity was dis 
covered. This has been sketched against the 237-Mc 
radio contours and presented in Fig. 1. The most striki 
single feature of this optical emission zone is the huge are 
nebulosity which bounds it. This is of filamentary mic 
structure and has so far been traced for a length of 28°. = 
Within this arc, towards the Cetus Arc radio ridge, there 
is a zone of diffuse e ongated filaments. These merge 
with a structureless optical « emission: eee as the radio 
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ridge is crossed. This very diffuse nebulosity has not 
been sketched, as its extent is ill-defined. 

The nebulous are from « = 4h 8 = +13° toa =3h 
40 m 6 = — 15° is comparable, in position relative to the 
radio feature and in structure, to the optical emission 
regions associated with the Cygnus Loop and 10443 
(refs. 7 and 8), both of which are accepted supernova 
remnants. However, a further experiment is required to 
test conclusively the suggestions that it is associated with 
the Cetus Are and that these are the optical and radio 
remnants of the same supernova explosion; that is, 
direct comparison of the Cetus Are with the Cygnus Loop 
suggests that an angular movement of the Cetus Arc 
nebulosity can be expected of 1” to 3” per annum. This 
motion should be occurring away from the centre of the 
circle described by the Cetus Are if this comparison is 
correct. In this case, during the ten years since the 
Palomar Plates were taken, where this nebulosity appears, 
the total angular displacement should amount to 10—30”. 
Such a displacement could be easily detected, for the fine 
filaments of the nebulosity have similar angular dimen- 
sions. 


30° 


| 


ay 
4h Sh 2h Ih 


Q tm 





—15° 


Fig, 1. The nebulosity is shown as a heavily shaded area. The continu- 
ous lines are the 237-Me/s radio contours”. Their brightnesses are given 
n degrees 


This discovery of filamentary nebulosity bounding the 
Cetus Arc has strengthened the theory that this object and 
the other two similar radio features are all supernova 
remnants. However, the experiment to measure its rate 
of angular movement could, if positive results emerge, 
decide this issue conclusively. 


J. MEABURN 
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Carathéodory’s Principle and the Kelvin 
Statement of the Second Law 


THE second law of thermodynamics has been stated 
in various ways. The two forms with which this com- 
munication is concerned are: (a) Kelvin’s principle that 
it is impossible to transform an amount of heat completely 
into work in & cyclic process in the absence of other effects. 
(6) Carathéodory’s principle that all points A in thermo- 
dynamic phase space are 7-points'; that is, in every neigh- 
bourhood of every point A there are points adiabatically 
inaccessible from A. It has already been shown that 
(a) implies (b)? and, in this communication, it is proposed 
to explain in what sense (b) implies (a). 

The n-dimensional thermodynamic phase space may 
be thought of as having (»— 1) deformation co-ordinates 
Vy, Ug,» » , Vn- and one thermal co-ordinate, which will 
be taken to be the internal energy, U. By assuming the 
validity of Carathéodory’s principle and the existence of 
adequate continuity conditions, it may be shown’ that 
all points in this space which are accessible from some 
given point P by quasi-static adiabatic processes lie on 
a single surface, and that P itself must lie on this surface. 
The argument may be repeated for different initial states 
P and the thermodynamic phase space is found to be 
decomposed into a family of non-intersecting surfaces. 
These are surfaces of constant entropy. Clearly, points 
lying in different level surfaces cannot be linked by 
quasi-static adiabatic processes. 

In thermodynamic phase space, consider two points 
A and B (Upg < Ua) lying on a line of constant deforma- 
tion (Vis Vas ...,n-;). Since each line of constant deforma- 
tion cuts each level surface in one point, the two points 
A and B lie in different level surfaces and, honce, cannot 
be linked by quasi-static adiabatic processes but, either: 
(1) A is aceessible from B by a non-static adiabatic process, 
or (ii) B is accessible from A by a non-static adiabatic 
process, but not both. This result is a consequence of 
Carathéodory’s principle and continuity assumptions 
which represent the basic premises of this communication. 

Suppose (i) holds. The system may be taken from B to 

by a non-statie adiabatic process and the increase in 
internal energy is due to mechanical work W done on the 
system. With deformation co-ordinates fixed, the system 
may be returned from A to B. With the w constant, no 
work is done and the decrease in internal energy is due to 
heat Q = Ua — Ug > 0 having been removed. In this 
cycle, due to the conservation of energy, an amount of 
work is seen to be completely converted into heat. 

Suppose (ii) holds. With deformation co-ordinates 
fixed, the system may be taken from B to A. With the 
vi constant, no work is done and the increase in internal 
energy is due to heat Q = Ua — Un > 0 having been 
supplied. The system may then be returned from A to 
B by a non-static adiabatic process and the decrease in 
internal energy is due to mechanical work W done by the 
system. Due to conservation of energy, it is seen that 
an amount of heat is completely converted into work in 
this cycle. 

It follows, therefore, that for the cycles considered, 
either: (1) work cannot be completely converted into 
heat, or (2) heat cannot be completely converted into 
work. This multiplicity of possibilities is characteristic 
of conclusions based on Carathéodory’s principle. Unless 
supplemented by additional assumptions, it leads to four 
possible types of thermodynamics, all similar in logical 
stucture but distinct in detail?. 

To obtain Kelvin’s principle, not only must adequate 
continuity assumptions be made but it must be assumed 
that any given cycle can be decomposed into a number of 
cycles of the type considered here and, in addition, that 
(2) rather than (1) holds. It is only in this sense that 
Koelvin’s principle may be deduced from Carathéodory’s 
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iple. Of these additional assumptions, the second 
seen to be valid in the usual type of thermodynamics 

red: to as type I in ref. 1), in which the absolute 
perature is positive and heat tends to flow from high 
w absolute temperatures. It is the absonce of these 
litional assumptions which gives the converse argu- 
nt?, the deduction of (b) from (a), an attractive simpli- 















y. 
The form of Kelvin’s principle applicable for negative 
yeratures states that in a cyclic process, in the absence 
‘other effects, either heat cannot be completely converted 
ato. work or work cannot be completely converted into 
at*. It may be noticed that, apart from the basic 
emises, only the assumption that any given cycle can 
_ be decomposed into cycles of the type considered here is 
needed to deduce this modified form of Kelvin’s principle. 
“It is only if one wants to go further and derive the 
--eonventional form (a) of the Kelvin principle that the 
-additional assumption, that (2) rather than (1) holds, 
must be made. 

I thank Prof. P. T. Landsberg for his advice and also 
¿for the preprint of a paper by Sears®, in which the converse 
ofthe argument in ref, 2 is discussed in an alternative way. 
-This work was supported by a scholarship awarded by the 
Glamorgan County Council. 
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lonizing Radiation : a Potential Lightning 
Hazard? 


BENJAMIN FRANKLIN and Michael Faraday were until 
= yecently the only major contributors to the problem of 
preventing lightning damage to man-made structures. 
The ‘Franklin Rod’ and the ‘Faraday Cage’ systems both 
afford a more conductive path to earth for the lightning 
strike than that supplied by the structure they are intended 

=< to protect. 

-= The electric charges generated in a thunder cloud are 
not distributed evenly throughout the cloud but form 
"regions of higher intensity of electrostatic charge. I» is 
from these regions to a region of high induced intensity of 

charge on the earth that the lightning discharge will tend 
tooccur. This is because some points in this region of high 
. intensity on the ground will liberate a stream of positive 
-jons (known as the ‘point discharge current’), resulting in 
region of ionized and therefore more conductive air 
extending above this point. The most highly conductive 
-path from cloud to earth is searched out by an initial low- 
voltage discharge; the so-called ‘pilot streamer’, which is 
followed by a second, fairly slow-moving discharge, the 
epped leader’. This prepares a well-ionized path for the 
ne or more main strikes which follow; these usually 
involve potentials of between 108 and 10° V and currents 
= in the range of 20 to 90 thousand amperes. 
The probability of any point being selected as the site 
< ofa lightning strike depends on many factors, but essen- 
tially these can be reduced to two: (1) The height of this 
< point above other prominences in the region; (2) the 
“magnitude of the point discharge current and thus the 
--eonductivity of the air above the point. While these 
< factors determine the point in a region which will be 

struck, other factors, geographical, meteorological, etc., 
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make some regions more prone to lightning strikes than 
others. oe 


In the protection of man-made structures from lightning 


damage, the most impcrtant factor is usually considered’ ` 


to be the height of the building. In Great Britain it is 
found that churches are struck fifteen times more fre- 
quently than private iwelling-houses'. The estimated 
frequency of lightning strokes to earth in England is 
about six per square male per annum? of which approxi- 


mately one quarter cause damage to persons or structures. = | X 


In recent years a new type of lightning protection — 


device has been developed, and the fact that legislation $ 
governing its use has been passed under the 1960 Radio- 


active Substances Act would suggest that it is becoming 


widely used. The operation of this device is based. 


on the ability of racioactive material to ionize thè ~ 


air surrounding it, the extent and degree of ionization 
depending on the act:vity and nature of the source, ooo 
Suitably encapsulated radioactive sources are placed 


slightly higher than the roof of the building to be protected 
and are carefully earthed in the same way as the traditional 
devices. Any lightning strike entering the hemisphere of. 
effective ionization caused by the source should be directed. 
along the increasingly well-ionized path, strike the source 
itself, and be conducted harmlessly to earth. This hemi- 
sphere of effective ionization is arranged to cover the entire 
roof area of the building, and thus the building itself should 
never be struck as there will always be a more conductive 
path leading to the well-earthed source. 

A commercially available type designed to afford a 
hemisphere of protecticn of radius 100 m contains 708-ye. 
radium-226. The radiation dose rate at 100 m from a 
radium source of this size will not be greater than 
0-00006 mr./h, and mar well be less, due to abserption in 
the encapsulating material and also self-absorption in the 
source itself. This extramely small dose rate is considered 
to produce sufficient ionization to make this path to earth 
the most likely to be chosen by the lightning, and experi- 
ments carried out by the manufacturers are claimed to 
substantiate the effectiveness of this method. If this is so, 
the potential hazard due to the lightning-attractive proper- 
ties of radioactive sourzes used for medical and industrial 
purposes would not appear to be widely recognized. This 
could result in a structure housing a source of ionizing 
radiation, and therefore presumably a particularly attrac- 
tive site for a lightning strike, being totally unprotected 
against this occurrence 

Possibly persons using radioactive material for medical 
and industrial purposes are not aware of the claims made 
for the lightning-attracsive powers of sources giving small 
radiation dose rates, or perhaps this aspect of a source 
used primarily for a totally different purpose has not been 
considered. 

It is of interest to consider the case of a hospital in which 
kilocurie sources of y-emitting radioisotope, for example, 
cobalt-60, are used for radiotherapeutic purposes. Therapy 
units containing these large sources are commonly installed 
in single-storey buildirgs, which are normally not fitted 
with any earthing system for lightning. The main radia- 
tion beam from a rotetional therapy unit is frequently 
directed towards the reof of the therapy room for a per- 
centage of the total treatment time. The attenuation 
produced by the roof is often minimal (for example, a roof 
light of ordinary glass) as the radiation scattered from the 
emergent beam is not considered to constitute a hazard 
to personnel at ground-level. 

A typical 3,000-c. cobdalt-60 source gives a dose rate of. 
approximately 125 r./min at 65 cm from the source. Allow- 


ing for absorption in the patient’s body through which ey Shee 


the beam passes, a rough calculation reveals that a dose - 
rate of 6 x 10-5 mr./h [that is, the dose rate produced by 
the lightning protective device at its effective range) will 
still oecur at a height of 62 miles. When the radiation beam 
is not directed upwards, only scattered radiation emerges 
through the roof. If ona assumes that the intensity of this 













satisfactory: either buildings ‘protected’ by these radio- 


active devices are in fact not actually protected and may 
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GEOLOGY 


_ Observations on the Mont Pelée Eruption 
of 1902 and their Significance to Ordovician 
Welded Tuffs of County Mayo, Eire 
— DURING recent investigation of some welded tuffs in 
the Ordovician rocks of eastern Murrisk, County Mayo, 
coe denses of sillar, non-welded material were encountered at 
_ the base of the tuff-horizons. Similar layers had pre- 
viously been reported by Stanton! and Dewey? during 
investigations farther west. Stanton! interpreted the 
-Varlation in thickness of the sillar material as due to 
-o differences in the depth of sea-water present before the 
tuff built up to sea-level, prior to it becoming a truly 

-welded tuff. The entire process was regarded as a ‘con- 
. tinuous whole’. 
A letter written by the British Consul in St. Pierre on 
ay 3, 1902, some five days before the Peléan eruption 
hich destroyed the town and its inhabitants, has been 
brought to my attention by Mr. R. A. Japp, of Dundee, 
gether with samples of the early ashes produced during 
eeruption. With permission, an extract from this letter 
relevant: 
“I wrote you about the voleano smoking last week. 
Yesterday afternoon it began to throw out enormous 
clouds of steam and black smoke from a different place, 
o= “About one this morning I was awakened by a roaring 
noise, something like thunder and lightning. . . The 
-houses and street were covered with dust ... white, as if 
there had been a snow-storm. 






















-. “The dust continued to fall until there was a layer of 


: oe 2 inch, and is still falling a little. It is all very fine (1 
eS ~~ enclose sample), and as we have no glass, but only 














se oleano is 4 miles from here. A river running — 
from it was swollen with dirty water and mud, and made a 
great stink ... Today the smoke and dust have spread— 
some of the latter having gone beyond Fort de France—20 
miles away. I believe there will be no danger...” We 

The sample referred to has now been examined and 
found to consist principally of a very fine siliceous ash, in 
which occur broken and angular fragments (up to 0-05 mm > 
in diameter) of crystals of quartz and labradorite feldspar. 
The labradorite (An;;-,9) shows both multiple albite 
twinning and complex oscillatory zoning in which outer. — 
zones have sometimes been partly torn from the cores of — 
the crystals. Some magnetite is present, but there are no | 
recognizable shards in this very fine-grained, yellow-green 
tuff. ; 

This account is of two-fold significance. First, it directs . - 
attention to the importance of the preliminary phases of 
eruption which precede the extrusion and accumulation 
of Peléan tuffs. Secondly, it indicates that the sillar bases © 
to welded tuffs need not be strictly contemporaneous with 
the overlying welded material. MacGregor’? and others 
have pointed out that the terms ‘Peléan’ and ‘welded’ 
tuffs are not necessarily synonymous. 

The observation that the nearby rivers were swollen 
with debris from the early fall-out of ash shows that the — 
loose ashes were rapidly transported to the sea. In areas 
where shallow water bordered the land, this fine ash would 
have been rapidly redistributed and deposited on the sea 
floor. Protracted activity of this type enables appreciable 
accumulations to develop before the extrusion of the main 
mass of pyroclastic material. The preliminary phases of 
such eruptions, therefore, may be responsible for the 
shallowing of the sea, so that the hot ash falling into the 
shallow water rapidly builds above water-level, so permit- 
ting welding to occur above the non-welded, non-con- 
temporancous base. 

The welded tuffs of western Mayo show non-welded 
sillar bases in various places. In western Murrisk both 
Stanton! and Dewey? have recorded sillar layers in MT1 
and M72. In eastern Murrisk neither of these tuff layers 
has a continuous sillar base. Thin lenses are present on 
MT 1, but the base of MT5 has a 4-ft.-thick layer of sillar 
material in the cliffs to the west of Lough Glenawough. 
No sillar material is present east of the lake. O 

The lowermost part of the sillar layer is almost devoid ~ 
of shards. In places it consists of very fine dust with a few . 
grains of quartz, which show uniform extinction. In the — 
upper part of the sillar layer angular fragments of un-. 
twinned plagioclase An,,-,, are abundant in the tuff, with 
less frequent angular quartz grains, a few of which show 
the deep embayments so common in the quartz grains of |. 
the overlying, welded tuffs. Virtually all the feldspar > 
fragments are deeply altered to sericitic material, with the. 
result that they are distinguished with difficulty from the > 
intratelurie material, in which minute undeformed shards 
are present. 

With the change from non-welded to welded tuffs there 
is an increase in the size of the shards, from 0-01 to 0-04 mm 
to 0-05 to 020 mm. There is an accompanying change in 
the proportion of included lithic fragments (0-2-35 per | 
cent). These two factors may result from changes in the ~ 
strength of the forces active at different stages of the ` 
eruption. Large shards are to be expected from the fully — 
frothing pyroclastic flows, whereas smaller ones result 
from quieter, less spectacular eruptions of the early phases. 
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Origin of Fossil ‘Zoophycos’ 

In the Czechoslovak Carpathians I have found imprints, 
described in the literature from many localities throughout 
the world as Zoophiycos, Taonurus, Spirophyton, ete. The 
occurrence of these imprints in numerous localities in the 
Czechoslovak ‘Carpathians is closely related to fine-grained 
sandstone strata, and sometimes to the marlstones (Creta- 
ceous, Palaecogene). After a detailed investigation I con- 
cluded that these imprints were formed by abandoned 
prostomial parts (gill organs) of sedentary marine worms 
(Annelida, Polychaeta) from the family Sabellidae'. The 
imprints are closely similar to the recent genus Spiro- 
graphis Viviani 1805. As in that genus, the gill rays of the 
fossil worms are spirally wound around an asymmetrical 
gill lobe either to the left or to the right side, m the ratio 
of about 1:1. In sedimentary rocks the gill organs are 
either perpendicular to the bedding plane or they form 
flat coinciding accumulations. 

The gill organs (prostomium) which are the forepart of 
the body are easily abandoned by the worms when they 
are in danger*. Abandoned gill organs were formerly 
considered by palacontologists as unknown, extinct plants, 
most probably algae or as a breeding place of marine 
animals, so that these fossils were regarded for a long 
time as problematical in origin, They are common in 


No. 5010 





Fig. 1. A, Zoophyeos; the imprint of the lower floor of branchial 
filaments when observed from above. The Carpathian flysch, Eocene, 
sample No. 33120B-5/1, photo Z. Serebl. B, Zoophycos; the imprint 
of prostomial lobe with branchial filaments when observed from one side 
(lengitudinal section). The Carpathian flysch, Palaeocene, sample 
No. 3497C-1/1, photo Z. Serebl. C, Spirographis spallanzanii Viviani; 
the prostomial lobe with branchial filaments when observed from one 
side (A. Lameere™) 
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Africa*.*, America’.*, France’, Germany’, England’, 
Switzerland’, Belgium*®*, Luxembourg’, Italy’®, Austria", 
Poland", Czechoslovakia', and the U.S.S.R., and their 
occurrence may be recorded anywhere in shallow-water 
marine sediments all over the world. 

Fossil worms lived im a siphuncle as sedentary animals 
in colonies on the bottem of a shallow sea and, like recent 
forms, they fed on fine detritus and micro-organisms 
sinking downwards to the bottom. They received the 
food by means of their gill organs with variously adapted 
gill rays. On account of the different shape of the gill rays 
in fossils from the Flyseh of the Czechoslovak Carpathians 
I proposed several genera. In that area, where these 
fossils occur in the rocks, a very rapid sedimentation may 
be supposed. 

Due to their systematic classification in the animal 
kingdom they have become the most common fossils in 
the stratigraphic as well as in the topographic sense and 
they ought to have been referred to the zoological system 
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METALLURGY 


Dispersion-softened Zinc Alloys 


A NUMBER of zinc-based alloys containing equiaxed 
particles of various stable and insoluble hard second 
phases were prepared as part of an investigation into the 
high-temperature compression creep characteristics of 
dispersion-hardened materials'. It was found that the 
dispersed particles produced a substantial strengthening 
effect at temperatures above 0-60 of the absolute melting 
temperature of zinc. Room-temperature tensile tests were 
made in order to measure the expected loss in ductility 
of zine caused by the hard particles. It was surprising to 
find, therefore, that most of the dispersed particles reduced 
the strength and increased the ductility of zinc. These 
results are briefly reviewed here. 

The alloys were prepared by methods of powder metal- 
lurgy in order to produce uniform dispersions of ZnO, 
xAl,O;, carbon black, and tungsten in a void-free zinc 
matrix. The particle size of these spheroidal dispersoids 
was typically 0-1-0-6.. Two concentrations of second- 
phase particles were studied: 9 and 15 volume per cent. 
The composites were obtained in the form of 0°375-in.- 
diameter extruded rods. Specimens were annealed before 
testing at 385° C for 24 h. Pure zine extrusions were also 
prepared from the same lot of powder as the composites 
and these were used tc establish a basis for comparison. 

Typical true stress versus true strain curves are pre- 
sented in Fig. 1 for a zine-tungsten alloy and also for a 
pure-zine specimen. There are three characteristics to be 
noted from these curves and from the results in general; 
(1) The dispersed particles of tungsten actually weaken 
the metal. It can be seen that both the stress at the onset 
of plastic flow and ths ultimate strength were lower for 
the composite than for the pure zinc. (2) The particles 
produced strain softening in zine. That is, after a period 
of work-hardening, the effective stress required to deform 





¿= perature. 
_ sad to a low yield stress and a low ultimate strength in 
_ comparison to pure zinc. 
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(3) The composites were considerably more ductile 





the zinc—tungsten alloys, but they were also observed in 
each of the other composites containing spheroidal 
dispersed particles except for the alloys of zine containing 
carbon. The influence of carbon was to embrittle as well 
as to weaken zinc (for example, 1-5 per cent reduction in 
area for Zn—C versus 14-23 per cent in pure zinc and 
50-93 per cent for Zn—W). Some materials containing zine 
_ oxide in platelet rather than in spheroidal form behaved 
In a more conventional manner. That is, they were 
stronger but slightly less ductile than pure zine. 
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Fig. 1. Tensile behaviour of a zinc-tungsten dispersion-softened alloy 
compared to pure zinc. True stress-true strain curves obtained at 26° C 
and at a strain rate of 2 h-t 


An examination, of the slip bands produced in deformed 
‘specimens of pure zinc showed that the bands were coarse 
and widely spaced. Very fine slip lines were observed in 
the deformed zine—tungsten alloy and electron microscopy 
was required to resolve them. Duplex slip, which mani- 
fested itself by intersecting slip lines, was common in the 
composites. 

We believe that the fine slip and the duplex slip account 
for the reduced strength, work softening, and improved 
ductility that the alloys exhibited. Duplex slip can lead 
to the intersection of dislocations resulting in the forma- 
tion of many jogged screw dislocations. Intersection is 
minimized when slip is restricted to the basal plane. The 
predominance of duplex slip in the composite alloys 
suggests that there were many more intersection-induced 
dislocation jogs in the alloys than in the pure zinc. The 
motion of jogged screw dislocations will produce an excess 
“vacancy concentration®:* which should aid the climb of 
dislocations over the dispersed particles. Thus the 
- composite is strain softened and its ductility is enhanced. 


$ -in addition, the ductility of the composite is high since 
<< the- presence of fine and duplex slip will give a more 
uniform distribution of strain than the presence of coarse 


slip bands as was observed in zine. It is likely that the fine 
_. slip and duplex slip observed are promoted, and indeed may 








~«°be eaused, by the microscopically non-uniform distribution 
Of stresses that must exist in the alloys. This stress field 
<. heterogeneity may be caused by stress concentrations near 
_...8aeh particle in a specimen subjected to an applied load 
ciu and it may also be the result of the thermal expansion 
“misfit between particles and matrix that develops when 


the alloy is cooled from the extrusion or annealing tem- 
These internal stresses in the composite can 


Polycrystalline beryllium and magnesium are similar 
to zinc in that they exhibit limited ductility at low 
temperatures. This low ductility is generally attributed to 
the limited slip systems available in these hexagonal 
close-packed metals. It is possible that the addition of 
fine particles of selected high-melting second phases to 









strain. beryllium or magnesium r 
than is was observed for zine. 


pure zinc. These three effects were most ‘pronounced in. 






or magnesium may improve their ductility as — 
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CHEMISTRY 


Structure of a Diolefine Complex of Platinum(!!) 
C,,.H,,O,Ptci, 


THE nuclear magnetic resonance and infra-red spectra4? 
of potassium ris acetylacetonatoplatinum(II) suggest 
that the acetylacetone anions form a square planar 
arrangement around the platinum with one conventional 
oxygen-bonded acetylacetone chelate and two y-carbon 
bonded ligands. The complex reacts with hydrochloric and 
hydrobromic acids to give greenish-yellow complexes of 
composition C,,H,,0,PtX, (X = Cl, Br) which are mono- 
meric in chloroform and non-electrolytes in nitromethane. 
In contrast to the ‘acid’ derivatives? of the complex 
K[Pt(Acac),X], these complexes are stable in solution 
for several days. 

The nuclear magnetic resonance spectra of C,,H,,0,PtCl, 
and C,,H,,0,PtBr, indicate a symmetrical structure with 
two sets of pairs of methyl protons at 8:37 and 7-81 and 
two olefinic protons at 5-57; the methyl protons have 
*8Pt—H coupling constants of 3 c/s (8-37) and 34 c/s 
(7-87), the protons at 5-57 having a coupling constant of 
84 c/s. These coupling constants are consistent with the 
co-ordination of the platinum by olefinic groups with one 
pair of methyl groups directly bonded to the olefine and 
one set separated by a number of intermediate atoms. 
The infra-red spectrum is also consistent with the presence 
of a co-ordinated olefine grouping (ve =c = 1,495 em-) 
and the absence of a co-ordinated acetylacetone ligand. 
A characteristic absorption at 1,236 em-! implies the 
presence of an unsaturated ether grouping, the two 
platinum-chlorine stretching frequencies at 325 and 335 
cm~ requiring a cis- arrangement of the chlorines in the 
complex. The identity of the infra-red spectra of the 
chloride and bromide spectra above 400 cem- shows that 
there are no direct carbon—halogen bonds in the complex. 

@-Diketones are known to condense with elimination of- 
water to give further unsaturated systems; the presence of 
only three oxygen atoms in the complex and the absence 
of an O-H group absorption in the infra-red and nuclear 
magnetic resonance spectra suggest that such a condensa- 
tion has taken place in the reaction of K[Pt(Acac),] with 
acids. The structure of the condensation product, which 
was suggested by the spectral data, has now been confirmed 
in detail by a single crystal X-ray diffraction analysis. 
The X-ray data collected, by courtesy of Dr. P. B. Braun, 
on a ‘Pailred’ automatic diffractometer, have been con- 
verged to a present reliability index of 0:060, the overall 
stereochemistry of the complex being shown in Fig. 1. 

The co-ordination of the platinum is approximately 
square planar with two chlorines, in a cis configuration, 
at a mean distance of 2-31 A (o 0-005 A), and two donor 
olefinic bonds of mean length 1:45 A (o 0:03 A). The 
bonding of each olefinic group is asymmetric, the mean 
Pt-C distances being 2-10 A and 2-33 A (o 0-02 A). The 











Fig. 1 


. intramolecular platinum-oxygen distances range upwards 
_ from 2-89 A, more than 1 A greater than is found in the 
example of the oxygen-chelated acetylacetonate anion 
in K Pt(Aeae),Cl!. The mean lengths of the bridging 
and remaining C—O bonds are 1-44 and 1-40 A respectively 
(each with o 0-03 A). 
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; Ultra-purification by Separation of Aerosol 
Particles 


»... PURIFICATION methods which treat the concentration 
of a given impurity as a continuous quantity become 
_ ‘ineffective when only a discontinuous distribution of that 
_ impurity is left in a material. Further purification is 
_ feasible on a dispersion principle which makes use of this 
_ discontinuity, and by which liquids have been observed 
free from particles at temperatures too low to cause the 
=> latter to be melted or dissolved. 
COCA bulk sample of liquid, which after thorough pre- 
-purification still contains a number of particles, is parti- 
tioned into a larger number of droplets which are usually 
uspended in a particle-free fluid. In the resulting dis- 
‘sion, the particles are confined to a fraction of the 
plets and thus isolated from the rest of them! ”. 
Liquid dispersions of metals'-!, water'-’, organic com- 
unds**, and alkali halides’, of uniform droplet size, 
re subjected to under-cooling. Meanwhile, the droplets 
ere observed either collectively or singly; their solidifica- 
on was detected by inoculation of under-cooled bulk 
quid’, by optical effects, for example, recalescence 
flashes*, twinkling*°, or X-ray diffraction’, and by other 
echniques. A portion of the droplets did not freeze until, 
far below the melting point, the critical under-cooling 
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= The isolation of particle-free liquids was always inci 
dental to the investigation of other topics and the- 
sibility of using it to produce these liquids in apprecial 
quantity does not seam to have been realized. F 
example, a drop (2 mm diameter) of particle-free wat 
stored at the interface between two immiscible liquids, — 
was instead obtained by multiple distillation without `. 
ebullition’. me es 
Large samples of liquids free from particles could bè +5 
produced from aerosols by separating contaminated. from = = 
uncontaminated droplets. When the temperature of a. 
monodisperse liquid aerosol is held slightly above the: 05. 
critical under-cooling point, all droplets conta 
particles are frozen. By ultra-sound of a wave-leng 
comparable with the diameter of these droplets, 
particle-free liquid droplets can then be sub-div: 
further. The resulting difference in particle size causes. 
the contaminated parsicles to sediment before the un- 
contaminated ones. EE OSLO 
Bulk samples of msterials could similarly be purified | 
from the last traces cf a given homogeneous impurity. - 
The properties of the latter determine the technique by — 
which the aerosol particles are separated. In the case of 
impurities amenable to uninterrupted selective heating, 
it is advisable to utilize the very large negative tempera- 
ture coefficient of the rate of crystallization of particlo-free 
droplets. The noble gas, in which the monodisperse liquid 
aerosol is suspended, is cooled to the critical under-cooling 
temperature. Then only the contaminated droplets, which 
are subjected to induction or to high-frequency di- 
electric heating, remain liquid and can be dispersed ultra- 
sonically. In other sases, for example, contaminated. 
aerosol particles could be photo-ionized selectively by 
ultra-violet radiation, and electrostatically precipitated. 
According to the dispersion principle, the fraction of 
particles free from impurities increases with the degree of 
dispersion. Volatile covalent compounds can be dispersed 
to discrete molecules within an involatile inert matrix. 
This makes it possible to purify small quantities of such 
eompounds by fractional molecular distillation, in which 
these molecules are saparately evaporated by selective 
infra-red radiation™. Tho high cost of this method limits 
it to laboratory use. 
As a guest in this Institute, I thank Prof. W. Jost for 
his hospitality. 
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Polyamide Layer Chromatography of 
Oestrogens fn. 8 
THE oestrogens were investigated by Struck! and Lisboa 
et al.2 by thin-layer chromatography using silica-gel.. The 
solvent systems for the silica-gel thin-layer were 
established ones which have been used for quantitative: 
purposes*. On the other hand, Woltz and Chattarajt o 0 = 
combined thin-layer and gas-chromatography to identify -+ 
the minor oestrogenic substances in female urine. ee 
Since oestrogens ccntain a phenolic group in their | 
molecule, it is conceivable that polyamide can be used — 
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Table 1 
Ethanol—water 
(95 : 5) (60 : 40) 
Oestrone 0-82 0-35 
Oestradiol (17 0-55 0-32 
Oestriol ee? 0-21 0-48 


for their separation’. The polyamide layer, according to 
Wang’, was applied to oestrone, oestradiol and oestriol, 
and both chloroform—n-butanol (95:5) and ethanol- 
water (60 : 40) systems showed excellent resolution (Table 
l and Fig. 1). This suggests that quantitative separation 
of oestrogens of complex biological fluid can be done by 
column chromatography with polyamide powder. It is 
also possible to investigate minor oestrogenic substances 
by means of two-dimensional polyamide layer chromato- 


graphy. 
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Fig. 1. Polyamide layer according to Wang (ref. 6). a, Solvent : chloro- 

form—n—butanol (95 : 5); time : 1:5 h (10 em). b, Solvent : ethanol—water 

(60 : 40); time : 2-5 h (11 cm). Samples, 1, oestrone; 2, oestradiol (17-8); 
3, oestriol. Detection : diazotized sulphanilic acid 


It was stated by Carelli et al. that hydrogen bonding of 
the phenolic group is the main force of polyamide sorption 
of phenols, and he has suggested a neighbour group 
‘screening effect’. If this is true, the oestrogens may 
show only a small difference on a chromatogram because 
they have a similar substitution pattern on the phenol 
ring. Differences occur, however, in the alcoholic hydroxyl 
groups, which are at distant sites on the 16- and 17-carbon 
atoms. Contrary to prediction, the chloroform—butanol 
system shows a marked difference in Rp values. It is 
best to assume that the alcoholic hydroxyl group in the 
oestrogens has some effect on their sorption to polyamide 
since an increase in hydroxyl groups also leads to an 
increase in the adhesion of substances to polyamide. 


F OH 
^ A 
oy A AAJ 7 A 
HO HO S HO 


On the other hand, the fast-moving spot using an 
ethanol : water system is oestriol, and oestradiol is slower 
—oestrone is very close to oestradiol. 


OH 


HO 
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Although the presence of water affected the affinity of 
for polyamide, it seems too early to suggest a 
polyamide sorption mechanism by the ethanol-water 
system as for the paper chromatographic-type partition 
process put forward by Copius-Peereboom’: in true par- 
tition by paper chromatography, oestrone is the faster 
and oestriol remains at the origin, while oestradiol is 
intermediate between the two. There is the same tendency 
with chloroform-n-butanol systems of polyamide-layer 
chromatography. Our experiments on oestrogens suggest 
that further elaboration of the sorption mechanism is 

necessary. 
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Slow Inversion at the Nitrogen Atom in 
Certain Amides 


Ir has long been considered that nuclear magnetic 
resonance (NMR) should be a suitable technique for the 
demonstration of slow inversion in trivalent nitrogen 
compounds. However, only in the case of cyclic imines, 
such as N-ethylethyleneimine, has it been possible to 
demonstrate slow inversion by NMR?. Recently, Saunders 
and Yamata? searched for evidence of slow inversion in 
dibenzyl methylamine, but found no evidence for non- 
equivalence of methylene protons in the amine itself. They 
were successful, however, in observing non-equivalence in 
the amine hydrochloride. 

We wish to report evidence for slow inversion in the 
proton magnetic resonance s rogram of N-benzyl-N- 
(orthomethyl) phenyl acetamide (I) and related com- 
pounds. The spectrogram of this compound is compared 
with those of N-benzyl acetanilide (II) and N-benzyl-N- 
(2,6-dimethyl) phenyl acetamide (III) in Fig. 1. The 
pertinent feature in the spectrogram of (I) is the multi- 
plicity (four peaks) of the signal for the methylene protons. 
We have analysed these signals as an AB pattern with a 
chemical shift of 0-83 p.p.m. and a coupling constant of 

14 c/s. The intensity ratio of the inner 

OH to outer lines is predicted to be 1-74 for 

| /OH such a pattern and was observed to be 
1-67. 

If a mechanism for a rapid exchange of 
existed, the AB pattern would not be 
observable. Rapid inversion at the nitro- 
gen atom is such a mechanism. From 

this it follows that inversion must be less rapid 
than a mean lifetime of something like 1-10 milli- 
seconds. 

The lack of observable non-equivalence 
in II and III indicates that a fairly 
A is required. The requirement of a 
— high degree of dissymmetry may be 
the reason that slow inversion has not 
been observed for acyclic trivalent nitro- 
gen in the past. Evidently even the 


identities of the methylene protons 
OH 
high order of dissymmetry in the molecule 
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a Fig. 1. Proton magnetic resonance wore of three acetanilides at 
pie 60 me/s 


_ presence of three different substituents is not a guarantee 
_ of observable non-equivalence. 
“We have observed this type of non-equivalence in a 

‘number of related compounds and are continuing our 
study of this phenomenon. 

These investigations were carried out m the course of 

rk under contract A7'(07-2)-1 with the U.S. Atomic 
rgy Commission. 
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ae BIOCH EMISTRY 

| Proteins of Wheat Flour 

` NUMBER of reports have recently been published 
cerning investigations of the ‘zwickel’ (wedge) and 
t (adhering) protein fractions of wheat flour and their 
fluence on the separation of flour fractions of different 
tein content by air-classification procedures*-41), 

‘hese fractions were originally described by. Hess, who 
eved that flour or endosperm proteins in the native 


vedge’ protein). 
by differential 


























Jones et al. have shown that flour fractions separatec 
on the basis of particle size contain different. amounts of 
protein. Up to about 17u the particles include fragme 
of free protein with © relatively high protein-to-st 
ratio. Particles of 17-35y contain a large proporti 
free starch granules ard are consequently low in p 
content. Above 35u the particles consist of larger det 
starch granules and pieces of unbroken endosperm 
and may have a similaror higher protein content than 
of the parent flour!’, These differences have provid 
bases for the industriel air-classification of flours in 
sub-sieve range (< 40). T 
Results obtained by Stevens et al.?, based on amin 
analyses, indicate that proteins of the ‘gliadin/gl: 
type are preferentially extracted in flour fractie 
small particle size (< 1%). while the more soluble fraet 
appear to be associated with those fractions of lé 
particle size containing more starch. Protein analyses Hse 
Elton and Ewart, however, failed to indicate significant — 
differences between these fractions?. eas 
A number of workers havo recently examined the pro- 
tein composition of air-classified fractions using some of ooo = 
the newer, refined techniques of protein fractionation In) 
an attempt to confirm Hess's original classification! $:471, 
In most cases the protein composition of these fractions 
differed little from thas of the parent flour. ae 
In this laboratory, the protein compositions of a number. 
of air-classified flour fractions were examined by starch-gel 
electrophoresis followiag the methods described in pre- 
vious reports?2, Acetic acid extracts (2-0 g/6 mi., GOLN) 
were indeed found to vary little from those of the parent. 
flour. es 
Samples of ‘wedge’ and ‘adhering’ protein obtained from. 
the late Prof. Hess’s laboratory when similarly examined 
however, showed signcficant differences in protein com- 
position. ‘Wedge’ proteins corresponded mainly to _ 
endosperm components of low electrophoretic mobility — 
(gliadins), while ‘adhering’ proteins corresponded to the = ć—— 
slowest-moving endosperm fractions together with smaller” 






























levels of components of intermediate electrophoretic ee 
mobility (albumins). Densitometric scans of these. starch: 


gel patterns are shown in Fig. 1. 






















The obvious associetion of ‘wedge’ proteins with t 
generally accepted gliadin fractions and those frac 
adhering to the starch granules with the albumins 
seem to conform with recent findings. The fact th 
‘adhering’ protein appears to represent mainly ad 
group of components of lowest electrophoretic m 
would seem to confirm the original observations of 
Protein fractionation by air-classification would theref 
seem to be much less complete when carried cut on 
present commercial scale. coo 

A further interesting fact, which may be of some sign 
ficance in this context. emerged from a comparison of t 
solubility characteristics of flour and isolated . 
proteins. Aqueous extracts of flour and gluten, iso 
from an equivalent amount of the same flour, were s 
to contain a rather different proportion of protein cor 
ponents (Fig. 2). The latter contained a greater proportit 
of the slow-moving fractions with the exception of those 
of lowest electrophoresic mobility. Again the fractions of 
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Fig. 2. Starch-gel electrophoresis of the water-soluble proteins extracted 
from flour (broken line) and pe i is amount of isolated gluten 
solid line 


lowest mobility were associated with the albumin com- 
ponents. This could not be explained merely in terms of 
starch-dilution effects. Similar examination of aqueous 
extracts of doughs aged for various periods gave protein 
patterns identical with those of flour. It would therefore 
seem that the removal of starch during gluten isolation 
involves not only the removal of the bulk of the water- 
soluble albumins but also the fractions of lowest electro- 
phoretic mobility, that is, those fractions associated with 
the starch granules. 

We thank Dr. Niederaur, Institut für Mehl und Eiweiss- 
forschung, Hanover, for samples of ‘wedge’ and ‘adhering’ 
_ protein; Messrs. J. and R. Snodgrass, Ltd., Washington 
Mills, Glasgow, and Messrs. Spillers, Ltd., Old Change 
House, Cannon Street, London, for air-classified flours, 
and the Hercules Powder Company, Inc., for financial 
support. 

C. B. COULSON 
A. K. Sim 


Arthur D. Little Research Institute, 
Inveresk Gate, 
Musselburgh, 
Midlothian. 


* Jones, R. W., and Dimler, R. J., Cereal Chem., 39, 336 (1962). 
: AS D. J., McDermott, E. E., and Pace, J., J. Sei, Fd. Agric., 14, 284 
* Sim, A. K., Ph.D. thesis, Univ. Edinburgh (1963). 
t Elton, G. A. H., and Ewart, J. A. D., J. Sci. Fd. Agric., 18, 119 (1964), 
* Hess, K., Getreide u. Mehl, 3, 1 (1953). 
* Hess, K., Kolloid-Z., 186, 84 (1954), 
” Hess, K., Mahl, H., Gutter, E., and Dodt, E., Microskopie, 10, 6 (1955). 
* Pence, J, W., Mecham, D. K., and Olcott, H. S., J. Agric. Fd. Chem.. 4, 
712 (1958), i 
* Jones, €. K., Halton, P., and Stevens, D. J., J. Biochem. Microbiol. 
Technol, Eng., 1, 77 (1959). 
% Jones, ©. R., Rec. Adv. Fd. Sei., 2, 234 (1962). 
Wrigley, C, W., J. Sei. Fd. Agric., 14, 120 (1963). 
3? Coulson, ©. B., and Sim, A. K., Nature, 202, 1305 (1984). 


Tumour-promoting Agents in Unburned 
Cigarette Tobacco 


UNBURNED American cigarette tobacco is an excellent 
source of tumour-promoting agents'. The aqueous 
extract from as little as one-half cigarette per day is 
_ sufficient to produce skin tumours in mice painted previ- 
ously with 125 ug of 7,12-dimethylbenz{aJanthracene 

~(DMBA). The work recorded here gives further informa- 
-tion about the properties of the active substance. 


..~. For most of the experiments, the paper was removed 
~ from commercial cigarettes and the tobacco was extracted 
with aqueous barium hydroxide which was afterwards 
` neutralized with carbon dioxide and filtered. 
<o method provides an extract containing 0-6-0-7 g of solids 
per ml.1, In one experiment, however, unprocessed com- 
mercial flae-cured tobacco was used in order to determine 
=i. whether the tumour-promoting activity was due to the 
unburned tobacco itself, or to the several additives 


This 


used in the preparation of American cigarettes. Flue- 
cured tobacco was less active than prepared cigarette 
tobacco as a source of promoting agents. 


oe ICR Swiss female mice, 55-60 days old, were painted 


once with 125 ug of DMBA dissolved in 0-25 ml. of acetone. 
. After a period of three weeks, the animals were painted 


. .... five times weekly with 0-25 ml. of the various test solutions. 
The animals were examined weekly and the number and 
_ distribution of tumours noted. The experiments were 


_ terminated after 26 weeks of this second, tumour-promot- 












ing stimulus, — 
described more 


was possible. 

An attempt was made to fractionate the aqueous 
extract into acidic, neutral, and basic materials by liquid— 
liquid extraction techniques. However, stable emulsions 
of organic and aqueous phases resulted, and it was decided 
instead to use ion exchange resins. The neutralized 
aqueous extract (133 c.c. from 267 g of tobacco) was made 
acidic (pH 1-5) with hydrochloric acid and the solution 
was then passed through a column (45 x 420 mm) 
containing a strong-acid cation exchange resin (‘Rexyn 
AG 50(H)). The column was afterwards washed with 
distilled water until the washings were colourless. The 
effluents from this column were then passed sequentially 
through a similar column containing a strong-base anion 
exchange resin (“Rexyn RG1 (OHY). The second column 
was also washed with water. The effluents from the 
second column were condensed to provide the neutral 
fraction. The ‘AG 50 column was treated with 4 per 
cent barium hydroxide until Batt came through the 
column and the effluent was colourless. The combined 
effluent was neutralized with carbon dioxide, filtered 
and condensed to provide the bases plus amphoteric 
compounds. The ‘RG1-OH’ column was washed with 
1 N sulphuric acid until the effluent was colourless and 
the SO,= came through the column; the combined effluent 
was neutralized with barium hydroxide, filtered, condensed 
and labelled ‘A’ (acids). Half of each fraction was pooled 
to provide a reconstituted starting material that was 
identical to the starting material except for changes due 
to the experimental manipulations. The bioassays showed 
that much of the activity was lost (Table 1). It did not 
appear in any fraction or in the reconstituted crude 
material. The active material probably was either 
decomposed or not eluted from one of the columns. 

A second experiment was conducted to determine 
whether the active material in the aqueous barium hydrox- 
ide extract would dissolve in acetone so that it might be 
more easily fractionated. Acetone was considered as a 
possible solvent because acetone—benzene extracts of 
cigarette tobacco have been found to be active tumour 
promoters’. When the aqueous extract was condensed 
to remove the water, acetone did not mix with the gummy 
product and incomplete extraction was apparent. There- 


Table 1. ACTIVITY OF ‘Acrpic’, BASIC, AND NEUTRAL FRACTIONS 
Dose (tobacco No. of Maximum 
Fraction equivalent mice with No. of 
per dsy)* (g) tumoursat tumours 
Crude 0-5 6 12 
Acids 0-5 1 t 
Bases plus amphoteric compounds t5 O 0) 
Neutral 0-5 G 0 
Reconstituted crude 0-5 1 1 
Crude 0-25 1 1 
Acids O25 0 ($) 
Bases plus amphoteric compounds 0-25 0 0 
Neutral 0-25 1 3 
Reconstituted crude 0-25 0 1 


rv amount of tobacco from which the various test solutions were 
obtained. 

+ Thirty mice per group; controls treated with DMBA alone or with the 
fractions alone did not develop tumours, 


Table 2. ACTIVITY OF THE ACETONE-SOLUBLE FRACTION 
Dose No, of Maximum 
Fraction (tobacco equivalent mice with No. of 
per day) (g) tumours * tumours 
Crude 0-5 6 22 
Acetone soluble 0-5 3 § 
Acetone insoluble 0-5 Q rt 
Reconstituted t5 2 2 
Crude 0°25 Q 0 
Acetone soluble 0-265 0 0 
Acetone insoluble 0-25 0 Q 
Reconstituted 0-25 2 2 
DMBA alone 0 1 ; 





* Forty mice per group; controls treated with the fractions alone did not 


h 


develop tumours. 


& 
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Table 3... 
a Dose No. of Maximum 
. Fraction (tobacco equivalent mice with No. of 

ea - per day) (zg) tumours * tumours 
h crude 0:5 3 3 
Pe 0-5 4 6 
H7 0-5 5 15 
H 11 0-5 7 17 
Fresh crude 0-25 Q 0 
H 3 025 0 0 
7 O25 0 0 
0-25 0 0 


..* Thirty mice per group; controls treated with DMBA alone or with the 
fractions alone did not develop tumours. 


Table 4. VOLATILITY OF TUMOUR-PROMOTING AGENT 


S Dose No. of Maximum 
Fraction (tobacco equivalent mice with YO. 0 

are per day) (g) tumours * tumours 
Jrude 0-5 3 3 
Distillate 0-5 0 0 
2 Residue 0-5 10 48 
< Reconstituted erude 0-5 13 4i 
. o Crude 0-25 0 0 
cae 0-25 Q 0 
ao 0-25 0 0 
: Hecen utated crude 0-25 1 i 


-w Thirty mice per group; controls treated with DMBA alone or with the 
fractions alone did not develop tumours. 


fore, the dilute aqueous extract was treated with two 

_- wolumes of acetone with continuous stirring, whereon a 

| precipitate settled out. The solution was decanted and 

-= eondensed to low volume and additional acetone was 

< added, precipitating more material. This process was 

“repeated three more times; each time additional 

precipitate formed. The final solution was condensed and 

‘redissolved in a 1: 1 acetone—-water mixture. The pre- 
cipitates were pooled and dissolved in water. As before, 
a reconstituted starting material was prepared by using 
appropriate amounts of the acetone soluble and acetone 

~~ insoluble fractions. The results of the bioassays (Table 2) 

indicated that at least a part of the active material 

appeared in the acetone soluble fraction. There was no 
demonstrable activity in the acetone insoluble fraction. 

A possible loss of activity during experimental manipula- 

- “tion was indicated by the decreased number of tumours 

- “produced by the reconstituted crude material and by the 

acetone soluble fraction. 

_... To measure the stability of the tumour promoters, 

ee additional aqueous barium hydroxide extract was adjusted 

to pH 3, 7 or 11 using sulphuric acid or barium hydroxide. 

« The solutions were then allowed to stand in subdued light 

at room temperature. After 5 days, they were neutralized 

_ With sulphuric acid or barium hydroxide, filtered and 

_. tested on mice. The bioassays showed no evidence that 

-the tumour promoters were unstable (Table 3). In faet, 

there was an increase in activity during standing, especi- 

ally at the highest pH level. This increase, however, was 

- only moderate as indicated by low activity of the diluted 

samples. 

The volatility of the active material was tested by dis- 
tilling the neutralized aqueous extract at a pressure of 
18 mm to a final temperature of 27° C. One-half of the 
distillate and one-half of the viscous residue were pooled 

; produce a reconstituted starting material. The remain- 
g distillate and residue was diluted with water to the 
original volume from which it was derived. Under the 
nditions of the distillation, the tumour promoters were 
non-volatile (Table 4). The residues appeared to be more 
ctive than the starting crude product, but again, this 
creased activity was lost by 1: 1 dilution. The distillate 
was inactive. 

‘The results of these various experiments suggest to us 
the following tentative conclusions: (1) The tumour pro- 
moter of the- alkaline aqueous extract and the acetone- 
: f cigarette tobacco are closely related, 

2) aoe active materiał is either very 










iar reagent that we used. (3) The active 
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material may be preduced through tho ERTE of 
precursor materials in the extracts or in the leaf itself. 
There was a slight inerease of activity when extracts were. 
allowed to stand—perticularly at elevated pH. os 
The biological assays of the active material indicated a 
definite threshold level. This is clear in every experiment. we 
A 1:1 dilution caused almost complete loss of activity in ~ 
every fraction. Thresholds are characteristic of tumour = 
promotion and have been investigated extensively by o = 
Boutwell’, EART A 
It was pointed out to ust that the behaviour of the active oo 

material is similar to the behaviour of tobacco pigment: 
which have been found in several types of tobace 
The pigments are soluble in alkaline aqueous solutio 
are precipitated at very low pH. They are, ine 
soluble in alcohol. They are complex compounds con 
ing the polyphenols rutin and/or chlorogenic acid b 
to proteins or polypeotides. Conceivably, these pigment = < 
materials might be degraded on standing to liberate as 
smaller polyphenolic compounds. Furthermore, relatively = 
low molecular weight polyphenolic compounds have been c 
found in flue-cured tcbacco*. It is of interest that, other 
than croton oil constituents, the most active known” 
tumour-promoting agent is the polyphenol, anthralin 
(1,8,9-anthratriol)?. We are at present testing tobacco 
pigments isolated by a method developed by Chortyk — 
and Stedman‘ to determine whether these compounds or- 
their hydrolytic procucts can account for the tumour« 
promoting activity exhibited by extracts of cigarette 
tobaccos. 
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Synthesis of Ribonucleic Acid by Escherichia 
coli during Inhibizion by retidiner2-carBoxyue 
Acid 


In bacteria, amino-acids are needed in small amounts 
for the synthesis of ribonucleic acid (RNA) to occur? and, 
if an amino-acid auxotroph is starved of its required” 
amino-acid, both protein and RNA synthesis cease?, ooo 
However, under certain conditions this ‘stringency’ is not o = 
maintained, in that protein synthesis can be sharply > 
retarded while synthesis of RNA is less affected. In 
Escherichia coli, this differential synthesis of RNA can- be. 
brought about by incubation of cells with chloramphenicol’, 
puromycin‘, or chlortetracycline®, and mutants in which 
the control of RNA synthesis by amino-acids is ‘relaxed’ 
have also been deseribed*7. Relaxed mutants which 
require an amino-acid for growth continue to make RNA 
when starved of their amino-acid requirement; synthesis 
of RNA in a relaxed strain during inhibition of protein 
synthesis by 5-methyl tryptophan has also been demon- 
strated’. 

Differential synthesis of RNA has now been found to 
occur when cells of the stringent strain Escherichia coli K12 

are inhibited by azetidine-2-carboxylic acid. This com- 
pound, while inhibiting growth, appears also to be incorp- 

orated into protein ir. place of proline®: in plants and rat 
liver the formation of an azetidine-2-carboxylice acid- 
transfer-RNA complsx is apparently mediated by the 
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. generation _ -70 min al-salts medium. 


_. There. was an immediate slowing of protein synthesis, 
. which, after 30 min, had been inhibited by 59 per cent; 
in this same period no inhibition of synthesis of RNA 






E 


occurred. RNA was afterwards made at a reduced rate, 

but after incubation for 2 h in the presence of the analogue, 

the ratio of newly synthesized RNA to newly synthesized 

protein in the inhibited cultures was nearly twice that in 

the controls. Similar experiments were also carried out 

with the relaxed methionine-requiring mutant 58-161 of 

Escherichia coli, As shown in Table 1, addition of 100 ug/ml. 

Of azetidine-2-carboxylic acid to cultures growing 

-exponentially (mean generation time 75 min) produced an 

_ immediate strong inhibition of protein synthesis very 

_. similar to that observed in the stringent strain. However, 

_ RNA synthesis was initially stimulated appreciably and, 

_.. although considerable inhibition developed at later times, 

+ this was less than in the stringent strain. Over a 2 h 

. period, cells treated with the analogue synthesized about 

2:5 times as much RNA per unit of newly made protein as 
oS. did untreated cultures. 





Table 1. SYNTHESIS OF RNA AND PROTEIN DURING INHIBITION BY 
ee AZETIDINE-2-CARBOXYLIC ACID 
ae RNA Protein Inhibition 
Organism Time (c.p.m./ml.) (¢.p.m./mil.) (per cent} 
(min) Control Inhibited Control Inhibited RNA Protein 
Ee eolt R12 30 140 146 60 25 0 59 
See aes 60 430 280 145 40 35 72 
ae 120 1,175 455 360 75 61 79 
E eol 30 410 515 180 95 —26 47 
58~161 60 1,075 1,055 425 165 2 61 
20 2,465 1,815 975 305 26 69 


medium containing pi-methionine (50 ug/ml.) and a limiting amount (66 
Hem) of glucose. Excess glucose (7 mg/ml.) was added to re-start growth 
and, after.60 min, aliquots were transferred to fasks containing uracil and 
eytosine (final concentration 20 and 15 ugiml., respectively) and aeration 
continued. RNA and protein synthesis were followed separately by the 
addition: of [2-"Cjuracil (20 mue./ml.) and [°*Simethionine (80 mye./ml.) in 
othe: absence and presence of L-azetidine-2-carboxylic acid (100 ug/ml). 
“Measurements were made after the addition of the analogue and were of the 

oo fadioactivity of cells precipitated with 5 per cent trichloroacetic acid at 0° C. 
<eo Radioactivities were measured at infinite thinness with a gas-flow counter. 


- It has been suggested that the control of RNA synthesis 

= by amino-acids may be mediated not by the amino-acids 
as such, but by their complexes with transfer-RNA. 
Species of transfer-RNA uncombined with amino-acids 

. ay. cause repression of RNA synthesis; when molecules 
< Of transfer-RNA are joined to their specific amino-acids 
-. the repression is lifted and synthesis of RNA can 
continue’, On this hypothesis differential synthesis of 
.NA in the presence of azetidine-2-carboxylic acid may 
occur in the stringent strain K12 bacause the analogue 
ean undergo activation and be incorporated slowly into 
ein. Although protein synthesis is inhibited, un- 
ombined transfer-RNA molecules may not accumulate 
mediately and synthesis of RNA is not retarded. In 
relaxed mutant 58-161, differential synthesis of RNA 
may be made greater by the genetic defect in the control 
FRNA which exists in this strain. 
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of isolated cell walls with aqueous phenol provides these 
lipopolysaccharides. The lipopolysaccharide component ~ 
may be hydrolysed by dilute acid to give ‘lipid A’ and ` 
sugar. Nowotny? has suggested the following structure. 
for the ‘lipid A’ derived from some strains of Salmonella. 


F F F 


| | 
Peptide — G4 — P —@A— P— G4 
| | 
FF FF PF 
F, fatty acid; GA, p-glucosamine; P, phosphoric acid. 

Burton and Carter? have recently isolated the ‘ipid A’ | 
fraction from whole eells of Escherichia coli and, while th 
agreeing in the main with the structure postulated by —- 
Nowotny, they point out that their findings would suggest 
that the p-ghicosamine units are linked glycosidically and = 
not by means of phospho-diester linkages. The precise 
arrangement and the identity of some of the fatty acid 
constituents of ‘lipid A’ remain undetermined. 

The results obtained in our laboratories during an 
investigation into the structure of the cell walls of Pseudo- 
monas aeruginosa agree with those of Burton and Carter 
and would support the suggestion‘ that this type of struc- 
ture is widely distributed in Gram-negative bacteria. 

The cell walls of Pseudomonas aeruginosa were isolated 
by the method of Salton®, and phenol extractions of the 
isolated eell walls were performed as described by 
Westphal’, with the modification that the residue frorn 
the first extraction was again treated with phenol. The 
two phenol layers were combined and fraction PhMP 
was obtained by precipitation with methanol, while frae- 
tion PhMS remained in solution. The two aqueous layers 
were treated separately, giving rise to Aq I and Aq II as 
shown below. 

Aq I Aq IT Residue (R) PhAIP PhMS 
20-30% 11-13% 12-15% 20-28% 17-20%, 
Fraction PhMS contains 80 per cent lipid (cephalin and 
free fatty acids) and 20 per cent protein, while fraction 
PhMP is practically pure protein. The residue R is 
derived from the emulsion between the aqueous and 
phenolic layers and is a mixture consisting mainly of 
mucopeptide and protein. Detailed analyses of these 
fractions will be reported at some other time. | 

Although Aq I and Aq II showed some variation in | 
quantity and elemental composition from extraction to 
extraction, all our information so far leads us to beleve ` 
that they contain two lipopolysaccharide-mucopeptide _ 
complexes, and that Aq I and Aq II differ only in the 
relative proportions of these two major components, ca 

The lipid fraction was obtained by mild hydrolysis of | 
Aq Iwith boiling 1 N aqueous sulphuric acid for 30 min- 
followed by extraction from the hydrolysate with chloro- = 
form, while the remaining aqueous layer contained p-e _ 
glucose, L-rhamnose, D-glucosamine, and p-galactosamine. -= 
After removal of the acid from this aqueous layer and > 
freeze drying, the infra-red spectrum of the residue revealed. 
no indication of lipid material. Fractionation of the lipid = 
on silicic acid gave two main fractions. The first fraction, = 
presumably formed by partial degradation of ‘lipid A’*, => 
contained ester-bound fatty acid and free fatty acid. Fhin- ._ 
layer chromatography showed that the range of fatty- 
acids was practically identical with that obtained by. 
vigorous hydrolysis of Aq I with 6 N aqueous acid. This 
range included a number of acids, both saturated anc 
unsaturated, up to about C,,, and also two unknown acii 
with high Fr values. . te 

The second fraction was the whole ‘lipid A’, and the. 
infra-red spectrum was almost identical with that obtained 


















Fig. 1. The infra-red spectrum of ‘lipid A’ from Pseudomonas aeruginosa 


Burton s ‘and: Carter for the ‘lipid A’ obtained by hydro- 
ysis of the lipopolysaccharide from Hecherichia colt. 
Examination of the infra-red spectrum of our ‘lipid A’ 
Fig. 1), particularly in the region 750-1,000 em, shows 
she presence of moderate absorptions which Barker et al.’ 
associate with glycosidic linkages. Our findings thus agree 
closely with those of Burton and Carter and would support 
their suggestion that the p-glucosamine units are linked 
 glyeosidically. 
see K. CLARKE 
G. W. GRAY 
D. A. REAVELEY 
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isozymes of Arylamidase (Aminopeptidase): 
Source of Blood Aminoacy! Naphthylamidase in 
7 the Rat 


Tue qualitative approach provided by histochemical 
chniques makes it possible to localize enzyme activity 
issues. This, combined with the use of quantitative 
-other analytical methods such as electrophoresis, may 
-in tracing the origin and fate of an enzyme in the 
d serum.: This rationale has been applied in this study 
certain proteolytic enzymes to which the names of 
nopeptidase -arylamidase and aminoacyl naphthyl- 
nic aave: been applied'-?. In this report the three 

108 are regarded as being synonymous. 

n s blood levels of aminopeptidase vary within a 
row range ino “normal conditionst. There is electro- 
1oretie evidence that renal aminopeptidase, localized in 

s of the proximal tubules, is the source of the urinary 

ymes o are distinct from the serum aminopep- 
ase isozyme’. Certain other cells of the rat, such as 
Humnar. olla of the small intestine, hepatic parenchymal 
lis, prostatic: epithelium, parathyroid cells, fibroblasts, 
cells and heterophiles, contain histo- 
able. aminopeptidase | ‘ In order to 

betwe | 








om natants were used as enzyme sources 


the dermis. They were of lamina 



























small fmtestine - muco 
subjected to electrophoresis i ina sti 
medium. 
Prostate was homogenized at a cong 
tion of 400 mg/ml. and liver at a cone 
tion of 600 mg/ml. A segment of jej 
was resected. The mucosa was rin 
gently with saline and the intest 
then cut open lengthwise. The mue 
scraped off with a razor blade. Fragm 
mucosa were homogenized at a coneer 
of 400 mg/ml. Tissues were disintegra 
10 min în a Potter-Elvehjem homo 
Homogenates were spun at 4,060 r.p 
ma cold certrifuge at 4° C for 45 min. 


An area of skin was thoroughly st 
and the epidermis seraped off. This 
resected without including muscle or. suk 
cutaneous tissue, was minced with a 
razor blade. 600 mg of skin were weighed out and tra 





ferred into a homogenizing tube to which 1 mi. of disti on oe i 


water was added. The sample was homogenized for 


min while the tube was kept in dry ice. 0-5 ml. of distilled : a E 
water was added and, after homogenizing for 1-2 min; o- 


the supernatant was poured into another tube and the - 
unhomogenized plug was discarded. The supernatant was - 
spun in a cold centrifuge at 4° C for 45 min at 4,000 ipai 
The clear supernatant was used. 
Serum and supernatant of homogenates of these. organs 
were subjected to zcne electrophoresis in a starch-gel | 
medium’. A “‘Heathkiv’ regulated power supply was used. 
6-5 Viem was kept Curing the time of electrophoresis, 
which was 6 h, at room temperature. 
period, gels were sliced and incubated for the demonstra- 
ioe of aminopeptidase as described in a previous publi- 
cation’. 10 experiments were performed for each enzyme 
source. : 
migration of proteins with aminopeptidase activity is ie 
reproduced in Fig. 1. : 


SERUM ai 


SKIN | 





LIVER E 

SMALL 

INTESTINE B 

(MUG@SA) 

PROSTATE z 
Origin 


Fig. 1. Starch-gel electrophoresis of rat blood serum and tissues i. 
Two isozymes were present in each of the organs tha 
were studied; an isozyme remaining at the origin, ¢ 
migrating isozyme. The moving isozyme showed differe: 
but fairly sirnilar rates of migration ‘for each argan. * 
serum isozyme is mest closely duplicated by the sk 
isozyme, suggesting that this organ might be the sou! 
blood arylamidase. ; 
Dermal fibroblasts showed characteristic ere r £01 
arylamidaset (Fig 2) These cells extended all through 





At the end of this- 


A diagram representing the average rate ofo- 
















appearance with po re -= 
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Fig. 2. Rat dermis. Aminopeptidase (L-alanyl-4-methoxy-2 naphthyl- 
amide HCl), Fibroblasts with processes intensely stained. There is an 
active vascular crevice in the upper left corner of this cell. ( x 1,250) 





cesses extending along collagen bundles and abutting on 
small vessels in which endothelial cells were also active 
for aminopeptidase. This suggests that aminopeptidase 
of fibroblasts may be the main or only source of serum 
aminopeptidase. 

It has been suggested on the bases of the study of similar 
enzymes in man that liver aminopeptidase might be the 
source of the serum enzyme’. It would seem probable that 
liver aminopeptidase, which by histochemical technique 
is localized in the peribiliary zone in dense bodies and in 
bile canaliculi, would be represented by the isozyme 
remaining at the origin. The moving hepatic isozyme 
resembled closely serum isozyme. Different results have 
been obtained for bile of man: one peak coinciding with 
the serum isozyme* or 2 peaks with incomplete resolution, 
one at origin and the other migrating like the serum 
isozyme’. Bile duct obstruction in man leads to a new 
aminopeptidase band at origin in serum*-*, This would 
suggest that the latter is a membrane-bound form which 
is also found in bile and would correspond to the bile 
canaliculi and dense body arylamidases. 

It is concluded that, in the rat, the serum isozyme of 

i ptidase originates in the mobile isozyme of skin. 
Since fibroblasts are the main source of skin aminopepti- 
dase, it is suggested that the soluble fraction of fibroblasts 
aminopeptidase is the main, if not the only, source of the 
serum isozyme, and that electrophoretieally mobile liver 
isozyme represents cleared enzyme from serum appearing 
in bile. Experiments are being made to test this hypothesis. 

I thank Mrs. Hannah Wasserkrug for technical assist- 
ance. This investigation was supported by U.S. Public 
Health Service grant AMO 3219. 
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Evidence for the Release of Individual Amino- 
acids from the Resting Human Forearm 


THE study of differences in concentration of substances 
in arterial and venous blood is well-documented, and offers 
a method for investigating peripheral metabolism. 

In order to study this aspect of amino-acid metabolism 
in man, cannulation of the brachial artery and brachial 
vein of the same limb! was carried out in six subjects, four 
of whom were normal, one convalescing from a myocardial 
infarction and one suffering from benign essential hyper- 
tension. All the experiments were carried out at 10 
a.m., after an overnight fast. Two simultaneous arterial 
and venous blood samples were withdrawn from each 
individual; there was an interval of 30 min between the 
pairs of specimens. Immediately before and again after 
a blood sample had been taken, the forearm blood-flow 
was measured by plethysmography with a mercury-in- 
rubber strain-gauge* and was shown to be constant. 
During the blood-flow measurements and while the sam- 
ples were being taken, an occluding cuff around the wrist 
was inflated to a pressure that was 100 mm mercury above 
the systolic blood pressure. Soon after the blood had been 
withdrawn, it was centrifuged in the cold, the plasma 
protein precipitated with 1 per cent picric acid? and 
stored at -15° C until analysed by automatic ion-exchange 
chromatography*. The means of the two arterial and the 
means of the two venous amino-acid measurements from 
each person were used for calculating the mean differences 
found in the group. 

Table 1 shows the mean difference in venous and 
arterial amino-acid concentrations, expressed as a percen- 
tage of the arterial concentration, and also the differences 
themselves, in umoles/100 ml. plasma, in the group of six 
subjects. The significance of the differences, calculated by 
testing against the null hypothesis using both tails of the 
‘? distribution’, is also shown. During the time taken for 
the experiment there was no evidence of a downward 
drift in either arterial or venous concentrations. The 
venous levels were, apart from alanine, within the range 
delineated in a large range of normal men and women®. 
In the present series of experiments the range of alanine 
concentrations was 21-2-29-3 and the mean was 26-3 
umoles/100 ml. 


Table 1, DIFFERENCES IN CONCENTRATIONS OF PLASMA AMINO-ACIDS 
(VENOUS—ARTERIAL) IN THE RESTING HUMAN FOREARM 
Amino-acid Diff. Diff. 
(per cent) (u~moles/100 ml.) 

Aspartic acid —6 0-6 — 0-24 03 
Threonine 13 0-025 2-03 0-02 
Serine*, asparagine 

and glutamine 7 0-05 0-89 0-025 
Glutamie acid 0-4 0-6 0-34 0-8 
Glycine 17 0-01 3:37 0-005 
Alanine 27 < 0-001 542 < 0-001 
a-Aminobutyrie 

acid 1 0-8 0-01 0-8 
Valine 5 0-05<P<O-1 0-95 0-05<P<01 
Cystine 2 O-4 0°02 0-7 

ethionine 16 0-01 0:30 0-01 
Isoleucine 7 0-05<P<0-1 0-39 0-05 
Leucine Il 0-01 114 0-005 
Tyrosine 12 02 0:40 0-2 
Phenylalanine 16 0-005 0-67 0-005 
Ornithine 2 0-6 0-11 0-6 
Lysine 13 0-025 2-02 0-02 
Histidine 11 0-005 0-82 0-005 
Arginine 16 0-025 1-28 0-02 


* Estimated as serine. 


The results indicate that, under the experimental con- 
ditions used, there is for some amino-acids, including 
many that are considered to be essential, a significantly 
higher concentration in venous than in arterial blood 
plasma; thus at rest and while fasting there is a release of 
individual amino-acids from the human forearm. 

Furthermore, since there is a difference between arterial 
and venous plasma in these experiments, it may be 
important to measure arterial concentrations in investi- 
gations of movements of amino-acids between intra- and 
extra-vascular sites. 
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PHYSIOLOGY 


Quantum Energy Specificity of Simple 
Photoreceptor Units 


THE compound lateral eye of Limulus polyphemus has 
been useful in basic visual function research! *. Lemulus 
ommatidia share similarities in photopigment’, scotopic 
luminosity function‘, lateral neural inhibition’, and other 
functions with the scotopic mammalian retina. Light 
excitability of Iwmulus functional visual receptor units 
may be modified reversibly by doses of X-rays smaller 
than required for visual cell pathology®. X-ray excitation 
of Limulus ommatidia® and vertebrate retinae?” has been 
reported. 

Electrophysiological examinations of more than 100 
single and multiple ommatidium preparations have demon- 
strated inter- and intra-preparation X-ray sensitivity 
variations in contrast to relatively stable visible light- 
excitability. Records of single optic axon spike responses 
to whole lateral eye X-irradiation suggest that the minimal 
threshold may be low relative to common human expos- 
ures. Approximately 0-025 r. is delivered in a routine 
dental radiographic exposure. Fig. 1 describes the 
stimulus-response relationship for an X-ray sensitive, 
dark adapted ommatidium. X-ray parameters were 
50 kVp., half-value layer 0-2 mm aluminium. Abscissa, 
absorbed dose was measured as the incident minus the 
transmitted dose accumulated during the two-second 
stimulus. Lateral eye preparation and maintenance have 
been described elsewhere? *:8, 

It was common to find axons of individual ommatidia 
which were refractory to X-irradiation doses six log 
units greater than Fig. 1 threshold and three 
log unit X-ray intensity variations. The 
same neural units discharged vigorously 
during moderate visible stimuli (~10 lux). 
With less frequency, whole lateral eyes have 
been tested the optic nerves of which re- 
sponded with a normal spike output to light 
fiashes but remained largely quiescent during 
X-irradiation. In these cases it was not 
possible to record from all optic neurones. 

The optic axon potentials in Fig. 2 were 
recorded simultaneously from X-ray sensitive 
and insensitive receptor units. Light stimu- 
lation was provided by an #11310 (Sylvania) 
glow modulator tube driven by a variable B 
square wave. The stimulus spot diameter 
was reduced to 75u at the cornea. Pro- 
grammed stimulation began with a 1:7-sec 
light flash, followed by a 100-sec interval, 
and then a 4-sec X-ray exposure. A visible 
test flash was superimposed on the X-ray 
stimulus. Four records were taken at 


X-rays. 
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Optic nerve potentials 
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Fig. 1. Stimulus-response relationship for X-ray initlated optic nerve 

umt activity. Intensity o7 the two-second X-ray flash was varied by 

target-eye distance. Datun points are the means of four measures. The 
potentials indicated single unit activity 


10+ 10° 


X-ray intensities intermediate to A and B of Fig. 2. 
Before A was recoried both receptors were located 
by the spot of light and it was determined that both 
axons responded similerly to the standard visible stimulus. 
Discharges indicative of two axons are present and may be 
identified by the degree of positive overshoot (downward 
deflexion). The unit which produced the greater overshoot 
emitted consistent response patterns to the standard 
visible test flash although the second light stimulus in 
each record was superimposed on and preceded by 
X-irradiation. Its counterpart responded during X-irradia- 
tion and more vigorously as the X-ray stimulus intensity 
increased. 

Reports of retinog-ams and other retinal potentials 
may be interpreted t> support X-ray excitation of the 
visual cell by a rhodopsin reaction’. Rhodopsin has been 
established as the photopigment of the Limulus omma- 
tidium!, but its action spectrum has not been extended into 
the X-ray band. Dartnall has suggested that ‘inade- 
quate’ quanta are not absorbed by the rhodopsin chromo- 
phore®. The X-ray quanta probably exceed the energy 
required for photochemical activation which becomes 
a matter of absorption probability in the chromophore. 





E S 
x-ray 26e: L 


Fig. 2. Optic nerve axon potentials recordz:d simultaneously from two functional unit 
axons Light stimulation was confined to one ommatidium. The whole eye received 
In A the unit with greater positive overshoot responded to hght but was not 
activated by X-rays which excited the unit axon identified by the smaller positive over- 
shoot. Events in B were similar where X-my intensity was Increased. Some potentials 


were darkened for reproduction 
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However, quanta of higher energy than those of the visible 
band may be absorbed in photostable portions of the 
rhodopsin molecule”, 

It is difficult to explain consistent X-ray stimulus 
specificity by rhodopsin bleaching. Direct high-energy 
quantum interaction with the neural apparatus would 
account for numerous unexplained reports of X-ray avoid- 
ance behaviour in animals! and sensory phenomena in 
human beings!?. 

This work was supported by the U.S. Army Medical 
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Auburn, Alabama. 


WmLrram W. Dawson 


Department of Ophthalmology, 
j College of Medicine, 
University of Florida, 
Gainesville. 


$ SooS T Hartline, H. K., and Miller, W. H., J. Opt. Soc. Amer., 53, 110 


* Ratliff, F., and Hartline, H. K., J. Gen. Physiol., 42, 1241 (1959). 
* Hubbard, R., and Wald, G., Nature, 186, 212 (1960). 
t Graham, C. H., and Hartline, H. K., J. Gen. Physiol., 18, 917 (1935). 
Lall, A. B., and Chapman, R. M., J. Opt. Soc. Amer., 54, 1167 (1964). 
* Dawson, W., and Smith, J. C., Science, 129, 1670 (1959). 
* Dawson, W., in Ninth Army Human Factors Conference, edit. by Barber, J., 
19 (Army Research Office, Washington, D.C., 1968 
7 Lipetz, L. E., Rad. Res , 2, 306 (1955). Avakyan, Ts. M., Biofizika, 1, 109 
(1958). Bachofer, C. S., and Wittry, S. E., Rad. Res., 17, 1 (1962). 
* Dawson, W., and Wiederwohl, E., Rad. Res., 24, 292 (1965). 
* Dartnall, H. J. A., The Visual Pigments, 90 (Wiley, New York, 1951). 
*° Collins, F. D., Love, R., and Morton, R. A., Biochem. J., 61, 292 (1952). 
Garcia, J., Buchwald, N. A., Bach-Y-Rita, G., Feder, B H , and Koelling» 
a ay Science, 140, 289 (1963). Furchtgott, E., Psychol. Bull., 60, 157 


13 See, for example, Motokawa, K., Kohata, T., Komatsu, M., Chichibu, S., 
Koga, Y., and Kasai, T., Tohoku J. Exp. Med., 66, 389 (1957). 


Presynaptic Effects of Potassium lon on the 
Mammalian Neuromuscular Junction 


THE depolarization of motor nerve terminals by the 
application of a cathodic current increases the frequency 
of spontaneous miniature potentials (m.e.p p.s), but 
under these conditions the number of such quantal units 
of transmitter released by a nerve impulse is decreased 
in proportion to the intensity of the presynaptic depolariza- 
tion!-8. Although the depolarization of the nerve terminal 
by elevating the potassium concentration also causes an 
increase in the frequency of m.e.p.p.s, the potentiation in 
this case continues to develop even after depolarization 
has reached a maximum?-4. Although equivalent depolar- 
ization can be achieved both electrically and chemically, 
the effects of these stimuli are not entirely parallel, as the 
quantum content of the end-plate potential is decreased 
in. the first case but is potentiated in the second!2,5, 

Since it is evident that presynaptic depolarization alone 
does not account for the facilitatory effect of potassium, 


the question naturally arises as to whether this cation - 


may affect some other specific process in the mechanism 
of transmitter release. The work recorded here was 
carried out in order to determine whether the action of 
potassium could be accounted for by an increase in the 
probability of stimulus-evoked transmitter release. 

Investigations of the effects of potassium on neuro- 
muscular transmission were performed in vitro on the rat 
diaphragm-phrenic nerve preparation as described by 
Bulbring®. Rats of the Wistar strain, unselected as to 
sex, weighing 200-300 g, were used in these experiments. 
The left hemidiaphragm with its phrenic nerve intact was 
removed under acute ether narcosis and immediately 
immersed in a physiological solution’, which was gassed 
with a mixture of 95 per cent oxygen and 5 per cent carbon 
dioxide by means of a lift pump system similar to that 
described by Szekeres and Vaughan Williams*. The 
temperature was maintained at 33° + 0-1° C throughout 
the experiments. 
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Resting membrane potentials and transients were 
recorded by conventional techniques®?°, E.p.p.s and 
m.e.p.p.s were displayed at high amplification and 
photographed from one beam of an oscilloscope. To record 
the depolarization caused by a given concentration of 
potassium and to be able to reject fibres damaged during 
electrode placement, the. membrane potentials of all 
fibres were continuously monitored on a second beam, 
which received signals through a direct-coupled amplifier. 
End-plate potentials were evoked by stimulating the 
phrenic nerve with repeated supramaximal stimuli 
delivered at frequencies of 25 or 50 c/s for 1-2 sec, and 
recordings were made when neuromuscular transmission 
was partially blocked either by the combined action of 
10 mM magnesium and 1-5 mM calcium, or by curare, 
present in concentrations of 2—5 x 10-7 g/ml. The addition 
of magnesium chloride, calcium chloride and potassium 
chloride was osmotically compensated for by omitting 
appropriate amounts of sodium chloride from the medium". 

The number of transmitter quanta released by a nerve 
impulse was estimated in two ways according to the condi- 
tions of the experiment. When neuromuscular transmis- -~ 
sion was blocked with high concentrations of magnesium, 
the quantum content m of an e.p.p. was determined from 
the ratio of the mean e.p.p. to the mean m.e.p.p. ampli- 
tude. In curarized preparations, the estimate was made 
from the ratio of the variance to the mean amplitude 
obtained in trains of impulses}?. The concentrations of 
magnesium and curare used in the present work so reduced 
the postsynaptic depolarization by the e.p.p. that correc- 
tion for non-linear summation was not necessary. The 
errors introduced by post-synaptic depolarization and the 
loss of small m.e.p.p.s into base-line ‘noise’ were neglected, 
as both factors were small. 

When neuromuscular transmission was partly blocked 
with magnesium, an increase of the external potassium 
concentration from 5 to 15 mM produced a rise in the 
spontaneous quantal discharge frequency (m.e.p.p.s) 


-from 5-8 to 20-8 sec-1, and an increase in the mean number 


of quanta per e.p.p. from 4-2 to 7-2 (Table 1). To determine 
whether the facilitation of stimulus-linked release resulted 
from an increase in the size of the available pool of pre- 
formed transmitter quanta or whether it was due to a 
greater probability of release by a given impulse, addi- 
tional experiments were performed with partially curarized 
preparations. It could be expected that the rate of initial 
transmitter depletion during a tetanus would increase if 
only the probability of release were affected, but would 
decline if the potassium excess had mobilized a greater 
number of pre-formed quanta or had speeded the reloading 
of vacated sites. If. on the other hand, the pool of trans- 
mitter were simply increased while the nerve impulse 


Table 1. ESFECT OF POTASSIUM ON SPONTANEOUS AND STIMULATED 
TRANSMI' °C 


RELEASE AF 33 


Normal solution High potassium solution 
56 mM Kt 15 mM K+ 


m.e.p p. freq (sec@') 5-79 + 1°14 20 81+2°64 
No fibres (14) (18) 
Mean RP (my) 790 54 3 
Mean m* 4-15 40-75 7-19 +0 47 
No fibres (15) (26) 
Mean RP (mV) 791 55-6 


* Neuromuscular conduction partially blocked with 10 mM Mg, 1-5 mM 
Ca**+; m ealculated as mean e.p p. amplitude/mean m.e.p.p. amplitude during 
repetitive stimulation at 25 c.p.s. 


Table 2, EFFECT OF POTASSIUM er SUETAINED TRANSMITTER RELEASE 
AT 88° - 


Normal solution High potassium solution 
5 mM K+ 15 mM Kt 
Mean RP 734 52-2 
Mean m 70-0 +10:3* 132:8 + 14:9 
No. fibres (14) (20) 


j ne Neuromuscular conduction partially blocked by ¢-tubocurarine 2-5 x 10-7 
g/ml. 


m Calculated from the ratio of the varlance to the mean e.p.p. amplitude 
during repetitive stimulation at 50 o./s. 
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Fig. 1. The effect of potassium ions on the rate of initial transmitter 

depletion at 33° C. @, Control solution containing 5 mM K+; A, high 

potassium solution containing 15 mM K+. Each point represents the 

average of several fibres plotted as per cent of mean initial end-plate 
potential amplitude. Stimulation rate 50 c/s 


continued to release a constant fraction of transmitter, 
the depletion rate would remain stable and the absolute 
number of quanta released by successive impulses would 
rise. 

It can be seen in Fig. 1 that the rate of depletion of 
transmitter during a tetanus was significantly increased 
when the potassium concentration was raised from 5 to 
15 mM. The absolute number of quanta escaping per 
initial nerve impulse was nearly doubled by this treatment, 
the value of m rising from 117-3 + 18-7 to 249-0 + 20-2, 
and the level of sustained transmitter output, estimated 
from trains of impulses after an initial rundown, rose from 
a value of 70-0 to 132-8 (Table 2). 

These results indicate that the potassium has at least 
two direct effects on neuromuscular transmission. It 
clearly increases the probability of release of transmitter 
by a nerve impulse and it also raises the number of quanta 
of transmitter in the readily releasable store. _ 

This work was supported by a grant-in-aid from the 
U.S. Public Health Service (HE 03693) and a contract 
between Stanford University and the Office of Naval 
Research (NONE 225-46). 
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Prolonged Administration of Atropine or 
Histamine in a Silicone Rubber Implant 


In the use of drugs, it is often desirable to maintam a 
constant blood and tissue concentration of chemical for 
prolonged periods. Several attempts to avoid the ‘saw- 
tooth’ oscillations of drug-levels that accompany periodic 
dosing have been reported. Daily injections of histamine 
in a beeswax repository have been used to develop gastro- 
duodenal lesions in dogst. Thompson et al.? found that a 
single intramuscular injection of highly insoluble pamoate 
salt (C1-501, cycloguaml pamoate) in mice and monkeys 
was successful as a repository drug against malaria. A 
constant level of medication, using silicone rubber as a 
carrier, was attempted by Folkman and Long®* for cardiac 
pacemaker drugs and by Powers' in treating experimental 
malaria) and schistosomiasis. We chose to investigate 
further the practicability of using silicone rubber to effect 
the slow release of druzs. Atropine and histamine were 
chosen for the study because they gave diverse but 
measurable responses, mydriasis in rats and gastro- 
intestinal lesions in dogs. 

Atropine base was placed in tubes of silicone rubber 
(‘Medical Silastic 372’, }-140 in. intern. diam. x 0:236 in. 
extern. diam.) (kindly supplied by Dow Corning Corp., 
Midland, Michigan), 3-6 cm in length to accommodate 
varying amounts of drug. Ends of the tubes were sealed 
with silicone medical adhesive. These tubes were washed 
in water, sterilized in benzethonium chloride, 1: 750 
(‘Phemerol’, Parke, Davies and Co., Detroit, Michigan) for 
24 h, and placed in sterile distilled water for 24 h. 

Thirteen treatments consisted of: subcutaneous tube 
implants of atropine base (powder) at 400, 200, 100, 
50, 25, 12:5 and 6:25 mg/rat; implants of empty tubes 
plus subcutaneous injestions of atropine base suspended 
in aqueous 1 per cent methyl cellulose in doses of 400, 
100, 25 and 6:25 mg/rat; 2 carrier control groups: (a) 
empty tube implants; 'b) empty tube implants plus sub- 
cutaneous injection of | per cent methyl cellulose. Tubes 
were placed in a subcutaneous channel between the 
scapulae, and the skin incision was closed with wound 
clips. The thirteen sreatments were assigned to 78> 
Sprague-Dawley male rats according to a randomized 
block design with a total of six blocks. The animals were 
housed, one block per cage, in a room with constant 
temperature and humidity. 

Following implant, daily observations of pupil dilatation 
were made with an ophthalmoscope without knowledge 
of individual treatment. The degree of mydriasis was 
recorded as one of five possibilities. The normal pupil 
received a rating of 0, and 25, 50, 75 and 100 per cent 
dilatations were rated + 1 to +4 respectively. The values 
recorded in Fig. 1 ropresent the number of days each 
treatment group had a mean response equal to or greater 
than +1 mydriasis. 

Atropine, enclosed in ‘Silastic’, produced a dose- 
dependent mydriasis Duration of mydriasis was longer 
with the ‘Silastic’ tube implant than with the atropine 
injection. For example, at the 100 mg/kg dose-level, the 
‘Silastic’ tube group had mydriasis for twenty-six days 
while the injected grovp had only six days of mydriasis 
(Fig. 1). The control groups had mydriasis for one day 
which was probably due to their eating animals that had 
had received a lethal dcse of atropine. 

Mortality was dependent on mode of administration. 
There were no deaths among the rats receiving atropine 
in ‘Silastic’ tubes. When atropine was injected sub- 
cutaneously, 400 mg was fatal to 6/6 rats and 100 mg was 
fatal to 3/6 rats. Animals which received injections had 
severe necrosis at the injection site. 

Attempts were made to induce gastrointestinal lesions 
with histamine implants in dogs of mixed sex and breed 
weighing 8-10 kg. Histamine (Calbiochem, Los Angeles) 
was placed in silicone rubber tubes or moulded with 
‘RT'V 5392’ (Dow-Corning, Midland, Michigan). To 
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form the mould, 250 mg histamine base was triturated 
with 5 c.c. of the liquid silicone rubber, drawn into a 
plastic syringe and allowed to vulcamize. The plastic 
syringe was broken to remove the mould. Al implants 
were sterilized as already described here. The tubes, a 
mould, or a tube plus a mould were implanted subcutane- 
ously between the scapulae. At autopsy the stomach and 
duodenal areas were examined macroscopically for lesions. 
The results are shown in Table 1. 


Table 1. ABILITY OF VARIOUS FORMS OF HISTAMINE IMPLANTS TO INDUCE 
LESIONS ON THE GASTRO-DUODENAL AREA OF Dogs 


No of days 


No. of Method of Amount of No. of between first 
dogs adninis- histamine (g) implants implantand Lesions 
tration per implant autopsy 

6 Tube (T) 1-2 1 46-68 Neg. 

2 T ot 1 63 Neg. 

2 T 0-5 5* 42 Perforated 
duodenal 

2 Mould (MD 0-5 1 42 Neg. 

1 T+M 0 5-T + 0:25-M 5* 42 Neg. 

2 T+M 0-5-T +0 25-M. 4-5 * 30—42 Antral and 
duodenal 


* The implants were placed subcutaneously at intervals of one week and 
autopsy performed one week after the final implant. 

T mae divided among 4 tubes, and implanted subcutaneously in a single 
operation, 


Six dogs received implants of a single tube containing 
1 or 2 g of histamine; two dogs received 2 g of histamine 
divided among four tubes. None of these animals showed 
gross changes in the appearance of the gastrointestinal 
mucosa, when autopsied 46-68 days after implant (Table 1). 
Weekly implanis of single tubes containing 500 mg hista- 
mine into two dogs caused perforated duodenal lesions 
within 42 days. 

The implant of a histamine mould gave nogative results. 
Weekly implants of a tube plus a mould produced lesions 
in two of three dogs. One had multiple antral and duo- 
denal erosions, the other developed one large and one 
perforated duodenal lesion (Table 1). 

Histamine repositories were evaluated for their effects 
on gastric secretions in dogs prepared with denervated 
fundic pouches. Single tubes of 500 mg of histamine base 
were subcutaneously implanted into three dogs. Secre- 
tions and acid outputs were monitored periodically during 
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the following eight days and compared with pre-implant 
rates. In a second test, a mould of 250 mg histamine base 
in ‘RTV 5392’ was implanted into each of two dogs. 
Secretions were monitored for 12 days. Neither the tubes 
nor the moulds had any prolonged marked effect on secre- 
tion. The moulds caused a slight increase in secretion on the 
first day only, probably due to surface-trapped histamine. 

Each of four dogs was implanted subcutaneously with 
four ‘Silastic’ tubes containing 500 mg histamine (2 g 
total). One dog showed no change in secretion for 21 
days. The second dog had a slight increase in secretion 
from day 7 to day 37 which returned to basal level. The 
third dog had an increase in secretion by the 13th day. 
When, killed on the 19th day, numerous large craters 
were found in the antrum. The gastric pouch and duo- 
denum were normal in appearance. The fourth dog had 
an increase in gastric secretion by the 15th day. By the 
21st day, the animal was losing weight, appeared dehy- 
drated, and had several clonic convulsions. No lesions 
wero found in the gastrointestinal tract. 

Like other drugs*-+, atropine encapsulated in a ‘Silastic’ _ 
jacket can exert a slow and prolonged biological response. 
The lack of effect after a single histamine ‘Silastic’ tube 
implant on lesion production or sustained gastric secretion 
invalidates this type of implant for inducing experimental 
lesions in dogs. The level of histamine needed to induce 
lesions or maintain gastric secretion may be critical 
and cannot be attained by a single implant. The weekly 
histamine implants did induce gastrointestinal lesions in 
4 out of 5 dogs. This type of implant regimen was not 
tested for its effects on gastric secretion. Chemical determ- 
inations will be required to confirm drug-levels in tissues 
resulting from a repository implant. 

A major advantage in using silicone rubber as carrier 
is that the ‘encapsulated’ drug can be easily removed 
from the animal which provides constant control over the 
duration of exposure to the drug. Waitz et al.6 demon- 
strated a similar control with a dialysis bag placed in the 
peritoneal cavity of rats. 
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Facilitation as a Function of Temporal Spacing of 
Stimuli in Intracranial Self-stimulation 


THE time interval between successive stimuli has been 
shown in a variety of situations to be crucial for the 
amplitude of response. For example, at certain intervals, 
the earlier stimulus may increase the amplitude of the 
response to the second stimulus. Such a phenomenon is 
known as facilitation, and has been demonstrated at the 
neural level, for example, by Lloyd??. 

In the experiment to be reported here, the time between 
two successive trains of electrically rewarding stimuli was 
varied to assess the effects of temporal spacing between 
them on a threshold of lever pressing. 

The subjects were three male albino rats of the Sprague— 
Dawley strain, weighing about 250 g at the time of 
operation. Monopolar stainless steel electrodes, insulated 
except for 0-2 mm at the tip, were implanted. The 
co-ordinates aimed for were A 3-0, L 0-8, H 3-2 (Nos. 7 
and 21) and A 2-5, L 1:0, H 3-2 (No. 38) according to 
DeGroot’s atlas’. 
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Fig. 1. The curves show how the threshold for the rewarding effect of 
intractanial stimulation increases as a function of separation of two 
0-1-sec bursts of stimulatiod. The two uppermost curves for Nos. 38 and 
7 show the result when the second train occurs 0 9 sec after the lever 

The other curves show the result when the first burst occurs 


ress. 
lomedately after a lever press is made. The two trains were only 





available once per second in both conditions. A -- - A, No. 38; 
O-- O, No. 38; A--+-°*- A; pes t L]sserers Li, No. 21; @ @, 
0. 


The rats were trained to press a lever in a Skinner box. 
A press delivered a 60-c/s large-amplitude stimulus 
lasting for 0-5 sec. The next stimulus was not available 
until 0-5 sec after tho termination of the previous stimulus. 
The intensity of the 60-c/s stimulus was so adjusted that 
when the stimulus was disconnected after a session lasting 
one minute, the animal would continue pressing for well 
over a minute. As the method used has already been, 
described‘, it will be only briefly recapitulated. Short 
traming sessions were given at the end of each of which 
the current was disconnected. Such training continued 
until the rat left the bar within a few seconds after the 
current was switched off. When such training was 
complete, a session lasting one minute, with 60-c/s 
stimulus at the high intensity previously used, was 
followed by a test period of a further minute. During 
the test minute, the animal could only obtain, if it 
pressed, a certain intensity of two 0-1-sec trains of 60 c/s. 
(It is found that below a certain intensity the animal 
will act as if the current had been disconnected and 
above this level will tend to keep on pressing to obtain 
intracranial stimuli.) The criterion taken for the cessation, 
of pressing (behaviour on the part of the animal as if no 
stimulation was obtained) was the execution of no 
responses at all for a continuous 30-sec period during the 
test minute. Reward threshold was then taken to be the 
step in intensity of the two 0-1-sec trains just above that 
at which the rat met the criterion of cessation of bar 
pressing. The stimuli which the rat could obtain during 
the test periods consisted of two 0-l-sec trains of 60 c/s 
separated by intervals of 0-1, 0-2, 0-3 and 0-4 sec. The 
maximum rate at which such train couples could be 
obtained was once per second. 

The experiment was run under two main conditions. 
In one condition, the first train occurred as soon as the 
animal pressed the lever, at the beginning of the one- 
second interval which had to elapse before a further 
stimulus couple was obtainable. In the second condition 
(used to control for differential average delay of rein- 
forcement with different intervals between the two 0-1- 
sec trains with Nos. 7 and 38) the last pulse was always 
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given at the end of the second after the animal had 
pressed. In, this wey the average length of delay of 
reinforcement after & response was now longest for the 
0-1-sec interval between trains, whereas in the first condi- 
tion when the first train began at the beginning of the lever 
press, it was the shorsest. A descending method of limits 
was used and the order of intervals (0-1—0-4 sec) was pre- 
sented randomly from session to session. 

The control of the timing of stimuli was achieved by 
using ‘“Digibit’ logic panels. The 60-c/s stimulus was 
connected to the animal through a ‘Variac’ transformer 
and an isolation trarsformer. A 200-kohm res.stor was 
placed in series with she electrodes. The stimulus to the 
animal was monitored on a ‘Tektronix 502° oscilloscope. 

The results are presented in Fig. 1. An analysis of 
variance was performed on the results of each individual 
animal in each of the two conditions separatoly. All the 
results indicate a linear trend (of current against interval 
between trains), the lowest level of significance being at 
the 0-01 level of confidence, no other effects being signifi- 
cant at this level. 

It seems that the threshold for the rewarding effects 
of intracranial self-stimulation decreases the closer the 
temporal spacing of two identical stimulus trains. Though 
at present the relaticn of such a phenomenon to neural 
facilitation cannot ba inferred with certainty, it seems 
most likely that the facilitation here observed occurs in 
the neural system subserving rewarding intracranial 
stimulation. The length of interval over which facilitation 
occurs is in excess of 0-4 sec. However, it is difficult to 
compare such a figura with others obtained under other 
conditions. 

This work was supported by National Science Founda- 
tion grant NS F-GBR-2882 and National Institute of 
Mental Health grant MH 10997-01. 
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IMMUNOLOGY 


A Specific Agglutinin in the Snail Otala 
(Helix) lactea 


BrooD group specīiñc agglutinins (lectins) were found 
some years ago in various plantsi-3. Such substances have 
been found also in invertebrate animals*, the most recent 
report being that by Johnson’ of a weak anti-A, in the 
clam Saxidomus gigarteus. 

We have found that the expressed body fluids of the 
land snail, Otala lactea, contain a powerful and specific 
anti-A agglutinin (titre for A, erythrocytes 8,000, for A, 
2,000). This agglutinin, even undiluted, does not clump 
group O or B cells at all. It precipitates promptly and 
specifically with blood group A substance’ prepared from 
hog gastric mucin, ard the supernatant from a mixture 
of these two reagents in optimal proportions contains no 
detectable A or anti-A activity. 

We plan to investigate this interesting substance further ; 
we already have some reason to think that this new anti-A 
agglutinin may prove useful in distinguishing homozygous 
AA from heterozygous AO erythrocytes’. 

This work was supported by grants GM-0474, GM-06939 
and HE-01076 from the U.S. National Institutes of 
Health, and a researsh grant (GB-2219) from the U.S. 
National Science Foundation. One of us (W. C. B.) is the 
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Differentiation between Cytophilic Antibody 
and Opsonin by a Macrophage Phagocytic 
System 


Opsonic antibody by combining specifically with antigen 
facilitates ingestion of that antigen by leucocytes. 
Recently, a cytophilic antibody has been described which 
becomes attached to mammalian cells in vitro in such a 
way that antigen is specifically adsorbed’?. The investi- 
gation reported here was made to compare the ability 
of these two types of antibody to potentiate phagocytosis. 

Groups of 30 to 40 mice were injected with bovine 
y-globulin (BGG) or bovine plasma albumin (BPA) in 
Freund’s complete adjuvant, or Escherichia coli somatic 
polysaccharide antigen. Antisera from each group were 
pooled. The y- and £-globulins were precipitated by 
sodium sulphate’, purified on DEAE cellulose with a 
phosphate borate buffer to obtain the y-globulin‘, and 
divided into sub-fractions by electrophoresis once or twice 
in agar gel, the extent of the separation in the gel being 
detected by rabbit anti-mouse globulin. 

Each sub-fraction was brought to the same protein 
concentration of 0-25 mg/ml. They were tested for the 
following antibody activities: 

(1) Agglutination of sheep red cells to which BGG and 
BPA were attached either by the tanned red cell technique® 
or by the bis-diazo benzidine coupling method’, and to red 
cells treated directly by the polysaccharide’. 

(2) Sensitization of the skin to anaphylaxis in mice? 
(PCA). 

(3) Adsorption of antigen by macrophages treated with 
cytophilic antibody (CT). The macrophages were in mono- 
layers obtained by washing the peritoneal cavity of a 
mouse with Hanks’s balanced salt solution, and diluting 
the suspension in Hanks’s containing 10 per cent normal 
monse serum from which any specific antibody had been 
removed by adsorption in the cold with red cells coated 
with the specific antigen by bis-diazo benzidine. Mono- 
layers were formed by adding the suspension to glass 
slides for 1 h at 37° C. After washing they were treated 
with the antibody preparations for 0-5-1 h, washed twice 
for 30 min, and exposed for 1 h on a rocker at room 
temperature to a 0:5 per cent suspension of the antigen- 
coated red cells. Monolayers treated with E. coli antisera, 
were also exposed to a suspension of the heat-killed 
organisms. After washing, the slides were examined 
under phase contrast. In a positive reaction large num- 
-bers of red cells or organisms became adherent to the 
macrophages; in a negative reaction nearly all the 
antigen particles remained evenly dispersed between the 
macrophages. 

(4) Opsonization to phagocytosis. Opsonin was detected 
by exposing the antigen particles at 37° C to the antibody 
preparations for 1 h, washing them and adding the sensi- 
tized particles to the monolayers maintained at 37° C. 
The result was read after 0-5 and 1 h. An antibody 
preparation was considered to contain opsonin when the 
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Fig. 1. Antibody activity to protein antigens in fractions of mouse 
f y-globulin 


number of macrophages ingesting antigen was at least 
twice that in a test of the same antibody preparation 
adsorbed with the appropriate antigens. 

After each test for CT antibody and opsonin, a duplicate 
slide of each was treated with normal mouse serum ad- 
sorbed in the cold to remove antibody to sheep cells and 
the specific antigen, and also adsorbed by macrophages to 
remove non-specific CT antibody. This provided comple- 
ment-like factors which increased the number of macro- 
phages ingesting antigen in both tests. 

Two globulin fractions yl and y2 were separated, and 
each divided into 4 sub-fractions. The various antibody 
activities to protein antigens in all fractions were pre- 
sumably those of 7S globulins since the potencies of the 
fractions were unchanged by treatment with 0:09 M 
mercaptoethanol pH 7-0. 

All’ 8 sub-fractions of anti-BGG and anti-BPA contained 
agelutinins (Fig. 1). Antibody sensitizing skin to passive 
cutaneous anaphylaxis (PCA) was confined to 3 of the yl 
fractions, two of which contained no cytophilic antibody 
(CT). thus confirming the report that cytophilis antibody 
does not sensitize to PCA?. 

Opsonin and CT antibody to BGG and BPA were both 
present in 3 of the y2 sub-fractions, but one yl sub- 
fraction contained only CT antibody, and one y2 sub- 
fraction only opsonin. Jt was possible to remove selec- 
tively the CT antibody from fractions containing both by 
adsorption with macrophages or chopped whole mouse 
spleen, whereas adsorption with antigen-coated particles 
removed botb types of antibody. 

CT antibody was detectable only on macrophages. 
There was no adherence to lymphocytes, polymorpho- 
nuclear leucocytes or kidney epithelium, which therefore 
do not take up CT antibody; even 97 per cent pure sus- 
pensions of lymphocytes failed to adsorb it. The uptake 
of cytophilic antibody by cells separated from whole 
organs!.?:11 may be a reflexion of their content of macro- 
phages, though uptake by mast cells has been reported and 
also red cells!+. 

The proportion of macrophages ingesting protein-coated 
antigen particles in tests with CT antibody and opsonin is 
recorded in Table 1. More macrophages ingested antigen 
after treatment with cytophilic antibody than those treated 
with a similar fraction of normal serum. If serum adsorbed 
free of specific antigen and unrelated CT antibody was 
added after the antigen particles had adhered to the 
macrophages, ingestion was greatly increased. 

In summary, the properties of cytophilic antibody 
specific for the proteins are that it is adsorbed by living 


Table 1. PROPORTION O¥ MACROPHAGES, OUT OF 200, INGESTING PROTEIN 
ANTIGEN COATED ON RED CELLS IN TESTS WITH CYTOPHILIO (CT) ANTIBODY 
AND OPSONIN 


Macrophages, Mean 
% phagocytosis 


prior treatment Test with 
1) Nil Antigen 20 
2) Normal serum protein ; 
8) Nil (Antigen +CT) 28 
4) CT antibody Antigen 8 
8 Opsonin 5 19 
8) Nil (Antigen -+ opsonin) 92 
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macrophages or those gently killed by drying or freezing, 
but not by lymphocytes or polymorphonuclear leucocytes. 
Antigen treated with CT antibody, even in antibody 
excess, is not adsorbed to normal macrophages. Adsorp- 
tion of CT antibody is blocked by previous treatment of 
the macrophages with CT antibody of unrelated specificity, 
and antigen particles adherent to treated washed macro- 
phages may be eluted by addition of serum containing an 
unrelated CT antibody. Macrophages treated with CT 
antibody ingest more antigen particles than cells treated 
with similar fractions of normal serum. On the other hand, 
opsonin is not adsorbed to macrophages or polymorpho- 
nuclear leucocytes, but combines with antigen particles so 
that large numbers are ingested by both types of cell. 

Analysis of Æ. coli antisera yielded a slightly different 
result. The CT antibody present in the intact serum was 
apparently inactivated during salt fractionation and sepa- 
ration on DEAR, and it was destroyed by mercaptoethanol. 
It appears, therefore, to be a 19S macroglobulin. It 
promoted ingestion of killed Æ. coli by the macrophages, 
but not ingestion of red cells coated with the somatic 
polysaccharide though these adhered to all the treated 
macrophages. It was clearly distinct from the opsonin 
which was stable to the fractionation procedures and 
unchanged by mercaptoethanol. This is similar to the 
finding of cell-bound 19S antibody and free 7S antibody 
in mice infected with attenuated Salmonella typhimu- 
rium". 

The first stage of phagocytosis is contact of the particle 
with the surface of the phagocyte. Opsonie antibody 
changes the surface of the antigen particles so that they 
are more readily ingested by macrophages and polymor- 
phonuclear leucocytes. Cytophilie antibody is a poor 
opsonin when added to free antigen, but it increases the 
speed and number of antigen particles becoming adherent 
to macrophages; as a result some of the particles are 
ingested. It is possible that in vivo cytophilic antibody 
sensitizes the macrophages lining sinusoids of lymph 
nodes, spleen, liver or other organs, so that foreign 
material, for example, bacteria or their toxins, are more 
rapidly removed from the circulation. Thus its probable 
function is to act as a ‘cell-bound’ (or ‘cell-fixed’) opsonin 

I thank Prof. A. A. Miles for his advice. 


W. E. PARISH 


Lister Institute of Preventive Medicine, 
London, 8.W.1. 
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Signal Value of the Genital Tassel in the 
Male Tilapia macrochir Blgr. (Pisces : 
Cichlidae) 


In some of the mouthbrooding Tilapia species, during 
breeding season the males develop highly conspicuous 
appendages on their genital papillae. These are long bifid 
filaments which are either fringed or festooned with 
colourful blobs of tissue. The biological significance of 
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Fig. 1. 


Female nibbling at the male's genital appendage. 
thread is elearly visible at the lower left 


The sperm 


these ‘genital tassels’ is still obscure, although field-studies 
have indicated that they play a part during spawning 
activities’. Careful observations of T'. macrochir in our 
laboratory tanks have revealed some interesting details. 
The genital tassel of the male in this species consists of 
two bright white threads fringed with a few smaller 
threads of the same celour (Fig. 1). In a fully grown male 
of 30-40 em the appendage reaches a length of 5 em. It 
acts as a special sigaal which is presented to the ‘ripe’ 
female during courtship and spawning, and assures 
fertilization of the eggs in the following way: 

(1) When a female is ready to spawn she enters a male’s 
spawning pit. After some courtship movements, the male 
starts to drag his tassel over the bottom of the pit and up 
the surrounding wall. On top of the wall, he presses his 
genital papilla to ths ground and then rises and swims 
tail-first back over she female across the spawning pit 
(Fig. 2). Simultaneously he ejects from his genital opening 
a long, 0-5-mm-thick whitish thread which sticks by its 
free end—for a very short time only—to the spot where he 
stopped dragging his tassel, and a few seconds later the 
threads drift away ir the water. 

(2) The female follows the male and grasps the 
spermatophore-like taread between her lips and inhales it. 
Very often she not only takes the thread but also the whole 
genital tassel, or pars of it (Fig. 1), into her mouth. She 
does this even before she has started to lay eggs and later 
fairly regularly following each single spawning act. She 
repeatedly drops soms ten eggs, often from a rather peculiar 
position, namely, standing obliquely head-down several 
centimetres over the pit. She does not, however, 
immediately snap up the eggs into her mouth, but will 
usually follow the tassel-dragging male once more. 

(3) The sperm-thread which the male ejects does not 
normally meet the ezgs immediately, since it drifts away 
from the pit while she eggs are still laying there. The 
female, therefore, hes to snap up the thread to bring it 
into contact with the eggs, which she starts to gather into 
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Fig. 2. Movements of the fertilizing male ejecting the sperm thread 


her mouth immediately afterwards. The solid sperm mass 
of this species seems rather favourable in this situation 
since it is not blown out through the female’s gill-openings 
as readily as would be a loose cloud of milt-fluid found in 
most of the other Tilapia and cichlid-species. 

(4) The tassel directs the female’s attention to the 
male’s genital opening just before the sperm is ejected, 
and hence minimizes the danger of the ‘spermatophore’ 
being lost. This seems to be the main function of the 
tassel, which in T. macrochir resembles a large number of 
whitish sperm-threads and, indeed, is treated by the 
female as such. I hope to investigate this further with 
dummy experiments. 

From the point of view of comparative zoology, it 
would be interesting to know whether one of the many 
related species has proceeded still further to true 
spermatophores. The whole spawning procedure of 7. 
macrochir offers phylogenetically important parallels to 
that of the Haplochromis-species in which fertilization of 
the eggs also takes place within the mouth of the female, 
and is ensured by egg-dummies painted on the male’s 
anal fin, which are treated by the female as real eggs*—. 


W. WICKLER 
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Emission of Feulgen-positive Particles during 
the in vitro Maturation of Toad Ovocytes 


THERE has recently been a growing interest in the 
possible role and localization of cytoplasmic deoxyribo- 
nucleic acids (DNA) in amphibian eggs. Our own observa- 
tions!-* suggest that large amphibian ovocytes contain at 
least two different kinds of DNA: a major constituent, 
which is bound to the yolk platelets and is probably a 
reserve material of low molecular weight, and a minor 
component which surrounds the germinel 
vesicle of the larger ovocytes: the latter is 
relatively resistant to acid hydrolysis and 
might originate from the nuclear sap which, 
as shown by Izawa et al.', contains appre- 
ciable amounts of DNA. It is of interest 
to examine the distribution of DNA in 
ovocytes which, as a result of a treatment 
with pituitary hormones, undergo matura- 
tion (breakdown of the germinal vesicle 
which results in the mixing of the nuclear 
sap and the cytoplasm). In fact, some 25 
years ago, I examined? DNA distribution 
during the spontaneous maturation of 
frog (Rana temporaria) ovocytes: it was 
observed that the breakdown of the 
germinal vesicle is followed by the 
appearance of small Feulgen-positive 


Fig. 1. 
the left, maturation spindle and chromosomes; arrow on the right, Feulgen-positive sphere 
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granules which lie close to the chromosomes. 
origin and fate could not be established. 

More precise observations have now been made on 
ovocytes the maturation of which had been obtained 
in vitro, following the technique of Dettlaff et al.*. Large 
ovocytes of Bufo bufo or Xenopus laevis were placed in 
15 ml. of Ringer’s solution containing 4 crushed pituitaries 
of the same species. They were fixed in Zenker every 
15 min; alternate sections were stained with methyl 
green-pyronine and with the Feulgen reaction. Four 
experiments were made with Bufo and one with Xenopus. 
In all of them but one (Bufo), in vitro maturation was suc- 
cessful. Two experiments with Triturus and one with 
Pleurodeles failed: the breakdown of the germinal vesicle 
was still incomplete after a treatment with 9 pituitaries 
for more than one day. Our observations are thus, for 
the time being, restricted to the Anurans. 

In both Bufo and Xenopus, after a 3-h hormonal treat- 
ment, the nuclear membrane shows numerous invagina- 
tions. They stain strongly with pyronine and appear on 
the vegetal side. At the same time, the nuclear sap 


Their 


becomes more hydrated and basophilic. Thechromosomes ~ 


are condensed, while the nucleoli, which have moved 
towards the animal side of the germinal vesicle, begin to 
shrink and to loose their basophilia. These changes in 
ribonucleic acid (RNA) distribution might correspond 
to the synthesis of small amounts of heterogeneous RNA 
observed by Brown and Littna’. 

A couple of hours later, the vegetal side of the nuclear 
membrane is completely broken down; the nuclear sap is 
now fibrous in appearance and looks like a giant spindle; 
it carries the strongly Feulgen positive chromosomes. 
At the limit of the ‘spindle’, where remnants of the 
nuclear membrane can still be seen, very small Feulgen- 
positive particles can be observed. They are never in 
visible contact with the chromosomes and are very 
numerous (about 100), 

Later on, these fine particles coalesce to form larger 
spherical Feulzen-positive bodies, which surround the 
spindle and the chromosomes. Both bodies and spindle 
move together towards the animal pole. Finally, after a 
7-8-h treatment with the pituitary hormones, one or two 
large bodies, which stain intensely with Feulgen, can be 
observed in the cortex of the ovocyte, at a short distance 
from the maturation figure (Fig. 1). Judging from the 
intensity of the Feulgen reaction (which is negative after 
treatment of the sections with deoxyribonuclease), these 
cortical bodies must contain much more DNA than the 
chromosomes. 

The origin and fate of these cortical Feulgen-positive 
spheres (which can no longer be seen in ripe unfertilized 
eggs) will remain enigmatic so long as combined auto- 
radiographic experiments (incorporation of thymidine) 
and electron microscopy observations have not been 
performed. Although it is impossible for the time being 
to exclude a chromosomal or nucleclar origin, the most 
likely interpretation of our observations is that the 





Cortex of a Bufo bufo ovocyte undergoing in vitro maturation after 7 h. Arrow on 
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ulgen-positive granules and spheres arise from the 
ear sap, when it mixes with the cytoplasm. If so, 

ey would have the same origin as the DNA found 

wnd the germinal vesicle in very large Triturus 

ocytes?. 

“It can be concluded from these observations that, in 

ll anuran species examined (Rana, Bufo, Xenopus), 


‘mixing of the nuclear sap with the cytoplasm, as a result 
“of an in vivo or in vitro hormonal treatment, leads to the 
_ production of extra-nuclear DNA, which ultimately moves 
-jnto the cortex of the egg. This cortical localization of 
‘the Feulgen-positive spheres might be very significant, 
since we know the extreme importance of the dorsal cortex 
(grey crescent) for morphogenesis (gastrulation, neural 
induction)’. As I have pointed out recently’, the dorsal 
-cortex of the fertilized egg must, ultimately, contro! the 
"activation (or de-repression) of certain genes in the dorsal 


: v ‘lip of the blastoporus (organizer). It is conceivable that 
this de-repression might be mediated, as suggested recently 


by Frenster!, by a DNA-like RNA, which should he, in 


- the present case, synthesized on this cytoplasmic DNA 
“template. 
“that the dorsal cortex of Xenopus eggs possesses its own 
heredity: his results can only be understood if one assumes 


Very recent experiments by Curtis™ suggest 


that it contains particles capable of independent replica- 
tion. The presence of DNA, originating from nucleoeyto- 


plasmic interactions during maturation, in the cortex 


might perhaps account for these curious observations. 
Another attractive possibility is that the cortical DNA 
might play a part in the determination of the germ-cells, 
since it is known, from the work of Blackler", that ultra- 
violet irradiation of the vegetal pole in fertilized eggs 
results in sterility. Much more work is obviously needed 
before the function of the ‘cortical DNA’ becomes clear. 

This work was carried out under contract Euratom- 
U.L.B. 016-61-10 ABIB. 
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Wheel-running Preferences of Peromyscus 


Tue bases for the strong predilection of captive and 
domestic rodents for wheel-running are not fullv under- 
stood. It is clear that wheel-running provides a relatively 


strenuous form of muscular exercise which is not otherwise 
available to confined animals. In addition, the acts of 


manipulation and control of the movements of an activity 


oe -wheel may be rewarding to rodents, quite independently 
I ~of exercise!, Rodents also find it rewarding to run motor- 


driven activity wheels which they start and stop by 


_ pressing levers?. 


That the attractiveness of wheel-running cannot be 
attributed solely to the fact that it is an outlet for vigorous 


muscular activity is shown by the finding that rodents in 
„extensive enclosures which contain complex burrow- 
-simulating mazes and hundreds of feet of linear runways 
frequently spend much of their time running an activity 


wheel?. The present study grew out of the observation 
that deer mice also learn to run activity wheels shaped 
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into squares, triangles, ellipses, etc., even when round 
wheels are also available’. 

A 15x 15% 14 in. enclosure was constructed of ‘Perspex’ 
and hardware-cloth, centaining four adjacent coaxial acti- 
vity wheels made of Sin. strips of 1/8-in mesh hardware- 
cloth. Dual ball-bearing mountings gave all wheels a very 
low frictional torque. The ‘round smooth’ and ‘large 
round’ wheels were EO in. in diameter, the former con- 
taining an inner lining of acetate film. The ‘small round’ 
wheel was 6 in. in diameter, and the ‘square’ wheel was 


7 in. square. The highest rates at which these wheels were — = 
run were: smooth round, 84; large round, 90; small round, = 
138; and square, 114 rp.m. Wheel revolutions were sensed. — 
by a microswitch actuated by }-in. ball bearings on the 


end of a half-inch metal strip forming a spoke of the wheel. 
The spokes extended *hrough slots in the ‘Perspex’ roof of 


the enclosure, on whieh the microswitches were mounted. 


Two litters of young captive-born canyon mice, Pero- . 
myscus crinitus (litter 1, 8 weeks old, 29, 1d; litter 2, 4 
weeks old. 33), and 2 old males, captured 3 years pre- 
viously, were selected for study. The old animals had had 
experience running metor-driven and freely turning wheels 
21 years earlier (see ref. 1). The old males were studied 
individually, whereae the 3 animals in each litter were 
studied in consort, 

Simply making activity wheels available to inex- 
perienced Peromyscus, even for several weeks, does not 
necessarily give information concerning the preferences 
of experienced animels for the different types of wheels, 
because Peromyscus generally tend to be conservative in 
their behaviour?. Thuas, whichever wheel an animal learns 
to run first often monopolizes its subsequent activity—the 
other wheels virtually being ignored. The following pro- 
grammes were adopted to ensure that the animals would 
become experienced in running all the wheels. Using 
individual males, alf 4 wheels were made available at 
first (phase 1) until a constant pattern of wheel running 
was established and maintained for 2-4 days. The 
wheel in which the most revolutions were run (which 
generally was the ons in which the most time was spent 
running) was then lecked, and the experiment was con- 
tinued with 3 wheels unlocked (phase 2) until a new 
constant pattern was established and maintained for 2- 
4 days. The favoursd wheel of the 3 was then locked. 
(phase 3) and, afterwards, the favoured wheel of the 
remaining 2 (phase 4). After the animal had learned to 
run the last unlockec wheel, the wheel of third choice was 
unlocked until a corstant pattern of running was estab- 
lished and maintained for 2-4 days (phase 5). The wheel 
of second choice was then unlocked (phase 6) and, finally, 
the wheel originally ef first choice was unlocked (phase 7). 
Phase 7, in which al 4 wheels were available to the ex- 
perienced animal, lasted at least 6 days. The programme. 
with groups of 3 young animals in consort differed solely — 
in that only 2 wheels were locked (that is, phases 4 and 5, 
being unnecessary, were omitted). 

Running comparisons were made on the basis of average 
numbers of revolutions run in the different wheeis per 
night. Time spent running, although not measured, is 
roughly proportional to the product of the number of 
revolutions run and the circumference of the wheel (7 for 
the square wheel). The values plotted in Fig. 1 are the 
averages for the adapted running of the last 2 or more 
davs of each phase. A bright-dim light cycle (L:D 14:10) 
was used. Recording methods and other experimental 
conditions have been described elsewhere!\*. 

In phase 1, animai 20 ran the large round wheel almost 
exclusively (13,202 revolutions). When this wheel was. 
locked it preferred the round smooth wheel (21,284 revo- 
lutions). In phase 3 it ran 28,679 revolutions in the square 
wheel and only 5,670 in the small round wheel (Fig. 1). 
With only the small round wheel unlocked (phase 4) it ran 
43,051 revolutions. When the square wheel was unlocked 
in phase 5 the animal resumed its preference for it (38,905 
compared with 7,187 revolutions) and maintained this 
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Fig. 1, Wheel running by canyon mice during the programmes de- 
bed in the text. The figures for days at the top of each data plot refer 
to the total durations of the programmes 


preference in phases 6 and 7. Thus, although the square 
and small round wheels were not run in phases 1 and 2, 
they became the wheels of preference in subsequent phases, 
with the square wheel very much favoured in phases 5 and 
6 (Fig. 1). Animal 25 ran much less than animal 20. It 
preferred the square wheel in phase 1, the large round 
wheel in phase 2, and the small round wheel in phase 3. 
It returned to the small round wheel in phase 5, maintained 
this preference in phase 6 and showed a slight preference 
for the large round wheel in phase 7. 

The 2 groups of young litter mates showed identical 
sequences of wheel-running preferences (Fig. 1). In phase 
1, the order of preference was: large round, smooth round, 
and square; the small round wheel was more or less ignored. 
In phase 2 the square wheel was preferred, with some 
running of the small round one. In phase 3, the small 
round wheel was preferred to the smooth round one. The 
preference for the square wheel persisted when it was 
unlocked (phase 6), but the smooth round wheel now was 
run much more than the small round wheel. Finally, 
phase 7 saw a return to running the Jarge round wheel, 
which had been preferred in phase 1, but the square wheel 
remained the preferred wheel. 

The results of this exploratory study suggest that: (1) 
although canyon mice may not run certain activity wheels 
at all when several types are available, none the less they 
can learn to run these wheels with great facility; (2) the 
preferences that are established by giving inexperienced 
animals a choice of several different types of activity 
wheels usually differ from those of the same animals after 
they have had experience in running all of the wheels: 
(3) a wheel with a hardware-cloth surface is preferred to 
one with a smooth surface; and (4) experienced animals 
may prefer a square wheel to a round one. 

The implication that can be drawn tentatively from the 
generally slight to marked preference of experienced 
animals for a square wheel is that confined wild rodents 
tend to select forms of exercise that require quick reflex 
actions and split-second timing and co-ordination of move- 
ments (running the square wheel required jumping at the 
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corners’at rates up to 9 times per second) in preference'to 
forms in which vigorous muscular activity is the primary 
requirement. In view of these findings, it appears that 
round activity wheels may not be the most suitable type 
for use in studies of confined wild rodents. Experiments 
designed to explore these implications further with larger 
numbers of animals of several species are in progress. 

This work was supported hy grant 1 H-05001 from the 
National Institute of Mental Health, U.S. Public Health 
Service, and grant G-14533 from the National Science 
Foundation. 
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Methylcholanthrene Carcinogenesis influenced 
by Vegetable Extracts 


A Group of 700 three-month-old male mice received 
subcutaneous injections of 0-1 mg methylcholanthrene in 
benzene und were then observed for the appearance of 
tumours for 120 days. The injected mice were divided 
into four groups which were fed differently. 

Group I, the controls, were fed on our standard ration 
of oats added to maize groats boiled in milk, to which cod 
liver oil, linseed oil and a polyvitamin preparation were 
added. 

Group IT received no raw vegetable food from the day 
of birth. In place of oats they received bread boiled in 
milk; their litter of heechwood shavings was sterilized in 
the autoclave and the complete destruction of enzyme 
activity in food and litter was confirmed by testing for 
catalase, which was always absent. 

Group IIT were treated similarly except that they were 
deprived of vegetable food only from the day of injection. 


a 





Fig. 1. Symptom of virosis on leaves of Nicotiana samsun (light green 
mosaic) after treatment with aqueous-extract of oats and the seeds of 
its usual weeds (Vicia sp., Brassica rapa, Agrostemma githago, Cirsium sp.) 
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Fig. 2. Symptom of virosis (malformation) on the leaves of hybrid 
tomato provoked with aqueous extract of oats and the seeds of its usual 
weeds (Vicia sp., Brassica rapa, Agrostemma githago, Cirsium sp.) 


Group IV were fed like Group I, but given subcutaneous 
injections of 0-1 ml. ‘vegetable extract’ twice weekly for 
six woeks. 

The ‘vegetable extract’ was prepared as follows: 10 g 
oats was ground to powder, and 100 ml. distilled water 
added. After standing 1-2 h it was centrifuged for | h at 
4,000 r.p.m., and the supernatant filtered through a Seitz 
EK filter. This extract contained a number of plant 
viruses, since on testing in tobacco, tomatoes and beans 
characteristic changes occurred (Figs. 1 and 2). 


Table 1. EFECT OF FRESH AND AUTOCLAVED VEGETABLES ON FREQUENCY OF 
METHYLCHOLANTHRENE-INDUCED TUMOURS IN MICE 


No. of 
No, of No. of animals animals Total No. 
animals developing surviving to of animals z’ 
Group at start of tumours 120 days completing 
experiment Expected Observed without experiment 
tumours 
I 300 95-83) 108 192 300 1:37 
II 100 31°62) 11 88 99 39:5 
MI 150 46-95) 27 120 147 14:7 
Iy 150 47-60) 76 73 149 31-0 
Total 700 222 473 695 86°57 


Total x` = 86-57. P < 0-001. 


The results are given in Table 1. It is clear that this 
vegetable extract enhances, whereas a diet free from raw 
vegetable materials depresses, the carcinogenic activity of 
methyleholanthrene. Is it the plant viruses which are the 
cause of this difference? 

V. VENDEG 
Virus Research Laboratory, 
University of Tirgu-Mures, Romania. 


ANATOMY 


Sex Differences in the Rate of Tissue 
Regeneration in the Rabbit’s Ear 


Ir has been found that when wounds are made through 
the full-thickness of the pinna of the rabbit’s ear, and 
tissue of area 1 cm? is excised (Fig. 1), the tissue deficit 
is almost completely made good within 98 days, though 
a small hole always remains (Fig. 2). This entails the 
regeneration of relatively mobile dorsal skin, elastic 
cartilage, connective tissue, nerve fibres and immobile 
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Fig. 1. Appearance of the inside of the ear following removal of a full- 
thickness portion 1 cm x 1 em in area 
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Fig. 2. Appearance of the ear after 98 days. A small central hole remains, 
but the deficit has otherwise been made good 


vental skin. Furthermore, the process takes place 
significantly faster in males than in females. It has been 
reported elsewhere that if either skin’ or cartilage? is 
removed from the rabbit’s ear it regenerates, the skin 
completely and the sartilage partially. The replacement 
of full-thickness deficits has not, however, been reported, 

Tissue of area 1 cm? was removed with a specially 
designed punch from the ears of 30 rabbits (18 male and 
12 female) under ‘Nembutal’ anaesthesia. Care was taken 
to avoid major blood vessels. Photographic records were 
kept of the progress of regeneration, the ears being 
photographed every 7 days. The areas of (a) the central 
hole, and (b) the zone bordered by the old ventral skin, 
were calculated from projections of the transparencies 
on to graph paper by outlining the areas and counting 
the enclosed squares. The area of the new tissue (a 
measure of the ameunt of growth) was determined by 
subtracting (a) from (b). The amount of contraction (the 
process whereby the size of the initial deficit is altered 
by movements of the old adjacent skin) was obtained by 
subtracting (b) from the initial deficit area. All measure- 
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ments of growth and contraction were expressed as 
percentages of the initial deficit area. 

By 49 days there was a difference of 18 per cent between 
the areas of the regenerate in males (85 + 2 per cent) and 
in females (67+6 per cent); this difference was found to 
be highly significant (P < 0-005). The data on which this 
was b are given in Tablo 1 and illustrated in Fig. 3. 
The difference between contraction in males (3+3 per 
cent) and in females (1+5 per cent) was not found to be 
significant (P>0-3). It is possible that the regeneration 


Table 1, VARIATION IN GROWTH OF THE REGENERATE IN MALES AND 
FEMALES 


Area of initial Area bordered by Area of hole Area of regenerate 
deficit old skin at 49 days at 49 days as % of 
(cm?) (cm?) (em?) initial deficit 

é 0-95 0-87 0-02 90 
1:03 1-06 0 103 
1:00 0-94 0-01 93 
0-99 1-08 0-29 80 
1:12 1-12 0-18 84 
101 0-88 0-05 82 
1-05 0-99 0-28 65 
1:10 0-83 0 75 
0-98 0-76 0-10 67 
0-99 0-95 0-02 04 
0-95 1-09 0-30 83 
0-98 117 0-29 90 
1-02 1-08 0-27 79 
0:98 1-00 0-06 06 
1-02 1-07 0-02 103 
1:05 0-94 0-07 83 
1-02 0-99 0-04 93 
1-10 0-84 0-07 70 

(N=18, =85+2%) 

g 111 1-22 0-43 71 
1-08 1-18 0-38 74 
1:07 1°05 0-60 42 
1-02 0-92 0-57 34 
0-97 0-92 0-13 81 
1-00 1-03 0-18 85 
1:01 1-10 0-45 64 
0-99 1-01 0:15 87 
1-09 1-16 0-63 48 
1-05 1-30 0-44 82 
115 0-78 0-02 66 
1-03 0-76 0 73 


(N=12, z=6746%) 
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rate is influenced by androgens. Although in large doses 
they inhibit the production of granulation tissue*:+, most 
indications are that they promote reparative processes*-’. 
This may explain the faster rate found in males. Inves- 
tigations into this possibility are now in progress. 

The rabbit’s ear provides a useful material for the 
investigation of mammalian tissue regeneration. Its 
flatness and position facilitate the keeping of photographic 
records of the progress of regeneration from which one 
parameter of this process, surface area, can be measured 
accurately. It is thus possible to make quantitative 
observations of mammalian tissue regeneration over a 
period of time without causing further trauma which 
would naturally interfere with the process. It also 
provides an opportunity to study quantitatively the 
effects of mechanical and metabolic interference on 
mammalian regeneration at the tissue level. 

We thank the Endowments Committee of Guy’s 
Hospital for a grant towards the expenses of this inves- 
tigation and the Department of Medical Illustration, Guy’s 
Hospital, for the preparation of the illustrations. 

J. JOSEPH 
Mary Dyson 
Department of Anatomy, 
Guy’s Hospital Medical School, 
London, S.E.1. 
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Possible Role of Neuroglia 


In a recent communication!, Hertz has postulated an 
impulse transmission system in which “potassium ions, 
which have been lost from one nerve cell during its 
activity, are transported through neuroglia cells to the 
outer surface of another nerve cell, which is then depolar- 
ized and stimulated; that is, a neuronal—neuroglial— 
neuronal impulse system”. For such a system to operate, 
the neuroglia cells should bear an appropriate topo- 
graphical relationship to the nerve cells and should have 
a capacity for active ion transport; for the pathways to 
be selective there should be no significant diffusion of 
potassium ions between cells. Hertz has given good 
supporting evidence for the second premise, the capacity 
of glia cells for active ion transport; but the first and 
third require examination. 

The direct synaptic connexion between nerve cells and 
glia cells which Hertz mentions was described by 
Scheibel and Scheibel on the basis of Golgi preparations?, 
While these techniques retain an important role in the 
mapping of neuronal processes, they are no longer accept- 
able for the demonstration of intimate neural contacts 
and their interpretation is questionable. Moreover, the 
synapse-like contacts the Scheibels deseribed were limited 
to “the application of axonal boutons en passage and 
boutons terminaux to the cytoplasm and/or nucleus of the 
oligodendrocyte”. Such limited contacts, if they exist, 
are not highly relevant to a general theory of impulse 
transmission. More relevant are certain observations by 
electron microscopists. When adjacent cells come together 
the outer limits of their osmiophilic plasma membranes 
usually remain separated by an interval of 100-150 A. In 
certain situations this interval closes with fusion between 
the surface dark layers of the adjoining cells. Closed 
contacts in the central nervous system are formed between 
glia cells and processes and between endothelial cells? 
but have not been observed between neurones and 
neuroglia. Furthermore, astrocytic processes are arranged 
in such a way that they isolate the receptive surfaces of 
















ane zips membranes are not thickened. the 
ntacts are not unspecialized. Where certain glial pro- 
sses abut against neuronal perikarya or dendrites, there 
often a sub-surface cistern beneath the neuronal plasma 
mbrane’. The sub-surface cistern may have a mito- 
mdrion closely applied to the inner surface®. Taken 
h the presence of an Nat-——K+ stimulated ATPase at 
outside of the glia cell membrane’ and the observation 
t cortical neuroglia reacts to an increase in potassium 
oncentration by an increase in oxygen uptake, these 
servations suggest that certain glia cells may be con- 
erned with the control of the ionic content of the peri- 
<- neuronal intercellular space. Such a control system is 
-necessary to prevent continuous depolarization and spread 
- between neighbouring synaptic areas and along the axonal 
“membrane; the possibility of interference between ex- 
_ itatory and inhibitory synapses here is obvious, Potas- 
_ sium ions are lost to the cell not only during the falling 
o phase of the spike potential during impulse transmission 
but also during the production of the excitatory post- 
_ Bynaptic potential and particularly during the production 
of the inhibitory post-synaptic potential’. It is suggested 
_ that, particularly in the cerebral cortex, excess potassium 
ions from these sources may be mopped up by active 
_ transport into glia cells. It is further suggested that under 
_ physiological conditions the potassium ions would be 
restored to the neurones, perhaps by active transfer via 
_ the sub-surface cisterns with an apposed mitochondrion 
- providing the energy to drive the ionic pump. Clearly 
such a system could be overloaded but, given a low- 
resistance bypass, short-term overloading is likely to 
result in a damming up of potassium ions’ and diversion 
at the input stage rather than in overflow at the output 
_ stage. 

Such a low resistance pathway is provided by the 
- yntercellular spaces, which are not, however, restricted to 
_ those parts of the central nervous system where potassium- 
— induced stimulation of respiration has been demonstrated. 
_ In this context the volume of the extracellular space is 
an irrelevancy. What matters is not the volume (only 
< §+7 per cent of the total tissue volume") but the arrange- 
_ ment of the intercellular spaces and their effective width. 
_ It has been argued that the osmiophilic lines on electron- 
micrographs do not represent the full thickness of the 
_ plasma membrane and that unstained outer layers keep 
them a uniform distance apart. However, as has been 
_- mentioned, the osmiophilic lines can fuse and the bulk of 
= evidence favours the view that the lines represent essen- 
=- tally the full thickness of the membranes. Diffusion 
through narrow clefts is not free and a theoretical formula 
z has been used to estimate the restriction they impose: 


D = (1 — ajr}? 
D 1+ 24ajr 


<- where D’ /D is the ratio of restricted to free coefficients of 
- diffusion, a is the radius of the particle and r is the radius 
of the channel. On this basis, the restriction to potassium 
‘jons (hydrated radius 1-25 A) diffusing through a channel 
of 125 A diameter would not be great (D'/D = 0-92). 
. However, this formula probably overestimates the 
... restriction since it includes a correction for steric effects 
tthe entrance to the channel which does not apply and 
< presumes a cylindrical channel of radius r instead of a 
> linear slit of half-width r. Manegold has demonstrated 
experimentally that, on the average, the slit half-width 
needs to be reduced to 15 times the particle radius if 
fusion is to be restricted by 50 per cent#8, On this basis, 
again, the restric tion to the diffusion of potassium ions 

















hrough. 100-150 A intercellular spaces should be slight. 
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More significant than 2ither of. these: approaches is. ‘the 
demonstration that spaces of these electronmicroscop 
dimensions in the central nervous system of the lee 
provide a rapid and effective pathway for the movemel 
of ions and small molecules". Dn 

Since this primarily perineuronal pathway has been. = 

shown to exist and to ke available for diffusion, it is un=- 
necessary to involve the neuroglia as an active in 
mediary in Leão’s spreading depression’. According 
the neuronal-contiguous theory of its transmission, p 
sium or a special substance which may be glutamic 
is released from depressed neurones to excite nearb 
neurones, One need not look beyond the intercellul 
space to route this spread or to explain the source of t 
water and ions which enter the apical dendrites, € 
tainly the advance of spreading depression (2-6 mm/min) o 
is too fast to be accounted for solely by diffusion and too o | 
slow for orthodox nervous conduction alone, but this is no 
argument against a combination of these processes ina 
neurone-space-neurone sequence of spread. This perhaps. 
operates when the potassium mopping-up mechanism of 
the neuroglia is overloaded. An important objection to 
a theory involving neurogha in the sequence is the 
limitation of spread from one type of cortex to another. 
Thus, depression does not spread from neocortex to 
cingulate mesocortex or to the hippocampus or vice 
versat, In these situations the neurones are discontiguous 
and spread fails to occur although the neuroglia cells are 
contiguous. 

Finally, the possibility and time-scale of diffusion of 
potassium ions through intercellular spaces militates 
against the suggestion! “that the early stages of memory 
should be related to changes in ionie distribution”. 
Although the long-lasting type of memory trace seems to 
be characterized by RNA synthesis, with changes in the 
base composition, in neurones?! and neuroglia?’, the early 
stages, which occur wishin a few hours of training, may 
be unaffected by RNA inhibitors’. Some intermediary 


process of longer durat:on must follow the short-term ion 


changes. Perhaps th» includes the induction of ion- 
stimulated enzymes in response to overloading of a 
potassium mopping-up and restoration mechanism centred 
on the neuroglia. 


C. P. WENDELL-SMITH - 
M. J. BLUNT 


School of Anatomy, 
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i Hertz, L., Nature, 206, 1091 (1965). 


: Scheibel, M. E. and Scheibel. A. B..in Biology of Neuri, edit. by Wina, 
W. F., 5 (Charles C. Thomas, Spr inefield, HL, 1958). 


* Peters, å.. J. Anat. (Lond.) 96, 237 (1962). 
å Peters, A., and Palay, 8. L....7. Anat. (Lond.), 99, 419 (1965). 


5 Gray. E. G., in Electron Mer Beroscony in Anatomy, edit. by Boyd, J. P, 
Johnson, F, R., and Levez, J. D., 54 (Edward Arnold, London, 1961). 


è? Herndon, R. M., J. Cell Bicë, 18, 167 (1963). 
7 Cummins, J., and Hydén, H., Biochim. Biophys. Acta, 60, 277 (1962). 


3 Eccles, J. C., The Physiolosy of Synapses (Academic Press, New York, f 
196 , 


? Frankenhaeuser, B., and Hedgkin, A. L., J. Physiol., 131, 141 (1956) 


i r E., and Meves, H., 2. Zeliforsch. mikroskop. Anat., 49, 569 
59 


n Coggeshall, R. E., and Fawestt, D. W., J. Neurophysiol., 27, 229 (1964). 

12 Nicholls, J. G., and Kuffler, 3. W., J. Neurophysiol., 27, 645 (1964). 

i Cited by Pappenheimer, J. R., Physiol. Rev., 38, 887 (1953). 

u Ochs, S., in Internationa! Review of Neurobiology, edit. by Pfeiffer, C. C., and 
Smvthies, J. R.,4, | (Acasiemie Press, New York, 1962). 

14 van Harreveld, A., and Schadé, J. P., J. Cell. Comp. Physiol., 54, 65 (1959). 

18 Hydén, H., and Egvhazi, E.. Proc. U.S. Nat. Acad, Sei., 48, 1366 ( 1962). 

u Hydén, H., and Egyházi, B., Proc. U.S. Nat. Acad. Sci., 49, 618 (1963). 

18 Barondea, S. H., and Jarvik, M. E., J. Neurochem., 11, 187 (1944). _ 


I acres with Drs. Wende!l-Smith and Blunt that three 
pre-requisites of the suggested neuronal—neuroglial— 
neuronal impulse transmission system are: (1) an appro- 
priate topographical relationship between nerve cells and 
neuroglia; (2) a high capacity for ion transport in glia 
cells; (3) no significent intereellular diffusion. Since 
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for the second of these premises as good, only the two 
others will be discussed here, 

As regards the topographical relationships, no direct 
synaptic connexion between nerve cells and glia cells is 
envisaged in the postulated impulse transfer system. 
The reference to Scheibel and Scheibel’s findings was made 
to emphasize that the idea of a co-operation between 
neurones and neuroglia in brain function is not a new 
one, but it was clearly stated that “participation of 
neurogla in the transfer of impulses does not... neces- 
sarily require any direct synaptic contact between nerve 
cells and glia cells”. The mechanism suggested by me 
represents another, totally independent, way of trans- 
ferring impulses between the two cell types; a direct 
synaptic contact is meaningless in this system and the 
evidence against the findings by the Scheibels accordingly 
irrelevant in this context. 

In the initial phase of the suggested potassium-mediated 
transfer of impulses “potassium ions lost from a neurone 
during excitation are transported actively from outside it 
into glia cells’. This is consistent with the widely 
accepted presence of narrow (100-150 A) intercellular 
channels surrounding the cells, and it is important that 
the volume available for diffusion is small and the routes 
of diffusion long and complex. The release of potassium 
ions may therefore cause a temporary increase in the local 
concentration of potassiura, which in turn stimulates the 
active transport of potassium ions into glia cells. 

Admittedly, some diffusion may occur along the inter- 
cellular clefts. The extent of this diffusion in mammalian 
brain cannot possibly be estimated from measurements 
on the leech central nervous system, which histologically 
differs grossly from the vertebrate brain'?; and the 
findings by Nicholls and Kuffler® that, for example, sodium 
ions do not diffuse into certain types of leech glia cells 
cannot be universally valid, since the sodium space of 
brain is much larger than the true extracellular space’. It 
is furthermore of no importance that some potassium ions 
may become passively distributed in the extracellular 
space-——if only the potassium concentration here does not 
increase so much that a general excitation of nerve cells 
occurs. What matters is, whether the active transport is 
large enough to secure that a sufficient fraction of the 
released ions are transported via predetermined, regulated 
pathways to exert a selective action on certain nerve cells. 
To which degree this requirement is fulfilled cannot be 
estimated by regarding only the possibilities for diffusion 
but requires knowledge of the efficiency and rate of active 
transport. No such information is available. It seems, 
however, thought-provoking that the extracellular fluid in 
brain cortex is restricted to narrow clefts, and that the 
extracellular space is small. In this way the active, 
- regulated transport is probably given a possibility to 
compete effectively with free diffusion. Wendell-Smith 
and Blunt seem to agree on this point of view, since they 
suggest that “excess potassium ions may be mopped up 
by active transport into glia cells”. 

The fate of the ‘mopped-up’ potassium ions will depend 
on the anatomical inter-relationship between adjacent 
glia cells and thus the possibilities of active transport 
_ from one cell directly into another as well as from the 
‘terminal’ glia cell to the perineuronal cleft. The fusion 
between surface layers of adjoining glia cells referred to 
by Wendell-Smith and Blunt may constitute the anatom- 
ical basis for such a transport. 

The hypothesis of a potassium transport through glia 
cells was primarily provoked by the biochemical, topo- 
graphical, developmental, and pharmacological analogies 
between the potassium-induced stimulation of oxygen 
uptake and spreading depression. It is a result of an 
effort to combine neurochemical, neuroanatomical and 
neurophysiological evidence and experimentally less well 
founded than the initial uptake of potassium ions by 
glia cells. 





Wendell-Smith and Blunt regard my supporting evidence : 
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I admit it is unnecessary to involve the neuroglia as 
an active intermediary in Le&o’s spreading depression”, 
but the concept that neurones behave like pools of potas- 
sium ions which are released by potassium and in turn 
transported actively by glia cells to propagate the response 
fits with the evidence mentioned and gives a simple 
explanation of the rate of the spread. The massive, self- 
propagating character of the response is probably due to 
the initial excitation of a very large number of neurones. 
The subsequent release of potassium ions must accordingly 
also be large, and they are transported in all directions; 
the absence of either cell type must, of course, inhibit 
the propagation. By the term ‘overloading’ is understood 
that the potassium release is “so intense that a certain 
time is required for its uptake in neuroglia’’; this is the 
reason that neurophysiologically a depression is observed 
instead of an activation and consistent with the concept 
by Wendell-Smith and Blunt: “overloading is likely to 
result in a damming up and diversion at the input stage”. 
Altogether, I therefore find that their concepts differ only 
slightly from mine, and this may perhaps be taken as an 
indication that the proposed mechanism is at no variance ™ 
with present neuroanatomical thinking. 

L. HERTZ 
Biochemical Institute A, 
University of Copenhagen, 
30 Juliane Mariesvej, Copenhagen. 
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ENTOMOLOGY 


An Improved Method for obtaining, in vitro, 
Uniform Cell Monolayer Sheets from Tissues 
of the Tick, Hyalomma dromedarii (Ixodidae) 


THE first report on the cultivation of tick (Ixodidae) 
tissues in vitro was that of Reháček? in Czechoslovakia, 
who obtained proliferation of fibroblast type cells in 
explants from developing adults of Dermacentor marginatus. 
Rehdéck®:* afterwards improved his techniques and was 
able to obtain cell monolayers by trypsinizing tissues of 
developing adults of D. marginatus, D. pictus and 
Hyalomma dromedarti and growing them in test-tubes and — 
Carrol flasks. His methods for preparing tick tissues and ” 
of culturing them are fully described elsewhere. 

In culturing tissues from developing adults of H. 
dromedarit, we found that certain modifications in 
Rehatek’s methods and of his medium produced better 
results. There was improved dissociation of the tissues 
and hence a higher cell yield when the tissues were 
agitated by a magnetic stirrer in 0-25 per cent trypsin 
which had been prewarmed in a 37° C water bath. The 
resulting cell suspension was filtered through sterile gauze 
to remove large pieces of undissociated tissue. ` 

The pH of the medium was adjusted to 6-9, 0-2-0-4 
higher than in Rehdéek’s experiments, and this appeared 
to produce more rapid attachment of the cells to the glass. 
At 27°--29° C, adherence of cells to the glass surface started 
in less than 20 min and, by 18-20 h, cell attachment was 
nearly complete. In our earlier trials, we used Leighton 
tubes with and without cover-glasses and incubated them 
horizontal. In these tubes, there was a tendoney for the 
cells, over the major part of the glass surface, to aggregate _ 
in clumps from which fibroblast type cells grew out, but 
they never formed a continuous sheet. Although towards 
the bottom part of the tubes there was a narrow strip 
where the growing cells had formed a more or less continu- 
ous sheet, growth of the culture as a whole was by no 
means as satisfactory as the uniform cell monolayers 
obtained in vertebrate cell cultures. Mitoses in the 
Leighton tube cultures were seen up to 10 days, the same 
period as in Rehdéek’s cultures‘. 
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8 
Fig. 1. Cultivation of tick cells in test-tubes, without cover-glass (A) and 
with cover-glass (2) 


In subsequent investigations to improve the cultures, 
we used ‘Pyrex’ glass test-tubes 125 mm x 16 mm, 
incubated at an angle of about 7°, and found that, as in the 
Leighton tubes, by about the 4th day, there was a patch 
of cells growing into a sheet towards the bottom of the 
tubes, but over the rest of the glass surface the cells formed 
scattered aggregates (Fig. 2, B, D). We next introduced 
into the test-tubes, before seeding of cells, rectangular 
cover-glasses (40 mm x 11 mm) primarily with the object 
of obtaining growing cells on the cover-glasses for micro- 
scopical examination. However, the width of the cover- 
glass was such that it remained raised above the curved 
side of the tube (Fig. 1, B) with the cell suspension under- 
neath it. In such tubes the cells always grew out on the 
glass surface of the tube as an excellent, uniform mono- 
layer sheet, consisting mostly of epithelial type cells. 
There were no cells, or only a few, attached to the cover- 
glass. In appearance, these cell sheets (Fig. 2, A, C) were 
similar to those obtained from vertebrate colls. Further- 
more, the metabolism in the tubes appeared to be higher 
with cover-glasses than without as evidont from the more 
rapid change in the pH of the covered medium. The cell 
sheets in the tubes with cover-glasses have, with periodic 
changes of medium, been kept for up to 35 days without 
any obvious signs of degeneration. There was recurring 
mitotic activity and mitoses were common even 30 days 
after seeding, the longest period recorded so far for tick 
tissues in vitro. 

What caused and maintained the better growth in the 
tubes with cover-glasses in these preliminary investiga- 
tions is not clear. Cell aggregation which occurred by 
about the 4th day in tubes without cover-glasses would 
appear to slow down metabolism. One explanation may 
be that the partially closed system of the cell suspension 
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Fig. 2. A, B, Culture 7 days after seeding, stained with Mallory’s stain: A, with raised 
habii 5 B. without cover-glass. C, D, Culture 10 days after seeding, stained with 
toxylin and 3 ; D, without cover-glass 


eosin: C, with raised cover-glass 
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in medium trapped between the overlying cover-glass 
and the curvature of the tube produces physical forces 
which prevent the celle from aggregating. Towards the 
free surfaces of the medium, that is, at the end and less so 
at the edges of the cover-glass where these forces may be 
less, the cells do tend tc form clumps, particularly at the 
open end (Fig. 2, A, 7). It is also possible that this 
confined system produces, except towards the limits, 
partially anaerobic concitions which may be moro suitable 
for the continued growth of the cells, or that the carbon 
dioxide evolved during the metabolic processes is prevented 
from diffusing out to any groat extent, thus increasing the 
carbon dioxide tension of the medium. These aspects are 
now under investigation. But, whatever the explanation 
may prove to be, inclasion of an overlying cover-glass 
appears to maintain consistently better cell growth and @ 
more uniform cell monelayer sheet than if it is omitted. 
This modification of technique may also enhance the 
utility of the cell cultures for the cultivation of viruses 
and other pathogenic erganisms, the purposo for which 
the technique is primarily intended. 

We thank Dr. J. Rebsiéek of the Institute of Virology, 
Bratislava, Czechcslovakia, for his help at the beginning 
of these experiments, also Prof. D. S. Bertram, director of 
this Department, and Prof. Forrest Fulton of the Depart- 
ment of Bacteriology and Immunology for their advice, 
Mr. D. F. King for staining the tubes, Mr. C. J. Webb 
for taking the photograph and Miss Anne Caisloy for 
preparing Fig. 1. M.G.R.V 
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MICROBIOLOGY 


Occurrence of Dimorphic Forms of 
Mycokacterium phlei 


Dure the course of an investigation concerning the 
lipid fractions of Mycovacterium phlei it was found that 
liquid cultures which had been incubated for a period of 
1 week at 37° showed the formation of a dry, rough 
pellicle. However, after incubation for 5 weeks only a 
sparse pellicle remainec and the rough pellicle observed 
at 1 and 2 weeks had fallen to the bottom of the pan, 
forming a thiek, mucoidal deposit. This 
deposit was unlike the granular deposit 
obtained in young cultures of mycobacteria 
and it was therefore decided to investigate 
the morphology of the organisms in these 
cultures. Using the method described in 
this communication, three morphological 
phases of growth from M. phlei were con- 
sistently obtained, which formed part of 
a definite cycle of growth. 

Non-acid-fast stages in the life-cycle of 
different members of the Actinomycetaceae 
and Myccbacteriaceae have frequently been 
observed’. Rich? noted that considerable 
differences in the morphology of individual 
organisms could be found and this de- 
pended en the age of the culture, the 
character of the medium and the conditions 
of growta. Csillag* has obtained various 
non-acid-fast organisms from Mycobacter- 
ium tuberculosis var. hominis and atypical 
mycobacceria. The typical acid-fast bacilli 
were termed ‘Form 1’ mycobacteria and 
five different non-acid-fast types of organ- 
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ism were grouped together under the heading ‘Form 2” 
mycobacteria. Csillag* found that a coccal form could be 
obtained from the ‘Form 2’ mycobacteria and regarded 
these as conforming with the definition of mycococci, 
which were originally described by Krassilnikov®. The 
genus Mycococcus is defined in Bergey’s Manual’ as con- 
sisting of cells of variable size and shape, generally 
spherical, occurring singly, in short chains or in clumps. 
Multiplication is by fission, constriction or bud formation. 
The cells are non-acid-fast, Gram-positive, aerobic and 
grow well on ordinary culture media. 

The media used were: (a) 1 per cent glucose meat 
extract broth; (b) meat extract agar; this was prepared by 
mixing 1 lb. fat-free minced horse heart, 10 g peptone, 
5 g sodium chloride and 1 1. tap-water, and heating for 
30 min at 65°. The following day the mixture was heated 
for 2 h at 100°, filtered through coarse paper and the pH 
adjusted to 8-5. The broth was steamed for 45 min and the 
phosphate deposits filtered off on fine filter paper. Difco 
agar (14 g) was added and the mixture steamed for 30 min, 
filtered and sterilized at 15 lb. for 20 min; (c) a modified 
Sauton medium?-*: 5 lb. potatoes were left overnight in 
4 per cent KMnO, solution, washed in distilled water, 
peeled and chipped. Distilled water (5 1.) and glycerine 
(1 l.) were added to the chipped potatoes and the mixture 
was left to infuse at 60° overnight. The potato extract was 
filtered off through gauze. The following ingredients were 
added to the extract: 48 g sodium glutamate, 3 g K,HPO,, 
0-3 g brown ammonium iron citrate, 12 g citric acid, 3 g 
magnesium sulphate. The total volume was adjusted to 
12 1. and the medium was steamed for 30 min. After 
filtering off any deposits the medium was distributed in 
500-ml. amounts in 2-1. Caroll flasks (J. Jobling and Co., 
Ltd.) and autoclaved at 10 lb. for 10 min. 

Cultivation of the organisms was as follows: A starter 
culture was prepared by inoculating a flask of 1 per cent 
glucose broth with M. phlei and this was incubated for 
3-4 days at 37°. Part of the pellicle from this starter 
culture was transferred on a large loop to the surface of 
the Sauton medium. The cultures were incubated for six 
weeks at 37°. 

Smears of the deposit in the Caroll flask were stained by 
the method of Gram and the Ziehl Neelsen method’. 
Examination of the stained preparations showed that 25 
per cent of the cells were acid-fast and the remaining 75 
per cent were non-acid-fast (Fig. 1), and these showed 
two different morphological types. The first of these was a 
Gram-positive rod with square ends; the rods sometimes 
appeared curved or bent double. The second type was a 
poorly stained Gram-negative organism containing a large 
clear ovoid inclusion. 

Meat extract agar plates, previously incubated for 48 h 
to check sterility, were inoculated with the deposit 
from the 6-week-old cultures and incubated at 37°. 
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Cellular morphology of a six-week-old culture of M. phlei 
( xe. 750) 
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Fig. 3. Sudan black stain of Phase 1 of M. pAlei ( x e. 750) 


After 36 h large flat colonies of acid-fast M. phlei were 
present; but after longer incubation small regular colonies, 
0-4-0-6 mm in diameter, and larger irregular colonies, 
2-3 mm in diameter, were found. From both types of 
colony sub-cultures were grown on meat extract agar. 
However, it was found that when these organisms had 
been sub-cultured several times the morphology, which 
had been checked at each stage, was obviously changing. 
Consequently, a further set of meat extract agar plates 
was inoculated with the rod-form, incubated for three 
days at 37° and then left at room temperature for one 
month. It was found that the colonies on these plates, 
which were 3-6 mm in diameter, contained coccal forms 
of variable size, arranged singly, in pairs or in clusters. 

The morphology and staining reactions of the organisms 
isolated may be summarized as follows: 

Phase 1. Large, non-acid-fast, motile, Gram-variable 
rods with a thick cell wall and a thin capsule. Each cell 
contained two or more large inclusions which were quite 
distinct and stained positively with Sudan black? (Figs. 
2 and 3). 

Phase 2. Small, Gram-negative, motile, pleomorphic 
organisms containing a large inclusion which almost 
filled the cell. These inclusions were sometimes acid-fast 
but only gave a very weak spore-stain reaction. After 
delipidation of the smear with alcohol-ether (1:1) for 
2 min these ovoid inclusions were strongly stained by a 
spore-stain method*®. It is possible that these reactions 
may be related to the acid-fastness (Figs. 4 and 5). 

Phase 3. Gram-positive, capsulated, non-motile cocci 
of variable size, lying singly, in short chains or small 
clusters. These organisms contained no large inclusions 
and were non-flagellated (Fig. 6). 

These phases 1 and 2 of growth from M. phlei are iden- 
tical to two phases of growth included under the term 
‘Form 2’ mycobacteria by Csillag’. Phase 3 from M. phlei 
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Fig. 4. Spore stain of Phase 2 of M. Bora after delipidation of the 
smear ( x ¢, 





Fig. 5. Gram stain of Phase 2 of M. phlei showing the unstained ovoid 
inclusions ( x c. 750) 





Fig. 6. Gram stain of Phase 3 of M. phlei i xe. 750) 


corresponds to the ‘mycococcal stage’ isolated by Csillag‘. 
Since it is possible to obtain the same phases of growth, 
the method described here has some advantages over 
previously reported procedures. The phases 1, 2 and 3 
from M. phlei were obtained within 7 weeks without 
aeration of the cultures, whereas the ‘Form 2’ and 
‘mycococcal’ stages were obtained after 14-52 weeks 
incubation with intermittent aeration’. 

The existence of a growth-cycle in mycobacteria has 
been suggested by various workers!’ although the precise 
nature of this eycle has never been determined. McClung" 
has described the cyclic nature of growth and the morpho- 
logical changes which occur in the different species of the 
genus Nocardia. It is well known that a close relationship 
exists between the two genera Nocardia and Myco- 
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bactertum* 8, Consequently, if such a growth-cycle could 
be found in all species of mycobacteria there would be 
additional evidence to suggest that Nocardia and Myco- 
bacterium should be included in the same family. 

Further biochemica and serological experiments are 
being carried out with -hese phases of growth isolated from 
M. phlei in order to dstermine the nature of this growth 
cycle. 

I thank Miss Kate McLean for her technical assistance 
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VIROLOGY 


Propagation and Froperties of Hepatitis Virus 


TESTING a newly developed chemieal reaction, we fonnd 
the virus of hepatitis to consist of pure deoxyribonucleic 
acid without proteins, contrary to other known forms. 
This was investigatec anā confirmed as follows: by 
treatment with aleoho the virus can be precip tated like 
the nucleic acids and can be dissolved afterwards without 
loss of activity. With other virus such treatment led to 
total mactivation!*. This property of the hepatitis virus 
enables one to prepare highly concentrated and pure 
samples, which do nos contain proteins from tissues or 
other virus. 

The hepatitis virus itself cannot permeate into the cell, 
the protein hull of viras being, as is well known, respon- 
sible for the affinity to the host cells. However, if the 
virus is brought into the cell by special treatment, then 
propagation and formetion of plaques occur as with other 
viruses. The fact that, in such cases, the virus can be 
propagated in many tissue cultures confirms its character 
as a pure nucleic acid”. 

Enzymes that cleave nucleic acids degrade the virus, 
but trypsin, papain, Na-deoxycholate and ether are 
without any effect. 

In vitro, the virus caa be fixed by actinomycin like other 
deoxyribonucleic acids. 

The following factors also indicate that the nucleic acid 
of the hepatitis virus is deoxyribonucleic acid (DNA): (1) 
Total inactivation by DNase. but not RNase; (2) 5-iodo-2’- 
deoxyuridine yielding en inhibition of propagation in vivo, 
while substances influencing the metabolism of RNA, such 
as 8-azaguanine, 2-thieuracil and 5-fluorouracil, have no 
influence; (3) actinomycin inactivates the virus in vivo as 
well as in vitro; it is known thet actinomycin blocks 
DNA, but not RNA, in vitro; (4) estimation by the method 
of Schmidt and Thannhauser® confirms the DNA character 
of the virus. 

The hepatitis virus zan be propagated on the chicken 
embryo by the following technique: (1) Treating the 
chorio-allantoic membrane with hyaluronidase just before 
inoculation; this loosens the tissue and thereafter the 
virus can passively permeate into the tissue; (2) the 
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cytotoxic effect, especially from sera, can be removed by 
dilution, otherwise it prohibits multiplication of the virus; 
(3) the effect of DNA in cleaving enzymes such as DNase I 
and DNase of tissue origin will be greatly reduced by 
adding 0-01 moles Na-citrate and shifting the pH up to 8-5. 

Tn tissue cultures the cells were washed before inocula- 
tion with 1 M NaCl, pH 8-2. The inoculation fluid con- 
tained hyaluronidase, Further propagation for many 
passages in tissue cultures is possible only if the pH of the 
medium does not go below 7. since pH 6-5 strongly de- 
creases the active virus particles. Tle optimum gH for 
preservation of the hepatitis virus is between 8-5 and 9-5. 

Plaque formation on the chorio-allantoic membrane 
appeared on the third day, and in liver and spleen on the 
fourth day after inoculation. the foci being similar to those 
of other virus, both morphologically and histologically‘. 
In tissue cultures the beginning of the cytopathogenic 
effect was seen on days 3-4 after inoculation. 





Fig. 1. Human hepatitis virus stained with uranyl acetate (x 100,000) 


Electron microscopy shows the virus to have a poly- 
hedral shape (Fig. 1). Negative staining with 1 per cent 
uranyl acetate makes it possible to meas ire the diameter, 
which is between 40 and 150 mu. To determine whether 
the smaller particles are parts of larger ones, or are the 
virus itself, we separated the particles by ultracentrifuga- 
tion. These were then tested for infectivity and diameters 
measured. The results showed that the smallest particles 
represent the virus itself. 

The virus was propagated from 144 cases of acute and 
chronic hepatitis epidemica, from serum hepatitis and 
from a series of normal blood donors. The virus was found 
in sewage as well as in blood and in faeces. All 144 virus 
stems tested were identical in electron micrographs and by 
immunological tests. 

For preparation of immune serum from rabbits, the 
injection of the pure virus suspension with Freund’s 
adjuvant is recommended together with simultaneous 
application of anabolic steroids. With immune sera pre- 
pared in this way 144 stems were tested by neutralization 
and haemagglutination with erythrocytes of guinea-pig, 
and a complement fixation test. As has been stated, they 
all gave the same reaction. 

Neutralizing and haemagglutination-inhibiting anti- 
bodies were found in patients after complete healing, 
while complement-fixing antibody was present as well as 
the virus only in chronically active cases. An efficient 
disinfectant is ‘Havisol’ (Schulke and Mayr G.m.b.H.., 
Hamburg), based on phenol. The 6 per cent solution 
inactivates massive, protein-poor virus suspensions in 
2 min. With more proteins present the virus was inac- 
tivated by “Havisol’ and ‘Parmetol’ in 2 per cent solution 
after 15 min. 

As expected, the virus was much more resistant to heat 
than other viruses, and heating to 75° C for 1 h had no 
effect at all. Heating above 170° C was necessary to 
inactivate pure virus suspension with 10 P.F.U., within 1 h. 
The same suspension was inactivated in the autoclave 
after 30 min at 2 atmospheres at 134° C. With protein 
and cations, present heating for 1 h at 195° C, or at 
two atmospheres, was required to kill the virus. The 
addition of 2 per cent sodium carbonate led to the total 
loss of activity within 20 min at 100° C. 
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The hepatitis virus was more resistant to ultra-violet 
radiation. Irradiation of 0-5 ml. solutions in Petri dishes 
at a distance of 10 em, using a mercury vapour lamp 
giving 2540 A emission, produced an area of inactivation 
of 8-5 em diameter after 6 min. 

Since it was not possible to inoculate man with the 
virus, we performed the classical experiment of Neefe et 
al.? on human volunteers, as with the propegated virus in 
chicken embryo. The results were exactly as described by 
these authors. 
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‘Ring-forms’ of Reovirus Particles 


SEVERAL investigations utilizing electron microscopy 
have shown that during reovirus synthesis, progeny virus 
consisted of particles containing nucleic acid surrounded 
by protein coats (capsids), and others which were devoid 
of a central core!-*. Negative staining techniqucs® have 
afforded a means of following the course of events in 
infected cells. 

The £-48 line of mouse fibroblasts was received from 
Dr. C. P. Stanners* and maintained in this laboratory in- 
monolayer bottles in Eagle’s medium with twice the usual 
concentration of amino-acids and 10 per cent calf serum. 
Cells were transferred every third day. 

A type 2 strain of reovirus (988) (ref. 7) was prepared 
and concentrated according to methods previously 
described®, 

Sixteon-ounce monolayers of L-48 cells containing 
1 x 10’ cells were changed with 50 c.c. of pre-warmed 
medium (35° C) containing Eagle’s as before, and 5 per 
cent foetal bovine serum which had been tested and found 
to be free of reovirus haemagglutinating inhibiting anti- 
bodies’. Each 10-oz. bottle was infected with 1 x 10° 
haemagglutinating units? of reovirus 988 in a I-ml. 
volume. This ensured a multiplicity of virus to cell of 
100-300 (ref. 10) allowing every cell in the culture to be 
infected at the time of virus inoculation. 

The cultures were then incubated at 35° C for I, 4, 12, 
16, and 36 h. At each of these times supernatant medium 
was poured away, and the cells washed 10 times with 100 
ml. of Earle’s balanced salt solution (4° C). The remaining 
colls were then scraped from the glass with a rubber 
policeman, and allowed to swell in 3 ml. of a hypotonic 
medium (10-* M tris, 10-* KCl, 10-* MgCl,, pH 7-4) for 
15 min (4° C). Cell membranes were then disrupted by 
10 gentle strokes in a glass Tenbroeck homogenizer 
(4° C). 

These lysates of virus-infected cells were examined on 
thinly spread films by electron microscopy. Crystalline 
bovine serum albumen was added to a final concentration 
of 0-286 mg/ml. to facilitate spreading. Five per cent 
phosphotungstic acid (PTA) neutralized (pH 7:0) with 
1 M KOH was coated with a light film of taleum. One 
drop of cell lysate was then spread on to the surface. 
The films remained on the surface of the PTA solution for 
5 min. They were lifted on to ‘Formvar’-coated grids, 
and dried on filter paper. The grids were examined in an 
RCA EMU 3E electron microscope. Observations were 
made at initial magnifications of 5,000—-18,000 diameters. 

Virus particles were seen in preparations from infected 
cells as early as 1 h and as late as 36 h after infection. 
Complete virus was 69 my in diameter and contained a 
dense core of nucleic acid measuring 48 mu. Enucleate 
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Fig. 1. Complete virus, enucleate capsids and a third type of particle, ‘ring forms’, are seen 12 h after infection, Complete virus and enucleate 


capsids are 60 my in diameter. 


The ‘ring forms’ (arrows) are enucleate and 48 ma in diameter, 


(x c. 55,380) 


Fig. 2. A group of nucleic acid cores in a preparation made 4 h after infection. (xe. 35,840) 
Fig. 3. Free virus, cytoplasmic vesicles and canaliculi are seen in a preparation 16 h after infection. Capsomeres of the protein coat are discern- 


ible. There are enucleate particles and whole virus. 


(xe. 35,8-0) 


Fig. 4. Sixteen h after infection, clusters of virus enclosed by a limiting membrane or sac ase seen (lower right). (x 61,800) 


particles with a protein coat of capsomeres (capsid) but 
without central cores were present in all preparations. 

At 12 h or more following infection of L-cells by reovirus, 
several changes in virus progeny were observed. In 
addition to complete and coreless forms, a third type of 
partiele was noted in some fields. These were empty 
particles with an outer limiting membrane. Capsomeres 
were not seen (Fig. 1). These ‘ring forms’ had a diameter 
of 48 mu, equal to that of the central core of the complete 
particle. A fourth type of virus material of similar dimen- 
sion was also observed. These were solid electron-dense 
polygonal particles (Fig. 2) which appear to be the 
nucleic acid or core material. 

At 16 h after infection aggregations of virus particles 
enclosed within a limiting membrane or sac were seen 
(Figs. 3and 4). Several points concerning reovirus became 
evident. The appearance of ring forms at 12 h after 
infection suggests new virus synthesis. The ring could well 
be protein. This suggests that reovirus protein consists of 
2 morphological types, capsomere and ‘ring’. The inner 
layer of the ring was noted by Vasquez and Tournier*. 
It had never been observed free of capsomere protein, 
and the time of appearance was not described. ‘Ring 
forms’, which have a diameter equal to that of the nucleic 
acid core, could serve as an outer covering of the nucleic 
acid or as an inner lining for capsomeres. 

The observation of virus aggregates in a sac is reminis- 
cent of an earlier observation by Horne and Nagington 
for poliovirus". Such a cytoplasmic structure has recently 
been shown to be involved in the synthesis and assembly 
of poliovirus components". 


This work was supported by grants 1 71 Al 261-01 
and Al-—05721-01A1 from the U.S. National Institutes 
of Health, and G—24381 from the U.S. National Science 
Foundation. 
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ompeink F Fractionation” ok a Natural 
Hybrid between Rubus procerus Muell. and 
R. laciniatus Willd. 


Rubus procerus Muell. and R. laciniatus Willd. oceur 
 sympatrically over a wide range of arca in the coastal 
Pacifie north-wes5 of the United States. Natw®l hybridi- 
zation between these two pseudogamous apomictie species 


— has been shown to take place by Bammi and O]lmo!. One 


such partially sterile natural hybrid (64124), collected 


_. from Riverton, Oregon, proved very interesting cytolo- 
— gically. 


The present report deals with the peculiar 

_ eytological behaviour of this hybrid clone. 

: ‘The chromosome analyses in this study were made from 

= temporary squash preparations according to the alcoholic- 
-carmine technique described by Snow?. 

All clones of R. procerus, R. laciniatus and the hybrid 

clone were tetraploids with 28 chromosomes in their 
somatic cells. Stages prior to diakinesis or metaphase I 
were not suitable for analyses. 
- Both R. procerus and R. laciniatus behave as segmental 
-allopolyploids. Usually not more than 1-2 quadrivalents 
are formed at microsporogenesis. The hvbrid clone (6412A) 
showed a peculiar kind of abnormality. In about 60 per 
cent of the microsporocytes two chromosomal plates were 
present, instead of the expected one, at metaphase I. 
These two plates behaved as independent units during the 
rest of the meiosis. Various other abnormalities like non- 
disjunction, lagging of certain chromosomes at first and 
second division of meiosis, separate or in conjunction with 
the above described abnormality, were also observed. 
About 1-5 per cent of the microsporocytes in R. laciniatus 
also showed more than one group of chromosome at 
metaphase I. The net result of the phenomenon of multiple 
o plates at metaphase I and the behaviour of these groups 
of chromosomes to operate independently of each other in 
subsequent stages results in the production of an excess of 
sporads at telophase II. Table 1 shows that at telophase 
TI, this plant had only 29-30 per cent of the cells with 
four sporads. This is in contrast to the clones of the 
parents and the hybrids, where cells with four sperads 
were about 97-99 per cent of the total, Almost all the 
rest of the cells had excess sporads. 


Table 1. FREQUENCY DISTRIBUTION OF CELLS AT TELOPHASYK IT WITH 
REGARD. TO NUMBER OF SPORADS FER CELL IN THE SUSPECTED HYBRID 
. CLONE 6412.4 


Total cells 
studied Cells with sporads numbering 
4+ 
Micronuclel 1 2 3 4 5 6 7 & Q- 
No. 18 1 3 8 80 42 65 12 42 2 


Per- 
centage 6:59 0°37 1°10 2-93 29-80 15-38 23-81 4-40 15-38 0-74 


273 


Thompson’ introduced the term ‘complement fractiona- 
tion’ for the general phenomenon wherein “the chromo- 
some complement is sub-divided into independently opera- 
_ ting groups within a cell’. Thompson, in working with the 
- eultivated variety ‘Boysen’ of the genus Rubus, found a 
-similar situation of sub-division of the chromosome com- 
plement into independently operating groups within 
meiotic cells. In her interpretation there were no definite 
implications as to the genetic constitution of the end- 
product. However, the present study goes a step further 
in proposing that the two sub-grouns of chromosomes at 
metaphase I in fact belong to different genomes, namely 
R. procerus and R. laciniatus. This interpretation is based 
on the following observations. 

(1) Sub-division does not seem to be a completely 
random process. The number of bivalents in each group 
at metaphase I tends to be 7 (14 being the gametic 
number for both R. procerus and R. laciniatus). 

(2) Rarely, more than 2 sub-groups were observed at 
metaphase I. 








cell. 

{4) Counts made at anaphase I show that chromosomes 
number in each group tends to be 7. 

Since the frequency of this phenomenon is different in 
different clones, it is assumed to be genotypically 
controlled. 


bre Lack of T aynchionization of 2 groups i in some eels, ver 2 
o their separation in different planes in a 3-dimensional 


No definite conclusion as to the time or method of — 


origin can be drawn from this work. Some indication of 
sub-grouping of chromosomes in somatic cells was also 


seen. It is probable that actual separation of genomes had. 


taken place in the premeiotic cells. | 
The presence of ‘complement fractionation’ in the cells 
of an organism has many implications. It may be an 


indication of its obvious or concealed hybridity. It is- 


quite conceivable that one of the resulting gametes may 
be functional and may take part in fertilization. This 
could result in the formation of unique segregants which 


would be expected to be rare or impossible in the normal ` 


reproductive pattern. As pointed out by Thompson‘, the 
separation of single genomes which form functional 
gametes can have value in the discovery of ancestral 
species of polyploids. There, of course, then exists the 
fascinating possibility that the genome of an ancient 


diploid trapped inside the constitution of a polyploid (in | 


this case, an apomictie one) might also be released. This 
phenomenon might also provide a method by which the 
polyploid level of a species may go down. 

Examples of ‘complement fractionation’ have so far 


been reported in cultivated plants of hybrid origin, for - 


example by Thompson? and in tomato by Gottschalk‘, 
and in Rubus by Hull and Britton®, that were previously 
subjected to colchicine treatment. This is probably the 
first instance where a naturally occurring plant shows this 
phenomenon. 

I thank Prof. H. P. Olmo for advice. 


R. K. BAMMI 


Department of Viticulture and Enology, 
University of California, 
Davis, California. 
1 Bammi, R. K., and Olmo, H. P. (in the press). 
2? Snow, R. S., Stain Tech., 38, 9 (1963). 
* Thompson, M. M., Amer. J, Bot., 49, 575 (1962). 
t Gottschalk, W., Z. Indukt. Abstam. und Vererbungslehre, 89, 52 (1958). 
> Hall, J. W., and Britton, D. M., Univ. Md. Agric. Exp. Sta. Bull., A-91 
£1958), 


SOIL SCIENCE 


Thermistor Hygrometer for determining the | 


Free Energy of Moisture in Unsaturated Soils — 


In any investigation involving the movement of 
moisture through sous, the measurement of the free energy 
or total potential of the soil moisture still remains one of 
the chief problems. The basic requirement of any 
satisfactory technique for such measurement is that it 
should depend on some property which is uniquely 
related to the free energy of the soil moisture and is in 
no way affected by the soil type. One such property is 


the relative vapour pressure or humidity in equilibrium _ 


with the soil moisture as given by equation (1). 
(1) 
where h=free energy (cm water); #=universal gas 


constant; Z'=abs. temp.; M = molecular wt. of water; 


g= 981 cm/sec; = = relative humidity. 
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Fig. 1. Comparison of theoretical (solid lines) and measured curves 
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Fig. 2. Probe P; time to reach 0:3 mV for 16-h reading 


The amount of capillary condensation in a porous 
medium from some fixed initial condition is closely related 
to the ambient humidity. The porous medium chosen 
for study was the micro-porous glass coating on a ther- 
mistor bead. It has been shown! ? that glass surfaces 
may have effective surface areas many hundred times 
greater than the nominal area of the surface. The initial 
condition was established by heating the thermistors with 
their normal operating current in the room atmosphere 
at approximately 60 per cent humidity for 1 h. The 
capillary moisture which afterwards condensed on the 
glass surface could then be measured by the heat energy 
required to vaporize this moisture or more simply the 
time delay in the temperature rise as current was passed 
through the thermistor. 

The original experimental work was carried out using 
a two-thermistor probe sealed into a sample tube. One 
thermistor, enclosed in an air-tight compartment brought 
to approximately 0 per cent humidity with silica gel, was 
used as the standard in a Wheatstone bridge circuit with 
a 1:35-V d.c. supply from a mercury cell, while the second 
thermistor was open to the sample atmosphere. The 
thermistors were ‘zeroed’ to their ‘final’ condition by 
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passing the current for 1 h, After allowing a period of 
16 h for capillary condensation to take place, the current 
was again switched on. Typical readings are shown in 
Fig. 1 for Stantel ‘P23’ thermistors and for standard 
sodium chloride solutions supported on filter paper. 

Although the standard thermistor compensated for 
small changes in mean temperature, differences in 
temperature between zhe thermistors and the sample 
could cause serious errcrs. These errors were minimized 
by carrying out the experimental work in a constant 
temperature room (+(€1° C) with the sample tube and 
probe placed in an 18--n. cube of polystyrene insulating 
foam. 

Fig. 1 also shows theoretical curves of the temperature 
difference between a ‘F-23’ thermistor in dry air (that is, 
the standard) and the second ‘P23’ thermistor also in 
dry air, but after time delays corresponding to the 
experimental curves. These curves were calculated? 
assuming the heat is produced in a sphere of perfect 
conductor surrounded Ey an infinite region. 

In most of the later work, the whole temperature curve 
was not recorded, and only the time to reach a temperature 
difference corresponding to a bridge output of 300 pV 
was measured on a stop-watch. This gave a satisfactory 
curve between Schofiel:l’s pF and the reading in seconds 
between pF 2-5 and 5:0 as shown in Fig. 2. During the 
duration of the test, a period of about 2 months, no 
surface contamination cf the porous surface was apparent. 
Similar curves were «also obtained for other types of 
thermistors and for other capillary condensation times. 
Times less than 1 h still gave satisfactory calibration 
curves for more rapid measurements in the range pF 2-5 
to 5-0, but with a lowe- sensitivity. 

In the present work a new simple two-thermistor probe 
is being used with the standard coated with water repel- 
lant. Although this work is not complete, similar curves 
are being obtained to that shown in Fig. 2, using equip- 
ment that can be purchased for a few pounds. This 
technique shows considsrable promise in the measurement 
of free energy of soil moisture in the range pF 2-5-5-0. 


B. Q. RICHARDS 


C.S.LR.O. Soil Mechanics Section, 
P.O. Box 54, Mt. Waverley, 
Victoria, Australia. 
1 Adam, N K , The Physics anc Chemistry of Surfaces (Oxford, London, 1941) 
2 Imelik, B., Proc. Tenth Symp. Colston Res. Soc., Bristol (1958). 


s Carslaw, H. S., and Jaeger, J. C., Conduction of Heat in Solids (Oxford, 
London, 1959). 


Photographic Reproduction of Soil Fabric 
Patterns 


AN important prerequisite for a satisfactory fabric 
analysis of any complex, multi-component fabric pattern 
is the requirement that the component individuals can be 
relatively easily recognized as to their nature and their 
geometrical relationships towards adjacent individuals. 
In rocks, for example, the various mineral individuals 
can, under average conditions, be recognized readily and 
clearly distinguished Yom adjacent crystal individuals. 
As a result, rock fabric analysis can usually be carried out 
directly on the image provided by the microscope. 

The microscopical image of soil fabric patterns is, as a 
rule, very complex. Thus, particularly in spatial distribu- 
tion analysis!, the nature of the individuals of the various 
components may be rather difficult to establish, or 
boundaries between components may appear hard to 
locate. For this resson, even elementary soil fabric 
analysis tends to develop into an extremely slow, tiresome 
and costly process, perticularly if areas larger than the 
field of the microscopes or even whole thin sections are 
involved. 

The obvious solution to this problem is to replace the 
original microscope image of the pattern by a simplified 
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Table 1, 


Step No. Photographic product 


Step1 A 
B 


Negative 


t Ordinary 
Positive transparency 


Ordinary 
dift 
Step 2 


Step 3 
Btep 4 
Step 5 


Negative 

crossed Nicols 

Combination of positive trans- 

parency (1B) and negative (2) 
Negative 


Print or enlargement of negative 
(4) ditiuse 


NATURE 


PHOTOGRAPHIC EFFFOTS OF THE VARIOUS STEPS IN THE PROCEDURE 


Type of light 

S Siel beam or 
Piane. polariżed light, rotating 
Ordinary parallel light 
Ordinary parallel light under an 


angle of approx. 70°-80° 
Ordinary light, parallel beam or 





Appearance of ‘primary’ fabric elements 
Skeleton grains Clay matrix 


White * 
Black 


White 
Black 
White 
Black 


Pores 


Black 
White 


White 
White 


Black 
White 


Black 

See step 4 

White areas surrounded by fine, 
blach lines 


Black areas surrounded by fine, 
white lines 


* Depending on the colour of the clay material in the thin-section. If sufficiently reddish, the result can be obtained by using the appropriate type of 
photographic emulsion. If the colour of the clay material is insufficiently reddish, a suitable preferential stunmng of the clay can be considered. 


graphical model which contains all the required informa- 
tion but no unnecessary details. The ideal graphical 
model therefore should possess the following major 
propertics: it should show all relevant constituents in 
their true sizo and shape ratios, and in their mutual 
spatial relationships; it should also show all the indi- 
viduals of any one constituent in the same way (for 
example, skeleton grains in black, clay matrix in grey, 
pores in white, etce.). Simple drawing or tracing of the 
microscope image seems attractive, but is, particularly 
with the usually complex soil fabric patterns, extra- 
ordinarily time-consuming and often insufficiently 
accurate. Ordinary photomicrography, also in polarized 
light between crossed Nicol prisms, 1s accurate indeed, but 
still has the main disadvantage of complexity of the 
original microscope image, and in addition shows the loss 
of a number of diagnostic characteristics (for example, 
extinction angle between crossed Nicol prisms, birefnng- 
ence, etc.). In many instances these characteristics must 
be determined later in the original microscope image, 
leading again to an excessive loss of time. 

Over some period of time we have tested several com- 
binations of photomicrographic and drawing techniques. 
Some of these have been applied for a time, but have 
been rejected, mainly because they were too time- 
consuming. We have finally adopted a method which 
virtually satisfies the two conditions of the ideal model. 
It is a purely photographic technique which does not 
domand an excessive amount of time spent on routine 
work, but rather calls for appreciable photographic 
experience and skill, as well as for very accurate working 
methods. 

The steps in the actual operation can briefly be 
described as follows: 

1. (A) The area of the soil thin section to be investi- 
gated is photographed at the desired magnification and 
in ordinary transmitted light. (B) From the negative 
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Fig. 1. Photographic reproduction of the fabric pattern of an arid red 
earth, Alice Springs, N.T., Australia. (Depth of the sample below the 
surface: 5 ft. 6 in.) 


obtained a positive transparency is made by contact 
printing. 

2. The same area of the thin section is then photo- 
graphed again without altering the position of camera, 
microscope or thin section. The exposure is now made, ~ 
however, in plane polarized light between crossed polar- 
izing filters or Nicol prisms. During exposure the crossed 
polarizing filters or prisms are simultaneously rotated 
through an angle of at least 180°. The result of this 
exposure is a negative, which is directly used in the next 
step. 

3. The positive transparency of step IB and the 
negative of step 2 are now put together with the sensitized 
sides of both film-sheets on the outside and the corre- 
sponding parts of the images fitting very accurately. The 
fitting together of the corresponding parts of the images 
is the most critical part of the whole procedure, and must 
be carricd out with the utmost care to ensure success of 
the whole operation. Once the fit of the two film-sheets 
is perfect, they should be joined semi-permanently or 
permanently. ` 

4. From the joined set of the positive transparency and 
the negative, a new negative is now produced in the 
following manner. The combined two film-sheets, with 
the third, new film-sheet directly underneath, are exposed 
to a beam of parallel light (for example, from a photo- 
graphic enlarger or a microscope lamp) in such a way that 
the plane of the three film-sheets makes an angle of about 
70°—80° with the axis of the light beam. While exposing, 
the stack of three film-sheets, maintaining the previously 4 
mentioned angle of 70°-80°, is rotated through an angle 
of at least 360° around the axis of the light beam. 

5. The new negative produced in step 4 can now be 
printed or enlarged in the ordinary way. 

The final result of the whole operation is demonstrated 
in Fig. 1, which shows an area of a thin section of an arid 
red earth from Alice Springs, N.T., Australia. Nearly all 
skeleton (quartz) grains are shown as black areas sur- 
rounded by a fine white line. The very few quartz grains 
which are shown as white or whitish areas in the figure _ 
are those which in the original thin section were cut 
perpendicular or nearly perpendicular to their optical 
axis. The majority of these reveal themselves in the 
photograph immediately by their size and shape. In only 
very few instances will it be necessary to return to the 
original thin section for additional information. In the 
same figure the clay matrix is shown in solid black, and 
the pores in solid white. 

The results and effects of the various steps are described 
in Table 1. 

D. LAFEBER 
M. KuRBANOVIC 


C.8.I.R.0. 
Soil Mechanics Section, 
P.O. Box 54, Mount Waverley, 
Victoria, Australia. 


Lafeber, D., Proc. Fourth Austral. N.Z. Conf. Soil Mech. Found. Eng., 1963 
185 (1964). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, November 8 


PLASTICS INSTITUTE, PLASTICS PROPERTIES DISCUSSION CIRCLE (at the 
Mandeville Hotel, Mandeville Place, London, W.1), at 3 pm.—Mr. R. A. 
Horsley’ “Creep Properties of Thermoplastics’’. 


SOCIETY OF CHEMICAL INDUSTRY, COLLOID AND SURFACE CHEMISTRY 
GROUP (at 14 Belgrave Square, Londor, S.W.1), at 5.30 p.m.—Mr. G. P. C. 
Chambers: “The Colloidal and Surface Properties of Clay Minerals”. 


INSTITUTION OF ELECTRICAL ENGINEERS, CONTROL AND AUTOMATION 
DIVISION (nt Hatfteld College of Technology, Hatfield), at 6 p m.—Discussion 
on “Is Laboratory Work Really Necessary ?” opened by Dr. K. R. Sturley. 


INSTITUTION OF MECHANICAL ENGINEERS, NUCLEAR ENERGY GROUP (at 
1 Birdcage Walk, Westminster, London, 8.W.J), at 6 p.m.—Discussion on 
“Fuel Element Behaviour in Gas-Cooled Reactors”. 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, W.C.2). at 6.30 p.m.—WMr. A. G., 
ee pre Manufacturing and Processing Techniques in the Electronics 

us : 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 8.1.7), 
at 8 15 p.m —Lord Rennell of Rodd: “Heinrich Barth and the Opening Up 
of Central Africa”, 


Tuesday, November 9 


UNIVERSITY OF LONDON (at Imperial College of Science and Technology 


London, S W.7). at 1.30 p.m —Mr. E. F. Schumacher: “Homo Viator and 
Homo Sapiens”. * 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, S.W.1). at 2.30 p.m.—Mr. P. R. Barnard and Mr. R. Paul Johnson: 
“The Ultimate Strength of Composite Benms"'; Mr. R. Paul Johnson, 
Mr. C. H. Finlinson and Mr. J. Heyman: “The Plastic Behaviour of Con- 
tinuous Beams” and “A Plastic Composite Design”. 


ZOOLOGICAL SOCIETY OF LONDON (at the Zoological Gardens, Regent's 
Park, London, N.W.1), at 5 p.m.—Scientifie Papers. 


INSTITUTION OF ELECTRICAL ENGINEERS, CONTROL AND AUTOMATION 
Division (at Savoy Place, London, WC.2), at 5.30 pm—Dr. D. E. 
Hesmondhuaigh: ‘The Design of the A.C. Servomotor’’, 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the Royal 
Societv of Tropical Medicine and Hygiene, 26 Portland Place, London, W.1), 
at 5.30 »p.m.—Mr. L. R. Mernagh: “Tyres 1965". 7 p.m.—Dr. A. Schalla- 
mach: “Tyre Wear is Complex”, 


ROYAL INSTITUTION (at 21 Albermarle Street, London, W.1), at 5 30 p.m. 
—Sir John Baker, O B E., F.R 8S.: “The Excitement of Engineering Design” 
(Afternoon lecture for Sixth Form Bovs and Girls from Schools in London 
and the Home Counties. To be repeated on November 10, 16 and 17). 


ROYAL INSTITUTION OF NAVAL ARCHITECTS (joint meeting with the Insti- 
tute of Marine Engineers, in the Memorial Building, 76 Mark Lane, London, 
E.C.3), at 5.30 p.m.—Mr. A. F. Willens and Mr. D. R. Murray Smith: “Fire 
Fighting and Fire Protection in Ships”. 


UNIVERSITY OF LONDON (at Imperial College of Science and Technology, 
London. 8.W.7), at 5 30 p m.—Prof. D. Rogers: ‘The Portruiture of Mole- 
cules” (Inaugural Lecture). * 


UNIVERSITY OF LONDON (at the London Schoo! of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.30 p.m.— Prof. 
J. Ralph Andy (U.8.A.): “Red Mites and Typhus. III. Emergence of the 
Typhus Group of Fevers”, * 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION (at 1 
Birdcage Walk, Westnunster, London, S.W.1), at 6 p.m.—Mr. A. R. Reece: 
“Principles of Soil-Vehicle Mechanics”. 


UNIVERSITY OF LONDON (ın the Mechanical Engineering Building, Imperial 
College of Science and Technology, London, S W.7), at 6 p m.—Prof. W. R. 
Sears (University of Cornell): “Waves”. (‘Third of four lectures on ““Magneto- 
Fluid Dynamics’’.) * 


INSTITUTE OF SCIENCE TECHNOLOGY, LONDON BRANCH (in the Anatomy 

Lecture Theatre, University College, Gower Street, London, W.C.1), at 6.30 

.m—Prof J. Z. Young, F.R.S.: “The Memory in the Brain” (Distinguished 
sitors’ Address). 


Tuesday, November 9—Thursday, November |l 


INSTITUTION OF MECHANICAL ENGINEERS, RAILWAY ENGINEERING 
GROUP (at 1 Birdcage Walk, Westminster, London, S.W.1)}—Convention on 
“Interaction Between Vehicle and Track”. 


Wednesday, November I0 


POLAROGRAPHIO SOCIETY (at the National Physical Laboratory, Tedding- 
ton, Middlesex), at 2.30 p.m.—Meeting on “E.S.R. and Polarography”. 


SOCIETY FOR ANALYTICAL CHEMISTRY (at the Wellcome Building, Euston 
Road, London, N.W.1), at 3 p.m. Meeting on “Automatic Analysis”. 


ENVIRONMENTAL GROUP (in the Department of Electrical Engineering, 
Imperial College of Science and Technology, London, §.W.7), at 6 p.m.— 
Discussion on “The Adequacy of our Current Measures of the Environment’’. 


INSTITUTE OF METALS (at 17 Belgrave Square, London, 8.W.1), at 6 p m.— 
To C S. Barrett (University of Chicago): “X-ray Diffraction at Low Tem- 
peratures’’. 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, JOINT ERE} 
I.E.E. MEDICAL ELECTRONICS GROUP (at 9 Bedford Square, London, W.C.1), 
at 6p.m.—Dr D. W. Hill: “Medical Electronics Round the World”. 


SOCIETY OF INSTRUMENT TECHNOLOGY (at Manson House, 26 Portland 
Place, London, W.1), at 6 pm.—Mr. G. M. E. Williams: ‘‘Control in Auto- 
matic Mechanical Production”, 


SOCIETY OF CHEMICAL INDUSTRY, FOOD GROUP—FOoOD ENGINEERING 
PANEL (at 14 Belgrave Square, London, 8.W.1), at 6.15 p m.—Mr. A. Hudson: 
“Diversifieation in Packaging”. 
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~ Wednesday, November l0—Thursday, November ||] 


INSTITUTION OF EQLEOTRIC.L ENGINEERS, POWER DIVISION (at Savoy 
Place, London, W.C.2)—Conference on “Power Applications of Controllable 
Semiconductor Devices”. 


Thursday, November 11 


ROYAL SOCIETY (at Burlington House, Piccadilly, London, W.1), at 4.30 
pm—Mr 8. W. Kufer (Harvard Medical School): “Physiological Properties 
of Vertebrate and Invertebrate Neuroglial Cells and the Movement of 
Substances Through the Nervons System” (Ferrier Lecture), 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London, S W.1), at 530 pm—Discussion on “Access to Airports” intro- 
duced by Mr. C. A. Harvey. 


UNIVFRSITY OF LONDON (af the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.30 p m —Prof. 
J. Ralph Audy (U.S.A.): "Red Mites and Typhus. IV. The Imphal Circus”. * 


CHEMICAL ‘SocirTy (in the Chemistry Lecture Theatre, King’s College 
Strand, London, W.C.2), at 6 p m—Dr. B. A. Thrush: “The Formation of 
Electronically Excited Molecu es in Stmple Gas Reactions” (Tilden Lecture). 


UNIVERSITY OF LONDON (in <he Mechanical Engineering Building, Imperial 
College of Science and Technalogy, London. §.W.7), at 6 p.m —Prof. W. R. 
Sears (University of Cornell) “Iwo Weird Boundary Layers”. (Last of 
four lectures on ‘“‘Magneto-Fcuid Dynamics’’.)* 


OIL AND COLOUR CHEMISTS ASSOCIATION (in the Small Physics Lecture 
Theatre, Imperia! College of Science and Technology, London, S.W.7), at 
7 p.m.—Mr. F, G. Dunkley: “Airless Spray Painting”. 


PHARMACEUTICAL SOCIETY 2F GREAT BRITAIN AND THE OSLER CLUB (at 
17 Bloomsbury Square, London, W C.1), at 8 pm.—Dr. F. Guerra and 
Prof. F. E. Camps: ‘“‘Phantaszica (Drugs, Dreams and Addictions)’. 





Fricay, November 12 


ASSOCIATION OF APPLIED FIOLOGISTS (in the Lecture Hall of the British 
Museum (Natural History), C-omwell Road, London, S.W.7), at 10.50 a.m. 
-——Symposium on “Yield and Quality in Potatoes”. 


LINNEAN SOCIETY OF LONDON (at Burlington House, Piccadilly, London, 
W 1), at 11 a.m.—Meeting on “The Flora Europaea Project”. Speakers to 
include Prof. H. Merxmuller (Munich), Prof. D. A. Webb, Prof. D. EL 
Valentine, Prof. J. Dostál (Czechoslovakia) and Dr. S. M. Walters. 


UNIVERSITY OF LONDON (ar the Postgraduate Medical School of London, 
Du Cane Road, London, W.12), at 4 p.m.—Dr. S. Callender: ‘Iron 
Absorption”. * 


INSTITUTION OF ELECTRIC: ENGINEERS, POWER DIVISION (at Savoy 
Place, Loudon, W C.2), at 5.30:p m.—Dr. B. M. Weedy and Mr. A. M. Parker: 
“Method of Predicting the Tharmal Loading of an Oil Circuit Breaker”. 


UNIVERSITY OF LONDON (at King's College, Strand, London, W.C.2), at 
5.30 p.m.—Prof. M. J. Langeveld (Utrecht): ‘‘Educating a Whole World”. * 


ROYAL INSTITUTION (at 21 Alhemarle Street, London, W.1), at 9 p.m— 
Dr. J. R. Napier: “Evolution of the Human Hand”, 


Saturday, November [3 


INSTITUTE OF LINGUISTS (st the British Academv, Burlington Gardens, 
London, W.1), at 3 p m.—Mr. Peter F. D Tennant, C.M G., O B.B.: “Lang- 
uage, R and Misunderstanding” (Sixth Threlford Memorial 

ecture). 


INNER LONDON EDUCATICN AUTHORITY (at the Horniman Museum, 
London Road, Forest Hill, London, 8.5.28), at 3.30 p.m.—Mr. B. A. L. 
Cranstone: ‘The British Museam Expedition to New Guinea”. * 


Monday, November 15 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C.2). at 10.30 a.m and 2.80 p.m.—Colloquium on 
“Phase Measurement Througnout the Spectrum”. 


SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES Group (at 14 Belgrave 
Square, London, S.W.1), at £30 pm.—Dr. D. E. Stevenson’ “The Assess- 
ment of Possible Health Hazards Associated with the Use of Pesticides”. 


UNIVERSITY OF LONDON (az the London School of Hvgiene and Tropic 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5 30 p m.—Prof, 
Js Ralph Audy (U.S.A.). “Red Mites and Typhus. V. Old and New Hori- 
zong”. 


INSTITUTION OF MECHANICAL ENGINEERS, MANUFACTURE AND MANAGE- 
MENT GROUP (at 1 Birdcage Walk, Westminster, London, S.W.1), at 6 p m. 
—Discussion on “The Enginer and the Law”. 


ROYAL SOCIETY OF ARTS (az John Adam Street, Adelphi. London, W.C.2), 


, at 6 p.m.—Prof. Colin Cherry: “The Nature of Human Communication”. 


(First of three Cantor Lectures on “World Communication".) 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (at the College of 
Further Education, Hatfield Road, St. Albans), at 7.30 p.m.—Dr. J. 8. 
Gourlay and Dr. C. K. Warren: “The Chemist’s Contribution to the Building 
Industry of the Future”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before ths 
dates mentioned. 

ASSISTANT IN VETERINARY CLINICAL BIOCHEMISTRY—The Secretary of 
the University Court, The University, Glasgow (November 10). 

DEMONSTRATOR/SENIOR DEMONSTRATOR IN THE DEPARTMENT OF GEOG- 
oc Registrar, The University, Newcastle upon Tyne, 2 (November 
_ LECTURER or ASSISTANT L&OTURER (with considerable field experience of 
applied geology, preferably >n the side of engineering) IX GEOLOGY AND 
MINERALOGY—The Secretary, The University, Aberdeen (November 13). 

LECTURER (COMPUTER MASAGER) (graduate with experience of computer 
systems and administration): and a SENIOR LECTURER (with suitable exper- 
ience in some aspect of computing science such as system programming) CS 
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Save operator time, increase speed and The brilliant new Unicam SP.800 Spectrophoto- 
meter ıs setting new standards in ultraviolet and 


effici ency WI th Unicam automation for: visible spectroscopy. The widely acclaimed flat 
bed presentation, the beam balance smoothing 


ENZYME REACTION RATES cam and the unique second sample position are 


among the features which establish it as the 


LIQUID COLUMN CHRO MATOGRAPHY outstanding U.V. spectrophotometer. Additionallv 


Unicam now offers automation equipment which 


ALL ROUTINE ULTRAVIOLET AND aes 
VISIBLE SPECTROSCOPY AUTOMATIC interchange of up to 4 sample 


and 4 reference cells 


Please send for descriptive brochure AUTOMATIC re-cycling over any preselected 
wavelength range 


AUTOMATIC recordings at predetermined time 
intervals Í 


Unicam Precision Spectrophotometers 


Unicam Instruments Ltd. York Street « Cambridge - Telephone: Cambridge 61631 » Telegrams: Unicam Cambridge - Telex 81215 
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TRAINING FOR MANAGEMENT IN INDUSTRY 


N one of the most recent of a series of articles on 
“Research Establishments in Europe” which has been 
appearing in Chemistry and Industry, Dr. Max Stoll, in 
describing the research laboratories of Firmenich et Cie, 
Geneva, has a passage on the organization of the labor- 
atories which is highly pertinent to the present discussions 
on education for management, recruitment and training 
for the Civil Service and the like. Dr. Stoll observes that 
throughout his career of forty years with Firmenich the 
management has always been ‘research-minded’ and this 
has ensured the greatest possible efficiency in research. 
For this his basic principle is to ensure the deepest interest 
of his research chemists in their work and accordingly 
they have the utmost freedom. 

Dr. Stoll develops his point with the significant comment 
that three of the directors studied chemistry at the Swiss 
Federal Institute of Technology, two presenting research 
theses for a Ph.D. It was not surprising that with a 
broad-minded and scientifically tramed management. Dr. 
Stoll’s rejection of the idea of progress reports met with 
complete understanding. He is convinced that chemists 
will write reports spontaneously as soon as they have 
anything to report, and that insistence on an automatic 
progress report is a senseless and unnecessary burden. 
Freed from this, properly selected staff will automatically 
become interested in the problems of the company, and 
Dr. Stoll finds that where the choice is wide they tend to 
choose the most challenging, which he usually encourages 
them to do, and having made their choice the problem is 
attacked with much enthusiasm and ingenuity. 

The freedom that is thus progressively developing is one 
thing that makes all the difference between efficient and 
non-efficient research. Dr. Stoll recognizes, of course, 
that sometimes this freedom may involve inconvenience: 
for example, if the company wishes to exploit very rapidly 
an interesting product which a research chemist has 
discovered it may be necessary to open the problem to 
all members of the fundamental research group it the 
original discoverer does not arrive at an economically 
advantageous synthesis sufficiently swiftly. Even so, this 
internal competition can be handled so as to prove a 
stimulant rather than a frustration. 

Here, too, the ultimate responsibility is that of manage- 
ment, which must equally be on the alert to avoid any 
deterioration in morale such as could, for example, result 
from continued lack of success in attacking a particularly 
difficult problem. Publications policy presents its own 
problems, and Dr. Stoll also suggests that the freedom on 
which he places such emphasis can minimize these diff- 
culties too as the research worker finds himself a part of 
the company as well as of his research group. Here again 
he emphasizes that the corollary is a highly efficient 
laboratory for developing manufacturing processes. 

Dr. Stoll’s two main points—the need for a management 
which has been scientifically trained and which is capable 
of undertaking the character of scientific work and the 
essential conditions in which such work is effective, and 
the provision of the maximum freedom for the investi- 
gator—are not always sufficiently to the front even m 
discussions on the management of research in Britain. 
Moreover, it should be noted that there is a corollary or 
implication that is also often overlooked: the freedom he 
advocates is unlikely to be abused unless the selection of 


staff has initially been at fault. This is another respons- 
ibility of management which has recently come to the 
front very much so far as the Scientific Civil Service is 
concerned, but it is equally important in business and 
industrial management generally, and was, in fact, one 
count in an indictment of the training of young people 
for industry in a forthright report this summer from the 
Central Committee for Study Groups. 

This report maintained that management is too often 
ignorant of recent advances in education and does not 
know what qualities are required for different jobs. 
Generally, the seventeen independent study groups who 
contributed to the report thought that Britain was 
suffering from an inculculable loss of potential. While the 
report itself is concemed more with the training of those. 
entering industry direct from school, advocating replace- 
ment of the present apprenticeship system with a single 
channel of entry intc industry for all school-leavers and 
the termination .of set periods of apprenticeship, its con- 
clusions imply management of the same calibre and 
qualities as Dr. Stoll emphasizes. This amounts, in effect, 
to something like ths managerial revolution which Mr. 
John Marsh, director of the British Institute of Manage- 
ment, told Section J (Psychology) of the British Associa- 
tion for the Advancement of Science, at its meeting in 
Cambridge on September 7, had already started in 
Britain, involving the Government, business, academic 
institutions and managers themselves. 

Mr. Marsh emphasized that our standard of living would 
depend increasingly on the calibre of management, but 
considered that the pr-me responsibility of the Government 
was to provide the economic conditions which encouraged 
good management. It was in this context that he 
asserted that the problem of managerial obsolescence was 
perhaps the greatest challenge m what he had described 
as a managerial revclution. In essence, it involved an 
attitude of mind which it should be the purpose of the 
business schools and other academic institutions con- 
cerned to provide. Mr. D. Pym, who discussed more 
particularly the identification of effective managerial 
performance, asserted that at present too many mediocre 
men were to be found in the highest management of 
British industry. This would seem to point to indifferent 
selection as well as to weaknesses in management in an 
earlier generation, but once again it substantiates in the 
general field Dr. Stoll’s contention in regard to research. 

The third paper in this discussion on management 
training on September 7 came from Mr. W. G. McClelland, 
the first director of the new Business School which opened 
m Manchester on September 27. The London school is 
expected to open next year, and meanwhile the Man- 
chester school has a staff of seven, but 1t hopes to-increase 
this eventually to abcut fifty. The opening course, which 
will last for twelve weeks, is attended by executives between 
thirty-five and forty from some of the largest companies 
in Britain, and is intended for those who have shown 
unusual talents for management. The task of the school 
is, in fact, seen not as to train managers but to educate 
them, and Mr. McClelland’s paper at Cambridge was 
concerned with the practicability of this task. 

He thought, first, that the tasks of the highest levels of 
management could bə specified broadly enough for this 
purpose. The manager could, for example, be taught 
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techniques, such as those of forecasting and the interpre- 
tation of accounts, which would help him to make good 
decisions on courses of action. Through these his under- 
standing of the social, economic and political environment, 
in which his firm operated and on which his decisions often 
depend, could be developed. Mr. McClelland agreed that it 
was very difficult to assess the results of any such training 
or education, particularly as those selected for courses 
were probably already earmarked for promotion. More- 
over, training which was effective for one man in one 
situation could be disadvantageous for another in some 
other situation. 

Thirdly, Mr. McClelland, considering the problems of 
personal development to which this formal education 
might contribute some solution, emphasized the wider 
perspectives which specialists taking up senior positions 
needed. External management courses could enable these 
needs to be met as well as put technical expertise in a 
context of wider considerations, and encourage a higher 
quality of decision. Finally, he insisted that training for 
business management was essentially an investment, 
carrying indeed a certain element of risk, as the manager 
might leave the firm (although this need not be a national 
loss) but 1t also offered the probability of a high return. 

In so far as poor management may be a contributory 
factor in the disputes which have led to unofficial strikes 
and working-to-rule, Mr. McClelland’s argument could 
easily be substantiated. Even more important where good 
industrial relations are concerned, efficient management 
could promote the mutual confidence and good under- 
standing which could help the Trade Unions to get on 
with the long-overdue overhaul and reform of the whole 
structure of the movement and its adaptation to the 
conditions of the technological age in which we live. For 
this reason the wide support which the new business 
schools have received from industry is encouraging. A 
report from the Confederation of British Industries, issued 
in August, appealed for the fullest co-operation from 
industry in establishing the new Business Schools in 
Manchester and London, urging that the Schools would 
not meet the needs of industry without such co-operation. 

The Confederation considered that business education 
has two main tasks. One is the development and teaching 
of business studies based on such subjects as economics, 
accountancy, law and sociology, in the same way that 
education for the medical or legal profession is based on 
appropriate subject groups, and the application of this 
knowledge to business. The other task is to develop the 
personal qualities needed for successful management, and 
the report suggests that these must include a critical 
awareness of environment, strong powers of perception, 
and ability to assess achievement, to take correct 
decisions, to interpret human behaviour, and to use labour 
and materials to achieve a specified target. The Con- 
federation also believes that the Schools should serve two 
groups: besides courses for managers with some years of 
experience in industry on the threshold of more senior 
posts, there should be courses for those who have recently 
graduated. 

The Confederation’s views are thus closely in line with 
the views expressed by Mr. McClelland, and the first task 
of business education appears to be very much what is 
already being attempted inside the Civil Service at the 
Centre for Administrative Studies. On the other hand, in 
some of the evidence to the Estimates Committee ın its 
recent enquiry into recruitment tothe CivilService, some un- 
easiness was apparent as to the possible effect of proposed 
methods of recruitment to the Department of Economic 
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Affairs building up a corps of specialists with too narrow 
an outlook and range of experience. Government econ- 
omists of all people will need constant refreshment from 
outside, and use of the new Business Schools might be 
one answer. It should not be imagined, however, that the 
new Business Schools by themselves can meet more than 
a fraction of the need, important as that fraction may be. 
Their work will need to be supplemented by the fullest 
possible use of other facilities for education in manage- 
ment and by a considerable programme of well-planned 
research, in which field the new Social Science Research 
Council should in due course make felt its own influence. 
Beyond this, however, the establishment of the new 
Business Schools and the wider recognition that the 
question of education for management is being faced 
realistically by industry and tackled with determination 
should have a beneficial effect on recruitment to industry. 
At the Cambridge meeting of the British Association, Mr. 
D. W. Hutchings described an enquiry undertaken at 
the request of the Department of Scientific and Industrial 
Research in view of the relatively small proportion of 
engineering graduates who accepted awards to stay on 
for research. He expressed the view to the Engineering 
Section that an alarming proportion of our ablest gradu- 
ates in science were intent on university careers, although 
in technology, on the other hand, far too few graduates 
were ready to undertake academic research. Even mm 
arts it appears, however, that industry now has increasing 
difficulty in obtaining recruits: an increasing proportion 
of the ablest graduates remain at their university, and 
those who do leave tend to prefer teaching, the professions 
or the Civil Service to industry. Clearly there is a problem 
of priorities which is outside the scope of a discussion of 
the methods of selection or training for management, but 
its existence emphasizes the far-reaching importance of a 
determined and urgent effort to ensure that management 
in industry and elsewhere is of the highest quality. Its 
importance for our economic, scientific and industrial 
effort is decisive, and as management is‘seen to be efficient 
its effect on the recruitment of first-class talent could also 
be decisive. Nor should it be forgotten that in the long 
run it is on the quality of management in a wide range 
of spheres that the success of our efforts at national and 
regional level depends. 
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LOWER PALAEOZOIC STRATIGRAPHY 


Les Temps Fossilifères 
Par Prof. Henri Termier et Geneviève Termier. 1: Palaéo- 
zoique Inférieur. Pp. v+690. (Paris: Masson et Cie., 


1964.) 270 francs. 


OOKS by individuals about the history of the Earth 

fall into two categories. The majority are written 
with the undisguised intention of capturing part of the 
growing undergraduate market. They are, in the main, 
unpretentious accounts with a strong regional bias and, 
despite the advance notices of their publishers, are 
usually sufficiently restrained in their treatment of the 
elements of stratigraphy to be freely prescribed to 
students enmeshed in one’s own impressions of the 
subject. The remainder are much more ambitious theses 
which, by deployment of detail, contrive to win recog- 
nition as definitive works of reference. They appear with 
increasing rarity, because for several decades now it has 
been beyond the capacity of any one man to maintain a - 
high standard of scholarship and first-hand experience 
over so wide a field as world stratigraphy, which explains 
the modern preference for collaborative works compiled 
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by several experts. It is therefore with mixed feelings 
that one opens a volume on Lower Palaeozoic strati- 
graphy and palaeogeography, even though it has been 
prepared by H. and G. Termier, surely the most prolific 
partnership ever known to geology. 

On the whole, Volume 1 of Les Temps Fossiliféeres well 
survives a scrutiny, sharpened by a familiarity with the 
geology of certain regions that is necessarily greater than 
that of the authors. The Termiers have evidently missed 
very little background information and the data selected 
for publication have been marshalled and interpreted in an 
interesting way. Sixteen time-stratigraphic units have 
been recognized, and in the sections devoted to each 
there are chapters on the absolute time range of the 
epoch, regional stratigraphy, earth movements, igneous 
activity, sedimentary deposition, palaeoclimates, palaeo- 
graphy, palaeontology and palaececology and also an 
extensive bibliography. The text is supported by 124 
stratigraphical tables and 441 figures, including well- 
designed regional maps showing rock distributions 
and palaeogeographic reconstructions and excellent 
illustrations of successions, sedimentary features and 
fossils. 

There are, of course, some disadvantages to sorting 
inter-related observations into such neat pigeon-holes. 
The interpretations offered within each chapter of a 
section are concerned with different aspects of the Earth’s 
history during a given segment of time. But since they 
are all ultimately dependent on the distribution, dis- 
position and characteristics of the same rocks, reiteration 
can become noticeable and the maintenance of separate 
chapters (especially on climate, sedimentation and 
palaeogeography) contrived in some sections. Yet the 
segregation of information can also be effective. The 
Caledonian orogeny, for example, does not burst un- 
heralded on the scene as in so many other text-books. 
The precursory phases as well as the climactic movements 
are described in their stratigraphic context from one 
section to the next and their effects are well brought out 
in the palaeographic interpretations. 

In a study as comprehensive as this, some information 
is bound to show signs of only partial digestion. The 
tell-tale traps of recording “Orthis testudinaria” in the 
basal Ordovician (p. 308), of using Dicoelosia (p. 543) as 
well as its synonym Bilobites (p. 521), of assigning—here 
and there—genera to the wrong superfamilies, of identi- 
fying the Manx Slate as Pre-Cambrian (p. 82) and of 
finding only “Tethyan” and “Balto-Scandinavian” ele- 
ments in the Caradocian faunas of Britain (p. 396), 
suggest some unevenness in textual accuracy. But the 
most serious criticisms of the study arise from the 
arrangement and content of the stratigraphical tables 
and the status assigned by the authors to some of the 
major time-stratigraphical units. 

The stratigraphical tables are so arranged that the 
successions selected to illustrate the geology of a region 
are grouped together to show the ranges of named units 
but not necessarily an accurate correlation of them. More- 
over, no standard succession is used to give correlative 
continuity from one table to the next, so that, in the 
absence of diagnostic fossils, the tables can become un- 
connected columns of rock units. This lack of strati- 
graphical discipline has led to obvious errors. Thus, the 
Ashby State of North America is, in one table (p. 377), 
restricted to the zone of Nemagraptus gracilis, while 
members assigned to it by American geologists are, in 
another table (p. 345), included in the zone of Glypito- 
graptus dentatus; the Kosov Beds of Czechoslovakia with 
Akidograptus acuminatus are included in the Ordovician 
(p. 419); and the “Hirnantian” of Shropshire is equated 
with the Drummuck Mudstones of Scotland (p. 465). In 
a review of this scope one would also expect the standard 
section on which the correlation of a region is based to 
be invariably given. But this is not so. The Llandovery 
shelly facies of Britain, for example, are not represented 
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by successions in the type area but by an imperfect 
version. of the less well-known outcrops in south Scotland. 
Finally, one mustjoin issue with the authors for the way 
they use ‘Tremado and ‘Siluronian’ as systemic names. 
This procedure is unwarranted and creates many more 
difficulties than it can ever overcome. Their recognition 
of the discredited O=arkian as a synonym of the Tremadoc 
should have arrested any temptation to resolve contro- 
versy over the systemic affiliations of the series in this 
manner. Moreover, to resuscitate Grabau’s ‘Siluronian’ as 
an answer to faciee shifts across the generally accepted 
Siluro—Devonian bcundary is to ignore the fact that all 
stratigraphic measurements of time are man-made and 
liable to be inappropriate in some succession or other. 
A. WILLIAMS 


GEOLCGICAL THESIS ON 
HADHRAMUT 


The Stratigraphy end Structure of the Eastern Aden 
Protectorate 

By Z. R. Beydoun. (Overseas Geology and Mineral 

Resources Supplement Series No. 5.) Pp. viti+ 107+ 

illustrations and maps. (London: H.M.S.0O., 1964.) 

27s. 6d. 


T first thing to note about this geological survey is 
its size, 92,000 square miles (about as big as the 
United Kingdom); and the second is that such a remote 
rugged mountain and desert plateau region—virtually 
unknown before the Second World War—was mapped. in 
fifteen years after 1945. Previously, the only geological 
exploration had been around the fringes in Yemen, 
Somaliland, Socotra and the Oman mountains, while the 
shield and southern _half of Arabia remained geologically 
another ‘empty quarter’. The barren limestone plateau 
north of the Wadi Hadhramut was first crossed by Philby 
in 1936 and the Matra territory in 1946 by Thesiger. 

In the 1920s and 1930s there were sporadic geological 
reconnaissances alorg the coast around Mukalla and into 
the Wadi Hadhramtt, but the first detailed stratigraphic 
work was done by Wetzel and Morton over 20,000 square 
miles of Mahra couatry in 1947-48, close on Thesiger’s 
heels, and also by camel, a very arduous expedition. Dr. 
Z. R. Beydoun, who spent six consecutive field seasons, 
1953-59, in the Eassern Aden Protectorate, was able to 
use “Land-Rovers’, astrofixes and aerial surveys; but most 
of the ‘main motorable tracks’ shown on his locality map 
did not exist at the beginning, nor were there any drilled 
wells of potable wazer. 

Having worked cn similar stratigraphic sections in 
southern Jordan and visited the neighbouring countries 
of Aden, Socotra, Somaliland, Dhofar and Oman, he is 
particularly well quélified to present this thesis, which is 
a good example of the high standard of stratigraphical; 
palaeontological and-petrographical work now undertaken 
by oil companies, even on formations that are only of 
background interest io oil-finding. 

The quality of this publication is also extremely high, 
comprising 3 loose geological maps in colour and 16 plates 
(including 3 regionel stratigraphic correlations) in 100 
pages of text. 

For the sake of readers who are not familiar with the 
many references from surrounding countries, it is a pity 
that an outline mar of the Arabian peninsula was not 
included. The salt Comes should also have been marked 
on the tectonic map (Plate XV). 

The Eastern Aden Protectorate belongs to the foreland 
or shelf belt surrcunding the Arabo-Somali granite 
nucleus. Pre-Cambrian and probable Cambrian basement 
rocks—folded and faalted on north-south lines and then 
eroded—are unconfcrmably overlain by basal sands, 
limestones and marls with local evaporites of Middle— 
Upper Jurassic age. 
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This. big unconformity is regional for western and 
southern Arabia from Yemen and Aden to Dhofar. 
Fossiliferous Cambrian is known only from the Dead Sea, 
where it is followed by marine Triassic. Oman and eastern 
Saudi Arabia have marine Palaeozoic and Triassic below 
the transgressive Jurassic. The Eastern Aden Protectorate 
Jurassic 1s hıghly fossiliferous and its evaporites have 
given rise to salt domes on the western frontier with 
Yemen. Dr. Beydoun considers the salt to be of Jurassic 
age and diapiric in action, contrasting with the accepted 
Cambrian age of the Oman piercement plugs and the 
Miocene age of the Red Sea ones. 

I was struck by the anomalous trend of the evaporite 
facies line in this area, west-north-west—east-south-east, 
the same as the faults among which the domes are located, 
and wondered if there was a genetic connexion. 

The facies lines of the rest of the Jurassic and of the 


Cretaceous are north-south from Saudi Arabia to Somalh- - 


land. The Jurassic of the Eastern Aden Protectorate and 
Yemen correlate well, including the evaporite facies. 

The Cretaceous consists of sand in the west and hme- 
stones and marls in the east, and this period and the 
succeeding Tertiary one of limestones, shales and evapor- 
ites are subdivided into litho-stratigraphic units which 
are described in detail with faunal lists and regional 
correlations. : 

The dominant structure of the Eastern Aden Pro- 
tectorate is the gentle east-west geo-anticlinal Hadhramut 
arch in Palaeocene limestone forming a plateau between 
the sands of the Rub-al-Khali and the Gulf of Aden. 

There is no space in this review for the controversial 
rift-fault tectonics which dominates the last twenty pages 
on structure, especially as Dr. Beydoun quotes fully 
many publications on neighbouring areas. In conclusion, 
he and his sponsors (Iraq Petroleum) are to be con- 
gratulated on a very valuable contribution to the geology 
of this remote region. He and his assistants and colleagues 
deserve high praise for their strenuous and painstaking 
field mapping under adverse topographic conditions—well 
illustrated in the photographs. F. E. WELLINGS 


A USE FOR MATRICES 


The Matrix Analysis of Vibration 

By Prof. R. E. D. Bishop, G. M. L. Gladwell and 5S. 
Michaelson. Pp. x+404. (London: Cambridge University 
Press, 1965.) 100s. net. 


f ie Matrix Analysis of Vibration is basically mathe- 
matical and it treats the subject of matrices in a 
much more general manner than might be associated with 
the title’s particular association of it with vibration. The 
nature of the answers to many of the numerous examples 
makes this clear, but others show that the reader is 
recommended to do a fair amount of numerical compu- 
tation in order to ascertain the tenacity of his grip on the 
process of practical application of matrix methods and 
also no doubt to give him some idea of the tedium and 
irritation that are liable to be found in long calculations 
that are unavoidable in solving certain types of vibration 
problem. 

As the first step in making calculations in connexion 
with vibration of any actual system, simplifying assump- 
tions are used in representing the physical attributes of the 
system by symbols or numbers. Out of these it is usually 
possible to build an equation or equations. The next stage 
is the purely mathematical one of solving the equations, 
and it is with this stage that this book is almost wholly 
concerned. 

As the matrix method is not applicable to a system with 
an infinite number of degrees of freedom (and strictly, this 
means every system) the book considers in some detail the 
problem of determining the dimensions of a “lumped- 
mass” system closely equivalent to the actual system. The 
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labour of solving the equations is then left to a digital 
computer. It is odd to recollect that before such 
aid was readily available, lumped mass systems were 
sometimes replaced by distributed mass systems in 
order to ease calculation by the conventional methods 
of the time. 

Mention is made of the fact that where the equation 
representing a vibration problem is found to be highly 
sensitive to small changes in the arguments, the physical 
system is likely to be correspondingly temperamental. If 
it is, close prediction of its behaviour is impossible and so 
meticulous calculation may be purposeless. 

The note on p. 227 that two methods of calculation give 
results differing by only 0-645 per cent inspires the remark 
that a discrepancy of ten times that amount is gratifymgly 
small in quantitative predictions of torsional vibration in 
some practical cases. This is, perhaps, not a valid comment 
in reviewing a book that is avowedly mathematical and 
that deals very clearly and very thoroughly with the 
principles and practice of using matrix methods for 
solving linear equations with large numbers of unknowns. 

The question as to whether any particular vibration 
problem can be solved with adequate accuracy and speed 
without resorting to matrix analysis is usually one that 
demands attention from both the engineer and the mathe- 
matician, if it ıs asked at all. Whatever the answer may 
be, calculation in practice is preferably carried out m at 
least two different ways, even if none of them is rigorous, 
in order to obtain some safeguard against gross errors. 

W. A. TUPLIN 
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PROGRESS IN MAGNETISM 


The Theory of Magnetism 

An Introduction to the Study of Cooperative Phenomena. 
By D. C. Mattis. Pp. xvit+ 303. (New York and London: 
Harper and Row, 1965.) 86s. 


Physics of Magnetism 

By Prof. 8. Chikazumi. English edition prepared with the 
assistance of Stanley H. Charap. (Wiley Series on the 
Science and Technology of Materials.) Pp. xii+ 554. 
(New York and London: John Wiley and Sons, Inc., 
1964.) 120s. 


ISTORIES of physics and magnetism have much in 
common, beginning with the discovery of the lode- 
stone by the Greeks. Modern texts on magnetism tend to 
overlook the work of past philosophers and it is very 
refreshing to find such an excellent account of the past 
introducing the main text of the first book. 

A student fresh to the theory of magnetism is confronted 
with literature of alarming proportions. The Theory of 
Magnetism attempts to organize this material by treating 
magnetism essentially as one of the most important 
examples of co-operative phenomena. The emphasis 
throughout is on strong interactions between two or more 
particles and especially those between_electrons and 
spins. The book itself begins with a review of the quantum 
mechanical idea of exchange and discusses various concepts 
derived from it. Magnetic moments are measures of 
angular momentum, and thus a detailed quantum mechani- 
cal discussion, of angular momentum is given. - Important 
relationships, formulae and tables are presented in an 
unorthodox but very attractive way. Many electron 
wave-functions complete the mathematical basis of the 
theory and most of the more important theorems and rules 
are clearly presented. 

Spin waves form the principal topic of the book, and 
thus a study of the statics and dynamics of magnetism 
follows. It commences with a, semi-classical treatment and 
leads to the introduction of magnons and concludes with 
spin waves in insulators. Magnons in metals are treated. 
separately and are derived from detailed discussions of 
the properties of electrons in metals. ‘The third and final 
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part of the book deals with the effects of temperatures on 
spin systems, and consequently the thermodynamics and 
statistical mechanics of magnetism are considered. Phase 
transitions and the Ising model are discussed at length. 
Tables for indirect exchange theory form a very useful 
appendix and the book concludes with a complete and 
up-to-date bibliography of collateral reading. 

Magnetism is far from all theory, and this is clearly 
emphasized in the Physics of Magnetism. A general and 
fully comprehensive review of magnetism is presented 
with an emphasis on physical concepts. One departure 
from common. practice is the use throughout of the MESA 
system of units, although the treatment is as non- 
mathematical as possible. The book begins with a classi- 
fication of magnetic substances and then describes the 
properties of a ferromagnetic body. Theoretical back- 
ground for the origin of magnetism and the theories for 
ferromagnetism and ferrimagnetism form the second part 
of the book. The discussion tends to be pictorial, and the 
reader needs little in the way of quantum mechanics. 
The book is centred around magnetic domains, and a fully 
comprehensive discussion of this concept is given with 
numerous figures and photographs. The domain concept is 
extended to account for the various observed magnetiza- 
tion processes, and many detailed results and conclusions 
are presented. More specialized topics form the last part 
of the book—some of the more important topics discussed 
are induced magnetic anisotropy, the ferromagnetism of 
thin films, thin wires and fine particles, various magnetiza- 
tion phenomena, the rare earth metals and also techniques 
for investigating internal magnetic structure. Probably 
the most important aspect of magnetism concerns its 
technological application, and this is not forgotten with a 
brief discussion of the types of magnetic materials and 
special applications of them. Data relating to magnetic 
substances are collected in an appendix. 

In my own opinion, both books are most successful 
in their intending aims. The Theory of Magnetism is 
intended for the research worker, and caters particularly 
for the theoretician. The major achievement is to step 
from most complicated situations to accurate arguments 
with simple explanations only. The style of the book is 
unconventional and many topics are presented in a text- 
book for the first time. Physics of Magnetism is pitched 
on a somewhat less-advanced level as it caters for under- 
graduates as well as research workers. For an experi- 
mentalist, it contains most of the important facts apper- 
taining to magnetism and contains lucid explanations for 
them. Both contain numerous problems for the reader to 
test his knowledge and its applications. There is little 
material common to both books and together they cover 
most of the field of magnetism. They are both attractively 
presented and may be recommended with confidence. 

C. A. BATES 


No. 5011 


ANALYSIS OF SURFACE-ACTIVE 
AGENTS 


Identification and Analysis of Surface-active Agents by 
Infrared and Chemical Methods 

By Prof. Dieter Hummel. Translation by Dr. E. A. 

Wulkow. Text Volume. Pp. xiv+386. Spectra Volume. 

Pp. 166 (466 spectra). (New York and London: Inter- 

science Publishers, a Division of John Wiley and Sons, 

Inc., 1964.) 150s. the two volumes. 


ROF. HUMMEDL’S work on the systematic identifica- 
tion of surface-active agents from their infra-red 
spectra was reported at the third International Congress 
of Surface Activity in 1960. His book, first published in 
German in 1962, contains a much expanded version of 
his own work as well as chemical methods for the identi- 
fication of surfactants, which were added in order to 
broaden the analytical character of the book. 
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I i aaa and Analysis of Surface-active Agents by 
Infrared and Chemiccl Methods is the translation, without 
modification, of the earlier book and hence the literature 
is covered only to 1960. In the area of detergent analysis, 
as in most other fielcs of research, progress has been not- 
able and rapid in the past 5 years, and thus much of the 
content of the book is out of date. For example, gas 
liquid chromatography is mentioned only once and thin- 
layer chromatography not at all. For this reason, the book 
fails in the author’s expressed intention of providing a 
general book on dete-gent analysis. It remains, however, 
an extremely important reference volume for the detergent 
analyst and will be particularly useful in the identification 
of little-known actives. 

A comprehensive list of surfactants (or ‘tensides’ as the 
author proposes all nterfacially active materials should 
be called) is reviewed systematically with copious notes 
on methods of manufacture, physical properties and 
infra-red spectra. Th-s chapter (141 pages) and the volume 
of spectra form the useful content of the book. The intro- 
ductory chapters on structural characteristics of surface- 
active agents (13 peges) and the determination of the 
electrochemical beheviour of surface-active agents (12 
pages) are oversimpliied and contain a number of errors. 
For example, the cationic character of amine oxides in 
aqueous solution is ascribed to the formation of free amine 
by hydrolysis. In fast the cationic species present is the 
conjugate acid of the amine oxide. 

The later chapters on chemical methods for determining 
the structural characteristics of tensides (24 pages) and 
methods for the -uantitative analysis of tensides 
(37 pages) suffer most from the omission of recent research. 
This is unfortunate since there is no good modern review of 
the analysis of mixtures of surfactants which can aid the 
detergent analyst. 

The tables at the erd of the book (114 pages) summarize 
much of the information given ın the text. Most of them 
are useful but one should question the value of recording 
in tables the results of empirical tests (for example, the 
Wurzschmitt reaction with iodine) which cannot be 
used with confidencs for the identification of specific 
materials. 

The volume of spectra is well produced and peak positions 
and intensities are easily read direct from the figures. 
The text volume is printed in Times Roman type on good 
quality paper and both volumes are well bound. The 
translation is adequate but suffers from literal translation 
in parts. The lack af typographical errors in the whole 
work is notable. The book costs £7 10s. which, combined 
with the lack of new nformation it contains, will prevent 
its use in all except svecialist laboratories. 

P. ROBSON 


LEATHER ANALYSIS AND TESTING 


The Chemistry and ~echnology of Leather 

Edited by Fred O’Flaherty, Wiliam T. Roddy and 
Robert M. Lollar. Vol. 4: Evaluation of Leather. 
(American Chemical Society Monograph Series, No. 134.) 
Pp. viiit+ 440. (New York: Reinhold Publishing Corpora- 
tion; London: Chapman and Hall, Ltd., 1965.) 17.50 
dollars; 144s. 


HE publication of Volume 4 of the American Chemical 
.1 Society Monograph Series No. 134, The Chemistry and 
Technology of Leathez, completes the Series begun with 
the appearance of Valume 1 in 1956. As in the previous 
volumes, each chapter is contributed by one or more 
authorities in the pazticular field, but in this volume sll 
the authors have been drawn from the United States. 
Included in the volume are the analysis and assessment of 
raw materials and finshed leather, including physical test 
methods. A valuable chapter on fungal resistance of 
leather has been contributed by T. C. Cordon of the 
Eastern Regional Laboratory of the U.S. Department of 
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Agriculture. The chapter on leather finishing by R. Shaw, 
drawing on his experience with the Rohm and Haas Co., 
is out of place in the present volume. It is also more 
discursive and qualitative than is required in a monograph. 

It is unfortunate that analytical and physical testing 
methods for leather are still not co-ordinated by a single 
body. The commissions of the International Union of 
Leather Chemists Societies have been particularly success- 
ful in securing agreed physical test methods which many 
countries are adopting and have also made progress with 
chemical analytical methods. ‘The American Leather 
Chemists Association (A.L.C.A.) has, however, continued 
to develop methods independently. This division is 
reflected in the various chapters of this book, with often 
a disproportionate emphasis on the A.L.C.A. methods. 

The discussion of analytical methods, particularly 
when their basis is largely empirical as is often the case 
with leather and its raw materials, does not make easy 
reading. Nor is the quotation in full of an A.L.C.A. 
method justified. A fuller discussion of the accuracy 
needed in the various determinations would have been 
valuable, compared with that provided by the methods 
given. 

The chapters on physical testing have greater genoral 
interest, especially that by Mieth Maeser on dynamic and 
non-destructive testing, which refers especially to shoe 
leathers and their performance. 

The American Chemical Society’s leather monograph 
first appeared under the authorship of J. A. Wilson, who 
presented a coherent and forceful point of view, in some 
instances outlining approaches only recently being taken 
up again. The change to the present multi-volume form, 
with a wide array of authors, has necessarily resulted in 
the loss of unified consideration. The chapters have 
varied in merit and value more than is usual in a book 
of this character, but this reflects the limited number of 
persons making significant contributions to leather science 
and technology. Despite the faults, to which reference 
has been made, access to the final volume and to the whole 
work will be a necessity for all seriously concerned with 
leather, although their use of them will require that they be 
discriminating. A. G. WARD 


APPLIED ECOLOGY 


Ecology and the Industrial Society 

Edited by Gordon T. Goodman, R. W. Edwards and Dr. 
J. M. Lambert. (A Symposium of The British Ecological 
Society, Swansea, 13-16 April 1964.) Pp. vili+395. 
(Oxford: Blackwell Scientific Publications, 1965.) 70s. 
net. 


MONG the outstanding questions raised by this, the 
British Ecological Society’s fifth symposium volume, 
is the future of ecology as a source of practical guidance 
for the management of our man-dominated environment. 
Although the Society has, by the publication last year of 
the Journal of Applied Ecology, asserted that ecology has 
such a role, the sixteen articles in this volume are not 
unanimous on this point. In his opening address Prof. 
Clapham advocates the direction of university research 
towards increasing biological productivity and providing 
a scientific basis for conservation policy, a view that is 
supported by Britain’s full backing of the International 
Biological Programme. ‘This view is also implicit in 
suggestions by several authors that reclamation policies 
are far too empirical and lack a basis in theory. The 
opposite view is ably put, however, by Hynes, who claims 
that, in the field of water pollution, the scientific know- 
ledge already exists and that current problems are nearly 
all in the fields of administration and polities. That such 
differences are not solely due to differing progress in differ- 
ent fields is indicated by Hawkes’s views that, in the closely 
related field of sewage treatment, many fundamental 
ecological problems remain. 
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In fact a striking characteristic of many papers in this 
collection is the revelation of interesting fundamental 
problems at the root of purely practical investigations. 
A few examples are: (a) Bradshaw’s demonstration that 
extreme conditions in contaminated environments can 
facilitate the study of high-speed population evolution 
and that conspecific plant populations have rigid spatial 
boundaries ın contaminated ground; (6) Hawkes’s views 
on the effect of temperature on turnover and biomass of 
sewage decomposers and the stimulation of bacterial 
activity by grazing animals; (ce) Templeton’s stress on the 
need for food chain studies of marine pollution by atomic 
wastes (consumption of Porphyra (laverbread) in Swansea 
limits waste disposal from the Windscale plant ın Cumber- 
land), and his demonstration that radionucleides in the 
sea sink or float according to their role in phytoplankton 
physiology. 

There are, however, many points of more immediate 
practical importance: Hynes contends that much routine 
toxicity testing is a waste of money because the laboratory 
tests used are not related to survival in Nature; Moore 
concludes that we have now reached the time when. fish 
for human consumption should be monitored for organic 
chlorine residues; Hawkes believes that sewage treatment 
in many places to-day is inferior to the best practices of 
the Assyrians and the Babylonians, and that diseases 
such as bovine cysticercosis are on the increase as a result ; 
Gilbert’s demonstration that the species range of lichens 
provides a practical method for detecting air pollution. 

This is a well-edited book, well provided with indexes 
and well illustrated; the only error which seems important 
enough to mention is the maximal figure (p. 249) of 
“900,000 invertebrate animals per m? of soil”; this must 
surely apply to arthropods only, for nematodes occur in 
their tens of millions and Protozoa in far greater numbers. 
Inevitably the volume contains highly specialized papers 
in which little attempt is made to relate the materal 
to the rest of the symposium or explain its significance, 
although these are far fewer than in many such volumes. 
The custom of publishing all papers read at meetings 
(and presumably chosen. by the editors in the first place) 
is well established, but it costs editors’ time and readers’ 
money; perhaps future organizers might reserve the right 
at the outset to publish only a proportion of the more 
successful papers. A. MACFADYEN 


‘STRASBURGER’ REVISED 


Strasburger’s Textbook of Botany 

Rewritten by R. Harder, W. Schumacher, F. Firbas and 
D. Von Denffer. New English Edition from the Twenty- 
eighth German edition. Translated by Peter Bell and 
David Coombe. Pp. xvi+846. (London: Longmans, 
Green and Co., Ltd., 1965.) 84s. 


HE publication of a new English edition of Stras- 
burger’s Textbook of Botany is an important event 
for many English-speaking students of the subject. 
Most pre-war students of botany were well acquainted 
with the previous English edition, published ın 1930, 
but in the absence of more recent translations of the later 
German editions, it 1s scarcely surprising that ‘Strasburger’ 
is not so well known to modern students. Eleven German 
editions have appeared since the last English edition 
and the present translation 1s from the twenty-eighth 
German edition, published in 1962. 
As in previous editions, four well-known authors deal 
with the principal aspects of botany: D. Von Denffer with 


morphology, W. Schumacher with physiology, R. Harder 


with lower plants, and F. Firbas with seed plants and plant 
geography. The whole is a remarkably comprehensive 
account which provides a valuable introduction to almost 
all aspects of botanical science. 

Some botanists have questioned the value of extensive 
compilations of this kind and prefer shorter accounts of 











: f the E This approach, however, 
io “the danger, which is undoubtedly a feature of 
rtain modern botany courses, that the student may be 
11 informed on recent spectacular advances in such 
Opics as plant physiology, biochemistry, fine structure 
and especially those aspects collectively described as 
“molecular biology”, but may have virtually no know- 
ledge of other aspects of botany, which are less fashionable, 
but equally important to a thorough understanding of the 
plant. The new edition of Strasburger’s Textbook is a 
“timely corrective to such a restricted outlook. It deals 
in detail with various topics, such as morphology and 
-the physiology of growth and movement, which are rarely 
adequately treated in general text-books. It is true that 
it is difficult for so broadly based a work to keep abreast of 
present developments in rapidly advancing branches of 
botany. But with the present spate of specialist volumes 
0 and semi-popular journal articles there is little risk that 
= the more recent advances will be overlooked by the 
enquiring student. The merit of a work such as ‘Stras- 
burger’ is that it provides a reasonably up-to-date account 
=- Of the established facts and principles of botany, which, 
- in the words of the translators, will equip the botanist 
“not only to deal with the theoretical and practical 
problems of to-day but also to formulate and solve those 

of to-morrow”. 

The individual parts of the present edition are all of 

-. eonsiderable merit. The section on morphology describes 

“some of the principal discoveries in the fine structure of 
the cell, but is above all a thorough account of the form 
and structure of plants. The critic may object that there 
is little reference to modern experimental studies of 
morphology, but the results of such work are perhaps still 
somewhat controversial and require more detailed dis- 
cussion than can be accommodated in a general text-book. 
In the physiology section, the parts dealing with meta- 
bolism appear to be up to date, at least so far as respira- 
tion and photosynthesis are concerned, although our 
knowledge of the role of nucleic acids in protein synthesis 
has advanced considerably since this 1962 edition. The 
physiology of growth and movement is well covered. This 
section was published late enough to include a treatment 
of gibberellins, but too early to include an account of 
phytochrome. 

In the systematic section, only seven major divisions 
are recognized although the authors point out that bearing 
in mind the purposes of a text-book certain simplifications 
have been made intentionally. Apart from the Cyano- 

=> phyta, which are rightly placed in a separate division, 
< all the algae are included in a single division Phycophyta, 
‘but this false impression of unity is corrected later by a 
diagram emphasizing the independent origin of the princi- 
jal algal groups. With so extensive a field to cover it is 
-jnevitable that much should be omitted, but many 
interesting details are described, and in the part devoted 
to diatoms there is an up-to-date account of the sexual 
reproduction of both pennate and centric diatoms. The 
section on seed plants is very condensed but gives a broad 
survey of the principal orders. The concise account of 
plant geography includes a short review of the plant 
communities of central and north-west Europe. 

A useful set of references covers each major section of 
the work and has been added to since the 1962 German 
edition. Even certain useful books published in 1964 
are included, for example, The Structure and Life of 
Bryophytes, by E. V. Watson. 

For a comprehensive text-book, ‘Strasburger’ is remark- 
ably readable and both authors and translators have done 
their work well. Although described on the verso as 
covering the work of students in their final year at school, 
at technical colleges and in the first years of universities, 
it is far more than an introductory text, and most botanists 
_ would benefit from having ‘Strasburger’ readily available 
=. on their shelves. It is well illustrated and produced and 

at 84s. is very good value indeed. A. ALLSOPP 
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PHYSIOLOGY OF PLANTS 


Encyclopedia of Plant Physiology ao 
Edited by W. Rubkland. Vol. 15: Differentiation end oe 
Development, Part 1: Pp. 
xhi + 1362. Ta 
Verlag, 1965.) Ganzleinen DM 748; Subskriptionspreis — 
Ganzleinen DM 598.40. | 


“HE publication of a scientific treatise comprising 70 
chapters writter. by 53 authors and consisting | of more | 
than 3,000 pages is a notable achievement, even in times 
when the breaking of records is an almost everyday occur- 
renee. When, furthermore, we realize that the two books _ 
form only the latest tavo-part volume of the famous Encyclo- E 





pedia of Plant Physiology, whieh has been appearing mw 
parts in recent years, we must be still more impressed by iin 
the sheer mass of data concerning the lfe-processes. of ose. 


plants that have been accumulated. 

The new volume covers the all-important branch of 
plant physiology that passes under the general title of 
‘Differentiation and Development’. The title itself, 
however, scarcely indicates the range of topics that. are 
covered, for the authors have set out not only to sum- 
marize what is known about the structural and physiologi- 
cal changes that are involved in the life of the plant, but 
they also enter inte the field of cytology and genetics 
sufficiently to indicase how growth and differentiation are 
basically controlled 9y genes. 

The editor, Dr. Anton Lang, says in his introductory 
essay that: “he has misgivings that the volume, in times 
to come, may be considered as the last major monument 
-——not to say epitaph—-of an era to which future generations 
of biologists will refer, with a mixture of condescension 
and (at least we hepe) nostalgia, as the dark ages of 
developmental physiology”. He takes this dim view 
because the recent oatstanding advances in genetics seem 
to him to keep other branches of biology somewhat in 
the shade. He continues, however, in a more hopeful 
vein when he says: “Genetics and developmental physio- 
logy are theme and countertheme. The objective of 
genetics is to understand how the hereditary information 
of organisms is writen, that of developme ntal physi- 
ology, how it is pead”. He also expresses a hope 
that the unveiling of the ‘genetic code’ will help to 
throw further light on the connexion between the two 
disciplines. 

It is impossible so summarize the contents of the 
volume very adequarely in a few words. It must suffice 
to say that the treatment is many-sided and very compre- 
hensive. We can, for example, read about the physiology 
of abscission, seed dormancy and germination, graft 
hybrids, photoperiodism, auxins, fasciation, as well as 
about abnormal differentiation caused by fungal invasion 
and attack by insects or viruses. We can learn such 
practical details as that seeds can often be more effectively 
stored in sealed tin cans than in the time-honoured paper 
packet. 
plexities of correlation in plant development. 


to authors. Literature is cited at the end of each 
chapter. 

The printing and lay-out of the book are very good. 
There is some overlapping of subject-matter as, for 
example, on pp. 175 and 348 of Part 2 respectively, but 
this is almost unavoidable in such a large volume, written 
by so many authors. All readers will be indebted to the 
authors and editor for bringing together and summarizing 
such a wealth of information in a readable form. It is 
to be feared, however, that the very high price of the 
volume will make it less generally available than it deserves 
to be. This is a fault that should be avoided especially 
as it is most desirab« for the existing knowledge of this 
rapidly advancing subject to be disseminated widely 
before it is out of date. C. R. METCALFE 


lxiv+1647; Part 2: Pp. 
(Berlin, Heidelberg and New York: Springer- ae 





On the other hand, we can pass on to the com- 
volume ends with German/English and English pe Tp ie 
indexes to the subject-matter and there is a third index ~ 
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UNIVERSITY OF KHARTOUM, SUDAN 
SILVER JUBILEE OF THE FACULTY OF AGRICULTURE, SHAMBAT 


By Pror. M. A. NOUR 
Dean of the Faculty 


N early December 1965 the campus of the Faculty of 

Agriculture of the University of Khartoum will 
welcome distinguished guests from most African countries, 
and from many institutions elsewhere, all of whom are 
intimately concerned with agricultural education at 
university-level, and each eminent in the field of his own 
interest. The Food and Agriculture Organization of the 
United Nations has kindly agreed, at our invitation, to 
hold concurrently an Inter-African seminar to discuss 
“The Role of Faculties of Agriculture in Developing 
Societies”. Most of the participants, invited from some 
twenty-four African countries, will be from among 
those who are playing a leading part in policy and 
decision-making in agricultural higher education and 
planning in their respective countries. Thus the Faculty 
will open its doors, to share a happy historical occasion 
during the celebration of its twenty-fifth anniversary 
with men of eminence in the field of agriculture, and 
will participate with them in the discussions at the 
seminar. 

On such occasions it is pertinent to indulge in some 
introspection, on one hand, and speculation on the other. 
In 1957 my predecessor, Prof. R. J. McIlroy, gave an 
account of the Faculty at that stage of development, 
but since then nothing has been written on this score for 
readers outside the Sudan. What follows, therefore, is 
an endeavour to bring the information on the structure 
and function of the Faculty up to date. 

The Faculty in 1957 consisted of three departments, 
with a total staff complement of eleven; now there are 
eight departments and thirty academically qualified 
personnel. The Faculty is now composed of the Depart- 
ments of Agricultural Botany, Agricultural Engineering, 
Agronomy, Animal Production, Biochemistry and Soil 
Science, Crop Protection, Horticulture and Rural 
Economy. Eight years ago there were three Sudanese 
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and eight expatriate lecturing staff; now the number of 
Sudanese is twenty-four, all of whom have received a 
Ph.D. degree from universities in the United Kingdom 
or the United States. Six more are abroad at present 
and will join the staff on their return within the coming 
three years. The number of undergraduate students in 
1956-57 was 39; now it is 167. And in 1957 no post- 
graduate training was available, although the Faculty was 
becoming keenly conscious of its role in this field, and a 
comparatively small but sound research development was 
in progress. Sinee then, 10 candidates have obtained their 
M.Sc. degrees here, 10 more are working towards it, and 
two are registered for the Ph.D. course. From 1938 (when 
the Faculty started) to 1957 some 20 publications appeared 
in international journals or as books, whereas more than 
90 publications of comparable scientific standing have 
appeared since then. Because the Faculty in 1957 was 
just emerging, the scattered nuclei of research activities 
were then novel developments, whereas research is now 
in progress in almost all the disciplines of agriculture with 
perhaps the greatest momentum on the production and 
protection of cotton, sorghum, millet, broad bean, winter 
vegetables, forage crops and citrus. Nutrition of poultry 
and large animals and their breeding and adaptability 
are being investigated, while problems of salinity, irriga- 
tion and fertility of heavy clays are receiving attention by 
members of the Soil Science and Engineering Departments. 
The Faculty has become increasingly conscious of its geo- 
graphical location, in relation to the Sudan and Africa, 
and this has led to a concerted effort in the past few years 
to co-ordinate team research on short-term, as well as 
more far-reaching, investigations of dry-land problems. 
To go further would be to submit a research report, but a 
Jubilee Bulletin of the Faculty will be published, available 
on request, containing details of present trends in research 
and a list of all published work. 


a oi “iy 
apee 
IP ae 


Facade of the main building of the Faculty of Agriculture, University of Khartoum 


November 13, 1965 


The physical capacity of the Faculty has been greatly 
increased by a building programme which cost about 
£8.150,000, excluding a corresponding expansion of 
hostels, which house all the students, and the rapidly 
growing annual budget. A generous grant from Barclays 
Bank of £8.30,000 is allocated for building a new Depart- 
ment for women students to study home science and com- 
munity development, the intake for which 1s planned to 
start in 1966-67. In addition the Rockefeller and Ford 
Foundations have donated 107,000 dollars and 75,000 
dollars, respectively, towards the cost of research and 
improved teaching facilities in the Faculty. 

The reference library at Shambat (which also serves the 
Faculty of Veterinary Science) has increased almost ten- 
fold in book and journal accessions, and now houses some 
25,000 volumes and more than 500 journals, apart from 
considerable stocks of standard text-books available in 
departments for borrowing by the students. Other 
faculty service facilities have been added since 1957, such 
as a plant environment control unit and a tropical shade 
house costing some £58.30,000 to erect, an agro-meteoro- 
logical station which contains examples of virtually all 
the instruments available for recording soil and atmo- 
spheric climatological data, and a photographic unit. 
The recently established isotope research unit is bound 
to initiate new approaches towards agricultural problems 
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under dry-land and urigated conditions. There are two` 


farms, which are in increasing demand for demonstration 
and experimental purposes, although the controversy over 
the functions of a university farm is as lively as ever. 

The structure of the undergraduate courses has also 
undergone far-reaching changes. The old system, based 
on two years in the Faculty of Science and three years in 
the Faculty of Agriculture, has been re-modelled, and now 
involves one year in the Faculty of Science and four in 
the Faculty of Agriculture, the latter being devoted to 
basic and general topics for the first three years, leaving 
the final year for some degree of specialization. While 
we have been primarily concerned with the design and 
detail of a new type of final year, course structures in the 
preceding three years have also been reviewed to provide 
a logical yet attractive sequence in the framework, content 
and functional inter-relationship of these courses. This 
has been done and has, with remarkably few modifications, 
withstood the test for the past three years. 

The final-year course is of an honours nature (implying 
a greater degree of specialization in one discipline rather 
than a particular level of excellence in the examination). 
In order to produce graduates with a measure of com- 
petence in one of the many branches in agricultural 
science, there was obviously the possibility of recom- 
mending a single-discipline specialization im the final 
year, thus offering a ‘special’ degree following the pattern 
of the University of London. This avenue was explored, 
but the academic hazards involved (not to mention the 
financial implications) became abundantly clear and 
single-subject specialization has been left, as in the past, 
to the postgraduate level. 

The design of degree that has been found most appro- 
priate for the requirements of a developing society is 
based on a combination of selected courses in the final 
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year, with the choice of discipline as the main option but 
with four additional supporting (ancillary) courses 
from other departments. The commitment of these 
supporting courses in Zormal time-table hours is the same 
as for the main option, namely, eight hours in total; 
but a student is expected, in addition, to submit a short 
dissertation in a subjeet of his choosing. 2 

In recommending this structure, and now for the first 
year testing ıt, the Faculty has been keen to achieve a 
higher plateau in insellectual and academic activities 
than at the general degree level. The ‘group specializa- 
tion’ design of the courses not only brings the teaching 
staff of each departmant closer together for purposes of 
co-ordination (such a3 in seminars and study groups), 
but will also strengthen the links within and between 
departments to a much greater extent than has hitherto 
been. the case. 

The main objective -s to attempt to produce young men 
and women: (1) adequstely aware of the underlying scenti- 
fic and social principles governing agriculture; (2) with a 
good measure of competence in their grasp of the prin- 
ciples and practices of crop and animal production, 
together with (3) developing a special mterest in one 
agricultural science, though by no means exclusively 
specializing in it. Thus we have avoided exclusive 
specialization even in zhe final year, unlike many faculties 
of agriculture in other countries, where the last one or 
even. two years are devoted to one discipline only. Pre- 
sumably this reflects the needs of those countries for 
specialist graduates =rom the first degree; but so far 
as can be assessed, the Sudan and other developing 
countries will contince to need graduates in agriculture 
with a fairly broad beckground. 

The underlying mejor fault in the general degree in 
agriculture was that ittried to cover a wide range through- 
out and in a continuously expanding array of disciplines. 
Two cracks are bound to develop in any such structure. 
Members of an expancing staff, each with his own special- 
ity, claim a de facto recognition by demanding their 
individual shares of the teaching time-table, which may 
well lead to interdepartmental stresses and jealousies. 
The second crack is that, as a result, the students become 
bored and bogged down, and often lose any interest that 
may originally have sparked their imagination towards 
agriculture. Some years ago a student described our 
courses as the “stuff shat makes the head”, consisting of 
approximately equal portions of skin, bone, cartilage, fat, 
grey matter and nordescript tissue thrown together in 
the stew. He concluded: “1t tastes queer”. 

After lengthy and intense discussions, and tense 
moments of conflict, the staff of this Faculty became con- 
vinced that we must follow this new ‘group specialization’ 
route, which gives a wide coverage in the first three years, 
perhaps with a ‘queer taste”. But the final year, handled 
with imagination and confidence, may well achieve the 
objectives ıb is designed to serve. It provides more time 
for students to thinx, read and enjoy their respective 
subjects. The educational commandments quoted by 
Whitehead in order to guard against mental dry rot, 
“Do not teach too many subjects” and “what you teach, 
teach thoroughly’’?, are, we hope, followed in this final 
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year. Judging by the appearance of the present final 
year students, one certainly sees more eyes with sparks 
in them than previously; but it is still too early to form an 
objective opinion on whether we have satisfied both the 
tastes of the student and the needs of the country. 

On the occasion of our twenty-fifth anniversary one 
must ask whether this Faculty is serving the needs of 
the country efficiently and purposefully. Are we going 
at the right pace in the right direction, usefully employing 
all the available manpower resources? Other things 
being as they are, the Sudan (and indeed Africa) will 
remain agrarian for some time to come, and graduates in 
agriculture will continue to hold posts of leadership 
in the agricultural sector. A Faculty of Agriculture in 
Africa, must serve as a catalyst to speed up the reaction 
between new ideas and old ones. ‘Tradition and Change’ 
has been the theme of many a formal and informal 
gathering, but the role of the Faculty of Agriculture in 
this debate has never been brought fully into focus. We 
are on the march, but one wonders at times of intro- 
spection whether, like the march of dons in medieval 
ceremonial robes at graduation day, our march forward 
is colourfully academic but of little benefit to the agrarian 
community. On the whole, universities in Africa have 
much less contact with their own people than with the 
West, that has offered to graft a university system of its 
own pattern on to our African stock. Even if this state 
of affairs can be relaxedly tolerated in the sphere of 
chemistry and medicine, it has to be critically scrutinized 
every now and then—say, at least every twenty-five years 
—in the domain of agriculture, where science is drawn most 
closely into contact with the everyday needs of man. 
In Africa the needs of man are elemental, and so the value 
of scientific findings for stimulating rural development 
must logically be scrutinized. Earlier it was said that 
in the past decade some ninety publications by the Faculty 
staff have appeared in the international journals. But let 
us be frank about these publications—they have been 
effectively transfixed in print, they helped some of us 
admirably (including myself) to obtain a higher status 
and income, but on the whole they have remained inert 
entities rather than activating catalysts. Perhaps here 
lies one of the main weaknesses of the Faculty vis-a-vis 
the community. The system of the land grant college of 
the United States has often been suggested as more 
suited to our needs, involving closer co-ordination between 
the researcher, the teacher, the planner and the farmer. 

Agricultural publications in Africa tend to meet many 
obstacles before they can even reach the farmer. The 
concept of the ‘agricultural inspector’ has prevailed for 
too long to allow the ‘agricultural adviser’ elbow-space. 
Graduates of agriculture have believed that their function 
was to wield authority (they even until recently dressed in 
khaki) rather than to teach and extend, and it is significant 
that courses in extension and management have not yet 
been introduced in most African Faculties. „Agricultural 
extension, as a systematic and studied plan of campaign, 
18 & new service in the Sudan, and the Faculty has certainly 
not yet played its full part in leading the minds of the 
graduate, and hence the policy and decision makers of 
the future, towards the concept of extension rather than 
inspection. 

Schultz states that: “To produce an abundance of farm 
products requires that the farmer has access to and has 
the skill and knowledge to use what science knows about 
soils, plants, animals and machines. To command farmers 
to increase production is doomed to failure’’*. The role 
of the Faculty in extension has not yet received sufficient 
attention, although this is a vital question because Africa 
now, more than ever before, needs effective extension 
services. f 

Africa is an agricultural continent, under-populated 
except around the main rivers; its peoples depend mainly 
on subsistence production; and its rains are mainly 
seasonal and confined to a small portion of the year. 
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Meigs estimated that 42 per cent of Africa is arid and 
22 per cent semi-arid, the remaining 36 per cent receiving 
adequate precipitation. Twenty-six countries in Africa 
have large tracts of land classified as dry’. Dekker states 
that only 16 per cent of the African population lives in 
areas of adequate (over 1,500 mm) rainfall’. Of the 
whole population in Africa (some 120 million people), 
it is estimated that only about 7:5 per cent live in cities 
of 200,000 inhabitants, and most of the remainder are 
agriculturists or nomads depending on a dry-land pattern 
of subsistence. In the hot arid regions, evapo-transpira- 
tion losses are much higher than ım cooler climates, and 
irrigation is essential if the subsistence-level is to be raised 
as a result of cash cropping and profitable animal produc- 
tion. Modern concepts and technologies in agriculture 
must be made available to the farmer in order to obviate 
the elemental hazards and make progressively higher 
targets possible in production and marketing. Sociology 
and economics must be harmoniously utilized, as well as 
the physical and biological sciences, to improve agriculture 
in Africa. 

The role of the graduate in agriculture is paramount, in 
both planning and execution, yet the Faculties of Agricul- 
ture in Africa have not, I think, fully exercised their 
capabilities and accepted their responsibilities in this 
context. Let me hasten to add that I do not wish to see 
the Faculty encroaching on the equally important role of 
farmer training schools and institutes of agriculture of 
sub-university level. That would obviously be disastrous 
and undesirable. Let me further add that a relatively 
young institution cannot assume greater tasks than it 
can effectively shoulder without frustration and con- 
fusion. But the Faculty, in its natural process of growth, 
needs to be fully aware of what the community expects 
from it. What I have said here is neither profound nor 
new, but is it not often true that the obvious is not said 
and gradually forgotten? What does the community 
want us todo? It wants more and better graduates, and 
it wants more and better planned research, the results of 
which are more easily taken into the service of the rural 
community. 

The number of Faculties of Agriculture and their 
graduates in Africa, excluding the United Arab Republic, 
is pitiably meagre, a total of some 20 or 25, each producing 
an average of 20 or 25 students a year. The Ten Year 
Plan of Economic and Social Development of the Republic 
of the Sudan foresees, on the conservative side, a need for 
about 1,000 trained administrators, research workers and 
professional agriculturists by 1972. At the present rate of 
development this Faculty can only hope, at best, to pro- 
duce an additional 500 by that date. Thus in terms of 
numbers we shall be unable (despite our modest achieve- 
ments) to satisfy the needs of the community, because 
development is necessarily limited by socio-economical, 
historical and geographical factors. In terms of quality, 
we aspire to give the best we can afford. We hope to 
graduate men and women with a spark of original interest 
in their profession; but the Sudan and the rest of Africa, 
not to mention the world, still tends to regard the agricul- 
tural ‘profession’ with guarded zeal in years of economic 
distress, and with an indifferent yawn when the rains are 
good. Disastrous fluctuations in yield of crops and 
pastures in this vast continent are so common that there 
is little recognition of the value of our service by the 
peasant and the nomad, a tiresome, vicious circle which 
will have to be broken in time by education at all levels. 
The Faculty has a role by developing a sense of pride, 
enthusiasm. and dedication in the profession, both in staff 
and graduates. 

The Faculty of Agriculture has, therefore, plenty of 
problems ahead, and yet it has not been unsuccessful in 
its first twenty-five years. It is the oldest of the agricul- 
tural Faculties in Africa, excluding one or two in the 
United Arab Republic and South Africa, and it is keenly 
aware of its geographical position, in the centre of an arid 
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zone and at the northern tip of the Gezira Scheme, one 
of the largest and oldest irrigated schemes in Africa. This 
Faculty has planned to develop its courses and its re- 
searches along lines which are compatible with the typic- 
ally arid African environment in which it is so aptly 
situated. 


No 5011 


NATURE 


623 


1Mecllroy, R. J., Nature, 179, 394 (1957). 
Berea À. N., The Aims of Education and Other Essays (Benn, London, 


3 Schultz, T. W., Transforming Traditional Agriculture (Yale Univ., New 
Haven, 1964). 

‘ Meigs, P., in Proc. Seventeenth Intern. Geog. Cong., Washington, D.C. (1952). 

ë Dekker, G., in Man and Africa, edit. by Wolstenholme, G., and O’Connor, 
M.. 30 (Churchill, Londan, 1965). 


SOCIAL AND INDUSTRIAL GERONTOLOGY IN GREAT BRITAIN 
By C. E. FLEMING 


Lecturer in Social and Industrial Medicine, University of Sheffield 


Community Reactions to Population Ageing in 
Great Britain 


SHE 1949 Report of the Royal Commission on Popula- 
tion? outlined the demographic situation in Great 
Britain and presented a challenge. “‘. . . the ageing of 
the population of Great Britain . . . has been steadily in 
progress since about 1891 . . . it must be expected to 
continue in the future .. . it represents the delayed effect 
of changes which we have neither the power nor the 
desire to reverse, and to this extent the appropriate 
attitude must be not ‘must we try to prevent this ?’ but 
‘how can we best adjust ourselves to 1t, so as to minimize 
the disadvantages and make the best use of any oppor- 
tunities which it presents ?””’ (p. 111). One of the most 
outstanding features of a Western society is the inade- 
quacy of its investigations of later ageing (especially for 
the sociological, psychological and related sciences), of 
applying research findings in social and industrial life and 
in basic organizations and institutions which would be 
the foundation for such thought and action. This is 
particularly true of Great Britain. 

As well as carrying out industrial gerontological 
research (the science of ageing, not old age) in the British 
iron and steel industry and the Sheffield cutlery industry 
and social gerontological research in the homes of retired 
cutlery workers, I have been working on an investigation 
into community and individual reactions to population 
‘ageing’. The expectation of life at birth has almost 
doubled here in the past hundred years. This opens up 
great possibilities for individual and societal development. 
But, by and large, the complex problems involved have 
been handled along the lines of the past—with some 
quantitative improvemerts. Ideologically and organiza- 
tionally, we are not equipped to cope with the present 
and impending situation. 


Provision for Old People in Britain 


Great Britain is well in advance of most countries in 
the provision of an almost universal national retirement 
pension, but this is comparatively low. In Sweden, the 
retirement pension for a single man is equivalent to 
some 25-30 per cent of an average working income and 
about 40 per cent for a married couple. This will shortly 
be based on the average of the fifteen best-paid years. In 
Federal Germany, the national retirement pension is 
linked with the cost of living?. In Britain there is a 
universal National Health Scheme, which is of major 
benefit for older people, but there is still room for im- 
provement in it; and, unlike France, Britain has no 
University Department of Geriatric Medicine. Again, in 
Britain the system of statutory and voluntary services 
for the old compares very favourably with that of most 
other countries; but it is still in its infancy and such 
services have a very limited coverage’. 


Psycho-social and Industrial Gerontology in the 
United States 


The three main divisions of research on ageing are: 
(a) biological; (b) clinical medical; (c) psycho-social and 


industrial. The last-mentioned is a very recent develop- 
ment, but it ıs now widely agreed that it ıs of major 
importance to society. 

One of the outstanding papers given at the 1963 
Copenhagen Congress of the International Gerontological 
Association was that of Dr. Wilma Donahue, of the 
University of Michigan. She gave a factual report on 
“Organization of University Training for Teaching and 
Research in Psycho-Social Gerontology”. It may be 
mentioned that the United States is demographically 
‘younger’ than Great Britam. Dr. Donahue outlined the 
American academic situation. University departments of 
social and industrial gerontology and the like have been 
established in at leest six American universities and 
fifteen special university units; there are three multi- 
university organizations for promoting such teaching 
and research and applied research; there are twenty-six 
departments of psychology and twenty-two departments 
of sociology paying special attention to social and indus- 
trial gerontology. Yet Dr. Donahue states that in this 
connexion: ‘‘Effort has been too limited and progress too 
slow”. 

In the United States there is a national Gerontological 
Society with a professional and lay membership of more 
than a thousand. ‘The section concerned with social, 
psychological and industrial gerontology is one of the 
largest and most important of the three. In addition to 
this, a considerable mumber of the member States have 
their own gerontological societies. There is a great deal 
of publicity given to the subject of ageing in all its aspects 
in American newspapers, journals, books and sound radio 
and on television programmes. The Federal and State 
Governments and the private research foundations have 
made available quite large sums of money for research in 
all aspects of ageing. 


Psycho-social and Industrial Gerontology in 
Great Britain 


What are the comparative university and organizational 
provisions in Great Britain? I take my statistics from 
Scientific Research in British Universities’ and the Register 
of Social Research on Old Age®. No British university has 
a department for social, let alone industrial, gerontology. 
In all, in seven British universities, research workers are 
listed as working in some aspects of ageing; but this is 
chiefly with socio-medical surveys and the like. Less 
than one university research worker in a thousand in 
Great Britain is listeG as engaged on any research project 
however remotely connected with ageing or old age. It 
would seem that all research workers in this field in 
Britain are self-trained; in the United States the univer- 
sity departments already mentioned have trained several 
hundreds. Within recent years more publicity has been 
given in Great Britain to the subject of ageing, but it has 
been chiefly along tke lines of the ‘care and comfort of 
the aged poor’. At long last a Social Science Research 
Council is to be formed in Great Britain; but no mention 
is made of its plans m connexion with research in social 
and industrial gerontology. Governmental and other 
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funds for research in this important field are extremely 
small in Great Britain. 


Social and Industrial Gerontological Research 
Publications in the United States 


One can refer to the Classified Bibliography of Geronto- 
logy and Geriatrics’. This lists the enormous amount of 
publication in all fields of research on ageing in the 
United States, and though this varies in quality, some of 
it is very good. A large bulk of it has to do with social 
and industrial gerontology. There are three major pub- 
lications by the University of Chicago Press’~®. One could 
go so far as to say that the vast bulk of publication in this 
sphere comes from the American press, but unfortunately 
most of this is oriented to the American scene. 


How Old is Old ? 


The population of England and Wales, as shown by 
the Census of 1961, gives us some statistics on those who 
could be classified as old in the community. If we take 
chronological age of sixty as ‘old’, this gives us 16-3 per 
cent. One person in six among us is old. But if we take 
it as fifty years and over, this gives us 31-8 per cent. 
Almost one person in three in the population of Britain 
can be described as ‘old’ by the age-typing commonly 
used on the factory floor. Again, let us take forty years 
and over. This gives us 45-4 per cent. The biologists tell 
us that physical later ageing commences as early as age 
thirty, and the psychologists that certain aspects of 
mental ageing are well established at age twenty. We do 
not know exactly what ‘ageing’ is; but for most people 
some pathological, physical or psychological concomitants 
of later ageing are present by age forty. On this reckoning, 
about half the population of Britain is old. This is 
based on the 1961 figures. In 1961 the largest five-year 
age-group was 10-14 years; the second largest 0-4, but 
the third largest was for people aged 35-39. In 1961, 
people between the ages of 35 and 54 could be considered 
‘middle-aged’ (or shall we say in the ‘prime of life’ ?). 
This twenty-year age grouping made up 27 per cent of 
the population of the period. It is a ‘bulge’ moving up 
the population age structure. 

Gerophobia in contemporary Great Britain. There is 
considerable evidence that in Great Britain, indeed 
throughout the Western world, we suffer badly from 
gerophobia—which I have defined as a “morbid or 
pathological fear of late ageing’. I have investigated 
this in the national Press as well as in my contacts in 
industry and soeiety. 


There is connexion here with what the American . 


social gerontologists call the ‘role-less role’ of many 
retired people in modern Western societies. 

Emotional health from middle age ; the quality of life at 
later years. The motto of the American Gerontological 
Society is: “To add life to years not years to life’. A 
central problem is that of the psychological (mental 
emotional) well-being of not only older people, but also of 
people from middle years onwards. This relates with 
having some role and function in society and, indeed, in 
industry—where that is desired and possible. Recent 
publications in psychiatry and social psychiatry have 
emphasized this (ref. example, ref. 10). 


Male Work-force ‘Ageing’ in the British Iron and 
Steel Industry and the Cutlery Industry 


In Great Britain there is a middle-aged male work- 
force; more than 50 per cent of the men are aged forty 
years and more. But these average figures hide the con- 
siderable proportion of companies and departments where 
the male work-force is very much ‘older’. I have investi- 
gated the age composition of the male work-force of the 
British iron and steel industry. A half-page report of 
this, entitled “Survey of the Age Structure of the British 
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Iron and Steel Industry”, was published by the Man- 
chester Guardian of November 5, 195712. It covered more 
than 145,000 workers in 96 companies of all sizes in six 
national areas with large sub-samples for the skilled 
divisions and for twelve major occupational divisions. A 
salient finding was the large proportion of departments 
and companies with considerable numbers of older men— 
those having from one in five to one in three of their 
men age fifty-five and over, and with relatively high 
proportions of other later age groupings. More recently, 
I carried out an age composition survey of the Sheffield 
cutlery industry. Some of the male work-forces there have 
extraordinarily high proportion of men at later years. A 
1952 (ref. 11) sampling of the age composition of the 
Sheffield cutlery and associated products industries gives 
an indication of this (Table 1). 
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Table 1 
Estimate for 
Sample Sheffield national male 
Proportion of male workers cutlery and work-force (Ministry 
in given age grouping associated products of Labour 
(years 1952 mid-1952) 

(% of total) (% of total) 
fi) 45 and over 56 38 
Gi) 55 ,, i 34 17 
(hi) 65 ,, i 16 4 


Organizational and Institutional Necessities for 
Contemporary Great Britain 


There appear to be four prime necessities if Britain is 
to take up this challenge of population ‘ageing’ (or is it 


“maturing? ?): 


(1) A widely membered professional and lay British 
Gerontological Society, with a section for sociological, 
psychological and industrial gerontology as well as sec- 
tions for biology and clinical medicine. In Great Britain 
there are a British Society for Research on Ageing 
(chiefly for biologists) and a British Geriatric Society (for 
the medical profession); but there is no comparable 
organization for the social sciences. 

(2) At least one British University Department of 
Social and Industrial Gerontology—for pure research, 
applied research and university and extra-mural teaching. 
It will take some time to bring into being such a university 
department. But possibly Her Majesty’s Government will . 
help in this respect. 

It is suggested that a number of Regius chairs of social 
and industrial gerontology be established in Britain in 
the coming quinquennium. 

(3) A British Institute of Applied Gerontology, which 
would bring together concerned academies and leaders 
from both sides of industry and from the social services, 
ete. 

(4) An Inter-Ministry Committee on Sociological, 
Psychological and Industrial Gerontology, to help, 
advise and guide the Government, the public and con- 
cerned bodies and to facilitate the acquisition of necessary 
funds for the furtherance of gerontological research and 
its application in all relevant aspects of this multi- 
disciplinary science and, particularly, in its sociological 
and industrial aspects. 


In recent decades new faculties have been established 
in different universities in Britain, yet faculties of social 
science are still comparatively few in relation to the 
numbers of such in the United States; but even newer 
faculties are required for the universities of the twentieth 
century. The University of Chicago has established a 
Faculty (or is it only a Department ?) of Human Develop- 
ment. This is a very good title because it enables us to 
see ageing in life perspective. It is to be hoped that in 
the coming decades a number of new departments, if not 
faculties, of this nature will be established in Great 
Britain. 

The sixth congress of the International Gerontological 
Association is to be held in Vienna during June 26- July 
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2, 1966. It would be highly desirable if Great Britain 
could form a nucleus of a National Gerontological Society 
with this missing third section for a sociological, psycho- 
logical and industrial gerontology. Great Britain seems 
to be one of the few modern States which has not brought 
about. this organizational development. I should like to 
contact all thosé interested in the proposals. Research is 
important, applied research is even more important; but 
for us now yet more important is an appropriate national 
organization. My address is: 26 Dransfield Road, 
Sheffield 10. 

It is hoped to convene a meeting shortly in Birmingham, 
as a central city, to discuss this more thoroughly and to 
bring such an organization into being. I should appreciate 
comments on this article, offers of support and, -indeed, 
offers of funds; a start could be made with a few thousand 
pounds, and this should yield a considerable return to 
the nation. This has been a very brief sketch of the 
situation, but I appreciate that the whole matter must 
be discussed by people from different university disci- 
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Prof. R. Sparck | 

Wuen: Ragnar Spärck died on June 20 at the age of 
sixty-eight his passing left a gap inmany circles, created by 
his central position in Danish zoology, his wide intellectual 
interests and his extraordinary personality. Jew men 
in, his profession have filled so many posts and performed 
such various duties. 

Fora period of almost forty years Sparck taught 
zoology in the University of Copenhagen, from 1937 as 
professor, occupying the old tradition-rich chair of 
systematic zoology in the University. The general ack- 
nowledgment in Denmark of taxonomy as a necessary 
background for more recent trends in zoology is largely 
due to his education of a whole generation of zoologists. 
Among the students he was equally popular as an inspiring 
teacher and a cheerful mid-point during social events and 
on excursions. His elegant appearance as University 
opponent at public defences of more than fifty theses was 
widely appreciated, even by the candidates. 

Already as a student, Spärck had acquired a position 
at the University Zoological Museum. In the early 
’bwenties he put forward a bold plan for a new museum 
building; but it was not until he became professor and 
head of the Museum Council that he could put authority 
behind his plans. The Second World War postponed the 
erection of new and badly needed quarters, but in 1960 
the Students’ Laboratory and Study Collection was 
finished and three years later the large staff and rich 
collections of the Museum moved into an adjacent, well- 
planned building. Ho also played an active part in the 
consequent erection of a third, now almost finished, 
spacious building for comparative anatomy and experi- 
mental zoology. 

Sparck’s contribution to science falls mainly within two 
fields, marine biology and history. As a pupil of C. G. 
Johs. Petersen, he carried on his investigations of bottom 
communities, mainly in areas outside of Denmark. He 
wrote his doctoral thesis on the biology of the European 
oyster and served for the rest of his life as an adviser for 
the oyster cultivation, in the Limfjord. Only to a lesser 
extent did he join marine expeditions (for example, in 
the Mediterranean during the Dana Expedition, in East 
Greenland, and in South Africa during the Galathea 
Expedition). However, both before and after the War 
he was very active behind a long series of Danish expedi- 
tions to East Greenland, the Iranean Gulf, West Africa, 
and not least the Galathea Deep-Sea Expedition. He was 
vice-president of the Galathea Committee and acted as 
the co-ordinator on the ‘home-front’, an extremely 
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plines, from industry and the Trade Unions, and from 
Government departments, etc. ; 
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important but not widely recognized position during 
accomplishment of large expeditions. - 

During his later ysars Sparck devoted much of his 
energy to the history of natural sciences in Denmark. 
A profound interest :n the work and conditions of the 
predecessors, au extraordinary memory for details and 
a superior view for general lines was the basis for his 
important authorship of books and papers on historical 
subjects, for example, on the Zoological Museum and 
zoology teaching ducting 300 years, on early Danish 
expeditions, on the Natural History Society, and on 
Japetus Steenstrup, tne leading Danish zoologist of the 
last century, with whem Sparck had so much in common. 

Sparck’s work for nature conservancy was legendary. 
He was a member of she Conservancy Council for almost 
forty years, the last s-xteen years serving as & chairman. 
He knew his native country as few others and had an 
ability to make odds and ends meet in the not always easy: 
negotiations with authorities and proprietors. He was 
also a leading force behind the Danish game sanctuaries, 
and, thanks to his initiative, a long series of papers on 
game biology have been published. 

Sparck was well known abroad. He liked travelling 
and as a result of his broad interests and attainments he 
attended congresses and meetings within many fields of 
zoology and marine Hology, museum work, nature con- 
servancy and zoological gardens. He was a member of 
the International Committee of Zoological Congresses 
and the president of the Copenhagen Congress in 1953. 
He was also for six years president of the zoological 
section of the International Union of Biological Sciences 
and was a member cf several other international com- 
mittees (for example, on Zoological Nomenclature, the 
Zoological Record and Nature Conservancy). 

TorBEN WOLFF 


, Mr. K. E. B. Jay, M.B.E. 


Mr. K. E. B. Jay, who was well known for his popular 
books on atomic energy, died at his home in East Hendred, 
Berkshire, on August 3, at the age of fifty-five. Kenneth 
Edmund Brian Jay wes the son of Joseph Jay, a company 
secretary, of Amersham. From 1923 until 1929 he was 
educated at Universit College School, London, and then 
went on to University College, where he read physics. 
After only a year, his studies were interrupted by a long 
and painful iliness, leaving him with a serious physical 
disability, which remsined for the rest of his life. Jay 
resumed his studies in 1935, and in 1938 he graduated 
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with first-class honours in physics, and was awarded the 
Granville scholarship. After taking his degree, he began 
research on electron diffraction under Prof. E. N. da C. 
Andrade, who was much impressed by his character and 
ability. 

At the beginning of the Second World War, Jay joined 
the Air Ministry Telecommunications Research Establish- 
ment (later the Royal Radar Establishment). It was here 
that his abilities as a writer first came to notice, and after 
a short spell of experimental work he was attached to the 
chief superintendent, Mr. A. P. Rowe, to prepare thè 
establishment progress report and other documents. 
Rowe attached great importance to presenting technical 
information to the layman in an intelligible form, and he 
would not tolerate jargon; his views undoubtedly left 
their mark on Jay’s future career. When the Tele- 
communications Research Establishment moved to 
Malvern, Jay set up an information room, where all 
forms of graphical presentation were used to bring out 
the contribution of radar to the successful conduct of the 
War. During this period Jay did much to strengthen the 
chain of communication which was so successfully estab- 
lished between the scientists in the Telecommunications 
Research Establishment and the serving officers in the 
Royal Air Force. 

In 1945 Jay went to the Cabinet Office to work on the 
Official History of the War. There he conducted the 
researches and composed the narrative relating to the 
history of radar, which was incorporated in the volume 
on the Design and Development of Weapons. 

Three years later, Jay joined the Atomic Energy 
Research Establishment at Harwell as information officer, 
and in this post he laid the foundation of the present 
information service. However, he retained his interest in 
the more popular presentation of scientific information, 
and when the declassification of atomic information began 
to gather momentum in 1951, he put forward a proposal 
for a book on the work of the Atomic Energy Research 
Kstablishment. This was published in 1952 under the 
title Harwell, the British Atomic Energy Research Estab- 
lishment; it was the first serious description of post-war 
nuclear research in the United Kingdom, and was an 
Immediate success. This success led to Jay’s transfer to 
a full-time, scientific-writing post, and in the next few 
years there followed four more books: Britain’s Atomic 
Factories (1954), Atomic Hnergy at Harwell (1955). Calder 
Hall (1956) and Nuclear Power Today and Tomorrow 
(1961). Although the visits to distant establishments 
were a serious physical burden, he perhaps most enjoyed 
writing the books on the factories and Calder Hall, where 
an account of the scientific principles involved was com- 
bined with a fascinating story of engineering initiative 
and enterprise. 

In addition to these major works, Jay was responsible 
for many years for writing the chapters dealing with 
research in the Atomic Energy Authority’s annual report, 
and for a series of progress reports on activities at the 
_ Atomic Energy Research Establishment prepared for 
internal use in the Authority. He also wrote an intro- 
ductory chapter to the first volume of Mrs. M. Gowing’s 
official history of the United Kingdom atomic energy 
project, Britain and Atomic Hnergy, 1935-45. 

In all his writing Jay took immense pains both to keep 
in mind the needs of his readers for a clear and simple 
exposition, and also to preserve scientific accuracy. In 
this way he was able to achieve the objectives he set him- 
self, and at the samo time to retain fully the confidence 
of the scientists about whose work he wrote: nearly all 
his writing was based on first-hand discussion with them. 

A catalogue of his written work, however, cannot 
adequately represent the impact which Jay made on 
Harwell, and the Atomic Energy Authority. He was an 
excellent lecturer both in the history of atomic energy 
and on the presentation of scientific information; he was 
an active worker for standardization of nomenclature, and 
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was chairman of a British Standard Institution sub- 
committee which produced their Glossary of Terms used 
in Nuclear Science. But perhaps most important, in the 
face of physical adversity he showed a cheerfulness and 
determination which were an example to all, and with his 
warm personality, he inspired the affection as well as the 
professional admiration of all who knew him. His award 
of the M.B.E. in 1956 was universally acclaimed. 

Outside his office, as at work, Jay did not allow his 
disability to limit his activities. He was chairman of the 
Atomic Energy Research Establishment’s Amateur Radio 
Club, an active worker for his parish church, and a 
member of the Science Writers’ Guild. He was also author 
of some illustrated, children’s books on science, including 
British Nuclear Reactors (1960). 

Science is becoming more complex, more expensive 
and more difficult to understand; at the same, time, its 
understanding by laymen in industry and Government 
must increase if science is to be efficiently applied. 
Kenneth Jay had an outstanding ability to bridge this 
gap in communication between scientists and laymen; 
there is a great need for many more like him. 

R. M. FIsHENDEN 


VoL. 208 


Dr. Duncan A. Macinnes 


Dr. Duncan A. MacInnes, member emeritus of the 
Rockefeller University, died on September 23, in Hanover. 
New Hampshire. He was eighty years of age and had 
been active in scientific research until this past summer. 

Dr. MacInnes had been affiliated with the Rockefeller 
University since 1926 and had been a member emeritus 
since 1950. During his career, he distinguished himself in 
teaching and research in several universities and as a 
civilian with the Office of Scientific Research and Develop- 
ment during the Second World War. 

Many honours were conferred on Dr. MacInnes. He 
received the Nichols Medal in 1942, awarded by the 
American Chemical Society to stimulate original research. 
In 1948 he received the Acheson Medal, awarded every 
two years by the Electrochemical Society. He was also 
honoured with the Presidential Certificate of Merit in 
1948. 

Dr. MacInnes’s field of research had been largely 
directed towards the study of electrolytes in aqueous 
solution. As emeritus member, he had continued to 
conduct laboratory research. 

Born in Salt Lake City, Utah, March 31, 1885, he 
received his B.S. degree from the University of Utah in 
1907. In 1909 he received his M.S. degree from the 
University of Ilinois and his Ph.D. degree in physical 
chemistry in 1911. During the next six years he was 
successively an instructor and an associate in chemistry 
at the University of Illinois. During 1917-26 Dr. MacInnes 
carried out physical chemistry research at the Massa- 
chusetts Institute of Technology, first as an assistant and 
then as an associate professor. In 1926 he became an 
associate member of the Rockefeller Institute (now the 
Rockefeller University), in 1940 a member, and member 
emeritus in 1950. 

He was a member of the National Academy of Sciences, 
the American Association for the Advancement of 
Science, the American Chemical Society, the Electro- 
chemical Society (for which he served as president during 
1935-37), the American Philosophical Society, and the 
Harvey Society. 


7 Prof. Hermann Staudinger 


HERMANN STAUDINGER, whose death occurred on 
September 8, at the age of eighty-four, was a pioneer in 
the study of macromolecules and one of the founders of 
the subject of polymer chemistry. Born at Worms 
(Rhein) on March 23, 1881, he was educated at Halle, 
Darmstadt and Munich. In 1907 he became a lecturer in 
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chemistry at the University of Strasbourg, and after one 
year there he was appointed as an extra professor at 
Karlsruhe Technical High School (1908-12). After holding 
an. ordinary professorship at the Federal Technical School, 
Zurich (1912-26), he was appointed to a professorship at 
Freiburg im Breisgau in 1926—a post which he held until 
he retired on reaching the age of seventy. 

In his early years, Staudinger worked in the field of 
classical organic chemistry and with its well-defined sub- 
stances which could be fully characterized by standard 
methods. The outcome of this work was the well-known 
monograph on The Chemistry of the Ketenes. It was 
not until the early 1920’s that he selected as his field—at 
that time scarcely thought to be worth the‘consideration 
of an organic chemist of his reputation—the study of 
natural organic substances of high molecular weight. In 
this area he performed, with numerous collaborators, an 
enormous amount of experimental work on materials 
varying from natural materials, such as starch and cellu- 
lose, to synthetic substances, such as polystyrene and 
polyaldehydes, applying purely organic methods. He 
demonstrated that large linear molecules could be formed 
from small molecules by ordinary chemical reactions and, 
what is more, maintain their individuality even when they 
were subjected to chemical modification.: Through this 
work he built up information for the foundation of the 
new branch of macromolecular chemistry. In one of his 
first publications he deplored the prevailing tendency to 
formulate polymeric substances as association compounds 
held together by “partial valencies’’ and he proposed, the 
chain formulations of polystyrene and polyformaldehyde 
which are the ones accepted at the present time. He also 
advocated the long-chain structure of rubber and attrib- 
uted the colloidal properties of these substances entirely 
to the size of their primary Valence molecules. His chemical 
studies left no doubt as to the linear chain-like structures 
of these substances which he called ‘macromolecules’. 

In a paper published in 1926, Staudinger remarked that 
“many of the properties of synthetic high polymers are 
so similar to those of natural origin that they may be 
used as substitutes for them. It is not improbable that 
sooner or later a way will be discovered to prepare artı- 
ficial fibres from synthetic high molecular-weight products 
because the strength and elasticity of natural fibres depend 
exclusively on their macromolecular structure’. How 
brilliantly this prediction was fulfilled in his lifetime is 
commonplace knowledge. Staudinger’s views were not 
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Royal Society of Edinburgh: Elections 


AT the annual statutory meeting of the Royal Society 
of Edinburgh, held on October 25, the following were 
elected to the Council of the Society for the 1838rd 
session: President, Prof. J. N. Davidson; Vice-Presidents, 
Prof. C. E. Davidson, Dr. M. Ritchie, Prof. J. Allen, Dr. 
G. H. Mitchell, Prof. A. E. Ritchie, Prof. C. H. Wad- 
dington; General Secretary, Prof. N. Feather; Secretaries 
to Ordinary Meetings, Dr. A. F. Brown, Prof. W. L. 
Weipers; Treasurer, Dr. J. R. Peddie; Curator of Inbrary 
and Museum, Dr. R. Schlapp; Councillors, The Right 
Hon. Lord Balerno of Currie, Dr. J. M. Jackson, Prof. 
I. N. Sneddon, Prof. P. E. Weatherley, Dr. Neil Campbell, 
Prof. P. L. Pauson, Prof. J. R. Raeburn, Prof. J. D. 
Robertson, Prof. P. W. Brian, Dr. H. E. Butler, Sir 
David Lowe, Dr. D. G. Sopwith. 


Metallurgy in the University of Oxford : 
Prof. W. Hume-Rothery, O.B.E., F.R.S. 


Pror. W. Hume-RoTHERY will retire from the isaac 
Wolfson chair of metallurgy in the University of Oxford 


NATURE pi 


627 


widely accepted at once. Many of his colleagues in high 
academic positions remained for a long time unconvinced. 
They did not approvə either of his methods and results 
or the manner in whieh he elevated his own working field 
to a “new branch of crganic chemistry”. Many will recall 
the numerous occasions in the 1920’s and early 1930’s 
when the history of polymer science was made in the 
eloquent clashes between Staudinger—who relentlessly 
championed the macromolecular hypothesis—and those 
who believed that polymers were aggregates of small 
molecules. One of his best-known contributions was the 
establishment of a relationship between the viscosity of 
a solution of a high polymer and its molecular weight. 
As with other aspects of his work, much doubt and con- 
troversy centred on the so-called viscosity law which 
Staudinger proposed in 1930. The difficulties, however, 
were soon resolved, and the utility of the later modified 
relationship between viscosity and molecular weight 
played an important part in the determination of mole- 
cular weights and ic the development of the physical 
chemistry of high polymers. 

Staudinger’s importance in the development of polymer 
chemistry is now universally accepted. His prodigious 
output of research and publications and his never-failing 
enthusiasm in a field in which he had to fight at every 
step to establish nev concepts or justify new methods 
places him first when it comes to the question of who 
contributed the greatest number of facts and figures to the 
new macromolecular chemistry. 

In addition to his outstanding scientific achievements, 
Staudinger was also a great teacher, who succeeded in 
transmitting his new ideas and creative thinking to the 
very large number of students always working in his 
laboratory. These students carried with them into 
academic life and industry the convictions of their 
master, and a generetion of leaders in polymer science 
emerged. 

Staudinger’s many honours included the Nobel Prize 
for Chemistry in 19&3; honorary degrees of Karlsruhe 
(1950), Mainz (1951). Salamanca, (1954), Zurich (1955) 
and Strasbourg (1959); and honorary membership of 
numerous academies of science and scientific societies. 
He was awarded the Leblanc Medal of the French 
Chemical Society (1931), Cannizzaro Prize, Rome (1933), 
and Goldene Ehren-Medaille des Vereens der Textil- 
chemiker (1962). He was made an honorary citizen of 
Freiburg in. 1955. ©. E. H. BAwn 


and VIEWS 


on September 30, 1366. His long and distinguished 
scientific career has bəen spent almost entirely in Oxford, 
and the date will be a sad occasion for his friends and 
colleagues. Prof. Hime-Rothery intended to make his 
career in the Army (and would surely have become a . 
general !), but a seriaus illness as a young man left him 
totally deaf, and he turned to science instead. After 
taking an Oxford first in chemistry, he worked for his 
Ph.D. at the Royal School of Mines, and then returned 
to work in Oxford in 1926. Using his chemical back- 
ground to great advantage, he began there the work 
on the theory of aloy formation for which he is so 
renowned, and the Oxford school of alloy chemistry 
eventually grew into the present Department of Metal- 
lurgy. In 1957 he became the first professor of metallurgy 
in Oxford, and the choice was so unquestionable that the 
University dispensed with the formality of an election. 
Throughout his career, “H. R.” has played a leading part 
in associatmg metallurgy with solid-state physics and 
chemistry. He pioneered the scientific approach to 
metallurgy, not only by his own research, but also by 
his brilliant expositions of basic theory in books which 
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have been, used by ‘generations of students and which 
have been translated’ mto many languages: : His early 
work was.actomplished with slender resources 1n cramped 
accommodation, ‘but led.to widely acclaimed generaliza- 
tions such as the ‘size factor rule and the existence of 
electron compounds. He was elected a Fellow of the 
Royal Society in 1937, and has received awards and 
honours from scientific societies in Britain, the United 
States, The Netherlands and Italy, including the Platinum 
Medal of the Institute of Metals in 1949. : 

Metallurgy at Oxford has always been associated with 
the name of Hume-Rothery, and without his enthusiasm 
1t would never have attained the status of an independent 
Final Honour School. ‘His interests in teaching no less 
than in research have been fully engaged since the Second 
World War, and he hands on to his successor a Depart- 
ment which. already. enjoys a high reputation. All will 
wish “H. R.” a long and happy retirement, but it will be 
surprising 1f he does not ummediately begin work on 
another book. 


Prof. P. B. Hirsch, F.R.S. 


Dr. P. B. Hrrscm, reader in physics at the Cavendish 
Laboratory, Cambridge, has been elected to the Isaac 
Wolfson professorship of metallurgy in the University of 
Oxford, as from October 1, 1966, in succession to Prof. 
W. Hume-Rothery. He was born in 1925, and graduated 
at Cambridge in 1946, with a first-class honours degree 
in physics. He then joined the late J. N. Kellar as a 
research student in the Cavendish Laboratory, and 
together they developed an X-ray microbeam technique 
for the study of the microstructure of deformed metals, 
under the direction of Dr. W. H. Taylor. In 1950, Dr. 
Hirsch initiated at the Cavendish Laboratory, on behalf 
of the National Coal Board, an X-ray diffraction study 
of the structure of coals and of the carbonization process. 
From about 1955 onwards he turned his attention again 
to problems in plasticity, work-hardening and defects in 
metals. He was responsible for developing, with Dr. 
M. J. Whelan, the electron microscope transmission 
technique for the study of defects in crystals. This work 
led in 1956 to the first direct observations of the movement 
of dislocations in metal foils. During the next few years 
Dr. Hirsch and his colleagues developed the experimental 
techniques and theories of image contrast which make it 
possible to determine from electron micrographs the 
detailed nature of defects. During this period the collabor- 
ation of Hirsch, Howie and Whelan was particularly 
successful. The technique was also applied to a number 
of problems, including dislocation interactions, defects 
in quenched and irradiated metals, dislocation distribu- 
tions in metal crystals deformed in tension and fatigue, 
and recrystallization. This work was a major and fruitful 
advance in metal physics and it established the electron 
transmission microscope technique as a powerful tool in 
metallurgy: Dr. Hirsch also made outstanding contribu- 
tions to the theory of dislocations and work hardening. 
It is recognized internationally that the group which has 
grown around him in the Cavendish is a leading one in the 
field’of metal physics. Dr. Hirsch was elected a Fellow 
of Christ’s College, Cambridge, in 1960, a Fellow of the 
Royal Society in 1963, and was awarded the Rosenhain 
Medal of the Institute of Metals in 1961, and the C. V. 
Boys Prize of the Institute of Physics and the Physical 
Society in 1962. When he takes up his new appointment 
he will be responsible for the proposed expansion of 
metallurgy at Oxford and for broadening the interests 
of the Department towards materials science. 


Geography in the University of Reading : 
Prof. A. Austin Miller 


Pror. A. Austin MILLER retired from the chair of 
geography in the University of Reading on September 30 
after nearly forty years in the Department of Geography 
there. A graduate in geology of University College, 
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London (B.Sc. first-class honours 1922, M.Sc. 1925, D.Sc. 
1940), he was appointed lecturer in geography at Reading 
in 1926 and professor of geography ın 1943. His work has 
dealt mainly with the physical aspects of geography and 
in 1931 he established an international reputation for 
himself with the publication of Climatology which, with 
due revision through nine editions and several translations, 
remains a standard text-book in 1965. In addition to 
many papers, his publications also include The Skin of the 
Harth (1953) and (with M. Parry) Everyday Meteorology 
(1958). For his work in geomorphology and climatology 
he received the Murchison Award of the Royal Geographi- 
cal Society in 1963. A founder-member of the Institute of 
British Geographers, he became in due course its youngest 
president in 1946—48, and later was president of Section E 
of the British Association for the Advancement of Science 
(1956) and of the Geographical Association (1963). He 
has served on the Council of the Royal Geographical 
Society and was advisory editor on geography.to the new 
Chambers’ Encyclopaedia, 1945—49.. In 1958 he was-elected 
Fellow of University College, London,, the same year in 
which he was visiting professor at the Universities of 
Indiana and British Columbia. He also held offices at 
meetings of the International Geographical Union at 
Lisbon 1949, Washington 1952, Rio de Janeiro 1956, and 
Stockholm 1960. 


Prof. T. G. Miller 


Mr. T. G. MILLER, who has just taken over the chair 
of geography at the University of Reading from Prof. 
A. Austin Maller, is a geologist by training. Demobilized 
after the Second World War with the rank of major, he 
then graduated in geology at Cambridge and was 
appointed University demonstrator in geology and Fellow 
of Jesus College, a post that he occupied until 1953, when 
he transferred to the University College of North Stafford- 
shire (now University of Keele). Prof. Miller’s interests 
have been in the realms of physical geography—exempli- 
fied ın his Geology and Scenery of Great Britain—n 
Carboniferous palaeontology and ın stratigraphy; while 
in the Territorial Army he has been concerned with 
terrain studies from a miltary point of view. He thus 
continues at Reading the wide interest in the physical 
aspects of geography that Prof. Austin Miller has culti- 
vated for almost forty years. 


Assistant Chief of the National Bureau of Standards 
Textile and Apparel Technology Center : 
Dr. F. C. Brenner 


Dr. F. CEC BRENNER has been appointed assistant 
chief of the Textile and Apparel Technology Center of 
the National Bureau of Standards Institute for Applied 
Technology. He will be responsible for developing new 
research projects and managing existing ones. The pro- 
gramme of research of the Textile and Apparel Center 1s 
designed specifically to meet the needs of industry. Dr. 
Brenner will maintain close contact with technical and 
trade associations and educational institutions as well as 
with industry, enabling him to carry on research useful 
to the industry. He is particularly well qualified for his 
new position as he has conducted research on fabric 
properties for end-use performance. He has also investi- 
gated the effect of textile finishing processes on the 
mechanical behaviour of fabrics which determines their 
stiffness, drape and wrinkling performance. Recently, 
Dr. Brenner was a member of the Chemstrand Research 
Center in Durham, North Carolina, and earlier of Johnson 
and Johnson Co. He gained his Ph.D. degree in polymer 
chemistry at the Polytechnic Institute of Brooklyn, and 
was appointed an instructor at the Institute, and later an 
assistant professor of physical chemistry at Vanderbilt 
University. Dr. Brenner is a member of the American 
Chemical Society, Fiber Society, Inc., and the American 
Association of Textile Chemists and Colorists. 
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Social Science Research Council 


In a written answer in the House of Commons on 
November 2, Mr. A. Crosland, Secretary of State for 
Education and Science, stated that further to the appoint- 
ment of Dr. M. Young as chairman of the Social Science 
Research Council, the following members of the Council 
had also been appointed: W. O. C. Adamson, A. L. C. 
Bullock, Prof. J. Drever, Prof. R. W. Firth, Sir Wiliam 
O. Hart, Prof. Marie Jahoda, Lord James of Rusholme, 
Prof. R. G. Lipsey, Prof. W. J. M. Mackenzie, Prof. T. H. 
Marshall, Prof. C. A. Moser, L. Murray, Prof. R. M. 
Titmuss and G. D. N. Worswick. A draft of the Charter 
to be granted to the Council has been approved by Her 
Majesty in Council, and a draft Order specifying the 
objects of the new body and declaring it to be a Research 
Council for purposes of the Science and Technology Act, 
1965, has been laid before Parliament. 


No 75011 


Desalination of Sea-water 


In a written answer in the House of Commons on 
October 27, Mr. F. Cousins, the Minister of Technology, 
stated that the Atomic Energy Authority and industry had 
completed a design for a plant to produce 30 million 
gallons of fresh water a day from sea-water. Further 
design work had been done, particularly in respect of dual- 
purpose plants for producing electric power and fresh 
water from nuclear reactors, and economic studies on 
these plants had been made in some detail. The great 
contribution already made by Britain had been recog- 
nized at the recent international conference on desalina- 
tion in Washington. More than two-thirds of all land- 
based desalination capacity in the world, including the 
biggest sea-water distillation plant at Kuwait, with a 
capacity of 1-4 million gallons a day, was built by British 
industry. Much interest was also shown at the Washing- 
ton conference in Britain’s design studies for combined 
power and distillation plants. In conjunction with Weir 
Westgarth and the nuclear engineering industry, the 
Authority had done much to improve the steam cycle of 
these dual-purpose plants. The flash-distillation process 
remained the most promising process so far available, and 
every effort was being made to improve its technical and 
economic efficiency. Work had also been started on alterna- 
tive processes, such as reverse osmosis and electro- 
dialysis, which might become increasingly important. 


Research and Development in the Building and Civil 
Engineering Industries 


In a written answer in the House of Commons on 
November 1, Mr. C. Pannell, the Minister of Public 
Building and Works, stated that during the past 9 months 
the Directorate General of Research and Development 
had made a comprehensive review of research and 
development related to the building and civil engineering 
industries. It had commissioned from universities some 
research projects relevant to the construction industry 
and was studying proposals for increasing the resources 
available for building research and the dissemination of 
technical information in the industry. Design work had 
started on a £1 million pre-production programme for 
the Department’s steel-framed system, Nenk. Further 
progress had been made with dimensional co-ordination 
and a start had been made on the change to the metric 
system. The Department had continued its work on 
winter building and had issued a film on techniques 
suitable for smaller builders. It continued to collect, 
analyse and disseminate statistical information, and to 
advise on the construction industries in connexion with 
the Government’s economic planning. The Ministry was 
represented on the Economic Development Committees 
for the civil engineering and building industries by 
members of the Directorate. 
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Solway Firth Barrage : Se et 


In answer to a question in the House of Commons on 
November 3, Mr. W. Ross, the Secretary of State for 
Scotland, said that, as a result of the moratorium on 
capital expenditure announced in July, it was not possible 
to proceed immediasely with the full-scale feasibility 
study of the Solway Firth Barrage. However, arrange- 
ments had been made far Messrs. Babtie, Shaw and 
Morton to start a preliminary study, costing some 
£10,000—£15,000, on the quantity and quality of water 
that would be made svailable by a barrage. 


second Conference on the Countryside in 1970 


WHEN the Duke of Edinburgh inspected National 
Nature Week in May 1963, what impressed him most was 
that so much goodwill and so many bodies interested in 
the care of the countryside were meeting with so little 
success in saving it. This he attributed to a lack of 
thorough enquiry and clear thinking which might enable 
all concerned to work in harmony and produce early and 
worth-while results. At his initiation, a study conference 
with that object was convened. It was felt that the 
countryside was in grave danger of irreparable damage by 
1970. The first study conference in November 1963 
brought the parties together, obtained fairly widespread 
agreement and helped towards resolving certain special 
problems such as the misuse of toxic chemicals on the 
land (Nature, 201, 9&8; 1964). It could not, however, 
tackle many deeper and more complex problems which 
needed more time and manpower. 

This task has now been undertaken by twelve study 
groups and a number of other combined operations, and 
the results came be-ore the second study conference 
opened by the Duke of Edinburgh on November 10 at. 
the Royal Society of Arts. That day and the next were 
devoted to intensive examination by those responsible for 
preparing the conference documents with the view. of 
bringing them together as a whole and defining ways and 
means of obtaining positive action. At this stage, Lord 
Strang, chairman. of tae National Parks Commission, and 
Lord Robens, chairmen of the National Coal Board, took 
the chair in turn. On November 12 the final reports went 
to a larger plenary meeting at Fishmongers’ Hall, at 
which Mr. F. Willey, the Minister of Land and Natural 
Resources, made a policy statement on behalf of the 
Government. Spokesmen of other national interests 
included Mr. John Davies for the Confederation of British 
Industries, Prof. CŒ. Buchanan on “Road Use in the 
Countryside’, Mr. Jeck Longland on education, Mr. W. 
Deedes on “Information”, and Mrs. G. L. S. Pike of the 
National Federation o7? Women’s Institutes, speaking from 
the point of view of the country dweller. 

The conference wa3 sponsored by the Royal Society 
of Arts, the Nature Conservancy and the Council for 
Nature. 


Central Building Resarch Institute, Roorkee, India 


It is always a matter of interest to students of building 
technology to learn, im only for comparative purposes, of 
the progress of research and of various lines of enquiry 
pursued in this field by organizations similar to the 
British Building Research Station, which have been 
established in other countries. India is no exception to 
this, as is clear from the annual report of the Centra] 
Building Research Institute, 1964-65 (India: Council of 
Scientific and Industrial Research. Pp. ix+ 83. Roorkee 
(U.P.): Central Building Research Institute, 1965). In his 
foreword, G. Pande, chairman of the Executive Council 
of the Central Building Research Institute, makes these 
points: “... the trerd of research in the Institute has 
been project orientec and greater emphasis has been 
given during the year on projects which have immediate 
impact on the building industry by way of -increasing 


630° 


productivity and reducing costs, with the maximum 
utilization of indigenous materials and improved tech- 
niques. . . . The Institute has also made good progress in 
the field of international co-operation, particularly in the 
exchange of research programmes and research results 
which will help in improving the quality of research work 
here”. Some idea of the scope of the work of the Institute 
1s conveyed by the titles of the sections into which this 
report is divided: building materials; soil engineering; 
structural engineering; efficiency of buildings; building 
processes, plant and productivity; architecture; informa- 
tion and survey; extension; and administration. In the 
introduction to the report, the director of the Institute, 
Dinesh Mohan, mentions several items of importance as 
affecting the progress of its work during the year under 
review; among these are: the installation of an IBM 
digital computer and the starting of a Computing Centre; 
an extension service, the opening of small liaison cells in 
other parts of the country, a start being made at Calcutta 
and Bhopal; the new laboratories of the Efficiency of 
Buildings Division; the difficulty of recruiting staff for 
vacant scientific posts, especially in the engineering dis- 
ciplines, which has hampered progress in a number of 
research projects; and the popularity of the Building 
Digests issued by the Institute at regular monthly 
intervals. The Central Building Research Institute has 
now completed twelve years of its existence in the service 
of the building industry, and its close ties with inter- 
national organizations, through the International Council 
of Building Research and Documentation, will ensure 
that ‘its work in future will proceed, as in the past, on 
most progressive lines. 


Chemical Industries Association, Ltd. 


In 1964, the Association of British Chemical Manu- 
facturers and the Association of Chemical and Allied 
Employers decided that it was vital, in view of the 
increased involvement of Government, irrespective of 
party, in industrial affairs, that their two organizations 
should merge to form a new and more powerful body. 
This merger has now been successfully concluded with 
the formation of the Chemical Industries Association, 
Ltd., which formally comes into bemg on January 1l, 
1966. The officers of the new Association will be: 
President, P. C. Allen; Vice-Presidents, Lord Nether- 
thorpe and F. L. Waring; Director General, J. C. McEntee; 
Director of Trade Affairs, H. W. Vallender; Director of 
Industrial Relations, J. T. Collins; and General Secretary, 
A. J. Chant. Further information can be obtained from 
the Association of British Chemical Manufacturers, Cecil 
Chambers, 86 Strand, London, W.C.2. % 


Food Poisoning 


Foop poisoning, the subject of a symposium in The 
Practitioner, is a problem of unknown extent (195, 
No. 1165; July 1965). As Dr. G. E. Breen points out in 
the opening article, “it is probable that the condition is 
very much under-reported’”’, and, in his opinion, un- 
reported cases may amount to nearly 50 per cent of the 
overall incidence. In noting that there were 3,919 cases 
of human salmonellosis proved in England and Wales in 
1963, Dr. J. Taylor comments that ‘‘this figure ıs prob- 
ably about one-third of the actual number, as so many 
cases are not notified”. In the United States it has been 
estimated that there are 2 million cases of salmonellosis 
every year, but whatever the precise figures, the incidence 
is much too large and leads to a great deal of personal 
meonvenience and loss of working time. Much of it could 
be prevented if only housewives, shopkeepers and 
restaurant keepers would observe certain simple rules of 
hygiene; however, while prevention is the ideal way of 
tackling the problem, there will always be a modicum. of 
cases, no matter how efficient preventive measures may 
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be. It is in the detection of these that the general prac- 
titioner occupies the key position. The ultimate respons- 
ibility for coping with any ‘incident’ rests on the medical 
officer of health, but he is obviously at a disadvantage 
unless he is notified of @ case at the earliest possible 
moment by the family doctor. The symposium has been 
prepared in order to provide an up-to-date, authoritative 
account of what can be done to control this unnecessary 
incidence of disease. 
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Care of Laboratory Animals 


Posuications Nos. 1284 and 1285, issued by the 
National Research Council of the National Academy of 
Sciences, 2101 Constitution Avenue, Washington, D.C., 
will interest all who are concerned with the maintenance 
of laboratory animals and their use in experimental work 
(No. 1284: Laboratory Animals: Animal Medicine. Pp. 
vii+ 35. 1.25 dollars. No. 1285: Laboratory Animals . 
Training. Pp. v+57. 1.50 dollars. Washington, D.C.: 
National Academy of Sciences—National Research Council, 
1965). They outline the plans put forward by the Institute 
of Laboratory Animal Resources for graduate training in 
laboratory animal medicine. College programmes now pro- 
viding thistraining areexamined. For thispurpose, eighteen 
veterinary schools have been visited. Other publications 
in the series on Laboratory Animals are entitled: The 
Shipment of Laboratory Animals (1.50 dollars); A Directory 
of Sources of Laboratory Animals, Equipment and Servace 
(2.00 dollars); Recommended Minimum Standards for the 
Shipment of Laboratory Primates (1.50 dollars). These 
publications express the welcome recognition in the 
United States of the fact, long recognized in Britain, that 
animal care is a profession and a discipline, and that those 
who look after laboratory animals should be fully trained 
for their work. They need to understand the biology of 
the animals under their care, their sanitation, hygiene, 
housing, shipment and the equipment needed for this. 
Furthermore, they should be able to ensure their safety 
and deal with such matters as administration, manage- 
ment and the keeping of records. 


Veterinary Non-proprietary Names 


THE British Veterinary Codex Revision Committee has 
adopted the followmg non-proprietary names for the 
veterinary substances indicated: 


Non-proprietary name Other names 


Oxyclozanide 3,5,6,8’,5’°-pentachloro-2,2’- 
dihydroxybenzanilide; I.C I. 46,638. 

Pyrimithate 2-dimethylamino-6-methylpyrimid-4-yl 
diethyl phosphorothionate; I C.I. 29,661, 

Tetramisole 2,3,5,6-tetrahydro-6-phenylimidazo- 


[2,1-b]thiazole; I.C.I. 50,627 

The non-proprietary names are reported to be free from 
conflict with trade marks registered in Great Britain and 
Northern Ireland, and these names, or names resembling 
these names, will not be registered as trade marks for 
pharmaceutical products or drugs in those countries. 
Some of the names, other than the chemical names, 
appearing in the second column here are registered trade 
marks. The adoption of a non-proprietary name does not 
necessarily imply that the British Veterinary Codex 
Revision Committee recommends the use of the substance 
in veterinary medicine or that the substance will be 
included in the British Veterinary Codex, although if 
a substance is included, it is intended that the non- 
proprietary name shall be the title of the monograph. 
The British Veterinary Codex Revision Committee has 
undertaken, at the request of the Association of the 
British Pharmaceutical Industry, to provide non-pro- 
prietary names for veterinary products, and all requests 
from manufacturers and other interested persons for the 
provision of such names should be addressed to the 
Secretary, British Veterinary Codex Revision Committee, 
Pharmaceutical Society of Great Britain, 17 Bloomsbury 
Square, London, W.C.1. 
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Mitral Valve Disease 


A SYMPOSIUM on advances in diagnosis and treatment 
of mitral valve disease was held at a regular meeting of 
the Section of Biological and Medical Sciences at the 
New York Academy of Sciences on October 14, 1963 
(Ann. N.Y. Acad. Sci., 118, Article 10: Mitral Valve 
Disease, by J. D. Baker and 11 other authors. Pp. 469- 
536. New York: New York Academy of Sciences, 1965). 
The moderator was G. H. Humphreys, who summed up 
the symposium as follows: ‘Disease of the mitral valve, 
usually of rheumatic but occasionally congenital origin, 
continues to be a major cause of disability in human 
beings in most countries of the world. It is interesting 
that the same valve is a frequent cause of heart failure 
in dogs, though the etiology appears to be different. It is 
of importance, therefore, that the search for better under- 
standing of the pathological physiology, and improved. 
diagnostic methods often based on, and sometimes adding 
to, this understanding be continuously pursued. At the 
same time, methods of more effective surgical correction 
of the valve are now available, so the criteria for selection 
of patients and choice of procedure must constantly be 
refined. It is evident from the papers presented in the 
symposium that much remains to be dons in this field. If 
the experience in animal hospitals can be correlated with 
that in human, it is possible that new avenues of inves- 
tigation may be opened”’. 


The Association of Clinical Biochemists 


THE following have been elected officers of the Associa- 
tion of Clinical Biochemists for 1965-66: President, Prof. 
R. H. S. Thompson (Courtauld Institute of Biochemistry, 
London); Chairman, Dr. R. Gaddie (General Hospital, 
Birmingham); Secretary, Dr. A. H. Gowenlock (Chemical 
Pathology Department, University of Manchester); 
Treasurer, Dr. D. B. Horn (Royal Victoria Infirmary, 
Newcastle upon Tyne). 


Bullard Forest Research Fellowships 


APPLICATIONS are invited for research fellowships in 
forest resources which are awarded annually by Harvard 
University from the Charles Bullard Fund. Such fellow- 
ships are tenable for one year and carry stipends up to 
15,000 dollars. They are open to men in public service, 
in academic careers and in private forestry, with or 
without advanced degrees, who show promise of important 
contributions to forestry, which study and research at 
Harvard University will help to fulfil. Further informa- 
tion can be obtained from the Committee on the Charles 
Bullard Fund for Forest Research, Littauer Center 119, 
Harvard University, Cambridge, Massachusetts. 


Guinness Awards for Science and Mathematics Teachers 


THE Guinness Awards for Science and Mathematics 
Teachers are now to be extended so as to include Africa. 
This extension follows experience of the first results in 
the Guinness Awards programme in Ghana during 1964. 
The Awards scheme will now include the whole of English- 
speaking Africa. It is to be carried out in association with 
the Afro-Anglo-American conference financed by the 
Carnegie Corporation. Money prizes totalling £350 and 
certificates will be awarded. The purpose is to encourage 
teachers in schools and colleges in Africa to develop and 
report on the teaching of science in Africa with special 
reference to adaptations related to the African environ- 
ment. The scheme for Africa will go into operation 
immediately and the first Awards are expected to be 
announced in April 1967. 

The Guinness Awards for Science and Mathematics 
Teachers are also to be extended so as to include all schools 
run overseas by the Armed Forces. The three Services 
have agreed to collaborate, and the Royal Air Force 
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Educational Organization is to act as the co-ordinating 
centre. The first Awards will be announced in April 
1967. Also to encourage mathematics, it has been agreed 
that financial and administrative aid shall be provided for 
the following two schames: first, a National Mathematics 
Contest, now in its tnird year, in which the entrants are 
students in secondary schools, mainly grammar and 
public schools (in 1965 there were 5,000 entrants from 109 
schools in the United Kingdom for this contest); secondly, 
the Mathematics Olympiad, organized by Prof. W. K. 
Hayman, of the Department of Mathematics, Imperial 
College of Science and Technology, and Mrs. Hayman, a 
mathematics teacher at Mayfield School, London. This 
scheme began in 1965. The first Awards under the 
auspices of the Guinress Awards for the National Mathe- 
matics Contest and for the Mathematics Olympiad are to 
be made in April 1966. As a result of the extensions to 
the Guinness Awards outlined here, the total value of 
prize money to be awarded annually will now be £1,500. 
Further information can be obtained from Mr. Maurice 
Goldsmith, c/o The Science Teacher, 60 Paddington Street, 
London, W.1. 


Announcements 


Mr. W. T. Coorerr, research editor of the Division of 
Coal Research, Commonwealth Scientific and Industrial 
Research Organization, has been appointed to succeed 
Prof. N. Y. Kirov as chairman of the Institute of Fuel 
(Australian Membership). 


A. MEETING of the Welsh Soils Discussion Group on 
“The Fauna and Ficra of the Soil” will be held in the 
University College of North Wales, Bangor, on November 
24. Further information can be obtained from C. C. 
Rudeforth, Soil Survey, Trawscoed, near Aberystwyth, 
Cardiganshire. 


AN ordinary meeting of the Scottish Section of the 
Society for Analytical Chemistry will be held in the 
University of Strathclyde on November 26. A paper on 
“Separate or Calculatie” will be presented by Dr. A. L. 
Glenn. Further information can be obtained from the 
Society for Analytical Chemistry, 14 Belgrave Square, 
London, 8.W.1. 


A. LECTURE on. ““The Reliability of Electronic Systems” 
will be delivered by Dr. Irving Bosinoff (Mitre Corporation, 
Bedford, Massachuseits) at the Institution of Electrical 
Engineers on December 3. Further information can be 
obtained from Dr. G. S. Brayshaw, Northampton College 
of Advanced Technology, St. John Street, London, E.C.1. 


A JOINT meeting o7 the Scottish Section of the Society 
for Analytical Chemistry and the local sections of the 
Chemical Society, the Royal Institute of Chemistry and 
the Society of Chemical Industry will be held in the 
University of Strathclyde on December 3. A paper on 
“Chemistry for Profit” will be presented by Dr. J. W. 
Barrett. Further information can be obtained from the 
Society for Analytical Chemistry, 14 Belgrave Square, 
London, 8.W.1. 


THE 1966 Gordon Research Conferences will be held in 
Santa Barbara, California, during January 24—-February 4. 
The purpose of the Conferences is to stimulate research 
in universities, researzh foundations and industrial labor- 
atories and is achievad by an informal type of meeting 
consisting of scheduled lectures and discussion groups. 
The programme will include conferences on: polymers 
(January 24-28); chemistry of ageing (January 24-28); 
electrochemistry (Jacuary 3l-February 4); formulation 
of research policies (January 3l—-February 4). Further 
information can be obtained from W. George Parks, 
Department of Chemistry, University of Rhode Island, 
Kingston, Rhode Island. 
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MEETING OF BIOCHEMISTS IN SPAIN 


URING July 28-31 the third general meeting of 
Spanish biochemists was held at the University of 
Oviedo, organized by the Spanish Society of Biochemistry 
and sponsored by the Ministry of Education and the 
University of Oviedo. Tho Minister of Education, Prof. 
M. Lora Tamayo, himself a biochemist, was the honorary 
president of the meeting. 

At the opening session, Dr. A. Sols and Dr. J. R. 
Villanueva, president and secretary, respectively, of the 
Spanish Society of Biochemistry, gave a short historical 
review of the Society including its progress as shown 
through the programme of these meetings and other 
activities. Prof, F. Grande Covian, of the University of 
Minnesota, spoke in representation of the scientists coming 
from abroad, and finally the acting rector of the Univer- 
sity expressed his pleasure at being with the Spanish bio- 
chemists. 

The meeting centred about three symposia: (a) “En- 
zymatic Regulation”; (b) ‘Microbial Metabolism”; (e) 
“Hormonal Metabolism’. The first symposium held was 
under the chairmanship of Prof. S. Grisolia, of the 
University of Kansas, and Dr. Gertrudis de la Fuente 
(Madrid) described the work on the allosteric effects in 
hexokinases, followed by M. L. Salas, who discussed the 
allosteric regulation of the yeast phosphofructokinase. 
C. Gancedo (Madrid) described some results on the allo- 
steric yeast fructose-1,6-diphosphatase and the regulation 
of gluconeogenesis. Dr. Gertrudis de Torrontegui (Madrid) 
described the level of pyruvate carboxylase and related 
enzymes in micro-organisms grown on different carbon 
sources. Prof. S. Grisolia presented the work carried out 


ın collaboration with Dr. Torralba and J. Tecson at the” 


University of Kansas on the reversible transformation 
of phosphoglyceromutase in diphosphoglycerate phos- 
phatase. J. Salas (Madrid) described results of the stability 
and synthesis of the liver glucokinase in vitro and in vivo. 
Finally, A, Sillero described the induction and turnover 
of the glucokinase in liver. The session was followed by 
a general discussion, and at the end Drs. A. Sols and 
S. Grisolia summed up the more important points of the 
symposium. This session was followed by a lecture by 
Prof. J. Oró, University of Houston, on recent researches 
on hydrocarbons of biological origin found in Pre-Cam- 
brian sediments and meteorites. 

In the second symposium, under the chairmanship of 
Dr. ©. Asensio (Madrid), Dr. D. Vázquez (Cambridge) 
described investigations of the effect of some antibiotics 
inhibiting the synthesis of protems at the ribosomal 
level. Prof. R.-Parés (Barcelona) described work on 
amino-acid excretion by a coliform. Dr. E. Muñoz 
(Liége) described recent work carried out in collaboration 
with Drs. Ghuysen and Petit on the structure of gluco- 
peptides of the bacterial cell wall. Dr. Concepción Garcia 
Mendoza, (Madrid) described the purification and chemical 
analysis of the cytoplasmic membrane of yeast, and 
finally Dr. J. R. Villanueva (Madrid) reviewed the ways 
in which information about yeast cell wall structure 


has been obtained and described some results obtained by 
his group at the Institute for Cell Biology. At the end 
of this symposium a discussion on “‘Unity and Variety in 
Microbial Biochemistry” was held, the mam discussants 
being Drs. Losada, Mayor, Montoya, Parés, Regueiro, 
Sols and Villanueva. The session was followed by an 
address by Dr. M. Losada, director of the Institute for 
Cell Biology, CSIC, Madrid, who described the mechanism 
of the photosynthetic reduction of nitrate to ammonium. 

In introducing the third symposium, Prof. F. G. 
Valdecasas, rector of the University of Barcelona, made 
some comments on the importance of the subject of 
hormonal metabolism. Dr. J. Gémez Acebo (Madrid) 
showed a collection of electron micrographs of pancreas 
cells during the process of insulin secretion in vitro. Dr. 
C. Lépez Quijada (Madrid) reported the effects of iodo- 
acetate and cystem on the antigenic power of insulin. 
Prof. C. Osorio (Granada) described the process of secre- 
tion of thyroxin in bile of monkeys. Dr. J. A. Sanchez- 
Martin (Madrid) discussed the action of thyrotrophic 
hormone on the intra-thyroid metabolism of the propyl- 
thiouracil. Dr. E. Herrera (Madrid) discussed the problem 
of experimental goitrogenesis, Dr. A. Colás (University of 
Oregon) described the biosynthesis of the oestriol during 
pregnancy, and finally Dr. A. Oriol-Bosch (Madrid) 
described the metabolism of tritiated progesterone by 
the adrenal cortex of the guinea-pig. The session ended 
with an address by Prof. J. L. Rodriguez Candela, director 
of the Marañón Institute, CSIC, Madrid, who described 
investigations of his group and discussed the regulation 
of the insulin secretion. The symposia were followed by 
sessions where short communications were read. In all, 
about forty papers were presented. 

During the closing session of the meeting, Prof. F. 
Grande Covian gave a lecture on the role of the dietetic 
factors in the regulation of the plasma lipids. 

Several social events were also organized, including 
receptions in the University and the Town Hall, and an 
excursion to the beautiful resorts of the Asturias coast. 
Nearly two hundred people attended this meeting, in- 
cluding a notable group of Spanish research workers from 
abroad and-many young research students. The meeting 
was very successful, especially in encouraging the strong 
development of biochemistry in Spain, which has been 
proceeding during the past five years. The next general 
meeting of the Society will be held in the University of 
Granada in the autumn of 1966. 

The whole of the Oviedo University meeting made an 
important contribution to the way in which science, and in 
particular biochemistry, is growing in Spain. The progress 
has been strongly stimulated by the marked interest taken 
in biochemistry by some distinguished professors and 
research workers from the Consejo Superior de Investi- 
gaciones Cientificas and the University. Recently, in- 
creasing attention has been directed in Spain to the means 
of developing scientific policy and the mechanisms of 
scientific advice. J. R. VILLANUEVA 


LUNG TUMOURS IN ANIMALS 


N international conference on “Lung Tumours in 
Animals” was held at the Division of Cancer 
Research, University of Perugia Medical School, during 
June 24-29. The conference brought together many 
geneticists, physiologists, pathologists, virologists and bio- 
chemists, whose main interests lay in basic cancer research. 
Following the opening of the conference by Prof. G. 
Ermini (Rettore Magnifico of Perugia University), L. C. 
Strong (San Diego, U.S.A.), addressing the audience as 
the representative of the doctors ‘honoris causa’ of the 


University of Perugia Medical School, said that the con- 
tributions of that small select group of scientists to the 
human knowledge of cancer had indeed been great— 
and that no small part of these contributions had been 
made, and would presently be made, at the Conferences 
of the Division. of Cancer Research, Perugia. 

H. L. Stewart (Bethesda, U.S.A.), speaking as the repre- 
sentative of the National Cancer Institute, Bethesda, 
commented that the conference should contribute much 
to our knowledge of the comparative pathology of pulmon- 
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ary tumours and help to decipher some of the puzzles that 
remain obscure about cancer of the lung in human beings. 

Prof. L. Severi, in an introductory talk, commented that, 
because of the apparent increase in human lung cancer 
attributed to atmospheric pollutants and, on the basis of 
statistical investigations, especially to smoke, the..-con- 
ference was most timely. He pointed out, however, that 
lung cancer occurs in, animals, which do not smoke, and 
that no conclusive evidence was available to show. that 
tumours could be induced in them either with smoke 
or with the products of tobacco. 

Lectures were given at the conference to emphasize 
important aspects of pulmonary carcinogenesis in animals 
as a whole, and a number of papers were presented. Of 
special interest was the brief address of Prof. W. I. B. 
Beveridge on the World Health Organization’s programme 
in comparative oncology. . 

From Heston we .learnt that lung tumours in the 
mouse are the most suitable for genetic study. There 
are sub-strains with high- and with low-pulmonary- 
tumour incidence. The genes which influence the develop- 
ment of induced tumours have the same effect on the 
development of the so-called spontaneous tumours. These 
are tumours with a high degree of heritability, and at 
least 10 known genes are connected with the increase or 
decreaso in pulmonary tumours. After discussing the 
anatomy, histology and electron microscopy of the lungs 
of the animals most used in experimental research on 
lung tumours, Peacock directed attention to the double 
exposure of alveolar epithelium to carcmogens, on one 
hand, through the air breathed, and on the other through 
blood, which is responsible for conveying fat-soluble 
substances directly from the.alimentary canal. 

As the environment (broadly speaking) would seem to 
be important in pulmonary carcinogenesis, which may 
be supposed to overcome the body’s defences, Bell exam- 
ined the protective physiological mechanisms of the 
lung in small laboratory animals and birds, the respiratory 
physiology of which is little known or studied. Kinosita 
reviewed recent progress ın research on pulmonary 
carcinogenesis, and pointed out that many newly dis- 
covered causative agents for various species of animals 
have been introduced.. The neoplasms are apparently 
alveolar and bronchiolar in origin, often undergoing 
squamous metaplasia. Even minute doses of the agents, 
given to pregnant or nursing mothers or to the progeny at 
birth, can be shown to produce lung cancer in mature age. 

According to Roe, mice are not ideal for research on 
lung.cancer.in man, especially because of differences mm 
airway size'and mucus production; they represent, how- 
ever, a valuable tool in that they make possible the study 
of a large-number of animals and the rapid induction of 
pulmonary tumours. Such tumours are mduced more 
easily with techniques which prevent the rapid elimination 
of the carcinogen from the pulmonary tissue. From this 
fact Shabad developed the theory that, in man, disturb- 
ances in the defence mechanisms of the lung could promote 
the deposition and the retention of carcinogens and the 
induction of tumoral proliferation. . By histological 
analysis of pulmonary tumours of a number of different 
animals, by comparison between the lung tumours of 
the various species and comparison of these with human 
lung turaours, and by considerations of tumour classifica- 
tion, H. L. Stewart has been led to the conclusion that 
these are for the most part tumours that have not been 
studied in depth. 


and So-called ‘Spontaneous’ 
Lung Tumours 


Evidence points to the -belief that spontaneous pul- 
monary tumours in animals are rare. ’ In cattle they are 
exceptional (Migaki and Brandly ; Montroni and Barboni), 
about 50,cases having been described (Owen); in the cat, 
according ‘to' Stiinzi, they represent 12 per cent of all 
carcinomata; ini the dog, where they dd not seem to be on 
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the increase (Cohen), they occur in between 0-2 and 0-6 
per cent of the autopsy material, respectively, at Richland 
(Washington) (Clarke et al.) and Storrs: (Connecticut) 
(S. W. Nielsen). In both domestic animals- (Dahme) 
and in captive wild mammals and birds (H. L. Stewart), 
the cases are usually of adenocarcinomata:-and squamous- 
cell carcinomata; alveolar-cell carcinomata are infrequent 
and are divided into unicentric and multicentric—the 
latter corresponding (Dahme) to pulmonary adenomatosis 
in sheep (jaagsiekte). 

Because lung aderomatosis or foetalization frequently 
occurs in many circamstances and due to many causes, 
care (Schiefer) must be taken in formulating the diagnosis 
of adenomatosis, strictly defined, in sheep; its real nature 
is still doubtful, since the possibility of its being inflam- 
matory cannot be excluded (Cohrs). Perhaps, in this 
regard, it is appropriate to consider the ‘jaagstekte com- 
plex’ (Marsh) which consists of two morbid entities: 
(a) pulmonary adencomatosis in sheep (jaagsiekte), which 
may be a tumour capable of metastasising; (b) progressive 
chronic pneumonia, to which ‘maedi’ belongs. This 
latter disease (Gudnadottir) has appeared m sheep in 
Iceland in the past twenty-six years. It is a generalized 
infection which produces pulmonary lesions, lesions in 
the lymphatic system and probably in the central nervous 
system; it would seem that it may be transmitted to 
healthy animals by the coughing of affected animals. It 
is @ virus disease, the fundamental characteristics of 
which we have now-learned (Thormar). l f 

Pleuropneumonia-like organisms have been shown in 
a series of sheep with adenomatosis, both serologically-and 
culturally (Mackay). A lesion similar to adenomatosis in. 
sheep (jaagsiekte) 1s found in man, and this is an alveolar 
carcinoma of the lung, which has a peculiar clinical pro- 
gression (Cunningham). The so-called spontaneous lung 
tumours in mice (the lung tumours of inbred strains) are 
dependent on many factors, genetic and extragenetic. 


-Johnson and Strong showed that, in all probability, it is 


possible to control tha incidence of lung tumours, a genetic- 
ally controlled biological characteristic, with selection 
on-a maternal age besis. Rabotti reported on the biology 
of lung tumours in BALB/eN mice, a sub-strain of inter- 
mediate lung tumour incidence, and presented data on 
incidence (which csn vary by extragenetic influence), 
progression and the findings by electron microscopy and 
tissue culture. ; 


Induced Lung Tumours 

It is possible to induce hyperplastic, metaplastic and/or 
tumoral lesions in the respiratory apparatus of animals 
in many ways. 4 

(1) Ionizing radiarion. After a review of lung carcino- 
genesis by ionizing radiation (Cember), papers were read 
on the possibility of obtaining tumours: (i) in the dog, 
with plutonium parcicles (Park et al.; Clarke et al.) and 
with X-rays (Andersen and Guttman); (ii) in the rat, 
with ®-rays (Kuschner et al.); (i) in the mouse, with 
X-rays at high altitude (Mori-Chavez).'’ 

(2) Viruses. Squvartini et al. found indications that 
viruses and hormones might be involved in Jung carcino- 
genesis in mice (BALDLB/c/Cb/Se sub-strain). Rabotts 
found viral particles in spontaneous lung tumours in 
mice of the BALBIcN sub-strain. The virus involved 
might be regarded as a possible environmental extra- 
genetic factor in the development of lung tumours in 


- mice of this sub-strain.. Smith and Miller carried out 
research to show a virus in a transplantable tumour of 


mouse lung origin. In the hamster, with cultures of a 
human lymphoma containing a virus, 'S. E. Stewart 
obtained pulmonary lesions. Leuchténberger and Leuch- 
tenberger concluded from experiments, on ‘mice with 
influenza virus, and with influenza virus in combination 
with’ cigarette smoke, that influenza virus would appear 
to be an ‘infectious’ RNA virus, which undef certain 
conditions may be implicated in malighant transformation 


634 


of cells. Such a conclusion supports the hypothesis that 
influenza virus may be a co-factor in the development 
of bronchogenic carcinoma. Harris and Negroni, in a 
series of experiments, similarly exposed mice to influenza, 
virus and also to influenza virus in combination with 
cigarette smoke. The results with influenza virus alone 
gave a low incidence of malignant lung tumours de- 
veloping rather late in the life of the mice; preliminary 
results with the combination of influenza virus and 
cigarette smoke indicate that tumours appear earlier. 
Of particular interest in the latter series of experiments 
is the appearance of a squamous cell carcinoma not 
unlike the lung tumours observed in human smokers. 
The authors do not regard their findings as conclusive. 

(3) Atmospheric pollutants. Tumours: (1) in the rat, 
with nickel carbonyl (Sunderman), and with asbestos 
(in the pleura, mesothelioma) (Wagner); (ii) ın fowls, 
with asbestos (axillary air-sacs) (Peacock); (iii) in the 
hamster, with asbestos (in the pleura, mesothelioma) 
(Smith), with benzo(a)pyrene by means of dust particles 
(Saffiotti et al.), and with cigarette smoke (metaplastic 
and papillary processes in the trachea and bronchi) 
(Dontenwill and Wiebecke). 

Experiments in mice have yielded the followmg results: 
(i) with denicotinized tobacco smoke condensate (decrease 
in the development of pulmonary tumours by 3,4,9,10- 
dibenzpyrene) (Homburger and Treger); (ii) by the 
inhalation of tobacco smoke (after a year a single pul- 
monary tumour) (Harris and Negroni); (iii) with tobacco 
tar fractions (no increased incidence of pulmonary 
tumours) (Orr and Woodhouse). From the point of view 
of human pathology, Carnes and Moses reported that 
epithelial lesions have been studied, in autopsies, in 
relation to three forms of atmospheric pollution: (a) 
smoking history; (b) residence, classified by size; (c) 
occupation. Epithelial lesions of the trachea and bronchi 
proved to be more severe in those cases with a smoking 
history. According to Kreyberg, cigarette smoking, and 
to a lesser extent pipe smoking, may be considered to be 
particularly responsible for lung cancer. 

(4) Chemicals. Tumours: (1) in the rat, with N,N’-2,7- 
fluorenylenebisacetamide and related aromatic amines 
(Morris), ' 9,10-dimethyl-1-2-benzanthracene, 3,4-benzpy- 
rene and 3-methylcholanthrene (Crocker and B. I. Nielsen), 
20-methylcholanthrene and 3,4-benzyprene (Laskin et al.), 
N-methyl-N-nitrosourethane (Schoental) ; (11) in the mouse 
N -nitrosodiethylamine and WN - nitrosodimethylamine 
(Takayama and Oota), 4-nitroquinoline-N-oxide (Kino- 
sita), 3-methylcholanthrene and 4-nitroquinoline-N-oxide, 
new-born and adult (Tsubura and Kimura), urethane 
(Tannenbaum; Ribacchi and Giraldo; at high altitude, 
Mori-Chavez), “Imferon’ (Langvad), hydrazine (Bianci- 
fiori et al.) and its derivatives (Clayson et al.); (iii) in the 
hamster, with diethylnitrosamine (Dontenwill and Wie- 
becke); (1v) in the white Pekin duck, with methylchol- 
anthrene (Rigdon). 

In the rabbit, Griciute produced adenomatosis with 
dimethylbenzanthracene, and Moran showed that corti- 
sone, administered after pulmonary lesions had been 
produced by chemicals, resulted in temporary hyper- 
plasias of the epithelial type. In the pulmonary tumours 
of the rat by dimethylnitrosamine and diethylnitrosamine, 


PLANNING A NEW 


N July 1964 the Minister of Health informed Parliament 
that @ new medical school was to be established in the 
University of Nottingham, with an intake of 100 students 
a year, in conjunction with a new teaching hospital of 
1,200 beds. For three years before this announcement, 
the University had been engaged in negotiations, during 
which much thought was given to the problems involved. 
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changes occur in the protein-levels which seem to reflect 
systemic alterations in the whole organism (Hoch- 
Ligeti). The various degrees of alkylation of nucleic acids 
in the lungs and in other organs of the mouse, hamster 
and rat after treatment with carcinogenic nitroso com- 
pounds were studied in relation to the susceptibility of the 
organ to the carcinogen (Magee). 

Briand and Kieler investigated the carcinogenic and 
co-carcinogenic effect of various oxygen tensions on 
murine lung cells grown in vitro. Nitrosamines may be 
contained in cigarette smoke even though they have not 
been demonstrated; it is possible, however, that they 
disappear rapidly (Boyland and Roe). Urethane may act 
as an accelerator only (Bentvelzen and Szalay) and, 
according to Boyland, by means of N-hydroxyurethane. 
It has been shown in the rat that even a serious lesion 
in the pulmonary tissue is not sufficient for the develop- 
ment of @ cancerous growth in the presence of a weak 
carcinogen (Stanton and Blackwell). Boeryd and Mell- 
gren reported on the influence of heparin and epsilon- 
amino-caproic acid on pulmonary metastases of malignant 
tumours in mice. 
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Summary 


In the final session of the conference, under the chair- 
manship of Lord Florey, Prof. Severi gave a summary of 
the contributions to the scientific programme. Little is 
known of the epidemiology, the biological behaviour and 
the pathology of spontaneous lung tumours in animals. 
The World Health Organization’s programme in compara- 
tive oncology certainly is welcome. Attempts to induce 
tumours in the respiratory system by means of physical, 
viral and chemical agents must be developed extensively, 
so.that research in the field of pulmonary carcinogenesis 
can be widened. On this point, Bald considered drugs 
capable of producing lung tumours in animals while 
Sprunt reported that, by irritation of the pulmonary 
epithelium, with non-carcinogenic substances, lung tumours 
can be produced in the rabbit. The last mentioned is 
perhaps an important step for the understandmg of 
pulmonary carcinogenesis. The results reported on 
experimental carcinogenesis by tobacco did not extend 
our knowledge beyond the known facts: that smoke 
condensate is a complete carcinogen, if a weak one, for 
the skin of the mouse and the rabbit, for the mouse cervix, 
for the subcutaneous tissue of the rat and also for the 
trachea of the dog. Nothing is known for sure of its 
carcinogenic action on the bronchial epithelium, perhaps 
because of the technical difficulties. A great deal is known 
about lung cancer in man, and a very great deal about 
so-called ‘spontaneous’ and induced lung cancer in 
animals, but the cause of lung cancer in man or of spon- 
taneous lung cancer in animals remains. obscure. 

Prof. Severi agreed with Hockett that much systematic, 
methodical, step-by-step research with animal models 
must be done. So far as man ıs concerned, what is not 
understood cannot be prevented. For this reason there 
is little to expect from preventive medicine, but much 
to hope for from basic research. : 

The Proceedings of the conference will be published, as 
usual, by the Division of Cancer Research, P.O.B. 167, 
Perugia, Italy. L. SEVERI 
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MEDICAL SCHOOL 


In October 1964 the University Council, at the request of 
the Senate, decided to set up a Medical School Advisory 
Committee to offer advice and recommendations to the 
University on medical education, teaching and research, 
on the best arrangements for the nature and lay-out of 
the buildings required, and on the University’s adminis- 
trative relations with other bodies concerned. The Com- 
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mittee’s report has now been published*, and as the pro- 
posed new medical school is the first to be established in 
Britain since the Welsh National School of Medicine, set 
up ın Cardiff in 1893, the report is of considerable interest. 

The report begins with a brief review of medical educa- 
tion in the past and then discusses the purpese of a 
university medical school, which should, it considers, like 
the university itself, have two chief functions: the pursuit 
of knowledge and the education of the young—that of 
training for a profession, although a vocational objective, 
is added. It is accepted, as a fundamental tenet, that the 
new medical school will encourage research, particularly 
in the growing points of medical science, and also that 
teaching and research are complementary. The Com- 
mittee adopts three guiding principles and attempts (1) to 
shape the pre-clinical part of the course to conform in 
pattern and objective with that of other science depart- 
ments in the University; (2) to integrate and co-ordinate 
so far as possible pre-clinical and clinical departments and 
studies; (3) to plan the government, staffing and services 
of the hospital, to meet the needs of both the University 
and the community. 

The curriculum and buildings of the new medical 
school should be designed in such a way as to develop 
and strengthen the links between: (1) the medical school 
and the rest of the University; (2) the pre-clinical and 
clinica] parts of the school; (3) the hospital and the com- 
munity it serves. The Committee suggests that the 
medical school and hospital should be known as the 
“University of Nottingham Medical Centre’. Because 
teaching and research are so closely associated it is 
imperative that the new medical school should offer 
facilities for research in terms of time, space, staff, equip- 
ment and money which will attract only the best. 

The total of 100 medical students per annum is accepted 
as the number at which the new school should aim, but 
the building should be flexible enough to enable this 
number to be increased. No dearth of good candidates is 
expected, but over-specialization at school has serious 
consequences for medicine. Boys and girls wishing to 
study medicine, who have passes in Advanced-level 
Examinations in both arts and sciences or arts subjects 
alone, should be encouraged; suitable arrangements 
should then be made to teach them the chemistry, 
physics and biology required for the study of medicine. 
Students should be selected for their intelligence (as 
revealed by Ordinary- and Advanced-level Examination 
passes) and for their personal qualities and capacity for 
citizenship, as shown by their school records and by 
mterview. Every effort should be made to reduce the 
segregation from other students, inevitable to some 
extent in & medical student’s studies, by sharing in 
common residence, meals, sports and social facilities. 
Every inducement should be given to students to incor- 
porate themselves into the general life of the university. 
Certainly, the present science library should be extended 
to cater for medicine. 

As regards the curriculum, the report suggests that 
this should be designed to cultivate a student whose 
curiosity is enhanced and not diminished, who is familiar 
with the broad field of medical science and who has 
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* University of Nottingham. Report of the Medical School Advisory 
Committee. Pp. 76. (Nottingham The University, 1965.) 63. 
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acquired the habit of learning. He should also have 
assimilated the ethos of medicine. The curriculum should 
be planned with the view of avoiding the chief defects of 
contemporary medicel education, such as overcrowding, 
lack of integration between subjects taught at the same 
and different times, and too many examinations. Accord- 
ingly, it is recommended that lectures should not be 
excessive in number and attendance should, so far as 
possible, be voluntary. The student should have sufficient 
free time to read and work on his own initiative, both in 
the library and in the laboratory or wards. Details of the 
curriculum should be planned by an inter-departmental 
committee of teachers, appointed by the Faculty of 
Medicine with an independent chairman. This com- 
mittee should include junior staff, and should seek opinion 
from students, and keep the curriculum continuously under 
review. To synthesize the contributions of different dis- 
ciplines, lectures on different aspects of a single problem 
should be delivered consecutively and followed by group 
discussions. Clinical demonstrations should be given 
throughout the pre-clnical period so as to emphasize the 
unity of knowledge and alleged vocational aspects of the 
curriculum, but it should not be allowed to dominate the 
educational aspects. Medical examinations should be 
reduced to the minimam compatible with the regulations 
of the General Medical Council. 

It is suggested that the curriculum should consist of a 
period of three years’ training for the biological scientist, 
whose interest is centred on man, followed by two years 
of clinical training ard two pre-registration years. For 
those students who have not studied science at school, the 
University should provide an introductory year of science. 
The first-degree course in medical biological sciences is 
visualized as forming the third limb of a tripod, of 
which the other two would be a school of general biological 
sciences, within the feculty of pure science, and a school 
of agricultural biological sciences within the faculty of 
agricultural sciences. The teaching hospital should pro- 
vide for the needs of the community and of the University 
and its services, and include geriatrics, psychiatry and 
infectious diseases in £ certain area. The size of the units 
may require modification to meet the teaching and résearch 
needs of the University. The teaching hospital and medical 
school should be designed and constructed as a unit, to 
permit as free as possible an interchange of people and a 
maximum flexibility. It is suggested that the governing 
body of the new teaching hospital should be constituted 
by the Regional Board and the University (as equal 
partners), and that it should be responsible for obtaining 
the necessary finance from the Ministry of Health and 
the University Grants Committee. It is also recommended 
that the Department of Community Health should con- 
tain a sub-department of general practice, the function 
of which would be to help in the organization of general 
practice in the area, and to encourage the provision of 
better working condizions for general practitioners and 
thus better service fo> patients. The medical school and 
the teaching hospital should be designed as an entity. The 
Committee would regard a start in temporary accom- 
modation as both extravagant and undesirable, as it may 
result in loss to the University of some of the best 
senior staff—on whom the future of the medical centre 
depends. 


NATURE CONSERVANCY IN BRITAIN 


N a paper, ‘‘Advances in British Nature Conservation”, 
now preprinted from the Society’s handbook for 
1965*, Mr. E. M. Nicholson, director-general of the 
* Society for the Promotion of Nature Reserves. Advances wn British 
Nature Conservation. (Preprint from the Society’s Handbook for 1965.) 


By E. M. Nicholson. Pp. 16. (London: Society for the Promotion of 
Nature Reserves, 1964.) 


Conservancy, summarizes some of the recent changes in 
the concepts, practices and scale of conservation of 
natural areas in Great Britain in recent years. 
Conservation has now ceased to be the affair of a local 
minority and has become a major nation-wide project. 
The vague idea thas reserves are a good thing and 
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valuable to naturalists has been replaced by a concept of 
their role as living museums, and outdoor laboratories, 
to be fully and systematically studied by scientists, with 
the view of understanding their ecosystems, biological 
productivity, population dynamics, successional and 
land-use history, and so forth. The assumption that any 
necessary management of reserves can be satisfactorily 
achieved empirically has been replaced by a compre- 
hensive, two-tier programme of concerted basic and 
applied ecological researches, designed to elucidate the 
full range of fundamental principles involved, and to 
develop the necessary series of techniques and prescrip- 
tions for their application. It is also now recognized that 
not only natural and semi-natural habitats displaying 
various stages of ecological succession are equally deserving 
of care and protection in the interests of science, but also 
modified or induced ecosystems and sites, already used 
for, or well suited to, ecological investigations. Local 
distributions are now being systematically and compre- 
hensively mapped, as well as changes and trends in 
populations. The lack of interest of universities in ecology 
and conservation has been replaced by a rapid growth of 
specialized postgraduate courses, and therehas beena major 
increase in the number of students taking doctorates in 
ecological subjects and a general growth in university field 
studies, partly at the centres of the Field Studies Council. 

The essential role of basic and applied ecology in the 
training and practice of the land professions, such as 
forestry, agriculture, fisheries, estate management, land- 
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scape architecture and town and country planning, is now 
becoming recognized, as well as the need for increased 
understanding of the character, scale and causes of human. 
impacts on Nature, both through studies and analysis and 
through improved communications between the different 
interests concerned. Applied ecology is now recognized 
as being the guidance of the proper control of the use of 
potentially polluting substances, such as toxic chemicals, 
as well as the promotion, through concerted action and the 
wise multi-purpose use of land and natural resources, of 
the general adoption and observance of modern conserva- 
tion practices. 

Mr. Nicholson’s thesis is that scientific ecology has now 
reached the point of transforming the concepts of manage- 
ment of natural areas, and is beginning. to make a serious 
impact on the use and management of land, education, 
and interests concerned with the use of renewable natural 
resources. He illustrates this by summarizing the British 
contribution on an international plane and by reviewing 
the position in the various counties of England and 
Northern Ireland. The distinction between conservation 
movements in Britain and other countries is based far 
more on the naturalist tradition, on which professional 
work in biology has lately been superimposed. The centre 
of gravity of the whole movement is shifting steadily 
from the saving of species, and even of habitats, to a 
broader view of conservation as involving the scientific 
care and good management of man’s entire natural 
environment. 
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ORIGIN OF ATYPICAL METEORITES FROM THE ARIZONA 
METEORITE CRATER - 


By Pror. MICHAEL E. LIPSCHUTZ 


Department of Chemistry, Purdue University, Lafayette, Indiana 


HE well-known Arizona Meteorite Crater is an, impact 

feature having a diameter of nearly 1 km. Estimates 
of the mass of the meteoroid which produced it- have 
ranged from 30,000 (ref. 1) to 2-6 million? metric tons. 
The (spherical) diameters corresponding to these estimates 
are 20 m and 86 m. The main mass of this meteoroid has 
never been located. Inasmuch as most of the meteoroid 
probably vaporized or mixed with the surrounding rock 
during the explosion, it seems rather unlikely that much 
of the mass will ever be found. However, a fraction did 
survive the explosion in the form of many thousands of 
fragments ranging up to 640 kg in weight. The over- 
whelming preponderance of these have- been ‘normal’ 
coarse octahedrites with kamacite band-widths ranging 
up to 4-5 mm. Less than 12 of the recovered fragments 
had structures corresponding to those of medium octa- 
hedrites. These atypical meteorites have been called 
Canyon Diablo No. 2, Canyon Diablo No. 3 and Monument 
Rock’. There is no doubt that these three types differ 
significantly both from the normal Canyon Diablo 
meteorites and- among themselves’ in structure and 
chemical composition. 

Four explanations have been offered which can. account 
for the atypical samples. The first of these is that the 
meteoroid was not a solid mass on impact with the Earth 
but consisted of a swarm of much smaller objects’. The 
possibility of such a swarm seems-rather remote’, and 
will not be considered further here. A second possibility 
is that the meteoroid consisted of a main mass,of coarse 
octahedrite structure and several satellites with the 
medium octahedrite structures’. A third explanation is 
that there were four distinct falls: a large crater-forming 
coarse í octahedrite mass, followed ‘by three separate 
-medium octahedrite falls?. The fourth possibility is that 


all were part of the same mass which had varying physical 
structures and minor element contents®’. 

Until recently, no definitive results had been obtained 
as to which of these explanations was correct. On the 
basis of cosmogenic rare-gas measurements®, Heymann 
was able to show that Canyon Diablo No. 2 was probably 
buried in the main mass of the meteoroid and exposed to 
cosmic-ray bombardment for 540 + 100 million years at 
@ pre-atmospheric depth of 50 cm. The remote possibility, 
however, existed that it was a distinct fall with a cosmic- 
ray exposure age of 64 + 12 million years. The results 
of the rare-gas measurements on Canyon Diablo No. 3 
were rather less conclusive. Either this meteoroid was 
part of the main mass and, had an exposure age of about 
1,000 million years or it was originally in a 105 kg object 
having an exposure age of 540 + 100 milion years 
(either a protuberance on the main mass or as a separate 
105 kg mass). Similar alternatives’? were proposed in order 
to explain the observed rare-gas contents of sample 24, a 
normal Canyon Diablo. However, a subsequent *°K/1K 
measurement by Voshage® of sample 24 yielded a value 
in substantial agreement with the exposure age of 540 
million years. This result casts considerable doubt on the 
validity of the exposure age of 1,000 million years for 
Canyon Diablo No. 3. Most of the known measured med- 
ium octahedrites have exposure ages in the 500-600 million 
year range®® and it is therefore not possible from Hey- 
mann’s measurements to decide whether Canyon Diablo 
No. 3 was located in a 10° kg projection from the infinite 
mass (> 2 x 105 kg) meteoroid or was a separate fall. A 
number of recent investigations?:7:1° have established the 
fact. that all known normal Canyon Diablo meteorites 
found on the Crater rim have been’ shocked to at least 
130 kb. Since all three atypical types were recovered 
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Fig. 1. Comparison between the apparently normal, undeformed Widmannstätten 
pattern of the moderately shocked Canyon Diablo No. 3 sample (left) with the faint 
The white areas 
on the polished surface of the Canyon Diablo No. 3 are airon 


deformed pattern of the heavily shocked Canyon Diablo No. 2 (right). 





Microstructure of the lightly shocked Monument Rock meteorite 


Fig. 2. 
The bar in 


showing deformation bands (D) and Neumann bands (N). 
these figures is 0-1 mm 
from the north-east rim™ it seemed reasonable to examine 
them for shock effects in an attempt to resolve the 
question of their origin. 

With the help of Prof. C. B. Moore, curator of the 
Nininger Meteorite Collection, I obtained samples of 
Canyon Diablo No. 2 (371.3), Canyon Diablo No. 3 
(586.1), and Monument Rock (587.1x). The first two of 
these are shown in Fig. 1. Monument Rock is illustrated 
in Plate 22, Fig. 24 of ref. 3. These samples were polished 
and examined by standard metallographic techniques. 
The detailed interpretation of shock-induced metallo- 
graphic changes in meteoritic iron have been described 
previously’:'® and need not be repeated here. 

Monument Rock. This meteorite falls into the lightly 
shocked category (< 130 kb) of Heymann et al.?. The 
large number of Neumann bonds (shock twins) in it has 
previously been noted by Nininger*. The only evidence 
for any unusual shock is the presence of small deformation 
bands (Fig. 2) in the kamacite (a-iron). There were no 
inclusions in the exposed surface which could be studied 
erystallographically for shock effects. 

Canyon Diablo No. 2. This meteorite falls into the 
heavily shocked category (> 750 kb) of Heymann et al.’. 
The Widmannstatten pattern is indistinct (Fig. 1) and 
the kamacite is entirely recrystallized (Fig. 3). The 
cohenite (Fe,C) grains show diffusion borders of 
pearlite. Some ledeburite-like eutectic is present and the 
rhabdites (Fe,P) in the hotter end of the sample are re- 
dissolving. The taenite (y) and plessite (y + «) grains 
are partially or completely clear and there is a secondary 
kamacite precipitate in some of them. That these thermal 
effects are due to shock and not to contaet with hot 
ejecta or artificial heating is proved by the crystallo- 
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graphe character of the cohenite, 
which has been shocked to about 1,000 
kb. 

Carajon Diablo No. 3. This meteorite 
falls irto the moderately shocked category 
(130-750 kb) of Heymann et al.?. Tho 
Widmanstätten pattern is quite distinct 
and undeformed although the macro- 
structare shows areas of e iron (Fig. 1). 
Pressure gradients are very common. 
Some kamacite areas show normal Neu- 
mann bands, while others show regions 
of finely recrystallized kamacite around 
inclusions, or areas of completely recrys- 
tallized kamacite. Some of the patches 
of s iron are normal, while others are in 
the process of conversion to polycrystal- 
line kamacite (Fig. 4). The rhabdite and 
schrei»ersite (Fe,P) grains are apparently 
thermally unaltered. Some cohenite 
grains show borders of martensite, 
but most exhibit no carbon diffusion 
zones. The taenite and plessite regions are clearing 
and there is a seeondary kamacite precipitate in 
some taenite bands: the exposed troilite (FeS) nodule 
of the coarse type 2 variety. A systematic crystal- 
lographic study of the cohenite grains in this sample 
is not yet complete Those specimens studied thus 
far fall into the 400-500 kb range so that there seems 
little doubt that portions of this meteorite were shocked 
to pressures of at least 500 kb. 

It is regrettable that the results from the Monument 
Rock sample permit no absolute conclusion regarding 
the origin of this meteorite. It could have been part of 





Fig. 3. Microstructure of the heavily shocked Canyon Diablo No. 2 
sample showing sigs bor kono kamacite (K) and pearlite diffusion 
border around the cohenite (C) 





Fig. 4. Microstructure of the moderately shocked Canyon Diablo No. 3 
showing € iron beginning te recrystallize, particularly on the left at the 
interface between the cohenite grain and the iron 


_ ditradiation. 
“regions may contain some dislocation dipoles, but the 


the main mass, a satellite of it, or a separate fall; How- 
ever, it should be pointed out that it is indeed a unique 
sample. Not only is it the only known specimen of its 
type found at the Crater site but it is also the only known 
exception to the observation that rim samples (whether 
of the normal or atypical varieties) have been moderately 
to strongly shocked. 

An unambiguous conclusion can be reached, however, 
regarding the origin of both Canyon Diablo No. 2 and 
Canyon Diablo No. 3. These meteorites were involved in 
a catastrophic explosion during which they were shocked 
and therefore heated. The narrow widths of the carbon 
diffusion borders around the cohenite grains indicate that 
the duration of reheating was short, at most a few minutes, 

and that the meteorites cooled quickly to below the y-a 
_ transformation temperature. Thus, their immediate post- 
_ shock mass was not considerably larger than their 
-recovered mass. These characteristics are the same as 
-those of the normal shocked Canyon Diablo meteorites. 
It seems very highly probable, therefore, that both 
Canyon Diablo No. 2 and Canyon Diablo No. 3 were 
located in the interior of the meteoroid during the instant 





of its explosion and were therefore neither satellites of the 


main mass nor separate later falls. It seems, therefore, 


reasonable to regard as proved the earlier suggestions” 
that chemical and structural variations do exist in iron 
meteorites over distances of less than 100 metres. 
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MECHANISM OF STORED-ENERGY RELEASE AT 200° C IN ELECTRON- 
IRRADIATED GRAPHITE 


By Pror. E. W. J. MITCHELL and M. R. TAYLOR 
J. J. Thomson Physical Laboratory, University of Reading 


PT “HE release of stored energy from reactor-irradiated 

graphite is of considerable physical and technological 
interest and has been extensively examined. The results 
are contained in a large number of papers, most points 
being covered in the following conference Proceedings: 
the first Geneva Conference on the “Peaceful Uses of 
Atomic Energy” (1956); the fifth Carbon Conference 
(1962); the C.E.G.B. Berkeley Conference on “The 
Properties of Reactor Materials” (1962); and the I.A.E.E. 
Conference on “Radiation Damage in Reactor Materials” 
(1963). 

For irradiations of low neutron doses the energy is 
released primarily in the well-known 200° C peak in the 
warm-up curve, although there is a tail to the curve 
extending to much higher temperatures. Samples irrad- 
: dated to higher neutron doses, or at higher irradiation 
temperatures, release relatively less energy in the 200° C 
peak, compared with the higher temperature region’. 
The energy release has been related to neutron dose and 
temperature systematically by Bell e¢ al.?, 

The origin of the 200° C peak has remained uncertain. 
Although there had originally been suggestions that it 
arose from the recombination of interstitial atoms and 
vacant sites*:*, more recently it has been generally con- 
sidered that the energy was associated with a re-arrange- 
ment of displaced atoms in which the vacaney concentra- 

tion was not significantly altered. The types of model 
which have been considered may be illustrated by referring 
to those put forward by Bollman’ and Iwata and Suzuki®. 
Bollman has suggested that the process involves the 
-  recrystallization of small amorphous regions of up to 
SECA diameter which he assumes are produced by neutron 
According to Bollman, the recrystallized 


region is considered to be of much lower energy than the 
amorphous region. 

On the other hand, it has frequently been suggested 
that the stored energy is released when interstitial atoms 
re-arrange themselves between graphite planes into a 
lower energy configuration. In the Iwata—Suzuki modelë 
it is assumed that relatively loose aggregates of C, 
molecules have formed at about room temperature. These 





aggregates are assumed to produce the c-axis unit cell 
expansion and to be loosely held together through the 
elastic strain, the electronic binding between the C, 
molecules being assumed to be small. At 200°C, Iwata 
and Suzuki suggest that this loose configuration is con- 
verted into the much more stable configuration of the 
tongue dislocation—not unlike Bollman’s dislocation 
dipole—-with a considerable release of energy. Such a 
process would be accompanied by a recovery in unit cell 
expansion but the erystal would remain longer than before 
irradiation. 

Each of these models possesses the feature that some 
disordered arrangement of carbon atoms is converted into 
a more or less perfect crystal without any interstitial- 
vacancy recombination occurring. Normal graphite has a 
relatively large interplanar spacing in the c-direction and 
the binding between planes is weak. We expect that the 
differences between elastic strain energies associated with 
various interstitial combinations will be small. Energy 
differences between different structures will then arise 
primarily from the electronic terms. These can be treated 
as more or less isolated from the rest of the crystal such. 
that a two-dimensional perfect structure between the 
planes would have an energy not very different from a 
two-dimensional layer in the perfect crystal. We can 
therefore expect that the energy gain from the re-arrange- 
ment of the interstitials will be less than the energy 
required to dissociate graphite into free carbon atoms in 
their tr.*x graphite valence state. Accordingly, from such 
models the stored energy (S) will be expected to be less 
than the sum of the heat of sublimation (Ks) and the 
promotional energy (Ep): 


S < Es + Ep = 7-44 (ref. 7) + 6-93 (refs. 8 and 9) eV 


per atom involved in the ordering process, or S < about 
14-15 eV, there being uncertainty in Ep- 

In order to decide by how much § is less than 14-15 eV 
on these models we have to specify the electronic state 
of the distributed interstitials before re-arrangement. If _ 
their electronic state were not tr.tx but tended more to — 
the free atomic state *P, then S would tend to 7-44 eV | 
(E,-> 0). Similarly, if pairs resembling C, molecules 


yr 
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between the planes are the starting point of the re- 
arrangement we should expect S  7:-44—3-03 œ~ 4:4 eV/ 
atom, since 3-03 eV is the energy release per atom for the 
formation of C, from carbon atoms in 3P states?°. Thus, 
while precise values of S cannot be calculated without 
considerable difficulty for different interstitial re-arrange- 
ment models, we can say with fair certainty that S 
< 14-15 eV and in a plausible case we find S ~ 5 eV. 

The process of radiation damage by reactor irradiation 
ig complex, and it has not been possible to determine 
accurately from the stored-energy measurements the 
amount of energy released per atom involved in the 
process. During the past three years we have been engaged 
on measuring the energy release in electron irradiated 
graphite. The objects have been, first, to determine 
whether the 200° C peak is present—we should not expect 
to see it if Bollman’s hypothesis were correct because of 
the very much lower mean carbon recoil energy resulting 
from 2-0-MeV electron irradiation (mean recoil about 
131 eV) compared with neutron irradiations (mean about 
10° eV). Secondly, if the peak were found we should be 
able to determine the energy involved per original displace- 
ment event, the number of which can be calculated in an 
electron irradiation with much more certainty than in 
a reactor irradiation. ,The experiment has now been 
completed and in this article we give a preliminary account 
of the results. 

Stored-energy determination. An adiabatic differential 
power method was used to measure the stored energy 
released on annealing between 20°C and 400°C. The 
principle of operation is similar to that of Clarebrough 
et al., and to the linear-rise calorimeter of Henson and 
Mounsey?*. Two specimens, one irradiated, the other 
unirradiated, were mounted in a cavity which was heated 
at approximately 6° C/min. Individual heaters mounted 
axially in each specimen were used to maintain both 
specimens at the same temperature as the cavity. The 
difference in the power supplied to the two heaters was 
measured between 20° C and 400° C. After the initial run 
the calorimeter was allowed to cool, and then a second run 
was performed to establish the small power difference 
which was necessary in the absence of any stored-energy 
release. The stored-energy release was obtained by sub- 
tracting the power difference required in the second run 
from that required in the first run. Individual runs were 
reproducible to within +0001 cal deg-! g-+. The per- 
formance of the apparatus was checked by carrying out 
an experiment in which some small pieces of copper were 
introduced. into one of two unirradiated graphite samples. 
Full details of the method and the various precautions 
which have to be taken will be published later. 

The specimens, which were of reactor grade A graphite, 
were irradiated with 2:0-MeV electrons from the Uni- 
versity’s Van de Graaff accelerator, two specimens at 
95° C and the remainder at 65°C. The irradiation flux 
was 7:7 amp cm- (4:9 x 1018 e- sec-? cm~?) and the 
specimens were irradiated in four directions, the maximum 
dose used being 1:87 x 105 yamp min cem? (7-0 x 107 e- 
em-2) in each direction. This was done to ensure as 
uniform as possible a distribution of damage throughout 
the thick specimens. Five specimens, irradiated to the 
different doses shown in Table 1, have been measured. 

Calculation of the number of displacements. The con- 
centration of displaced atoms has been determined using 


Table 1. SUMMARY OF RESULTS FOR ELECTRON-IRRADIATED POLYORYSTAI- 


LINE GRAPHITE 


Stored energy Stored 
Concentration Stored energy released per energy 
Electron of displaced released incident Telease 
088 atoms between 2 MeV anes original 
(e- cm-*) (Eq=60 eV) 20° and 400°C electron splacement 
(cm) (cal g-*) eV per eV per 
incident e- displacement 
1-7 x 107° 0°53 x 102° 1:9+0-2 8-4 16+3* 
3-410 0°97 x 10** 24402 2-4 11+2 
2-9 +025 29 1342 
5-3 x 1019 1-6 x 107° 5°38 +01 3-1 14+2 
7°0 x 1078 2-110" 6-8+0-1 31 1442 


* These are the estimated overall uncertainties. 
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the cross-sections computed by Mitchell and Salisbury*® 
for the displacement erergy (Ea) of 60 eV indicated by the 
electrical resistivity measurements of Lucas and Mitchell?*. 
The latter experimenss showed that the displacement 
energy must be greaser than the commonly assumed 
25 eV and their analysis of the energy dependence of the 
resistivity changes indicated a value of 60 + 10 eV. In 
using this cross-secticn (os, column 20 of Table 1 of 
Mitchells) we have alowed for the production of dis- 
placements by the mors energetic primary knock-ons?8-*°, 
The energy-loss of the slectrons in the specimens has been 
estimated from the renge—energy relation as previously 
described by Clark et al.16. The results are shown in 
column 2 of Table 1; they correspond to the production 
in the present conditicns of 0-30 displacements cm-? per 
incident 2-0 MeV e- cm. 

It has been suggested by Goggin and Reynolds” that 
close interstitial-vacarcy pairs have less effect on the 
electrical resistance then separated defects. Lf close pairs 
were preferentially produced at low energies in the Lucas 
and Mitchell experiment they would have the effect of 
making the estimate of Hg = 60 eV too high. Current 
calculations suggest that it would be unlikely that this 
effect could reduce tke value to as low as 50 eV, the 
effect of which would te to increase the number of defects 
in the crystal above that calculated (0-30 cm-/e- cm-*) to 
at most 0-41. 

This is one of the various sources of error considered, 
and their net effect is difficult to estimate precisely. The 
details of the discussicn of errors will be included in'the 
fuller publication. The conclusion is that 0-30 displace- 
ments cm-%/e- cem- is our best estimate (column 2) and 
that although the true value might be higher it is unlikely 
to be as high as 0-41. 

Results and discussion. The results of the stored-energy 
measurements are given in column 3 of the Table in cal/g. 
Further methods of computing the stored energy in the 
200° C peak from the results are being examined, and these 
may lead to some minor adjustments to the values given 
here. In subsequent columns the results are expressed. as 
energy in eV per incident electron, and in eV per displaced 
atom. Tho slope of tke best line of energy versus defect 
concentration gives a mean value of 13-5 eV per original 
displacement. (For a displacement energy of 50 eV we 
would obtain 9-9 eV per original displacement.) 

Thus from measurements on electron-irradiated 
specimens we find that: (a) there is an energy release 
peak at 200°C; (b) the total energy released in the peak 
is 3-0 eV per incident 2 0-MeV electron; and that, combin- 
ing this result with che calculation of the number of 
displaced atoms, (c) using a displacement energy of 60 eV 
the energy released in the 200° C peak can be expressed 
as 13-5 eV per original displaced atom. 

The observed energy release in electron-irradiated 
graphite cannot be explained by Bollman’s mechanism. 
Furthermore, the value of 13:5 eV per displaced atom 
makes it improbable tiat the results can be explained by 
the aggregation of intarstitial C, molecules for which we 
have argued that the energy release should be about 
4-5 eV. Indeed, it seems impossible to account for the 
derived value of 13-5 eV per displaced atom without 
assuming the recombination of interstitial atoms and 
vacancies. In the follcwing discussion we give reasons for 
assigning the value af 13-5 eV per displaced atom to 
interstitial-vacancy rezombmation. 

(1) Lidiard and Perrin” have shown in their analysis of 
the kinetics of the dimensional changes in neutron- 
irradiated graphite tkat recombination has to be taken 
into account at 150° C. 

(2) Using the samə cross-sections as those used in 
calculating the concertrations given in column 2, we find 
that for the flux used in our experiments of 4-9 x 101 e- 
cm- gec-! we produce 1-5 x 10! displacements em~? sec". 
It is generally agreec. that interstitial migration occurs 
between atomic layers in graphite with little diffusion across 
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the layers. In the experiments recorded here, therefore, we 
expect that displacements were produced at the rate of 
5-1 x 10° per cm? per interatomic layer per sec. 

(3) A single interstitial will diffuse rapidly at 338° K 
and, using the activation energy of 0-45 eV determined 
recently by Davies and Mitchell?? from their detailed 
analysis of the reverse annealing peak, we find that an 
interstitial will jump at the rate of 2-0 x 10° per sec 
(assuming a frequency factor of 1018 sec-1). For the lower 
activation energy derived theoretically! we should get an 
even higher jump frequency. 

(4) In electron-irradiated polycrystalline graphite in 
which the displacements are produced primarily as single 
interstitial-vacancy pairs, we now consider the obstacles 
to interstitial aggregation. The most likely obstacles are 
the grain boundaries the separation of which is about 
103A. In fact, it has often been assumed (for example, 
Goggin and Reynolds’) that interstitials cannot pass 
through a grain boundary for temperatures of about 
room temperature and below. The grains define an inter- 
layer volume of 3-4 x 10-18 cm? and an average number 
of jumps of about 105 for an interstitial produced in this 
volume to reach a boundary. 

(5) For an interstitial diffusing with a jump rate of 
2 x 10° sec-! the vicinity of a grain boundary would be 
reached after 5 x 10-2 sec. This is very much shorter 
than the time interval between the production of inter- 
stitials in the interlayer volume by the irradiation, given 
by (5:1 x 105 x 10-!°)-1 or 2 x 104 sec. 

Thus 1n the case of electron irradiation, defects are not 
produced sufficiently rapidly, within a mutually accessible 
volume, for diffusive interstitial aggregation to occur. 
We consider that the interstitials are most likely to be 
trapped in the vicinity of grain boundaries. Other 
obstacles or trapping points may be operative and similar 
conclusions could be drawn for dislocation trapping and 
impurity trapping (reactor grade A graphite may contain 
up to 50 p.p.m. of some impurities). 

We propose, therefore, that during our irradiation at 
65° C interstitial atoms become trapped singly in the 
vicinity of one or more of the obstacles and that inter- 
stitial-vacancy recombination does not occur at 65° C. In 
the region of the 200° C peak we suggest that these trapped 
atoms are released and that, predominantly, recombina- 
tion occurs. This is expected because initially the number 
of accessible vacancies will be greater than the number of 
free interstitials. Undoubtedly a small amount of inter- 
stitial aggregation could occur. The activation energies 
involved in the process (a spread of about 0-2 eV around 
1-38 eV from our measurements) corresponds to the 
spectrum of interstitial-obstacle binding energies. Our 
conclusion is that the 13-5 eV per atom derived from our 
experiment corresponds to the energy associated with 
interstitial-vacancy recombination in graphite. From the 
difference between the detrapping activation energy 
(1:38 eV) and the interstitial migration energy (0-45 eV) 
we estimate that the energy to form a Frenkel pair in 
graphite is (13-5 + 0-93) œ 14-4 eV. (For a displacement 
energy of 50 eV we would find the formation energy to be 
10-8 eV.) 

It is interesting to note that Coulson et al.® calculated 
the formation energy of a Schottky defect, in which the 
ejected atom is on the surface, in graphite to be 10-7 eV. 
If the atom had been put in an interstitial position the 
energy of formation would have been higher. Thus, 
although we should not over-emphasize the agreement, it 
is encouraging that the value we obtain for the stored- 
energy release per interstitial vacancy recombination is 
consistent with Coulson’s calculation. 

The mechanism described here does not affect the 
explanation put forward by Goggin and Reynolds?’ of the 
reverse annealing peak which is found after electron 
irradiation below 80°K. In this case the interstitial 
atoms are immobile at the temperature of irradiation so 
that the interplanar concentration of interstitials may 


NATURE 


November 13, 1965 


grow. When the interstitials become mobile simple 
aggregates may be formed. 

Finally, we comment on the significance of our con- 
clusion to the interpretation of the stored-energy release in 
the 200° C peak in neutron-irradiated graphite. For three 
low-dose neutron irradiations up to 25 x 10 fast n° 
em- Ni scale we have measured the release of stored 
energy in our apparatus and find, for example, 21-5 cal g-? 
at a dose of 2-5 x 10}%, and a mean of 0-9 cal g- per 10?’ 
fast n° cm-*. Astrom?* reported 5-3 cal g-! for a thermal 
dose of 3:8 x 101° and an estimated fast dose of 3-8 x 10!” 
(1-4 cal g- per 10” fast n°). We cannot be certain about 
the comparability of the fast dose estimate, and in view 
of this the two measurements are in reasonable agreement. 
For our experiment and using the damage function of 
Thompson and Wright** we find that the energy release 
corresponds to about 2 eV per displaced atom. In the 
reactor irradiation we expect the energy per displaced 
atom. to be less than the value of 14 eV per interstitial- 
vacancy recombination discussed already because: (1) 
some multiple interstitial groups are expected to be pro- 
duced directly by the irradiation; (2) the higher effective 
damage flux means that there is a much greater chance of 
interstitial aggregates forming by diffusion. (This is the 
basis of the homogeneous theory for the nucleation of 
dislocation loops used by Reynolds and Thrower to 
account for the observed rates of growth in high neutron 
fluxes.) 

Both these factors mean that, relative to the total 
number of interstitials produced, fewer single interstitials 
will be trapped by obstacles. Thus only a fraction of the 
interstitials will be a source of stored energy when they 
are released in the 200° C peak. Furthermore, continuing 
re-arrangements of the various interstitial aggregates 
would yield some stored-energy release on the high- 
temperature side of the peak. At the highest neutron 
fluxes the fraction of trapped single interstitials will 
become progressively smaller and the stored-energy 
release at 200° C will become a relatively smaller part of 
the whole. 

Conclusions. The stored-energy release in electron- 
irradiated graphite corresponds to 13-5 eV per displaced 
atom. The major uncertainty in this value comes from the 
calculation of the defect concentration which may be too 
low. 

It ıs shown that, for the electron-beam currents used, 
an. interstitial atom moving between graphite layers could 
be trapped by grain boundaries, dislocations or impurities 
long before the production of the next interstitial by the 
electron in the appropriate volume (for example, inter- 
atomic layer in a crystallite). Thus interstitial aggregates 
will not accumulate and we interpret the measured 
stored-energy release in the 200° C peak as the recombina- 
tion. of interstitial atoms and vacancies, the interstitials 
being freed with a range of activation energies around 
1-4 eV. 

In reactor-irradiated graphite we expect that relatively 
fewer interstitials are trapped in this way, other interstitial 
formations occurring because of the higher recoil energies 
involved and the much higher effective damaging flux. 
Thus, although the same process of interstitial-vacancy 
recombination is assumed to be the major contribution to 
the stored-energy release at 200° C, the energy involved 
per original displacement is considerably less. This will 
be true particularly at high fluxes, and the fraction of the 
total stored energy released in the peak will become 
progressively smaller as irradiation flux and temperature 
are increased. . 

The proposed model therefore accounts for the qualita- 
tive features of the energy release in reactor-irradiated. 
graphite. The value of about 14 eV per interstitial-vacancy 
recombination deduced, from electron-irradiated graphite 
is consistent with the vacancy formation energy of 10-7 eV 
calculated by Coulson eż al.®. In the latter case the ejected 
atom has been put on the surface and the defect formation 
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energy would be higher if the ejected atom remained in an 
interstitial position. 

We wish to thank the Atomic Energy Research Estab- 
lishment for a grant which enabled this work to be carried 
out. 
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SOME CHARACTERISTICS OF TROPICAL THUNDERSTORMS 
By Pror. S. V. C. AIYA 


Department of Electrical Communication Engineering, Indian Institute of Science, Bangalore 


HE parameters of atmospheric noise necessary for 

assessing its interfering effect on the reception of 
radio signals}-*4 have been investigated extensively at 
Poona (18:31° N., 73:55° E.) and Bangalore (12:58° N., 
77:35° E.). Such investigations have resulted in the 
development of techniques for following the activity’ of 
thunderstorms. The data collected are found to be useful 
for drawing inferences on the characteristics of 
thunderstorms. 

A thunderstorm is a localized thermodynamic process 
in the atmosphere accompanied by electrical discharges. 
Its activity is ordinarily dealt with in terms of a ‘thunder- 
cloud’. If the base area of a thundercloud is idealized to a 
circle, 1t could be said that the radius ordinarily lies between 
10 and 20 km. The area involved is about 1,000 sq. km 
or less. ‘Thunderstorms can be classified into various 
types, namely, local, frontal, etc. The area involved in a 
local storm may approximate to that associated with 
a single thundercloud. The area involved in the activity of a 
frontal type of storm is, at least, ten times larger. That is, 
the radius of the circle within which there is activity may 
be 50-100 km. In a frontal type of storm, it is just possible 
that several thunderclouds in several regions of the large 
area involved become active; but they may become 
active during different hours of the day. The duration of 
activity may vary from one thundercloud to another. At 
any one time of day, more than one thundercloud may be 
active but they may be in different stages of activity. All 
the possibilities indicated could be regarded as random 
phenomena but they may not be quite independent of 
each other. Hence, any investigation of the activity of a 
frontal storm as a whole involves the integrated study of 
several thunderclouds. 

When a thundercloud is active, lightning occurs. This is 
observed to consist of a series of Intermittent flashes over a 
period of time which may extend from a fraction of an 
hour to several hours. Lightning flashes are accompanied 
by electrical discharges, and give rise to electrostatic, 
induction and radiation fields. At great distances, the 
radiation field preponderates. Even at close distances, 
the electrostatic and induction fields can be ignored if 
measurements are taken over a narrow band at a chosen 
high frequency. Such measurements enable a study of 
lightning flashes through their radiation fields only at all 
distances. 

Lightning flashes are known to occur inside the cloud, 
from cloud to cloud, from the cloud into the air, and from 


the cloud to ground. Electrical discharges within the 
cloud constitute a very essential feature of all types of 
flashes and they are now known to give rise to the radiation 
fields at high frequences. For most flashes, the discharge 
channel is, for practicel purposes, approximately vertical. 
Some flashes, particularly those of the cloud to cloud type, 
have long horizontal sections; but even such flashes have 
been found to give risa to significant vertically polarized 
radiation. Hence, a simple vertical aerial can be used to 
pick up the high-frejuency radiations from lightning 
flashes. 

At tropical latitudes, the cloud base is ordinarily about 
3 km above the mean sea-level. Cloud discharges, there- 
fore, radiate from a height of this order. Direct ray 
reception of the narrmw-band high-frequency radiation 
can, therefore, be expected for source distances up to 
about 300 km. This enables the activity of a local frontal 
storm to be followed by signals unaffected by attenuation 
due to propagation. 

The duration of a flash, the time interval between 
successive flashes, and the power radiated by a flash are 
some of the useful parameters for this purpose. The 
integrated value of the radiation fields due to a flash at a 
predetermined distance is a measure of the power radiated 
by a flash. Numerical values of the parameters vary in a 
random way. Their distributions over a short period (a few 
minutes) have to be studied so that the statistically 
computed values can be utilized in following the activity 
of storms. Statistical studies have shown that the arith- 
metical average value of a parameter during a 5-min 
period is adequate. Thus, the time interval between 
successive flashes can De replaced by the rate of flashing, 
that is, the number of Jashes/min, and the power radiated 
by a flash, by the aritnmetical average value of the inte- 
grated radiation fields due to a flash for the 50 flashes of the 
highest intensity rece-ved during the 5-min period and 
s0 on. 

The growth and decay of the activity of a thundercloud 
are reflected in corresponding changes of the rate of flash- 
ing. In an active thundercloud, a decaying convection cell 
gives rise to a new cell and this process continues until the 
thundercloud itself decays. Growth and decay of the cells 
thus produce a cyclic variation in the rate of flashing. 
Hence, the lifetime of a thundercloud, the lifetime of a 
convection cell and the number of such cells developed 
during the lifetime of the thundercloud, etc., can be 
determined from studis of the rate of flashing. 
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The duration of a flash varies with the growth and decay 
of the activity of a thundercloud and is minimal when the 
activity has reached its peak. The power radiated by a 
flash also varies but becomes maximal when the activity 
has reached its peak. The random variation of the inte- 
grated value of the radiation fields arising from a flash 
when measured at one predetermined distance lies within 
certain limits. Surprisingly, the range of variation due to 
changes of distance of the flash even for a locally active 
frontal storm lies within these limits. Hence, the effect of 
variations of distances of flashes on field-strength measure- 
ments can be neglected. 

Radiation from a lightning flash, when picked up by a 
vertical aerial and fed to a superheterodyne receiver 
tuned to a high frequency, gives rise to a noise burst at 
the output of the detector. When measurements are carried 
out, the receiver is aligned to a selected bandwidth and 
operates with its automatic gain control switched off. By 
carefully adjusting the sensitivity of the receiver, it is 
possible to investigate exclusively the noise bursts arising 
from either a locally active thundercloud or a locally 
active frontal type of storm. 

A noise burst as described is the counterpart of a light- 
ning flash. The number of noise bursts recorded per minute 
is a measure of the rate of flashing. An indirect indication 
of the power radiated by a flash is obtained by measuring 
the integrated radiation fields for the duration of the corre- 
sponding noise burst. The duration of a noise burst corre- 
sponds to the duration of a flash and the time interval 
between successive noise bursts corresponds to the time 
interval between successive lightning flashes. The activity 
of thunderstorms can, therefore, be followed by studying 
the characteristics of the noise bursts arising from them. 

Noise-burst measurements have been carried out in 
three ways, namely, by using (a) a high-sensitivity, high- 
fidelity level recorder’,?!; (b) a noise-burst field-strength 
meter; (c) a noise-burst counter??. 

In order to understand the structure of a lightning 
flash under conditions of intermediate resolution, several 
records of noise bursts for different periods of time during 
different hours of day have been obtained using the level 
recorder at several frequencies. A small portion of a 
typical record is reproduced in Fig. 1. The background is 
due to the set noise and other noises of the same order. In 
this particular case, it is equal to a signal input to the 
receiver which corresponds to a field strength of 0-8 uV/m. 
The noise-burst field strengths are tens of times greater 
than this. The interval between the time when a burst 
becomes audible and the time when it ceases to be so is 
the duration of the burst. This corresponds to AB in 
Fig. 1 for the burst marked ‘P’. The interval between 
successive audible bursts corresponds to AC in Fig. 1 for 
the bursts marked ‘P’ and ‘Q’. Data thus obtained have 
been. utilized to investigate the distribution of the duration 
of lightning flashes and the time interval between them. 

In the noise-burst field-strength meter, the noise bursts 
are fed to a semi-logarithmic amplifier with a vacuum 
tube voltmeter which has charging and discharging time 
constants of 10 and 500 msec respectively. The micro- 
ammeter in this output unit is calibrated by feeding signals 
modulated 30 per cent by a 400 c/s note from a standard 
signal generator to the receiver input through a capacity 
equal to the aerial capacity. The results are reduced to 
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Fig. 1. Noise bursts arismg from lightning flashes as recorded on March 26, 1965, 
between 1600 and 1700 h 1.8.7. (frequency, 8 Mc/s; bandwidth, 3-2 ke/s) 
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Fig. 2. Flashing characteristics as logged with 10-ke/s bandwidth, 3-Mc/s 

lightning flash counters. (a) Thundercloud in an overcast sky on May 4, 

1962 (counter threshold, 200 wV/m). (b) Isolated cloud in a clear sky on 

March 26, 1963 (counter threshold, 100 «V/m) 
equivalent field strengths in V/m by taking account of the 
effective height of the aerial. When a noise burst is received, 
there is a momentary kick of the pointer of the micro- 
ammeter and the highest scale division it crosses is noted. 
This value is generally described as the quasi-peak value 
of the noise-burst field strength. The arithmetical average 
of the quasi-peak values of the ten highest noise bursts 
received per minute is described as the ‘noise-burst level’. 

The noise-burst counter, or the lightning-flash counter, 
is basically the noise-burst field-strength meter just 
described. By adjusting the sensitivity of the receiver to a 
predetermined threshold, it is made to pick up only the 
noise bursts which produce a field exceeding the threshold. 
The noise bursts so obtained at the detector are amplified 
and fed to an impulse stretcher having the same time 
constants as the vacuum tube voltmeter of the noise- 
burst field-strength meter. The output of the impulse 
stretcher is fed to a telephone call register which records 
the number of bursts received. This instrument has been 
used to study the variation of the rate of flashing with time. 

The parameters of lightning flashes arising from a 
thundercloud or a thunderstorm exhibit both random and 
systematic variations. It is the systematic variation which 
reflects the growth and decay of activity. Random varia- 
tions can be investigated by making the period of observa- 
tion as small as possible, but this limits the available 
population for examining the distribution. The best 
compromise has been found to le in the choice of a 5-min 
period. In the case of any one storm, it is found that the 
duration of a lightning flash, the time interval between 
successive flashes and the received noise-burst field- 
strength have a log-normal distribution. When the 
activity of a thundercloud is around its peak, the mean 
value of the duration of a flash is about 200 msec. At- 
other times, it is larger. In the case of a frontal type of 
storm, the mean value of the duration is generally about 
500 msec. The mean value of the noise-burst field-strength 
is most frequently found to be about 3,dB below the noise- 
burst level defined earher. 

The activity of several thunderclouds!*:!® has been 
studied individually by investigating the variation of the 
rate of flashing with the time using the 
lightning-flash counter. A typical un- 
smoothed characteristic is shown in Fig. 
2(a). A feature frequently noticed is the | 
rather sharp fall in the activity during 
the decay. If the characteristics are 
smoothed by the method of moving averages, 
the real crests and troughs in the characteris- 
15 tics can be located. The time interval be- 

tween successive crests or troughs is a 
measure of cell life. The cell life is found to 
be about the same as that reported from 
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Fig. 3. Storm activity as logged with a 6-kc/s bandwidth noise-burst 

field-strength meter at Poona at frequencies and on dates shown inside 

the figure. (a) Local storm over land; (b) and (c) frontal storms over 
land, (d) storm over the sea 


investigations at higher latitudes, namely, about 30 min. 
However, the mean duration of the activity of a thunder- 
cloud and the mean value of the number of cells developed 
during the lifetime of a thundercloud are different, namely, 
about 3 hand 5 respectively. The general characteristics 
of a thundercloud do not appear to differ with types of 
storm. The peak activity of a thundercloud has been ob- 
served to occur between 1400 and 0400 hu.m.r. The num- 
ber of thunderclouds showing peak activity after local sun- 
set but before midnight is the largest. A reasonable number 
of thunderclouds reach their peak activity during late 
afternoons. At other times during the day, peak activity 
has not been noticed so very frequently. It must be pointed 
out that the distribution of the hour of peak activity over 
the different hours of day varies with the seasons. The 
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mean. value of the peak rate of flashing is 8 and the average 
value of the rate of flashing during the lifetime of a thunder- 
cloud is 3. : 

There is, quite often, residual activity after the collapse 
of an active thundersloud. This can go on for even 4 or 
5h. Flashes can be seen and these may be accompanied 
by thunder also; but the rate of flashing is very low, 
namely, of the order of one flash in 5 min. Such residual 
activity of several thunderclouds in a frontal storm can 
contribute significantly to its rate of flashing. 

Whenever the activity of a thundercloud is accompanied 
by thunder also, there are always some ground strokes. 
In about 75 per cent of the cases, the activity of thunder- 
clouds is accompanied by thunder. Examined on a long- 
term. basis, the percertage of flashes to the ground appears 
to be about 10. It kas so far not been found possible to 
distinguish ground flashes from other types of flashes by a 
study of noise bursts. Attempts made even at such low 
frequencies as 10 keje have been unsuccessful. 

On some warm quist days, there can be one or two iso- 
lated clouds in an otherwise perfectly clear sky and these 
clouds may be at very low heights. Flashes other than 
ground flashes have Deen seen in such clouds. A. typical 
flashing characteristic is reproduced in Fig. 2(b). The rate 
of flashing is invariably low and the noise-burst field- 
strength received is about 6 dB lower than that for a 
corresponding thundercloud. 

In the case of frontal storms, an examination of the 
noise data indicates the following characteristics as 
probable. The activity lasts several hours. During this 
period, the rate of flashing increases either gradually or 
sharply to a maximum, remains around this value for a 
significant period and then decreases. For the greater 
portion of the duration of the activity, the rate of flashing 
exceeds the value of 10 and can reach the value of 40; 
but ordinarily the maximum value is around 25. 

The activity of several frontal storms! has been. followed 
by studying the variation with time of the noise-burst 
level, which can be taken as an index of the total power 
radiated in the form of flashes. Typical curves are repro- 
duced in Figs. 3 and 4. Fig. 3(a) represents a type of 
storm frequently obse=ved during March—May and Septem- 
ber—November. This may be what corresponds to a local 
storm as observed over tropical land masses. Fig. 3(b) 
corresponds to the more common one after the monsoon 
has set in. Fig. 3(c) corresponds to a type of storm which 
gradually builds up and reaches peak activity a little 
before sunset. It hes not been possible to obtain the 
complete characteristacs of such storms but they appear 
to decay gradually and last until the early hours of the 
morning. The storms shown in Fig. 3(b) and 3(c) appear 
to be typical frontal storms over land. Fig. 3(d) and Fig. 4 
give typical characteristics of storms over the sea. A 
peculiar feature of such storms is a noticeable peak around 
1600-1700 h u.M.T. 

If a generalization were to be attempted on the basis of 
the data available, it would be as follows: the activity 
of a frontal storm commences at about 1200 hu.m.t. In 
some cases, it gradual-y builds up to a peak before sunset. 
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Fig. 4. Storm over the sea as logged at Bangalore on March 19-20, 1965, 
at 60 ke/s with a bandwidth of 1-8 ke/s 
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In others, it rises sharply after about 1600 h L.m.T. and 
reaches a peak after sunset but before midnight. Generally, 
the activity is quite significant from late evening until the 
early hours of the following morning. The fall in activity 
around the hour of local sunrise is quite sharp and probably 
corresponds to the collapse of the storm. The activity 
after midnight 1s significantly lower than that before 
midnight. 

The features described follow logically from the observed 
characteristics of thunderclouds including the distribution 
of their hour of peak activity over the hours of a calendar 
day on the basis of the description of a frontal storm in 
terms of thunderclouds as given earlier. The residual 
activity of individual thunderclouds described previously 
is also one of the contributing factors. 

I thank many of my students for help in various parts 
of this work, and Sir Basil Schonland for advice. 
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EFFECTS OF PRONOUNCEDSELECTRON-CONTENT VARIATIONS ON 
DOPPLER SHIFT AT LOW ELEVATIONS 


By HAIM SOICHER 


Institute for Exploratory Research, U.S. Army Electronics Command, Fort Monmouth, New Jersey 


HE non-relativistic Doppler shift in the ionosphere is 
defined as the time derivative of the optical path: 


S 
d W) 
ag at a | mi ds (1) 


where Af is the shift of the emitted frequency f, ¢ is the 
velocity of light in free outer space, and n, is the refractive 
index at the element ds of the curved ray path S, which 
starts at the satellite position p and terminates at receiver 
position 0. If we assume an isotropic, time-varying 
ionosphere and use the high-frequency approximation for 
the refractive index, equation (1) becomes?: 
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where k = 4:03 x 10’ cgs units, Np is the electron density 
at the satellite, N, is the electron density along path 


ds 
element ds, and ET 


velocity along the ray path. Equation (2) may be written? : 

£as k as Ef a) ae 
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is the component of the satellite 


Af= | Np T 


The first term describes the Doppler shift in the absence of 
the ionosphere; the second term includes contribution to 
the frequency shift from electrons in the viemity of the 
satellite and from integrated electron-density fluctuations 
along the ray path. An additional interpretation of 
equation (2) can be made. The first termin the right-hand 
sıde of equation (2) can be thought of as the contribution 
of the motion of the satellite and the existence of ‘static’ 
(frozen) ionosphere to the Doppler shift. The second term 
“may be thought of as the contribution to the shift of 
integrated density fluctuations assuming the satellite 
position is fixed. 





Some anomalous Doppler curves describing satellite 
signal reflexions from ionospheric ionization irregularities®, 
traversal of the transmitting satellite from a non-illumi- 
nated ionosphere into an illuminated one during ground 
reception’, and reception, of beyond-the-horizon propaga- 
tion mode® have been previously described in the litera- 
ture. However, the anomalous (though continuous) 
Doppler curve of 1959 Lota I (20-Mc/s beacon frequency, 
inclination 50°, apogee 1,100 km, perigee 550 km), orbit 
No. 8274, will be shown to be an example of a large con- 
tribution to the Doppler shift from the integrated-electron- 
density time variations. 

Generally, most Doppler irregularities occur at a period 
when the satellite is near the horizon with respect to the 
receiving station, since, at this position, the ionospherically 
sensitive signal has its longest path within the ionosphere, 
and is incident on the various ionospheric layers at rather 
low angles. Fig. 1 shows that the Doppler shift from 01 : 59 
to about 240 sec afterwards deviates from the shift 
extrapolated from the entire observed orbital shift by a 
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Fig. 1. Anomalous Doppler curve of satellite 1959 Jota I, orbit No. 8274, 

23 May, 1961, Af measured with reference to an injection frequency above 

the shifted frequency. (Note deviation of observed Doppler curve from. 
extrapolated dashed curve during first 240 sec of orbit reception) 
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maximum of 50 c/s. The extrapolation that yields the 
‘normal’ (dashed) curve in Fig. 1 was made on the assump- 
tion that the Doppler curve is nearly symmetrical with 
respect to the inflexion point. The orbital zenith angle 
varies from 85-3° at 01:59 E.s.T. to 66-30° at 02:03 
E.S.T. The zenith angles are the complements of the angles 
the cosines of which determine the magnitude of the 
component of the velocity of the satellite in the direction 
of the ray path. However, the foregoing angles cannot 
deviate sufficiently to cause an anomalous shift of 50 c/s 
(due to refraction effects of reflexion from ionospheric 
irregularities). In addition, the fact that the entire satellite 
reception period is within the geometric horizon of the 
recelving station rules out beyond-the-horizon indirect 
reception of the signals of the satellite-ground ionosphere 
mode or satellite-ionospheric irregularity-ground mode 
(abrupt discontinuities in Doppler curve). Further, the 
satellite and the ray path during the time of reception 
were completely in a non-illuminated ionosphere, which 
rules out the possibility of effects due to solar illumination. 
of the ionosphere. 


Assuming that the electron density at the satellite (Np) 


- would be the same for a ‘normal’ Doppler reception as 


for the anomalous one (shown in Fig. 1) during the first 


, ‘ dS 
4min of reception, and that the refractive effects (<= ) are 


the same for both the normal and anomalous modes, we 
may arrive at a possible mechanism for the observed 
anomaly. Using equation (2) for the observed and ‘normal’ 


shifts, at the time of maximum frequency shift deviation, 
we obtain: 


A fobssrved = A foori = + 50 c/s = 
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Now, because in this case the frequency deviation is a 
positive quantity it follows that: 


ON, ON: 
] e-f Gas] 


observed normal 


is a negative quantity. The sign of the foregoing 
integrals is obtained from the continuity equation: 


ON 
my =~a-4L-T 


where q is the production, of electrons term, L is the loss 
of electrons term and T is the transport term. At night the 
production term is non-existent. The integrated L + T 
term, when one considers only vertical transport which is 
effective mostly at altitudes below that of the satellite, is 
dominated by the loss term. It follows that in this 
particular night orbit the integrated electron variation is 
dominated by the rate of disappearance of electrons due 
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to attachment and recombination processes and hence is 
negative. It further follows that: 


observed 
must be more negative than: 
ON, 
Ot 
normal 
in order to yield a negative difference. It is concluded, 
therefore, that the observed rate of Joss of electrons along 


the path is steeper then the one normally expected. One 
solves for: 


ds 


in equation (3) and concludes that the variation of the 
electron-density fluctuations along the ray path during the 
anomalous portion of the Doppler curve is 75 x 101} 
electrons/cm? sec. This value is an order of magnitude 
higher than the ‘avsrage’ change in electron-content 
fluctuations (frequency scintillations) obtained by Arendt® 
for data of 1959 Lota 1 from March 13 to August 2, 1961. 
However, Arendt’s data, which are based on the average 
of the root mean square deviations (+ 2-54 c/s on 20 Me/s) 
of observed Doppler-shift data points with respect to a 
best fitting curve, do not represent an anomalous Doppler 
behaviour, but merely point to the uncertainty in precise 
frequency determination of an ionospherically passing 
signal. 

The termination of she Doppler anomaly at 02 : 03 need 
not indicate the end of the electron-content fluctuation. 
It merely indicates tiat, with the increase in the angle 
between ray path and satellite, the first term in equation 
(2, 2’) becomes dominant and the Doppler curve assumes 
its undisturbed shape. ‘The electron-content fluctuations 
become the deviations of the observed data points from a 
best fitting curve. (Ncte scintillations between 200 and 300 
sec after start of orbit in Fig. 1.) At still higher elevations 
the first term of equation (2, 2’) becomes more dominant, 
and the signal is incident perpendicularly to the various 
ionospheric layers so that the scintillations become 
minimal. (Note smooth curve in the vicinity of the in- 
flexion point.) 

In conclusion, the observed Doppler anomaly at low 
elevation is caused by a substantial decrease of the electron 
density along the ray Fath. At higher elevation, the Doppler 
shift is dominated by other factors which overshadow the 
effects of the density snhancement. 

I thauk Dr. P. R. Arendt of the Institute for Exploratory 
Research for advice. 
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FRACTIONATION OF RIBONUCLEIC ACIDS IN THE ZONAL 
ULTRACENTRIFUGE 


By Dr J. R. B. HASTINGS, Dr J. H. PARISH, Dr. K. S. KIRBY and E. S. KLUCIS ~ 


Chester Beatty Research Institute, Institute of Cancer Research, Royal Cancer Hospital, Fulham Road, London, S.W.3 


IBOSOMAL RNA is recognized to have two major 
components of sedimentation constants about 288 

and 18s when the RNA is of mammalian origin’, while 
from bacteria the values are a little lower: 23s and 16s. 
These main components have been isolated in small 
quantities; but since it is clear that RNA precursors are 
incorporated into all classes of RNA separated by sucrose 


gradient centrifugation, it is important to develop methods 
whereby recovery of several fractions can be achieved for 
investigating their physico-chemical properties and bio- 
synthetic potentialitizs. We have already shown that 
RNA from rat liver separated with the rapidly labelled 
RNA? (method 2) vill stimulate the incorporation of 
amino-acids in a cell-free system (Wilkinson and Kirby, 
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to be published) and also that the patterns of mRNA on 
countercurrent distribution are altered: (1) by the action 
of hormones’, and (2) by carcinogens‘. Differences were 
more readily shown by countercurrent distribution than 
by sucrose density gradient centrifugation. 

We have recently had available the Anderson zonal 
ultracentrifuge® and have found that the separations by 
sucrose density centrifugation on this instrument are 
better than on the Spinco model L centrifuge. A much 
greater quantity of material can be used and recovery at 
various points along the gradient is good, giving 75-85 per 
cent total recovery. Moreover, the material from the 
main peaks is undenatured as, after recovery and drying, 
it can be centrifuged again to the same position. 

Generally, 30-80 mg RNA were dissolved in 0:1 (or 
0-15 M) M NaOAc with 2-5 per cent sucrose and centri- 
fuged in a sucrose gradient (6-20 per cent) (0:1 or 0-15 M 
NaQAc) at 40,000 r.p.m./6 h. The gradients have been 
based on our experience with separations on the Spinco 
model L or the M.S.E. ‘Superspeed 50’ centrifuges. 

Fractions (40 ml.) were collected and the optical density 
recorded automatically at 280 mu. Fractions were pooled 
as shown in the figures and RNA was recovered by making 
the aqueous phase about 10 per cent with respect to 
NaOdAc at pH 6-5 and then adding ‘AnalaR’ acetone (about 
1-5-2 vol.) until two phases are just formed. Afterstanding 
at 0°/18 h RNA is precipitated in the very small volume 
of lower phase, from which it can be recovered, washed 
with ethanol, water, sodium acetate (75 : 25:2), pH 6-5, 
and dried. ` 

The radioactive material was counted in a liquid scin- 
tillation counter. After suitably diluting an aliquot of the 
fraction from the sucrose gradient with water so that 
[Nat] was 0-05 M or less, a mixture of butanol, diethyl- 
dihexylamine and acetic acid was added which extracted 
all the RNA into the organic phase and this was added 
directly to the scintillation fluid for counting. 

RNA from rat liver. Fig. 1 shows the optical density 
and radioactive pattern of RNA (34 mg) isolated from rat 
liver? (method 2) 20 min after injecting 200 uc. orotic 
acid/rat., Five fractions were recovered as indicated on 
the diagram with a total recovery of 85 per cent. The 
RNA ‘suffered no denaturation or degradation in the 
density gradient centrifugation or in the process of 
recovery and drying since dissolution of fraction 1 and of 
fraction 3 and centrifuging these materials again on 
sucrose density gradients showed that these fractions 
corresponded exactly with the 18s and 28s components 
(Fig. 2). The material from fraction 2 was not a mixture 
of these components but always contained material of 
intermediate sedimentation values (Fig. 3). A small 
additional peak or shoulder in the optical density pattern 
of the unfractionated material was occasionally observed 
in the trough between 18s and 28s. The fraction of 
highest sedimentation values (fraction 5) contained some 
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Fig. 1. Ribosomal RNA from normal rat liver, ou cent protein, diet. 


34 mg RNA dissolved initially ın 40 ml. of 0: sodium acetate pH 

6°5/2°5 per cent w/v sucrose/25° C. Centrifuged 6 h/40,000 r.p m. Z0- 

BIV rotor, ——, Optical density at 280 my; - - - - 7 ¢.p.m./40 ml. frac- 

tion; -*-* + *—, sucrose gradient at end of run. Direction of centri- 
fugation: left to right 
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Fig. 2. Ribosomal RNA from normal rat liver. Re-run of fractions 1 and 
- 3 (see Fig. 1) in parallel with unfractionated RNA. Samples dissolved in 
0-1 M sodium acetate pH 6 5/1:5 h/25° C and centrifuged (5-20 per cent 
wy ite gradients) on Spinco model L, S.W. 25 for 13 h/22,500 r.p.m / 





. , Unfractionated ribosomal RNA (0-8 mg); -@-@-@- @-, 
fraction 3 (0-3 mg.); -O-O-O0-O-, fraction 1 (0'8 mg). Direction o 
centrifugation: right to left 
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Fig. 3. Ribosomal RNA from normal rat liver. Re-run of fraction 2 
(see Fig. 1) in parallel with unfractionated RNA. Samples dissolved in 
0-1 M sodium acetate pH 6-5/1-5 h/25° C and centrifuged (5-20 per cent 
w/v sucrose gradients) on Spinco model L, §.W.25 for 13-5 h/21,000 
r.p.m./4°C. ——, U tionated ribosomal RNA (0 8 mg); -@-@-@-, 
fraction 2 (0:7 mg). Direction of centrifugation. mght to left 


288s and 18s and the nature of this material will be con- 
sidered in the fractionation of the rRNA from £E. coli. 

In each case when a fraction was dissolved and re- 
centrifuged on the Spinco model L centrifuge a sample of 
the original, unfractionated material was centrifuged at 
the same time. The optical density pattern of this material 
is included in the same graph on which the optical density 
and radioactive patterns of the various fractions have 
been drawn. 

Previous experiments have shown that hormones and 
carcinogens can alter the pattern of rapidly labelled 
RNA isolated from liver after injection of tritiated orotic 
acid. The changes in patterns were marked in comparisons 
made by countercurrent distribution but much less by 
centrifugation in sucrose density gradients. Because of 
the improved resolution of ribosomal RNA in optical 
density patterns we have investigated the separation of 
rapidly labelled RNA in sucrose density gradients by the 
zonal ultracentrifuge. Fig. 4 shows the optical density 
and radioactive patterns of RNA from livers of rats 
which had been on a diet of thioacetamide® for 31 weeks, 
while Fig. 5 shows those ^f RNA extracted from liver 
60 min after an injection of insulin (20 units/rat). The 
results confirm the previous experiments, which indicated 
that the pattern of rapidly labelled RNA was altered by 
feeding 4-fluoro-4’-dimethylaminoazobenzene (a _ liver 
carcinogen) for a protracted period and by various hor- 
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Fig. 5. Ribosomal RNA from insulin-treated rat liver. 40 mg under 
conditions asin Fig. 1 ——, Optical density at 280 my; ----,cp.m./40 
ml. fraction. Direction of centrifugation: left to right 


mones after relatively short periods. The present method 
has the advantage that good recoveries make several 
other investigations possible. 

RNA from E. colt was isolated from bacteria in the 
exponential growth phase by extraction with 4-amino- 
salicylate, tritsopropylnaphthalene sulphonate and a 
phenol/cresol mixture. RNA was recovered after pre- 
cipitating DNA with m-cresol (method to be published). 
The material used consisted of 40 mg unlabelled RNA 
and 5 mg of RNA which had been labelled for 20 sec 
with tritiated uridine. The optical density patterns of 
the labelled and unlabelled RNA, centrifuged separately 
on the Spmco model L centrifuge, were previously shown 
to be identical. Fig. 6 shows the radioactive and optical 
density patterns and the mode of fractionation of this 
material. The recoveries in Table 1 may be compared 
with those from rat liver RNA. It should be noted that 
RNA can be effectively recovered even when present in 
minimal concentration in a region of the sucrose gradient. 
RECOVERY OF RNA AFTER FRACTIONATION IN THE ZONAL ULTRA- 

OENTRIFUGE 


RNA precipitated by addition of sodium acetate and acetone. Two ml. from 
each fraction of 40 mi. ın the E. colt ar Nes used for determination of radio- 
activ 


Fraction of rotor 
effluent (ml.) 


Table 1. 


RNA (mg) 


Fraction No. 


E. colt 
(Fig. 6) 


SIMON OOD 
Bo 
Lg 
26 
D 
p 


1,200-1,360 
ined recovery = 80 per cent 
560-760 


800-880 

920—1,200 
1,200-1,280 
1,280-1,480 
Combined recovery = 85 per cent 


o 


Com 
Rat liver 
(Fig. 1) 


Ca 
© 
5 
n 
tū 
(=) 
=) 
ray 
DORI Ht co BO Ha OD hi 1O 


WANDO OSADO 


of Ope 


NATURE 


647 


Re-centrifugation o7 fractions 3 and 5 showed that these 
were almost pure 16s and, 23s.components and the radio- 
active pattern followed the optical density pattern almost 
exactly. Fraction 4, from the trough between the two 
ribosomal RNA peaks, differed from the corresponding 
fraction from rat liver RNA in that the optical density 
pattern showed the major component to be 16s RNA 
with a small amount of 23s RNA also present (Fig. 7). 
The radioactivity follawed a similar pattern but was dis- 
placed to the heavy side of the optical density pattern. An 
analogous material was obtained from fraction 6, except 
that the major component was 23s RNA; the radio- 
active material again appeared on the heavy side of the 
optical density pattem. . 

Fractions 1 and 2 were of interest as they contained a 
considerable amount of RNA of high specific activity, 
which was present in two main fractions (A and B). 
Monier et al.” have also reported material of high specific 
activity from E. coli m the 16s—4s region. 

The pattern obtained by centrifuging the RNA from 
fraction 2 is shown ir Fig. 8. It will be noted that the 
optical density pattern is composite and contains some 
16s RNA in addition to other lighter components. The 
radioactive pattern stows that at least three components 
are present (if the 4s RNA is included). As the radio- 
active pattern of the 16s RNA from fraction 3 follows 
almost exactly that of the optical density, composite 
curves have been included in Fig. 8 on the assumption that 
the relative specific activity of the 16s and 4s RNAs was 
1 and that of components A and B was 6. The curves are 
good evidence for the presence of these two components 
of this relative specitic activity. Further support was 
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Fig. 6. RNA from E. coli. 45 mg dissolved initially in 40 ml. of 015 M 

sodium acetate pH 6-5/2 5 Der cent w/v sucrose/1 5 h/2° O Centrifuged 

6 h/40,000 r.p.m. ZU—B IV rotor , Optical density at 280 mu; 

---- c.p.m /40 ml. fractior; —-—+—--—, sucrose gradient at end of run. 
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Fig. 7. RNA from E. coli. Re-run of fraction 4 (see Fig. 6) in parallel 
with unfractionated RNA. Samples dissolved ın 0-15 M sodium acetate/ 
1:5 h/2° C and centrifuged (5—20 per cent w/v sucrose gradients) on Spinco 
model L, S W.25 for 14 h/2<,000 r p.m./4°C ——, Unfractionated RNA 
(0 8 mg), optical density; -@- @- @-, fraction 4 (0-4 mg), optical density; 
----, fraction 4, ¢.p.m. Direction of centrifugation: right to left 
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obtained by similarly analysing the patterns obtained by 
centrifugation of fraction 1 (Fig. 9). It will be seen that 
this fraction contains only a small amount of component 
B and the bulk of component A is present in fraction 1. 
It ıs of considerable significance that, in addition to 
detecting components A and B by radioactivity, their 
presence is quite clear from the composite optical density 
tracings. 

The RNA from fraction 7 probably corresponds to the 
rat liver RNA fraction 5. The re-centrifugation of the Æ. 
colt material is shown in Fig. 10. It will be noted that 
the pattern obtained depends on the temperature of 
dissolution of the fraction. The ratio of the absorbance 
260 my/absorbance 280 my. was 2-15 for fraction 7 and 
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Fig 8. RNA from Æ. coli. Re-run of fraction 2 (see Fig. 6) in parallel 
with unfractionated RNA. Samples dissolved in 0°15 M sodium acetate/ 
1-5 h/2° C and centrifuged (5-20 per cent w/v sucrose gradients) on Spinco 
model L, S.1V.25 for 16-5 h/22;500 r.p.m./4° O. , Unfractionated 
RNA (07 mg), optical density; -@-@-@-, fraction 2 (0°5 mg) optical 
density; ----, fraction 2, composite optical density curves, ; 
fraction 2, c p.m. —-—:+—-+—--, fraction 2, composite ¢ p m. curves for 
sub-components 4 and B. Direction of centrifugation right to left 
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Fig. 9. RNA from E. colt, Re-run of fraction 1 (see Fig. 6) mn parallel 
with unfractionated RNA. Samples dissolved in 0-15 M sodium acctate/ 
1:5 h/2° C and centrifuged (5-20 per cent w/v sucrose gradients) on Spinco 
model L, S.W. 25 for 14 h/24,500 r.p.m./4° ©. ——, Unfractionated RNA 
(0-7 mg), optical density ,—- @—- @— @-, fraction 1 (0-5 mg), optical density, 
+--+, fraction 1, composite optical density curves; ——-—~, fraction 1. 
cpm; ———-—-, fraction 1, composite c p.m. curves for sub-components 
Aand B. Direction of centrifugation: mght to left 
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Fig 10. RNA from E. coli. Re-run of fraction 7 (see Fig. 6) in parallel 
with unfractionated RNA. Samples dissolved in 0°15 M sodium acetate 
and centrifuged (5-20 per cent w/v sucrose gradients) on Spinco model L, 
S.1¥.25 for 138:5 h/24,000 r p.m./4° C. , Unfractionated RNA (07 
mg), optical density, dissolved 1:5 h/2° 0; -@-@- @-@-, fraction 7 (0°5 
mg), optical density, dissolved 15 h/2° C; — ——-, fraction 7, ¢.p m., 
dissolved 1-5 h/2° C;- O-O-O- O-O-, fraction 7 (0 5mg), optical density, 
dissolved 1-25 h/2° C, then 0 25 h/25° C; - +--+, fraction 7, c.p.m., dissolved 
1 25 h/2° C, then 0-25 h/25° ©. Direction of centrifugation’ night to left 





also for material at the heavy peak (~ 35s) after re- 
sedimenting. It is most unlikely then that any protein 
is present. Since the material gives a greater proportion 
of components corresponding exactly to the 23s and 16s 
RNA on dissolution at a higher temperature, it is possible 
that this heavy fraction (35-408) may be a deproteinated 
ribosome and the high specific activity associated with it 
may indicate that mRNA (or segments of mRNA) also 
remains bound to this ‘skeleton’. Mammalian RNA from 
the fraction 5 region (Fig 1) showed a similar tendency to 
dissociate on redissolution mto material sedimenting 
principally at 18s and 28s. 

It is possible then that one factor in the association of 
the 30s and 50s ribosomal segments could be comple- 
mentary sequences on the 23s (or 288) and 16s (or 18s) 
RNAs, but further work will be required to clarify this point. 

Ishihama e¢ al. were able to separate three significant 
fractions of rapidly labelled RNA from E. colt by chrom- 
atography on a column of methylated albumin-kieselguhr. 
Their fraction IV had a peak about 35s on centrifugation 
in a sucrose gradient and is possibly the same as our 
fraction 7 (Æ. colt). This fraction was absent when the 
cells were grown in the presence of chloramphenicol, and 
it was suggested that the antibiotic may have inhibited 
the biosynthesis of fraction IV. We would suggest that 
in the absence of protein biosynthesis incomplete ribo- 
somes (chloramphenicol particles?) are made and, in this 
condition, are unable to bind rapidly labelled RNA 
(mRNA). Their fractions II and III are not identical to 
ours but, judging from their sedimentation on gradient 
centrifugation, are equivalent to part of our fractions 
1+2 and 2+4, respectively. 

Scherrer and Darnell!’ and Steele, Okamura and Busch?! 
have also demonstrated the presence of RNA sedimenting 
about 35s—45s. Darnell et al.1* were of the opinion that 
their material from HeLa cells was mainly ribosomal 
precursor: it had a base composition similar to that of 
ribosomal RNA and showed only a small degree of 
hybridization with DNA. It should be noted that after 
isolating the RNA from HeLa cell polysomes the material 
with highest specific activity was in the 4s—18s region of 
the gradient. In addition to 35s material faster sedi- 
menting RNA was present in the extracts from HeLa 
cells™ and liver’ and, on the analogy that the 35s fraction 
is 28s + 18s RNA + mRNA, it is possible this 45% 
fraction consists of deproteinized polysomes. 
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It is certain therefore that, in addition to the separation 
of the main components, other fractions of RNA, some 
of which may be composite, can be isolated by this 
method, although further characterizations are required 
to clarify the relationships of the components. 

The success of the present method is dependent on the 
stability of our RNA preparations (in no instance is 
bentonite required to prevent degradation) and on the 
ability of the zonal ultracentrifuge to deal with great 
quantities of RNA and yield better resolution than the 
standard sucrose density centrifugation. 
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EFFECT OF STEROIDS AND ‘TRITON X-{00’ ON GLUCOSE-FILLED 
PHOSPHOLIPID/CHOLESTEROL STRUCTURES 


By Dr. GERALD WEISSMANN, Dr. GRAZIA SESSA and Dr. SIEGMUND WEISSMANN 


Department of Medicine, New York University School of Medicine, and Materials Research Laboratory, College of 
Engineering, Rutgers, The State University, New Brunswick, New Jersey 


T has previously been reported that pharmacologically 
active steroids affect the membranes of lysosomes, 
mitochondria, and erythrocytes!-§. In each of these 
systems, steroids such as deoxycorticosterone (DOC), 
etiocholanolone, or progesterone, which do not possess 
oxygen functions in the 11 or 17 position, appear to dis- 
rupt the surfaces of cells or their organelles. In direct 
contrast, cortisol, cortisone, and their acetates appear to 
protect membrane-bounded structures against disruption 
by a variety of agents. Because this property of steroids 
might account, at least in part, for their pharmacological 
or physiological activity, the interaction of steroids with 
lipids common to several biological membranes was 
examined. 

Bangham, Standish and Watkins® have shown that 
purified phospholipids swell spontaneously in aqueous 
salt solutions to form liquid crystals, which behave as 
salt-containing compartments limited by discrete mem- 
branes. Such structures appeared as spherulites composed 
of concentric lamellae, each of which assumed the con- 
figuration of a bimolecular leaflet. The spherulites were 
shown to exhibit permeability characteristics for symple 
univalent cations, anions, and water, which were qualita- 
tively similar to those occurring across biological mem- 
branes. Utilizing such artificial phospholipid structures, 
we have previously shown that steroids which disrupt 
lysosomes and other membrane-bounded bodies increase 
the leakage of trapped cations from their model counter- 
parts”. Furthermore, cortisone, cortisol, and their acetates 
appeared to retard leakage of cations from the artificial 
structures. Other membrane-disruptive agents such as 
‘Streptolysin S’ and lysolecithin also increased leakage of 
cations from the spherulites; negatively stained prepara- 
tions of streptolysin- or lysolecithin-treated spherulites 
showed that the concentric lamellae had been visibly 
disrupted’. 

This report indicates that glucose, like small anions and 
cations, may be sequestered within artificial phospholipid/ 
cholesterol spherulites, and that membrane-active steroids 
can modify the permeability of these structures to glucose. 
Such functional alterations were accompanied by drastic 
changes in the morphology of the spherulites, viewed by 
negative-staining techniques in the electron microscope. 
The action of steroids on these model structures will be 


contrasted with changes induced by a non-ionic detergent 
‘Triton X-100’, an alkylphenoxy, poly-ethoxy, surfactant 
which has previously been shown capable of totally 
disrupting lysosomes, mitochondria, and. erythrocytes’. 

The phospholipid/cnolesterol structures, carrying a net 
negative membrane charge imposed by the anion dicetyl- 
phosphate, were prepared by a modification of procedures 
described in detail elsswhere*®:?. Ovolecithin was obtained 
from General Biochemicals, Chagrin Falls, Ohio, eluted 
from silicic acid columns in chloroform, and was shown. to 
be free of trace consaminants by thin-layer chromato- 
graphy. Cholesterol was obtained from Nutritional 
Biochemicals, Cleveland, Ohio, dicetylphosphate from 
K and K Biochemicals, Plainview, New York, and steroids 
obtained from Stersloids, Inc., Pawling, New York. 
‘Triton X-100’ was the gift of Rohm and Haas, Philadel- 
phia, and ‘Streptolysin S’ of Dr. A. W. Berheimer, New 
York University. 

For each set of experiments, 60 umoles of ovolecithin, 
17-16 umoles of DCP, and 8-58 umoles of cholesterol were 
added in chloroform to a 100-ml. round-bottomed flask. 
The contents were evaporated in a rotary vacuum-pump 
apparatus so that the dried lipid was evenly distributed 
over the lower surfase of the vessel. Finally, 6 ml. of 
glucose solution (0-145 M) were added to the flask, and 
the lipids were dispersed in the aqueous medium by 
anchoring the covered flask in contact with a vibrating 
mixer (‘Cyclo-mixer’, Clay-Adams Co., New York City) 
so that small drops of the dispersion were constantly 
thrown against the side of the flask during vibration 
(10 min, 23°C). Thereafter, the lipid structures were 
permitted to completes their spontaneous swelling for 18 h 
at 4°C. After a second period of vibration (5 min), the 
lipid particles, which -were suspended in aqueous glucose, 
but now also containing glucose that had been sequestered 
within lipid lamellae, were placed into Visking dialysis 
tubing. They were first dialysed for 30 min at 23°C 
against 900 ml. of en equimolar mixture of NaCl/KCl 
(total molarity 0-145 M), and dialysis was continued 
against fresh salt solution until the last dialysate was free 
of detectable glucose. Usually four, hourly, changes of 
900 ml. each were sufficient. One-ml. portions of the 
dialysed spherulites, now containing only that glucose 
which had been sequestered, were placed into five. 
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separate, small dialysis sacs. Test steroids, dissolved in 
0-05 ml. of ethanol, or 0-05 ml. of ethanol alone, were 
dispensed into the sacs and immediately mixed with the 
suspended spherulites by inversion. To some suspensions, 
0-2 ml. of “Triton X-100’ in NaCl/KCl was added to a final 
concentration of 0-1 per cent v/v. ‘Streptolysin S’ was 
dissolved in 0-1 ml. of NaCl/KCl. The sacs were tied, 
placed into small, narrow-bore test-tubes containing 5 ml. 
of NaCi/KCI solution, and shaken in a water bath main- 
tained at 37°C. At intervals noted below, the sacs were 
transferred to fresh test-tubes also filled with NaCl/KCl 
and the glucose which had escaped through the dialysis 
casing from the spherulites during these ‘leak’ periods was 
determined. After each experiment, aliquots, each of 
900-ml. dialysate, of the ‘leak’ fluids, and of the suspension 
remaining in the sacs, were analysed for glucose by the 
glucose oxidase method? (‘Glucostat’, Worthington Bio- 
chemicals, Freehold, New Jersey). Suspensions remaining 
in the sacs were, however, first boiled for 20 min to destroy 
the spherulites, centrifuged at 20,000g to remove lipid 
debris, and the clear supernatants were analysed. In six 
sets of experiments, total recoveries of added glucose 
ranged from 98 to 107 per cent. An average of 43-8 per 
cent of added glucose was trapped within the spherulites 
after the last 900-ml. dialysis: therefore for 10 moles of 
phospholipid (present in each test suspension) approxi- 
mately 80 umoles of glucose were sequestered within the 
structures. 

In Table 1 are shown the results of experiments in which 
5-mM concentrations of steroids altered the leakage of 
glucose from the lipid spherulites. DOC, etiocholanolone, 
and progesterone, which disrupt naturally occurring 
membranes (lysosomes, mitochondria, erythrocytes) aug- 
mented the leakage of glucose. In contrast, cortisol 
acetate, which appears to protect biological membranes, 
diminished the release of glucose from the model structures. 
In no case did leakage induced by the steroids approach 
that induced by the non-ionic detergent, ‘Triton X-100’, 
which totally disrupts natural membranes. ‘Streptolysin 
©’, a bacterial product which lyses cells or their organelles®, 
induced leakage of glucose to roughly the same extent as 
did the steroids. Fig. 1 shows that leakage was progressive 
with time, and shows that etiocholanolone-induced release 
of glucose was relatively delayed compared to DOC, a 
finding that has since been confirmed for other marker 
molecules such as phosphate, chromate, and glycine”. 

In an extension of these findings, to be reported in detail 
elsewhere!®, we have tested the possibility that the inter- 
action of steroids with lipid-bounded structures might 
regulate enzyme action. Glucose-laden phospholipid 
cholesterol spherulites were placed in dialysis sacs as 
stated. However, the sacs were allowed to ‘leak’ into test- 
tubes containing not only 0-145 M NaCl/KCl solution, but 
also the enzymes glucose oxidase, peroxidase, and chromo- 
gen. Accelerated formation of reaction product (compared 
to controls) was seen in tubes with sacs of spherulites to 
which ‘Triton’, DOC, or etiocholanolone had been added, 
as the medium became coloured by chromogen. Tubes to 
which cortisol acetate had been added showed a delay in 
the development of colour. These experiments indicated 


Table 1 
Glucose released, 
Agent added No. of moles Per cent of controls * 
i exps. at 30°+ S.E.M. 

Control 6 18-1 166 3 4 5-5 
‘Triton X-100" 6 30 7 281°0 + 27-9 
DOC 4 25°5 234°5 +109 
Etiocholanolone 6 24-4 224:3 + 35-2 
Progesterone 4 21:0 193-5 +141 
Cortisol acetate g 168-8 1543457 
*Streptolysin S° 2 21:9 201——. 


* Control tubes leaked 10-9 moles in 30 min. Release of glucose from 
phospholipid/cholesterol structures See text for detail of preparation of 
lipid spherulites composed of ovolecithin/cholesterol/dicetylphosphate 
(70:10:20). Each ml. of spherulite suspension sequestered an average of 
80 «moles of glucose before steroids (5 mM), ‘Triton Y-100’ (0-1 per cent 
v/v) or streptolysin (2,000 haemolytie units) was added Solvent controls 
were 0 05 ethanol for steroids, 0-1 ml. NaOQl/KCl (0-145 M) in other tubes. 
Leakage measured after 60 min at 37° C. 
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Fig. 1. Release of glucose from artificial Sa fel bt ate eet struc- 

tures. Results expressed as percentage released from control suspen- 

sions at 30 min (10-9 wmoles/ml. suspension). Steroids added at 5 mM 
concentration, “Triton X-100’ 0-1 per cent v/v 


that steroids might regulate enzyme action by modifying 
the rate at which substrate was made available to the 
enzyme. 

However suggestive these functional studies might be, 
it was still possible that steroids influenced the attachment 
or binding of glucose to the lipid membranes, without 
actually altering their structure or spatial disposition. 
Therefore the spherulites were studied by negative- 
staining techniques in the electron microscope in order to 
identify any possible morphological consequences of 
steroid action. Aliquots of the spherulite suspensions, 
prepared as already described, but before dialysis, were 
exposed to steroids or ‘Triton X-100’ for 20 min at 23° C. 
They were kept at 4°C for 3 h (to permit transport), 
mixed with an equal volume of 3 per cent phosphotungstic 
acid, and sprayed on a carbon-coated grid by means of an 
ordinary nebulizer. They were examined in a Hitachi HU 
114 electron microscope. Fig. 2a shows a negatively stained 
preparation of the phospholipid/cholesterol structures, 
incubated in the presence of ethanol alone. The majority 
of the figures appeared as spherulites, spread out on the 
grid, and frequently superimposed on each other. Most 
measured between 0-2 and 0:8 in diameter, although 
larger, composite figures were occasionally observed. Each 
spherulite, in appropriate specimens, appeared to be com- 
posed of concentric lamellae, usually at a distance of 
45-55 A between layers. Therefore these structures 
resemble those previously described by Bangham, Standish 
and Weissmann, with the important difference that the 
spherulites prepared with 0-45 M glucose are much more 
discrete, and show considerably less coalescence than did 
the structures-previously described, which were prepared 
in water. To exclude moiré effects as the source for the 
lamellar appearance, specimens were tilted in the electron 
beam, but this had no effect on the concentric, lamellar 
appearance. 

When the specimens were incubated with ‘Triton X-100’, 
their distinct spherular organization was entirely lost, no 
lamellar structure could be identified, and the grids 
appeared filled with deposits of amorphous material 
(Fig. 26). However, in contrast to these and to controls, 
samples which had been incubated with 5 mM DOC 
showed the emergence of entirely new forms. Although 
smaller, discrete spherulites could still be identified, the 
predominant forms were a series of frayed, strand-like 
structures, loops and swirls of which maintained-a lamellar 
sub-structure (Fig. 2c). These strands were frequently 
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: a b e 
S Fig. 2. a, Electron micrograph of artificial phospholipid/cholesterol structures, See text for preparaticn of these spherulites, which have been 


prepared in 0-145 M glucose and negatively stained with 3 per cent phosphotungstic acid; b, preparation as in 2a, but treated for 20 min at 
23° C with 0-1 per cent ‘Triton X-100’; ¢, preparation as in 2a, but treated for 20 min at 23° C with 5 mM DOC (deoxycorticosterone) ( x e. 26,000) 


observed as a double- or triple-layered system, sometimes 

» tubular, which in areas appeared to merge with the 

outermost layers of the native structures. The distance 
between lamellae was still maintained at approximately 
50 A, but in some three-layered strands a middle, thicker, 
layer appeared which was somewhat amorphous. Longer 
exposure to the steroid produced a series of frayed strands 
and flat sheets. 

Negative-staining techniques have previously been used 
to demonstrate the effects of other membrane-active agents 
on purified lipid mixtures. Saponin was shown to interact 
with lecithin/cholesterol dispersions so as to produce a 
series of new, morphologically distinct forms which could 
be explained by postulating the interaction of saponin 
with individual components of the lipid mixture!>??, 

= Lysolecithin and ‘Streptolysin S’ also brought about 
“morphological changes in phospholipid/cholesterol struc- 
tures; these differed from those induced by saponin. No 
new forms appeared, but the net effect was a sort of 
progressive emulsification: new channels appeared be- 
tween the internal lamellae of the structures and the 
“surrounding medium’. In contrast to lysolecithin or 
‘Streptolysin’, DOC appears to have interacted with 
.. phospholipid/cholestero] structures to produce new, 
-strand-like forms at the expense of the spherular arrange- 
ment ordinarily preferred by the lipids in 0-145 M glucose. 
However, because negative-staining techniques do not 
. necessarily show the precise configuration that lipids 
assume in aqueous dispersion, the extrapolation of these 
observations to wet states, or to biological systems, is 
-hazardous'*. Nevertheless, the experiments strongly 
suggest that steroid-induced changes in the permeability 
-to glucose of phospholipid/cholesterol spherulites are the 
functional expression of a physical interaction between 
steroid and membrane lipid. The nature of such an 
interaction is, at present, only conjectural. Taylor and 
Haydon", testing Willmer’s suggestion that steroids, as 
- amphipathic or ‘rogue’ molecules, might enter into the 
lipid phase which bounds cells or their organelles’, found 
that progesterone entered into phospholipid/cholesterol 
films at an air-water interface. Since only small amounts 
of progesterone did, in fact, enter the layers, they were 
unable to determine whether progesterone inserted 
_ vertically, with one polar group at the interface, or, 
horizontally, with both polar groups at the interface. 
Munck previously had shown that steroids oriented 
horizontally at a heptane/water interface. 

Whatever the position of steroids in lipid membranes 
proves to be, it would appear that the presence of polar 
groups at C 11 or C17 of the sterol radically alters the 
zo functional properties of biological membranes exposed to 
_ guch rogue molecules. Oxygen functions at these positions 
< considerably diminish the lytic effects of DOC, proge- 

gterone, and etiocholanolone on lysosomes, mitochon- 

dria, and erythrocytes?-*. Another structural feature is 














important in determining membrane action; etiochol- 
anolone and other 5 8-H steroids, the A : B ring junction 
of which is cis, disrupt lysosomes and erythrocytes. In 
contrast, the planar 5 «-H isomers of these steroids are 
relatively inert in membrane activity’. Studies with 
lipid spherulites filled with Nat and K+ have shown that 
these structural ‘rules hold for the model system used 
here as well. Such observations fit remarkably with the 
early observations of Selye on the anaesthetic properties 
of steroids”. He, toc, found that oxygen functions at 
Cll or C17 abolished the anaesthetic effects of etio- 
eholanolone or progesterone, and that 5 «-H isomers were 
non-anaesthetic. This concordance would support theories 
of anaesthesia based en the capacity of anaesthetics to 
enter lipid membranes!*; Bangham has recently found 
that several local anaesthetics alter the leakage rates of 
cations from lipid spherulites!®. 

We have previously reported that pre-incorporation into 
lipid spherulites of as Kittle as 1 per cent cortisone, before 
swelling in salt solutioas, produced structures that leaked 
cations to a lesser extent than did control spherulites on 
subsequent exposure to lytic agents. It is, therefore, 
possible that small amounts of steroids may alter the 
permeability of biolog:cal membranes by virtue of their 
insertion as rogue molecules in bimolecular lipid leaflets. 
The presence, in an aqaeous phase, of a functional protein 
has been considered an integral feature of biological 
membranes*®, The investigations described here would 
suggest that at least seme membrane phenomena may be 
explained without considering this protein as more than a 
coating for a lipid skeleton, the integrity of which may be 
regulated by amphipathic molecules such as steroids. | 
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“DISTINCTION BETWEEN THE EFFECTS OF ANTIVIRAL AND ANTICELLULAR 
| POLYOMA ANTIBODIES ON POLYOMA TUMOUR CELLS 
By INGEGERD HELLSTROM 


Institute for Tumour Biology, Karolinska Institutet Medical School, Stockholm 


CUOGREN, Hellström and Klein? and, independently, 
AJ Habel?, reported in 1961 that mice immunized with 
polyoma virus as adults were resistant to transplantation 


= with polyoma tumour cells. They attributed this to the 


.: presence in polyoma tumours of specific antigens determ- 


< ined by the virus. Sjögren later showed that mice im- 
 Munized with polyoma tumour cells were also resistant to 


— transplantation of polyoma tumours’. Resistance was 
also demonstrated in mice immunized with polyoma 
tumour clones which could not release polyoma virus 
particles’. It was hypothesized that polyoma tumour cells 
contain an antigen, determined by the polyoma virus 
but distinct from the antigen of the virus particles‘. 

It was recently demonstrated by Hellström and Sjögren 
that specific antigenicity of polyoma tumour cells can be 
detected by an in vitro technique in which target cells are 
incubated with specific isoantibodies and complement and 
plating efficiency then measured’. This method was 
used for the experiments to be reported. They were 
performed to distinguish between the effect on polyoma 
tumour cells of antibodies prepared respectively against 
the polyoma virus and the hypothetical specific polyoma 
tumour antigen. The tumour line used for this study, 
YAA~—CI-C3, is a clone derived from YAA-CI, which is 
a sub-line of the Moloney-virus-induced YAA lymphoma 
of A/Sn origin that has been subjected to repeated infec- 
tions with polyoma virus in vitro and has acquired the 
polyoma specific transplantation antigen’. It was 
chosen because of its high sensitivity to antibodies and 
complement in the test system used. In a control experi- 
ment, a YAA-CI line was used which had not yet 
acquired the polyoma antigen. All the tumour lines 
tested also contain the Moloney specific antigen®. 

Two types of anti-polyoma serum were used (Table 1): 
serum pools obtained from mice immunized with polyoma 
virus preparations as adults, and pools of ‘anti-cellular- 
antigen’ serum, derived from mice which had been inocu- 
lated with allogeneic tumours, containing the polyoma 
transplantation antigen but not releasing detectable 
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immunized with polyoma virus preparations all contained 
high levels of anti-polyoma virus antibodies which were 
detected both bya haemagglutination inhibition technique’, 
and by neutralization of plaque formation by the virus*-®. 
Sera derived from mice immunized with the polyoma 
tumour cells did not have detectable antibodies directed 
against polyoma virus. In addition an A.SW anti-A 
serum and an A anti-A.SW serum were used. The former- 
was & positive control because of its ability to react with 
the H-2¢ determined antigens of the tumour cells tested. 
The latter was a negative control, incapable of reaction © 
with the tumour cells. 

Trypsinized cell suspensions of transplanted tumours 
were explanted, propagated approximately 30 days 
in vitro, and used for plating experiments, performed as 
previously described’. These cells were suspended and 
diluted to a concentration of 4,000 cells/0-1 ml., in condi- 
tioned Eagle's medium with 40 per cent foetal calf serum. 
The use of conditioned medium gathered from YAA-CI-C3 
cultures 3-4 days after seeding was found to increase 
plating efficiency approximately tenfold. Each diluted 
tumour suspension was added to a tube containing 
0-1 ml. undiluted antiserum and mixtures of cells and 
serum were incubated at 37° C for 20 min with repeated 
shaking. Then 0-8 ml. undiluted guinea-pig complement 
was added, and 60 min later 15 ml. of Eagle’s medium 
with 40 per cent foetal calf serum was added. 4-ml. 
portions were plated in each of three Faleon 50-mm Petri 
dishes. Some experiments were made with doubled 
amounts of cells and sera in order to obtain sufficient 
material for plating in 6 Petri dishes. The dishes were 
incubated for 7 days at 37° C in a 5 per cent carbon dioxide— 
air atmosphere and stained with crystal violet, after 
which the number of colonies was counted. 

The findings are presented in Table 2. Treatment of 
the tumours with A.SW anti-A serum and complement 
reduced the number of colonies formed after plating 
by 84-100 per cent, as compared with control groups 
exposed to an anti-A.SW serum, unable to react against 


























“polyoma virus particles. Sera obtained from mice the target cells. Sera from mice immunized against the 
Table 1, SAMPLING DATA ON ANTI-POLYOMA SERA USED FOR THE TESTS 
| | | 
: Immunization Results of plaque tests t ; i 
Se EF ce re we maemae | erum | 
Serum i i Plaque numbers (per cent) titre f 
pool No : | Virus nnn oo gcording to | | 
Mice | Procedure * : dilut | After treatment | | HI testst 
i | Control i with antiser, | Reduet, | i 
htitettitentnintntrnn enone trannies nt a ee OO rie ca eet anne A E ee E EER eee aS ERTS OREN EEE NOT SET. 
‘Anti-polyoma virus’ | | ! | 
1828 | ACAXCBA Fi | Virus as adults Undil, Confluent i 0 i 100 : | 
| Dil 1:10 | 26 i 9 i 100 © 1:10.240 | 
1333 | a ae ee | | | 1:10,240 | 
1348 | ASWxDBAF, | S R | | | | | 1110240 | 
. 4365 | Aand At CBA F,, Virus as adults + | | i i i 
i | SEWA-C104inocul. | . , | OR | 
eveanmesnat j EPEN N ER. — zaf EEE EN E EEEE ELEAN E AN A A AEA EAA AN AEE be Se ae AN, 
| ‘Anti-polyoma cell antigen’ | | | | | 
| 4880 | 4A | SEWA-C108inocul. | | | | 42160 
| 1345  <AxKCBA P, | SHAW A-Cl0 dinocul. | ; | 1:40 
1368 A x CBA Fi | SEWA-Cl04inocul. | Dil Confluent | Confluent | 0 | | 
| | Dil, 1:10 26 28 | 0 | 1:40 
| 4882 AxCBA Fi SEW A-C10 5 inocul. | i 1: 169 | 
$ t i i i $ f 
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* Mice were immunized as adults by giving them one injection with a high titred polyoma virus, in order to produce antiviral sera. Serum pool 1365. 
was taken from mice immunized with polyoma virus as adults and given 4 inoculations with the non-releasing polyoma tumour clone SEW A-C1)-(ref. 4). 
Antisera directed against the ‘polyoma-cell-antigen’ were taken from mice, given 4-8 inoculations of the non-releasing SEW A-C10 polyoma tumour elone. {of > 


ASW origin). 


t Plague teats were performed as described elsewhere (ref. 9). Two different dilutions of a virus-containing tissue culture fluid were treated with antiserum : 


and the reduction in plague number was observed. 


Serum titres were determined according to the HI technique of Eddy et al. (ref. 7). Titres of up to 1:100 were considered to depend on 


_ ibhibition (ref. 4), and titres of 1: 200 or more clearly positive. 





non-specific. 
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CECS a AFTER EXposure TO VARIOUS ANTISERA, THE NUMBER or Conortes FORMED ON EACH PETRIE 
18 GIVEN. COMPLEMENT WAS ADDED TOGETHER WITH THE SERUM EXCEPT WHEN OTHERWISE STATED e 
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a 
i A sw anti-A | 
: A a iA. SW | serum Anti-polyoma vir. ser. Anti-polyoma cell ser, 
sadi anti- k “oe | se |S oora O ope, | wi i y l Without ks 
Tumour line serum | % Ser. Ser, | With % Without ; 9 fo 4 
' Col/plate i Col/plate red pool Col/plate | complement. | red | complement. i E d 
; c No. i | ; Col/plate | Lee Col/plate | oa 
| OEELA ETT A N PERI AE E O carapace sei E EREET SAEF, TESES ee EEE | | PAE EEEIEE SAE e fE 
i YAA-CI-C3 90, 130, 128, | 0,0,0,0, | 100 1338 126, 116, 118, 0 1330 | DO, 60, 70, 80 39 | 188, se a i 4 
(contains 80, 94, 98 0,0 112, 130 | | 112, 98, 100. — 
polyoma i | \ 
ae i 
antigen | { 
| 1 n” 90, 72, 72 0, 0,0 100 13388 95, 92 | 0 1330 =| 0, 53, 41 39 
i Ta Js 208, 190, 210, | 0,0,0,0 | 102 1348 184, 184, 174, 12 1345 | 138, 146, 140, 37 200, 204, 184 | 
| 180, 182 179, 172, 154 | 94,100, 122 
| ” s” | me T 3, oe 6, 98 1328 gs ar 64, 40 | 1382 {D4 ‘D4, 44, 42 ; 80 | 
a aa | 210, 212, 216 | 0,0,0 | 100 | 1358 | 162,160,166 | 23 | 1363 | 164, 152,132 | 30 | 
| YAA-CI (no | 138, 138, 148 i 20, 26, 24: 84 1365 134, 142, 134 | 3 1345 136, 142, 140 1 
polyoma | i 
transplant. | | 
antigen) | | | | | eg 
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‘hypothetical polyoma-tumour antigen reduced colony The findings reported strongly indicate that transplanta- 
numbers by 30-60 per cent although these sera did not tion resistance to polyoma tumour cells depends on the | 
contain detectable antiviral antibodies. Complement presence in the tumours of a new cellular antigen which is- 
was necessary for reduction of plating efficiency. The induced by polyoma irus, but differs from the antigen of | 
_. antiviral sera reduced colony numbers only in some polyoma virus partichs. ae 
_ experiments. One test was performed with a line of This work was supported by grants from the Swedish 3 
"O YAA-CI which had not yet acquired detectable polyoma- Cancer Society, the Swedish Medical Research Council 
< oo induced transplantation antigenicity. It was resistant and by grant CA-@4747 to Prof. G. Klein from the- 
to the action of both anti-cellular and anti-viral polyoma National Cancer Institute, U.S. Public Health Service. 
sera but was killed by the A.SW anti-A serum. I also thank Prof. G. Klein for his advice and Mrs. Solveig 
These experiments established that the tumour line Humla, Mrs. Britta Jonsson and Miss Maj Britt Sondel 
tested, YAA-OL-O3, containing the polyoma-induced for their assistance. 
transplantation | antigens, is sensitive to treatment in ı Sijégren, H. O., Hellström, 1., and Klein, B., Cancer Res., 21, 329 ab 
‘vitro with isoantisera directed against polyoma tumour Habel, K., Proc. Soc. Ezp. Biol. Med., 106, 722 (1961). 
-eells but not containing detectable antiviral antibodies. oe Le oan E ee oe iu 
: Plating efficiency was only infrequently reduced by strong , Helistrom, L and Siégren, HL 0., Exp. Gall. Has (in hi peseel: 
antiviral sera. The reduction obtained with these sera « Sjögren, H. O., and Hellstesm, I., Hay. Cell Res. (in the press). 
is probably due to their content of antibodies against 7 Eddy, B. E., Rowe, W. P., Hartley, J. W., Stewart, S. E., and Huebner, 
- eellular polyoma antigen(s) since the virus-immunized Sande T ogy A med T1208) 


‘ ; : | i * Dulbecco, R., and Freemaa, G., Virology, 8, 396 (1959). 
mice are resistant to syngeneic polyoma-tumour grafts! + Hellström, L, J. Nat. Caner Inst., 81, 1511 (1968). 


INTERSPECIES DIFFERENCES IN RESPONSE TO POLYPEPTIDES AS 
PERMEABILITY FACTORS 


By Dr. JEAN CARR and Pror. D. L. WILHELM 
Prince Henry Hospital, and School of Pathology, University of New Seuth Wales, Sydney 











JHE ability of bradykinin to induce vasodilatation, has been compared n the skin of guinea-pigs, rats. and Ba tat 
increased vascular permeability and leucocytic rabbits. This was dene to assess the permeability effects 
apedesis has directed attention to its possible function of bradykinin in the rabbit, relative to its known ac 
as a mediator of the early vascular events in inflamma- in the guinea-pig and rat, to determine the relati 
ion}, As a permeability factor, bradykinin has out- potency of bradykinin and kallidin in all three spee Be 
tanding activity in the guinea-pig, being about 80 times and to compare the potency of an unrelated peptide, elə- — 7 
more potent in this species than histamine®™?. In the rat, doisin, since the pharmacological activity of polypeptides 
. the other hand, bradykinin and histamine both have appears to be affecterl both by the internal arrangements — 
latively low potency?, whereas histamine has high activ- of their amino-acid residues!* and their chain-length!!!*. 






> -ity in the rabbit, comparable to that in the guinea-pig’. Eledoisin is a peptide’? containing eleven amino-acid 
© To our knowledge, however, bradykinin has not been residues (Fig. 1) obtained from the posterior salivary 
i ; tostod in the rabbit, gland of the Eledone, a close relative of the genus Octopus. 







Bradykinin is a nonapeptide: (Fig. 1) to which kallidin The test preparations were injected intradermally in- 
s closely related‘; it differs only in possessing an N- guinea-pigs, rats and rabbits with Evans blue circulating 
terminal. lysine group’, thus making kallidin a decapeptide. in their blood, according to the technique of Miles and ©. 
„Although ‘kallidin has pharmacological properties similar E m 
‘to those of bradykinin, there is little evidence concerning paling: Hates 
oo d i Arg--Pro-Pro—Gly—Phe—Ser~Pro—Phe—Arg 
the relative potency of the two preparations as perme- — ě kallidin 
ability factors. Serum kallikrein has a similar potency Lys- Arg—Pro-Pro—Gly~Phe-Ser-Pro~Phe—Arg 
« to bradykinin in the guinea-pig*, but the permeability  Pledoisin 
effects of kallikrein may be mainly due to the production Pyr*—Pro—Ser~Lys—Asp(OH)-—Ala~Phe—Lleu-Gly~Leu-Met— 
io of bradykinin®. _ : : i NH, 
ooo In the present. work, the permeability-increasing *Pyr = Pyroglutamyl. 
- potency of Ro bradykinin, kallidin and eledoisin Fig. 1. Structure of bradykinin, kallidin and eledvisin 





r content of ead dye was. ‘determiied by 






que. of Clausen and Lifson®'6, The results are 
wded in Fig. 2. 

Previous work? in the guinea-pig has indicated that the 
tency: of various permeability factors differs consider- 
) hen lesion-diameter is measured on the upper or 


surface of the skin. The procedure of dye extraction 

















nore closely with those obtained by measuring 
diameter on the under rather than the upper surface 
skin’. 
hough the three polypeptides which were tested each 
satisfactory responses on both the upper and under 
ace of rats’ skin, the amounts of extracted dye are 
uch less than in the guinea-pig, and the dosage response 
ines correspondingly unsatisfactory for the evaluation of 
alativo potency. Nevertheless, our dye extraction results 
r the rat agree with those of other workers'®-2° using 
tae trypan blue as a marker substance in the investigation of 
ete -tho permeability effects of histamine and kallikrein. 
_. In the rabbit, on the other hand, the lesions are not 
© estimable on the upper surface of the skin. The exuda- 
>. Won of the dye is confined to the upper layers of the skin 
and does not extend down to the panniculus carnosus, 
which in turn is too opaque for the pale overlying lesions 
to be viewed from the under surface. That the amount of 
— exuded dye is relatively small in the rabbit is confirmed 
I by the dye extraction results (Fig. 2). 
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nizing the skin and extracting the dye by the- 


ather tedious as a routine technique, but the results 





gi ing ‘disadvantages | in the rat and : ‘abbr 
unexpected, particularly in the latter, and hene 
interspecies comparison of the three test peptid 
to be confined to the results from the upper-st 
readings. The outstanding activity of bradykinin in, 
guinea-pig and its lower activity in the rat are confirme 
In the rabbit, bradykinin has high activity, of the sar 
order as in the guinea-pig. Relative to histamine, brady- 
kinin bas a potency of 86 in the guinea-pig and 63 in the- 

























rabbit; and relative to 5-hydroxytryptamine, a potency po 


of 0-6 in the rat. a 

In all three species, kallidin has slightly less activity i 
than bradykinin, but the relative factor is only about a 
1-3 in the guinea-pig, 2 in the rat, and 3 in the rabbit; -< 

The results for eledoisin are surprising in that this 
peptide has high potency in both the guinea-pig and rat. sO 
but negligible activity in the rabbit. In the guinea-pig, - 
the activity of eledoisin is comparable to that of both 
bradykinin and kallidin, but in the rat it far outstrips. 
any factor we have tested, being 18 times more active 
than bradykinin and 10 times more active than 5-hydr oxy- 
tryptamine. 

Our results, therefore, indicate that bradykinin has 
high permeability-increasing activity in the rabbit, as in 
the guinea-pig and rat, and that in all three species its — 
activity slightly but consistently exceeds that of kallidin. 
On the other hand, eledoisin, an unrelated peptide of 
similar chain-length, has comparable activity in the 
guinea-pig, outstanding effects in the rat, but negligible 


Rabbits 





The panniculus carnosus 
is too thick, and the 


lesions are too pale for 


accurate measurements, 
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+ ig.2. Permeability-increasing potency of bradykinin (B), kallidin 
a to 5-hydroxytryptamine (S) in rats. The response lines reco 


K) and eledoisin (E), relative to histamine (H), in guinea-pigs and- rabbit { 
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t. Whatever the explanation of 
with eledoisin, it seoms noteworthy 

sr example of a biological substance 
ations in permeability effects accord- 
ss of test animal}. 
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A SIMPLE BIOASSAY FOR ANTIOXIDANTS BASED ON 
PROTECTION OF Tetrahymena pyriformis FROM TH= 
TOXICITY OF BENZO(a)PYREN= 


PHOTODYNAMIC 


By Dr. SAMUEL S. EPSTEIN, INNA B. SAPOROSCHETZ, MYRA SMALL, WELDON PARK 
| and NATHAN MANTEL 
“From the Laboratories of Carcinogenesis and Histology, The Children’s Cancer Research Fourdation, and the Department of Pathology. 


Harvard Medical School, at the Children’s Hospital, Boston, Massachusetts, and the Biometry Branch, National Cancer Institute, 
National Institutes of Health, Bethesda, Maryland 


NTIOXIDANTS are widely used in food, as well as 
| in other natural or synthetic products such as 
petroleum, rubber and paints, to inhibit autoxidative 

deterioration. This subject has been well reviewed in 
recent publications!*. While a voluminous literature 
exists on chemical tests for antioxidants, biological data 
on their in vivo activity, perforce, have been restricted to 
some studies on vitamin E biopotency*. The present 
article describes a simple and rapid biological method for 
the in vivo characterization and assay of antioxidant 
=œ activity based on the inhibition of the oxygen-dependent 
=o phenomenon, photodynamic injury*-?. This approach was 
stimulated by the finding that vitamin E protects a 
--giliated protozoan against the photodynamic effects of a 
polycyclic photosensitizer*)’. 
The compounds tested are conventionally grouped, as 
in Table 1. In general, primary antioxidants are con- 
sidered to function as free-radical acceptors; secondary 
antioxidants act synergistically with primary antioxidants; 
and ultra-violet absorbers block the catalytic effeet of 
ultra-violet: and visible light. The miscellaneous group, 
comprised largely of reducing agents with free —-SH 
“groups, includes classical radioprotective agents not 
zenerally regarded as antioxidants. 
From stock solutions of compounds in acetone or 
water at Ol or 0-01 g/ml., serial log dilutions of aqueous 
spensions were freshly prepared from 3,000 to 0-3 

















(ml. The dilution range was appropriately extended, 
easionally to as low as 3 x 10- pg/ml, for com- 
pounds with high activity. Aqueous suspensions of 
_. benzo(a)pyrene. (BaP) at 0-1 ug/ml., freshly prepared 
“from stock acetone solutions of 100 ug/ml., were used 
as the standard photosensitizing agent. Cultures of 
Tetrahymena pyriformis var 1, mating type IT, were 
maintained axenically in the dark at 28° C in medium 







cells, were mixed on single 15 x 4mm 
slides with aliquots of BaP and of 
r These slides, 


taneously with long-wave ultra-violet light, of 8,750 uW/ 
em? at 45 em, filtered to transmit light from 310 to. 
400 mu with a peak at 366 my, and observed directly 
with a binceular stereescopic microscope at a magnification 
of x10. The duraticn of irradiation required to produce 
lethality, as indicated by immobilization of 20 per cent 
of the motile ciliates (L7,,), was determined, with an 
arbitrary observatior limit of 60 min. All compounds 
were tested a minimam of three times, using new stock 
solutions on at least Swo occasions. iz 

Protection from paotodynamic toxicity was manifest 
by prolongation of median Z£7',, over median control. . 
values (Table 2). Consentrations of compounds producing 
two-fold prolongation of ETs, values and dose-response 
slopes of these compeunds were determined (Table 1 and 
Fig. 1). Approximately half the compounds tested (58/98) 
achieved such protectzon. o-Tocopherol was selected as the 
standard for apparent relative potency determinations 


(Table 1). For compounds yielding two-fold or greater 
protection, the possible role of light absorption was 
10€ 
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Fig. 1. Method for determining the concentration of a-tocopherol. 

required to produce two-fold prolongation of control LT, values, m Toto- 

pherol was used as the standard for relative potency determinations. |. 
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Phenolic Compounds 
Phenols | 
-4 Hydroquinone! | 30 V1 ioe ! Sa 
: y Palori acid? > 300 <O1 ~ l _ 
| p-Aminosalicylie acid? > 300 <01 oo ; — 
 2,5-Dihydroxybenzoic acid (‘Gentisic acid’P | > 860 <1 oe | paz 
z PA 4’ 5,7-Pentah hydroxyflavone (‘Quercetin’)* 12 28 0-32 | 46 
a thyi-p- l-p-hydroxybenzoste (‘Methylparaben’)? > 300 <0 | pa oo 
ys ihe phy hydroxybenzoate (‘Ethylparaben’)* > 80 <ii — = 
: A Propy aer p pyororybenzosts (‘Propylparaben’) | >30 «Pl n -l 
> 300 D-i means i — 
S 10 B, 4 BT ih e sutyrophenone' | 12 7 2-8 0-24 | 0 
ie ‘Hinderod’ Phenols | 
11 Mixture of 2 and 3-tert.but a ac BHAY > 80 <1 oo | — 
42: 2,6-Di-tert. butyl-p-cresol (BHT) ‘ | > 8,000 < 0-01 e | a 
teri. Butylhydroquinone* > 300 <l — i an 
2 pB, 1 dimethyinropyiihyragaitoné (tert. amylhy droquinone}* 75 | 4 0-10 | Q 
Undefined mixture of guaiaconic acids (gum gualac)* 21 | 16 012 | 0 
gta 3-Dimethyitetramethylene kinyrocato cii (NDGA}* 16x10" 3-1 x 105 0-14 i 0 
0,0-Di-n-octadecyl-3,5-di-tert. aati turf Artic i hosphonate’ 15 2-2 0-31 i 0 
2,4-Bis-(n-octylthio)-6-(4-hydroxy-3,5-di-tert. butylanilino)-1,2,5-triazine’ 1 3-1 | O26 0 
is 9 2, iii ai haat hae 0)-€-(3, 5-di-tert. butyl-4-hydroxyanilino)}1, 3,5- 45 +7 | 0:27 i 0 
: 
panes 20 2,4-Bis(n-octylthioethyltho)-6- -(4-hydroxy-3,5-di-tert. butylphenoxy)-1,8,5- 54 6-1 0°22 | 0 
| BL 2,4-Bis(4-hydroxy-3,5-di-tert. butylphenoxy)-6-(n-octylthio)-1,3,5-triazine’ 4 08 026 | 6 | 
pe 4-Hydroxymethyl-2, 6-di-fert. butyiphenol (‘Tonox 100°)* > 3,000 < OL — ne fo. 
23 -2-(3,5-Di-tert butyl-4-hydroxybenzylthi o)beazcthiazole (Ionox 115’}* 150 t2 0:34 G ; 
ol 2S. 6-Di-tert. butyl-4-hydroxybenzylether (Ionox ZO Y 638 05 0°31 | G i 
i125 1,4-Bis-(3,5-dl-tert. butyl- -4-hydroxybenzyl)tetramethylbenzene (‘Tonox 242”)* 390 0-09 0-34 0 | 
aot 26 D 4,6-T'ris-(3,5-di-tert. butyl-4-hydroxybenzyl)phenol (‘Ionox 312’)* 750 004 0-28 { ü ; 
a a7 She Teimetby 1-2,4,6-tris(3,5-di-tert. butyl-4-hydroxy benzyl benzene (‘Tonex 210 | 0-2 0:29 | 0 | 
| 
cole Tocopherols | 
| 28 a-Tocepherol* 33 1-0 0-33 0 
| 28 BTocopherol® 13 | 25 O27 | 0 
- | 80. y-Tocophero!* 54 i O6 0-28 ; 0 | 
| 31L -Tocopherol 39 t9 0-27 i ü 
ob Ra Be Bi-a-toeopherol* 5i 0-7 0-33 i 0 
|. 38 D-a-Tocopheryl acid succinate? 20 7 0-33 | 0 
Bh t-a-Tocopheryl acetate” 60 06 0-33 | 0 
$ <85 C polyethylene gtycolsuceinate? 3-6 9-2 0-32 ü | 
Be Era Amines | = 
; O age 2 a 2"-Nitrilotriethanol ('Triethanolamine’) > 3,000 <0-01 m no pe 
ene hydrochloride! > 800 <H ——~ i “ee = 
ee | j E 
Di--tolylguanidine sait of dicatechol borate (‘Permalux’)’ 7 1-2 0°12 | G = 
D Tenom ne! > 300 <01 oo — E 
.4'-Diphenyi-p-phenylenediamine (DPPD)* 75 0-4 | 024 0 . 
Mixture containing n-phenyl-a-naphthylamine ("Neozone A’y* > BO <11 =— \ = 
xture containing 7 phony! f-naphthyiamine *‘Neozone D'Y > 300 < 0-1 | = si pa 
Mixture coma 4,4’-dimethoxydiphenylemine, DPPD and ‘Neozone D 42 79 | 0-22 | 0 | 
rermofiex’)* 
Aminobenzenesul phonylguanidine (‘Sulphaguanidine’)’* > 3,000 < 0-01 | o | — i 
en heterocyclics 
Isonicotinic acid hydrazide (‘Isoniazid’)* > 3,000 | <®-0L meer | nee | 
2,9: 5,6-Dibenzo-1,4-thiazine (phenothiazine) > 8,000 | < O01 oo mmen o 
,7-Bis(dimethylamino)phenazathionium chloride (methylene blue) 3 | Vd 0-25 0 ee 
Amino-1H-1,2,4-triazole* > 8,000 <O-O1 | = — ped 
§-Ethoxy-2,2 4-trimethyl-1,2-dihydroquinoline {EMQ}! 60 0-6 0-10 | 57 l : vt 
(4-Amino-1-methylbutylamino)-6-methoxyquinoline (“Primaquin’)"* 14 30 | 0-21 | 0 on ee 
3 a O ee ee 75 0-4 0-20 | 7S Sa 
‘Nivaquin ©’ fics 
ah oro-d(t-diethy lamino-1-methyibutylamino)quinoline (chioroquine > 8,000 <OO1 | === ~= | es 
PAORp: ie 
Hi oro-4-[-4-[ethyl-(2-hydroxyethyl)-amino]-1-methylbutylamino-]- > 8,000 <O-O1 | -== i ne q 
quinoline (hydroxychloroquine}? | 
ingazobenzenca | $ | 
2,9"-Azonaphthalene™ 13 25 | 016 16 | 
4-Aminoazobenzene™* | 15 « 10-* $2 x 108 0-21 | ü 
ethylaminoazobenzene** 1-0 «x 10-* 3-8 x 10° 0-10 0 
LEY aminoazobenzene™® 48 xit 6-9 x 10% i O15 | 0 
Dimethylaminoazobenzene (‘Butter Yellow’) 6-0 10-5 55 x 10% | 0-16 0 
-Piethylaminoazobenzene'* Six 1 11 x 108 O11 | 0 
4-Ethylmethylaminoazobenzene*® 5-3 «107 i 62x 108 O11 0 
t 2-Methy!-4-dimethylamincazobenzene** 1-2 x 10 2-8 x 105 ii | ü 
2 2-Methyl-4-dimethylaminoazobenzene!” 2-1 x 10-* 1-6 x 107 0-11 | 0 
3. 8-Methyl-4-dimethylaminoazobenzene* 1-0 x 10-7 8-3 x 10 0-22 Í oo 
*.Methy|-4-dimethylaminoazobenzene’® 21x1l0* | 1-6 x 10? 0-15 Q 
i’. Methyi-4-dimethylaminoazobenzene™ 13x107 i 24 x 168 0-12 i Go. 
-Rthyl-4-dimethylaminoazobenzene™ 3-6 x 10-4 92 x 1Gg* 0-19 0 
Dimethy!l-4-aminoazobenzene** 12x 197 2-8 x 104 0-13 0. 
roxio | 38x10 | O16 | : 


alisha ethyl t-alnethyiaminoszobenacne™. 
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Table 1 Continued 
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“Inhibition n by antioxi ¥ ic 
0-1 fone of benvotaypyrene 







Conc. (ug/ral,) re- ae anti- | Dose- % Photed 
quired for 2-fold aa pee i response | inhibition. 

| prolongation of rdati veto | slopes utable to li 
LT, values t PE 








rt: hermana anaa aaan IEA ATAA AAA Aa inL a a a arr 1 aeaa ire amen! ara dire rera t d t A: i da Lin irrar t i ora AH a a io 


9 Borie acid? | > 3,000 | <001 | ieee | a 
T0 Formic acid! > 300 | <0} E Aei | 
71 Benzoie acid! > 300 <i | = = 
72 Tartaric acid? | > 3,900 <001 — s 
78 Trans-trans-2,4-hexadienoic acid (sorbic acid)" | > 300 <0} i orn we 
74 Ascorbic acid’ > 300 ! <01 B i ae: 
76 Isoascorbic acid’ > 300 | <0] | = me 
78 Sodium ascorbate* > 8,900 <0-O1 i 2 FAEN 
97 Ascorbylpalmitate! o7 | 50 | a7 | 0 
78 3,3°-Thiodipropionic acid? > 300 <] memea | Se 
"99 Dilaurylthiodipropionate (‘Milban F’y 90 QO e4 28 | (hoo 
80 Lecithin® | 48x 10-8 690 0-18 Goi 
BI er e a of wheat germ oil and lecithin complex (‘Viobin’ anti- ! 24 x10? ! irg x107 44 | | comeae reer ary 
Became rit | | eee 
ae a ei ee ee YE E ENE. EEE. S 
E | : MISCELLANEOUS Be | ; 
BEE 7 sien eae es plat aan ts ts a Sa ee eee ieee se > z i 
si es s f ma Polyenes | i : | 4 
: 2 6-Carotene | 3 11 | 028 0 - 
ee 4 88 Xanthophyllt : 0 | 3.7 | 9-28 | 0 af | 
ie | 84 Vitamin A‘: 60 | 55 I O86 o 0 is bs 
be . Sabphur-containing Compounds | 3 E 
o 1-85 Cysteine hydrochloride? > 3,000 <00 | — | we EEE 
ooo: 86 2,2-Diaminodiethylsulphide (cystamine)* | > 3,000 <0-04 as me rs 
cae . Ag apor amne vee (cysteamine hydrochloride} | 900 O04 | 0°10 1 | 
ah -Dimerca pano > 80 <11 | m eo 
E BQ S-(2-Aminoe Sete enthion oniu bromide hydrobromide (AET)** > 3,000 | <0-0F = | eo aE 
aS 90 Tetracthy|thiuramdisulphide (‘Antabuse’) 19x10 17x 108 O11 Ge 
ee 91 2-(n-Decylaminojethanethiol® | >30 | <i] | aa are | ae 
o ULTRA-VIOLBT ABSORBERS oe | f 
nn —_— a ah EEE AEE ee ah EAE S 
ue 92 2(2’-Hydroxy-5’-methylphenyl)benzotriazole CTinavin Py 159 2 2 100 es 
Ces OS 2(2"-Hydroxy-5'tert. butylphenyl)benzotriazole’ | 8i Od | 0.23 100... 
= © | 94 p-Octyliphenylsalicylate' 33 Ld 0-24 0 | 
eg BB Merameny iphospnanie triamide? > 3,000 i <0-01 pats ecm oan 
eet 2,.4-Dihydroxy benzophenone! > 30 <11 E ie f: 
ee Oe Resorcinol monobenzoate? > 80 <11 a a a 
Soe OB 4-Dodecyloxy-2-hydroxybenzophenone? 42 | 2.8 0-25 gg | 


; “* Source: ‘Eastman Chemical Products, Inc., Kingsport, Tenn.; 
ae ce Chemical Co., New York, 20, N.Y.: 

; St. Louis, Mo.; “Sterling Winthrop Research Inst., Rensselaer, N. Y.; 
Monticello, UI; Light and Co., Colnbrook, Bucks, England. 


RES *Aldrich Chemical Co., Mil l 3 NM 
«We yerhauser Co., Tacoma, Wash.; "Nutritional Biochemicals Co., Cleveland, Ohio; *Will Corp. Rochester, NY + aalay industrial Chemicals, Ardsley, N p te 


DuPont De Nemours and Co., Wilmington, Del.; 


, Rochester, N. Y.; ’Gaigy Industrial Chemicals, Ardsley, NY? 


"K and K Labe, Ine., Long Island, N.Y.; “Monsanto Chemical 


3Dr, J. A. Miller, McArdle Memarial Laboratory, Madison, Wis. ; Yiobin „Corp. sy 
We acknowledge generous gifta of samples from the following sources: t+ 3. 4. 7. 4) # in 88, 


+ itis the time in minutes required to immobilize 90 per cent of T. pyriformis. Where a doubling of the ET's, was not achieved at the highest concentration : 


< tested, { 


e i ooo} The prolongation of ITs values resulting from inte 
oo. BaP is expressed as a percentage of the prolongation of LT, 
BaP, in the absence of the cuvette, as in the regular assays. 

















vestigated by interposing a cuvette, containing an 
acetone or water solution of the compound in a I-mm 
ight path, between the irradiation source and wells 
ontaining cells and BaP only; compounds were gener- 
ly tested at the minimum concentration producing 
aximum protection in antioxidant assays. The resulting 
To, values were compared with those of controls 
ained with acetone or water in the cuvette. 

‘he reproduc bility of the assay is good (Table 2), 
though variation occurs on ageing of stock solutions, 
yar jcularly- wi 2 ‘Butter Yellow’ and ‘Antabuse’. Pro- 
tective Sctiviey More progressively with concentration 





hie 2. Protection or T. pyriformis FROM PHOTODYNAMIC TOXICITY OF 
-BENZO(a)PYRENE: ‘BY VARYING CONCENTRATIONS OF a-TOCOPHEROL 

















J Time to 90 per cent lethality (min), with 06-1 ug benzo(a ern, 
ndividual as photosenaltizer, at specified concentrations, ug/ 
experiments a-tocopherol 
- 3,000. 309 30 3:0 0-3 o* 
>60.. ŞB 12 65 5-5 55 
a: | re! 15 8 7-5 ü 
> moe 20 11 T5 7-5 7 
| 2600 2 17 10 &5 7 
a & > BO. 15 1i 10 7 65 
fedians — > 60. 20 12 8 75 6-5 
An pticxldanttree control times represent m means sof 2-4 t determinations in 


a vidual © j i 





is indicated by the > sign. In such instances, assay slopes and absorption values could not be dtermined. 


sing solutions of the compounds in a cuvette becween the light source and mixtures of cells: and : 
» Values as determined when the same concentration of compound is tested directly with cells and- 


of antioxidant (Fig. F). The assay reveals wide variations =. 
in poteney, spanning a 10 log range, although: th 
sometimes limited by cytotoxicity at high concentratio ` 
Dose-response slopes tend to be shallow, and also paralle 
in the case of close structural variants such as hinc 
phenols of the triazine series, ‘lonox’ compounds, or to 
pherols (Table 1). 
Comparable potencies obtain for the four tocopher 
isomers and acetate or succinate esters of the a-isomer; 
in vivo hydrolysis of the esters to the presumed active ` 
free tocopherol is possible. The importance of solubility is- 
suggested by the enhanced activity of the water-soluble 
glycol-succinate ester, although on a weight basis it 
contains only about 25 per cent a-tocopherol. Although ` 
the dimeric form of tocopherol has relatively feeble vita- 
min E activity or gestation—resorption. bioassay®, it =~ 
protects against phosodynamic injury in a similar manner .- 
to the monomers. Antioxidants with reported vitami 
E biopotency, such as methylene blue, EMQ, DPP: 
NDGA, and ‘Antabuse’, are all active in the photodynal 
bioassay ; the latter rwo compounds in particular sh 
high activity. Phenols and the simple hindered ph 
BHA, age and ‘Ionox 100’, are generally ina 
contrast to more Sopor phenols, such. as th other o 
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‘Ionox’ antioxidants and the substituted triazines. The 
antioxidant activity of the aminoazobenzenes, previously 
described in other s *, was generally found to be 
extremely high (Table 1), and ‘Butter Yellow’, for example, 
is almost one million times more potent than «-tocopherol. 
As it is unlikely that differences of such magnitude are 
explicable in terms of free radical acceptance alone, 
biological factors such as cell uptake, and selective local- 
ization or complexing, are probably involved. There is 
no apparent correlation between the hepatocarcinogenic 
and antioxidant activities of the aminoazobenzenes. 
(Hepatocarcinogenic potencies of aminoazobenzenes in 
rats: + + + +, Nos. 64, 66,68; +++, Nos. 56, 58, 60; 
++, No. 62; +, Nos. 63, 65, 67; 0, Nos. 55, 57, 59, 61. 
No. 54 is hepatocarcinogenic in the mouse'®,) Secondary 
antioxidants, palmitic and dilauryl esters of ascorbic, 
and 3,3’-thiodipropionic acids, respectively, showed 
activity in contrast to the acids. Since commercial 
samples of lecithin may be contaminated with toco- 
pherol, the activities of lecithin and ‘Viobin’ observed 
here may reflect antioxidant synergism between lecithin 
and varying amounts of tocopherol. Apart from the 
very low potency of cysteamine, radioprotective agents 
were inactive. The cuvette experiments (Table 1) 
indicate the role of absorption in the demonstrated 
activity of primary antioxidants, such as ‘Quercetin’ 
and EMQ. Protection by some industrial ultra-violet 
absorbers, such as “Tinuvin P’, may be due to low trans- 
mittance at the 360 mu region; however, the effects of 
others are not explicable in this way. 

The present assay provides a sensitive biological 
measure of particular in vivo effects of certain anti- 
oxidants, but its general applicability and specificity 
cannot, as yet, be defined. Present experiments" indicate 
that, in general, antioxidants yield similar responses in 
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the photodynamic bioassay irrespective of which par- 
ticular photosensitizing agent, carcinogenic or other- 
wise’*.13, is used and also that antioxidant activity is 
inversely related to the concentration of the challenge 
photosensitizer. Attempts are being made to define the 
quantitative interaction between antioxidant and photo- 
sensitizer, inter alia, by determination of inhibition 
indices, and also the role of cell-uptake in determining 
activity''. The results of these in vivo assays are further 
being contrasted with those obtained by in vitro photo- 
dynamic bioassays, using isolated rat liver mitochondria", 
and by previously described in vitro haemolysis tests. 
In addition, the effects of selected antioxidants on the 
response of mice to a polycyclic carcinogen are being 
investigated". These and other aspects of this work will 
shortly be reported. 

This investigation was supported by Public Health 
Service research grant C-6516 from the National Cancer 
Institute. 
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THREE HAEMOGLOBINS K: WOOLWICH, AN ABNORMAL, CAMEROON AND 
IBADAN, TWO UNUSUAL VARIANTS OF HUMAN HAEMOGLOBIN A 


By Dr. N. ALLAN 


Subdepartment of Haematology, University College Hospital, Ibadan, Nigeria 
AND 


D. BEALE, D. IRVINE and Dr. H. LEHMANN 


Medical Research Council Abnormal Haemoglobin Research Unit, University Department of Biochemistry, Cambridge 


AEMOGLOBIN K was first described by Cabannes 
and Buhr: and is a ‘fast’ variant of normal adult 
haemoglobin (haemoglobin A). It moves further towards 
the anode on electrophoresis at alkaline pH than haemo- 
globin A, but only just separates from it. 

A haemoglobin K with its abnormality in the B-chain 
has been reported to occur in combination with haemo- 
globin § (ref. 2). The proportion of S: K was 3: 2, and 
there was a mild haemoglobinopathy. The family in 
which this haemoglobin K was observed came from the 
West Indies and was of African ancestry. This haemo- 
globin K was first noted at Woolwich, England, and it 
will be denoted as K 8 Woolwich. 

We have now found a second instance of the combination 
of a haemoglobin K with haemoglobin 8. By hybridiza- 
tion with canine haemoglobin® this haemoglobin K could 
be shown to be a 6-chain variant. Unlike haemoglobin 
K Woolwich, the proportion of this haemoglobin K to 
haemoglobin 8 was 3 : 1, similar to that of haemoglobin A 
in the sickle-cell trait (A + S). There was no haemo- 
globinopathy. Indeed, the carrier of this K + S combina- 
tion was found in the course of routine screening of healthy 
blood donors at University College Hospital, Ibadan, 
Nigeria. The blood donor, a woman, came from Cameroon, 
and neither she herself nor her relatives could be examined 


further. This new haemoglobin K will be denoted as 
haemoglobin K 8 Cameroon (Figs. 1 and 2). 

A third sample of haemoglobin K, this time in combina- 
tion with haemoglobin A, was found in a Yoruba adoles- 
cent in Ibadan, in the course of an anthropological survey. 
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Fig. 1. Paper ig! lackey at pH 8-6 of haemoglobins K Cameroon 
+S (left) and S+K Woolwich (right), The proportion of K Cameroon 
to S is that found for A in sickle-cell trait (see Fig. 2) 
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Hybridization with canine haemoglobin = Sy ae 
showed the variant to have its amino- f fe oy 
acid substitution in the @-chain. The = = 


proportion of A: K was 1:1, and there 
was no anaemia. The body was repeatedly 
examined; but in the members of the 
family available for examination no 
further instances of haemoglobin K were 
found. This haemoglobin K will be 
denoted as haemoglobin K 8 Ibadan. 

It has previously been discussed that 
some haemoglobin variants may be recog- 
nized as ‘abnormal’ when in combination 
with haemoglobin A they are found to 
form less than half the total haemoglo- 
bin‘. Others may be considered as merely 
unusual, and they can be recognized by 
being found in equal proportion to haemo- 
globin A. The combination A + S (A > 
S) is an example of the first, abnormal 
type, and that for A + G Accra (A =G) 
represents the second unusual type. On 
two occasions a combination of un- 
usual haemoglobins with haemoglobin S 
was observed. Haemoglobin S was present as the lesser 
fraction, as it is found in sickle-cell trait carriers with 
haemoglobin A (A > 8). Haemoglobin J Baltimore’ 
and haemoglobin D Ibadan‘ were the two unusual haemo- 
globins which in combination with 8 formed the greater 
part of the total pigment. In both instances the carriers 
of the haemoglobin mixtures had no sickle-cell disease but 
were sickle-cell trait carriers. 

Of our three haemoglobins K, the Woolwich variant 
can be described as abnormal, and the combination 
haemoglobin K Woolwich and haemoglobin S (K < 8) 
causes a mild haemoglobinopathy. Haemoglobin K 
Cameroon together with haemoglobin § results in the 
sickle-cell trait (K > 8), and haemoglobins K Ibadan 
and A are found in equal proportions (K = A). The two 
latter haemoglobins K are therefore unusual rather than 
abnormal. It was of interest to investigate these three 
haemoglobins which are similar in their electrophoretic 
properties, and if possible to see which amino-acid 
substitution in the §-chain changed the physiological value 
of the resulting variant, and which did net. The haemo- 
globins were isolated, peptide maps were prepared, and 
when possible the variant peptides were separated and 
analysed using the methods recently listed in detail‘. 

Haemoglobin K Woolwich. The peptide map of haemo- 
globin K Woolwich is shown in Fig. 3. It will be noted 
that the tyrosine peptide representing BATpXIII and the 


can be seen at 4. 


A+S 
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Fig. 2. Paper electrophoresis at pH 8-9 of haemoglobins from sickle- 

cell trait (A +58) and of hae lobins 8+ K Woolwich, The combination 

of haemoglobin S and K Woolwich shows a greater proportion of 8 and 
results in a mild haemoglobinopathy 
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Fig. 3. Peptide map of haemoglobin K Woolwich. 
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Note that at 1 £*’TpXIII (positive for 
XIV (positive for histiGine) are missing. The incidental chymo 


A new peptide whieh was found to represent 64 TpXIII-XIV 


The starred peptide is 6*Tp¥ in its usual position—compare with Fig. 6 


histidine peptide 84TpXIV are missing, as well as a small 
spot near to BATpVI that is usually present in peptide 
maps of haemoglobir A. An extended electrophoretogram 
(Fig. 5) showed these differences more clearly. §8TpXIIT 
represents residues 121-132 of the ß-chain and STpXIV 
residues 133-144. 

Peptide B*TpXIIl 


21 122 123 124125 126 127 128 129 130 131 182 
#lu- Phe-Thr- Pro-Pro-Val-Gin-Ala-Ala-Tyr-Gin-Lys 


chymotryptic 


splitting 
Peptide SATpXTV 
133 134 135 13% 137 138 130 140 141 142 143 144 
Val-Val-Ala-Gly-Val-Ala-Asn-Ala-Leu-Ala-His-Lys 

A mutation affecting the mobility of both these tryptic 
peptides is likely to mvolve the lysine residue at position 
132 because a chang> in the nature of this residue, apart 
from Lys —- Arg, would result in a peptide bond at $132 
which could not be broken by tryptic hydrolysis. In this 
case BT pXIIT and BTpXIV would form one new peptide 
containing both tyrosine and histidine. Such a new 
peptide can be seen in Fig. 3, and it will be noted that 
it has moved somewhat towards the eathode, thus indicat- 
ing @ slight positive charge. This would eliminate the 
possibility of a Lys—> Glu mutation which would have 
given rise to a negatively charged peptide. This mutation 
was already unlikely on the basis of the electrophoretic 
mobility of haemogiobin K Woolwich. The mutation 
Lys—> Glu results m the acquisition of two negative 
charges per half molecule of haemoglobin and this would 
produce a variant with an electrophoretic mobility 
resembling that of haemoglobin I or haemoglobin N 
rather than that of haemoglobin K. The mutation 
Lys —> Arg has already been excluded. It would not give 
rise to a charge change and would not resist the tryptic 
separation of the BXTIT and BXTV peptides. The remain- 
ing single mutations permitted by the genetic code’ are 
Lys — Gln, Lys— Asn, Lys—- Thr and Lys —- Met. 
The amino-acid anabysis of the new peptide is given in 
Table 1. It will be sen that all the residues of 8TpXIII 
and 8TpXIV are present except for one lysine residue, 
and that one additional residue of glutamic acid was 
found. Glutamine is hydrolysed to glutamic acid when 
peptides are hydrolysed into their amino-acid constituents 
and the additional glutamic acid had to come from a 
glutamine, as the observed electrophoretic mobility of the 
new peptide demands. The lysine residue in position 
#132 of the 6-chain had thus been substituted by one of 
glutamine. Haemoglobin K Woolwich may be described 
aS a8,'**bLys-Gln, ‘This ‘represents the first observation 
of a Lys — Gln mutation in human haemoglobin. The 
mutation also explains the absence of the small spot 


S 


Table 1. HAEMOGLOBIN K WOOLWICH 
Amino-acid analysis (molar ratio) of the variant peptide 6©Tp (XII-XIV) 


Known values for haemoglobin A nK 
A BTPXT tp 

Tpx BTpXIV + XIV (XII-XIV) 

1 


Asp 1 0-9 
Thr 1 I 1-3 
Ser 0-3 
Glu 3 3 3-8 
Pro 2 g 2-1 
Gly =; 1 i 1-1 
Ala 2 4 6 58 
Val 1 3 + 3-5 
Leu 1 i 10 
Tyr 1 1 0'7 
Phe 1 1 0-5 
Lys 1 1 2 1-0 
His 1 0:9 


Low recovery of valine is probably due to slight resistance of Val-Val bond 
to acid hydrolysis. 


usually found near 8TpVI. This spot represents a di- 
peptide 8131-132 (GlIn-Lys) resulting from an incidental 
chymotryptic splitting of the 8130 tyrosyl peptide bond 
during tryptic hydrolysis. No such dipeptide could, of 
course, arise when $132 is Gln instead of Lys because the 
residues 8131-132 would remain attached to BTpXIV. 

Haemoglobin K Cameroon. Unfortunately there was 
insufficient material available to make a complete 
structural investigation, and in spite of all efforts the 
donor could not be contacted again. The peptide map 
of this haemoglobin is shown in Fig. 4. It will be seen that 
the small spot usually found near 8TpV1I is missing and it is 
known that this spot represents the dipeptide 6131-132 
(Gln-Lys) arising from an incidental chymotryptic 
splitting of BTpXIII during tryptic digestion. A very 
small shift of BTpXIII towards the anode is also notice- 
able. This alteration in the electrophoretic mobility of 
B was confirmed by an extended electrophoreto- 
gram (Fig. 5). The increase in negative charge of BTpX III 
is compatible with a haemoglobin K which differs from 
haemoglobin A by an additional negative charge per half- 
molecule. This, in 8TpXIII, could only be the substitution 
of a neutral amino-acid residue by Glu or Asp. The 
absence of the incidental chymotryptic peptide from 
BTpXIII suggests that there was an inhibition of the 
chymotryptic splitting of the 8130 tyrosyl bond. Such an 
inhibition could be caused by a substitution of the neutral 
8129 Ala residue by an acidic residue. Thus it seems 


likely that in haemoglobin K Cameroon a Glu or an Asp 
has replaced the Ala at 8130. Clearly these observations 
need substantiating when the opportunity arises. 

The peptide map of haemo- 
It will be seen that 


Haemoglobin K Ibadan. 
globin K Ibadan is shown in Fig. 6. 


ai 


Fig. 4. Peptide map of haemoglobin K Cameroon. Note that a 1 6*TpXIII (positive for 
chymotryptic dipeptide 6131-132 derived from f* 


tyrosine) is er The 
also at 2 (lower arrow), just below 
peptide pxTpXTI. 
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TYROSINE PEPTIDES . 
ATpXill in black 





Hb K Woolwich hi 
HbA 





Fig. 5. 


pe tides from 

< Woolwich and K Cameroon. sTp 

is combined with STpXIV and remai 
haemoglobin K Cameroon is negatively charged 


m 
XIMI from haemoglobin K Woolwich 
ns positively PTpXII 


the methionine peptide BATpV is missing, and a new 
methionine peptide has appeared moving further towards 
the anode with an electrophoretic mobility similar to that 
of BTpIII. This alteration in electrophoretic mobility 
of BTpV could be confirmed in an extended electrophoreto- 
gram (Fig. 7). BTpV represents residues 41-59 of the 
8-chain. 


pATpV 
41 42 43 44 45 46 47 48 #49 50 51 52 53 54 55 56 57 58 59 
Phe-Phe-Glu-Ser-Phe- Gly-Asp-Leu-Ser-Thr-Pro-Asp-Ala-Val-Met-Gly-Asn-Pro-Lys 
+ 
Splitting with cyanogen bromide 
Table 2, HAEMOGLOBIN A AND HAEMOGLOBIN K IBADAN 
Amino-acid analysis (molar ratio) of peptide STpV 

pATpY eX TpV 
Asp 3-0 20 
Thr 1-0 1-0 
Ser 2-0 1-8 
Glu 1-0 2-0 
Pro 20 1-9 
Gly 18 1-0 
Ala 1-2 1-0 
Val 1-1 0-8 

Met 0-8 Present * 
Leu 11 1-1 
Phe 2-4 2-5 
Lys 1-2 1-1 


* Methionine and sulphone together amounted to about 1 residue. 


The amino-acid analysis of the new peptide, from 
haemoglobin A, is shown in Table 2. It will be seen that 
the new peptide contains one glycine residue less and one 
glutamic acid residue more than the haemoglobin A 
peptide. A mutation Gly —> Glu would explain the 
increase in the negative charge of BKTpV and would be 
compatible with the new variant being a haemoglobin K 
which has one negative charge per half-molecule more 
than haemoglobin A. Consistently low recoveries were 

obtained for phenylalanine. This can be 
seen also in a previous analysis of BTpV*. 
The Phe-Phe bond may be difficult to 
hydrolyse because of steric effects. In- 
creasing the time of hydrolysis from 20 h 
to 40 h at 108° did not improve recovery. 
BATpV contains two glycine residues: 646 
and 656. In order to determine which of the 
two possible glycine residues had been 
replaced by glutamyl, the methionyl bond 
at 655 was split with cyanogen bromide’. 
The resulting peptides were separated by 
paper electrophoresis at pH 6-4. BATpV 
isolated from haemoglobin A was treated 
similarly. From both BKTpV and SATpV 
two fragments each were obtained, one 
charged positively, and one charged nega- 
tively. The positively charged peptides 
obtained from BETpV and BATpV had the 
- same electrophoretic mobility, whereas of 
~ the two negatively charged peptides, that 
from haemoglobin K had a greater mobil- 
ity. If the amino-acid substitution Gly— 
Glu in haemoglobin K Ibadan had been 
at $56 no positively charged peptide 


TpXII1 is 
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would have resulted from the cleavage 
of the methionyl bond at $55. Both the 
positively charged peptides from A and 
K, presumably representing residues 856- 
59, stained transiently yellow with ninhy- 
drin, indicating the N-terminal glycyl. The 
increased mobility of the negatively charged 
peptide from haemoglobin K Tbadan indi- 
cated that the mutation had occurred at 
position 846, The results of the amino-acid 
analysis of the four fragments are shown in 
Table 3. The basic amino-acids were not 
determined as this was not relevant to the 
position of the Gly —> Glu mutation. It 
will be seen that the positively charged 
alas (56-59) from BKTpV and BATpV 

ve an identical amino-acid composition. 
However, the negatively charged peptide 
representing residues 41-55 from BKETpV has 
one glutamic acid residue more and one gly- 
cine residue less than the corresponding 
negatively charged peptide from BATpV. 
This indicates that of the two glycine residues 
46 and 56 the first has been substituted by glutamyl 
and that the formula of haemoglobin K Ibadan is 
%8,*° Gly Glu, This is the first observation of a 
Gly — Glu mutation in human haemoglobin although 
& mutation Glu —> Gly has been observed”. 


Table 3. HAEMOGLOBIN A AND HAEMOGLOBIN K IBADAN 


Amino-acid analysis (molar ratio) of tides arising from splitting fTpV 
(841-59) at £55 methionyl with cyanogen bromide 
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pontides (aes pates (50-59) 
es ptides 
mwa Hpk Ma OR 
Electrophoretic mobility 
at pH 6-4 (Glu, — 1-0, 
Lys, +1:0) -042 — 0-59 +057 +057 
Asp 20 2-2 Lo 1-0 
Thr 1-0 1-0 
Ser 2-0 18 
Homoserine Present Present 
Glu 12 19 
Pro 10 1-1 1-0 0-9 
Gly 1-0 0-3 09 10 
Ala 1-1 10 
Val 1-1 10 
Leu 10 1-0 
Phe 2-4 2:3 


It has been suggested here that haemoglobin K 
Cameroon (mutation of 8130 Ala to Asp or Glu ?) and 
haemoglobin K Ibadan (æ,ß8,*®Glu) are unusual haemo- 
globins whereas haemoglobin K Woolwich («,8,'*? Gin) is 
abnormal. It is remarkable that the 8132 lysine residue, 
which is substituted by one of glutamine in haemoglobin 
K Woolwich, is one of the most immutable residues in the 
evolution of haemoglobin. It is also found in myoglobin, 
and indeed no haemoglobin has as yet been described in 
which this $132 lysyl is not present. The lysyl in this 
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Fig. 6. Peptide map of haemoglobin K Ibadan. gi p is missi 
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Figs 3 and 4 
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Fig.7. Paper electrophoresis (90 min at pH 6-4) of methionine containing 
ptides raping ae and haemoglobin K Ibadan. Note the 
crease in mobility of the negatively charged STpV from haemoglobin K 


position must obviously serve some purpose in stabilizing 
the molecule and its replacement by an amino-acid with 
a neutral side-chain may thus be expected to interfere 
with the status quo w thin the molecule. 
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APOFERRITIN SYNTHESIS IN HUMAN ERYTHROID CELLS 
IN THALASSAEMIA 


By Dr. EDWIN H. EYLAR* and Dr. GASTONE MATIOLI 
Departments of Biochemistry and Microbiology, University of Southern California School of Medicine, Los Angeles 


LARGE amount of iron in the form of ferritin and 

haemosiderin has been revealed in thalassaemic 
erythropoietic cells by histochemical and electron-optical 
techniques'*. One hypothesis claims that ferritin is 
transferred to the erythroblasts from the macrophages 
where it is actively synthesized. Recent investigations*®* 
on rabbit reticulocytes, however, point out that ferritin 
biosynthesis occurs in erythroid cells. This article describes 
the biosynthesis of apoferritin by normal and thalassaemic 

* Markle Scholar in academic medicine. 


erythropoietic cells iselated from human bone marrow as 
well as by reticulocytes. It was found that apoferritin 
biosynthesis is greatly enhanced in thalassaemia. 
Reticulocytes from peripheral blood and erythroblasts 
isolated from bone marrow were obtained from patients 
affected by thalassaemia and acute bleeding anaemia. 
Bone marrow (15-20 ml.) was removed by puncture of 
the two iliac crests and superior iliac spines. All the pro- 
cedures described here were carried out at 4°. In order 
to dissociate cells from the bone marrow fragments, the 
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material was gently forced.three or four times through the 
free space of a loosely fitted silicone-coated syringe. The 
cell suspension was washed three times in cold saline and 
passed through twenty layers of cheese cloth. The suspen- 
sion of cells was then centrifuged, and the cells were re- 
suspended in 3 volumes of a 2 per cent solution of fetuin 
prepared from foetal calf plasma by column chomatography 
on DEAE-‘Sephadex’. The cell suspension in fetuin was 
applied to a column (2 em x 15 em) containing tightly 
packed glass wool and the cells eluted slowly by addition 
of 1 per cent fetuin solution. After again passing the cell 
saspension through a similar column, the population of 
cells was represented by red blood cells, reticulocytes and 
erythroblasts at different stages of maturation, lympho- 
cytes and eosinophils. The other cells (granulocytes, 
macrophages, megakaryocytes, etc.) were not detected in 
stain preparations or in phase contrast microscopy. These 
cells probably remained attached to the glass wool or 
were destroyed. The eluted cells were washed saveral 
times in saline, packed by centrifugation and applied in 
volumes not exceeding 0-4 ml. per tube to a linear albumin 
density gradient> ranging between 1-100 and 1-065 and 
spun at 13,000 r.p.m. in a Spinco model L ultracentrifuge 
SW’ 39 rotor at 4°. After spinning for 1 h, the cells were 
distributed in six rather sharply defined bands. The 
third, fourth and fifth bands from the top were represented 
by a mixture of red blood cells (70-75 per cent), reticulo- 
cytes (10-20 per cent), and erythroblasts (5-10 per cent) 
at various stages of maturation, particularly polychro- 
matophylic and orthochromatic erythroblasts. Less than 
05 per cont eosinophils or lymphocytes were seen. The 
bands containing the erythroid cells were removed by 
slicing the tube or by aspiration, and the cells were washed 
three or four times in cold saline to remove the albumin. 
The cells were consequently incubated in the media 
previously described’. 

Large amounts of peripheral blood (150 ml.) in heparin 
were colleeted in siliconized tubes. In order to enrich the 
reticulocyte population, the blood was centrifuged at 4° 
at 250g for 20 min, and the top layer of cells was removed. 
The percentage of reticulocytes in different blood samples 
was increased roughly two-fold by this enrichment process. 
The buffy coat was removed as completely as possible 
and the cells were washed in cold saline four times, then 
incubated as previously reported?. 

For incubation at 37°, the modified Krebs-Ringer 
solution was used. For reticulocytes from peripheral 
blood, the ratio of packed cell volume to incubation media 
was about 0-4. In every 7 ml. of incubation media, 10 ue. 
of 4C-1-leucine (Volk Chemical Co.) with specifie activity 
of 180 me./mmole was added. The cell population con- 
tained 7—11 per cent reticulocytes and no white cells. The 
volume of reticulocytes was evaluated by multiplying the 
haematocrit by the per cent reticulocytes. 

For the erythroblast preparations, approximately 6 mi. 
media was used for every 1 ml. packed colls which contained 
about 5-10 per cent erythroid cells with the reticulocyte: 
erythroblast ratio varying from 1:1 to 2:1 to 1:2 for 
different preparations. About 7-5 pe. of MC-1-leucine 
= was added per 6 ml. incubation media. Under these 
_ conditions no perceptible haemolysis occurred even up to 
= 3h. The volume of erythroblasts was computed by multi- 

plying the haematocrit by the volume per cent of erythro- 
blasts assuming spherical cells and a volume ratio of 2:3: 1 
for erythroblasts to erythrocytes®, 

After haemolysis of the reticulocyte or erythroblast 
preparations, the solution was centrifuged at 20,000¢g 
for 20 min to remove stroma and mitochondria under 
conditions described previously*. Very little haemoglobin 
was left in the precipitate after washing once with 0-15 M 
sodium chloride at pH 8-5. The ferritin was isolated from 
the combined supernatant and wash solutions by adding 
an excess of antiserum! obtained from rabbits, Immuniza- 
tion of the rabbits* was earried out with human ferritin 
prepared from liver which had been obtained from cases 
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of severe haemachromatosis. It 


electrophoresis at pH 8-6, ionic strength 0-02. 

The incorporation of “C-leucine into ferritin of reticulo- 
cytes from peripheral blood is shown in Fig. 1. The 
biosynthesis of ferritin was found in all the patients, 
and from Fig. 1 it is clear that ferritin synthesis in thalas- 
saemia (curves A and B} is greatly increased over the 
controls. Our technique measures only the activity of the 
solublo ferritin and apoferritin of the 15,000g supernatant 
fluid, and thus the activity associated with haemosiderin 
or ferritin of the mitochondria, nuclei, or stroma would 
be missed. The apoferritin synthesis shown in curve A 
(Fig. 1) is about 37-fold increased over the controls 
(curves C and D) after 30 min. Much variation was found 
in the abilities of the reticulocytes from different patients 
with thalassaemia to synthesize ferritin as shown by curves 
A and B. The maximal synthesis was found with a 24- 
month-old girl with very severe clinical symptoms. The 
variation in general in reticulocytes seemed to correlate 
roughly with the severity of the anaemia as judged elini- 
cally. None of the patients of this investigation had been 
transfused within one year or longer, and all thalassaemic 
patients had 75-95 per cent haemoglobin F. 
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Fig. 1. Incorporation of “C-1-leucine found in isolated ferritin, meas- 
ured as ¢.p.ta./ml. packed reticulocytes, is plotted as a function of time 
of incubation. Curves A and B represent cases of thalassaemia and 
curves C and PD represent cases of acute bleeding anaemia. The ineuba- 
tion conditions at 37° and isolation of the ferritin are described in the text 


The incorporation of 4C-leucine into ferritin of erythro- 
blasts isolated from bone marrow is shown in Fig. 2. 
Again, as with the reticulocytes, the ferritin synthesis in 
thalassaemia is greatly elevated over the control. Here, 
also, there is much variation between patients. This 
variation, however, unlike the situation with the reticulo- 
eytes, could not be correlated directly with the severity 
of the clmical symptoms. For example, curve A represents 
a case of mild thalassaemia (judged clinically) while curve 
C, which is only shghtly above the normal, represents very 
severe anaemia. 

The incorporation of “C-leucine into apoferritin in 
human reticulocytes and erythroblasts in thalassaemie 
and non-thalassaemic cases agrees with earlier results* 


which showed that rabbit reticulocytes were able to ~ 


synthesize apoferritin. These results offer direct proof for 
the intracellular origin of ferritin, and initiate new ques- 


tions concerning the interrelationships of iron-containing . 
In thalassaemia the- 
ferritin synthesis is greatly elevated as seen from Figs. 1 


macromolecules within the cell. 


and 2in both reticulocytes and erythroblasts. A comparison 
of the ratio of ferritin to haemoglobin synthesis shown 
in Table 1 illustrates more validly and dramatically the 


was crystallized three times 
with 20 per cent cadmium sulphate and contained no traces: 
of contaminating proteins as revealed by starch-gel 
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Fıg. 2. Incorporation of C-1L-leucine into the isolated ferritin, measured 

as ¢.p.m jml. packed erythroblasts, 1s plotted against tıme of incubation 

at 37° as described ın the text. Curve A represents a case of thalassaemia 

with mild clinical symptoms whereas curves B and C represent severe 

thalassaemia. Curve D was obtained with erythroblasts from a case of 
acute bleeding anaemia 


enhanced ferritin synthesis in thalassaemia. The possible 
objections to comparison of different cell populations 
because of variation due to factors like polysome con- 
centration, rate of amino-acid transport, age of cell, and 
environmental differences are obviated. Furthermore, the 
biosynthetic abilities of reticulocytes and erythroblasts 
correlate with electron microscopic results which show 
greatly elevated levels of ferritin and haemosiderin in 
thalassaemia. A rough calculation can be made from the 
results shown in Fig. 1 (curve A) to show that thalassaemic 
reticulocytes synthesize ferritin at the rate of 0-7 uug per 
48 h per cell. For erythroblasts, the in vitro synthesis of 
ferritin (curve A, Fig. 2) is calculated. to be 3-6 uug of 
ferritin per 48 h per cell in thalassaemia. These figures 
compare favourably with the 2-3 uug of ferritin and 
haemosiderin estimated to be present in the thalassaemic 
erythroblasts’. The calculated rate of ferritin synthesis 
represents a minimal value since only soluble ferritin of 
the 15,000g supernatant fluid was measured. The specific 
activity of the leucine is probably reduced by residual 
leucine ın the intracellular pool, and some messenger 
RNA (mRNA) is probably destroyed as the reticulocytes 
mature. It is apparent nevertheless that the erythroid 
cell is capable of synthesis of much of its ferritin and 
haemosiderin, if not all of it. There would be little reason, 
therefore, for macrophages to transfer ferritin to the 
erythroid. cell as suggested by Bessis and Breton-Gorius?. 
Rather the macrophage system may acquire it by transfer 


Table 1. A COMPARISON OF THE RATIOS OF RADIOACTIVITY IN “C-LEUCINE 
FOUND IN ISOLATED FERRITIN AND TOTAL HAEMOGLOBIN IN RETICULOCYTES 
AND ERYTHROBLASTS 


Ratio of c.p m. in ferritin x 10‘ to. 
thec pm in memogion amni Colls 


Thalassaemla Norma 
Reticulocytes cet 25 
Erythroblasts 230 21I 
170 


The conditions of the mcubation and the isolation of the ferritin are 
described in the text. The amount of radioactivity ın the haemoglobin, was 
determined as follows: the 20,000g supernatant fluid was adjusted to 50 per 
cent saturation with ammonium sulphate (pH 7:0). After setting 1 h at room 
temperature, the solution was centrifuged, and the precipitate was washed 
once with 50 per cent ammonium sulphate. The combined supernatant 
fluid and wash solution were combined with an equal volume of 10 per cent 
trichloroacetic acid. The precipitate was washed, and the radioactivity 
determined as described elsewhere (ref. 4). 
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from erythroblasts, reticulocytes and erythrocytes in the 
interest of iron conservation. Furthermore, the iron of 
the ferritm normally found in reticulocytes and erythro- 
blasts in thalassaemia represents 5—-7-fold greater iron’ 
than found ın the haemoglobin of a normal cell. It appears, 
therefore, that ferritm ın erythropoietic cells need not be 
used as an iron depct for haemoglobin synthesis® and may 
function in other biological roles. 

Most of the thalasaemic patients of this investigation 
had never been transfused; consequently, it cannot be 
claimed that the increased ferritin biosynthesis is due to 
iron overloading. Variations in both haemoglobin and 
ferritin biosynthesis sccurred among different cases. With 
reticulocytes the variation in ferritin synthesis roughly 
paralleled the severity of the thalassaemia. With erythro- 
blasts, the variation ın ferritin synthesis could reflect, in 
addition to the othsr factors mentioned above, the age 
and type of the erythroblasts. It is certainly not likely, 
however, that the vanation between cell populations 
from normals and shalassaemics could account for the 
greatly increased ferritin synthesis in thalassaemics since 
similar conclusions were derived from results with reticulo- 
cytes, which represent a more homogeneous population 
than erythroblasts. In order to eliminate the variation be- 
tween cell populations from different patients, the ratio of 
synthesis of ferritin to haemoglobin for both reticulocytes 
and erythroblasts sre tabulated in Table 1. Although 
average haemoglobin synthesis is reduced in the thalas- 
saemic condition in cur work—about 50 per cent in erythro- 
blasts and 30 per cent in reticulocytes—the haemoglobin 
synthesis nevertheless serves as a valid frame of reference 
to judge the ferritm synthesis because the latter 1s so 
greatly elevated. Table 1 shows a 10-40-fold increase 
(1,000-4,000 per ceat) in the ratio of ferritin to haemo- 
globin synthesis im thalassaemics with respect to the 
normals for erythrcblasts and reticulocytes respectively. 
Correction for lowsred haemoglobin synthesis gives & 
figure of 5-28-fold increase of ferritin synthesis of thalas- 
saemic erythroblasss-and reticulocytes over normals. 
Although the cells fom the 2 thalassaemic cases in Table 
1 showed widely diferent abilities to synthesize protein 
(curves A and B of Fig. 1), the ratios are in good agree- 
ment. Table 1 alsc illustrates that erythroblasts show a 
greater ferritin to heemoglobin ratio than reticulocytes in 
both the normal aad thalassaemic state. These results 
would be anticipated on the basis of microspectrophoto- 
metric data®, which showed that ferritin synthesis precedes 
haemoglobin synthesis in the pronormoblast and basophilic 
erythroblast stages- 

In 8-thalassaemis, the average amount of haemoglobin 
per cell ıs reported tp be about 15-25 per cent-less than the 
normal’. It would appear logical that the enhanced pro- 
duction of ferritin in thalassaemia could account in large 
measure for this reduction. The early increase of synthesis 
of ferritin in younz erythroblasts in thalassaemia could 
lead to a decreas» in the cellular iron available for 
haemogolobin production’. There are no evidences that 
ferritinie iron is utilized for haemoglobin synthesis®. 
Apoferritin molecules bind approximately 500 times as 
many iron atoms = haemoglobin, and its increase could 
reduce haemoglobin synthesis, which is known to be 
responsive to level: of iron concentration, by a negative 
feedback. Another alternative, of course, is that the 
ferritin biosynthesis is increased as a consequence of 
hypothesis of haemoglobin. Because iron induces both 
proteins, the existence of a block in the biosynthesis of 
haemoglobin woulc allow more iron to induce apoferritin 
synthesis and react with apoferritin to make ferritin. 
Against this possibility, however, stands the very high 
concentration of ferritin found both by cytochemical and 
biochemical methcds, which cannot be accounted for by 
the difference bet-veen the iron used for production of 
haemoglobin in normal erythrocytes and thalassaemic 
cells. In fact, whle normal erythrocytes use 0-1 uug of 
iron to make 30 tig of haemogolobin a large proportion 
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_ of thalassaemic erythrocytes make 15 uug of haemoglobin, 
leaving then 0-05 uug of iron for ferritin?. The amount of 
iron bound to ferritin, however, is 5-7 times larger (that is, 
0:250-0-350 uug or more). It is obvious that the total lack 
of information concerning the expression of the ferritin 
gene makes it very difficult to discuss the high production 
of ferritin within the genetic framework of present 
interpretations of thalassaemia. Ferritin is present in 
concentrations comparable to those found in thalassaemia 
in erythroblasts of patients with refractory anaemias 
with sideroblastic marrow. The fact that 30 per cent of 
these patients have haemoglobin F sometimes in high 
amounts (12 per cent) with no evidence for a hereditary 
basis’® may open the question of existence of causal 
relationship between anaemia, production of haemoglobin. 
F and high synthesis of ferritin outside of a rigid hereditary 
sequence. : 
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FORMATION OF INTRA-MITOCHONDRIAL GLUCOSYL-OLIGOSACCHARIDES 
FROM GLUCOSE BY INTACT NOVIKOFF ASCITES 


HEPATOMA CELLS 


By Dr. V. N. NIGAM and Dr. G. pe LAMIRANDE 


Montreal Cancer Institute, Notre Dame Hospital, and University of Montreal, Canada 


AY amylomaltase able to synthesize glucosyl-ohgo- 
saccharides from maltose has been found in both 
animal and plant tissues!-*. The presence of endogenous 
glucosyl-oligosaccharides has been reported in rat liver 
and their formation from 1!‘C-glucose observed in rat 
diaphragm’. Of particular interest are the results of Sie 
et al., who obtained higher specific activity in, oligosac- 
charides as compared with glycogen soon after NaHCO, 
was administered to starved rats treated with cortisol. 
They concluded that glucosyl-oligosaccharides may be 
involved in the mechanism of glycogen synthesis. Olavar- 
ria’, on the other hand, using a partially purified glycogen 
synthetase of rat liver, has been able to obtain oligosac- 
charides of higher specific activity than glycogen only at 
longer periods of incubation, and concludes that they are 
formed by the degradation of newly formed exterior 
chains of glycogen by a contaminating enzyme. However, 
the two experimental systems are different from each 
other and the results from the purified system do not 
imply that glycogen formation in vivo cannot proceed 
through the formation of smaller intermediates. The 
priming action of glucosyl-oligosaccharides, when present 
in higher concentrations, has been demonstrated for 
glycogen synthetase®. 

Our interest in the mechanism of glycogen synthesis 
originated from the observed inability of tumours to 
store glycogen. Although initial investigation has revealed 
that in Novikoff ascites hepatoma phosphoglucomutase 
activity is greatly reduced (it is 3-0 umole G1P conversion 
to G6P per min per ml. packed cells; rat liver has 43 
similar units per g wet weight) and glycogen synthetase 
activity is also diminished (it is 0:88 umole “C-glucose 
incorporated from UDP-G-14C per min per ml. packed cells 
as compared with 2-8 similar units per g wet weight of 
rat liver), the tumour cell is nevertheless able to synthesize 
glycogen at rates higher than those observed for rat liver 
slice. Fig. 1 shows the time-course of glucose incorpora- 
tion into glycogen by the washed intact Novikoff ascites 
hepatoma cells’, suspended in the incubation medium 
described by Wu and Racker!*. It can be seen that the 
rate of glycogen synthesis approximates to 1:1 umole 
per min per ml. packed cells (rat liver slice has 0-2-0-4 


umole per min per g wet tissue). Watanabe! working 
with AH-130 hepatoma cells, and Alpers et al.1? with 
HeLa cells, have also reported significant glycogen- 
synthesizing capacities in these tumours. Thus, it appears 
that in spite of a severe decrease in enzymatic activity of 
certain key enzymes the glycogen synthesizing activity 
still persists in the tumour. 

These facts, taken together with the work of Sie and 
Fishman, and of Beloff-Chain, suggest the possibility 
of an alternative pathway for glycogen synthesis. The 
results reported here tend to support the conclusion of Sie 
et al. that an oligosaccharide route to glycogen may 
exist. 

Novikoff ascites tumours cells were prepared as de- 
scribed before’. They were suspended for 15 min in ice- 
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moles glucose equiv. of glycogen formed 


5 10 15 30 
Time of incubation (min) 


Fig. 1. Time-course of glucose incorporation into glycogen by intact 

Novikoff ascites hepatoma ceils. The digest consisted of 0-9 ml. cell 

suspension (0 2 ml. packed cells) in érzs-incubation medium and 01 ml. 

solution in érs-incubation medium of 10 moles glucose-1-"C (100,000 

c.p.m.). The reaction was carried out in 20-ml. beakers kept in a Dubnoff 

shaker flushed with oxygen at 87°. Glycogen was isolated by the KOH 
method and counted 
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cold 1/4-strength tris-wash medium of Wu and Racker!® 
free of phesphate buffer, to allow easy breakage of the 
tumour cells later!®. They were centrifuged in the cold 
and the sedimented cells were mixed with 2-0 ml. ice-cold 
distilled water and transferred to a 100-ml. Erlenmeyer 
flask. The thick suspension was rapidly brought to room 
temperature and 75 umoles of glucose-1-4C (1 x 105 
c.p.m.) was added (0-5 ml.) and the mixture was shaken 
in the presence of oxygen for 60 sec. After this short 
incubation, the cells were chilled and five volumes of cold 
water added; the cells were homogenized as described by 
Hawtree and Silk. To the homogenate enough 1 M 
sucrose was added to make the mixture 0-25 M with respect 
to sucrose concentration. The homogenate was subjected 
to differential centrifugation and the mitochondrial 
fraction was isolated. It was washed twice with cold 
0:25 M sucrose. The second wash showed only traces of 
radioactivity. The packed mitochondrial fraction was 
then. suspended in ice-cold water and a fraction was plated 
on the planchet, dried and counted using a Picker X-ray 
counter. Table 1 shows the number of counts obtained 
in the mitochondrial fraction from cells treated with 
*4C-glucose in the absence and presence of 2,4-dinitro- 
phenol. It can readily be seen that glucose incorporation 
into the mitochondrial fraction takes place only when 
oxidative phosphorylation is possible. 
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Table 1. RETENTION OF RADIOACTIVITY BY TUMOUR MITOCHONDRIA 
ISOLATED AFTER INOUBATION OF INTACT TUMOUR CELLS WITH GLUCOSE-1-"C, 
IN THE PRESENCE AND ABSENOE OF 0 25 mM DINITROPHENOL 


The counts are corrected for internal absorption due to traces of sucrose. 
Experimental details are described in the text 
Total c.p.m. in the mitochondria! fraction/ml. packed cells 


Exp. No. 1 2 3 

Additions 
None 4x10° 7-5 x 10° 72x 10° s 
DNP 450 750 780 


The identity of the labelled product in the mitochondrial 
fraction was established as follows. The washed mitochon- 
drial fraction was extracted with 50 per cent ethanol. It was 
centrifuged and the supernatant removed. The precipi- 
tate was washed once more with 50 per cent ethanol and 
the alcoholic solution was recombined with the first 
supernatant. The solution was evaporated to dryness 
in vacuo. The material obtained was extracted with 
methanol (5 ml.), centrifuged to remove the precipitate, 
and re-evaporated to dryness in vacuo. The sugars were 
dissolved in 0-4 ml. methanol. In various experiments, 


~ \20-40,000 c.p.m. were recovered as sugars associated 
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‘with the mitochondrial fraction per 4-5 ml. packed 


cells. The methanolic solution of the sugars was subjected 
to chromatography on paper as described by Giri and 
Nigam’. The chromatogram was developed with aniline 
diphenylamine phosphate? whereon the presence of 
glucosyl-oligosaccharides became apparent. Fig. 2 shows 
a facsimile of the chromatogram obtained, together with 
a reference mixture of glucose, sucrose, maltose, malto- 
triose and maltotetraose. The lower bands and maltose 
gave the typical blue colour indicative of 1-4 glucosidic 
linkages!*. When the bands corresponding to oligosac- 
charides and glucose were eluted the percentage distribu- 
tion of radioactivity was roughly of the following order: 
glucose, 35-45; maltose, 10-15; maltotriose, 20-25; 


P maltotetraose, 20-25; maltopentaose, 10-15. 


In control experiments when labelled glycogen (obtained 
after incubation of tumour cells with glucose-1-4C and 
isolated by the KOH method, 150,000 c.p.m.) was added 
to the tumour homogenate and the mitochondrial fraction 
isolated and washed as described here, no detectable counts 
remained with the mitochondrial fraction. Similarly, 
added labelled glucose was not adsorbed on the mito- 
chondria even after 30 min incubation at room tempera- 
ture. 
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Fig. 2. Sector of a circular paper chromatogram showing the presence of 
glucose (band 1), maltose «band 3), maltotriose (band 4), totetraose 
(band 5) and maltopentacse (band 6) in the mitochondrial extract of 
Novikoff ascites hepatoma sells (U). Presence of sucrose (band 2) is due 
to the use of sucrose after homogenization. Band 2 has little radio- 
activity. M represents a synthetic mixture of glucose, sucrose, maltose, 
maltotriose and maltotetracse, numbered 1 to 6 in the order of decreasing 
Ry values. Developing stvent: acetone-butanol-water (7 : 2: 1). 
Spraying reagent = aniline diphenylamine phosphate 


The presence of oligosaccharides in the mitochondrial 
fraction raises two questions. Are they the degradation 
product of glycogen by amylase when both sediment with 
the mitochondrial fraztion, or are they in the process of 
being built into glyccgen? It appears improbable that 
these saccharides of iow molecular weight will sediment 
with the mitochondris. Furthermore, all operations after 
the incubation are carried out at 0°-5°, and immediately 
after the mitochondrial fraction is obtained 50 per cent 
ethanol is added. Urder these conditions amylase-medi- 
ated degradation of glycogen appears unlikely. 

We interpret our ~esults as indicative of an initial 
reaction of glucose abt the mitochondrial level in the 
respiring intact cell which leads to the formation of a 
high-energy glucosyl precursor of oligosaccharides and 
glycogen. Such a compound may have the capacity to 
accept glucosyl residaes from suitable donors to form 
short or long glucosicic chains, depending on the period 
and conditions of incubation. Since the amount of 
glycogen formed by ntact cells subjected to hypotonic 
treatment is small and the formation of oligosaccharides 
relatively significant, it seems likely that the oligosac- 
charides are on the route to glycogen. They may have a 
high turn-over rate perceptible only when the rate of 
glycogen formation is reduced by hypotonicity. Whether 
they act solely as primers or their presence reveals a 
step-wise build-up of glycogen molecules has yet to be 
ascertained. Extremsly low content of glycogen in- the 
freshly prepared tumcur cells may suggest that they also 
could act as primers. This investigation has been sup- 
ported by a grant to Dr. A. Cantero from the National 
Cancer Institute of Canada. We thank Dr. W. H. Fishman 
for assistance. 
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GUANASE ACTIVITY OF THE SYMBIONTS AND FAT BODIES OF THE 
COCKROACH, Leucophaea maderae 


By Dr LEON L. PIERRE 


Department of Biology, Long Island University, Brooklyn |, New York 


UANASE is an enzyme which is commonly found in 
the tissues of animals, as evidenced by the conversion 
of guanine (a degradation product of nucleic acids) to 
xanthine. Anderson! found the enzyme in high concen- 
tration in the fat bodies of the cockroach, Periplaneta 
americana, the armyworm, Prodenia eridania, and the 
mealworm, Tenebrio molitor. Similarly, Lisa and Ludwig? 
found it in the fat body of the normal cockroach, Leuco- 
phaea maderae. The purpose of this investigation is to 
determine whether this enzyme is produced by the sym- 
bionts, the fat body, or both in the cockroach, L. maderae. 
The symbionts and fat bodies used in these experiments 
were cultivated or prepared according to the method of 
Pierre’. Recent modification of this method facilitates 
an easier isolation of the symbionts by exposure of the 
bared abdominal cavity once to the 70 per cent ethanol 
for 5-10 min, and then substitution of the sterilizing 
solution for ethanol in each case afterwards. 500 mg 
material obtained from the symbionts (cultures 24-48 h 
old) and aposymbiotic adult and nymphal fat bodies 
(sixth to eighth instar nymphs) were used in the 
isolation of guanase. The material was homogenized 
with a motor-driven homogenizer in 8 ml. of distilled 
water, and allowed to stand for 25 min to permit further 
extraction. It was then subjected to high-speed centrifuga- 
tion at 15,000 r.p.m. in vacuo at 0° C for 25 min, and 
further extraction was performed according to the 
method of Kalckar* as modified by Lisa‘. 

The substrates guanine and xanthine were prepared by 
dissolving 1 mg of each singly or together in | ml. of 
0-01 N NaOH. 1 ml. of each substrate or the mixture of 
both substrates and 1 ml. of the particular enzyme 
fraction were placed in the main portion of a Thunberg 
tube, evacuated for 5 min, and then immersed in a con- 
stant temperature water-bath at 38° C for 2 h. This 
temperature is most favourable for the activity of guanase 
while it inhibits traces of xanthime which invariably 
accompany the isolation of guanase. At the end of incuba- 
tion, the proteins in the mixtures were destroyed with 
10 per cent perchloric acid, and the deproteinized mixtures 
were centrifuged at 2,000 r.p.m. for 5 min. 0-5 ml. of the 
supernate were added to 9-5 ml. of 0-1 N NaOH, and 3 ml. 
of the mixture were assayed against 3 ml. of 0-1 N NaOH 
in the Beckman DU spectrophotometer according to the 
method of Block and Johnson’. Verification of the 
results obtained by this method was evidenced by an 
assay of incubated mixtures after 1 and 2 h periods 
according to the method of Roush and Norris’. Final 
confirmation of both methods of assay was obtained by 
subjecting the deproteinized mixtures to ascending 
chromatographic studies. Strips of Whatman No. 1 
chromatographic paper (6 x 35 cm) were spotted at one 
end with one lambda portion of the mixtures. One end 
of the paper was immersed in the solvent (50 mi. butanol + 
15 ml. ethanol + 35 ml. distilled water), and the other 
hung loosely in a cylindrical jar. The top of this jar was 
sealed and the papers were left for a day. At the end of 
24 h, the papers were taken out and air-dried. Spots 
appearing on the papers were discovered by means of an 
ultra-violet lamp. These spots wers circled with a lead 
pencil; cut out and eluted in 10 ml. of 0-1 N NaOH. The 
eluted mixtures were read spectrophotometrically at 
260 and 280 mu. The Er values of the substrates were 
obtained from the position of the spots on the chromato- 
graphic paper. At least five determinations of the activity 
of substrate and enzyme were performed at a time. 

The results of this investigation, performed by the 
methods of Block and Johnson’, and Roush and Norris’, 


and by chromatographic procedure, revealed that guanine 
was completely converted to xanthine by each fraction of 
the enzyme guanase. A noticeable shifting of the mini- 
mum and maximum absorption peaks of guanine (240 
and 270 my) to those of xanthine (260 and 275 or 280 
mu) occurred when this substrate was incubated with the 
enzyme at 38° C for 2 h according to the method of Block 
and Johnson® (Fig. 1). A sumilar activity of the enzyme 
on the substrate was observed when assays were made 
according to the method of Roush and Norris’ (Fig. 2), 
and by chromatographic studies (Fig. 3). No change in 
the absorption peaks of xanthine occurred when this 
substrate was incubated with the enzyme. Similarly, 
no change in the absorption peaks of guanine occurred 
when this substrate was incubated without the enzyme 
fractions. Mixtures of xanthine and guanine incubated 
with the enzyme and then assayed also showed evidence 
of the conversion of guanine to xanthine. 

Assays made according to the method of Block and 
Johnson® revealed that the enzyme fractions from the 
symbionts, adults and nymphs lowered the optical density 
of the substrate to the extent of — 0-150, — 0:148, — 0-94 
respectively. Corresponding values for this lowering of 
the optical density when assays were made after the 
l-h period of incubation according to the method of 
Roush and Norris? were —0-140, —0:150 and —0-53 
respectively. Similarly, the respective values obtained 
for the decrease in density when guanine and xanthine 
were incubated together with the enzyme were — 0-110, 
—0-110 and — 0:98. The overall extent in the decrease in 
density over a 2-h period was 33-3 per cent. 

The rasults of these experiments reveal a high activity 
of the enzyme guanase in the symbionts and fat body of 
the cockroach, L. maderae. The amount of enzyme 
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Fig. 1. Activity of guanase isolated from (a) adults, (b) symbionts; (c) 
nymphs, and incubated with guanine over a 2-h period 
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Fig 2. Activity of guanase isolated from the symbionts and incubated 

with the substrate (4) xanthine, and (b) guanine over a 1-h period. This 

graph is identical with those obtained with the adult and nymphal 
extracts similarly treated 


extracted varied from time to time, and thus accounted 
for higher densities occasionally. Possibly the slightly 
lower values obtained when both substrates were incubated 
together with the enzyme can be accounted for in this 
fashion: the addition of the reaction product xanthine to 
the added substrate xanthine tended to shift the equil1- 
brium of the reaction. 

The 33-3 per cent lowering of the optical density of 
guanine by guanase over a 2-h period compares favourably 
with the 30 per cent decrease obtained by Lisa and 
Ludwig? with the fat body of the normal insect. Sımuarly, 
the Rp values of 0:030 and 0-087 obtained in these experi- 
ments for guanine and xanthine respectively also compare 


NATURE 


667 


0'4 





03 
D 
g 
S 
2 
3° 
A 
© 
0-1 
0 
240 260 280 300 320 
Wave-length (mz) 
Fig. 3. Disappearance of guanine and the simultaneous production of 


xanthine when the substrate was subjected to chromatographic studies, 
then eluted and assayed. (a) Activity of the symbiont enzyme; (b) 
activity of the adult enzyme; (c) activity of the nymphal enzyme 


favourably with the respective values of 0-000 and 0-062 
obtained by those workers. However, the high activity 
obtained by these wcrkers for the enzyme of the normal 
fat body could be artributed to the enzyme present in 
both the fat body ard the symbionts. No difference in 
guanase activity was observed in the enzyme extracted 
from the symbionts ar the adult fat body. However, the 
activity of the nymphal extract was much slower than 
that of the symbionts or adults. Possibly, the nymphs 
depend on the symbionts for guanase activity at some 
stage of their lives. 

I thank Dr. Daniel Ludwig, of Fordham University, 
for his advice. 
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DIFFERENT MOLECULAR SPECIES OF MOUSE INTERFERON 
INDUCED BY STATOLON 


By Pror. T. C. MERIGAN 


Department of Medicine, Stanford University 
School of Medicine, Palo Alto, California 


TATOLON, an anionic polysaccharide produced by 
Penicillium stoloniferum, achieves its antiviral action 

by stimulating interferon production, both in the whole 
animal and in tissue culture!*. The antiviral substance 
produced by chick embryo fibroblasts after statolon 
stimulation was demonstrated to be interferon by its 
host cell species specificity, acid stability, trypsin sensi- 
tivity, and a characteristic heat inactivation curve. 
Additional biological data suggesting the identity of the 
active portion of viral and statolon-induced interferons are 
provided by the experiments of Baron’. These showed 
that the in vivo antiviral protection with mouse inter- 
feron induced by statolon against three viruses (encephalo- 
myocarditis virus, vesicular stomatitis virus, and vaccinia) 
is simular to that provided by the interferon induced by 
Newcastle disease virus (NDV). A number of other agents, 
including bacteria‘, endotoxin':®, rickettsia? and phyto- 
haemagglutinin®, have also been reported to induce inter- 
feron production. The interferon produced by these 
non-viral agents has been characterized primarily by 


Dr. W. J. KLEINSCHMIDT 


Lilly Researck Laboratories, Indianapolis, 
Indiana 


AND 


biological methods. Vhral-induced interferon, prepared 
in vitro or in vivo, hes been shown to be indistinguishable 
for a given cell species’. In a particular species, completely 
unrelated viruses can induce formation of interferon that 
cannot be differentiated on the basis of biological and 
physical properties. In contrast, a single virus can be 
shown to induce tke formation of physically different 
interferons in cells af different animal species’. 

We have compared the characteristics of molecular size 
and charge of non-viral- versus viral-induced activities, 
as prepared both ia vitro and wm vivo. Mouse serum 
interferon was prepared by intravenous injection of mice 
with NDV (ref. 10). The serum was held at pH 2 for five 
days (4° C) to destroy residual virus. Chick interferon 
was prepared by irfluenza infection of 9-11 day em- 
bryonated eggs], ard purified by zine precipitation and 
‘CM-Sephadex’ column chromatography!*. Statolon- 
induced mouse serum interferon was prepared by col- 
lecting serum from 12 to 14 g mice after statolon injections 
intraperitoneally of 2-5 mg or intravenously of 0-72 mg. 


668 


Table 1. APPEARANOE OF INTERFERON IN MICE AT DIFFERENT TIMES AFTER 
THE INJECTION OF STATOLON 


Inhibition titre of serum pool (hours after injection) 
Hours Titre 


1 
2 256 
8,192 
12 4,096 
24 1,024 
48 128 
72 128 


Sra a of interferon in mice at different times after the injection of 
statolon. Seven groups of 20 mice of 12-14 g were injected intravenously 
with 0:72 mg of statolon. The mice were bled at the times indicated after 
injection and the serum prepared. Interferon activity was measured by a 
laque-inhibition of vesicular stomatitis virus on confluent monolayers of 
CN cells. ‘Titre is expressed as the reciprocal of the highest dilution of 
serum giving 100 per cent inhibition. 


Weights of statolon used are based on the non-dialysable 
solids present in preparations prepared as described pre- 
viously**. The time course of induction of interferon by 
intravenous administration of statolon in mice was 
determined (Table 1). For the mouse serum interferon 
used in these investigations, the mice were bled at 6 h 
following statolon injection. Statolon-induced interferon 
was prepared èn vitro by applying 0-53 mg of statolon to 
a 6:5 x 13:5 cm monolayer of primary mouse embryo 
fibroblasts and collecting the supernatant fluids after 
24h. This interferon preparation was concentrated fifty- 
fold by dialysis against polyethylene glycol 6000 prior 
to use. 

For estimation of interferon titre, a plaque-inhibition 
assay® was used with a 50 per cent inhibition end-point. 
To minimize the antiviral effects produced by any residual 
statolon in the sample, short interferon adsorption periods 
(6 h) were used. After adsorption of interferon to confluent 
monolayers of primary mouse or chick embryo fibroblasts 
growing in tissue culture plates, the cells were challenged 
with vesicular stomatitis virus. 

Mouse and chick interferons are highly specific for cell 
species? *, Because each could be assayed in the presence 
of the other, the method of co-chromatography® previ- 
ously used to compare viral-induced interferons was used. 
To determine the molecular weight of the various types of 
mouse interferon, chromatography was carried out on a 
Jong column of ‘Sephadex G-—100’ using both standard 
chick interferon and phenol red as internal markers. 
The molecular weight of the statolon-induced mouse 
serum interferon was also determined by ultracentrifuga- 
tion in a density gradient. Samples were centrifuged 
by the method of Martin and Ames*® in a 2-12 per cent 
sucrose concentration for 16 h at 105.000g in the Spinco 
SW 39 rotor, and position compared with that of an egg 
white lysozyme standard. 

The polyacrylamide disc electrophoresis system of 
Ornstein and Davis!® was used for electrophoresis of 
interferon!*, with the pH 4-3 acetate buffer of Reisfield?’, 
and a methyl green internal standard. After electro- 
phoresis, the gels were sliced into 1-2-mm sections and 
placed in tissue culture medium containing 0-05 per cent 
bovine serum albumin. They were eluted at 4° C over- 
night before assay of interferon activity in the individual 
aliquots of medium. 

The statolon tissue culture mouse interferon had a 
molecular weight (Table 2) and electrophoretic mobility 
(Rr = 0-35) similar to mouse viral-induced interferon 
(Rr = 0:35). However, the statolon-induced interferon, 
as it appeared in mouse serum, had a greater molecular 
weight—approximately 90,000 (Fig. 1, Table 2). The 
electrophoretic migration of statolon-induced serum 
interferon (Rr = 0-63) is different from that of statolon- 


Table 2. MOLECULAR WEIGHT ON ‘SEPHADEX G-100’ OF VARIOUS MOUSE 
INTERFERONS 


Molecular 
Type Inducing agent weight 
Tissue culture interferon Ohi ya Virus — 26,000 
Serum interferon Newcastle disease virus 26,000 
Tissue culture interferon Statolon 34,000 
Serum interferon Statolon 90,000 


Comparison of molecular weights of various interferons as determined on 
‘Sephadex G-100’. 
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Fig. 1. Molecular weight determination of various mouse serum inter- 
ferons on ‘Sephadex G-100’. Protein standards of known molecular 
weight were individually chromatographed on the same column. 
Chromatography of both interferon and protein, standards was carried 
out at 4° C in phosphate-buffered saline on a 120x12 em column of 
‘Sephadex G-100’. By this same method, Hallum, Stinebmng and 
Youngner’® have demonstrated an identical molecular weight for NDV 
induced mouse plasma interferon which has not been exposed to pH 2 
but which has had residual NDY qus inactivated by exposure to anti- 
serum 


induced tissue culture interferon (Rr = 0:35). The sedi- 
mentation velocity of statolon-induced mouse serum 
interferon in a sucrose density gradient confirmed its high 
molecular weight (approximately 85,000). This differs 
from the value others!® have found for virus-induced 
mouse serum interferon (13,000-25,000). 

Disaggregation of the heavy interferon was attempted 
with sodium dodecyl sulphate (SDS) (0:02 per cent), 
alkali (pH 11) and 5 M sodium chloride. Each was 
added to the serum by dialysing the sample at 4° C 
overnight against 50 vol. of the given reagent in 0:1 M 
salt. Before electrophoresis or chromatography, the 
reagents were removed by dialysis against 50 vol. of 
buffer appropriate for the electrophoretic or chromato- 
graphic procedure. Unfortunately, the SDS destroyed 
the activity of the statolon-induced mouse serum inter- 
feron. ‘The electrophoretic migration of statolon serum 
interferon was not influenced by exposure to pH 11 
(Rr = 0:61) or the 5 M sodium chloride (Rr = 0-68). 

Previous investigations!2 demonstrate viral-induced 
chick interferon to be a covalently bonded structure of 
molecular weight about 30,000 and slightly acidic in 
charge. It has disulphide bridges, though the number of 
polypeptide chains is unknown}?)?°, The viral-induced 
interferons of chick, mouse and man all have a similar 
molecular weight and charge!*. The molecular weights 
have been determined by both sucrose density gradient 
ultracentrifugation and ‘Sephadex G—100’ column chrom- 
atography!!12,18,21-23, Mouse and chick interferons have 
indistinguishable charges by gradient ion exchange co- 
chromatography on ‘CM-Sephadex’®. Chick, mouse and 
human interferons are eluted from the ‘Amberlite XH-64’ 
resin over the same pH range, whether prepared in vivo 
or in tissue culture!*. For example, human interferon 
induced in tissue culture by Newcastle disease virus 
chromatographically resembles human serum interferon 
induced during immunization with live measles vaccine”'. 
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Mouse (Rr = 0-35), chick (Rr = 0-29) and human (Rr = 
0-32) interferon all have relatively similar electrophoretic 
migrations with respect to a methyl green marker?!’, in 
polyacrylamide gels at pH 4:3. The charge and size 
properties of mouse interferon induced in primary mouse 
embryo fibroblasts by statolon resemble those of viral- 
induced interferons. 

On the other hand, statolon mouse serum interferon has 
both different size and charge characteristics. It appears 
to be similar to the endotoxin-induced heavy mouse 
interferon described by Hallum, Stinebring and Young- 
ner!®, Statolon differs from endotoxin in its relative lack of 
toxicity and higher potency of in vivo antiviral activity”®. 

The fact that interferon induced in tissue culture by 
statolon is similar to viral-induced interferon in both 
charge and size suggests that interferon induced n vivo 
by statolon is an aggregated form of the smaller molecule. 
This association could occur either by polymerization 
with itself or by aggregation or covalent bonding to 
another molecule. It is possible that the two activities 
reside in entirely unrelated molecules. 

Schonne?* has observed that Sindbis virus in tissue 
culture stimulates the production of raŭ interferon, with 
a molecular weight range of 29,000—100,000. Others??:28 
have noted viral interferons to form complexes with 
bovine serum albumin: hence procedures known to break 
up protein complexes might demonstrate the structural 
identity of in vivo and in vitro statolon-induced interferon. 


. Incontrast with chick interferon?2, both statolon and viral- 


induced mouse interferons are inactivated by high concen- 
trations of urea. Therefore, they cannot be investigated 
with electrophoretic procedures in urea-containing buffers 
which have been successfully used with chick interferon!. 

Although in vivo statolon-induced interferon is similar 
to that induced by endotoxin in molecular weight and 
charge, the time of appearance of circulating interferon 
after injection of statolon is different from that seen with 
endotoxin (Table 1). The interferon induced by endotoxin 
had a peak titre at 2 h and had virtually disappeared at 
24 h (ref. 5). The time pattern of appearance of statolon- 
induced interferon is similar to the pattern observed with 
viral-induced interferon, with the highest titre occurring 
at 5h (ref. 10) or at 12 h (ref. 4). 
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In summary, statalon-induced mouse serum interferon 
was found to differ from virus-induced mouse interferon 
in molecular size and ‘charge. The significantly higher 
molecular weight (99,000) of the former was observed 
with both ‘Sephadex G—-100’ column chromatography and 
sucrose density ultracentrifugation. The mouse interferon 
induced by statolon in tissue culture, however, resem- 
bled the viral-induced interferon in molecular weight 
Sea and in electrophoretic mobility in polyacrylamide 
gels. 

We thank Mrs. C. Winget, Miss C. Dixon, Mr. E. B. 
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AUTORADIOGRAPHIC IDENTIFICATION OF THE D (13-15) CHROMOSOME 
RESPONSIBLE FOR D, TRISOMIC PATAU’S SYNDROME 


By Dr. F. GIANNELLI 


Paediatric Research Unit, Guy’s Hospital Medical School, London, S.E.I 


T has recently been shown that the pattern of DNA 
synthesis of human chromosomes is complex and 
appears to be relatively chromosome specific, but the 
mechanism responsible for the time sequence of chromo- 
some synthetic events is unknown. 

This article reports an investigation of the labelling 
patterns of the D group chromosomes based on a case of 
Patau’s syndrome, which is known to be a D, interchange 
trisomic. 

The patient (PRU No. 1492), a girl who died in the 
neonatal period, was considered in life and at necropsy to 
have the typical features of Patau’s syndrome generally 
caused by primary D, trisomy}. 

Blood and skin cultures were analysed in the Paediatric 
Research Unit by Dr. A. I. Taylor. Forty-five cells were 
counted and the modal number was 46. Formally, one 
D (13-15 Denver) chromosome was missing and an extra 
chromosome resembling a No. 3 was present. In the light 
of the clinical findings, the patient was thought to be a 
case of interchange D, trisomy, and it was considered likely 
that two chromosomes of the D group were involved in the 
interchange, or else that the additional chromosome 


resembling a No. 3 was an isochromosome of the long arm 
of a D chromosome An additional 156 complete meta- 
phases were analysec ; each contained 46 chromosomes and 
showed the chromosome complement already described 
here. Cytological aralysis of the patient’s parents showed 
that they had normal chromosome complements. 

Blood, cultured Ey a micromethod developed in this 
Unit?, was labelled by adding 0:25 uc. of tritiated thymi- 
dine (Radiochemica, Centre, Amersham, spec. act. 2 c./ 
mmole) to each ml. af culture for the last 4 h of incubation, 
so as to differentially label the very late synthesizing 
chromosome regions. Desacetylmethylcholchicine (‘Col- 
cemid’, Ciba) was added 1-5 h prior to termination. 

Skin cultures were set up by the technique described by 
Hsu and Kellog? aad labelled at the third passage by 
adding 0-25 uc. of tritiated thymidine (Amersham, spec. 
act. 2 c./mmole) to each ml. of culture medium for the last 
7 h of incubation, and treated with ‘Colcemid’ for the last 
3h. Slides were prevared by air drying. 

Autoradiographs >f blood culture slides were prepared. 
at once by a stripping film technique’, but skin culture 
slides were first stained for 3 min in 2 per cent lacto- 
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acetic orcein and well-spread metaphases were photo- 
graphed. Then the slides were rinsed in several changes of 
xylol and absolute alcohol, hydrolysed for 2 min in 4 N 
hydrochloric acid at 18° C and coated with Kodak ‘AR 10° 
autoradiographic stripping film. After exposure for 5 
days, they were developed and stained with azurmethy- 
lene-blue5. 

Qualitative analysis of DNA labelling patterns. The 
accuracy of the results of the examination of chromosome 


labelling patterns is limited by, among other factors, the ` 


random nature of tritium radiations and by the resolution 
of the available autoradiographic techniques. Therefore, 
errors of classification based on single cells are likely to 
occur and the pairing of morphologically similar chromo- 
somes requires a statistical approach which involves the 
analysis of numerous individual cells. In this study, in 
order to avoid bias, each of the chromosomes under con- 
sideration has been given a letter code according to its 
labelling pattern and only in the final conclusions have 
these patterns been related to the different chromosome 
airs, 

Blood cultures were used to give information on the 
very last part of the chromosome DNA synthesis and skin 
cultures to examine a longer period of DNA synthesis and 
try to resolve more clearly the differences in the synthetic 
patterns of the D group chromosomes. 

(A) Labelling patterns of the D group chromosomes. In 
blood culture the five D chromosomes showed three 
labelling patterns (Fig. 1): the first (coded type A) was 
marked by a pattern of dense labelling of the distal part 
of the long arm, while the proximal part of the long arm 
and the centromere were unlabelled; the second (type B) 
showed diffuse labelling, which was often denser over the 
proximal part, of the long arm and the centromere; and 
the third (type 0) was unlabelled or had less than five 
autoradiographic grains per chromosome. 

The D chromosomes in the skin cultures were distin- 
guished as follows: type A! either completely labelled or 
with a small unlabelled gap in the long arm near the 
centromere, or with short arm and centromere region 
unlabelled; type B1 with dense labelling over the centro- 
mere region and proximal half to two-thirds of the long 
arm; type C! with the short arm and centromere labelled 
but with the long arm almost completely unlabelled 
(Fig. 1). The difference between the B! and C! types was 
more quantitative than qualitative. At times one or more 
D chromosomes showed only few randomly scattered auto- 
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Table 1. CELL DISTRIBUTION IN RELATION TO THE LABELLING PATTERNS 
OF THE D CHROMOSOMES 
Blood culture Skin, culture 
Combination No. of cells Combination No. of cells 
of labelling th each of labelling with each Total 
patterns combination patterns combination 
0A+1B4+4C 2 2 
0A!+2B!+3C! or C° 1 1 
0A!+0B1+5C? 2 2 
14 +2B42C 12 1A1+ 2B! + 2C? or C° 57 69 
1A4+1B+38C 11 143+1B'!+3C' or 0? 7 18 
14 +3B+1C 1 1.41+3B'+1C? or 0? 5 6 
14'+4B1+0C! or C? 7 fi 
14+0B+4C 14 1A41+0B!+ 40? or C? 5 19 
24A +1B+20 1 1 
244+2B+1¢C 4 4 
24 +0B+3C 1 1 
Cells with one or Cells with one or more 
more D chromo- D chromosomes 
gomes over- overlapped 
pped 14 10 24 
Cels with al D 
alsbellod 2 2 
u elle 
Total 62 Total 94 156 


Table 2. CELL DISTRIBUTION IN BELATION TO THE LABELLING PATTERNS 
OF THE LARGE METACENTRIC CHROMOSOMES RESEMBLING CHROMOSOME 


No. 3 
No. of cells yalh aca combination 
8 Blood 
Combination of labelling patterns ates a Total 

2 Zor Z!+1 AJA or AA? 36 51 87 
3 Z or Z? | / 4 6 10 

1 Z or Z'+1 A/A or Aa a 
+1 overlappe 9 2 n 

2 Z or Z'+1 overlapped 6 4 
2 cromo omies overlapped or P 31 88 

í 

SRD Total 62 94 156 


radiographic grains. This is considered to be a pattern 
equivalent to a C? type in cells which became exposed to 
tritiated thymidine late in the DNA synthetic period and. 
we will refer to this pattern as C*. “The cell distribution 
according to the labelling patterns of the D chromosomes 
is shown in Table 1. 

(B) Labelling patterns of the large metacentric chromo- 
somes resembling No. 3. In blood culture, two out of the 
three large metacentric chromosomes resembling chromo- 
some No. 3 (Denver) showed a diffuse light labelling over 
both arms, often with a dense cluster of autoradiograp hic 
grains over the centromere region (type Z). By contrast 
the third metacentric chromosome (type A/A) showed 
heavy and symmetrical labelling over the distal part of 
both arms while the centromere region was generally 
unlabelled. 

In skin cultures these large metacentric chromosomes 
were usually completely labelled, but two had denser 
labelling of the centromere and sometimes 
lighter labelling of the middle part of one 
or both arms (type Z+), while the third had a 
lightly labelled centromere region (type 
AJA!) (Fig. 1). The cell- distribution 
relative to the labelling patterns, of these 
chromosomes is shown in Table 2. 

Quantitative analysis of DNA labelling. 
In the experiments recorded here the label - 
ling pattern of a chromosome 1s related to 
the position of the late synthesizing regions, 
while the number of autoradiographic grains 
is a function of the number, size and rate of 
DNA synthesis, of the late synthesizing 
regions. Therefore, the grain count has been. 
used to distinguish further between the 
different D group chromosomes, to separate 
the normal chromosomes No. 3 from the 
morphologically similar D/D chromosome, 
and to examine its structure. In blood 
culture, the mean grain count over the type 
AJA chromosome has been compared with 
that over the two of type Z and the mean 
of half the grain count over the type A/A 
with the mean grain count of the type 
A chromosome and the most densely labelled 
non-4D chromosome (hot-non-A). The 
A and hot-non-A chromosomes were also 
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Table 3 


Type of culture | Null hypothesis 






4, A = hot-non-A 
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Blood culture l. AJA =Z ao ir ve "108 =8 73 P<0 001 
2. ae =A da = 10-486 | 20=0 24 P>08 
J A = 10 553 À 
3. AIA S hot-non-A AIA Z 10-516 .a=6 67 P < 0-001 


hot-non-A = 5 844 
#& = 10 553 
not-non-A = 5 368 


hot-non-A! = 13 122 
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44=7°51 P<0001 









































Skin culture 5. AYA! = Z' ANA t= 28-578 ‘50 = 18 18 P<0001 

6 aa = A! ail = 14 582 „s= 2 69 0-01 > P > 0-005 
: A! = 16-959 

o AE + X= a AIA" + X = 15-864 0 400 > P > 0-200 
i A! = 16 959 

8 aa = hot-non-A! aa = 14-532 01: P>005 

9 AYA} wae TA aa P<0001 
3 + X = hot-non- 4! 9 + X = 15-864 

hot-non-A! = 13 122 
10. A! = hot-non-A! A! = 16 959 





P<0001 








Bold type (for example, A/A) signifies the mean Sper count over the relevant chromosomes (for symbols of these, see text). 


~ =7-5 per cent of the grains counted over the ype D chromosome, 


In the skin eulture 
The findings are sum- 


compared between themselves. 
similar comparisons were made. 
marized in Table 3. 

Because of asynchrony of cellular DNA synthesis, it was 
decided to standardize the grain counts over each arm of 
the A/A or A1/A+ type metacentric chromosome and the D 
group. This was done as follows: 

In each cell the counts over each arm of the 4/A and 
A'/A‘ type chromosome and the D chromosomes were 
multiplied by a factor obtained by dividing the mean 
grain count of each chromosome group for all the cells by 
the grains counted over the corresponding group in each 
individual cell. In this way the counts for each chromo- 
some are adjusted relative to the group’s total counts and 
comparison is thus made possible. For this analysis only 
the D chromosomes of 82 skin culture cells (where grains 
could be counted with sufficient accuracy) were used. 
Blood culture cells had far too many unlabelled chromo- 
somes and were, therefore, discarded. The chromosomes 
of the D group were classified in each cell according to their 
grain counts. Then the frequency distribution curves of 
the adjusted grain counts over both arms of the A/.4 and 
A/A! chromosome and of all the five D chromosome 
classes were plotted (Figs. 2 and 3). 

Conclusion and discussion. Two of the three large 
metacentric chromosomes (type Z or Z!) completed DNA 
synthesis first in the median part of one or both their 
arms, then in the terminal parts of both arms and finally 
in the centromere region, and have been interpreted as the 
normal pair No. 3, known to have a similar synthetic 
pattern®’. The third metacentric chromo- 
some (AJA or A1/A!) showed a very sym- 28 
metrical pattern of DNA synthesis; the 
centromere and the proximal part of each arm 24 
completed their DNA synthesis early while 
the middle and distal parts did so late. This sọ 
chromosome was interpreted as the D/D 
chromosome. Consistently, only one A (or 
A‘) type chromosome was present in the 
patient’s cells and it had a pattern of DNA 
synthesis similar to that of each arm of the 
presumptive D/D chromosome and markedly 
different from the remaining four D chromo- 
somes. A small region of the long arm of 
this type A element, near the centromere, was 


Frequency 


the first to complete synthesis followed by Sige 


the centromere and short-arm region, while 
the middle and distal parts of the long arm syn- 
thesized their DNA very late. The other four 


Fig. 3. 


D chromosomes, in tiose cells in which only one D chromo- 
some of type A was present, could be classified into two 
different pairs (B or B', and C or O! or C2), according to 
their labelling patterns. These differences, however, were 
not invariably clear enough to allow confidence in the 
precise allocation of these four chromosomes. There was 
an excess of type C chromosomes, particularly in blood 
cultures, because this type includes a pair of early syn- 
thesizing D chromasomes (type C proper) plus all the 
unlabelled or weakly labelled D chromosomes belonging to 
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Fig. 2. Adjusted grain counts frequency distribution of the two arms 
of the A/A and A’/A! type metacentric chromosome 
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the other two types found in those cells which had almost 
completed DNA synthesis before tritiated thymidine was 
added to the cultures. All four non-AD group chromo- 
somes had a similar sequence of synthetic events, but one 
pair (C, C? or C?) was often ahead of the other pair (B or 
B!) in its DNA synthesis. These all completed DNA 
synthesis first in the distal part of the long arm, then in 
the proximal part, centromere and short-arm regions, and 
were interpreted as two pairs of homologous chromosomes 
with some degree of intrapair asynchrony which was 
thought to contribute to the blurring of the difference in 
their DNA synthesis. The labelling over the short arms of 
these chromosomes was much denser in the skin culture 
than in the blood culture. This is probably due to the 
different periods of time for which the cells in the two 
tissues were exposed to tritiated thymidine but a specific 
tissue difference is not excluded. 

The grain count analysis showed that in the fraction of 
the DNA synthetic period studied in blood and skin 
cultures, the two presumptive No. 3 chromosomes syn- 
thesized a significantly smaller amount of DNA than the 
presumptive D/D chromosome (Table 3: 1 and 5), thus 
confirming the distinction made on the basis of the label- 
ling patterns. The D chromosome of the A or A? type 
synthesized significantly more DNA than any of the other 
D chromosomes (Table 3: 4 and 10). The frequency dis- 
tribution of the adjusted grain counts of the two arms of 
the D/D chromosome did not show any sign of bimodality 
(Fig. 2). Therefore, the mean grain counts over each of 
these two arms should not be greatly different from each 
other, and the results in Table 3: 2 and 3 and 7 and 9 
(see following) can be taken as evidence that in blood 
cultures each arm of the D/D chromosome synthesized. an 
amount of DNA equal to that synthesized by the A or 
AD group chromosome and significantly higher than that 
synthesized by any of the other D chromosomes. 

While, as indicated, in blood cultures the A type D 
chromosome had completed DNA synthesis in the region 
of the short arm and centromere, in skin cultures the A? 
type was often still synthesizing DNA in this zone. The 
grains counted over this part of the chromosome were 15 
per cent of the total count over the same chromosome. 
Since the D/D chromosome is at least without short arm 
and centromere region of one of the D chromosomes which 
form it (assuming that it is the result of an interchange), it 
is not surprising that, in contrast to the observations 
made on blood cultures, in skin cultures the mean of half 
the grain counts of the presumptive D/D chromosome was 
significantly smaller than the mean grain count over the 
A type D chromosome (Table 3: 6) and was not signifi- 
cantly larger than the mean grain count over the hot-non-A 
type D chromosome (Table 3: 8). However, if 7-5 per cent 
of the counts over the 41 type D chromosome is added to 
half the grain counts of the presumptive D/D chromosome 
to account for the Joss of one short arm and centromere 
region, the skin culture findings are similar to those in 
blood cultures (Table 3: 7 and 9). 

Finally, the five frequency distribution curves of the 
adjusted grain counts of the D chromosomes fall quite 
clearly into three groups (Fig. 3): two curves with low 
mean grain counts, two curves with intermediate mean 
grain counts. and only one curve with high mean grain 
count. Type C! and C? chromosomes contributed mainly 
to the first and second curve, type B! to the third and 
fourth, and type A? almost exclusively to the fifth curve. 
Therefore, I feel justified in dividing the five normal D 
chromosomes present in this patient into one late replicat- 
ing chromosome, two intermediate replicating and two 
early replicating chromosomes, having respectively type 
At, B! and 0! or C? labelling patterns. 

The D/D chromosome has both arms with a labelling 
pattern and grain count very similar to the A type D 
chromosome, and this suggests either that it is formed by 
the union of two homologous A type D chromosomes or 
that it is an isochromosome for the long arm of this 
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chromosome. In either event, the patient would be effec- 
tively trisomic for the type A chromosome. However, it 
could be argued that the interchange chromosome, if this 
is indeed what the D/D chromosome is, is formed by two 
non-homologous D chromosomes and one of them carries 
factors capable of inducing a new pattern of DNA syn- 
thesis in the other. This is in contrast with our experience 
in other autosomal interchanges of similar type*?. 
Moreover, the complex pattern of human chromosome 
DNA synthesis suggests that it is controlled perhaps by 
more than one factor influencing discrete chromosome 
regions and it seems to us unlikely, therefore, that in an 
interchange of the centric fusion type between two non- 
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‘homologous chromosomes, one of them could control the 


pattern of synthesis of the other. Finally, if the D/D 
chromosome were formed by non-homologous chromo- 
somes, one being a type A and the other a type B or C, the 
patient would be trisomic for one of the latter chromosomes 
because he carries already two normal type B or O chromo- 
somes. This would be in contrast with the clinical descrip- 
tion and our findings in a primary D, trisomic subject 
with Patau’s syndrome in whom three A type D chromo- 
somes were present’, and with two similar cases reported 
by Yunis et al., where again three A type D chromosomes 
were found. 

The suggestion has been put forward’ that in trisomics 
one of the chromosomes present in triplicate might be 
delayed in its DNA synthesis. Our findings in this patient 
and in one primary D, trisomic subject’? indicate a great 
similarity in the pattern of DNA synthesis and a fair degree 
of synchrony between the three presumptive homologues. 

The chromosomes responsible for D, trisomy have large 
late synthesizing regions!*"! and the same may be true of 
the chromosome responsible for E, trisomy}? and Down's 
syndrome’4, Late DNA synthesis in the X chromosome 
has been correlated with genetic inactivation. Yunis’® 
and Stalder et al.1* have suggested that the viability of the 
D,, E, and perhaps 21 trisomie zygotes is due to the 
presence of large late synthesizing and, by inference, 
genetically inert chromosome regions. However, this 
functional interpretation of the patterns of autosome DNA 
synthesis is a matter of conjecture based on analogy with 
the late synthesizing X chromosome which may not apply 
to the autosomes. In fact, late autosome DNA synthesis 
is concordant in all members of a chromosome pair while 
one X chromosome does not show late synthesis and is 
always out of step with the other (or the others). There- 
fore, while the idea of the relative genetic inertness of the 
autosomal late synthesizing regions is tempting, direct 
genetic evidence is wanted to attempt safely a functional 
interpretation of the autosomal patterns of DNA synthesis. 
On the grounds of these results, it is clear that what I 
have called A type D chromosome is responsible for D, 
trisomy and that the pattern of DNA synthesis is not 
altered by the trisomic state. 

I thank Prof. P. E. Polani and Mr. J. L. Hamerton for 
their advice, Dr. J. A. Fraser Roberts for his advice on the 
statistical treatment of the data, Miss D. A. Baker for the 
illustrations, and Miss V. M. McGuire, Miss G. Olley, 
Mrs. B. Scott and Mr. E. Nicholson for their assistance. 
This work was supported by the Spastics Society. 
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LETTERS TO THE EDITOR 


ASTROPHYSICS 


Measured Velocities of Interplanetary Dust 
Particles 


AN interplanetary dust particle experiment was flown 
on the OGO-I satellite launched in September 1964. The 
primary purpose of the experiment was to measure the 
speeds and directions of arrival of dust particles within 
120,000 km of the Earth’s surface, and thus determine 
the orbits of these particles. If sufficient orbits had been 
measured, the nature of the apparent dust cloud around 
the Earth’ could have been determined. Troubles were 
encountered with both the spacecraft and the experiment, 
however, and only three probable dust particle impacts 
were recorded. This communication briefly describes the 
instrument and the limited amount of results obtained. 

The detector array consists of four tubular detectors 
aligned along the three body axes of the spacecraft. One 
detector looks radially away from Earth (— Z direction) 
and the other three look in a plane normal to the Z 
direction. Each detector accepts particles with an apparent 
radiant not more than 6° removed from the detector axis 
(Fig. 1). An impacting micrometeoroid first encounters 
the front thin-film sensor which comprises two thin films 
and a grid. The plasma generated by the passage of the 
particle through these films starts a 2 me/s clock which is 
stopped when the particle impacts on the rear sensor 10 cm 
down the tube. Thus, the time of flight over 10 em is 
measured and the particle velocity following the penetra- 
tion of the front sensors is determined. The deceleration 
suffered by a 10-19 g iron particle passing through the 
front sensor at speeds around 3 km/sec has been experi- 
mentally determined to be about 10 per cent. 

The rear sensor performs two main functions. First, 
there is a thin-film capacitor deposited on a glass plate. 
This capacitor momentarily shorts when a particle impacts 
and the resultant signal stops the time-of-flight clock. 
Second, a lead zirconate transducer bonded to the back 
of each glass plate provides a measure of the momen- 
tum of each impacting particle. Knowing the velocity, 
the particle mass can be determined. Thus each tubular 
detector can provide a measure of the velocity, direction 
of arrival, and mass of an impacting dust particle. 

Three particle impacts were recorded on one tube 
during the first ten days of operation. Spacecraft trouble 
was such that the experiment was only turned on for 56 h 
ot this time, and data were received for only 4 h of these 56. 
Unfortunately, the rear sensor capacitors can suffer a 
permanent short when subjected to particle impact with 
the power off the experiment. There was no provision for 
clearing such a short on this particular experiment, and 
we believe that three of the four capacitors were dead 
before experiment data were received. The experiment 
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Fig. 1. The OGO-I micrometeoroid sensor which determines particle 


mass and velocity 


was again turned oif for a short period after the third 
impact had been recorded, and although a great quantity 
of data has been rezeived since, no more impacts have 
been noted. This suggests that the fourth sensor was 
shorted by impact when the experiment was turned off 
on the tenth day after launch. 

In view of the paucity of data (the three umpacts total 
only ten bits of information with no redundancy) we had 
to look rather closely into the statistical reality of the 
data, considering both experiment noise and telemetry 
noise. There is no history of the former in our experience 
with the instrumens flown. The unit is well shelded 
electrically, and als, a time-of-flight measurement re- 
quires two independent events to occur within a very 
restricted time-interval. There were no spacecraft 
commands sent at tne time of the three events, nor did 
the neighbouring telemetry words show any signs of 
radio-frequency mterference. We have considered the 
possibilty of telemetry noise indicating false impacts 
and treated the first three weeks of data in considerable 
detail. The probability of all three impacts being false is 
less than 2 parts in 10°, and the probability of any two of 
the three being false is less than 3 parts in 10°. 

The details of the three impacts are shown in Table 1. 
The first two were racorded within 27 min of each other 
at altitudes in excess of several Earth-radii, and the 
observed velocities -were in the range 30-50 km/sec. 
These velocities preciude any possibility that the particles 
were in closed orbits around the Earth. The third impact 
indicates a low-velccity particle which impacted at a 
much lower altitude and which may have had a mass of 
an order of magnitude greater than the masses of the 
first two. 


Table 1. IMPAOT PARAMETERS OF PARTIOLES OBSERVED BY THE COSMIC 
Duer EXPERIMENT ON OGO-I 
Time of Altizude Observed Geocentric Mass 
impact (km) velocity velocity (g) 
(U.T. 1964) (km/sec) (km/sec) 


Hit 1 257d 03h 45m 22,400km 40 <Vo <50 40 <Vy <70 <7 x 10-3 
Hit 2 257d 04h12m 28,7<0km 33 < Vo <40 30 <Vy <60 <1 x 107% 
Hit 3 259d 18h 35m =2,9€0km47 <Vo <48 8 <Vy<15 <7 x 10) 


The uncertainty in the observed velocity arises partly 
from the necessity to digitize the time of flight for tele- 
metry and partly from the uncertainty in the actual 
deceleration through the front sensor. The maximum 
deceleration allowed in computing the possible geocentric 
velocities was 30 per cent. The attitude of the spacecraft 
at the times of the three impacts was unfortunately not 
known, so that the range of geocentric velocities possible 
for each impact was broadened even further to the values 
given in Table 1. Even with the true geocentric velocities 
being subject to such wide limits and with only the spin 
axis of the spacecraft known, it has been possible to deduce 
something about the probable orbits of these three particles 
before impact. The first two were probably in high- 
eccentricity heliocertric orbits of high inclination to the 
ecliptic plane; in facs the orbits were probably retrograde. 
For masses less than 11-1! g, one would not expect the 
particles to remair in these orbits for periods much 
greater than 10° or 104 years, so probably they were of 
relatively recent arigin, perhaps from a long-period 
comet. It is worth noting that the direction of the spin 
axis of the spacecreft precludes any possibility that the 
two high-speed part:cles came from the Moon. They must 
have been in heliocentric orbits. 

The third particles could have been either in a closed 
geocentric orbit or in a low eccentricity orbit of low 
inclination. The lack of spacecraft attitude information 
prevents any further delineation. Finally, the fux based 
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on these three impacts in 4 h ıs in excellent agreement with 
the microphone data recorded by previous near-Earth 
satellites?. 

One of the authors (C. S. N.) has been supported in this 
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PHYSICS 


A Dense Packing of Hard Spheres with 
Five-fold Symmetry 


SUPPOSE a plane of hard spheres is constructed such that 
the spheres form concentric pentagons with an odd number 
of balls per pentagon side. A second plane of hard spheres 
is now constructed such that the spheres form concentric 
pentagons with an even number of spheres per pentagon 
side. If this second plane is placed in intimate contact 
with the first, with their five-fold axes comcident, there 
results a layer which, within the plane of the layer, can 
be continuously packed to infinity (Fig. 1). Identical 
layers can then be stacked one on another, with their 
five-fold axes coincident, to give an infinite packing along 
the five-fold axis. An infinite structure can thus be con- 
structed the nucleus of which is a pentagonal dipyramid of 
seven spheres. 

Following the foregoing packing sequence with polygons 
other than the pentagon results in other, well-known 
structures. The same sequence with squares yields cubic 
close packing? and, with hexagons, primitive hexagonal. A 
difficulty arises when attempts are made to apply the 
exact sequence to triangles, because concentric triangles 
with an even (or odd) number of spheres per side cannot 
be made coplanar. It is important that, of these polygons, 
only the pentagon cannot form a regular tessellation and 
therefore, although it can be packed to infinity, it has a 
unique axis, the single five-fold rotation axis. 





Fig. 1. A layer of hard spheres based on a packing sequence of concentric 
pentagons. 
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An alternative way of generating the same pentagonal 
structure is as follows: Construct n(n = 1, 2, 3,... œ) 
pentagonal pyramidal shells of hard spheres such that 
each face is an equilateral triangle of side length n(spheres). 
If shell 1 1s placed in the cavity of shell 2 there results a 
pentagonal dipyramid of seven atoms. Likewise when 
shell 3 is placed on the structure there results a pentagonal 
dipyramid of twenty-three spheres. In fact, as each sub- 
sequent shell is placed on the growing structure there 
always results a pentagonal dipyramid, bounded hy close- 
packed planes, each face of which is an equilatera, 
triangle with (shell number) spheres to a side. This 
pentagonal dipyramid consists of five distorted tetrahedral 
the edges parallel to the five-fold axis being expanded by 
5-15 per cent. Within each tetrahedron the structure is 
body-centred, orthorhombic with cell dimensions chosen 
such that the pentagonal dipyramid faces will be close 
packed and two adjacent tetrahedra will be joined by a 
coincidence boundary. These conditions yield a body- 
centred, orthorhombic cell with dimensions (diameter of 
sphere = 1-000), a = 1-000, b = cot 36° = 1:3764, 
c = (22 — esc®36°)!/2 = 1:0515. Thus this pentagonal 
structure has a density independent of position of 072357. 
This density is slightly lower than that for close packing 
(0°74048), bat higher than body-centred cubic (0-68017) or 


icosahedral shell packing (0-68818) (ref. 2). The co-ordina- ~ 


tion is 10 at a distance of 1-000 and 2 at a distance of 
1:052. This structure is an example of G} type symmetry, 
that is, a one-dimensionally periodic group in three 
dimensions, and its symmetry group is 5mP2ml (Niggli’s® 
nomenclature). 

Structures which have the symmetry described here 
have been observed experimentally. Gedwill, Altstetter 
and Wayman‘, using optical microscopy, observed five- 
fold symmetry in cobalt crystals produced by the hydrogen 
reduction of cobaltous bromide. Wentorf*, also using 
optical microscopy (external morphology), observed five- 
fold symmetry in synthetic diamonds. Ogburn, Paretzkin 
and Peiser®, using X-rays, found pentagonal symmetry in 
copper [110] dendrites grown by electrodeposition. The 
most striking examples, however, are the sub-micron 
whiskers of nickel, iron and platinum grown from the 
vapour by Melmed and Hayward’. These whiskers, 
50-200 A in diameter, had a five-fold rotational symmetry 
observed by field emission microscopy. The five-fold 
symmetry was found not to be limited to the surface, as 
no change in symmetry was observed in the continuous 
reduction in length of several iron whiskers. 

In all these cases the structure was explained as a 
quintuple twin ((111) twinning plane) with five face-centred 
cubic individual crystals about a common [110] axis, the 
7° 20’ difference between 5 x 70° 32’ and 360° being made 
up with lattice strain or imperfections. It is unlikely, 
however, that a twinning mechanism could generate a 
structure having the small size (50-200 A) and atomic 
perfection (at the five-fold axis) of Melmed and Hayward’s’ 
whiskers. On the other hand, it appears that the formation 
of a pentagonal dipyramid nucleus and its subsequent 
growth is a more probable and simpler mechanism for the 
formation of this structure. Furthermore, if a twinning 
mechanism were responsible for the five-fold symmetry 
one would expect [110] to be an observed whisker orienta- 
tion in normal, non-pentagonal, whiskers. This is indeed 
the case for nickel and platinum, but the observed orien- 
tation for face-centred cubic iron is [100] (ref. 8). 

Tt is also to be noted that the pentagonal nucleus for the 
structure described here has the same form as one of the 
configurations which has been proposed as an important 
element of liquid structure by Bernal®*. It is evident 
from the foregoing discussion that crystallization can 
occur by the growth of such a configuration. 

I thank Profs. F. C. Frank, C. S. Smith, and D. Turnbull 
for their advice, and the Xerox Corporation for a fellow- 
ship. This work was supported in part by the Office of 
Naval Research under contract Nonr 1866 (50), and by the 
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GEOPHYSICS 


Damping of S Waves 


THE modified Lomnitz law of imperfection of elasticity 
makes the strain under constant stress P: 


P q Š 
e= 71+ = {(1 + at) -1| (1) 


a is probably such that at is large for ¢ = 1 second. For 
longer times the relevant constants are the rigidity y, «, 
and gat. The data used to estimate œ and gae are the 
damping of the 14-monthly variation of latitude and the 
fact that S at a distance of about 80° is clear and attains 
half the value for pure elasticity in about 2 sec. An alterna- 
tive, possibly better, is to take the ratio as +. These 
lead to estimates as follows!: 


I a 10* qa“ x (1 sec)¢ 
4 0-256 3-247 (1) 
4 ` 0-236 4-415 


These lead to no contradictions with other data, such as 
have been found in attempts to apply the elastico-viscous 
law. Since estimates of damping have now been made 
from surface waves, it appears interesting to compare the 
results with those found from the foregoing law. In this 
communication values are found for S waves. 

The exponent in the complex representation of a 
travelling harmonic wave is: 


ZL 
zt — > — 


B, (2) 


where z is to be taken as imaginary. With z = iy, y > 0, 
this is: 


iy (+ = a es be (a — 1)! aty1-a ebri(1— a) 
= ly (: = a = TAG — 1)! aey!-« gin i(1— a) | (3) 


—4 T (a — 1)! ga y?-2 cos $x(1 — a) 


a. (e — 1)!ae zt-a 
0 


For z = —iy the imaginary part is reversed and the real 
part unaltered. The latter gives a damping, with exponent 
proportional to the distance travelled. 

In the calculations the travel time z/6, was taken as 
200 sec, corresponding to a distance for S of about 7°. 
The real part of the exponent is denoted by —k, and 
results are given for different periods of the wave, 2r/y; 
in sec. 


k 
Perlod a= 0-256 a=0-236 

1 0-176 0-251 

2 0:105 0-148 

5 0°053 0-073 

10 0:032 0-048 

20 0:019 0 025 

50 0:0096 0:013 
100 0:0057 0:0074 
1,000 0:0010 0:0013 
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For distance 20° these must be multiplied by nearly 3. 
But it is clear that the results do not account for the 
fluctuations of amplitude in S (or in P) at distances up to 
20°, by factors of crder 100. 5 sec can be regarded as a 
typical period of tke first swing. I should expect results 
for surface waves to be comparable. 

The data used sample the whole of the Earth’s shell 
(now, rather unfortunately I think, usually called the 
mantle) and therefore refer to average properties. We 
should like to know to what extent they refer to the outer 
tenth of the radius. The amplitudes of both P and S 
decrease greatly to about 10° and rise to strong maxima 
about 20°. This ras been attributed alternatively to 
variation in the rate of change of velocity with depth and 
to absorption; these could both produce similar effects 
on amplitudes. It seems that if the average imperfection 
of the shell is applicable to the outer tenth absorption is 
inadequate. Conversely, if the variations of amplitude in 
earthquake waves are attributed to absorption, this must 
be in a very thin layer. 

The additional imaginary part of the exponent in 
equation (3) would imply a delay in travel time, pro- 
portional to (period)*, and therefore would have little 
effect for short perds. 

The calculations in this communication were made by 
Miss A. A. Houstcn at the Mathematical Laboratory, 
Cambridge. 

Estimates of dancping of free oscillations are given by 
Alsop, Sutton and 2wing?, in the form: 


t(t—t 
A(t) = Alto) oxp |- 7] (4) 
For the ,S, node thay give the period T as 53 min, Q = 
370. As this mode affects all the shell it should be com- 
parable with the foregoing, with x about 3,000 km, 
and the expected damping coefficient would be of order 
5 x 10. Thus their value is of the order that would be 
expected from this rough comparison. 
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Cassiterite as < Carrier of Palaeomagnetism 


In an attempt to 2xtend the scope of palacomagnetism 
when investigating endogenous geological processes!:? 
the magnetic properties of high-temperature minerals 
were investigated. The main objective was to find other 
minerals not yet exemined from this point of view which 
would be amenable zo palaeomagnetic examination. The 
Japanese work on synthetic ferrites? suggested to us that. 
certain natural high-temperature minerals (possessing a 
high isomorphic miscibility of elements) might have 
similar lattice structures and in consequence be ferro- 
magnetic and capeble of retaining a stable thermo- 
remanent magnetization. The investigation proved 
successful. Garnets were the obvious minerals for initial 
examination. All ths garnets examined possessed a weak 
ferromagnetic moment of the order 10-5 u.m.v./c.c., but 
were found to be urstable and so of little use in palaeo- 
magnetism. Of a rumber of other minerals examimed, 
cassiterite was found to possess unique palaeomagnetic 
properties. 

Cassiterites obtasned from Czechoslovakia (Horni 
Slavkov, Cinovec), s well as foreign localities (Cornwall, 
south-west England, Altenberg, Eastern Germany, Swazi- 
land, the Congo, Mexico and New England), showed 
values of natural remanent magnetization (Jn) ranging 
from 10-7 to 10 em.v./ce.c. Of a total of 44 samples 
examined, 18 had values of J, lying between 10-4 and 
10? £.m.U./c.c., whzeh are values comparable to those 
exhibited, for example, by Central European basalts. 


676 NATURE November 13, 1965 von. zos 


aia 





Fig. 1. Stereographic projection of Jn directions of oriented samples of the greisen body ‘Huber’, Horní Slavkov. @, O, Projection of the Jn a 
direction into the lower and upper hemispheres; “es projection of the mean direction of Jn; w, direction of the present-day theoretical dipole 
field. Left-hand side: mean Jn directions and confidence circles calculated at the probability level of 95 per centë for samples collected at three 
distance localities of the same worked deposit (Nos. 2, 3 and 4); No. 1 stands for the mean direction and confidence circle for all measurements. 
Right-hand side projection of Jn direction of all the greisen samples investigated, the mean, direction and corresponding confidence circle 


A Another characteristic of all the cassiterites 
is their high Q,-coefficient (the ratio of 
remanent to inductive magnetization meas- 
ured in the Earth’s magnetic field) which 
is usually of the order of 10! and frequently 
Mie 10 1,0 is greater than 50. In the course of a.c. _» 
demagnetization the direction of remanent 
| magnetization did not change significantly 
from the Jn direction and only in strong 
o fields (1,200 œ) did the magnetic moment 
drop to 2-20 per cent of its original value. 
A similar resistance was shown by cas- 
siterite samples during thermal demagnet- 
z m AET T ization. At about 525° C (+25° C) their 
{—> magnetic moment dropped sharply to zero; 


B this temperature is close to the cure 
point of manganoferrite‘. i 
To test the stability of magnetization of ` 
cassiterite oriented samples were collected 
ip A m from the greisen body ‘Huber’ in Horní 
4 Slavkov (western Czechoslovakia), which « 
contains grains of cassiterite. Their Jn 
directions shown in Fig. 1 differ markedly 
; o5 from the direction of the present-day 
i geomagnetic field and are similar to the $ 
directions of the magnetization found in ` 
rocks of Permo—Carboniferous age from 
that region. Fig. 2 shows a.c. and thermal 
200 0 "C 400 a demagnetization curves for six and five 


temperature greisen samples, respectively, their Jn 


, directions being included in Fig. 1 The 

Fig 2. a.c. (A) and thermal (B) demagnetization of greisen samples, the Jn directions of a.c. and thermal d. emagne tization curves 
which are shown ın Fig. 1. Mn, Magnetic moment of a sample demagnetized by an H £ th ` ] al t 

field (œ); Mz, magnetic moment of a sample demagnetized at temperature ¢ (in centigrade); o © greisen Samples are similar to 

M,, natural magnetic moment those from cassiterite monocrystals and 
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aggregates. Tables 1 and 2 summarize the data derived 
from measurements during demagnetization of samples, 
the demagnetization curves of which are shown in Fig. 2. 
Laboratory tests show a high palaeomagnetic stability 
of cassiterite. The J, directions corresponding to those 
of other Permo-Carboniferous rocks are in agreement 
with the generally accepted Permo-—Carboniferous age 
of cassiterite—wolframite formation of western Czecho- 
slovakia, which represents a genetic analogue of the ore 
mineralization ın Cornwall. 
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Table 1. MEAN DIRECTIONS OF REMANENT MAGNETIZATION OF SIX GREISEN 
SAMPLES FROM HORNÍ SLAVKOV, A.C DEMAGNETIZATION 


Peak value of 


ac. 
demagnetizing Declination Inclination a (deg) k R 
feld (œ) (deg) (deg) 
0 2100 5:9 5 76 136-04 5 96 
50 212°4 1 7°75 75-75 5:93 
100 211-0 T2 7°23 86°72 5°94 
200 218:0 46 7:00 92 68 5°95 
300 209 8 3°8 6 03 124-25 5-96 
500 204:0 63 7-84 74:00 5-03 
800 195:6 9°4 12°94 27 74 5-82 
1,200 181:6 16 6 21:41 10°74 5-58 
Table 2. MEAN DIRECTIONS OF REMANENT MAGNETIZATION OF FIVE 


GREISEN SAMPLES FROM HORNÍ SLAVKOV, THERMAL DEMAGNETIZATION 
ar Declination Inclination 


(deg) (deg) a (deg) k R 
20 2119 -84 12:08 41 09 4 90 
100 210°3 — 7-2 13 06 35 27 4 89 
200 209-9 -77 12 86 36 35 4 89 
300 209-8 -77 12:09 41 00 4-90 
400 209 9 —6°7 13-06 35 29 4 89 
500 209'1 — 26 14 00 30-00 4:87 


The magnetization of cassiterites was described by 
Ramdohr®, who attributed it to an admixture of columbite. 
The samples of pure columbite which were examined, 
however, had a much lower remanent magnetization than 
magnetic samples of cassiterite in which columbite is only 
a minor component. Microscopic and X-ray analysis did 
not show the presence of any heterogeneous mineral 
admixture even in the strongly magnetic samples. On 
the contrary, the identical properties of cassiterite (in 
particular, the curie point, the course of a.c. demagnet- 
ization, high value of the Qn-coefficient) shown in samples 
from various localities point against heterogeneous 
admixtures of various ferromagnetics as principal bearers 
of magnetization of cassiterite. The results of quantitative 
spectral analysis (the constant-temperature arc method) 
showed that samples with higher magnetization had a 
generally higher content of iron not exceeding 0-6 per 
cent. It is assumed that iron 1s bound in cassiterite to 
the structural lattice which is in agreement with the 
finding of Stumpfl? based on assays with an electronic 
microsonde. It is probable that many minerals generally 
considered as ‘non-magnetic’ can bind to their structural 
lattice elements in such a way as to render them naturally 
ferromagnetic. 

We thank Dr. K. Tuéek, director of the Mineralogical 
Department of the National Museum in Prague, for 
samples of cassiterite and other minerals used in the 
investigation. 
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GEOLOGY 
Isotopic Ages and Andean Uplift 


Aw outline of the research programme undertaken from 
University College, London, to elucidate the history of 
Andean Uplift in northern Chile has recently been pre- 
sented in Naturet. Locally, in the San Bartolo area, the 
post-Cretaceous geslogical history has been fairly clearly 
established from work carried out in 1961 (ref. 2). The 
chronology established, however, was entirely relative, 
in the absence of fossil evidence in this suite of continental 
sediments and vo_canic rocks. Thus the San Bartolo 
ignimbrite formation, which is part of the Formation 
Liparitica of Bruggen’, was regarded by him as Miocene 
or younger. Other workers, however, have suggested 
chronologies which imply a late Pliocene or Pleistocene 
agot. 

P rovidns age detərminations on the ignimbrites by the 
Branch of Isotope treology of the U.S. Geological Survey’ 
gave a minimum sge of 5 million years and practically 
eliminated the possibility of a Pleistocene age. 

The field work? € has shown that the deposition of the 
ignimbrite formaticn, which consists of a number of flows 
separated by grave-s, bears a close relation to the tectonic 
activity which warped the early Tertiary planation surface 
and which produced much of the present Andean relief. 
In fact, the deformation of the originally planar surfaces 
of the ignimbrite flows provides much of the evidence of 
tectonic activity. —he latter was episodic; it began shortly 
before and continued after the period of ignimbrite 
eruption. The possibility arises, therefore, not only of 
dating particular events, but also of determining the time 
span of ignimbrite sruption and therefore of determining 
the rate of Andean. uplift. 

The ignimbrites contain large biotite phenocrysts and 
provide admirable material for isotopic age determination 
by the potassium-—ergon method. The ages obtained can 
be linked with every confidence to the time of consolida- 
tion. of the flows. 

Four specimens were selected for the preliminary 
investigation, whic. has been carried out at Cambridge. 
Two specimens, 868 and 869, come from prominent flows 
close to the bottom and top of the ignimbrite formation 
according to the suscession established in the San Bartolo 
area?, The Puripicar tuff (869) has a large aerial extent 
of about 1,000 km? and is supposed to have originated 
from fissure eruptions now covered by the Plio-Pleisto- 
cene volcanics of the high Andes. 


Table 1. RESULTS OF POTASSIUM—ARGON AGE DETERMINATIONS ON BIOTITES 
FROM NORTH CHILEAN IGNIMSBRITES 


Speci- Yol. of % Age and Average 
men K,O*  radiegenic Ar atmos. error age and 
No. (%) (mm*/¢ of sample) contam. (m.y.) error 
869 7:58 1-€54 x 10-3 83 2 4:2+0°5 4 24+0 05 
1°C83 x 107 82 5 4°29 + 0°24. 

867 707 1-40 x 10? 851 6 95 +033 6:89 +0 07 
1-€10 x 10 86 7 6 82+0 12 

866 5 87 1:484 x 10- 61:9 7-58 +0183 7:53 +005 
1:481 x 103 72°7 7:48 + 0-26 

868 7:29 2-35 x 107 596 9-605 10-0+04 
2:26 x 10° 512 104 +04 


AB=4:72 x 10-9 yr. Je=0:584 x10- yr., 

* KO analyses by A. E S. Mayer at Univ. Coll., Lond. 

The age determinations of these two specimens show 
that the ignimbrite eruptions date from Upper Miocene’ 
and. continued thrcugh much of the Pliocene. Some six 
million years were sherefore available for the accompany- 
ing tectonic activity. A considerable part of Andean 
uplift must have Deen accomplished during this time. 
Tectonic activity (end less significant ignimbrite eruption) 
continued after the sruption of the Puripicar tuff, however, 
and a considerable propartion of Andean uplift must also 
be late Pliocene or Pleistocene**. If the total period of 
Andean uplift is teken as approximately the ten million 
years from late Mincene time, the average rate of uplift 
to the 4,000 m of she Puna surface (which, in fact, was 
episodic?) is less tkan 0-5 mm/y. Again, it may be con- 
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fidently inferred that this part of the Andean region was 
one of low relief until Late Miocene time. The general 
history of Andean uplift is therefore probably much more 
similar to that of other Tertiary mountain chams! than 
has often been supposed. 

Specimen 866 comes from a hill of rhyolite at Copacoya 
which forms an inlier in the Puripicar tuff. Its similarity 
in petrographic character to the ignimbrites suggests that 
it may well be a late-stage viscous extension of the degassed. 
magma from a fissure vent which had previously erupted 
ignimbrites in the succession below the Puripicar tuff. 
Its age of 7-53 + 0:05 m.y. conforms with this inference. 

Specimen 867 represents a flow from the Chaxcas 
volcanic dome which erupted ignimbritic material from 
a central vent within the main area of ignimbrite deposi- 
tion. The age relations of these central eruptions to the 
main ignimbrite flows were not certainly known from the 
field evidence? but the age determination places at least 
one flow firmly within the main period of ignimbrite 
eruption. 

The determinations presented here effectively show 
that the eruption of the Formacién Liparitica covered a 
wide time span. Flows of this formation occur inter- 
bedded with continental sediments in the Salar de Atacama 
and in the basin of the River Loa!. It is hoped to under- 
take further work on these flows to provide a radiometric 
time-scale for the geological history of these regions also. 


R. W. R. RUTLAND 
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University of Cambridge. 
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CHEMISTRY 


Nomadic Behaviour of Yttrium lons and 
their Structure in Solution 


Two basic problems have long been predominant in the 
solution chemistry of the rare earth elements: the direc- 
tional change of sequential properties at gadolinium, and 
the nomadic behaviour of the yttrium ion. Treatment of 
the ‘gadolinium break’ appears amenable to the ligand 
field approach, but the adoption by yttrium of a serial 
position differing with the nature of the menstruum has 
not been so classically explained. The inception of ion 
exchange techniques for separation of the rare earth 
elements has indeed tended to distract attention from this 
problem which was ever-present in the older classical 
methods of separation by fractional crystallization of 
precipitation. 

Nomadism of the yttrium ion in a separating rare earth 
sequence has, in the past, been attributed to functional 
covalency or an ‘elastic’ property of the yttrium ion? or 
even to the possible formation of a ‘yttryl’ ion?. Now, 
however, the ability of yttrium ions to locate at varying 
sites in the lanthanon series is found attributable to its 
participation in hydroxy polymer formation. The struc- 
tures formed are of the type shown by Salmon and Wall? 
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and Randall and Staveley* to be formed by aluminium 
ions, and by Pokras and Kilpatrick® to exist in scandium 
solutions. Suggestive evidence for such polymer systems 
in yttrium solutions can be found in the literature and 
was emphasized in the current work by preliminary 
studies of solvent extraction and reaction velocities. Final 
definition has, however, been made by X-ray diffraction 
studies on yttrium solutions. 

The technique employed was virtually that used by 
Brady et al.6. Because ions of different scattering power 
were involved, radial distribution functions were calculated 
in terms of electron density by the generalized Fourier 
approach: 


Larne Kmom(r) = 4nr?po Zm + 2r/nf si(s) sinreds 
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Warren, Krutter and Morningstar? and, more recently, 
Brady! have adequately described this procedure. 

The formation of polymers based on hydroxyl 
bonded yttrium ions necessitates the existence of a Y—O 
association. Analysis of diffraction patterns and radial 
distribution functions shows clearly that this exists in 
sulphate and nitrate solutions, and can occur to a minor 
extent in chloride solutions through the development of 
Cl-O bonds, but does not occur in perchlorate solutions 
(Figs. 1-4). 

Two types of Y—O bonds are, however, seen: that form- 
ing with the associated anion (Y—O)’ and that essentially 
responsible for polymer formation, formed with a hydroxyl 
bridge (Y-O)”. The proportion of (¥-OY and (Y-O)’ 
bonds in a solution depends on the associated anion and 
pH. Neither type of association occurs in perchlorate 
solutions. (Y—O)’ type bonds form in chloride solution 
only at low pH—high acidities appear to degrade (Y—O)” 
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Fig. 4. Radial distribution in 1 M ¥a(SO,); solution 


type bondings. The proportion of (Y—O)” to (Y—O)’ bonds 
is greater in sulphate than in nitrate solution, and only 
species containing (Y—O)’ bonds extract into an organic 
phase from aqueous solution. 

Reaction velocity studies have permitted the rough 
calculation of activation energies (Hrn) for associated 
yttrium ions. These increase generally as: 


Y(C1O,)s: 63°5 YCl,: 74:3 Y(NO,);: 88-7 Y,(SO,)s: 92-6 


and we may relate the differing values of Ezra to the degree 
of hydroxy-polymer formation by taking the hydroxyl 
bridge bonding energy as ~ 5 kcal (ref. 8). 

This, together with modular analysis, shows that in 
chloride solution, the polymer is, at the most, dimeric; 
in nitrate solutions it is probable that quadri- or sexa- 
polymers are formed, with a penta-polymer representing 
the average situation. The polymers formed in sulphate 
solution appear to hold six bridging groups. 

In contrast, Brady! has shown that erbium solutions are 
completely ordered, with no evidence indicated for the 
formation of polymers. Solvent extraction and reaction 
velocity studies have provided additional confirmation of 
the non-existence of aquo-polymeric cations of the other 
lanthanons although lanthanum itself appears to exhibit a 
very slight tendency to polymer formation under specific 
conditions. 

Degradation of the yttrium hydroxy polymers is found 
to depend on the polarizing effect of an added reactant. 
This effect appears to relate not only to the total ionic 
charge developed on dissociation of the reactant mole- 
cule, but also to a summation of the ionic susceptibilities 
of the added ions: 


t 
P = Zed ~ 


xan 
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A close relationship has been found between P and reaction 
velocities. 

We can consider then the position of yttrium in a 
lanthanon series in terms of polymer formation in which 
yttrium ions, as hydroxyl-bridged moieties, possess co- 
ordination numbers greater than 6 (that of the lighter 
lanthanons). The sequential separation location of 
yttrium is then determined by the degradation of these 
polymers of effective C.N. 12 to C.N. 9 (dimers) or C.N. 6 
(monomers) accordirg to the polarization factor of the 
reactant system. Where little or no degradation takes 
place, yttrium will be located close to lanthanum (as ın the 
double ferricyanide precipitation); where breakdown to 
dimers is effected, yttrium will be positioned in the 
neodymium-—terbium. region (as in hydroxide, nitrate, 
cobalticyanide or simple ferricyanide fractionations) ; 
where complete manomerization obtains, yttrium will 
adopt its ‘normal’ Sonic radius position near holmium 
(ion exchanger, double sulphate, bromate separations). 

In addition to presenting a rationale for the nomadic 
behaviour of yttrium ions, this identification of yttrium 
hydroxy-polymers hes broader implications. As well as in 
scandium and aluminium solutions (vide supra), hydroxy] 
bridged polymers have been observed in indium solutions 
by Irving, Rossoti and Williams’. Although no studies 
appear to have been reported on the structures of gallium 
or thallium solutions, Magnusson!, in assessing the 
short-range interactions of aqueous ions on a thermody- 
namic basis, shows a generic association (in terms of hydra- 
tion-free energy) of Al®+, Sce3+, and Y+ with Gat, In3+ 
and Tl*+ rather than with the trivalent lanthanons. 

It may be strongly suggested then that polymer forma- 
tion in aqueous solution is an attribute of Group IO 
elements other than the lanthanons. Whether tho 4f shell 
electron complement contributes to this effect presents an 
interesting area for tae ligand field approach. 

This note summarizes for the immediate benefit of 
scientists in this field the results of a broad research 
programme which hes recently been completed. A series 
of individual papers is in preparation which will present 
in greater detail experimental data obtained for each 
phase of the work. 
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Use of Infra-rec Spectroscopy to determine 
the Orientation of Pyridine sorbed on 
Montmorillonite 


ORGANIO molecules sorbed on layer silicates generally 
adopt one single or-entation. For those molecules for 
which the assignaticn Of the absorption bands to the 
different vibrational modes has been well established, this 
association presents a favourable case for analysis by 
infra-red spectroscopy. The orientation of the molecules 
can be inferred from the observed dichroism of specific 
absorption bands. 

This communication reports an analysis of the orienta- 
tion of pyridine sorted on montmorillonite. The use of 
polycrystalline aggregates, in which the orientation is not 
perfect, restricts the information to a qualitative nature. 
However, this information is of great use, especially when 
combined with the results obtained by other techniques. 
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Fig. 1. Symmetry elements of the pyridine molecule, pomt group Co, 


Pyridme belongs to the point group C,, (Fig. 1), for 
which the principal axes and the directions of the changes 
of the dipole moment coincide. The infra-red-active 
vibrations are classified, according to their symmetry, in 
the following classes: 

(1) Symmetry class A,, that give dipole moment changes 
parallel to the z axis (C, axis). 

(2) Symmetry class B,, that give dipole moment changes 
parallel to the v axis. 

(3) Symmetry class B,, that give dipole moment changes 
parallel to the y axis. 

A, and B, are in-plane vibrations, while B, are out-of- 
plane vibrations. 

The infra-red spectrum of pyridine has been extensively 
studied and the assignment of most of the observed bands 
is well established!?. Some of these bands appear in 
regions that are well resolved from the silicate absorptions, 
permitting their separate observation in the spectrum of 
the silicate—pyridine complex. 

According to Greene-Kelly?, pyridine, and several related 
molecules, adopt two kinds of orientation depending on 
the surface concentration: for high surface concentrations 
the plane of the ring is perpendicular to that of the 
silicate sheet, while at lower surface concentrations the 
are of the molecules are parallel to that of the silicate 
sheet. 

Both kinds of complexes have been prepared, the first 
one by sorbing neutral pyridine molecules on Na- 
montmorillonite, and the second by introducing the 
pyridine as a cation. The films of each complex were 
prepared such that silicate layers were in strongly preferred 
orientation in the plane of the film. 

Pyridine sorbed on Na-montmorillonite exhibits absorp- 
tions at 703, 748, 1,217, 1,443, 1,492, 1,596 cm-! and others 
around 3,000 cm-!. These absorptions are only slightly 
modified with respect to those of liquid pyridine. We have 
selected for observation those the assignation of which is 
unequivocal and are in regions free of silicate absorptions. 

Fig. 2 illustrates these absorption bands for two dif- 
ferent inclinations of the film. Only the 1,443-cm-! band 
(class B,, dipole moment change parallel to the x-axis) 
shows significant increase with the incidence angle. The 
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ratios are: 1-04 (703 cm! band), 1:04 (748 cm-! band), 
1-60 (1,443 em-? band), and 1-08 (1,492 cm-! band). These 
results indicate that the molecules are disposed with their 
planes perpendicular to the silicate layers and with the 
principal axis (C, axis) parallel to the layers. 

The infra-red absorption spectrum of the pyridmium 
ion, which also belongs to the point group Os, is somewhat 
modified from that of the sorbed pyridine. Bands have 
been observed at 677, 748, 1,340, J,492, 1,550, 1,625, 1,640 
em-!and several others above 3,000 cm-1, ir the pyridinium- 
montmorillonite complex. The position of the bands coin- 
cides with those reported previously for the pyridinium 
ion by other authors!-°. 

Although the assignment of the bands for the pyri- 
dinium ion is not so well established, it is logical to assign 
the 677 and 748 cm-! bands to out-of-plane vibrations and 
those between 1,300 and 1,700 cm- to in-plane vibrations 
or combination modes. The 1,492 cm-? band which is 
present at the same frequency as in pyridine must have 
the same origin. 

In Fig. 3 are represented the absorption bands of the 
pyridinium ion adsorbed in montmorillonite for two incli- 
nations of the film. Only the 677 and 748 cm- bands 
(out-of-plane vibrations, class B,) with dipole moment 
changes perpendicular to the molecule plane show 
significant increase in intensity with the angle of incidence. 


The 

G) 
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°8 UT 70° 
ratios are: 1-80 (677 cm-! band), 1-68 (748 cm"! band), 
1-00 (1,492 cm-! band), and 1-01 (1,550 cm-! band). This 
indicates that the molecules are oriented with their planes 
parallel to the silicate sheets. 

The orientations arrived at by infra-red spectroscopy 
agree with those inferred by Greene-Kelly from X-ray 
spacing measurement and one-dimensional Fourier syn- 
theses?. They also confirm Greene-Kelly’s analysis of the 
change of birefringence in preferred pyridine-montmoril- 
lonite complexes”. Our Na-montmorillonite—pyridine gives 
a spacing of 14:8 A (8 orders observed) while the mont- 
morillonite—pyridinium gave a spacing of 12-5 A (6 orders 
observed). 

It is interesting to note the utility of infra-red dichroism 
measurements of molecules sorbed on layer silicates in 
determining the symmetry species of the vibrations 
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provided that the orientation of the molecules has been 
established by other methods. 
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4 > Relaxation Effects in the Electrophoresis of 
ave Disperse Systems 


- In was shown by Henry’ that the movement of spherical 

particles in an electric field depends on the size of the 
article and the ionic strength and that the relationship 
etween mobi lity and zota-potential depends on the radius 
of the particle, a, and the Debye-Hiickel double layer 
thickness, 1/x. It was pointed out by Overbeek? that, in 
addition, the relaxation of the ionic atmosphere cf the 
¿particle must be considered. Overbeek? and Booth 
treated this problem theoretically and obtained analytical 
expressions for the mobility, which included corrections 
for retardation and relaxation, in terms of an incomplete 
power series in zeta-potential the coefficients of which 
-were functions of xa. The limitation of the equations of 
~~ Overbeek and Booth was that the expressions were only 
walid for zeta:potentials less than 25 mV. More recently 
`- Wiersema* has obtained a numerical solution of the 
problem which gives mobility as a complete power series 
i In zeta-potential and is valid for potentials greater than 
= 25 mV. 

Experimentally, however, little evidence has been 
accumulated which substantiates the occurrence of 
relaxation effects in electrophoresis. von Stackelberg et 
« a. examined the mobility of some emulsion droplets in 

the xa range 10-2,000 and obtained qualitative evidence 
for relaxation. An indirect observation has also been 
-mado by Overbeek® with reference to work carried out by 
Troelstra and? $ Ton the electrophoresis of silver iodide 
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particles in bariura nitrate - solutions: No syste i 
observations appeer to have been made usin 
characterized, monodisperse solid particles, cov 
range of particle diameters and electrolyte concentrations 
This communicatioa presents a preliminary repor 
detailed examination of the variation of eleetrophoret: 
mobility as a function of particle size and electrol, 
concentration with such a system. | 
Using an emulson polymerization technique, 
hydrogen peroxide as the initiator, a series < 
disperse polystyrene latex particles have been. 
with diameters ranging from 600 to 4230 A. Th 
are recorded in Bable 1. The initial styre 
emulsion was stabiazed by sodium laurate. Th 
was later removed by dialysis leaving po 
particles with carboxyl surfaces. A mobility ag 
curve for latex D, obtained after exhaustive d 
given in Fig. 1. This curve indicates that the 
groupings have a 2K of about 44. The presenc 
carboxyl groups hes also been confirmed by infra-re 
spectroscopic studies on the latices. pila 





ie 





Table i 
‘Latex Diameter in A 
A 600+ 96 
B 10380 + 82 
(! 2425 + 130 
D 3680 + 170 
E 4230 + 160 


From the computations of Wiesema‘ it can be shown 
that the electropheretic mobility as a funetion of xa, 
at constant electrokinetic pone gives curves of the 
form shown in Fig. ¢ for F: 1 electrolytes. Thus particles 
with the same zeta-potential, but different radii, can bave 
different mobilities according to the xa region in which 
they fall. The mobilities of the latex particles of different. — 
sizes were determined in sodium chloride solutions, of. 
constant ionic strength, at pH 7-5. The results at sodium 
chloride concentratiens of 5 x 10-5 M, 10- Mand 5x 10-*M. 
are plotted against log xa in Fig. 2. At a salt concen- 
tration of 5x 10-5 M the results for latices A, Band @ 
fall on the theoretical eurve which corresponds to. a 
zeta-potential of 5% mV. A minimum occurs in the 
mobility values at a xa value close to 2, in agreement 
with the position of the minimum on the curves derived 
from Wiersema’s computations. 

At a salt concentration of 10 M, with latices A, B- 
and C, the minimure disappears and the results le on an 
ascending curve. A further increase of electrolyte 
coneentration to 5x10- M shifts the curve to higher xa 
values and decreases the slope of the curve. At both salt.. 
concentrations the sorrespondence of the experimenta 
results with the theoretical curves is good. Latii 
and E clearly have higher surface potentials than ż 
and CO, but the shift produced by changing th = 
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Fig. 1. Electrophoretic rzobility against pH for latex D after E 
dialysis in 5x 10+ M sodium chloride solution 
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concentration is consistent with that expected on the 
basis of relaxation. The pattern of the results obtained 
in, sodium chloride solutions has also been confirmed with 
atiand 3:1 electrolytes. 

‘The minimum in the mobility results for latices A, B 
- and C in 5x 10-* M salt solution and the behaviour of 

“the mobility against xa curves with increasing ionic 
‘strength are all indications that relaxation is a real effect 
“in the electrophoresis of colloidal particles. The results 
-abtained, moreover, appear to agree quite closely with 
the behaviour predicted by Wiersema’. Comparison of 
mobilities, as a function of xa, at constant zeta-potential 
and ionic strength can be made from the experimental 
data obtained, but this would not constitute an inde- 
‘pendent test of the theory unless the zeta-potential was 
measured by a completely independent method. 

Amore detailed account of the electrophoretic properties 
of the latices as well as studies on their stability and 
viscous properties will appear in due course. 

We would lke to thank LC.I., Ltd., Blackley, for 
financial support of this work, and Prof. J. Th. G. Overbeek 
and Dr. P. H. Wiersema for a number of discussions on 
the relaxation effect. 
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_ Ultraviolet Absorption Spectra of Aromatic 
Nitrenes and Dinitrenes 


= ewes, molecular fragments with an electron sextet 











ae -ön nitrogen, are known to be the primary products of the 


decomposition of organic azides'-*. Their existence as 
separate intermediates and their triplet character were 
recently demonstrated by electron spin resonance spectro- 
poopy’. We have investigated the photolysis of several 


aromatic azides and diazides in organic glasses at 77° K 


an attempt to trap the nitrenes presumably imed 
hree. i of behaviour were observed, 





Fig. 1, Absorption spectra of nitrenes. æ, b, ¢ refer to the azides, the allt 
nitrenes, and the final products after melting, respectively: I, phenyl 
‘aide: If, a-naphthyl azide; TIL, 4.4-diazidobiphenyl 


Phenyl azide and its derivatives gave, on irradiation 
with ultra-violet light, intermediates in sufficient concen- 4 
tration for their absorption spectra to be observed. In = 
Fig. 1, Ib, the long wave-length bands of phenyl nitrene 
are clearly visible and are, incidentally, very similar to 
the corresponding absorption bands of the benzyl radical’. 
The nitrene is, however, destroyed by prolonged irradia- 
tion and only partial conversion of the azide to the nitrene 
is achieved. With -naphthyl azide (Fig. 1, II} and the 
diazides of more extended conjugated systems (for 
example, 4,4’-diazidobiphenyl in Fig. 1, IT) high conver- 
sion yields or complete conversion were eed, ee 

Molecules where the azido group is attached to a hetero- = 
cyclic ring with two heteroatoms did not give detectable 
intermediates. : | 

o-Azidobiphenyl is a special case; at 77° K in the solid. = 
matrix the azide is changed directly into the final stable: 
product, carbazole. i 

Where detectable intermediates were formed they were 
stable in the organic glass at liquid nitrogen temperature, 
but disappeared on melting or on slightly softening the —_ 
glass. The absorption of the intermediates was inde- 
pendent of the solvent used; spectra taken in glasses. oe. 
rmaethyleyeichexane, 3- -methylpentane, and EPA, a mixture 
of diethyl ether, isopentane and ethyl alcohol 5 : 5 22,7 R: 
identical. The intermediates react with oxygen. even Bb 
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served spectra to nitrenes. 
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BIOCHEMISTRY 


=- Transphosphorylation of Adenosine Di- and 
es Tri-phosphates in the Presence of 
: Calcium Phosphate Precipitates 
| `: Ir has been discovered by Lowenstein}? that in dilute 
ne aqueous solution in the presence of certain divalent 
--Gations there is a tendency for the terminal phosphate 
» group of the adenosine triphosphate ion (ATP) to be trans- 
ferred to inorganic phosphate or other suitable acceptor. 


For example: 
tt or Mnt 


- aas 
SATP + phosphate = aos -ADP + pyrophosphate 
p 





= > where ADP represents the adenosine diphosphate ion. 
Krane and Glimcher* have recently shown that a similar 
-nonenzymatic transphosphorylation occurs on the surface 
“of calcium phosphate crystals with hydroxyapatite 
structure when they are in contact with aqueous solutions 
_» of ATP. In this reaction the acceptor is phosphate belong- 
> ing to the erystal. The rate of reaction is faster and less 
-c dependent on pH than that of Lowenstein. 
|. It has now been found, during experiments on the inter- 
ations of calcium, phosphate, and certain polyphosphate 
| fons in aqueous solution (to be reported in detail later), 
that a mixture containing freshly precipitated, apparently 
amorphous, calcium phosphate is an efficient trans- 
- phosphorylating medium for ATP and also ADP ; especially 
if the nucleotide is initially in acid solution and is then co- 
-precipitated by adding alkali. The pH dependence of 
+. transphosphorylation resembles that of Krane and 
Glimcher’, but the rate is slower. In a typical expe.iment 
a mixture containing trisodium phosphate (0-04 M), 
calcium chloride (0-07 M), and the sodium salt of ADP 
(0-02 M) was acidified to pH 4 with hydrochloric acid. 
Sodium hydroxide (1-0 N) was then added to pH 7-7 and 
the mixture made up to standard volume to give the 
concentrations in brackets. The precipitate contained 
initially 75 per cent of the ADP, 75 per cent of the phos- 
phate, and 93 per cent of the calcium. The whole mixture 
was incubated at 38° C and at intervals portions were 
analysed chromatographically**. Fig. 1, in which the 
ordinates give molar percentages referred to the initial 
ADP concentration, shows that during incubation the 
ADP concentration (Curve 1) decreased. At the same time 
| l mit amount of adenosine monophosphate 
(AMP) (Curve. 2) and a smaller amount of pyrophosphate 
(Curve 3) were formed. There was a much smaller deerease 
in ADP concentration in a control mixture containing no 
phosphate (Curve 4). No pyrophosphate was formed, 
although a small amount of AMP was formed, probably 
by hydrolysis of ADP. Very little pyrophosphate was 
formed in another control mixture containing no ADP. 
The effect. of the incubation of ATP in place of ADP 
im Gi conditions is shown in Fig. 2. Initially, 
uned 59 per cent of the ATP, 74 per 
and 93 per cent of the calcium. The 
urve 1) decrpased rapidly and ADP 































that these 
1emical evidence, 




















(Curve. 2) and | pyrep 
AMP (Curve 4) was als 
presumably from ADP as in Fig. 1. : 
tion in a control raixture containing no "phospk 
creased appreciably (Curve 5), probably by hy 
in the presence of calcium ions‘, although there war 
formaticn of pyropkosphate or AMP. ee 

These results wer» reproducible and were unaffectec 
addition of chloroferm or thymol to prevent biologic 
growth. It is therefore concluded that non-enz 
transphosphorylation from ADP and ATP to ph 
occurred in the presence of the calcium phosphate. 
tates. Transphosphorylation appeared to be more 
associated with the precipitates than with the 8 
Thus ineubation of supernatant solutions after ce 
ing off the precipitate yielded much less pyroph 
than would have been ‘expected if transphosphot 
occurred only in solution. Other experiments with 
in which different eonditions of precipitation wer es 
showed that the extent of pyrophosphate formation... 
increased as the psoportion of ATP in the precipitate 
increased. Pyrophosphate formation was 30 per cent = 
lower after 48 h when ATP was added to freshly precipi- 
tated calcium phosphate instead of being co-precipitated. — - 
At ATP concentrateons less than 0-005 M, all the ATP. — 
precipitated and the initial rate of pyrophosphate forma- — 
tion (0-03 mole/mole of precipitated phosphate/h at 38°) 
was almost independent of ATP concentration—as. might | 
be expected for heterogeneous reaction. | 

It therefore appears that the environment provided by 
freshly precipitated slightiy alkaline calcium phosphate is ig 


100 § 
se r {4} Ceratrat 
oo n 

80 
= 4 2) AMP 
8 Q o 
: (1) ALP A 
Š 60 : ae 
Pa a 
a 
2 
i i x 
E 40 
| 
S , o 

20 : 

+ 
fed 
0 20 4c 80 80 100 120 MM OSE Epig 
Reaction time (h) C a eee 


Fig, 1 





Concentration (per cent) 





(4) AMP 
20 30 40 
Reaction time (hì 





Pig. oua 


























favourable for non-enzymatic — trai ions 
Preliminary electron diffraction and X-ra action 


measurements showed that the precipitates were 


amorphous and did not change on incubation. 
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An in vitro Action of Human Growth 
Hormone in the Presence of Actinomycin D 


THE in vitro addition of growth hormone to isolated 
diaphragm from the hypophysectomized rat stimulates 
the uptake of glucose!~*, the incorporation into protein of 
natural amino-acids? and the accumulation in the tissue 
in an unchanged state of certain natural and unnatural 
armino-acids':’. These effects are similar to those of insulin 
on isolated diaphragm from the normal or the hypophysec- 
tomized rat®. Eboue-Bonis et al.* have recently found 
that the action of insulin in vitro in promoting glucose 
uptake and the incorporation into protein of label from 
labelled natural amino-acids is still seen in the presence of 
actinomycin D-—~a powerful inhibitor of the synthesis of 
nucleic acid’®, We have investigated the influence of 
actinomycin D on the effectiveness of human growth 
hormone in promoting the incorporation into protein of 
uC from glycine-“C-U and into nucleic acid of “C from 
orotic acid 6-44C, when the hormone is added in vitro to 
isolated diaphragm from hypophyseectomized rats. 

The general methods were those of Manchester and 
Young? except that glucose was estimated by a glucose 
oxidase method" and the amounts of radioactive carbon 
incorporated into protein and into nucleic acid were 
estimated by a method involving a combination of those 
used by Manchester? and Wool!’. For this, material 
derived from a hemidiaphragm, which had been incubated 
with labelled glycine and labelled orotic acid simultane- 
ously, was used. Preliminary experiments showed that 
under the conditions used the labelling of protein 
from labelled orotic acid was less than 10 per cent of that. 
from labelled glycine, and that the labelling of nucleic 
acid from labelled glycine was less than 10 per cent of that 
from labelled orotic acid. Because the labelling of 
nucleic acid, though not of protein, was diminished when 
glucose was present in the medium, glucose was omitted 
from the medium in those experiments which were not 
„concerned with a determination of the uptake of glucose 
by the isolated diaphragm. Actinomycin D was added to 
the medium in some experiments at a concentration of 
10 ug/ml. of medium, the diaphragm being soaked in 
buffer containing this concentration of actinomycin before 
transfer to the incubation flask. 

Paired hemidiaphragms were incubated in the presence 
of 1 mM glycine-4C-U (0-1 ue./ml.) and 0-01 mM orotic 
acid 6-4C (0-1 uc./ml.), and after 2 h were homogenized 
in 5 ml. of 10 per cent trichloroacetic acid at 0° C. The 
insoluble material was washed repeatedly with triehloro- 
acetic acid at 0° C and fat-soluble material removed by 
extraction with 96 per cent ethanol at 0° C. Nucleic acid 
was then extracted into 10 per cent aqueous sodium chlor- 
ide at 100° C and the sodium nucleates estimated by 
the method of Wool}%, Protein was extracted from the 
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Fig. 1. The in citro effect of human growth hormone and actinomycin D 
on the incorporation of glycine-"C and orotic acid-“C into protein and 
nucleic acid respectively. In experiments B and D growth hormone at 
50 gimi. was presént in vitro while in F and H the concentration was 
10 agm. In experiments C, D, Gand H actinomycin D was present in a 
concentration of 10 «g/ml. The results Ulustrated represent the mean 
results for four groups of paired hemidiaphragms. The vertical lines at 
the top of the columns represent the standard errors of the mean value 


sodium chloride-insoluble material into 0-4 N sodium 
hydroxide, and precipitated by 7 per cent perchloric acid 
which was then heated to 95° C for 20 min. The protein was 
then estimated by the method of Manchester’. 

As was to be expected’, growth hormone did not promote 
the uptake of glucose, or the incorporation into protein of 
label from glycine when the hormone was added in 
vitro to diaphragm from normal rats, but did so with 
diaphragm from hypophysectomized rats. These results 
are not illustrated. The observations illustrated in Fig. 1 
show that the addition of human growth hormone to the 
medium in a concentration of 50 ug/ml. or 10 ug/ml. 
increased the incorporation into protein of label from 
glycine to a statistically significant extent, whether or not 
actinomycin was present in the medium. On the other 
hand, in the presence of actinomycin the incorporation 
into nucleic acid of the label from orotic acid was reduced 
to 5-10 per cent of that in its absence. Under the con- 
ditions of these experiments no evidence was seen of a 
significant change in the rate of nucleic acid synthesis when. 
growth hormone was added in vitro. 

Wool!?-4 suggested that insulin may exert a primary 
action on the synthesis of ribonucleic acid, the latter 
acting as ‘messenger RNA’ with respect to the promotion 
of protein biosynthesis under the influence of this hormone. 
The evidence provided by Eboue-Bonis et al? did not 
support this idea. The results recorded here likewise 
do not agree with any idea that growth hormone promotes 
protein biosynthesis by way of a primary action on the 
production of messenger RNA. Since, under the condi- 
tions of our experiments, actinomycin did not completely 
suppress the incorporation of label from orotic acid into 
nucleic acid, though much of this residual incorporation 
may be the terminal labelling of ‘transfer RNA’*, no 
firm statement can be made that growth hormone con- 


cd 


tinued to promote protein biosynthesis when all RNA “~ 


synthesis had been abolished. 

We have sought, but failed, to find evidence that growth 
hormone stimulates protein biosynthesis by a primary 
action on the production of messenger RNA. 

The results of these investigations are represented in 
Fig. 1. The growth hormone preparation showed a 
statistically significant stimulation of amino-acid incor- 
poration at both 50 ug/ml. and 10 ug/ml., and it is seen 
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that the stimulation is unaffected by actinomycin, which 
has reduced the incorporation of orotic acid into nueleic 
acid to 5-10 per cent of the control values. The results 
presented here do not enable us to report any effect of 
growth hormone on nucleic acid synthesis, although 
experiments designed to study this more closely may 
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¥ reveal such effects. 


During the writing of this communication Goodman! 
reported that Knobil has also evidence that the action of 
growth hormone in stimulating protein biosynthesis still 
occurs when the production of new nucleic acid in the 
muscle cell is inhibited. 

We thank Dr. A. Stockell Hartree for purified human 
growth hormone, Miss M. B. Thomas for the hypophysec- 
tomies and Mr. D. C. Gardiner for general assistance. 
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Long-spacing Segments from Renatured 
al Sub-units of Collagen 


THE mammalian collagen molecule is thought to be 
composed of two «l and one «2 peptide chains. Alpha 1 
and «2 have approximately the same molecular weight but 
differ in their amino-acid composition’. A mixture of «1 
and «2 in the ratio of 2:1 (produced by the denaturation 
of neutral salt-soluble rat skin collagen) re-forms, under 
certain conditions suitable for renaturation, as much as 
50 per cent of the rod-like collagen molecules*. It is of 
interest to learn whether the triple helix of the collagen 
molecule can also be formed from three «1 chains. Recent- 
ly, Piez and Carrillo? have investigated the renaturation of 
the isolated sub-units (al, «2, and §,.) of collagen at 15°. 
According to our experience these conditions are not 
optimal for the formation of the triple helix‘. 

We isolated the «1 component from neutral salt-soluble 
calf skin collagen according to the method of Piez et al.'. 
Its homogeneity was checked by means of ultracentri- 
fugation and starch-gel electrophoresis. Renaturation was 
achieved by incubating at a collagen concentration ot 2-6 
mg/ml. for 100 h at 22° in 0-25 M sodium citrate buffer, 
pH 3-7. The denaturation curve of the renatured solution 
gave a value of 30° for T'm (defined according to v. Hippel 
et al.*). Renatured acid-soluble collagen from calf skin has 
a Tm of 33° after renaturation under identical conditions. 

When examined in the ultracentrifuge the renatured 
material showed, in addition to æl, a second, slower sedi- 
menting peak which, during the course of the renaturation, 
grew at the expense of the al peak. Following the addition 
of pepsin (weight ratio of collagen: enzyme of 10:1; temp., 
25°) the al component disappeared while the slower, 
pepsin-resistant peak, although not quite so sharp as the 
native molecule (Fig. 1), sedimented at approximately the 
same rate. 

It was possible to produce long-spacing segments (Fig. 
2) from the pepsin-resistant material, which accounted for 
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Fig. 1. Sedimentation diagram of renatured al after 18-h in 

treatment; concentration prior to pepsin addition 2-6 mg collagen/ml. in 

0-25 M citrate buffer, pH 3-7; temp., 22°; 59,000 r.p.m.; phase angle, 
66°; phosographed after 150 min 
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Fig. 2. Long-spacing segments from renatured al sub-units, produced 

by dialysis of the Pr rina solution in 0-05 per cent acetic acid 

against 0-4 per cent ATP solution, pH 3-5; stained with phasphotungstic 
acid and counterstained with uranylacetate 


almost 40 per cent o the starting material. The cross- 
striation pattern appeared to be the same with respect to 
the position of the individual cross-striations when com- 
pared with normal ccllagen. There appears to be some 
difference in the intensities of the individual bands. An 
exact photometric evaluation of the cross-striation pattern 
remains to be done. 

These preliminary experiments indicate that it is pos- 
sible to build a natove-like triple helix from three al 
chains. The cross-striation pattern of the segments thus 
obtained from «l argues against the collagen model of 
Hodge* in which the cl chain would be built up from five 
identical sub-sub-units and the «2 chain from seven identi- 
cal sub-sub-units. If this were the case, then the cross- 
striation pattern of the long-spacing segments formed from 
xl should be divided iato five equal periods. The fact that 
no repeating period at-all is evident suggests that it is very 
unlikely that æl is cemposed of several identical smaller 
sub-units, 
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Forschungsgemeinschaft. 
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Paracoccidioides brasiliensis = = 
ecidioides brasiliensis is the causative agent of 
sh American blastomycosis. McKinnon and Vinelli?, 
and Carbonell e¢ al.*, suggested in their histochemical 
investigations that the yeast form of this fungus may 
contain glycogen. The present investigation deals with 
the biochemical identification of glycogen in the yeast 
form of P. brasiliensis. The fungus used (strain No. 8159 
of the Instituto Nacional de Tuberculosis, Caracas, 
_ Venezuela) was originally isolated from a lymph node in 
& human systemic infection and cultured on brain heart 
infusion agar (Baltimore Biological Laboratory) with 
human blood (10 per cent) and antibiotics (penicillin, 20 
units per ml.; streptomycin, 400 ug per ml.) at 37° C. The 
fungus was collected on the fifth day of culture, and 
` washed 4 times with distilled water by centrifugation 
(500 g, 5 min). After extracting the lipids by means of a 
„mixture of ethanol and ether (3:1), the fungus, suspended 
in distilled water, was disintegrated in a Branson sonificr 
‘at 20 ke/s for 20 min. The disruption of the cell material 
was completed by treatment in a Waring blender for 1 h. 
The polysaccharide was isolated according to the method 
of Abdel-Akher and Smith, that is, extraction with 
boiling water, removal of proteins by trichloroacetic acid, 
and purification by repeated precipitation from aqueous 
-Solution with ethanol. From 7-04 g of vacuum-dried 
fungus material, a polysaccharide fraction (126 mg), 
-acetone-soluble lipids (977 mg) and acetone-insoluble 
~ dipids (110 mg) were obtained. 
The isolated polysaccharides dissolved easily in water, 
showing opalescence. A reddish brown colour was pro- 
duced with iodine. After hydrolysis in N HCl] for 3h ina 
boiling-water bath, 64 per cent of the weight was liberated 
as glucose which was determined enzymatically by the 
-eombined system of hexokinase and glucose-6-phosphate 
dehydrogenase. This value was almost equal to that of 
65 per cent obtained after the digestion by ‘Diazyme’ 
{Miles Chemical Company). ‘Diazyme’ contains amylase 
and amyloglucosidase and is used in quantitative determ- 
inations of glycogen’. After complete hydrolysis by 
.. phosphorylase and amyloglucosidase, the ratio of glucose- 
I-phosphate to glucose was determined to be 10-9 ac- 
». eording to the method of Bueding and Hawkins*. This 
~ result implies that the polyglucose contained in the fungus 
represents glycogen and not starch. 
‘The polysaccharide fraction contained, besides glycogen, 
-other compounds which were demonstrated by chemical 
analysis. The total sugar content of the dry material, 
evaluated by the anthrone method’ with glucose as stan- 
„dard, was found to be 85 per cent. The material contained 
1-7 per cent nitrogen’, 3-2 per cent proteins? with bovine 
_. Serum albumin as standard, 0-4 per cent total phosphorus”, 
_less than 1-2 per cent glucosamine!', and less than 2-0 per 
cent pentoses with xylose as standard. Ketosugars' and 
“uronic acids! could not be detected. 
- = The results reported here suggested that most of the 
: -nitrogen was not derived from glucosamine but probably 
-from proteins. In order to remove the proteins, part of 
16 polysaccharide fraction was treated with 30 per cent 
otassium hydroxide for 2 h in a boiling-water bath and 
=o -purified by repeated precipitation (3 times) from aqueous 
solution with ethanol. This alkali-treated polysaccharide 
fraction contained as much as 80 per cent glycogen, as 
und after acid hydrolysis or digestion by ‘Diazyme’ or 
_.. phosphorylase. The ratio of glucose-1-phosphate to glucose 
was 10-5. This alkali-treated polysaccharide fraction con- 
_ tained the following substances: sugars (as glucose), 95 per 
t; nitrogen, less than 0-2 per cent; proteins, less than 
H per cent; pentoses, less than 0-5 per cent. 
‘The difference between the glucose content as found by 



























Ps specific enzymatic methods and the total sugar content as 
>o .. @btained by the anthrone method is apparently due to the 


oul o presence of other sugars. After hydrolysis in N sulphuric 
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Fig. 1. Glyeogen content and growth of Paracoceidioides brasiliensis 


cultured on blood agar 


acid for 4 h in a boiling-water bath and after neutralization 
with barium carbonate, mannose was found by paper =" 
chromatography, using various solvent systems; phenol!5, 
s-collidine™’, and ethyl acetate~water—acetic acid (3:3:1)*6. 
Mannose may exist in the polysaccharide fraction as 
mannan in combination with glycogen. 

The relationship between glycogen content and age of 
culture was studied as follows: the fungus, collected after 
various periods of culture, was washed 4 times with dis- 
tilled water and, after extraction of lipids, the glycogen- 
containing fractions were prepared by the method des- 
cribed here. To remove glucose and glucose-6-phosphate, 
the concentrated fractions were dialysed against cold 
distilled water for 24 h instead of treating them with 
trichloroacetic acid and ethanol. The fractions containing 
less than 2 mg of polysaccharides were digested with 2 mg 
of “‘Diazyme’ at 40° C for 2 h in a total volume of 5 ml. of 
acetate buffer (0-02 M, pH 5-0). After digestion, the 
liberated glucose was determined enzymatically. As shown 
in Fig. 1, the glycogen synthesized during the lag and - 
logarithmic growth phases is consumed rapidly after the 
onset of the stationary phase. This finding is in agreement 
with earlier histochemical results?. 

We thank Dr. K. Gaede for his advice and Mr. J. 
Rodriguez for his assistance in the culture of the fungus. 
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PHYSIOLOGY 


Plasma Growth-hormone Levels in Chronic 
Starvation in Man a 

Born fasting and induced hypoglycaemia are power 
stimuli to secretion of growth hormone in man'*, but | : 
offect of prolonged starvation on secretion of grov fhe os 
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Fig. 1. Concentrations of growth hormone, cortisol and glucose before 


ux. and during an intravenous insulin-tolerance test in two young female 

De: subjects with chronic starvation due to anorexia nervosa. Case 1 shown 

by continuous lines; Case 2 by interrupted lines. The test in Case 2 was 

terminated with glucose at 60 min because of severe neuroglyccopenic 

symptoms. ©, Cortisol, «g/100 ml.; %, glucose, mg/100 ml.; a, growth 
hormone, pamg/rml. 


hormone is unknown. It has been suggested, on indirect 
evidence’, that secretion of growth hormone is impaired 
in chronic malnutrition. Í 
_... We have measured levels of growth hormone in plasma 
<o by a sensitive and specific radioimmunoassay technique’ in 
. two young female subjects with profound chronic under- 
-nutrition due to primary anorexia nervosa befors and 
_ during insulin-induced hypoglycaemia. Each subject 
-> was a typical example of the condition, had recently lost 
<=- two stone or more in weight and, at the time of examina- 
_. tion, weighed less than 70 lb. Total daily dietary intake 
was unknown but estimated to be less than 400 calories. 
_ Since food and even minimal exercise may profoundly 
_ alter the level of growth hormone in the blood?, assays 
were carried out with the subjects in bed after an overnight 
fast and during the course of a standard intravenous 
insulin-tolerance test (0-1 u/kg body-weight). Glucose 
was measured by glucose oxidase, cortisol by fluorimetry. 
The results, shown in Fig. 1, indicate high levels of 
growth hormone in the plasma at rest (upper limit of 
normal less than 10 umg/ml.) with no response in one 
_ subject, and a minimal non-sustained increase in the other 
_. In response to an induced hypoglycaemic stimulus adequate 
to produce neuroglycopenic symptoms. Plasma cortisol 
‘responses were similar; fasting-levels were high (upper 
limit of normal, less than 25 ug/100 ml.) and increased 
minimally, or not at all, during induced hypoglycaemia. 
: The suggestion is made that the stimulus to growth 
ormone produced by starvation is, or is near, maximal 
nd the high level achieved thereby is responsible for 
revention of death from fasting hypoglycaemia, but, 
ecause of limited reserve capacity, resistance to induced 
ypoglycaemia is reduced’. VINCENT MARES 
The Area Laboratory, N. Howortu 
-West Park Hospital, Epsom, Surrey. 
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Fasting Levels: rmone in Men 
fold difference in fastin 
between adult femaies and males, as reported by Ung 
al,, is intriguing. It may serve to explain the higher 
fatty acid levels observed in both healthy and diabe 
female subjects corapared with males’, for the effi 
growth hormone boh in vitro and in vivo on enhancing z 
lipolytic activity of adipose tissue is well known’. Onthe 
other hand, the possibility that at least part of this sex- 
difference may be attributed to the presence of prolactin = 
must be considered. This might occur in either or both 
of the following ways: (1) the growth hormone oe 
used contained some contaminating prolactin; (: 
prolactin cross-reacts with anti-human growth. 
antisera. The bioenemical similarity between thes 
polypeptides is wei known‘ and the in vivo similarity 
between them has also been noted’. The problem of 








immunological specificity is also open to some question, as 
recently discussed ky Berson et al.*. Indeed, Hayashida’ 
has considered the evidence that human prolactin and 
growth hormone represent different activities of the same 
molecule. Greenwcod® has also reported that. he. has 
noted a cross-reacting substance in plasma throughout. 
pregnancy, and also in placental extracts. This pre- 
sumably is related te the placental lactogen of Josimovich, 
which has been shewn to be immunologically similar to 
growth hormone’. a 

In conelusion, it appears that no definite statement can ooo C5 
be made at the present time regarding the significance of — 
this sex difference ia serum growth-hormone-levels. The. 
possibilities are either that this has a true physiological 
significance or that. the higher levels in females simply 
represent cross-reacting prolactin. Some of this con- 
troversy may be resolved by comparing the levels. of 
growth hormone in the pre-pubertal age group. 
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Antidiuretic Hormone and Bile Flow. oe 


Durno experiments related to the excretion ol 
manganese}, variations in flow of bile in the rat suggested 
the possibility that bile flow is sensitive to the action o 
the antidiuretic hormone. ca 

Intravenous injec‘ions of ‘Pitressin’ (Parke-Davis 0- 
0-6 pressor units/10€ g) into rats induced a sudden short- 
lived diminution of bile flow. In this investigation the 
bile was delivered directly on to filter-paper strips via > 
polyethylene catheters and the diameter of the round 
spots was measured with callipers to the nearest O1 mm... 
The standard curve shown in Fig. 1 relates this measure- 
ment to the volume of bile. Collections lasted between 
10 and 150 sec, producing spots between 11 and 21 mn 
diameter. = 

The sharp fall of tae bile flow after pitressin is shoy 
Fig. 2. This fall hac a mean and standard deviatioi 
+10 per cent in the:seventeen animals tested. The- 
level oscillated around a fairly constant mean, èv 
the experiments lased for 3 h. These oscillation ee: 
present regardless o7 the animals’ state of hydration. =- 































30 min later. Tt could be prol iving 
injection 5 min after the frst. “Minimal flow rates were 
 attaimed about 4 min after injection, and full restitution 
of bile flow was reached during the next 16-20 min. The 





o "pattern was the same in markedly overhydrated and in 


= ~ dehydrated animals, in spite of the fact that the preinjec- 
tion level of the bile flow ranged between 8 and 12 yl./min 


ae in the overhydrated group and between 1 and 3 ul./min in 


the dehydrated animals. Animals were given 5-5 ml. of 


— - (2 per cent ethanol by stomach tube to inhibit secretion 

of antidiuretic hormone. 

between 10 and 16 ul./min, which, however, responded to 
ay he pitressin in an identical manner to that described. 


These showed initial flow rates 








The rapidity of this response and its independence from 


as “the: animal's state of hydration suggested that a smooth 
-o muscle coat was being constricted by the hormone. Wicks 
-0 impregnated with the same hormone solution applied to 

-the blood vessels of the liver had no effect on the bile 


flowt. By contrast, the usual response was elicited when 
these wicks were applied to the bile duct. Intravenous 
injections of 10 ug of L-epinephrine per rat or 1-6~-2-4 mg 
of cyclic AMP (adenosine 3,5-monophosphate)?? induced 
the same response. This could be blocked by the local 
application of ‘Novocaine’ to the common bile duct. 
Indeed, the duct was found to possess a circular smooth 
muscle layer on histological examination. The sum of 
these observations was interpreted as indicating that the 
intravenously injected ‘Pitressin’ had caused a constriction 
of the muscular coat of the common bile duct proximally 
to the insertion of the catheter. 

An additional hormonal action, namely on the reabsorp- 
tion of water by the columnar epithelium lining these 
ducts, had been suggested by the results of the experi- 
ments with ethanol. Ballooned bile duets could not be 
- tested in vitro’. Therefore, evidence for water reabsorp- 
tion was sought in intact animals by determining the 
osmolality of their bile. Two samples of bile from the 
ligated, ballooned bile ducts of two animals hydrated in 
the standard fashion showed 316 and 317 mOs/l. of bile 
respectively. Three samples were analysed from each of a 
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; h Fig. 1. Relation of volume of rat bile to the diameter of spots produced 
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Eig. 2. Effect of intravenously injected ‘Pitressin’ on the bile flow of the 


rat 


series of non-obstructed animals, as shown by the following 
means and standard deviations: dehydrated, 316 + 6 
mQs/l. (three animals); standard hydration, 298 + 0 
mQs/l. (four animals); water loaded, 276 + 3 mOs (two 
animals). These preliminary results indicated that the 
osmolality of the bile did reflect the animals’ state of 
hydration as had the bile flow. Furthermore, prolonga- 
tion of the contact of the bile with the histologically intact 
epithelium of the ligated common duct appeared to result 
in more concentrated bile. 

In summary, rapid sampling of rat bile showed the bile 
flow to oscillate. Intravenously injected ‘Pitressin’ in- 
duced a sharp diminution of the flow, which was ascribed to 
contraction of the smooth muscle surrounding the large 
bile ducts. In addition, there was collected suggestive 
evidence for a hormonal effect on the permeability of the 
bile ducts. 
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Alcohol and Evoked Potentials in the Cat 


Is our previous communication), we reported the rejas a 
tive effects of ethanol on the midbrain reticular formation. 


and one site within the somatosensory cortex. It was 


found that the cortex was depressed by ethanol to a 


,and Hollaway, R. J., Amer. J. Physiol., 77, ; f 
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“greater. degree . than the EE formation. Further 
-investigations indicated that the response of the 
somatosensory cortex to alcohol depended essentially on 
e site of the recording electrode. In the earlier work 
e electrode ` was located on or near the coronal suture line 
or recording the cortical response on stimulation of the 
iatic nerve. In the present report the electrode placement 
as in the region of the cruciate fissure. 
Acute experiments were performed on healthy adult 
cats ranging in weight from 2-2 to 3-6 kg body-weight. 
Chloride silver ball electrodes (1 mm diameter) were placed 
inder visual inspection in the region of the cruciate fissure 
with a medial location. The stereotaxic co-ordinates for 
¿uthe electrodes placed in the reticular formation were the 
game as described before. In each experiment, the elec- 
trode placements in the reticular formation were verified 
by histological examination of unstained frozen sections 
of the brainstem as described by Morillo and Baylor?. 
Those experiments where the electrode placements were 
~~ in doubt were discarded. In six animals the responses 
>.= were recorded from the reticular formation at the mid- 
collicular level and the cruciate fissure of the somato- 
sensory cortex contralateral to the stimulated seiatic 
nerve. In all the experiments following intravenous 
administration of alcohol (1 g/kg) both responses showed 
marked depression at 2min. Recovery process was evident 
im each structure 15 min after alcohol administration. At 
60 min the better part of the cortical response had re- 
covered, but the reticular formation still exhibited marked 
-degree of depression. Typical results of these experiments 
are shown in Fig. 1 which clearly indicate that the reticular 
formation exhibited a greater degree of depression through- 
out the entire period of observation. 
: The results are contrary to those presented earlier’. 
+ The discrepancy was found to be due to the areas of 
oo. recording sites in the somatosensory cortex. Moreover, 
experiments performed to examine the simultaneous effects 
of alcohol on the two cortical areas further reinforced the 
-conclusion of the greater variability of the responses 
recorded from the coronal suture line as wel! as the lesser 
sensitivity of the cruciate site to the depressant effect of 
-aleohol’. Similarly the simultaneous responses of VPL 
and somatosensory cortex also disclosed that the cortical 
area was depressed as already described, whereas the VPL 
was scarcely affected by the dose of alcohol used in these 
studies. These results and those with two other sensory 
w modalities (vision and audition) will be published in detail 
elsewhere. Obviously, the degree of depression of the 
‘somatosensory cortex by alcohol varies with the cortical 
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administration of: alcohol dg gika). 
reticular formation showing a “greater degree of depression. 
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Evoked responses to electrical stimulation of the sciatic nerve recorded from the 
contralateral midbrain reticular formation (R F.) and from the cruciate fissure in the somatosensory 
, 15, 30 and 60 min after intravenous 
A depression in ‘both responses is evident. 
Partial recovery of the cortical 
‘response can be seen af 60 min (2) while a marked depression still persisted in the reticular 


locus. Thus the relationship bowen reticular and cortical. 
depression i is a complex one and varies with the recording 
site in the somatosensory cortex. 
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Proposed Physielogical Function for Plasma. 
Cholinesterase 


THE physiological function of plasma, or non-specific, 
cholinesterase, although receiving some attention', has not. 
been established. Thos report deals with the possibility of 
its role as a regulator of free choline in the plasma. 
Several experiments were conducted in vitro to determine: 
(1) the inhibitory effects of free choline on the synthesis: 
of acetylcholine and she activity of serum cholinesterase; 
(2) whether acetyl-S-coenzyme A (AcCoA) and choline 
acetylase were capabie of synthesizing acetylcholine from 
another choline ester 

Rabbits were killed, and their brains removed and 
immediately dropped into liquid nitrogen. The brains were 
pulverized using a mortar and pestle at the temperature 
of dry ice. Acetone-cried powder was obtained by double 
extraction with cold acetone? and the choline acetylase 
was extracted by the method of Nachmansohn, Hestrin 
and Voripaieff*. Chclinesterase was prepared from horse 
plasma by the methed of Oliver and Funnel. Acetyl-S- 
coenzyme A was obtained from General Biochemicals, 
Ltd., Chagnin Falls, Ohio; propionyleholine iodide from 
Distillation Produete Industries, Rochester, New York: 
and choline chloride from Anachemia Chemical Co., 
Toronto. 

Solutions were prepared in Nachmansohn extraction 
buffer’, except that pasma cholinesterase was in tris buffer, 
pH 7-4. All reaction mixtures were made up to a final 
volume of 4 ml. 

Acetylcholine forraation was based on the change in 
absorbance at 232 my due to the hydrolysis of AcCoA', 
and cholinesterase activity was determined by the method 
of Kaiow and Lindsay®. In both cases, 
activity was measured at 26° C using a 
Beckman ‘DK? recording spectrophoto- 
meter Propionylecholine was selected as 
the fasty acid choline ester because, at the 
wave~ength used, its absorbance does not 
changs with hydrolysis and of all those 
tested only its molar extinction was low 
enouga to permit reliable interpretation. 

In the first series, absorbance/time 
studies were made of the following reac- 
tions: (a) AcCoA+choline acetylase; {b} 
AcCo#.+choline acetylase+choline; {c) 
AcCoa + choline acetylase + propionyvl- 
cholina; (d) AcCoA+choline acetylase + 
propionylcholine+ cholinesterase; (e) AcCoA 
+choane acetylase+cholinesterase. In 
each case, AcCoA was added at time zero. 

A second series using AcCoA, choline 
acetylase and choline was carried out to 
determine the effect of varied choline con- 
centration on acetylcholine formation. A 
third series using cholinesterase, benzoyl- 
cholino and varied choline concentration 
was investigated to find the effect of choline 
on the activity of cholinesterase. 
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ried concentrations of choline on the hydrolysis of 
(Series 2) indicated that a peak activity oceurred 
ipproximately 10-8 M choline (Fig. 2}. Cholinesterase 
ty was sensitive to a range of bane concentrations 
3 3) and, although inhibition was slight at 10-*M 
16, this inhibition increased to approximately 23 per 
1 10-4 M choline (Fig. 3)—the optimum concentration 
etylcholine formation (Fig. 2). 
he results of Series 1 mdicated that, at least for 
Icholine synthesis under the experimental conditions 
ibed, choline must be supplied in the free form. The 
ntration of free choline in the plasma of a number of 
ecies is held ‘remarkably constant’ at about 10-5 M (refs, 
and 8) and increases in choline concentrations up to one- 
dred-fold are followed by a rapid return to normal, 
partly through kidney excretion and partly due to a 
‘homoeostatic mechanism’. Since, in the present study, 
hibition of plasma cholinesterase by choline occurred 
a much lower concentration than ‘the inhibition of 
ee, oline ester synthesis (Figs. 2, 3), it is conceivable that 
=o Oo gerum cholinesterase could constitute a part of this 
Ss homoecostatic mechanism. That is, as the concentration 
<- -of choline increases above the reported plasma concentra- 
=o tien, 10-5 M, its return to within a normal range would be 
favoured: by: (1) a decrease in choline ester hydrolysis 
caused by increased inhibition of cholinesterase; {2) an 
-` Inerease in choline ester synthesis caused by activation of 
> the synthesizing mechanism, characterized in this study by 
i choline acetylase and AcCoA. Both these effects would 
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nL. Re-drawing of hydrolysis curves obtained in Series 1, Reaction 
aa time 16 min 
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Fig, 3. Hffect of choline concentration on cholinesterase iti 
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produce an increase in conjugated choline. Conversely, if 
the free choline coneentration drops below normal, plasma 
cholinesterase activity is increased and esterification >- 
activity is decreased, thereby resulting in an increase in 
free choline concentration. Since a variety of choline esters ~- 
orrurs in plasma, the balance of conjugated/free choline 
could be maintained, in part, by the various isozymes of 
choline-, aliphatic-, and aryl-esterases®", each utilizing a 
preferential choline ester substrate. 

Thus, the homoeostatic mechanism existing for the 
control of free choline in plasma’ may depend on two 
opposing systems, one (the plasma cholinesterases) re- 
ponsible for choline ester hydrolysis, and the other respons- 
ible for choline ester formation; choline acts as an auto- 
regulator in the mechanism by its complementary effects 
on these two opposing systems. 

H. 8. Forne nn 

Division of Pharmacology, 
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Introduction of a Permanent Electrode into the 
Pituitary Gland of the Cow: Influence of Electrical — 
Stimulation on Milk Ejection 


PROCEDURES involving intervention with the pituitary 
gland or the hypothalamus, in the investigation of their - 
influence on lactation, have mainly been carried out or 
small laboratory animals. Few experiments of this kir 
have been performed on ruminants; most of these were ¢ 
goats and the remainder on sheep. This type of proced: 
has been extended to the cow by a process which we 
described elsewhere!. Essentially, the method consis 
inserting a specially adapted needle through th 
and through the museular part of the tongue . 
pharynx, where the operating worker, with his hand 
oral cavity of the animal, places the tip of the nee 
defined ee on the. ie ie bone. By me 
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=o @ drill which oper. ‘ates through the guiding needle, he drills 
through the sphenoid bone to the pituitary gland. In 
this way it is possible to carry out the application of 
various substances to the pituitary with the view of 
destroying it, or of carrying out biopsy of the pituitary 
gland, or of collecting blood from the sinus cavernosus. 
In the next stage of our work we devised a method 
of introducing and placing permanent electrodes for 
direct stimulation. The electrodes used were made of 
Platinum, or some other suitable metal, in the form of an 
“insulated wire, which was conducted through a plastic 
-eannula of polyvinylchloride and a cuff of stainless steel, 
_and fixed in the sphenoid bone. The metal cuff was fixed 
in place with a ring of polyvinylchloride. The electrodes 
“were passed through the application needle, which 
had the same diameter as the metal cuff of the electrode. 
-The metal cuff, which was approximately 2 cem long, formed 
<a continuation of the application needle, and with the aid 
¿of this needle it was firmly embedded in the sphenoid 
bone. When the electrode was so placed in the sphenoid 
. bone it was not usually possible to pull it out. After 
~ -. fixing the metal cuff into the sphenoid bone, we pulled the 
wire carefully through the oral cavity, and with the help 
-c of a rubber probe we brought it out over the meatus nasi 
ventralis through the nostrils of the animal. Then we 
¿~ Inserted a strong hypodermic needle into the wall of a 
«nostril, in the free space between the cartilagines parietales ; 
_ «We slid the wires leading to both electrodes through the 
~ needle, and after removing the latter, fastened the wires, 
which were taken out, with one or two stitches on to the 
skin of the regio lateralis nasi. It is possible to connect the 
stimulator here. Meanwhile, we controlled the exact plac- 
-ing of the electrodes radiographically and by dissection. 
The state of health of the animal and its physiological 
+... functions were not affected by the intervention, and the 
operation could be repeated at will. 
A description of access to the pituitary gland of eattle 
was published by L. E. Donaldson and W. Hansel? and 
similarly of sheep by L. Z. McFarland, M. T. Clegg and 
W. F. Ganong*. In both cases access is over the foramen 
ovale. We consider that our way of reaching the pituitary 
gland is more reliable, because the needle introduced over 
_ the foramen ovale as a rule passes the pituitary gland 
at the posterior border. 
> We have used this method of stimulating the pituitary 
gland in connexion with further work on the neuro- 
< humoral regulation of lactation, particularly the mechan- 
ism of oxytocin action and ejection reflex. According to 
-preliminary results, we have succeeded in inducing milk 
. @jection by a series of square wave impulses. The mechan- 
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< tsm of this effect is the subject of further investigation. 
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PHARMACOLOGY 


Chloroquine Resistance and the Nature of 
Malarial Pigment 


Err THE appearance of strains of human faleiparum malaria 
= resistant to chloroquine! has stimulated investigations 
on the mode of action of this drug and on the mechanism 

» Of resistance to Although no morphological differences 
<- have been d d between chloroquine-resistant and 
ordinary Plasmodium falciparum, a striking difference 
-was observed in the mouse malaria P. berghei; in the re- 
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microscopy, and even “with the siestron ENE Gae 


a few minute grains of pigment-like material could be ~ n 
This firding and the hypothesis advanced 
independently by Scaueler and Cantrell’ and Cohen et alt; = - 


detected’. 


that the binding of e«hloroquine by ferrihaemie acid might 
account for chlorocaine resistance, direct attention to 


haemoglobin digestien and its waste product haemozoin =- 


as being possibly of significance in both the mode of action 
of chloroquine and im resistance to it. 

Although haemozoin was deseribed in 1847, 
malaria parasites themselves had been seen, its chemica 
nature and its role ia protein metabolism of the parasite 
are not well understeod. Deegan and Maegraith® sho 
clearly that haemozoim $ not solely the iron pr 
porphyrin portion of haemoglobin, as had been nai 
assumed, but that it contains also a proteinaceous moiety. 
This conclusion was fully confirmed and extended by — 
Sherman and Hull’. 
of haemoglobin is a confusing one, as is well illustrated by 
errors in the recent Literature (see following), some defini- 
tions are in order. 

Haematin compounds are iron complexes of porphyrins 
and similarly corstituted tetrapyrrolic substances. 
Porphin has the formula C,,>H,,N, and contains 4 pyrrole- 
like rings welded together in a complicated ring system _ 
by 4 methene groups (Fig. la) (ref. 7). Haem is (ferrous) - 
iron protoporphyrin IX, the designation IX indicating 
the side-chain configuration (Fig. 1b). Haematin, also 
called oxyhaemin, ferrihaemic acid or ferrihaem hydroxide 


(Fig. 1c), and haemin, or ferriham chloride, both have 
iron in the ferric state. Haemoglobin is a red conjugated ~_ 


protein of blood consisting of haem and a water-soluble 
protein, globin. On treatment with hot sodium chloride 
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Since the terminology of derivatives = 





cia E oyanan or rrihen hydroxide), 

whereas treatment of haemin by dilute acids results in 
‘the removal of the iron giving protoporphyrin IX. If 
one hydrolyses haemoglobin carefully with hydrochloric 
acid the molecule is cleaved into 2 fragments: haemin 
(4 per cent) and globin (96 per cent). Drastic reduction 
of haemin with hydrogen iodide and red phosphorus gives 
a mixture of 4 pyrroles variously substituted with methyl 
and ethyl groups plus haematinie acid (Fig. le) (ref. 8). 
Oxidation of haemin with chromic acid yields haematinic 
acid’, The definitions and synonomy alone provide 
reasons sufficient for confusion. 

Schueler and Cantrell’ have shown that ferrihaemic 
acid (haematin) can inactivate chloroquine to some extent 
both in vivo and in vitro, and on this basis have suggested 
that chloroquine-resistant parasites might produce more 
ferrihaemic acid than non-resistant strains. They state: 
“A singular intermediate product in the formation of 
malarial pigment is ferrthaemic acid (a ferrihycroxide 
form) which results from the oxidation and hydroxylation 
of haemin (a ferrous chloride form)”. To our knowledge, 
ferrihaemic acid has never been identified as an inter- 
mediate in haemozoin formation (nor has any other inter- 
mediate been identified). Moreover, haemin is not a 
ferrous form (see foregoing definitions}; only the haem 
as it exists in undenatured haemoglobin has iron in the 
ferrous state. The hypothesis that haemoglobin metabol- 
‘ism is somehow related to chloroquine resistance may 
atill be correct. Certainly, the finding that chloroquine- 
resistant P. bergher produce very little, if any, haemozoin 
would fit this hypothesis. Unfortunately, however, too 
little is yet known to permit a detailed theory. In discus- 
sing the digestion of haemoglobin, Peters ef al.? state: 
“It is possible that haemoglobin is split into globin and a 

= “porphyrin fraction, haem, although there is no direct proof 
“that this is so. Haem is said to be oxidized first to 
haematinic acid and later to haematin, a toxie substance 
which is rendered both safe and insoluble by conjugation 
with a nitrogenous moiety to form the typical malaria 
pigment”. They continue: “... workers have shown that 
haematinic acid can form a complex with chloroquine” 
Haematinic acid and ferrihaemic acid are not identical 
(see foregoing definitions), as these authors suggest. Fur- 
thermore, they state: “... the failure of RC (= chloroquine- 
resistant P. berghei) parasites to produce normal pigment 
«+. Gan also be interpreted as a failure of the RC parasites 
tO conjugate haematin with a nitrogenous moiety”. 
 Haemozoin is indeed a complex of haematin with a pro- 
“> teinaceous (perhaps denatured) moiety, but there is no 
shred of evidence that free haematin is ever formed. 
= What evidence there is indicates the contrary. Thus 
the early work of Moulder and Evans! showed that 
extracts of P. gallinaceum contained a proteolytic enzyme 
-eapable of producing amino nitrogen from denatured 
haemoglobin. One of us (Sherman, unpublished results) 
= has found a similar enzymatic activity in extracts of P. 
> lophurae. Furthermore, amino-acid analyses of haemozoin 
ol P. lophurae and P. berghei and of duck and mouse 
_ paemoglobins indicate that haemozoin is a product of 
_ partial proteolysis of haemoglobin (Tables 1 and 2). 
For these analyses the avian malaria P. lophurae was 
slated from duck red cells*, the free parasites lysed by 
rnate freezing and thawing the lysate centrifuged at 
0,000g at 4° C for 1 h, the insoluble pellet (haemozoin) 
eollected and washed three times in distilled water. 
P. berghei haemozoin was prepared from the livers of 
infected mice (7 days after inoculation) by grinding in a 
glass homogenizer followed by washing and collecting 
~~ the insoluble residue by differential centrifugation. The 
< 4solation was followed by phase-contrast microscopy. 
- Crystalline duck haemoglobin was prepared according to 
so the method of Drabkin™ and globin by the method of 
Anson and Mirsky'?. Haemozoins were cleared of colour 



















and. Grar oi. precipitate briod, ibed 
analysed for laine gods according to the methods oe 


described for the Spinco 120B amino-acid analyser. 
Because the amino-acids found in crystalline duck haemo- 
globin were the same as duck globin it seemed unnecessary 
to prepare crystalline mouse haemoglobin. As can be 
seen from the figures in the last column, the amino-acids 
in haemozoin vary from those found in haemogiobin. 


s. 


The data are consistent with the idea that in the formation _ 
of haemozoin from haemoglobin there is: (1) denaturation — 


and insolubilization of haemoglobin; (2) oxidation. of the 
iron; (3) partial proteolysis of the globin. Haemozoin, 
although electrophoretically immobile on paper, stams 
with bromphenol blue®. 
amino-acids after extraction with trichloroacetic acid, 
ethanol and ether are definitive proof of its proteinaceous 
nature. This is true not only of the form from the red 
cells but also of that from the liver. Without the demon- 
stration of plasmodial enzymes which break and reform 
haem to protein bonds it seems unlikely that haemoglobin 
is first split into haem and this then re-conjugated to 
another protein. 

Haemozoin is not a chemically characterizable som- 
pound in a strict sense, and this property is reflected in 
varying amino-acid analyses. Although it is possible 
that adsorbed proteins may modify our results from isola- 
tion to isolation it seems more reasonable that the varia- 
tions are real. We believe that the haemozoin one isolates 
is an array of partially degraded and denatured haemo- 
globins. These represent the point at which the investiga- 
tor halted parasite proteolysis. Its amino-acid composi- 
tion reflects the amino-acid sequence in the haemoglobin 
and the mechanism of cleavage of the haemoglobin by the 
plasmodial proteolytic enzymes. 

Unfortunately, amino-acid changes from host-cell haeme- 
globin to haemozoin offer no real understanding of the 
kind and amounts of amino-acids used for parasite protein 
synthesis. In order to determine the amino-acids utilized, 
sequential analyses of substrate and residue are neces- 
sary as well as in vitro production of haemozoin by a 
TREE AMINO-ACID COMPOSITION OF DUCK HAEMOGLOBIN AND 


Plasmodium lophurae HAEMOZOIN (MALARIA PIGMENT) 
(Expressed as moles per cent of recovered amino-acids) 


Table 1, 


Crystalline Par cent 
Globin haemoglobin Haemozoin change 
Sample sa Sample Sample Sample Hz 
1 2 1 mi 2 va. Hb 
Lysine TB TT ril 8:9 8-4 +12 
Histidine 5il DO &-9 868 11-5 + 78 
Arginine a2 3-2 3-6 5-4 +5 -+ 5D 
Aspartic acid 91 aR 5-9 10-5 9-6 +9 
Threonine 4-0 4-9) +i 37 3°3 —17 
Serine 2-2 21 21 34 2-8 -+ 44 
Glutamic acid rid 7-9 8-2 10-0 &5 ? 
Proline 40 44 4-5 4-4 4-5 +10 
Glycine 6-6 66 6-0 68 10-8 ? 
Alanine 14-1 13-1 13°2 81 7-1 — 55 
Cystine 
Valine ti 8:3 &7 57 5:83 — $1 
Methionine 1:3 11 1-2 12 13 G 
Isoleticine 4-5 4-2 4°5 76 65 + 62 
Leucine 13-1 141 126 8-8 8-9 — 32 
Tyrosine 2:3 24 23 3:5 3:3 +45 
Phenylalanine 5-9 6-3 6-1 42 4-4 — 80 
Table 2. AMINO-ACED COMPOSITION OF MOUSE HAEMOGLOBIN AND Plas- 
modium berghei HABMOZOIN 
(Expressed as moles per cent of recovered amino-acids) 
Per cent 
Mouse Hb P. berghei haemozoin change 
Sample Sample Hz vs. Hb 
2 
Lysine 8-1 T3 6-6 16 
Histidine 71 2-5 2-38 ~ 87 
Arginine 2-3 5-4 56 + 140. 
Aspartic acid 10-3 #2 9-4 -7 
Threonine 4-1 46 4-7 0 
Serine 6-9 4-4 4°] ~ 4} 
Glutamic acid 53 11-0 10-0 + 98 
Proline 3-4 4-8 50 +85 
Giycine Bh 8-5 YR ? 
Alanine 13-9 8-3 8-4 ~ 60 
Cystine 0-92 1:12 0-95 0 
Valine 8-7 74 Til — if 
Methionine - 093 2-2 24 +150 
Isoleucine a6 D4 43 2o 
Leucine 9-7 9-5 ‘11-7 es ae 
Tyrosine 3-3 Sl 2-1 ae a 
Phenylalanine 46 41 55 a asi 





In addition, the presence of 
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Cae pimo proteolytic. enzyme. n The mechanism of 
. chloroquine resistance may be related. to ferrihaemic acid ; 
> but this has not been demonstrated, nor ean haomozoin 
» called haematin, haematinic ‘acid or ferrihaemate 
mer. Reduced quantities of haemozoin in chloroquine- 
sistant strains of malaria cannot be due to ferrihaemic 

id alone since the pigments are not identical. 
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oi o Mepacrine- and Primaquine-resistant Strains 
3 of Plasmodium berghei, Vincke and Lips, 
1948 


THE demonstration that the mechanism of pigment 
formation in the rodent malaria parasite, Plasmodium 
berghet, could be disturbed when the parasites became 

: resistant to the antimalarial drug, chlorequine!*, has since 
* been confirmed by Thompson et al.*, The same pheno- 
—-oo>menon has now been described by J acobs in a quinine- 
-= = resistant strain’. In continuation of our own investiga- 
a tions we have developed two further strains of P. berghei, 
_ one of which, the P strain, has a high level of primary 
resistance to the 8-aminoquinoline compound, primaquine, 
end the second, the M strain, a high level of primary 
“resistance to the familiar 9-aminoacridine derivative, 
_ mepacrine. The methods followed for the induction of 
drug-resistance in these strains and their subsequent 
testing for sensitivity to various drugs are identical to 
those used with the chloroquine-resistant (RC) strain 
and have been described elsewhere’. Preliminary examina- 
tion of the ultrastructure of parasites of the P and M 
- strains has been made in association with Dr. W. Staubli, 
following the techniques already published’. 
Intraerythrocytic parasites of the 42rd passage of the 
_ P strain P. berghei survived in albino mice which received 
. 30 mg/kg of primaquine diphosphate daily as a subcu- 
taneous injection, for 55 days from the day of infection. 
-. In untreated mice the infection runs a slower course than 
that with normal (N strain) parasites. While the latter 
kill all untreated mice within 6-9 days, the animals may 
survive on the average from 14 to 19 days when infected 
| with the P strain. The total dose of primaquine diphos- 
* — phate {once daily subcutaneous for 4 consecutive days) 




















| which inhibits development of the N strain by 50 per cent, 
that s, the HD,,, is 9 mg/kg and the ED, is 24 mg/kg. 





_ The aaa ia 5 ED; of P strain passage 61 is 48 
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mg/kg while the ED can be extrapolated graphically’ as 
approximately 400 mg/kg. A total dose of 1,650 maia | 
failed to eradicate pazasitaemia from all-mice infected with - 


P passage 43, but pernitted some of the animals tosurvive, = 5 
presumably by giviag them sufficient time to develop 


their own defence mechanisms. P strain P. berghei. 
examined by light nucroscopy readily are seen to contain. 
malaria pigment. The presence of pigment grains some- 
what smaller than these of normal parasites was confirmed. 


by electron microscopy which also demonstrated the > 
presence in numerous trophozoites of more than one food. 
vacuole, a feature we have previously associated with our = 
Some difficulty was. 
experienced in preparing ultra-thin sections in which this 
pigment was demonstrable since, although we used 


chloroquine-resistant RC strain’. 





the identical technique with which we had previously 


been able to show the presence of normal haemozoin®, the 
P strain pigment dissolved out very readily during the. 
The pattern of cross- 


standard staining procedures. 
resistance of our F strain is still being investigated. 

Preliminary studies show that the trophozoites are resis- 
tant to the dihydrctriazine metabolite of proguanil (as 
we had earlier observed when testing our ‘triazine’- 
resistant B strain ef P. berghet*). The P strain also 
exhibits resistance te pyrimethamine, while sensitivity to 
chloroquine and mepacrine so far is within normal limits. 
Details of these tests will be published elsewhere. The 
resistance to primaquine is unstable and some change 
towards normal sensitivity to this compound was noted 
in parasites passaged from an untreated l4- day-old 
infection with P pessage 43 into clean untreated mice. 
During the course o the mfection in the donor mice the 
pigment granules, ax seen by light microscopy, appear tò- 


become darker and somewhat larger from about the r 


fourteenth day of infection onwards. 

M strain parasites show a similar level of roniabavion 
against mepaecrine methanesulphonate. The HD», and 
ED, of the N strain for this compound are 15 and 26 
mg/kg respectively. Parasites of M passage 32 continued 
to develop in mice -reated with a subcutaneous dose of 
50 mg/kg mepacrim methanesulphonate daily for 14 
days from the day -of infection, a total of 700 mg/kg. 
(At this point all theamice succumbed to overdosage of the 
drug.) Parasites of M passage 44 survived in several 
of a further group of mice given 30 mg/kg subcutaneously 
for 35 days or a toral of l ,050 mg/kg. By light miero- 
scopy the M strain : trophozoites and schizonts present a 
very similar appeazance to that described for chloro- 
quine-resistant P. berghei®. No pigment grains are seen in 
parasites in mepacrine-treated mice. Granules (0-03— 
0-072 mean diameter) within the cytoplasm of the parasites 
can be demonstrated by electron microscopy. Normal 
pigment grains measure 01-0-3u (ref. 2). Multiple food 
vacuoles are also cemmon and afford a further point of 
similarity between this and our RC strain. M strain: 
parasites on prelimmary testing have been found to be 
resistant also to chleroquine and quinine but sensitive to 
primaquine, pyrimethamine, ‘triazine’, sulphadiazine and 
diaminodiphenylsulghone. The resistance to mepacrine 
is extremely labile. Pigment reappeared by the end of 
7 days m untreatec mice infected with M passage 44. 
At the same time, the parasites reverted to a normal 
sensitivity to mepacrine. 

In an earlier note! I suggested that my observations 
on pigment changes associated with the development by 
P. berghet of resistance to chloroquine could afford 
supportive evidence for the hypothesis of Schueler and 
Cantrell’ and Cohen, Phifer and Yielding". I thank 
Prof. Yielding (persenal communication) for pointing. out 
an error in my termmology. All references to ‘haematinie 
acid’ should have read ‘ferrihaemic acid’. Deegan. and 
Maegraith in 1956 (of. 9) suggested that malena pigment 
consists of the porshyrin, haematin, combined with a 
nitrogenous moiety. In the preceding communication. 
Sherman, Mudd azd Trager!® now confirm that the 














~haemozoin of normal P. berghei is a heterogeneous mixture 
= Of porphyrin-peptide compounds derived from the 
i degradation of the host erythrocyte haemoglobin at 
-various points in its chain by proteolytic enzymes of the 
_parasite. Whether a part of the haemoglobin is com- 
_ pletely degraded in the process to yield a soluble porphyrin 
is not known but would not be beyond the reaims of 
` possibility. The work of Ball et al. with P. knowlesi 
_ would, however, suggest that, at least in this species, 
“the parasite retains within its cell all of the hematin 
that it splits off from hemoglobin”. (These authors were, 
_ ef course, of the then current opinion that the porphyrin 
and globin portions were completely split by the malaria 


parasite.) It is difficult to visualize, therefore, how such 


~a@ mechanism as complexing of antimalarial drugs by 


_.. ferrihaemic acid can account for the development of drug 


resistance by P. berghei although it may play a part once 
resistance has developed. If, then, free porphyrin is 
released by the parasite following the more complete 
. digestion of haemoglobin in the food vacuoles that 
apparently occurs in our RC and M and Jacobs’s* quinine- 
resistant strains, it might conceivably inactivate some of 
the drug with which it is in contact in the artificially 
kigh concentration that is used in such experimental 
conditions in mice. Some other, so far undefined mechan- 
isms must underlie the ability of the parasites to survive 
such a normally lethal environment. This order of drug 
concentration is certainly never likely to be encountered 
in the human subject with P. falciparum malaria. 

Of immediate practical importance is the possibility 
that primaquine may prove to be relatively ineffective 
for the treatment of infection by other species of malaria 
parasites such as P. falciparum that are resistant to 
pyrimethamine, proguanil or its dihydrotriazine meta- 
bolite. 
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HAEMATOLOGY 


mo [Haptoglobin Johnson in Australian Aborigines 


. THE rare haptoglobin phenotype, Johnson, discovered 
by Giblett! in a Negress and her daughter, has since been 


_. dleseribed in Chinese, Jewish and Caucasian populations’. 


uring the course of a population study of the blood 








Í oa a groups and serum proteins of Australian Aboriginals of 
Central Australia’, two sera taken from members of the 
-.. - Pintubi tribe were found to have this phenotype. After- 





wards, samples from the family of one of these were 
obtained. While there is some White admixture among 
Central Australian Aboriginals, the propositus himself is, 
so far as can be ascertained from his blood groups and 
general appearance, wholly Aboriginal. 

© The haptoglobin phenotypes of the members of the 
pedigree are indicated in Fig. 1. The starch-gel pattern 
designated H (for hypohaptoglobinaemia) was very similar 
to that of the serum of a member of the pedigree reported 
by Ramot et al.4 in which the parents were also Hp 2-1 
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Fig. 1. Pedigree of an Australian Aboriginal family involving the 


Johnson haptoglobin type 


and Johnson. Their pedigree and that reported here 
are in agreement with the previously proposed hypothesis® 


that Johnson is genotypically Hp?! Hp’. Further, both = 


pedigrees agree with the suggestion’ that the genotype 
Hp*JHp* is either hypohaptoglobinaemie or ahapto- 
globinaemic. 

We thank Dr. R. L. Kirk for confirming our Johnson 
typing and for the gift of a Johnson reference sample. We 
also thank Mr. H. C. Giese, director of Welfare, Northern 
Territory Administration, for his kindness in facilitating 
visits to Papunya, and to the Australian Institute of 
Aboriginal Studies for a grant in support of this investiga- 
tion. 
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Low Concentrations of Serum Haptoglobin in 
Mothers of Children with Haemolytic Disease 
of the Newborn 


THE ante-partum prognosis of foetal haemolytic 
disease is very difficult. The presence and titre of 
antibodies discovered in pregnancy are not always compar- 
able with the seriousness of the clinical manifestations in 
the newborn; in the case of an incompatibility in the ABO 
system not even this guide is available, so that for this 
purpose new methods are persistently being sought. 

In foetal erythroblastosis the foetus is attacked by 
antibodies. The damage found after delivery varies in 
degree from anaemia? to hydropic foetus and, in the 
extreme, to stillbirth. The disintegration products of 


foetal erythrocytes are supposed to be transported.. 


out of the foetus by the placenta. The transmission 
of unconjugated bilirubin through the placenta was 
directly shown by Schenker et al. in the guinea-pig 
foetus. This is compatible with placental transmission of 


free haemoglobin molecules, which obviously represent the 
main fraction of the foetal extracorpuscular haemoglobin — — 


P ri 


in the absence of haptoglobin—traces of which are only > 


seldom found in the cord blood by special methods*. The 
transmission of free foetal haemoglobin into the maternal. . 
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: Analys sis of variance of the samples 1 of the Hp (2 
~* Not obtained. 


os circulation ought to be followed by a depression of the 
serum haptoglobin concentration according to Laurell 
and. Nyman’, and as suggested by certain haemolytic 
co disorders*. 

< The present experiments were designed to show whether 

-there is a lower serum haptoglobin level in mothers whose 
< children were to be treated by exchange transfusion, as 
compared with the mothers of healthy children. The 
blood samples were collected within a day post-partum. 
==- The second sample was drawn from each mother six days 
after delivery, that is, when the haptoglobin eliminated as 
a complex with haemoglobin would be fully replaced’. 
The haptoglobin concentration values obtained by three 
repeated determinations by the method of Owen, Better 
and Hoban? are shown in Table 1 according to the hapto- 
globin serum groups identified by starech-gel electro- 
phoresis. 

Six days after parturition all the haptoglobin values 
~ @re significantly elevated (¢ = 9-73 for v = 15) without 
‘significant difference between affected mothers and 

controls. 

The mean haptoglobin values of the samples collected 
in the first 24 h post-partum are not significantly different 
in the unclassified populations, or in the groups Hp (2-1). 
Comparison of the haptoglobin concentration values of the 

group Hp (2-2) sera, however, shows a lower mean value 
in mothers whose children, suffering from a haemolvtic 
disease caused by an incompatibility of the blood groups 
in the ABO or Rh systems, were treated by exchange 
ransfusion. The statistical significance of the difference 
was confirmed by an analysis of variance. 
-With respect to the elevation of the haptoglobin concen- 
tration after delivery, previously observed by Lacomme’, 
the lower haptoglobin concentration values found immed- 
lately after delivery may be regarded as a persistence of 
‘the lower haptoglobin level in the prenatal period. The 
naptoglobin concentration values in the group Hp (2-1) 
over a wide range. According to Nyman’, the dispersion 
Sas great as that of the whole unclassified population. 
This is presumed to be the reason for the non-significant 
rosul ts (above) in the whole popu anon and in e group 























: haptoglobin concentration values of thei sora of the Hp 
_ (2-2) group’ would be the reason why these showed a signi- 
ficant difference. The depression of the haptoglobin is 
¿evidently caused by the same factors as were noted in the 
-experiment of Laurell and Nyman! and in some haemolytic 
-= disorders®. Changes in the haptoglobin coneentration may 
= prove to be of greater diagnostic and prognostic value than 
the concentration of extracorpuscular haemoglobin itself, 
which is perman eliminated from the circulating blood 
` in the form of toglobin~haemoglobin complex, while 
the formation of haptoglobin is not accelerated by satura- 
ti haemoglobin only’. 












ion of haptoglobi 






2) group: F = 12-35 for r= 1, #358; Focas = 10-12. 





The results described here serve as a starting point for- 


a more detailed investigation of the individual hapto- be 


globin concentration changes in the prenatal period.. 
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HISTOCHEMISTRY 


Cholinergic Excitation and Inhibition in the 
Cerebellar Cortex 


THE cholinergic character of mossy fibres and especially 
that of their endings in the parenchyma islets of the 
cerebellum has been repeatedly demonstrated both bio- 
chemically! and histochemically?-*. There is also evidence 
for the cholinergic nature of Golgi axons, synapsing with 
granule cell dendrites ia the cerebellar glomeruli’, although — 


it appears that at ths site an adrenergic mechanism is 0o 
The experiments reported here were o = 
performed on the cersbella of guinea-pigs; they suggest : ce 

that cholinergic meckanisms are involved both in the ~ 


involved as well. 


parallel axon-Purkinje dendritic spine synapses (regarded 
as excitatory junctions’) and in the basket axon-Purkinje 
cell-body synapses (sapposed to be inhibitory in their 
character®.) 

The photomicrographs (Figs. 1, 2 and 3) were obtained 
from sagittal and frontal sections of the guinea-pig cerebel- 
lum, stained for acesylcholinesterase according to the 
Gerebtzoff modification of Koelle’s thiocholine technique. 
It appears that the entzre length of granule cell axons (both 


the ascending parts and the T-shaped bifurcated branches) . : 
displays acetylcholinesterase activity, most marked atthe 


varicosities (beads) of these fibres, which are supposed to _ 
synapse with Purkinje and Golgi dendritic spines. Phase- — 
contrast microscopy actually reveals the presence of 
cholinesterase-negative dendritic spines intruding the 
enzyme-active axons. On the other hand, there is a major 
concentration of enzymatically active nerve fibres at the 
bases of Purkinje cell kodies, eventually becoming arranged 
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as a cuff around the origin of the Purkinje axon. These 
structures are undoubtedly identical with the ‘basket- 
formations’ of the inner stellate (basket) cells. The 
acetylcholinesterase activity of the parenchyma islets 
(glomeruli) consisting of axonic endings of mossy fibres 
and Golgi cells, and of the short dendritic branches of 
granule cells, show an acetylcholinesterase activity similar 
to that already described in the rat, rabbit and cat. The 
climbing fibres, around the primary and secondary 
Purkinje dendrites, can also be identified as strongly 
acetylcholinesterase-active structures. 

It appears, therefore, that in the guinea-pig, all synapses 
in the cerebellar cortex are operated by a mechanism 
involving acetylcholinesterase activity. It should be stated. 
that we have found (unpublished) that at all these synap- 
ses the enzyme is located presynaptically, as are also the 
synaptic vesicles in these junctions. Assuming that the 
presence of synaptic vesicles and of acetylcholin- 





Fig. 1. 


Sagittal section of guinea-pig cerebellum. Acetylcholinesterase 
reaction, pH 5-8. Incubation, 2h. Cell bodies and dendrites (arrows) of 


Purkinje cells (P) are unstained, whereas the vast amount of parallel 

fibres (cut transversely) react strongly. Double arrow, secondary 

dendrite; triple arrow, tertiary dendrite. Note the dendritic spines (non- 

reacting) of the tertiary dendrites, surrounded by heavily stained parallel 
fibre junctions 


Fig. 2. Ceronal section of guinea-pig cerebellum; acetylcholinesterase 
reaction, pH 5-8. Incubation, 1 h. Note the strongly reacting basket cell 
endings (arrows) at the bases of the unstained Purkinje cells (P). In the 
molecular layer (M) parallel fibres are stained 
Fig. 3. As Fig. 2, but pH 5-2. Note the strong reaction of the basket- 
cell ‘cuff’ (arrows around the axon origin of the Purkinje cell, P) 
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esterase proves a cholinergic mechanism, it would appear 
that both the excitatory synapses (mossy fibre-granule 
cell; parallel axon-Purkinje dendrite; parallel axon- 
Golgi cell; parallel axon-basket cell; climbing fibre- 
Purkinje dendrite) and the inhibitory junctions (Golgi 
axon-granule cell; basket axon-Purkinje cell) are operated 


e 


by the same chemical mediator substance. This, in turn, ~ 


would indicate that—at least in the cerebellar cortex—it 
is not the chemical structure of the mediator substance, 
but rather the molecular structure of the underlying post- 
synaptic membrane that is responsible for the excitatory 
or inhibitory effect of the nerve impulse. 
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PATHOLOGY 


Immunological Tests in Helminthic Diseases 


THERE is an increasing tendency to use immunological 
tests when considering helminthic diseases to avoid the 
difficulty inherent in the finding of the worm or its ova. 
Though such a procedure is obviously of value both in 
epidemiology and in clinical investigations, it seems 
necessary to sound a word of caution in interpretation. 

It should not be necessary to point out that different 
parameters are being measured, and that, in fact, they 
are in some cases estimating factors in opposition. What- 
ever technique is being used to estimate the immune 
response the latter is likely to be paralleled to some 
extent, however minor, by a protective mechanism, 

Theoretical considerations reveal some interesting 
phenomena which must be taken into consideration in 
survey work of any kind, and in the clinical interpretation 
of immunological results. 

If a is the proportion of a population infected in unit 
time, and 6 that of individuals escaping, then the age- 
distribution of infections will be the expansion of the 
binomial (a+6). Thus, the proportion of individuals 
infected at age ¢ will be 1-bf, but of these a will have 
been infected ¢ times, taf-' will have been infected t—1 
times, and so on. 

If we make the not unwarranted assumption that the 
acquisition of protection is some function of the number 


d 


-m 


of infections and their duration, we can derive a series of ~ 


curves reflecting the age distribution of apparent infection 
in a population. Fig. 1 shows the time-distribution curve 


of manifestation for an endemicity of a = 0-20 and for, 


several values of w, which may be defined as the parasite- 
duration required to induce protection. The smaller the 
value of w, the greater the immune response, and where 
w = œ there is no development of immunity. Super- 
imposed is the proportion of protected (immune) indi- 
viduals. 

The similarity of the ‘manifest’ curves to the age- 
distributions obtained for many parasites is immediately 
apparent; on the other hand, the proportion of immunes, 
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Fig. 1. Eifect of differing immune pressure on manifestation 
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Fig, 2. Effect of differing endemicity on manifestation 


presumably parallel to those detected by immunological 
tosts, follows an entirely different curve, emphasizing the 
_. fact that not only are different parameters being measured, 
but also that they are, at greater values of t, operating in 
opposition. 

Though this concept should be obvious, many investi- 
gators are assessing the value of this, that or the other 
immunological approach by comparison with the finding 
of ova or the like. 

A further startling fact is shown by Fig. 2, which shows 
the curves, derived by applying different endemicities 
Hae {values of a) to the same protection pressure. It will be 
geen that the higher the endemicity the lower the incidence 
* ab longer exposures. This merely re-emphasizes the 
< caution required in interpretation of survey figures. If, 
‘for example, the presence or number of ova is being used. 
_as a parameter, then examination of too old an age-group 
“would give an entirely fallacious estimate of endemicity. 
“On the other hand, the presence of immune bodies might 
-bea better measure. 
> To clinicians, this hypothesis 1s an additional warning 
to. treat. the parasite and not the immunological test. 
~~ ‘These considerations do not take into account such 
_ phenomena as immune tolerance or antibody saturation, 
_ both of which may have to be considered in the inter- 
pretation of survey results. 
I thank J. de V. Clarke, of the Bilharzia Research 
x Laboratory at Salisbury, for the stimulus which provoked 
these thoughts. 

















R. Exspon-Dew 


Amoebiasis Research Unit *, 
Institute for Parasitology, 
gi Durban. 


-The Amoebiasis Research Unit is sponsored by the following bodies: the 

South African Council for Scientific and Industrial Research, the University 
of Natal, the Natal Provincial Administration, and the U. S. Public Health 
Service (grant AL 01507 ee: 











NATURE 897 


Lymphatic Neoplastic Transformation of Thymus 
in Mice with Myeloid Virus-induced Leukaemia 


In a recent study? is was found that in mice of eertain 
strains inoculated with Graffi virus, removal of thymus 
had practicaily no effect in modifying the ineidence of 
leukaemia while it favoured to a considerable extent the 
shift of neoplastic transformation from lymphoid to 
myeloid tissues. In addition, it was noted that in intact 
mice with generalized myeloid leukaemia the thymus 
appeared free from ¢isease, or in some cases showed 
leukaemic changes of the lymphatic type. It was then 
considered of interest to study more systematically the 
morphology of thymic tissue in animals which developed 
myeloid leukaemia following inoculation of Graffi virus at 
birth. 

C57BL mice receive] subcutaneously, within 48 h after 
birth, 0-05 ml. of cell-cree extract containing Graff virus, 
prepared as previously reported'. They were observed 
for development of leukaemia and killed when moribund. 
Among the 61 leukaemic mice examined both histologic- 
ally and haematologivally, the type of leukaemia was 
lymphatic in 35 and myeloid in 26. Mice with myeloid 
leukaemia showed grossly in nearly all cases a character- 
istic green colour of the enlarged lymph nodes, while the 
thymus appeared pearly white and normal or slightly 
increased in size. ‘The difference in colour was useful in 
outhning the contour of the whitish thymus surrounded 
by the green mediastiaal lymph nodes. 

Of the 26 mice with myeloid leukaemia five had atrophic 
thymus, composed of non-neoplastic lymphocytes. In 
the other 21 cases the thymus was involved by the 
leukaemic process, but the type of neoplastic cells replacing 
thymic tissue was clearly lymphoid. Thus, tumour tissues 
of both lymphoid and myeloid type were microscopically 
recognizable side by side, separated only by the thin 
copsules of mediastina. nodes and thymus (Figs. la and b). 





Figs. la and b. Myeloid leakaemia with pea neoplastic transfor- 
mation of thymus. Mediastinal lymph nodes on left, thymus on right. 
HaematoxsMin-eosin, a, x 60: b, x 200) 


698 


In mice with lymphatic leukaemia, thymus appeared 
markedly enlarged and showed neoplastic lymphoid 
changes. indistinguishable from those observed in the 
other organs involved. 

_ The autonomous neoplastic transformation of thymus 
in myeloid leukaemia induced by Graffi virus was also 
confirmed in another series of experiments to be reported 
in detail elsewhere.  Virus-injected thymectomized 
(C3Hf/Gs x CBA/H-T6T6) F, mice bearing subcutaneous 
thymus graft from normal new-born C3Hf/Gs donors 
developed either lymphoid or myeloid leukaemias. In a 
small number of these animals with myeloid leukaemia, 
the grafted thymus exhibited neoplastic modification of 
the lymphoid type. The co-existence of two different 
neoplastic tissues was further proved by the successful 
transfer of lymphoid thymus and myeloid nodes from 
the same leukaemic animal to syngeneic mice, leading to 
local development of both lymphoid and myeloid growths. 

Subsequent or simultaneous proliferation of two different 
types of haemopoietic tissues has also been described in 
other leukaemic murine diseases*-*. However, on the 
basis of these results, it would seem that the thymus has 
a peculiar cytological character such that leukaemic 
transformation within this organ is restricted to the 
lymphoid cell-type. 

This work was supported by grant DRG-—808 from the 
Damon Runyon Memorial Fund for Cancer Research, 
and by a grant from Consiglio Nazionale delle Ricerche, 
Roma. One of us (G. T.) also holds a fellowship from the 
Lady Tata Memorial Fund. 
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IMMUNOLOGY 


Histocompatibility Antigens in Transplanted 
Mouse Eggs 


THE hypotheses advanced to account for the success 
of the foetus as an intra-uterine homograft in pregnancy 
have recently been reviewed by Billingham'. Three 
possible mechanisms have been suggested to explain the 
apparent lack of immunological reaction by the pregnant 
mother against the genetically foreign offspring with which 
she is in intimate contact?: (a) the antigenic immaturity 
of the foetus; (b) the immunological inertness of the 
mother ; and (c) some form of anatomical separation of the 
foetus from the mother. It has, however, been shown 
that transplantation antigens appear early in embryonic 
life and that the mother, though pregnant, is fully capable 
of reacting against these antigens*~*. In addition, it has 
been shown that the uterus is not a specially privileged 
recipient site for prolonged homograft survival’. 

We have previously suggested that the trophoblast 
may be an immunologically privileged anatomical barrier 
between mother and foetus, ensuring foetal survival*:’. 
Fertilized hybrid mouse ova were transplanted hetero- 
topically beneath the renal capsule of recipients of the 
maternal strain. In this site, the ova developed into 
agglomerates of trophoblastic giant cells which did not 
provoke demonstrable specific sensitivity to subsequent 
paternal skin grafts. In addition, trophoblastic prolifera- 
tion did not seem to be inhibited even when the recipients 
had previously been immunized by paternal skin grafts. 
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The present experiments were designed to elucidate 
further the previously postulated deficiency in effective 
histocompatibility antigens in mouse trophoblast. Ova, 
derived from inbred matings, homozygous with respect to 
histocompatibility antigens, were transplanted into highly 
immunized recipients. 

The mice used were of the inbred strains, C3H/HeJ 
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and C57BL/6, obtained from the Jackson Memorial ~ 


Laboratories, Bar Harbor, Maine. Adult male C57 mice 
were divided into three experimental groups of recipients. 
Group I reeeived no treatment prior to ova transplanta- 
tion; the animals in Group IL were grafted with full- 
thickness C3H skin grafts by the standard method of 
Billingham and Medawar” ; transplants of ova were carried 
out one to two months after these skin grafts. The 
animals in Group III received two consecutive full-thick- 
ness C3H skin grafts, with an interval of three weeks 
between grafts; in addition, these animals received 8-12 
weekly intraperitoneal injections of 25-30 million dis- 
sociated spleen cells. Ova transplants were performed 
less than one week following the last injection. A fourth 
group of syngeneic recipients consisted of C3H adult male 
mice. 

Fertilized C3H ova were expressed from the oviduct 
14-2} days post-coitus as previously described*. Two 
ova were individually placed beneath the capsule of 
each recipient C57 kidney through a finely drawn Pasteur 
pipette. Both kidneys were routinely used, each recipient 
thus receiving four ova. Ten days after transplantation, 
the animals were bled, and the serum was collected and 
frozen. Haemagglutinin titres were later carried out by 
the method of Stimpfling’. All animals were then 
killed, and the kidneys were inspected for haemorrhagic 
tumours characteristic of trophoblastic proliferation. All 
suspect areas were removed for individual histological 
study; the tissues were fixed in formalin, embedded in 
paraffin and sectioned at 7u. Haematoxylin and eosin 
staining was normally performed. 

The results are summarized in Table 1. Trophoblastic 
tumours were found in most (80 per cent) of the previously 
untreated C57 recipients of C3H ova as well as in 84 
per cent of the syngeneic recipients. Histologically, 
these haemorrhagic tumours consisted of abnormally 
large trophoblastic giant cells with vesicular nuclei. 
There was a marked haemorrhagic reaction, host blood 
filling the intercellular spaces of the cellular network. 


Table 1. TROPHOBLASTIC PROLIFERATION FROM FERTILIZED C3H MOUSE 
OVA IN IMMUNIZED AND NON-IMMUNIZED MALE MICE 
No. No. animals Titre anti-C3H 
Recipient Immunization recipient wit hae u- 
animal animals trophoblast tination 
C3H male None 19 16 < 1/20 
C57 male None 20 16 <1/20 
C57 male One (3H skin graft 19 5 <1/20 
C57 male Two C3H skin grafts and 16 0 1/80-1/640 
8-12 C3H spleen cell 
injections 


Only 25 per cent of the C57 male mice which had previ- 
ously rejected one C3H skin graft supported C3H tropho- 
blastic proliferation under the kidney capsule. Histo- 
logically, these growths did not differ significantly from 
those grown in unsensitized recipients. A characteristic 
inflammatory response involving mononuclear cells was 
not consistently present. There was no detectable 
haemagglutinating activity in the sera of untreated and 
singly skin-grafted recipients. 


No evidence of trophoblastic proliferation could be™ 


found ten days after C3H ova implantation into those 
C57 recipients hyperimmunized by C3H skin grafts and 
multiple C3H spleen cell injections. In these, haemag- 
glutinin titres ranged from 1: 80 to 1: 640. 

Several investigators have shown that the ectopic 
implantation of fertilized mouse ova results in the pro- 
liferation of trophoblastic tumours even in xenogeneic 
combinations'**, We have previously demonstrated 
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that proliferation of hybrid (CBA x A) mouse tropho- 
blast is possible in mice of the maternal strain (CBA) which 
have previously rejected paternal (A) skin grafts. In 
‘der to determine if this failure of antigenic expression 
~was due to an absolute deficit of antigens or to some 
other characteristic of trophoblastic growth, the present 
experiments utilized inbred ova homozygous with respect 
<. to histocompatibility determinants. In addition, implants 
= were made into recipients hyperimmunized against the 
>- histocompatibility antigens of the parental donor with 
resulting high titres of haemagglutinin activity. A definite 
inhibition of trophoblastic growth was observed and was 
-proportional to the degree of pre-existing immunity. It is 
‘therefore apparent that histocompatibility antigens are 
present in trophoblast or in the pre-trophoblastic tissues 
of ectopically implanted mouse ova. 

Quantitation of the number of antigenie determinants 
per cell, or per square unit of cell surface, is, of course, 
- beyond the reach of the present techniques. Nevertheless, 
the likelihood of a relative deficiency in the expression of 
_ histocompatibility antigens in trophoblast, as compared 

with other tissues, still appears to be substantial from the 

present extension of our previous experiments. The fact 

that homozygous donor cells were used in the more recent 
experiments makes it possible that their more obvious 
susceptibility to appropriate prior sensitization may 
reflect a gene-dose effect. 

This work was supported by research grant CA—07466— 
01, awarded by the National Institutes of Health. 
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—RADIOBIOLOGY 


Tests on Drosophila for the Production of 
Mutations by Irradiated Medium or Irradiated 
re DNA | 

= (1) Irradiated medium. Ionizing radiations are likely 

_ to find increasing use in industry for prolonging the useful 

_storage-life of food. Before the method is declared safe 

and becomes widely acceptable, however, it is necessary 

_to ensure that consumption of irradiated food is free from 

genetic ill-effects. Mutation rates have been shown to 

increase when bacteria are grown in ultra-violet-irradiated 
substrate’, Bacterial medium irradiated with ionizing 

““s radiations, however, has not been tested for its mutagenic 

effects. Information about the indirect genetic effects 

of ionizing radiations in higher organisms is seanty. 

Investigations of the cytological effects in root meristems 

of plants grown in X- and y-ray irradiated potato mash? 

and fruit juices? have shown that the aberration frequen- 
cies in treated roots were strikingly higher than in corre- 

.. sponding controls. In order to test for similar effects in 

=c animals, these studies were extended to Drosophila. Tt 

was found that the rate of sex-linked lethals was increased 
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slightly, but significaatly, in the progeny of flies raised 
on irradiated food!. In view of the obvious importance of 
this observation it was thought necessary to re-test it, 
scoring both autosomal and sex-linked lethals. The 
former were included. because it has been shown*-* that 
feeding of unirradiatad calf thymus DNA has a very 
specific and pronounesd mutagenic effect on chromosome 
II of Drosophila, while the X-chromosome remains largely 
refractory to this treasment. Induced dominant lethality 
was also investigated m view of the chromosome breakage 
observed in plant ma.erial grown on irradiated medium. 


The results of these investigations are reported in this ne 


communication. 2: 
Food consisting of 10 per cent dried killed yeast, 10°. 


per cent sucrose and 3 per cent agar in water was irradiated 
by the Radiation Research Laboratory, Wantage, The | 
total dose of 1 mrad of y-rays was delivered in a single 0” 
exposure lasting 70 mm froma 14,000-c. annular cobalt-60 00 
source. The Oregon-& (Or-K) stock for these experiments 


has been used in this BKboratory for mutation experiments - 
for a long time and has shown a spontaneous rate of about — 
0-3 per cent sex-linked lethals in periodic checks. In the 
first experiment 24- and 48-h-old larvae were transferred ` 
to the irradiated food about 36 h after the termination of 
radiation exposure, aad the frequency of sex-linked and. - 
second chromosome (autosomal) lethals was determined 
simultaneously in both treated males and females. In 
order to keep the experiment manageable and because 
of the known spontaneous mutation rate of the stock, 
controls were not included in this experiment. In a second 
experiment the usuel maize meal~molasses food was 
used. Young Or-K females, mated 24 h earlier, were 
transferred to the irradiated food for egg laying immedi- 
ately on termination of the irradiation exposure, so that 
the developing flies snould be exposed to the full effect 
of the treatment including that due to any transient 
radicals. Males whica had developed on irradiated food 
were tested for sex-linked lethals. Comparable controls 
were included in this experiment. Scoring was done by 
the usual techniques, namely, hatchability for dommant 
lethals, Muller-5 test “or sex-linked lethals and Cy/L test 
for second chromosome lethals. 

The results are summarized in Table 1. Since no differ- 
ence was found between 24- and 48-h old larva! transfers, 
data from these two sets of the first experiment have been 
pooled. It will be sen that the values for sex-linked 
lethals in experiment i are within the range usually found 
for the stock used. Those for autosomal lethals are twice 
as frequent, and this is as expected from the length 
relationship between “he X- and the second chromosome. 
No difference apart f-om that inherent in the difference 
of sex? was observed ix tests on treated males and females, _ 
thus ruling out any influence of germinal selection against 
sex-linked lethals in the hemizygous males. 


negative results, the mean percentage of hatchability in | 


control and treated series being 87-7 and 87-2 respectively. 


In the second experiment a higher mutation rate might 
have been expected because of the action of transient 
radicals which would aave been missed in the first experi- 
ment. Actually, mutation frequency was even lower 
here than in experiment 1 and not higher than in the 
controls. 

These experiments, therefore, do not provide any 
evidence for a mutagenic substance being produced in 
irradiated food. Similar negative results have been 


FREQUENCY OF LSTHALS IN Drosophila melanogaster RAISED ON 
IRRADIATID OR UNIRRADIATED FOOD 


Sex of No. of 


Table 1. 


Experiment the treated Chromosome chromosomes  Lethals. 

No. flies tested (%) 

1 Males X 1,653 0:256 

ir 1,438 0-556 

Females x 1,453 0-187 

H 1,378 0-290 
3 Males A (treated) 2,044 Foor 

X (control) 1,328 0-150 








Tests for 2 
dominant lethality, replicated twice, likewise gave entirely === 0 0 


5 the Mauller-5 method. 
< thrice with negative results. In a total of 5,705 control 
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. {personal communication). On 
the other hand, Swaminathan et al.‘ and more recently 
Rinehart (personal communication) have obtained small, 
but statistically significant. increases of mutation rates in 
Drosophila raised on irradiated food, indicating that in 
certain: circumstances marginal effects in mutation rate 
may be produced. In contrast to this, the previously 
mentioned experiments on plant chromosomes had shown 
a striking increase in the frequency of chromosome breaks 
in root meristems of wheat and barley grown on irradiated 
water®, potato mash? and fruit juices’. The difference 
between the striking cytological effects in plants and the 
marginal effects in Drosophila may be due to some basic 
differences in the two systems. Obvious among these 
are: (1) In plants the treatment is applied directly to the 
tissue in which the effects are looked for, so that tho cells 
can take up the reactive principle fairly quickly and 
without its undergoing metabolic changes. In feeding 
experiments with Drosophila, on the other hand, the 
irradiated food has to undergo a series of metabolic changes 
in the digestive system of the fly. The radiomimetic 
principle produced by irradiation will thus reach tho 
gonads in a greatly modified form which may be muta- 
gonically ineffective. (2) While chromosome breaks in 
plants are scored in cell cycles immediately following the 
treatment, Drosophila germ cells are sampled many cell 
generations after treatment. Also, aberrations in treat- 
ments with fruit juices consisted entirely of chromosome 
breaks and no evidence for translocations indicating 
rejoining was obtained. Such chromosome breaks, if 
induced in Drosophila, can produce dominant lethals only, 
and these, if produced in pre-meiotic cells, are likely to be 
eliminated during meiosis. In order to create experimental 
conditions for Drosophila that are more similar to those 
used in plants, one might determine dominant lethals in 
mature sperms of adult Drosophila males that have had 
irradiated glucose or fruit juices administered to them by 
drinking or injection. Experiments on these lines have 
now been started. 

(2) Irradiated DNA. While these experiments on the 
affect of irradiated food were in progress, Parkash pub- 
lished results of an experiment in which 1-8 per cent of 
irradiated fish sperm DNA had been mixed into the food 
of Drosophila larva. The emerging males had 36 lethals 
_ in 635 tested X-chromosomes, a frequency of 5-7 per cent’. 

In a second experiment?*, 9-6 per cent autosomal lethals 
were obtained, but there was no control and it is not clear 
whether pre-existing lethals had been excluded. This 
seemed such a striking and important observation that I 
< repeated the experiment, using herring sperm DNA but 
otherwise the same procedure as Parkash. The irradiation 
with 100,000 r. of y-rays was performed by the Radiation 
Research Laboratory, Wantage (exposure time 31 min). 
The irradiated DNA was mixed with Drosophila food, and 
Oregon-K flies were allowed to feed and lay eggs on this 
food. Food mixed with unirradiated DNA served as 
„control. Males that had developed on DNA-treated food 
_ were tested for sex-linked recessive lethals according to 
The experiment was repeated 


obtained by Moutschen | pe 


and 5,762 treated chromosomes the percentage incidence 


- of sex-linked lethals was 0-29 and 0-35 respectively. Dr. 
-Parkash (personal communication to Dr. C. Auerbach) 






suggested that the discrepancy between our results might 
be. due to the difference in medium used. Because of a 
possible competition between the irradiated DNA and the 
nucleic acids of yeast, he had prepared his medium 
entirely without yeast, according to the following formula: 
‘Sugar, 7 g; bran, 7 g; maize meal, 6 g; and agar, 0-8 g; 
cooked in 100 ml. water. Another experiment was carried 
out, using the aforementioned formula. The rest of the 
experimental procedure was the same as described earlier. 
‘The development of the flies on this food was considerably 
delayed, first emergence taking 14 days as against 9-10 
days at 25° C on the food used in this laboratory. In 





VOL, 208 





1,089 chromosomes from 91 males developing on food 


mixed with unirradiated DNA and 2,220 chromosomes 
from 167 males developing on food containing irradiated “~~ 


DNA, the percentage of sex-linked lethals was 0-18 and 
0-22 respectively. My experiments therefore give no 
support to the conclusion that, in general, irradiated DNA 
is mutagenic for Drosophila. It is difficult to visualize 
which special conditions led to the positive results in 
the experiment carried out by Dr. Parkash. 


Ithank Dr. C. Auerbach for her advice. This work was 


undertaken during the tenure of a Commonwealth 
scholarship. 
V. L. CHOPRA 
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Mutagenic Effect of Irradiated and 
Unirradiated DNA in Drosophila 


THE treatment of food with ionizing radiation is known 
to be an effective means of prolonging the useful storage- 
life of food. However, in view of the possible health 
hazards which might be involved in the treatment of 
food with ionizing radiation, a working party, appointed 
by the Ministry of Health, has evaluated the possible 
dangers, and the controls required, in the use of ionizing 
radiation for this purpose}. 

One consideration of importance is the possible produc- 
tion of chemical mutagens by tho action of the ionizing 
radiation on the food material’. The available evidence for 
a mutagenic effect of irradiated food on animal tissues 
is based on experiments where Drosophila larvae have 
been cultured on a medium which has previously been 
exposed to a heavy dose of ionizing radiation. Although 
it has been reported? that there is a slight, but significant, 
increase in the rate of sex-linked recessive lethals in 
Drosophila larvae reared on an irradiated medium, other 
workers? have not been able. to detect an increase im 
mutation under similar conditions. However, it has been 
claimed in recent communications by Parkash** that the 
irradiation of DNA (a component of most foodstuffs) prior 
to its addition to a Drosophila culture medium produces a 


pronounced increase in mutation in the larvae compared 


with the unirradiated (and non-mutagenic) DNA sample. 
This observation, and its relation to the assessment of 
the hazards involved in the sterilization of food by ionizing 
radiation, obviously requires an independent verification 
of this effect. 

The present communication describes experiments 
designed to detect a mutagenic effect of DNA toward 
Drosophila larvae after the DNA had been exposed to a 
heavy dose of ionizing radiation prior to its addition to a 
chemically defined and axenic Drosophila medium. 
Although unirradiated DNA is found to be mutagenic 


under these conditions, the prior irradiation of the DNA — 


does not change the mutagenic effectiveness of the DNA 

compared with the unirradiated DNA sample. 
Irradiation of calf-thymus DNA (British Drug Houses, 

Ltd.), as a dry powder, was by y-irradiation (100,000 r.) 


delivered in a single exposure lasting 6 min 12 sec from a ~~ x 


40,000-c. cobalt-60 source at the Molteno Institute, 
Both the unirradiated and the irradiated = 


Cambridge. 


DNA’s were added as powders to the chemically defined > 


medium (see Table 1 for the composition) when the temper- 



















mec ia were shaken 
5- J. portions into 
| of microbial eon- 


; lewly seb a ont K flies + were fod for 3 daya ona 
erous supply of yeast, and allowed to lay for 3 h on to 
pughened agar surface. The collected eggs were then 
rilized using Sang’s method’, and spread evenly over a 
sterile agar surface. After incubation at 25° C for 20 h, 
the newly hatched larvae were transferred under aseptic 
nditions on to the freshly prepared treatment media, 
(0 give a larval density of 100 larvae per 25 ral. of medium. 
The cultures were then placed at 25° C until the adults 
merged. 
‘On emergence, males were individually mated to two 
rgin Muller-5 females for 3 days for the detection of 
sex-linked recessive lethal mutations’; and, for the detec- 
on of autosomal recessive lethal mutations’, to females 
from a stock carrying one second chromosome with the 
dominant markers, Curly wing and Lobe eye, and the 
other second chromosome with the dominant marker, 
¿Plum eye. 
= Table 2 illustrates the results obtained when larvae are 
.. cultured in a medium containing either 5 per cent un- 
-irradiated DNA, or 5 per cent irradiated DNA. Survival 
.~ was high on each treatment medium, and the develop- 
> mental rates were essentially the same as the control (no 
DNA). Both DNA experiments show an increase in the 
frequency of sex-linked recessive lethal mutation compared 
with the control (the spontaneous mutation rate of the 
Oregon-K stock is usually in the range 0-1-0-3 per cent 
 -sex-linked recessive lethal mutations). Although DNA 
appears to be significantly mutagenic under these condi- 
tions, there is no significant difference between the irradi- 
. ated and unirradiated DNA treatments. 
o> Table 3 illustrates the autosomal recessive lethal muta- 
tion rates obtained from further experiments, where larvae 
= were cultured on media containing either 5 per cent un- 
< Irradiated DNA or 5 per cent irradiated DNA. A control 
« {no DNA) is essential when scoring autosomal recessive 
_.. lethals, since pre-existing lethals may be present in either 
= sex, and care has to be taken not to score them as lethals 
. ~ induced by the treatment. Also, since larval treatments 
affect early stages of germ cell development (primary 
spermatocytes, and spermatogonia), tests of allelism 
_. between lethals arising from the same male are necessary 
* because of the clonal bunching of mutations from these 
— germ cell stages. 


pep iste si veh 


- Table 1. COMPOSITION OF THE CHEMICALLY DEFINED Drosophila 
MEDIUM 
Compound sata 
8 
Casein (‘Genatosan- low vitamin’) 5-00 
Fructose 0-75 
ae trite 0-03 
Lecithi 0-4 
Agar C Oxoid No. 3’) 3-00 
vaHCo, ld 
NaPO, 389 
Ancurine 8002 
Riboflavine 0-010 
Nicotinic acid. 0-612 
Calcium pantotenat 0-0016 
Pyridoxin re 





IN A CHEMICALLY DESINED AND ASEPTIO Maori 





Control Unirradiated Irradiated 
aa {no DNA) DNA DNA 
Duration of treatment Entire Entire Entire 

oe larval life larval life larval life 
‘Survivors (per cent) 98 94 83 
, No. males examined 46 47 48 
n os letely sterile Fi. 
< bures 2 cent) 2 8 4 
xal 440 403 480 
0 3 3 
Oo OF 0-6 
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Table 2. AUTOSOMAL RECESSIVE. ‘LETHAL Frequencres CP, COMP! 
LETHAELS AND F, Leruat-tosaics) IN Drosophila MALES AFTER LA 
FEEDING TREATMENTS WITS EITHER UNIRRADIATED. DNA (5 PERC 
OR WITH TRRADIATED DNA {5 PER CENT), IN A CHEMICALLY DEFINED, 4 

ASEPTIC MEDIUM 


Control ` < Unirradiated Irradiated 

(no DNA) DNA DNA 
Duration of treatment Entire Entire Entire 

larval life larval life larval lif 
Survivors (per cent) 97 90 Bo: 
No. males examined -~ £6 5l 
Completely sterile Fi 

cultares (per cent) A 15 
No, chromosomes examined 560 376 
No, lethal chromosomes 4 
ô- 30 1-10 


Lethal frequency ( per cent) 
(F, complete lethals) E 
No. non-lethal Fa 47 42 
cultures examined arising from arising from ing 
47 males 42 males 430 
Average No. of females . E 
examined per culture 18 16 
No, non-lethal F cultures 
yielding at least one 
lethal in the F, 2 6 
Cultares showing mosaicisire: Eg . 


(per cent) CF, lethal- tee 
mosaics) 4°2 r43 "Į. 
Total Ne. F, females oe: 
examined 490 432 ane 
No. lethal-bearing F; r T 
females 2 6 ae aoe 
Lethals in F (per cent) Q4] 1-39 122 
Total lethal dency E 
{per cent), "a , complete a 
lethals + Fi lethal-mosaics: 4°56 15-40 13°50: 


Both DNA experiments show a significant ineréase in’ 
F, complete lethals (detected in the F, generation) 
compared with the comtrol, but again there is no significant 
difference between the mutation rates in the unirradiated 
and the irradiated DNA experiments. Several bunches of 


identical (allelic) lethals were detected in the progeny ofo ae 


individual males in both DNA experiments, and each : 
buneh was scored as a single lethal. 3 

The standard autosomal recessive lethal test in these 
experiments has bees extended to an F, generation. by 
sampling one non-lechal F, culture arising from each 
P, male. This proceedure detects those lethals which 
are not completely established throughout the gonad of 
the F, male or female (and detected as F, complete 
lethals), but are lethal mutations which occur after a 
delay, and are establsshed in only a fraction of the gonad 
of the F, male or femele (F, lethal-mosaics). The genetical © 
basis of sex-linked rezessive lethal-mosaicism is explained 
in ref. 8; it should be noted, however, that although 
F, sex-linked recessive lethal-mosaicism is detected im 
the F, generation’, F, autosomal recessive lethal-mosaic- 
ism. is detected in the F, generation. Both the irradiated 
and unirradiated DNA experiments show a significant 
increase in F, autosomal recessive lethal-mosaicism. 
compared with the ecntrol. | 


Although the overall autosomal recessive lethal fre- E s 


quencies (F, complete lethals + F, lethal- mosaics) | for io 


both the unirradiated anc ir radiated DNA experiments : 


show a significant increase in mutation compared with the 
control, the mutaticn rates of the unirradiated DI 
and the irradiated DNA experiments are not significan: r 
different from one another. n 


Unirradiated DNA. The results reported here with a 


unirradiated DNA allow interesting comparisons to be 
made with the observations of other workers. Thus, 
Gershenson® has claamed that when Drosophila larvae 
are reared on a medium containing calf-thymus DNA 
(10 per cent, and lates 13 per cent), various types of herit- 
able visible mutatiors are produced, but ne sex-linked 
recessive lethal mutations. Other workers!*! were also 
unable to detect an increase in sex-linked recessive lethals: 
after feeding calf-tkymus DNA to Drosophila larvae, 
although some phenetypic abnormalities were observed. 


Renewed interest in the mutagenic effect of DNA ono _ 


Drosophila larvae arose when it was later claimed!?” 
that, although DNA does not produce sex-linked recessive 
mutations, various visible mutations are produced, and 
these are found to be located on the second chromosome. 
This observation suggested that DNA, administered by 














larval feeding, might have a preferential effect on the 


second chromosome. This assumption received further 
general support from experiments in which DNA was 
injected into adult Drosophila males™4*, where it was 
found to produce autosomal Minutes, but no sex-linked 
recessive lethal mutations. 

On the basis of these observations, Mathew! has studied 
the effect of DNA on Drosophila larvae reared on a yeast— 
sugar medium supplemented with 10 per cent (and later 
with 13 per cent) calf-thymus DNA. In keeping with the 
findings of previous workers, he found that the sex-chromo- 
some was refractory to the treatment. However, he did 
observe a pronounced mutagenic effect on the second 
chromosome, both in the induction of F, complete 
recessive lethals and in F, recessive lethal-mosaics*. 

The experiments reported here (Tables 2 and 3) support 
Mathew’s observations that calf-thymus DNA is muta- 
genic towards the second chromosome of Drosophila 
larvae, in the production of both complete and delayed 
‘recessive lethal mutations. However, our experiments 
show that the sex-chromosome is not refractory to the 
mutagenic activity of calf-thymus DNA; indeed, it appears 
to be equally as sensitive as the second chromosome. 
(Since the second chromosome has approximately twice 
the genetic material as the sex-chromosome, the spontane- 
ous and induced mutation rates on the second chromo- 
some are expected to show about twice the rate of the 
sex-chromosome.) 

To explain the variance of our DNA-induced sex-linked 
recessive lethal mutation rates with those of other workers, 
we might suggest that our more refined culturing tech- 
nique allows the detection of the slight mutagenic effect 
which is produced on the sex-chromosome. 

Irradiated DNA. Tables 2 and 3 show that the irradia- 
tion of calf-thymus DNA, prior to its addition to the 
larval treatment medium, does not produce a significant 
increase In mutation over that of the unirradiated DNA. 
These experiments thus lend no support to Parkash’s 
observations‘:® that irradiated DNA produces a significant 
increase in mutation when fed to Drosophila melanogaster 
larvae. 

We thank Prof. J. M. Thoday for supplying the labora- 
tory facilities, and the Pakistan Atomic Energy Com- 
mission (A. H. K.), the British Council (A. H. K.) and the 
British Empire Cancer Campaign for Research (T. A.) 
for financial support. 
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Lack of Mutagenic Effect of Irradiated 
Drosophila Medium 
THE possibility that irradiated food may be mutagenic 
gains great importance from the widespread use of radia- 
tion for the preservation of food. Stone eż al. have found 
increased mutation frequencies in Staphylococcus aureus 
which had been cultured in ultra-violet-treated medium. 
















More recently, there have been Yeports?-* on cytological 
abnormalities in plant roots that had been kept in X-rayed | 


culture fluid. Recent experiments on Drosophila! haves- 


indicated that the incidence of sex-linked recessive lethals 
and visible mutations may be enhanced by feeding the 
larvae on irradiated medium. In view of the practical 
importance of this possibility, a large-scale experiment. 
was carried out to test the genetic effects of irradiated 
food on Drosophila melanogaster. 

Bottles with basic medium containing water, glucose, 
agar, yeast and propionic acid in the proportion of 
100: 10:3: 10: 0-4 in g were irradiated from a cobalt-60 
souree at the Atomic Energy Establishment, Trombay, 
Bombay. Two doses of 150,000 and 300,000 rads were 
given at a dose rate of 25,000 rads/min. Control bottles 
were made up in the same way. ‘Treated and control 
bottles were stocked with 10 young males and 20 virgin. 
females of the wild-type Oregon-K strain. When sufficient 
eggs had been laid, the parents were discarded. The 
emerging rnales, which had undergone their development 
on irradiated medium, were divided into two groups. 
In one group, the males were mated with virgin females of 
genotype y sc% In 49 sc*; bw; st and the progeny was 
scored for recessive sex-linked lethals and translocations. 
In the second group, the males were mated with virgin 
females of an attached-X strain and the progeny was 
scored for sex-linked visible mutations and large deletions. 
In both groups, the test was extended over four broods 
of three days each. Table 1 summarizes the results. 


Table 1 
Dose Sex-linked Trans- Sex-linked Large 
(rads) lethals locations visibles deletions 
0 8/2971 = 03% 0/3560 — woe 
150,600 10/8582 = 0-25%, 0/4031 0/49,056 0/46,871 
300,000 8/3766 = 0-21%, 0/4160 0/45,300 0/48,014 


Clearly, irradiated medium in these experiments had not 
produced any genetical effects. It is difficult to account 
for the difference between our results and those obtained 
by Swaminathan®. The strain of males used, the composi- 
tion of the medium and the radiation dose in our first 
experiment were the same as in Swaminathan’s experi- 
ments; in the second experiment, we used an even higher 
dose of radiation. As regards sex-linked lethals, the diff- 
erence between our results and those of Swaminathan is 
only on the borderline of significance for the treated series 
(y? about 4 for LDF); the main difference lies in the con- 
trol rate, which in Swaminathan’s experiments was 
unusually low for the Oregon-K strain. Much more 
striking is the complete absence of visibles in our experi- 
ment as compared with the high frequency of visibles 
reported by Swaminathan. However, most of Swamina- 
than’s visibles were not tested genetically and may have 
been phenotypic changes: moreover, it is not clear whether 
the visible changes in the F, of the sex-linked lethal tests 
occurred in the proportions expected if they had been 
due to the presence of chromosomes from the irradiated 
P, males. Without further tests, the claim that irradiated 
medium produces genetic changes of any kind in Droso- 
phila does not seem justified. O. S. REDDI 
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Sexual Dimorphism in Tilapia 


OBSERVATIONS have shown that the growth rate of 


males in the Tilapia genus is faster than that of the 
females. 

Tilapia aurea (formerly known as Tilapia nilotica L.) 
and Tilapia galilaea usually reproduce during the second 
year of life. Cultivation of Tilapia aurea in its second year 
of life and Cyprinus carpio produced low yields of har- 
vestable Tilapia, due to the spawning of Tilapia. 

Mono-sex culture of male Tilapia aurea was successful 
and yielded large fish. Yashouv and Hefetz' showed that 
sex can be differentiated by differences of the openings in 
the genital papilla. The males have two openings and the 
females three. Pruginin and Shell? sexed Tilapia aurea 
with a mechanical grader. 








Fig. 1. The anal fin in Tilapia aurea, Upper, male; lower, female 
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Fig. 2, The anal and dorsal fins in Tilapia galilaea, Upper, male; 


lower, female 
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While working with Tilapia aurea and Tilapia galilaea 
it was noticed that sexing can be accomplished either 
according to the genital papilla, or according to the shape 
of the dorsal and ana. fin (Figs. 1, 2). 

In males above 60 ¢ the dorsal and anal fins are pointed, 
while in the females the dorsal and anal fins are rounded 
and more expanded. In bigger fish these differences are 
more distinct. These secondary sexual characteristics may 
be helpful in sexing Filapia aurea and Tilapia galilaea. 


J. CHERVINSKI 
Fish Culture Researck Station, 
Dor, Israel. 


*Yashouv, A., and Hefetz, à., Bamidgeh, 11, 36 (1959). 
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Presumed Sensery Cells in Fish Epidermis 


METHYLENE blue, injected subcutaneously, will stain 
particular elongated cells, spindle-shaped or flask- 
shaped, in the epidermis of various teleost fish. Such 
cells were found by Whitear' in the minnow (Phoxinus 
laevis), and afterwards in several other species, both fresh- 
water and marine; that paper should be consulted for 
references to the scanty earlier literature on the subject. 
It was suggested that these cells are receptors for the 
common chemical semse, but as it seems preferable to 
describe them by a serm not indicative of a supposed 
function, they will be called ‘spindle cells’ here. For 
technical reasons, the exact relationship of the spindle 
cells to the surface of the skin, and to nerve fibres, could 
not be ascertained by means of the light microscope. 

ipidermal spindle cells have now been identified in 
sections of minnow skia, examined by electron microscopy. 
Skin from the operculum of Phoxinus laevis was fixed in 
buffered osmium tetrexide, stained in bulk with aleoholic 
phosphotungstic acid, and embedded in ‘Araldite’. 

Examination of electronmicrographs has confirmed that 
the spindle cells do censtitute a distinct cell type, which 
cannot be confused with general epithelial cells, mucous 
(goblet) cells, or with other secretory cells present in the 
epidermis. They have been found in sections of skin taken 
from both inner and outer surfaces of the operculum; 
methylene blue stainmg showed them to be present on 
the chest and gular region. Their distribution is not 
entirely even, as they tend to occur in groups of three or 
four, although the spindle cells are not usually contiguous. 
The adjacent epithelial cells are unmodified, which is one 
of the characters distinguishing a group of spindle cells 
from a taste-bud. 

Fig. 1 shows the appearance of a spindle cell in 
Phoxinus, as seen in electronmicrographs, The nucleus 
usually lies at the lewel of the second or third layer of 
epidermal cells from the outside, and a neck-like process 
extends to the surface. Sometimes a pointed process 
extends inwards also. Usually the outer end of the distal 
process is slightly bulbous, and it is invariably outlined by 
a zonula oecludens? 0-4—0-75u deep. A single microvillus, 
with no definite internal structure, projects from the 
spindle cell beyond ths level of the skin surface, but it is 
not clear whether it is always present. Nor is it certain 
what relationship the microvillus has to the thin cuticle 
which covers the surface of the skin, but which is easily 
detached during preparation. 

The spindle cells can be recognized in ultra-thin sections, 
even if the distal proeess is not included, by the numer- 
ous rounded bodies, 0-075—-0-lu in diameter, which 
pack the cytoplasm. In phosphotungstic acid stained 
material, most of these bodies are electron-dense, but some 
are paler and have she appearance of vesicles. They 
resemble the inclusioas described by Trujillo-Cenéz* in 
the sensory cells of fisn taste-buds, and their distribution 
within the cell is also similar. They are most abundant 
immediately distal to she nucleus, least so proximal to it. 
Similar bodies do oceur in ordinary epithelial cells of the 





Fig. 1. 
of a spindle cell in the epidermis on the outer side of the operculum of 
Phoxinus laevis. The cuticle is missing from the surface of the skin 


Drawing traced from electronmicrographs of three serial sections 


minnow, but not in such numbers as in the spindle cells. 
The spindle cells often contain a few large electron-dense 
inclusions, up to 0-5, in diameter, which, again, may also 
be found in epithelial cells. Otherwise the cytoplasmic 
structure of the spindle cells is quite normal. There are a 
number of elongated mitochondria in the neck region, an 
endoplasmic reticulum with channels and vesicular pro- 
files, and often some multivesicular bodies. A Golgi 
complex and a centrosome, not shown in the figure, lie 
distal to the nucleus. Desmosomes occur between the 
spindle cell and the adjacent epithelial cells, but they are 
smaller and scarcer than elsewhere in the epidermis. 

In several series of sections, profiles which appear to be 
of a nerve fibre have been found associated with a spindle 
cell. One such is shown in Fig. 1, n. Here the fibre is 
indented into the base of the spindle cell. In some cases 
the apparent nerve fibre lay against the side of the spindle 
cell or was partially wrapped around the base of its neck. 
No special synaptic structures have been made out as yet. 
In some series the nerve fibre appeared to end on, or 
invaginate into, the spindle cell. In one case a fibre 
appeared to pass on from one spindle cell to a neigh- 
bouring one. It must be admitted that it is not certain 
that these profiles are of nerve fibres, for epidermal nerve 
fibres lack many of the structures by which nerves are 
normally identified, such as sheath cells or prominent 
neurofilaments. There is a possibility of confusing the 
profile of a nerve fibre with that of a process from one of 
the amoeboid cells which are present in the epidermis. 

The appearance of some of the spindle cells suggests that 
they, like the general epithelial cells and the goblet cells, 
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are deciduous. If they are shed, they are presumably 
replaced, but how is not clear. 


It can now be considered established that the spindle ~~e 


cells do exist in minnow skin. While the function of a cell 
type cannot be ascertained absolutely from histological 
studies, the evidence from electron microscopy tends to 
reinforce, rather than otherwise, the hypothesis that the 
spindle cells are epithelial sensory cells, and probably 
chemosensory, for in their fine structure, as well as their 
general appearance, they resemble the sensory cells of 
taste-buds. An electron microscope study of the skins of 
other fishes known to possess spindle cells is in progress. 


M WHITEAR 
Department of Zoology, ASS A 


University College, London. 

* Whitear, M., Quart. J. Micros. Sei., 93, 289 (1952). 

* Farquhar, M. G., and Palade, G. E., J. Cell. Biol., 17, 375 (1963). 
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Taxonomic Investigation of Several Brassica 
Species using Serology and the Separation of 
Proteins by Electrophoresis on Acrylamide 
Gels 


In recent years, attention has been drawn to the 
usefulness of biochemical data in studies of angiosperm 
taxonomy**. Some of these data refer to proteins, and two 
methods of investigation which have produced interesting 
results are the serological analysis of plant proteins? and 
the separation of proteins on acrylamide gels‘. 

So far as is known, these two methods have not been 
applied to the same plant material, and the present note is 
a preliminary account of the application of the methods to 
the seed proteins of Brassica nigra (L.) Koch, Brassica 
oleracea L. and Brassica campestris L. On morphological 
and cytological grounds, these plants are regarded as 
distinct species, and as a preliminary to an investigation 
of some disputed aspects of taxonomy within the genus, 
the two methods of protein analysis have been applied to 
this well-accepted system. 

In the serological section of the work (J. G. V. and A. W.), 
rabbit antisera to saline extracts of the seeds of the three 
species were prepared using a series of subcutaneous 
injections of the seed extract incorporating Freund’s 
adjuvant. Immvno-electrophoretic analyses of the three 
antisera indicated in all cases a large number of antigen- 
antibody systems as shown by precipitin arcs. Because of 
the large number of ares it was difficult, before absorption, 
to make an accurate comparison of the three species except 
in the case of a strong are formed to a portion of the 
globulin protein fraction of the seed (Fig. 1, x). Against 
the antisera of all three species, the protein forming this 
arc in an extract of B. nigra was found to migrate tcewards 
the negative pole, in contrast to the behaviour of similar 
proteins in B. campestris and B. oleracea. 
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Fig. 1. Immuno-electrophoretic analysis of extracts of: (a) B. nigra; 
(b) B. oleracea; (c) B. campestris against B. campestris antiserum 
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Fig. 2. Immunoe-electrophoretic analysis of B. campestris extract against 

its homologous antiserum. (a) Absorbed with B. oleracea extract, (b) ab- 

sorbed with B. nigra extract (B. campestris has more proteins different 
from B. nigra than it has from B. oleracea) 
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Fig. 3. Immuno-electrophoretic analysis of B. oleracea extract against 

its homologous antiserum. (c) Absorbed with B, campestris extract, (d) 

absorbed with B. nigra extract (B. oleracea has more proteins different 
from B. nigra than it has from B. campestria) 
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Fig. 4. Immuno-electrophoretic analysis of B. nigra extract against its 

homologous antiserum. (e) Absorbed with B. pry in extract, (f) ab- 

sorbed with B. oleracea extract (B. nigra has a number of proteins 
different from both B. campestris and B. oleracea) 

Absorption of the antisera provided a clearer taxonomic 
comparison (Figs. 2-4). On the basis of the number of 
antigen-antibody systems, B. campestris and B. oleracea 
would appear to be closer to each other than either is to 

3 B. nigra. This observation was confirmed using the 
Ouchterlony double diffusion technique. 

In the acrylamide section of the work (D. B. and 8. W.), 

* seeds were extracted with 5 per cent (w/v) potassium sul- 

phate and the extracts were subjected to electrophoresis 

- by the method of Ornstein and Davis* using the apparatus 

described by Laycock, Thurman and Boulter’. A taxono- 

mic assessment of the three species was based on the 

appearance and Rp values of the protein bands obtained 

from the seed extracts (Fig. 5), the results of which could 

be summarized as follows: (a) four protein bands common 

g to all three species; (b) three protein bands common to B. 

oleracea and B. campestris only; (c) two bands common to 

B. nigra and B. campestris only; (d) no bands common to 
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Fig. 5. Diagram of gels of electrophoresed Espa nmas of: (a) B. oleracea: 
(b) B. campestris; and (¢) B. nigra 


B. nigra and B. oleracea only; (e) one band found in B. 
campestris only; (f) six bands found in B. oleracea only ; and 
(g) five bands found n B. nigra only. 

Both serology and acrylamide-gel separation, based on 
seed proteins, support the classification of the plants into 
three taxa. The evidence of these techniques also suggests 
a closer relationship between B. campestris and B. oleracea 
than between either of these species and B. nigra. This 
supports the classification by Schulz? on morphological 
grounds of the three species into two sections—Brassico- 
typus (B. campestris and B. oleracea) and Melanosinapis 
(B. nigra). Acrylam-de-gel separation also provides evi- 
dence for B. nigra being closer to B. campestris than itis 
to B. oleracea. 

On the basis of the results obtained, it is felt that 
serology and acrylamsde-gel separation might prove useful 
in the investigatior of Brassica taxonomy. In this 
example, the acrylanade method had the greater resolving 
power and also has the added advantage that it is a quick 
and simple technique It is intended to publish the details 
of this investigation elsewhere. 

We are indebted to the Agricultural Research Council 
for its support of the serological section of the work, 
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Seasonal Changes in the Histological Structure 
of the Spinal Column of Sorex araneus (L.) 
MORPHOLOGICAL measurements! have shown that the 

spinal column of the shrew (Sorex) contracts during the 
winter and lengthens again in the spring. This lengthening 
is noticeably greater than the winter contraction. This 
study shows a relation between these changes and the 
histological structure of the spinal column. 

The material comprised 35 specimens of Sorex araneus 
(L.); 17 were young imdividuals of the same year’s brood, 
captured in July—Ocsober; 11 were wintering animals, 
captured in January—March, and 7 were wintered adults, 
6 of which were captured in May and one in September. 
Three vertebrae of the lumbar region of the spinal column 
of each individual were fixed in formol and then decalcified 
in nitric acid. The preparations were treated by the usual 
wax embedding metnod, cut into 10-4 sections, and 
stained with Lillie’s* allochrome method with aldehyde- 
fuchsin. 

Clear seasonal changes were found in the intervertebral 
disks and in the nucleus pulposus. In young shrews the 
latter was large and apparently contained much liquid 
(Fig. la), while in the wintering ones it was consider- 
ably flattened longisudinally (Fig. 1b), and in the 
wintered adults agair at least es large as in the young 
ones (Fig. lc). The annulus fibrosus, surrounding the 
nucleus pulposus, was without folds in the young speci- 
mens; in the winterirg ones, particularly those captured 
late in winter, it was clearly folded at the margins, appa- 
rently corresponding to the flattening of the nucleus 
pulposus. In wintered adults the annulus fibrosus was 
again unfolded. According to preliminary measurements 








Fig. 1. Lon 
pulposus o 


tudinal sections through intervertebral disks and nucleus 
(a) a young shrew; (ò) a wintering shrew; (c) a post- 
wintering adult 

the young and the wintering individuals do not show any 
significant differences in the thickness of the cartilaginous 
layer situated in the surface of the annulus fibrosus 
towards the bone pulp. On the contrary, all the wintered 
adults show vigorous growth in this layer, which therefore 
is considerably thicker than in the other groups investi- 
gated. 
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The growth of the cartilage begins in the hyaline 
cartilage bordering the annulus fibrosus (visible as a light 
layer in Fig. 1b). The substantia compacta at the surface 
of the hyaline cartilage seems to break and possibly also 
disappear to some degree when the cartilage grows. The 
new cartilage is rather loose and weakly PAS-positive, and 
the cells are hypertrophic. In the wintered shrew cap- 
tured in the following autumn the cartilage was already 
strongly PAS-positive, and numerous elastic fibres were 
found in it and in the annulus fibrosus. 

The results presented here show that the contraction of 
the spinal column of Sorex araneus during winter is 
apparently caused, at least in the main, by the flattening 
of the nucleus pulposus. As the latter again increases in 
size in the spring, this flattening in winter cannot be 
caused by ageing, which, however, also has been found to 
cause a volume decrease in the nucleus pulposus’. The 
vigorous and rapid lengthening of the spinal column in the 
spring is caused by the volume increase in the nucleus 
pulposus and by the considerable growth in the cartilage. 
This growth in the cartilage explains the fact that the 
spinal column of the wintered specimens is longer than 
of the specimens before wintering. 
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Effects of Starvation and Protein Depletion on 
Mercury Retention in Two Strains of Chickens 


Two strains of White Leghorn chickens designated as 
R and S have been developed from common parentage at 
this station’. When chickens of these two strains were 
injected intramuscularly with 3 mg mercury as phenyl- 
mercuric acetate (PMA) or mercuric chloride/kg/body-wt., 
2-4 times more mercury was retained by the livers and 
kidneys of the R strain chickens than was retained by the 
same organs from the S strain chickens*:*. Lillis et al.* 
reported a similar differential retention when chickens 
from these strains were injected with 9-1 mg copper as 
cupric acetate/kg/body-wt. 

Starvation and/or deprivation of water were selected as 
possible methods for altering the mercury retention pattern 
in the organs of these chickens. Feed, water or both were 
withheld from about forty chickens of the R and S strains 
from the time of injection of 3 mg mercury as PMA/kg/ 
body-wt. until decapitation of the chickens 96 h later. The 
control group received both commercial feed and water 
ad lib. The livers and kidneys of the killed chickens were 
analysed for mereury®’®. 

The effects of deprivation of feed and water on the liver 
and kidney mercury retention pattern may be seen in Fig. 
1. The point represents the mean value of the percentage 
retention of the injected dose by the livers or kidneys, and 
the bracket enclosing each point represents the 95 per cent 
confidence intervals. The values in the livers from the two 
strains of control chickens were widely separated, indicat- 
ing statistical significance, as were the values in the kidneys 
from the two strains. The chickens offered feed only 
maintained the significant difference in retention. How- 
ever, the values in the S liver and R liver overlapped when 
the chickens were offered water only or neither feed nor 
water. Thus starvation altered the differences by increas- 
ing retention in the S strain liver more than the R strain 
liver. 

Further diet investigations were predicated on the 
results of the starvation experiment and on the work of 
Surtshin’ and Surtshin and Yagi*. They had demonstrated 
a change in the renal distribution of mercury following 
mereuric chloride injections in rats when a sucrose and 
vitamin diet was substituted for commercial feed. 
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l Approximately 100-day-old R and sS strain chicks were 
~ given a commercial feed until 8 weeks of age. The chickens 
“* *to be depleted were fasted for 24 h and offered, ad lib., 
mulated sugar and drinking water containing 3-0 ml. of 
vitamin preparation, ‘ABDEC’ drops (Parke, Davis and 
.), per 800 ml. of water*. When the protein-depleted 
ickens had lost approximately 30 per cent of their body- 
ight, they were injected intramuscularly with mercuric 
thloride or PMA at the rate of 3-0 mg mereury/kg/body- 
owt. The control chickens continued on the commercial 
ration during the entire experiment and were injected with 
he mercurials at the same time as the experimental 
thickens. 
Some of the experimental chickens remained on the 
sugar and vitamin solution diet after injection (unfed 
thickens ((/2’)), while others were returned to the normal 
‘commercial ration (fed chickens (F)), At the end of the 
96 h all chickens were decapitated and their livers and 
‘kidneys excised and analysed. 

Fig. 2A graphically illustrates the relationship of the 
percentage of mercury retained in the liver and kidneys 
between the R strain and S strain control chickens, the R 
strain and S strain depleted chickens and the R strain and 
.  & strain depleted and repleted chickens after injection 
"with 3-0 mg mercury as PMA/kg/body-wt. The values in 
a the livers and in the kidneys from both lines of the contro! 
-- ehiekens were widely separated, designating statistical 
significance. However, in the protein-depleted group, the 
# liver and the S liver confidence intervals overlapped, as 
did the R kidney and S kidney confidence intervals. Thus, 
ccas shown. by lack of statistical significance between similar 
-organs from chickens of the two previously different strains, 
alteration in the retention of mercury by protein depletion 
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idg. 1. Effect of the lack of feed, water or both on the percentage of 
ercury in the livers: and kidneys "of two strains of chickens 96 h after 
injection with 3:0 mg mercury as phenylmercuric acetate per kg body- 
weight. Brackets Indicate 05 per cent confidence-levels, R and 5, 

Strains of chickens; L, liver; K, kidney; C, control chickens: F, feed only: 
: F, water only : and N, no feed or water 
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Fig. 2. The effect. of diet on the percentage retention of mercury in the 
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has occurred. Even the percentage retention values of 


the organs from the protein-depleted S chickens were 


significantly higher taan the retention values of similar — eee 


organs from the R zontrol chickens. The confidence 
limits of the depleted and afterwards repleted chickens 
again showed a statissical difference. Thus the refeeding 
with the commercial ration, even for a short time, counter- 
acted to a large degree the change in the retention patterns 
brought about by the protein-free diet. 

The graphic relationship of mercury retention in the 
organs of the R and S chickens, depleted and controls, 
after mercuric chlorids injection is illustrated in Fig. 2B. 


A significant difference may be noted in the mereury — . 
retention between the livers and between the kidneys of = 
the R and S control groups. The mercury retention inthe ` 
livers of the unfed R aad S chickens, the livers of the fed R 





and S chickens and the kidneys of the unfed R and S : 


chickens were altered by the protein-free diet, so that with- | : 3 z 
‘occurred. 


in each group the signiicant differences no longer 


Only in the case of the R and S kidney values from the _ Ne 


fed chickens did the significant difference remain. The - 
kidneys of the R and 8 fed group still continued to show ~ 
Thus, o 
alteration of the mercury retention patterns of these two 
strains of chickens, whether injected with PMA or mereurie = 


the significant difference in mereury retention. 


chloride, may be acecmplished by limiting their protein 
intake. 

The work was supported in part by the Public Health 
Service research graat HF-00177, from the Division 
of Environmental Engineering and Food Protection. 
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ANATOMY 


Ultrastructure of the Phrenic Nerve 


A COMPLETE ultrastructural analysis of the phrenic 
nerve at a particular level is of interest in view of recent 
light and electron microscope observations which suggest 
that there are extensions of subarachnoid space along the 
length of peripheral nerves!-*. The present observations 
were made during the course of quantitative investigations 
on fibres and vessels in she phrenic nerve and on the tissues 
ensheathing them. 

A portion of the left phrenic nerve 5 mm in length was 
removed from an acult male cat under ‘Nembutal’ 
anaesthesia. 
osmium tetroxide buffer, according to the method 


described by Richardson‘, dehydrated in acetone and- | | a 
Complete transverse sections = o 
were cut with a glass knife on an L.K.B. microtome and 


embedded in ‘Araldite’ 


mounted over a 750-4 aperture in a copper grid coated. 
with a carbon ‘Parlodian’ film. The section was stained 
with lead hydroxide after Karnowsky*® and examined in 
a Siemens ‘Elmiskop F electron microscope. The image 


of the entire cross-sect-on of the nerve was photographed | | 


The specimen was fixed in 2-5 per cent 
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Fig. 1. 
Seale = 100% 


and a montage constructed, the total magnification being 
4,500 (Fig. 1). 

At the level examined, 4 nerve fasciculi were present of 
which the two larger ones comprised 3 and 6 subfasciculi 
respectively. The sheaths surrounding the fasciculi and 
subfasciculi are referred to here as the perineurium. 
In all, 802 myelinated fibres, ranging from 4 to 20u in 
external diameter, and 2,094 unmyelinated fibres were 





, 
. 
Ane Sods mi Lyi 


Fig. 2. Transverse section of part of the perineurium showing alternate 
layers of fibroblasts and collagen fibres (e. x 42,000). Scale = 1u 
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Transverse section of phrenic nerve from a cat (original montage: e. x 4,500). 
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present with an apparently random distri- 
bution of the myelinated fibres throughout 
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aggregated in groups within the fasciculi; 
the groups in peripheral regions of the 
fasciculi contained more unmyelinated 
fibres (50-200) than those nearer the centre 
(5-20). Each group of unmyelinated 
fibres was associated with a small number 
of myelinated fibres ranging from 0-5 to 2u 
in external diameter. 

Surprisingly few blood or lymphatic 
vessels were seen throughout the section 
and they were all less than 10u in diameter. 
A total of 23 such vessels was found within 
the fascicul and a further 5 were situated 
in the extra-fascicular connective tissue 
immediately adjacent to the perineurium. 
Unlike the observations made by Shan- 
thaveerappa and his colleagues, no exten- 
sions of ‘perineural epithelium’ enveloping 
intrafascicular vessels were seen. 

Alternating layers of cells and inter- 
cellular ‘spaces’ containing numerous colla- 
gen fibres formed the basis of the peri- 
neural layers (Fig. 2). The cells were 
identified as fibroblasts because of their 
close proximity to collagen fibres, some of which lay in 
invaginations of the cell membrane—a relationship which 
has also been found in other situations (Porter and 
Pappas‘; Wessel’). 

The possibility that the cells of the perineurium, 
identified here as fibroblasts, correspond to those lining 
the subarachnoid space was investigated in cats. The 
results obtained indicate that the meningocytes of both 
the pia mater and arachnoid in the region of spinal nerve 
roots generally form a limiting membrane to the sub- 
arachnoid space and are only rarely separated from it by 
tissue containing collagen fibres. 

The present observations, therefore, do not support the 
view that there are extensions of the subarachnoid space 
along peripheral nerves. ANDREW S. WILSON 

Dovcras G. SILVA 

Department of Anatomy, 

Monash University, 
Melbourne, Australia. 
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Electron Microscopic Observations on the 
Carotid Body 


ELECTRON microscopic investigations of the carotid 
body'-* have provided some basic information con- 
cerning the cell types present and the characteristics of 
nerve fibres and blood vessels. Since the early work of 
De Castro’-*, the glomus cells have been widely assumed 
to be the chemoreceptor component of the carotid body. 
Lever, Lewis and Boyd’ found that nerve fibres con- 
taining a concentration of mitochondria and microvesicles 
terminated near glomus cells. Ross‘, on the other hand, 
found that the few terminal axons in apposition with 
glomus cells did not contain mitochondria or synaptic 
vesicles. In neither investigation was specialization of 
opposing cell membranes observed. In the examination of 
the carotid body recorded here, further characteristics 
of both the nerve endings on the glomus cells and vascular 
endothelium have been determined. 

Cats were anaesthetized with sodium pentobarbitone 
(30 mg/kg) intraperitoneally. The trachea was cannulated 


the section. The unmyelinated fibres were ** 


f; 


- 
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and the larynx and pharynx reflected. The carotid body 
was perfused. for min via the common carotid artery 

~ «With 5 per cent glutaraldehyde in Sorensen’s phosphate 
_ buffer at pH 7-3-7-4. The carotid body was then removed, 
cut into small blocks and fixed for 5 h in glutaraldehyde. 
Lhe tissue was washed in phosphate buffer for 45 min, 
post-fixed in osmium tetroxide for 16 h, dehydrated in 
ethanol and embedded in araldite. Ultra-thin sections 
were cut on an L.K.B. microtome, stained with lead and 
uranyl acetate and examined in a Siemens ‘Elmiskop T 

_ electron microscope. 

_ Nerve endings were frequently seen and occurred in 
intimate relationship with cells containing osmiophilic 
. granules. These cells have been variously referred to as 
- glomus cells by Lever, Lewis and Boyd’, ehemoreceptor 

ells by Rosst and Type 1 cells by De Kock*.*. The nerve 
> endings have been identified by their content of mito- 
« chondria and vesicles, the latter with a diameter of 
= approximately 500 A. At times two nerve endings 

abutted directly on an individual cell. The plasma 
# Membranes of the axon and the glomus cell were separated 
» by a distance of 85-170 A. Along opposing cell surfaces, 
specialized electron-dense zones (0-2-0 5u in length) were 
found, usually more than one at each axon~—glomus junc- 
tion. At these specialized sites, the plasma membranes 
were a further 50-100 A apart and the intervening cleft 
was of increased density, though the distinct lamination 

that occurs in desmosomes was not observed (Fig. 1). 
« Cytoplasmic densities, which sometimes appeared to be 

c fibrillary, oceurred in the ad joining cytoplasm and extended 
~ aap to 500 A into the glomus cell and axon. These electron- 
dense structures were observed only between the nerve 
endings and glomus cells, and in several electron micro- 
graphs vesicles within nerve endings were concentrated 
*. at these sites. No comparable concentration of osmio- 
o phile granules or other vesicles was seen in the glomus 
cell, Many nerve endings contained dense particles 
approximately 150 A in diameter. Mostly these occurred 
in clusters having an overall diameter of up to 500 A. 
= Though there was some intermingling with synaptic 





















ee 


Electron micrograph showing, above, a nerve 
‘tof a glomus cell. The nerve ending contains 

large electron-dense particles. Vesicles are 
function of the nerve ending with the glomus 
reased density are present. Membrane bound 
are seen in the glomus cell. (xe, 26,660) 
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vesicles, the particles were often segregated in areas of 
cytoplasm of diministed density and encircled by mito- 
chondria. These particles may be similar to the ‘solid’ 
particles described by Gray and Taxi", In addition, 
within the nerve endings, there was an occasional vesicle 
(up to 0-ly in diameter) with a central electron-dense core 
similar to those descrixed in other nerve endings ?¢11, 

Blood vessels were numerous and sinusoidal, and in 
cross-section were always lined by at least three endo- 
thelial cells. The walls of some vessels were thin and 
occasional pericytes were seen; others were composed of 
one or two layers of muscle fibres, but none contained 
elastic tissue. As well as the usual cytoplasmic con- 
stituents, two additional features were observed in the 
endothelial cells. Fenostrations (500-700 A in diameter) 
occurred in attenuated segments of endothelial cells in 
thin-walled blood vessels. These have not previously 
been observed in the carotid body. Secondly, dense-walled 
or coated vesicles and caveolae were found in the endo- 
thelium. These specielized micropinocytotic vesicles are 
believed to be concerned with protein uptake!?—*, Though 
they have been reported in frog endothelium, this appears 
to be the first time their presence has been recorded in 
mammalian endothelium. They were also seen in glomus 
and supporting (satell.te or Type 2) cells. 

The specialization at the axon-glomus cell junction 
described in this investigation bears a close resemblance 
to the synaptic contacts which are known to oeeur in the 
central nervous system and believed to be sites ef chemical 
transmission?® 113-17, The nerve endings in the carotid 
body could have a similar function. For many years it 
has been considered probable that chemical transmission 
is concerned in the generation of nerve impulses in the 
carotid body (see Heymans and Neil! and Anichkov and 
Belen’kii’® for reviews of this problem), and recently 
Eyzaguirre, Koyano and Taylor have presented evidence 
that an acetylcholine-like substance may be involved in 
this process. However, we have not seen vesieles of any 
sort accumulating on the glomus cell side of the dense 
areas of intercellular contact, and only occasionally on 
the axon side—a feature of synapses where chemical 
transmission is believel to occur. Furthermore, there is 
no evidence that the nerve endings described here are 
related to chemoreceptor afferent fibres in the sinus nerve. 

We thank Dr. E. H. Mercer for providing electron- 
microscope facilities and Miss N. Carroll and Miss J. 
Leightwood for their assistance. 

This work was supported by the National Heart 
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MICROBIOLOGY 


Timing of Protein Synthesis during Germination 
and Outgrowth of Spores of Bacillus cereus 
Strain T 


THE emergence of a vegetative cell from a dormant 
bacterial spore represents one of the most direct examples 
of intracellular differentiation. During this transition, 
progressive changes in the pattern of RNA synthesis’, 
classes of ribosomal particles*, metabolic activity™* and 
structures® are observed. Although the complete 
differentiation process is dependent on RNA and protein 
synthesis, not all the individual stages depend on new 
protein synthesis. It has been generally assumed that 
this transition involves two stages: (a) germination, which 
is characterized by degradative reactions and breaking 
of the dormant state, and (b) outgrowth, which is dependent 
on biosynthesis of new cellular components. The meta- 
bolic activity observed after the addition of germinating 
agents is probably due to a combination of two responses : 
activation or ‘unmasking’ of some dormant enzyme 
system and/or early biosynthesis. It is the purpose of 
the present report to determine whether these two stages 
are separated in time and to determine whether transcrip- 
tion and translation are ordered events during outgrowth. 

Examination of the nature of increases in an essential 
system for energy, such as glucose oxidation, provides a 
useful model for distinguishing between the phenomena 
of activation during germination and biosynthesis during 
outgrowth. To distinguish between the two processes, 
the effect of inhibitors of protein synthesis on outgrowth 
was examined. Spores of Bacillus cereus strain T were 
heat-activated at 65° C for 2 h, centrifuged, and washed, 
and germination was initiated as described in Table 1. 
After 10 min, the germinated spores were centrifuged, 
resuspended in tris-phosphate buffer and the effects of 
actinomycin D, chloramphenicol and puromycin on 
amino-acid incorporation and initial rates of glucose 
oxidation were examined (Table 1). Leucine incorporation 
during outgrowth was inhibited by more than 93 per cent 
by inhibitors of protein synthesis, whereas these agents 
had no effect on the activity of the glucose oxidizing 
system. 

If the protein synthesizing system during outgrowth 
is dependent on new mRNA synthesis, then one would 
expect that the half life of amino-acid incorporation in the 
presence of actinomycin D would be of the same order 
(a few minutes) as that observed in vegetative cells’. 
To test this possibility, heat-activated spores were 
germinated (see Table 1) in the presence of “C-L-leucine. 
At intervals, 20 ug/ml. of actinomycin D was added, and 
the incorporation of radioactivity into protein was 
followed. As shown in Fig. LA, addition of actinomycin D 
with the germinating agents completely blocks leucine 
incorporation, lending further support to the view that dor- 
mant spores are devoid of stable mRNA (ref. 8). Five 
minutes after the addition of germinating agents, protein 
synthesis is initiated. The rate of leucine incorporation 
rises ually for the next 30 min. When actinomycin D 
was added 10 or 19 min after the onset of germination, 
leucine incorporation continued in each case for 3 min 
and then ceased. The apparent half-life of protein 
synthesizing ability (1-5 min) is in agreement with the 
Table 1. EFFECT OF INHIBITORS OF PROTEIN SYNTHESIS ON AMINO-ACID 

INCORPORATION AND GLUCOSE OXIDATION BY GERMINATED SPORES 


Leucine incorporation 


Qe 
Incubation conditions pmoles/mg spores wl O,/me spores/h 


Control 0-39 28:2 
Actinomycin D (20 pg/ml. 0:020 27'3 
Chloramphenicol (40 ug/ml.) 0012 28:8 
Puromycin (40 »g/mil,) 0-028 25:7 


he a were germinated at 30° C in 0'04 M tris buffer, pH 8'3, containing 
107 M KH,PO,, 0:5 mg adenosine/ml., 2:5 mg Fag aye Sone and 0-5 per cent 


rate of glucose oxidation. 
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Fig. 1. A suspension of spores (1 mg/ml.) was heat-activated at 65° C 
for 2 h, centrifuged, washed and resuspended in the synthetic medium of 
Nakada''. Germination was initiated by the addition of 0:5 mg adeno- 
sine/ml., 2-5 mg L-alanine/ml. and 0-5 per cent glucose at 30° O. (A) 
2-4(0-L-leucine (1 c./ug/ml.) was added at time zero to each flask. Actino- 
mycin D (20 pg/ml.) was added at 0, 10 and 19 min as indicated. Incor- 
poration of radioactivity was followed in the hot TCA-insoluble fraction. 
(B) Respiratory activity was followed during germination by meas 

the rate of O, uptake in the presence or absence of 30 ug/ml. of actino- 
mycin D or 40 pg/ml. chloramphenicol. The glucose oxidation by 
dormant spores is included as a control. (C) Enzyme synthesis d 

germination. At intervals, aliquots were removed into pre-chilled buffer 
containing 100 ug/ml. chloramphenicol to stop further enzyme synthesis. 
The cells were washed, disrupted and assayed for alkaline phosphatase 
(P) or a-glucosidase (M) in the poenas of chloramphenicol as described 
elsewhere (ref. 8). In a control flask, a-glucosidase activity was followed 
in a culture germinated in the presence of 100 ug/ml. chloramphenicol. 
The units of enzyme activity for P and M are 0-05 moles and 0-1 «moles 

substrate hydrolysed/h respectively 


half-life of pulse labelled RNA (2 min) during outgrowth*’’. 
These and other data’? support the conclusion that 
during outgrowth protein synthesis is dependent on 
transcription. 

The increase in the respiratory activity during germina- 
tion and outgrowth is shown in Fig. 1B. This increase is 
biphasic. The first appearance of respiratory activity 
coincides with the initial decrease in optical density 
accompanying germination (Fig. 1C) and reaches a plateau 
at the time (10 min) when germination is complete. 
Five minutes later, a second rise in respiratory activity 
occurs which continues for 11 min and leads to a 50 per 
cent increase in the rate of glucose oxidation. Chlor- 
amphenicol (CM) and actinomycin D inhibit the second 
rise but have no effect on the initial rise in respiratory 
activity. Therefore, germination leads to an activation 
of respiratory enzymes, and this is followed duri 
outgrowth by the synthesis of components of this system. 

Comparison of Figs. 1A and 1B suggests that following 
germination the entire genome may not be available for 
transcription. Synthesis of components of the respiratory 
system is initiated 10 min after the onset of protein 
synthesis and lasts for only a brief period. Furthermore, 
ordered transcription during outgrowth is evidenced by 
following two enzymes synthesized during outgrowth 
(Fig. 1C). Both «-glucosidase and alkaline phosphatase 


l, 


t 


- no,sotr November 13, 1965 
are synthesized in steps, and each step oecupies only a 
small fraction of the time required for the first signs of 

+-~cell division (220 min). Analysis of acrylamide-gel 

_ electrophoretic patterns of cell extracts at various times 
during outgrowth showed that different classes of proteins 
were synthesized at each time interval*®. Similarly, 

x sequential synthesis of three enzymes during synchronous 

~ division of vegetative cells following outgrowth has been 
observed’. 

Two conclusions are apparent from these observations. 
First, the conversion of a dormant spore to a vegetative 
cell involves two distinct stages, germination and out- 

+ growth. Germination does not involve protein synthesis 
but leads to an activation of enzymes in the spore, whereas 
outgrowth is ordered. During this period mRNA has a 
half-life of a few minutes. Therefore, the sequential 
synthesis of proteins must reflect differences in the time 

+ of transcription of corresponding portions of the genome. 

~ _ This investigation was supported by research grants 
from the National Institutes of Health (5771-GM-686, 

J AI-01459 and GM-12332). 
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E. WEINBERG 


VIROLOGY 


Nucleic Acid of Infectious Laryngotracheitis 
Virus 


THERE is now considerable evidence that halogenated 

- derivatives of the nucleoside 2’-deoxyuridine inhibit the 

_ growth of viruses that have DNA as their nucleic acid 
constituent but not of those containing RNA‘. Inhibition 
occurs at a stage of nucleotide assembly and the thymidine 
analogue 5-iodo-2’-deoxyuridine ([UdR) has been shown 
to be incorporated into the DNA of vaccinia virus*. For 
cells infected with herpes simplex, this inhibition is partly 
reversible when thymidine is added together with the 
drug*. 

_ _ Close similarities in the structure and development of 
the virus particles of infectious laryngotracheitis (ILT) 
and those of the herpes group of viruses were noted in a 

+ previous report’. A more recent study* has demonstrated 
marked similarities in the ether sensitivity and fine struc- 
ture of these particles and in the type of cytopathic effect 

«produced when they are propagated in cultured chicken 
embryo kidney (CEK) cells. While these observations 
suggest a close resemblance between members of the 
herpes virus group and ILT virus, they are not sufficient 
to allow chemical similarities to be presumed. In an effort, 
therefore, to obtain information as to the type of nucleic 
acid which is present in ILT virus, experiments were 
performed to determine the effects of IUdR on the 
growth of ILT and herpes simplex virus (HS) in CEK 
monolayer cultures, 
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Fig. 1. Plaques produced m CEK monolayers by (e) ILT and (6) HS 


A plaque system previously described for ILT? was used 
for the assay of both viruses. Modifications to this method 
included the use of a growth medium described elsewhere* 
for chicken fibroblasts and 6-cm plastic Petri dishes 
specially coated for us in cell culture (Falcon Plastics, 
Baltimore Biological Coy., Md., U.S.A.). The cultures 
were stained with neutral red diluted 1:10,000 in phosphate 
buffered saline (PBS), 5 days after inoculation with ILT, 
and 7 days after inoeulation with HS. Plaques were 
counted the day after tne addition of stain. The morpho- 
logy of plaques produced by both viruses was similar, but 
those due to ILT appeared sooner. Plaques produced by 
both types of virus are showr in Fig. 1. 

In the growth experiments the HF EM strain of HS was 
used and was obtainec as yolk-sac propagated material 
from Mr. I. Jack of the Royal Children’s Hospital, 
Melbourne. It was passaged twice through CEK and gave 
a titre of 1-57 x 10? plaque-forming units (P.F.U.) per ml. 
A lyophilized preparatien of the Queensland strain of ILT 
was used, an egg-propagated strain of moderate virulence 
with a plaque titre of approximately 10° p.r.v. per ml. 

Cell monolayers, washed with PBS, were inoculated 
with 1-0-ml. amounts o each virus and allowed to adsorb 
for | h at 37° C, in a humidified incubator gassed with 5 per 
cent CO,. Unadsorbed virus was then removed by rinsing 
3 times with PBS. Five ml. of a maintenance medium, 
which differed from the growth medium in that it contained 
only 2 per cent calf serum, was added. Concentrations of 
IUdR of 0, 10, 100, or 1,000 y/ml. were included in the 
medium, the latter conzentration being the threshold of 
toxicity for established monolayers of other cells’. All 
cultures were then retumed to the incubator. 

Whole cultures containing each drug-level were collected 
24, 48 or 72 h after infecsion. Cells were removed from the 
culture dish with a rubber ‘policeman’ and, after pipetting 
several times, the cell clamps were treated for 1 min by a 
Mullard ultrasonic generator—a procedure found to break 
up cells effectively and te release more virus than could be 
obtained by freezing anc thawing. Cultures containing no 
drug were treated in a «imilar fashion immediately after 
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Fig, 2. The growth curves of ILT and HS in CEK monolayers in the 
presence of varymng concentrations of IVAR 














frozen: and stored an growl ses bor yale, Ai decepla ail assays 
l be carried out. 
sults of one experiment are shown in Fig. 2. This 


vay tndinates that considerable inhibition of both viruses 


occurred at all coneentrations of the analogue studied. 
The recovery of HS at higher drug concentrations after 
treatment for 24 h may have been due to the survival of 

TUdR resistant mutants? of HS and their subsequent 
replication in later cycles of growth. 

The inhibition of both viruses by IUdR, when grown 
under identical conditions, indicates that the nucleic acid 
of ILT is DNA, and provides further evidence for the 
inclusion of this virus within the herpes virus group. 

Note added in proof. Since this letter was submitted for 
publication, evidence has come to hand that some halo- 

-genated derivatives of 2’-deoxyuridine, notably 5-bromo- 

< 2¢-deoxyuridine, inhibit the multiplication of certain RNA 
~. viruses which require the participation of DNA at an 

“early stage of multiplication (Bader, Virology, 22, 462; 
1964; Thormar, ibid., 26, 36; 1965). However, in con- 
junction with other reports of similarities between ILT 
and HS, a virus known to contain DNA, the parallel 
inhibition of both viruses by JUdR must be regarded as 
further evidence that the nucleic acid of ILT is DNA. 

G. A. Tannock 
Viral Products Laboratory, 
National Biological Standards Laboratory, 
Parkville N.2, Victoria, Australia. 

i Salzman, N. P., Virology, 10, 150 (1960). 
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* Fitzgerald, J. B., and Hanson, L. E., Amer. J. Vet. Res., 24, 103, 1297 (1963). 

* Howes, D. W., Tannock, G. A., and Sinkovie, B., Proc, Twelfth Werid's 
Poultry Congress, Sydney, Sect. Papers, 344 (1962). 

* Rabin, H., Pirelogy, 10, 29 (1960). 

t+ Bathala, D. A., Proe. Soc. Exp. Biol, and Med., 115, 69 (1964). 


SOIL SCIENCE 


Measurement of Exchangeable Aluminium 
in Acid Soils 
Many acid soils are known to contain exchangeable 
aluminium, but no satisfactory quantitative method for its 
determination has hitherto been available. This has 


ce proved to be a handicap in investigations of the degree of 
oo saturation with metal cations, suspected toxicity of 


adsorbed aluminium to crop plants as well as other soil 
properties influenced by exchangeable aluminium. 
Neutral solutions of various salts will displace a definite 
amount of aluminium under standard experimental condi- 
tions. The quantity of aluminium released in this way 
may exceed the cation exchange capacity of the soil, so 


3 a -that some way must be found for distinguishing between 
~~ the exchangeable and non-exchangeable components 


. present in the extract. A technique for estimating this 
` latter function is proposed here. 
< Exchangeable aluminium is displaced with difficulty 


“by other cations, but it can be effectively removed by a 
oe -long series of successive extractions. 
that the amount of non-exchangeable aluminium dissolved 
~> o. during each extraction in the series is constant, then the 


If it is assumed 


sum of the contributions from this source can be subtracted 
from the total extractable aluminium to give an estimate 
of exchangeable aluminium. For this approach to be 
successful, experimental conditions with respect to soil- 
to-solation ratio, temperature and period of contact. 
must be kept constant during extraction. 
_.. In accordance with a Nernst type distribution, it may 
be expected that with each successive extraction, a 


pay SIY decreasing amount of exchangeable aluminium 





Aluminium removed (m.equiv. per cent) = A - 





en. 





A a 
No. of extractions 


Fig. 1. Characteristic curve for the progressive extraction of aluminium 
from acid soi 





will be released together with a constant quantity of non- s 
exchangeable aluminium. The Nernst curve should thus © 
become linear if continued beyond the point at which all 
exchangeable aluminium has been removed. 

In Fig. 1, the curve AB represents the progressive  , 
removal of both forms of aluminium and the linear part 
BC that of non-exchangeable aluminium only. The 7 
amount of the latter removed per extraction will determine 
the slope of BC which will also depend largely on the 
solubility of the solid phase aluminium compounds. 
When BC is extrapolated, AD will represent exchangeable 
and DE non-exchangeable aluminium. 

The experimental procedure is as follows. Place 5g 
air-dry soil in a tared 100-ml. centrifuge tube and add 50 | 
ml. extracting solution adjusted to the field pH of the ~ 
soil; shake for exactly 2 min in a reciprocating shaker. 
Centrifuge and decant the clear supernatant into a suitable 
container. Re-weigh the tube so as to obtain the weight 
of the occluded solution; add a further 50 ml. of extract- 
ant, shake, centrifuge and decant. This procedure is « 
repeated 24 times, decanting into a separate container... 
each time. Determine the aluminium present in each 
extract and plot the cumulative data as shown in Fig. 1. 

Exchangeable aluminium measured by this technique 
appears to be a characteristic of the particular soil and is 
reasonably constant isi ie of the nature of the 
extractant as shown in Table 1 A 


Table 1. EXCHANGEABLE AND NON-EXCHANGEABLE ALUMINIUM EXTRACTED 
BY DIFFERENT SALT SOLUTIONS 
Aluminium removed (m.equiv. per cent} a 
Solution Total Non-exchangeable Exchangeable ee 
aluminium aluminium * aluminium Ei 
02 N KCl DT 0-075 39 
02 N NELCI 6-6 0-079 40 
0-2 N CaCl, 54d 0-074 36 
0-2 N NH,NO, 8-4} 0-087 3-8 
N Nai 61 0-090 3-8 


* Per extraction. . 
Aluminium was determined by the method of Frink and Peech’. 









The sample used was from the A, horizon of a highly 
weathered acid ferrallitic soil with a pH value of 4-5 in 
water and 3'8 in N potassium chloride. It has a cation 
exchange capacity of 6-0 m.equiv. per cent with a base 
saturation of 20 per cent (excluding aluminium). The five 
extracting solutions were all adjusted to pH 4-0, which was ~ 
regarded as the field pH value of the soil. Twenty-four 
separate aluminium determinations are required for each 
estimate of exchangeable aluminium, so that differencese- 
between the five extractants could be due to experimental 
error. Exchangeable hydrogen probably accounts for the 
difference between cation exchange capacity and to + 
bases including exchangeable ahuminnun. 
J. B. SkEEN.. 
M. E. Sumy} 





Department of Soil Science, 
University of Natal, Pietermaritzburg. 
:! Frink, ©. E., and Peech, M., Soit Nei., 98, 817 (1962). 
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November 13, 1965 
FORTHCOMING EVENTS 


w. (Meetings marked with an asterisk are open to the public) 


No. 5011 


Monday, November I5 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, vo) at 10 80 am. and 2.80 p.m.—Colloquium on 
- "Phase Measurement Throughout the Spectrum”. 


SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, 8.W.1), at 5.80 p.m.—Dr. D. EB. Stevenson: “The Assess- 
ment of Possible Health Hazards Associated with the Use of Pesticides”. 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.30 p.m.—Prof 
J. Ralph Audy (U.S.A.): “Red Mites and Typhus. YV. Old and New Hor- 
izons”. 


INSTITUTION OF MECHANICAL ENGINEERS, MANUFACTURE AND MANAGE- 
MENT GROUP (at 1 Birdcage Walk, Westminster, London, 8.W.1), at 6 p.m.— 
Discussion on “The Engineer and the Law”. 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, W.C.2), 
at 6 p.m.—Prof. Colin Cherry: “The Nature of Human Communication”. 


(Firat of three Cantor Lectures on “World Communication’”.) 


- ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (at the College of 
Further Education, Hatfield Road, St. Albans), at 7.80 p.m.—Dr. J. S. 
Gourlay and Dr. C. K. Warren. “The Chemist’s Contribution to the Building 
Industry of the Future”. 


Tuesday, November 16 


UNIVERSITY OF LONDON (at Imperial College of Science and Technology, 
London, 8.W.7), at 1 30 p.m —Mr, E. F. Schumacher: “A Map of Knowledge: 
Seeing Where Everything Belongs”. * 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
London. 8.W.1), at 5.30 p.m.—Mr. P. A. Scott: “Port of Tema”. 


PARLIAMENTARY AND SOIENTIFIO COMMITTEE, GENERAL COMMITTEE (in 
Committee Room 12, House of Commons, Westminster, London, S.W.1), at 
5.30 p m.— Discussion on “Scientific Aspects of Food Additives’’, opened by 
Prof. R. A. Morton, F.R.S.. Prof. A. O. Frazer, C.B.E., and Dr. L. Golberg. 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.30 pm.— 
Dr F. J. C. Roe: “Factors Involved in Lung Cancer Causation”. (Sixth of 
Fifteen Lectures on “The Scientific Basis of Medicine” organized by the 
British Postgraduate Medical Federation.) * 


INSTITUTION OF MECHANICAL ENGINBERS, PROCESS ENGINEERING GROUP 
(at 1 Birdcage Walk, Westminster, London, $.W.1), at 6 p.m.—Discussion on 
“Application of Non-Destructive Testing to Process Plant Inspection”, 


Wednesday, November 17 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W.12), at 2 p.m.—Prof. I. H. Mills: “The Relation- 
ship of Adrenal Androgen to Cortisol Secretion”. * 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 8S.W.7), at 
5 p.m.—Mr. David Oates: “Tell Al Rimah—The Temple and Ziggurat”. 


ROYAL METEOROLOGICAL SOCIETY (at 49 Cromwell Road, London, S.W.7), 
at 5 p.m.—Mr. E. J. Williamson and Mr. J. T. Houghton: “Radiometric 
Measurements of Emission from Stratospheric Water”; Mr. A. W. Brewer and 
Mr. A. W. Wilson: “The Measurement of Solar Ultraviolet Radiation in the 
Stratosphere”; Mr. D. O Staley: “Radiative Cooling in the Vicinity of 
Inversions and the Tropause’”’ 


INSTITUTION OF ELECTRONIO AND RADIO ENGINEERS, RADAR GROUP (at 
9 Bedford Square, London, W.C 1), at 5.30 p.m.—Dr. P. G. F. Caton: “The 
Use of Doppler Radar in Meteorological Research”. 


WORSHIPFUL SOCIETY OF APOTHECARIES OF LONDON, FACULTY OF THE 
HISTORY OF MEDICINE AND PHARMACY (at Black Friars Lane, Queen Vic- 
toria Street, London, E.C.4), at 5.80 p m.—Dr. T. D. Whittet: “The Apothe- 
caries In the Great Plague of London, 1665” (Sydenham Lecture). 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at Savoy 
Place, London, W C.2), at 6 p.m.—Prof. Erwin Meyer: “Electroacoustics”’ 


INSTITUTION OF MECHANICAL ENGINEERS, INTERNAL COMBUSTION 
ENGINES GROUP (at 1 Birdcage Walk, Westminster, London, 8.W.]), at 
6 p.m.—Mr, F. J. Wallace and Mr. E J. Wright. ‘‘Characteristics of a Two- 
pure Opposed-Piston Compression-[gnition Engine Operating at High 

essure’’. 


SOCIETY OF ENVIRONMENTAL ENGINEERS (1n the Mechanical Engineering 
Department, Imperial College, Exhibition Road, London, 8.W.7), at 6 p.m 
—Mr. R. Blanchflower: “Damping Properties of Engineering and Visco- 
elastic Materials”. 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University College, 
Gower Street, London, W.C.1), at 6 p m.—Prof. Leon Festinger (Stanford): 
“The Role of Efference in Visual Perception’. (Further lectures on 
November 18 and 19.)* 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (at the Angel Hotel, 
` 109 High Road, Ilford), at 7.30 p.m.—Dr. H. GQ. Rains: “The Chemistry of 
Paint Formulation”. - 


Thursday, November 18 


ROYAL SOCIETY OF TROPIOAL MEDICINE AND HYGIENE (joint meeting 
with the British Society for Parasitology, at Manson House, 26 Portland 
Place, London, W.1), at 2.30 p.m.—Symposium on “The Pathology of 
Parasitic Diseases”. 7.30 p.m.—Laboratory Meeting at the London School 
of Hygiene and Tropical Medicine, Keppel Street, Gower Street, London, 


oe 


OPERATIONAL RESEARCH SOCIETY (at the Royal Aeronautical Society, 4 
} Hamilton Place, London, W.1), at 4 30 p.m.—Mr. H. Boothroyd and Mr. 
I. F. Shutler: “Beyond Stock Control”. 


ROYAL Soolety (at Burlington House, Piccadilly, London, W.1), at 4.30 

p.m—Mr. T. C. Askwith, Mr. A. Cameron, Mr. R. F. Crouch and.Mr. R. 
F Contact “The Surface Chemistry of Hydrodynamic Lubrication of Point 
* Contacte”. 


~ 
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INSTITUTION OF “MINING END METALLURGY (at the Geological Society, 
Burlington House, Piccadilly, London, W.1), at 5 p.m—Mr. A. A. T. Finn: 
“Tailing Dam Construction at Mufulira Copper Mines, Ltd., Zambia”: Mr 
J. Pereira and Mr, 0. J. Dixon: “Evolutionary Trends in Ore Deposition”. 


LONDON MATHEMATICAL SOCIETY (at the Royal Astronomical Society, 
Burlington House, Piccadilly, London, W.1), at 5 p.m.—Annual General 
Meeting. Prof. A. QG. Walker ‘Harmonic Spaces in Differential Geometry’ 
{Presidential Address). - 


INSTITUTE OF PETROLEUM, INFORMATION DISCUSSION GROUP (at 61 New 
Cavendish Street, London, W.1), at 5.30 p m.—Mr. Leslie Wilson: “‘Inform- 
ation for the Technologist: P-ospects for Improved Services”’. 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gover Street, London, W.C.1), at 5.30 p.m.—Mr. 
H. S. Wolff: ‘‘Problems of Advanced Technology in Medicine”. (Seventh of 
fifteen lectures on “The Scienfific Basis of Medicine” organized by the British 
Postgraduate Medical Federation.) * 


INSTITUTE OF REFRIGERAT-ON (at Lloyd’s Register of Shipping, 71 Fen- 
church Street, London, E.C.3), at 6 p.m.—Informal Discussion on “The 
Refrigeration Industry and the Metric System”. 


SOOIETY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS GROUP 
(at 14 Belgrave Square, Lomion, §.W.1), at 6 Bee G. E. Bessey: 
“Current Developments Affect-ng the Design and Use of Mortars for Building 
Purposes’’. 


Fricay, November 19 


INSTITUTE OF NAVIGATION (at the Royal Aeronautical Society, 4 Hamilton 
Place, London, W.1), at 5.8) p.m-—Mr. T. G. Thorne: “Multi-purpose 
Airborne Radar”. í 


INSTITUTION OF ELECTRICAL ENGINEERS, CONTROL AND AUTOMATION 
DIVISION (at Savoy. Place, London, W.C.2), at 5.30 p.m.—Discusston on 
“Instrument Scale Graduatior’”’ opened by Mr. L. B. S. Golds. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9 p.m — 
Prof. J. M. Bruckshaw: “The Channel Tunnel”. 


Friday, November !9—Saturday, November 20 


ZOOLOGICAL SOCIETY OF LONDON; MAMMAL SOCIETY OF THE BRITISH 
IsLES; and ASSOOIATION FOR THE STUDY OF ANIMAL BEHAVIOUR (in the 
Meeting Room of the Zoological Society of London, Regent’s Park, London, 
N.W.1), at 10.30 a.m. daily—Symposium on “Play, Exploration and Terri- 
tory In Mammals”. 


` 


Saturday, November 20 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, Lon- 
don Road, Forest Hill, Londor, S.E.23), at 3.30 p.m.—Mr. R. D MacCuaig: 
“Modern Methods of Locust Control”. * 


Monday, November 22 


ROYAL GEOGRAPHICAL SOOIETY (at 1 Kensington Gore, London, S.W.7), at 
5 p.m.—Major N. J. D. Prescott, R.E.: “The Geodetic Satellite—SECOR”. 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gowe Street, London, W.C.1), at 5.80 p.m.—Prof. 
H. Braunstemer (Innsbruck): “Clinical Significance of Triglyceride Determ- 
inations, Especially in Relation to Age, Body Weight, Different Forms of 
Diabetes and Thyroid Disease’! * 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, W.C.2), 
at 6 p.m —Prof. Colin Cherry: “The Communication Explosion”. (Second 
of three Cantor Lectures on “World Communication’’.) 


SOCIETY FOR VISITING SCIENTISTS (at The English-Speaking Union, Dart- 
mouth House, 37 Charles Street, London, W.1), at 7.30 p.m —Discussion 
Meeting on “The Retrieval of Scientific Information”. Chairman: Dr. H T. 
pookway, Speakers: Prof. E. Kaiser, Dr. W. Batten and Mr. A. St. 

0 D. E 


Monday, November 22—Tuesday, November 23 


INSTITUTION OF ELECTRICAL SNGINEERS, ELECTRONICS DIVISION (at Savoy 
Place, London, W.C.2)—Conference on “U.H.F. Television”. 


Monday, November 22—Friday, November 26 


INSTITUTE OF METALS (at the Royal Commonwealth Society, Craven 
Street, London, W.C.2}—Third. International Conference on ‘‘Plutonium”’. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appolntments on or before the 
dates mentioned’ 

LECTURER or ASSISTANT LECTURER IN STATISTICS IN THE EDUCATION 
DEPARTMENT, to be concerneC with research with the work of advanced 
students and with teaching—Frof E A. Peel, Department of Edueation, 
The University of Birmingham, Birmingham 15 (November 17). 

LECTURER (with a research tias and a physics/electronics Parkeround) IN 
THE DEPARTMENT OF ELEOTREDAL AND CONTROL ENGINEERING—The Sec- 
retary, Battersea College of Fechnology, Battersea Park Road, London, 
8.W.11 (November 19). 

LECTURERS or ASSISTANT L2OTURERS IN MATHEMATICS in the School of 
Mathematics and Physics—The Registrar, University of East Anglia, Earl- 
ham Hall, Norwich, NOR 88C “November 20). 

READERS, SENIOR LECTUREES, LECTURERS or ASSISTANT LECTURERS IN 
Puysics in the School of Mathematics and Physics—The Registrar, Uni- 
versity of East Anglia, Earlham Hall, Norwich, NOR 880 (November 20). 

DEMONSTRATOR (preferably honours graduate in agriculture or agri- 
cultural botany) IN AGRIOULTURE (Crop Agronomy)—The Registrar, - 
versity of Nottingham, Nottingnam (November 22). 

RESEAROH ASSISTANT (preferzbly with a veterinary degree) IN VETERINARY 
MICROBIOLOGY, to join a group working on the pathogenesis of enteric infec- 
Gor euiee Registrar, The University, Liverpool, 3, quoting Ref. CV/328/N 

ovember 22). 

CHAIR IN STATISTICS—The Secretary, Royal College of Advanced Tech- 
nology, Salford 5, Lancashire (Hovember 25). 

LECTURER or ASSISTANT LECTURER IN GEOGRAPEY, with particular 
reference to physical geography—tThe Assistant Secretary, London Sehool of 
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Economics and Political Science, Houghton Street, Aldwych, London, W.C.2 
(November 25). 

CHAIR OF PHYSIOLOGY—The Secretary of the University Court, University 
of Glasgow, Glasgow (November 28). 

LEOTURER IN ANALYTICAL or PHYSICAL CHEMISTRY—The Clerk to the 
Governors, Woolwich Polytechnic, London, S.E.18 (November 26). 

EXPERIMENTAL OFFICER (interested in the design and construction of 
equipment for a wide range of psychological experiments, and preferably with 
a knowledge of electronics) IN THE DEPARTMENT OF PSYOHOLOGY—The 
Peeletar; The University, Manchester, 13, quoting Ref. 195/65 (November 


ECTURER (Grade II) IN MATHEMATICS (Pure or Applied)—The Registrar, 
University Senate House, Bristol, 2 (November 30). 
_ READER and LECTURERS (2) in ANATOMY; and a LECTURER (with a degree 
in Beara , Physiology or pharmacy) IN PHARMACOLOGY at Makerere 
University College, Uganda (University of East Africa}—The Secretary, 
Inter-University Council for Higher Education Overseas, 33 Bedford Place, 
London, W.C.1 (November 30). 
READER preferably, but not necessarily, qualified in a branch of classical 
applied mathematics) IN APPLIED MATHEMATIOS—The Secretary, Battersea 
ial of Technology, Battersea Park Road, London, S.W.11 (November 


LEOTURER (Grade IT) (preferably with special interests mm one of the follow- 
ing fields. invertebrate functional morphology, respiratory physiology or 
fish physiology) IN ZooLoGy—tThe Registrar, University gemate House 
Tyn Avenue, Bristol, 2 (December 1), 

SENIOR LECTURER IN VETERINARY MEDIOINE (small animals)—The 
sibel f The Royal Veterinary College (University of London), Royal 
College Street, London, N.W.1 (December 1). 

CHAIR OF MATHEMATICS at the London School of Economics and Political 
Science—The Academic Registrar, University of London, Senate House, 
London, W.C.1 (December 2). 

SENIOR LECTURERS, LECTURERS and ASSISTANT LEOTURERS IN THE 
DEPARTMENT OF Srarısrıcs—The Secretary, University of Edinburgh, 
Edinburgh (December 10). 

LECTURER (suitably quaies graduate with special qualifications in 
educational foundations (history and theory) or in educational sociology) IN 
EDUCATION at the University of Otago, Dunedin, New Zealand—The Asso- 
ciation of Commonwealth Universities (Branch Office), Marlborough House, 
Pall Mall, London, S.W.1 (New Zealand and London, December 15) 

SENIOR TECHNICIAN or TECHNICIAN bas experience in museum work and 
photography, in addition to histopatho ogy) IN PATHOLOGY in the Faculty of 
Veterinary Science—The Registrar, University of Khartoum, P O. Box 821, 
Khartoum, Sudan (December 22). 

VISITING PROFESSOR IN VETERINARY PATHOLOGY—The Registrar, 
University of Khartoum, P.O. Box 321, Khartoum, Sudan (December 22). 

CHAIR OF AGRONOMY at the University of Sydney, Australia—The Asso- 
ciation of Commonwealth Universities (Branch Office), Marlborough House, 
Pall Mall, London, S.W.1 (London and Australia, December 31.) 

CHAIR OF LOGIC AND METAPHYSICS—The Secretary, University of St. 
Andrews, College Gate, St. Andrews, Fife, Scotland (December $1.) 

CHAIR OF PHARMACEUTICS at the University of Sydney, Australia—The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 (Australia and London, December 31). 

CHAIR OF SOCIOLOGY at Victoria University of Wellington, New Zealand— 
The Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, 8.W.1 (New Zealand and London, December 31). 

CHAIR OF VETERINARY ANATOMY at the University of Sydney, Australia— 
The Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, 8.W.1 (London and Australa, December 81). 

SECOND CHAIR OF BIOLOGY—The Secretary, University of Lancaster, 
Bailrigg House, Lancaster (December 31). 

FISHERIES OFFICER (national of the United Kingdom or the Republic of 
Ireland, with a good science degree and experience of fisheries management, 
including marketing and processing) IN MALAWI, to collect statistics and 
develop and démonstrate to local fishermen improved methods of fishing 
appropriate to local conditions—The Appointments Officer, Ministry of 
Overseas Development, Room 301, Eland House, Stag Place, London, 8. W.1, 
quoting Ref. RO.289/134/01. 

HEAD OF THE DEPARTMENT OF MATHEMATICS (Grade IV)—The Clerk to 
the Governing Body, Northern Polytechnic, Holloway, London, N.7. 

LECTURER or ASSISTANT LECTURER (well-qualified physicist and preferably 
with experience of the application of physics in industry) In Puysios—The 
Registrar, Bradford Institute of Technology, Bradford, 7. 

LECTURER (well qualified in physics and preferably experience in some 
branch of electronics) IN THE DEPARTMENT OF PHysics—Clerk to the 
Governing Body, Northern Polytechnic, Holloway, London, N.7. 

MIcROBIOLOGISTs—Dr H B. Noel, Chairman, Department of Biology, 
University of Waterloo, Ontario, Canada. 

PROFESSOR OF STATISTIOS AND OPERATIONAL RESEARCH—The Registrar, 
Bradford Institute of Technology, Bradford, 7 i 

PROFESSOR IN PHYSICAL CHEMISTRY—Prof Harry E. Gunning, Head, 
ie a of Chemistry, University of Alberta, Edmonton, Alberta, 

RESEARCH ASSISTANT (qualified in chemical engineering, physics, chem- 
istry or other related discipline) IN THE DEPARTMENT OF CHEMICAL ENGINEER- 
ING, to work on a Ministry of Technology research contract investigating the 
liquid-liquid extraction of metal 1ons—The Academic Registrar, Lough- 
poe College of Technology, Loughborough, Leicestershire, quoting Ref. 

ESEAROH TEOHNIOCIAN (with qualifications, not necessarily a degree, or 
experience in microbiology, biochemistry or chemistry) IN THE DEPARTMENT 
OF BIOCHEMISTRY for work in bacterial enzymology—The Registrar, The 
University, Liverpool, 3, quoting Ref 329/N. 

TECHNICAL ASSISTANT (preferably with some experience in radioactive 
counting techniques) to work with a whole-body radioactivity counter used 
in clinical research—The Secretary, Department of Radiotherapeutics, — 
Addenbrooke’s Hospital, Cambridge. 


REPORTS and other PUBLICATIONS 


“(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Medicine in 1815. (An Exhibition to commemorate the 150th Anniversary 
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Unicam now offers all the advantages of a grating 
fiter monochromator combined with the proved 
features of the SP200 prism spectrophotometer. The 
first order of the NPL grating is isolated by four inter- 
ference filters, brought into play by an automatic 
mechanism exclusive to Unicam. The resolution is as 
high as 3 cm” at 3000 cm“ and stray light is less than 
1% throughout most of the range and never exceeds 
2%. The wavenumber accuracy is better than 2 cm~ at 
1000 cm~ and 4 cm7 at 3000 cm-. To this performance 
are added the advantages of the flat bed recorder, the 
accessible sample compartment and the convenient 
operation of the SP200. The new SP200G is constructed reales fe 955 ipa pr oe 
and finished to the high degree of precision for which | est scan speed under maxımum reso- 
f i sai i lution conditons using the scale 
Unicam instruments are famous. Descriptive literature expansion accessory 
is available on request. 
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TOWARDS A UNIVERSITY OF THE AIR 


N the last of nine papers presented to Section L 
(Education) of the British Association for the Advance- 
ment of Science at its meeting in 1964, Dr. K. Adam dis- 
cussed the responsibility of television: this responsibility 
has since been sharpened by the continuing discussions on 
the feasibility and the scope for a ‘university of the air’. 
To that suggestion, indeed, Dr. Adam made passing 
reference, though he had reservations on the ground of 
costs. In his closing remarks he insisted that, however 
well such a development went, broadcasting, in the face 
of the imperious needs of education, was an aid to 
teaching and not a substitute for it, an ancillary and not a 
principal, a satellite but not a saviour. In this paper he 
was content to urge that television research was an 
essential part of the jomt responsibility of the provider 
and the community he serves. It needed to be enlarged 
and given depth and we should no longer be asked to 
accept facile and unsupported opinions. 

Beyond this, Dr. Adam suggested that the unique 
quality of television transmission was the transmission of 
experience. News was no longer ‘then’ but ‘now’. Here, 
he thought, lay the special responsibility of broadcasting, 
and particularly of television. Among the most important 
services which television could undertake, he suggested, 
were those that could be rendered to the emergent and 
developing countries and in the field of science. Not only, 
in this way, could such services extend our comprehension 
ofa dramatically changing world, but also they could show 
man himself, in the person of the scientist, as a growing 
creature, whose birthright is progress, and who, whether 
his subject is crystallography or cosmology, is a human 
being under the weight of his invention and his experi- 
ment. This kind of comprehension or reassurance in a 
world which is always more of man’s making, and less 
the work of Nature, contributes directly to the permanent 
education which we need to keep us m a state of balance 
and of wonder. 

If, therefore, this is the unique contribution of television, 
and one which it does supremely well because it is uniquely 
qualified for the purpose, we should be careful that other 
demands are not allowed to deflect it from such a function. 
It follows that this is a jomt responsibility of the producer 
and of the community. It was thus strange to find that 
in & series of twelve articles on “The B.B.C.’s Duty to 
Society”, published in The Listener during June-Septem- 
ber 1965 (to which Dr. Adam himself contributed), almost 
no reference was made to this aspect. Indeed, only 
Baroness Barbara Wootton appeared to refer to the way 
in which broadcasting and television could contribute to 
spreading awareness of the social revolution of our time. 
She went on, in fact, to comment that broadcasting pro- 
grammes gave her no sense of the march of science as 
the great intellectual adventure of our time. Neither 
these programmes nor the earlier contributions to the 
series of Sir Hugh Greene or Dr. Adam appeared to her 
to convey any sense of the universality of the process by 
which cumulative additions to knowledge are made. or of 
the unique opportunity of broadcasting to equip ordinary 
people with the mental tools, and to help them to form the 
mental beliefs appropriate to the age in which they live. 

Such a suggestion is contradictory to Sir Hugh’s 
affirmation that the British Broadcasting Corporation has 


a duty to take account of the changes in society and to be 
ahead of public opin:on rather than always to wait on it, 
and even against kis admission that, at least in the 
secular and scientific fields, to-day’s heresies often prove 
to be to-morrow’s doginas. That, however, was his only 
reference to science, which was not even mentioned by 
Dr. Adam—though he reiterated the point about news 
being ‘now’ which he made in his earlier paper. Further- 
more, an editorial comment in The Listener on September 2 
covering the whole series seems to indicate that the 
Corporation has misæd the whole point of Baroness Woot- 
ton’s criticism or even of Dr. Adam’s address to the 
British Association. 

In the light of all this we may now turn to consider the 
proposal for a university of the air, of which the Prime 
Minister said at Guildhall, London, in September, that, 
although much work remained to be done, the Govern- 
ment had gone a bng way towards working out the 
educational functions and content. A high-powered 
educational advisory committee had reached agreement 
on an outline plan ard had recommended that the univer- 
sity should offer primary courses leadmg to degrees 
and cover professional, technical and refresher courses. 
He was satisfied that the educational problems could 
be overcome, but admitted that there were big techni- 
cal and financial problems. He hoped that discussions 
with the broadcasting authorities would start in the 
near future. Use of = fourth channel, perhaps on a shared 
or partnership basis. was not excluded. 

In this context, research interest attaches to the state- 
ment, “University of ihe Air’, issued in June by the 
University of Strathelyde. This discusses some aspects of 
the structure and organization of a national university of 
the air: arguments m favour of the establishment of such 
a university are regerded as overwhelming. Our normal 
educational resources are already so over-strained as to be 
incapable of fosterizcg a dynamic and flexible method of 
educating and re-edacating adults as well as children to 
fit new roles in a rapidly changing society. However, it 
would be unrealistis to suggest that these urgent ancl 
growing demands should be met by the British Broad- 
casting Corporation or the Independent Television 
Authority. Their output is different in essence and intent 
from that envisaged from a university of the air. While 
it can be argued thet the ‘University of the Air’ should 
be independent also of existing academic institutions to 
give it the desired freedom to experiment, it would, for 
the time being, be wise to limit the new organization to 
a selected group of existing educational institutions. Such 
an arrangement would enable it to draw from them the 
co-operation and support necessary to further its experi- 
ments and validate their results. 

It is suggested, ascordingly, that, as a practical step, 
the Government should delegate responsibility for local 
development of the University of the Air to regional 
boards, on which would be represented educational 
interests sympathetic to the idea. The work of the 
regional boards would be co-ordinated under a United 
Kingdom Educatioral Television Authority. This Auth- 
ority would also be -esponsible for establishing a national 
library of filmed programmes, and for gradually taking, 
over the constructDbn and maintenance of transmitter 
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stations. The production studios should remain in the 
control of regional boards and educational institutions. 
A structure of this kind should permit the advantages of 
centralization in cutting certain overheads in ensuring a 
common purpose, as well as those of decentralization in 
ensuring the maximum utilization of regional resources in 
teaching skills and technical facilities. Production of 
programme courses should be spread over those institu- 
tions best able to deal with particular subjects. It would 
be necessary for each regional board to undertake the 
preparation and dissemination of preparatory courses 
which would lead students to uniform entrance standards 
for the degree courses provided by the University of the 
Air 


The statement from the University of Strathclyde rejects 
as undesirable and uneconomic any attempt at 100 per 
cent coverage by broadcast television. This would be an 
inefficient exploitation of the four broadcast channels 
likely to be available for educational television. As the 
service provided by a University of the Air would attract 
at any time only a very small (although important) 
fraction of the whole population, it is suggested that it 
would be better to devise a means of reaching all parts of 
the country by a combination” of methods, confining 
broadcast television to those areas and to those purposes 
for which it is best fitted. Accordingly, it is proposed 
that only the major conurbations, containing 60—70 per 
cent of the population, should be covered by broadcast 
television, using a small number of low-power transmitters, 
and serving the rest of the country by distributed film 
prints or programmes which could be projected in schools 
or halls or homes. This would make it possible to conserve 
the channels now available in the very-high-frequency 
band to the point where four or more channels could be 
made available at each transmitter station for simul- 
taneous broadcasting. 

Acceptance of 60-70 per cent coverage in this way does 
not mean that the public beyond the range of television 
and sound transmission would be unable to enrol at the 
University of the Air. It is proposed that all the pro- 
grammes provided for television by the University should 
be recorded and prints of the original transmission can 
readily be circulated anywhere for viewing as already 
indicated. All the courses would be supported by care- 
fully prepared lecture notes and reading lists, and each 
week all enrolled students would be required to submit 
exercises for marking and comment by tutors. Whereas 
in areas of sparse population, broadcasting becomes more 
expensive than supplying film prints, apart from the 
additional disadvantage of the inefficient use of broad- 
casting channels which are scarce, in areas of dense 
population the cost per student of providing film prints 
for group or individual viewing would far exceed that of 
reaching the students by broadcasting television. Experi- 
ence gained at the University of Strathclyde suggests that 
total production costs of the 16-mm films would be about 
£100 per hour in the universities, as compared with 
£5,000 per hour quoted for the British Broadcasting 
Corporation’s studios. Preliminary surveys carried out 
on behalf of the University of Strathclyde have already 
confirmed that local transmitters in Band IV with omni- 
directional aerials sited at the centres of large cities and 
towns would only require low power of the order of 1 kW, 
or 4 kW of effective radiated power. The cost of such a 
transmitter is estimated at about £30,000. 

This statement is obviously more optimistic than is 
Mr. B. Jackson, director of the National Extension College 
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in Cambridge—the experimental teaching unit set up in 
1963 to pilot the concept of a University of the Air. 
Work began with ‘Dawn University’—a series of first-year 
lectures from Cambridge broadcast before breakfast and 
limited to television teaching. This and later experience, 
such as the six-week television experiment called College 
of the Air on Anglia Television, lead Mr. Jackson to sug- 
gest, first, that the University of the Air should be 
designed as a research-based project at least for the next 
three years. Next, he suggests that considerable caution 
is desirable as to the audience or students to be attracted, 
quite apart from the question of numbers. Furthermore, 
his experience seems to indicate that the crucial element 
in a University of the Air would be correspondence tuition, 
and although he thinks a fourth channel might help, he 
does not regard it as ideal. It would be preferable to 
have the equivalent spread over rural radio and television 
channels, and he suggests that, looking at the problem 
from a primarily educational point of view, there are 
strong reasons for avoiding the confines of a separate 
television channel. 

Mr. Jackson’s caution does not necessarily invalidate 
the Strathelyde view, which fully recognizes the import- 
ance of further enquiry and that the steps recommended 
would only be experimental. It should be noted, however, 
that Mr. Jackson is insisting, above all, that decisions 
should be concerned with students and not simply 
with techniques. His caution is tinged with a realism 
which is distrustful of political idealism which does not 
rest firmly on ascertained facts and is merely wishful 
thinking. Some of those facts, moreover, lis outside the 
field of the Authority responsible for programmes for any 
such University of the Air. This is evident from 2. pre- 
liminary memorandum on “Broadcast Adult Education 
and Public Libraries’’—the implication of which the 
Library Association has accepted. 

This memorandum by Mr. J. F. W. Bryon points out 
that students enrolling for such courses will need access 
to a wide range of literature for which they will look 
largely to the public library. For that reason alone, 
liaison is desirable between those planning the courses 
and librarians, so that the implications for the provision 
of books may be taken into account from the earliest 
stages. So far as numbers of potential users are con- 
cerned, Mr. Bryon suggests it might help if enrolment — 
forms were distributed and collected by public libraries. 
The memorandum also notes that the public library 
might frequently offer a convenient centre for viewing. 
It is, however, in regard to the content of reading lists 
that consultation between lecturers and librarians is 
particularly desirable, but it is not forgotten that many 
students may require instruction or guidance in the use 
of a library. 

What emerges from all three contributions is the grave 
danger of allowing any project for a University of the 
Air to become the plaything of party politicians. The 
resources required are far too large for Britain to engage 
in any idealistic project which is not closely related to 
demands which have definitely been ascertained and for 
which adequate resources can be committed. This is an 
inescapable responsibility of Governments, but a re- 
sponsibility nevertheless rests alike on the broadcasting 
and the educational authorities, including the universities, 
to see that assets and resources are not wasted and that 
programmes are directed to practical and realizable 
objectives. This is the responsibility of producer and 
community to which Dr. Adam referred. 
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Science Citation: ‘Index 1964 Annual Cumulation 

An International Interdisciplinary Index to the Literature 
of Science and Technology in Eight Parts. Part 1: 
Citation Index, A—Duke, Cols. 1-3168, Part 2: Citation 
Index, Duke-—Kofe, Cols. 3169-6584, Part 3: Citation 
Index, Koff—Roes, Cols. 6585-10000, Part 4: Citation 
Index, Roes-Zzeb and Anonymous, Cols. 10001-13518, 
Part 5: Citation Index, Patent Citation Index and 
Acknowledgements, Cols. 13519-16404, Part 6: Source 
Index, Anonymous and A-Geye, Cols. 1-2658, Part 7: 
Source’ Index, Geye—Ogre, Cols. 2659-5316, Part 8: 
Source Index, Ogre—Zz, Cols. 5317—7893. Editor: E. 
Garfield. (Philadelphia: Institute for Scientific Informa- 
tion, Inc., 1965.) 1,250 dollars. 


No, 5012 


HE Science Citation Index for 1961 was reviewed in 

Nature, 203, 446-(1964), when an account was given of 
the technique for using a citation index. The Index for 
1964 is an improvement in many ways. It was published 
on & quarterly basis during the year, and the volumes 
reviewed here represent the annual cumulation. Whereas 
the Index for 1961 appeared as the result of a research 
grant from the National Science Foundation and the 
National Institutes of Health, the present index can be 
considered as the first to be issued on a production basis, 
and it is obviously an advantage that the publication 
delay has been reduced. 

The other major change has been the inclusion of a list 
of all the citing papers. This greatly improves the con- 
venience of using the Index, since, as is inevitable in this 
type of index, many of the citing papers will prove to be 
quite irrelevant for the subject of the search. With the 
earlier Index, this point could only be established by 
checking the actual journal; now, by referring to the list 
of citing papers, from the titles one can correctly reject 
many of the non-relevant papers. The physical price to 
be paid for this is that the number of volumes has increased 
from five to eight; the financial price is that the cost has 
risen ‘to ],250 dollars. Against this, there has been an 
increased coverage; the source journals have increased 
only to 700 from 613, but the separate journal papers have 
risen from 102,000 to 151,000. In addition, for the first 
time, patents are included, and the 47,000 patents issued 
in the United States in 1964 bring the total of source items 
up to 199,000. It is a disappointment to find that the 
standard computer print-face, severely reduced in size, is 
still being used, and also that the Index is still heavily 
biased towards the life sciences. It is to be hoped that the 
balance will be redressed in the Index for 1965, when, it is 
stated, more than 1,000 journals will be covered. 

The present value ‘and future potentialities of the Science 
Citation Index are difficult to assess: The cost is such that 
it can be considered prohibitive for individuals, yet for a 
library it would represent only a fraction of the cost of one 
human indexer. The usefulness of the Index would be 
greater if its coverage were wider, yet this would result in 
an increase in cost unless there was a corresponding 
increase in the number of purchasers. Before placing a 
subscription, a librarian needs to be reasonably satisfied 
that the citation index is not only a useful tool, but also 
that it will not cease publication within a-year or so, for 
it is only when the library shelves have a run covering at 
least five years that the majority of users of the library 
will be prepared -to accept it as a method of retrieving 
information. Only then will it be possible to assess how 
usefully it can fulfil its basic purpose and find whether its 
obvious technical weaknesses are obviated by the flexibility 
and ease of compilation. The use of a computer for this 
purpose makes possible a number of interesting alterna- 
tives. Already an Automatic Subject Citation Alert 
(ASCA) service is being offered, by which subscribers can 
obtain regularly citations to papers by selected authors. 
There is no reason why cumulations covering selected 
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subject fields should not be issued ata price which would 
appear more reasonable to prospective purchasers. There. 
are also,.of course, Enown ways of improving the opera- 
tional performance əf a citation index}; ; .some of these, 

by: ‘creasing the’ ecmplexity, would raise the cost, but 
improvement in the citing habits of authors would do more 
than anything else to increase the usefulness of a citation 
index. Perhaps the time is coming when editors of 
scientific journals skould take the same active steps to 
obtain a high qualisy of citing as many have recently 
been. doing for abstracts and titles. - C. W. CLEVERDON 


COMMUNICATION, THE.SOCIAL WEB 


Communication Processes : 
Edited by Frank A. Geldard. (NATO Conference Series, 
Vol. 4.) Pp. x+293. (London and New York: Perga- 
mon Press, 1965.) 100s. net. 


OMMUNICATION Processes is Volume 4 of the 

NATO Conference Series of volumes, bemg the 
Proceedings of a symposium held in Washington in 1963, 
under the sponsorship of the NATO Advisory Group on 
Human Factors. This military sponsorship should not 
mislead one, howevər, because the contents will be of 
interest to a wide civil readership and, indeed, have, on 
the whole, no limitation to mulitary situations at all, but 
relate to many kinds of formal social institution. 
- The book is divided into five principal sections: (1) 
data presentation; (2) data transmission; (3) language 
barriers and languag training; (4) group-communication ; 
(5) man-computer communication: Each ‘consists of an 
introductory paper with very extensive attendant ‘dis- 
cussions. About one-fifth of the whole contents is written 
in French. The conference was concerned essentially 
with human factors. of communication and not at all 
with electronics or engineering; of course, human factors 
are themselves very important to engineers. ‘The partici- 
pants may be regarded as being the most prominent 
psychologists and sociologists concerned with communica- 
tion processes—an impressive galaxy of stars from the 
various NATO countries, representing a wide range of 
interests and opiniors. 

At least a third oZ this book is devoted to ‘pragmatic’ 
aspects of communiation; that is, to the importance of 
personal prejudices, to people’s positions in a social 
hierarchy, to their cultural backgrounds and to non- 
cognitive factors of language; the subtle connotations of 
language, one’s image of oneself and other determinants 
of human communization. This aspect of the book is 
valuable, for such vital matters are not always evident 
to those engaged in the development of technical means of 
communication, and they are ignored by those who teke 
a strictly logical view of semantics, a view which seems so 
prevalent to-day. A ‘yes’ can be turned to a ‘no’ by a 
smile, or by one’s knowledge of the speaker’s reputation. 
Meanings are not properties of words but are relationships, 
between words: and people, in various situations and con- 
ditions. These pragmatic factors’ can be of particular 
importance in cross-cultural communication, already- 
hampered by the scrict untranslatability of languages. 
However, John Black,-of Ohio State University, plays 
down these factors, in his paper “Language Barriers and 
Language Training”. and quotes several historical exam- 
ples of people, drawr. from different cultures, nevertheless 
getting on together quite well; Columbus, for example, 
among the natives, and Marco Polo. But his examples 
are very special ones and, besides, the fact that such 
people were not promptly murdered does not mean that 
they were understood correctly. I cannot help quoting 
the old story of Captain Cook who, when he asked a 
native “What’s thas silly-looking animal called ?”, was 
given the answer: ‘““Eangaroo’’, which means in Aborigine 
“I don’t know” (so I am told !).-- Of course, ‘the ‘word 
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barrier’, in this context, is itself open to misinterpretation. 
Languages are not barriers in the sense of ‘walls’, but 
rather in the sense of ‘ambiguous signposting’. But 
Prof. Black is a professor of speech and is concerned with 
such things as morphemes, syntax and phonemes, rather 
than with the rapport between two human beings engaged 
in discussion. Other discussants, especially psychologists, 
emphasized the conceptual difficulties involved in transla- 
tion, without in any way denying the value of Prof. 
Black’s experimental work. 

In his opening paper at the fourth session on ‘Group 
Communication’, M. Didier Anzieu’ also brings out the 
importance of these language ‘barriers’ in various social 
groups. Such barriers can be strong between people, 
or groups, of the same nominal language, by reason of 
personal status in a group hierarchy, or by personal 
non-explicit connotations of words and phrases. (How 
important is language to the maintenance of class divisions 
in Britain!) Lack of feed-back in an organization means 
one-way communication (orders, directives) and can lead 
to hostility. Our social behaviour and attitudes in a group 
depend not only on ‘message received’ but also on our 
unconscious adjustments based on assumptions about 
other people’s social behaviour in like circumstances. 
Behaviour is not absolute but relative. There may also 
be conflict between the needs of the individual and the 
needs of the group. 

Other papers presented dealt with more strictly 
stimulus/response, mechanistic, aspects of communication 
and control, relating especially to man~computer systems. 
It is interesting, however, to hear psychologists’ views of 
such ‘formal’ aspects which are more commonly discussed 
by engineers. Questions of human ‘matching’ to machines 
were considered, signal codings, sensing, identifying and 
interpreting. The papers, though presented against a 
military background, contain much of quite general 
interest to other situations to-day: in industry, for 
example. As said earlier, this military emphasis seems a 
little unfortunate. COLIN CHERRY 


SOIL SCIENCE 


Experimental Pedology 

Proceedings of the Eleventh Easter School in Agricultural 
Science, University of Nottingham, 1964. Edited by 
E. G. Hallsworth and D. V. Crawford. Pp. xi+414. 
(London: Butterworths Scientific Publishers, 1965.) 85s. 


ORTY years ago the word ‘pedology’ was being used 
somewhat tentatively in Great Britain, whero the 
examination of soils had, in the main, been an application 
of the analytical skills of chemists. Indeed, in the middle 
of last century Thompson and Way had discovered the 
property of cation exchange; but their results were in- 
explicable until the laws of mass action and the properties 
of colloidal particles were established. Then followed 
a revival of interest in the subject, and by the 1920s the 
theory of cation exchange seemed to offer a simple 
explanation of the natural development of soil acidity 
and the ability of the soil to release nutrients for the 
lant. 
j Meantime, the pedologists in Europe and North America 
had been accumulating observations in the field on profile 
characteristics. They had tended to rely heavily on 
geology, at least in the preliminary stages of soil classifica- 
tion, and it was obvious that both physical and biological 
sciences were required to provide explanations for the 
mobility of ions and colloidal material responsible for 
horizon differentiation, for the attack on litter by micro- 
organisms and small animals in search of energy, and for 
the modification of the soil by the products of decomposi- 
tion and deposition. 
Responses in biological activity to fluctuations in habi- 
tat, resulting from moisture and temperature changes 
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and the redistribution of components, inevitably increase 
the complexity of a soil system. However, the precision 
of recently developed analytical techniques has stimulated 
the study of slow biochemical] reactions, and rapid progress 
has been made in all the sciences applied to soil. Com- 
munications within and between the various disciplines 
have also been assisted since 1927 by congresses and 
commission meetings of the International Society of 
Soil Science and by numerous national and regional 
conferences. 

The 1964 Easter School at the University of Nottingham 
was an opportunity of reviewing the present position 
with respect to the experimental approach to pedology, 
and the Proceedings comprise 29 papers. They fall into 
five sections, dealing with: (1) geochemistry and weather- 
ing of soil minerals; (2) redistribution of inorganic sub- 
stances; (3) biological aspects of soil formation ; (4) pedo- 
genetic studies; (5) demonstrations. The discussions of 
groups of the papers are most informative in revealing 
differences of opinion and promising lines of further 
investigation. 

The nature of the surfaces of fine particles is discussed 
by J. J. Fripiat and the organic geochemistry of sediment- 
ary rocks by W. D. Evans. J. Rausell-Colom eż al. describe 
detailed studies on the weathering of mica, by X-ray 
diffraction and spectographic analysis and by electron 
probe, while R. M. S. Perrin has assessed the rate of 
weathering from the composition of drainage waters. In 
two papers, S. Hénin and G. Pedro, and 8. Caillere and 
S. Hénin, examine the sub-division and dissolution of 
rocks by weathering speeded up in the laboratory by 
soxhlet extraction, and the formation of clay minerals 
by the chemical treatment of specific minerals, the transi- 
tion being followed by thermal loss-of-weight curves. J. 
van Schuylenborgh discusses the mechanism of the forma- 
tion of sesquioxides and the cementing agents in different 
horizons, while D. Acquaye and J. Tinsley deal with the 
solubility of silica and its movement through soils under 
various conditions. The mobility of phosphate, as 
observed in radioautographs of crumbs previously im- 
mersed in carrier-free H,3*PO, solution, is described by 
D. Gunary et al., and D. H. Yaalon deals with the distribu- 
tion of anions under arid conditions, and C. B. Wells with 
the deposition of calcium carbonate. 

In the biological group of papers, G. V. Jacks reviews 
ideas on the ‘organic’ weathering of solid rock by bacteria, 
fungi and algae at the start of soil formation. J. D. 
Ovington deals with the accumulation of nutrients in 
woodlands, D. S. Jenkinson with the decomposition of 
carbon-labelled ryegrass, R. Bétrémieux and S. Hénin 
with the products of fermentation in profile development, 
and N. A. Burges with the various micro-organisms 
involved in the attack on plant tissues. The effects of 
animal activity on the litter and on soil structure are 
described respectively by J. van der Dreft and G. W. 
Heath, while C. Jeanson and G. Monnier discuss the 
influence of soil fauna on the stabilization of structure. 
From the numerous experimental data presented, it is 
clear that much remains to be done to clarify the effects 
of the numerous factors met with in the field and the 
interdependence of the various groups of organisms 
involved. 

In section 4, C. Bloomfield reviews the present position 
of theories on the mechanism of podsolization, D. V. 
Crawford presents evidence of the complex interaction of 
physical, chemical and biological processes which cannot 
be examined in isolation, while H. P. Blume and E. 
Schlichting emphasize that the basic problem is, in fact, 
to sort out the various soil-forming processes. V. B. 
Proudfoot deals with the mutual benefits to archaeologist 
and pedologist from the examination of prehistoric sites, 
D. G. MeKinlay gives a detailed account of the physics 
of fluvial transport and deposition, and T. W. Walker 
advances analytical data in support of phosphorus as a 
key element in pedogenesis because of its role in the 
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ecological sequence. How far the various aspects of 
weathering, transport and deposition are related to soil 
classification is discussed by E. G. Hallsworth in a scheme 
based on leaching sequence and conforming with the con- 
clusions reached by experimental pedology. 

Three short papers on demonstrations of pyrochromato- 
graphy, watertable studies, and the effect of stones on 
soil transport, conclude the volume, which has author 
and subject indexes, has been most carefully edited and 
very well produced. A. M. SMITH 


No, 5012 


MANUFACTURE OF WOOD PULP 


Pulping Processes 

By Dr. Sven A. Rydholm. Pp. ix+1269. (New York 
and London: Interscience Publishers, a Division of John 
Wiley and Sons, Inc., 1965.) 285s. 


T author of Pulping Processes is a Swede and, 
judged by the introduction, a disciple of the late Erik 
Hagglund, professor of cellulose technology and wood 
chemistry at the Royal University of Technology, Stock- 
holm. He has spent his career of some 20 years in the 
Swedish pulp industry, principally on industrial research, 
and is at present assistant research director of one of the 
foremost Swedish pulp and paper mills. In this volume 
he has produced one of the most comprehensive books on 
pulping processes yet available, and it is written in faultless 
English. Indeed, the work may be described as almost 
monumental, and it will undoubtedly serve as a standard 
reference work on wood pulping for many years to come. 

The book commences with a survey of the forests of the 
world and includes and discusses data on wood species, 
the gross and minute structures of trees and woody 
fibres, and the chemical composition and reactions 
of their components. The operations involved in the 
preparation of cellulose pulp from the forest to the 


finished product are then described and discussed. The- 


section headings comprise the manufacture of unbleached 
pulp and of bleached pulp, including the preparation of 
the chemicals required. A final chapter surveys the 
properties and uses of pulp and the world pulp industry. 
The treatment of the subject ıs such that the physical and 
chemical processes involved are emphasized, rather 
than the purely technological aspects. In this way the 
influences of process variables on the yields and properties 
of pulps are demonstrated and analysed. The chemical 
reactions involved, the preparation and recovery of 
pulping chemicals, and the manufacture of organic by- 


products are also dealt with. 


It is inevitable that even a book having such a high 
standard of attainment should also have its weak points, 
if only because its wide and detailed scope places a con- 
siderable strain on the expert knowledge of a single 
individual. The introduction suggests that one of these 
limitations is apparent to the author, namely, the fact 
that the time involved in writing such a book means 
inevitably that some of it is soon out of date. This 
applies with particular force to the statistical data and the 
author’s discussion of the pulping industry of the world, 
which are based on 1960 figures and facts; a great deal 
of importance has happened in this connexion in the past 
5 years. A further, and perhaps more important, limitation 
arises from the fact that, to the author, pulp means almost 
exclusively wood pulp and there is scant and not always 
wholly accurate treatment of fibrous pulping materials 
other than wood. Quantitatively and on a world-wide 
basis, such pulps may be of relatively small significance 
at the present time as compared with wood pulp. How- 
ever, to developing countries they are often the only 
source of available paper-making material, and as time 
goes on they will certainly increase in importance; they 
certainly deserve more than 16 pages in a book of this 
size. 
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It should be emphasized that the foregoing criticisms 
should be viewed in their correct perspective, especially 
as the latter refers only to non-woody fibres. So far as 
wood pulping processes are concerned the book can be 
recommended highly and without reserve. 
JULIUS GRANT 


SEMICONDUCTOR CONTROLLED 
RECTIFIERS 


Semiconductor Controlled Rectifiers 

Principles and Applications of p-n-p-n Devices. By F. E. 
Gentry, F. W. Gutzwller, N. Holonyak, jun., and E. E. 
Von Zastrow. (Seriesin Solid State Physical Electronics.) 
Pp. xv +383. (Englewood Cliffs, N.J., and London: 
Prentice-Hall Internasional, 1964.) 120s. 


URING the ten years following its discovery in 1949, 
the transistor developed, at least in principle, to the 
point where it could replace ‘hard’ thermionic valves in 
all but three fields, namely, for generating high powers at 
radio frequencies, in electrometer applications, and in 
micro-wave applicatims. The field effect transistor now 
permits replacement vf the valve in electrometers, and 
various so-called ‘sold state klystrons’ now becoming 
available are rapidly encroaching on the micro-wave field. 
However, the eclipse Df ‘hard’ valves by the transistor is 
as nothing compared with the rapidity and thoroughness 
with which the thynstor, or semiconductor controlled 
rectifier, has swept the ‘soft’ valve into history. The only 
field left now for the thyratron (and its various relatives) 
is a very tenuous grasp on applications in which working 
voltages are too high for present-day semiconductor 
devices. Indeed, thyristors now also seriously threaten 
the survival of the magnetic amplifier, which clings to a 
place in contemporary technology only by virtue of 
economic factors and mndustrial inertia, both of which are 
likely to be only of transient significance. 

Needless to say, the rapid coming to maturity of 
thyristor technology Fas led to the production of a spate 
of books expounding zhe essentials both of device design 
and, circuit application. Semiconductor Controlled Rectifiers 
is a good example. It is well produced, thorough in its 
treatment, extensive and reliable. In that it describes 
recent and, relatively sophisticated developments, it is a 
second-generation boox—no pioneering text, but likely to 
be useful for a cons-derable period. The emphasis is 
clearly forward application, rather than device design, 
although the latter is covered sufficiently well to give an 
adequate introduction, and certainly should make it 
relatively easy to understand why available devices have 
the properties that thay have. 

However, two critic&ms must be made. First, one-sixth 
of the book is taken up with a summary of the elementary 
theory of semiconduczors and the p-n junction. This is 
really inexcusable. Many good text-books on this subject 
are now available and, in any event, the fundamentals 
are a necessary part of the education of every electrical 
engineer to-day. To me it seems quite possible that it 
was only included because of the present fashion in the 
United States and elsewhere not to write or publish 
short books. The present volume is not a particular 
sinner in this respeci, but certainly could have been 
reduced, in length by at least one-third without loss. 
Secondly, circuit technique using thyristors is expounded 
in a ‘cookery book’ zashion. This is still customary in ` 
electronics text-books. The outstanding systematic 
exposition of the tezhnique of circuit design is still 
awaited for reasons which are not clear. Perhaps the 
subject has lacked the intellectual cachet necessary to 
attract attention of a sufficiently serious kind. For what- 
ever reason, electronis circuit design has yet to find its 
Mendeleev, and can scarcely be considered a science in 
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the sense, say, of the definition used by Prof. P. B. 
Medawar in a recent article (Encounter, August 1965). To 
sum up, the book is thorough, reliable, and with a wide 
range of proven circuit arrangements described in adequate 
detail; sufficient, in fact, to enable the engineer to develop 
the skill necessary for the design of new configurations. 
W. FISHWICK 


ALKALINE EARTH METALS 


Handbuch der Experimentellen Pharmakologie 
Begrundet von A. Heffter. Fortgefuhrt von W. Heubner. 
Erganzungswerk. Herausgegeben von O. Eichler und A. 
Farah. Band 17: Ions Alealino-Terreux. Teill: Systèmes 
Isolés. Sous-Editeur: Zénon-Marcel Bacq. Pp. xx+ 574. 
148 D.M. Teil 2: Organismes Entiers. Pp. xviii+ 
1068. 198 D.M. (Berlin: Springer-Verlag, 1963, 1964.) 


R these two volumes the editors have brought together 
twenty Belgian authors who have, between them, 
contributed seventeen chapters. The first volume deals 
with the action of the alkaline earth metals studied ın 
isolated preparations, the second with work on whole 
organisms. 

Z.-M. Bacq opens the first volume with an interesting 
account of the importance of the alkaline earth metals 
in living matter. In the second chapter, the chemistry 
and physical chemistry of magnesium, calcium, strontium 
and barium are discussed by E. Fredericq. The next four 
chapters deal with the action of the alkaline earths on 
simple enzymes (L. Massart and R. Vercauteren), blood 
coagulation (Y. Bounameaux and J. Lecomte), complex 
enzyme systems (C. Liébecq) and micro-organisms (Z.-M. 
Bacq). The intra- and extra-cellular distributions of Ca 
and Mg are discussed by E. Schoffeniels. This is followed by 
chapters dealing with the action of alkaline earth metals 
on tissues of invertebrates (Z. M. Bacq), on nerve fibres 
and nerve cells (J. A. Cerf and I. Leusen), on neuromuscu- 
lar transmission (J. E. Desmedt), on skeletal (X. Aubert), 
cardiac (J. G. Henrotte) and smooth muscle (Z.-M. Bacq 
and R. Charlier) and blood elements (J. Lecomte and 
Y. Bounameaux). The first volume ends with a most 
useful review by E. Schoffeniels and Z.-M. Bacq on the 
factors which control the states of equilibrium of the 
various cations. 

The second volume concentrates on the many metabolic 
processes in which the alkaline earth metals are involved 
in the whole organism. The first two chapters are written 
by M. J. Dallemagne and deal in great detail with calcium 
in the circulation, bones and teeth. The third chapter 
is devoted to the cerebrospinal fluid and the central 
nervous system (I. Leusen) and to the aqueous humour 
(Z.-M. Bacq). Subsequent chapters deal with problems 
concerning the kidney (G. Barac), milk (G. Peeters and 
R. Vercauteren), sweat (Z.-M. Bacq), gastrointestinal 
secretions (H. Brabant and J. van Geertruyden), blood 
vessels and allergy (J. Lecomte). The metabolism of 
magnesium (M. J. Dallemagne) and that of strontium and 
radiostrontium (J. Goffart) follow, and the second volume 
ends with a chapter by J. Lecomte on the toxicity of 
alkaline earth metals. 

This outline of the contents of the two volumes gives 
some indication of the scope of the work. Prof. Z.-M. 
Bacq has done, his work of planning and co-ordination 
admirably and is to be congratulated on having persuaded 
so many distinguished Belgian workers to join him in this 
enterprise. All the chapters are of high quality and 
present in a clear manner a wealth of information on a 
field of wide interest. There are extensive lista of refer- 
ences at the ends of the chapters which add greatly to the 
usefulness of the book. Moreover, each of the two 
volumes is self-contained, with its own author and subject 
index. The drawings are excellent and the volumes 
beautifully produced. 
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The coverage is so wide that workers in'a great number 
of disciplines will find these two volumes very useful 
indeed. However, in order to enjoy them to the full, the 
reader should have a competent knowledge of French, all 
chapters being in that language. Moreover, if he wishes 
to have the two volumes on his own shelves, he needs a 
respectable bank balance, the price of the two volumes 
being £30 5s. 8d. ELEANOR ZAIMIS 


RESEARCH IN PHOTOGRAPHY 


Mitteilungen aus den Forschungslaboratorien der 
Agfa-Gevaert AG_Leverkusen-Miinchen 

Band IV. Pp. vii+474. (Berlin, Heidelberg and New 

York: Springer-Verlag, 1964.) D.M. 96. 


OLUME 4 of Mitteilungen aus den Forschungslabora- 
torien der Agfa-Gevaert AG, like its predecessors, 
comprises a selection of papers originating from the 
Agfa Laboratories in Leverkusen and Munich. It repre- 
sents a cross-section of the work in recent years of 
the Agfa research workers in the field of photographic 
and related science and technology. 

A total of 35 individual papers, 13 of which have 
previously been published in other journals, cover the 
following ground: thermo-dynamic studies of the basic 
photographic process and a review of the present theories 
of spectral sensitization; investigations of the growth and 
crystal habit of silver halide microcrystals and of the 
composition and stability of the latent image. Other 
papers give predominantly theoretical treatment of the 
mechanism of various reactions which are relevant to 
the photographic process and of development. Anosher 
section deals with the properties of the processed photo- 
graphic image and includes papers on the sensitometry as 
well as on statistical investigations of tolerances of reversal 
colour films. This part also includes no less than six 
papers in a field of growing importance which describe 
investigations into the performance characteristics of 
photographic layers in terms of the modulation transfer 
theory. 

Papers in the field of organic chemistry range widely: 
the reaction of couplmg compounds with p-pheny]l- 
ene-diamines, resulting in the formation of colourless 
products and of dyes; optical sensitizing dyes; new 
developer substances; reactive dyes for gelatine and 
analytical chemistry. Two further contributions are con- 
cerned with the preparation and properties of magnetic 
tape. Finally, there are contributions in the camera and 
equipment field; on the spectral sensitivity distribution of 
photo-electronic receivers and on the efficiency of illumina- 
tion systems. The standard of the experimental work 
and of its presentation is high throughout. Among the 
many experimental techniques used, electron-microscopic 
photography deserves special acknowledgment. 

The volume has been edited by E. Klein and R. Matejec. 
Prof. Klein, who is the research director of the Agfa part 
of Agfa-Gevaert, is co-author of several of the papers. 
Other contributors- include such well-known names as 
R. Matejec, E. Moisar, J. Eggers, W. Behrendt, G. Langner 
and W. Piischel. 

This volume is dedicated to F. Gajewski, who initiated 
Agfa research in the photographic field in the 1930s. 
It is in this context that one may understand the reasons 
for publishing volumes of this kind which cover such a 
wide range of subject-matter; that is, to demonstrate 
within and outside the company the value of research work 
which does not always become apparent in the company’s 
products. By the nature of their work, most scientists 
in the field would be interested only in some section or 
sections of this volume, and the majority would be equally 
well served if the individual papers could appear in the 
appropriate journals, as many of them have done already. 

K. O. GANGUIN 


- to the House of Representatives Appropriations Committee. 
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A HUMANISTIC TECHNOLOGY* © > 


By Vice-ApmiraL H. G. RICKOVER, C.B.E- 
“er, U.S. Navy ; 


Co GE is now part of life in all industrially advanced 
countries—continuous, rapid, all-pervading change. 
The ultimate cause of this unsettling situation is the explo- 
sion of science: factual knowledge doubles every decade 
or so. Its direct cause is the technological revolution: 
new knowledge is put to practical use about as rapidly as 
knowledge itself expands. 

The impact of technology on individuals and on society 
at large is profoundly affected by the attitude of the 
public and of its leaders toward technology; that is, 
by prevailing concepts of what technology is and what 
purpose it should serve. 

When technology is believed to be a force with a momen- 
tum of its own that puts it beyond human direction or 
restraint, it may become a Frankenstein destroying its 
creator. But when it is viewed humanistically, in other 
words, as ẹ means to human ends, it can be made to 
produce maximum benefit and do minimum harm to 
human beings, and to the values that make for civilized 
living. It may even enable man to become more truly 
human than it has ever been possible for him to be. Of 
technology it can be truly said that it is not ‘‘either good 
or bad, but thinking makes it so’’. 

I propose to show there is a tendency in contemporary 
thinking to regard technology as an irresistible force 
rather than a tool. The tendency is more pronounced in 
some countries than in others but is observable wherever 
there is rapid technological progress. Since it encourages 
the use of technology in ways that on balance are harmful, 


this point of view should be replaced by a humanistic — 


attitude—an attitude which looks on technology as an 
instrument created for no other purpose than to serve 
man. 

There is no need to belabour the point that technology, 
properly used, can be of great benefit. But there is need 
to bring out the potential harm which technology, im- 
properly used, may cause. My concern is with attitudes, 
for I believe it is attitudes that determine what we'do 
with technology. 

_ The part played in the formation of popular attitudes 
by all media of communication—books, newspapers, 
journals, radio, television—is too obvious to need comment. 
Apart from, formal education, which for most people ends 
at the threshold of maturity, these media bear the respon- 


* Substance of a Granada Lecture of the British Association for the 
Advancement of Science, delivered in Guildhall, London, om October 27. 
This Lecture does not necessarily. reflect the view of the U.S. Secretary of 


the Navy or the Department of the Navy. 


t Vice-Admiral Hyman G. Rickover is head of the Division of Nuclear 
Propulsion in the U.S Navy Bureau of Ships and director of the Division of 
Naval Reactors, U.S Atomic Energy Commission. 

During the Second World War he was head of the Electrical Section of 
the Navy’s Bureau of Ships, and at its conclusion was assigned to the Atomic 
Submarine Project. He took the lead in the design, development and con- 
struction of nuclear propulsion systems for submarines and other naval ships, 
the first of which, the submarine Nautilus, was launched in 1954. To-day the 
U.S. Navy has three nuclear-powered surface vessels, including-the glant 
aircraft carrier Hnterprise, and a large number of nuclear-powered hunter 
killer and Polaris submarines. Although well past retiring age, Admiral 
Rickover has been retained in service and re personally responsible for 
the whole of this nuclear propulsion programme. , He has also been charged 
with the responsibility of developing large-scale atomic power plants to 
generate electricity. E g : ia 

In addition to a direct concern with every detail of these nuclear-power 
programmes, Admiral Rickover has gıven much time and thought to prob- 
Jems of American education, which he has compared with school systems in 
other countries, including Great Britain, in three books and in several reports 

Among the many honours and awards which have come to Admiral 
Rickover are the very rare Congressional Gold Medal, which he received in 
recognition of his work ın the nuclear-power programme field, and the Enrico 
Fermi Award,-where his name joins a distinguished list including John von 
Neumann, Ernest Lawrence, Glenn Seaborg, and J. R. Oppenheimer. Among 
many honorary degrees which he has received is a D.Sc. of the University of 
Birmingham; he was made an honorary 0.B E. in 1946. 


sibihty of supplying the factual information men must 
have if they are to errive at rational judgments on issues 
that interest them as individuals, or concern them as 
citizens of a democratically organized society. Many of 
these issues contain sechnological elements. In presenting 
them to the public, it is important to assign these tech- 
nological elements -heir appropriate place. Therefore, 
those involved with communications (using the term in 
its broadest connotstion) must themselves have a clear 
conception of the nsture of technology and of its proper 
role. 

Technology has bzen defined as “covering the field of 
how things are commonly done or made’’, and, somewhat 
more broadly, as “wat things are done or made”. It is a 
modern term, but wə are in the habit of using it retro- 
actively. We apply È to the techniques of a pre-industrial 
metal worker no less han to those of amodern metailurgist. 
Yet modern technology differs significantly from that of 
the past in being largely based on science, that is, founded 
on accurate knowledge of the workings of Nature. Earlier 
techniques, arts, skills were almost entirely empirical. 
Because of his knəwledge of Nature, man, through 
technology, is now able to alter his material environment, 
the material conditicns of life. If these changes are to be 
beneficial, not harmfal, technology must be managed as a 
humsnistic enterprise. 

By boring into the secrets of Nature, scientists discover 
keys that can be used to unlock powerful forces. Tech- 
nology is concerned with putting these forces to practical 
use. The apparatus-set up for this purpose is huge and 
complex, difficult for Jaymen to understand. Yet the 
basic nature and purpose of technology are not beyond the 
comprehension of ordinary citizens. 

Technology is tools, techniques, procedures, things; the 
artefacts fashioned by modern industrial man to increase 
his powers of mind end body. Marvellous they are, but 
let us not be overawed by these artefacts. Certainly they 
themselves do not d&tate how we should use them, nor, 
by their mere existence, do they authorize actions that 
were not anteriorly lawful. We alone bear responsibility 
for our cechnology. In this, as in all our actions, we are 
bound by the princizles governing human behaviour in 
our society. Ethics, I need scarcely say, are not only 
personal but also socal. | 

This surely must be obvious to any reasonable man. 
Yet it cannot be over-emphasized, for a considerable body 
of opinion propagates what comes close to being the oppo- 
site view. The notior is widespread that, having wrought 
vast changes in the material conditions of life, technology 
perforce renders obsnlete traditional concepts of ethics 
and morals, as well as accustomed ways of .arranging 
political and social relationships. Earnest debates are 
at present taking place as to whether it is possible to act 
morally in the new technological society, and proposals 
have been made—qutie seriously—that science must now 
replace traditional etaics. We have here a confusion of 
means with ends that should be cleared up. , 

The laws disclosed >y science must of course be heeded 
by those who wish so exploit scientific discoveries; mn 
his technological activities man is bound by the laws of 
science. But it does not follow that he is bound by the 
laws of science in hs purely human relations as well. 
“Science”, wrote Vannevar Bush, “Shas come a long way, 
in delineating the probable nature of the universe that 
surrounds us, of the Dhysical world in which we live, of 
our own structure, cur physical and chemical nature. 
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It even enters into the mechanism by which the brain 
itself operates. Then it comes to the question of consciousness 
and free will—and there it stops. No longer can science 
prove, or even bear evidence. Those who base their 
personal philosophies or their religion on science are left, 
beyond that point, without support”, 

Through technology man has been relieved of much 
brutal, exhausting, physical labour as well as boring routine 
work; he has been provided with numerous mechanical 
slaves who do certain kinds of work faster, cheaper and 
more efficiently than people. Why should the ease and 
affluence made possible by technology affect precepts that 
have guided Western man for centuries ? This may brand 
me as old-fashioned, but I have not yet found occasion to 
discard a single principle that was accepted in the America 
of my youth. Why should anyone feel in need of a new 
ethical code because he is healthier or has more possessions 
or more leisure? Does it make sense to abandon rules 
one has lived by because one has acquired better tools for 
doing one’s work ? 

Tools are for utilizing the external resources at our 
disposal; principles are for marshalling our inner, our 
human resources. With tools we alter our physical en- 
vironment; principles serve to order our personal life 
and our relations with others. The two have nothing to 
do with each other. 

It disturbs me to be told that technology ‘demands’ an 
action the speaker favours, that ‘you cannot stop pro- 
gress’. It troubles me that we are so easily pressured by 
purveyors of technology into permitting so-called ‘progress’ 
to alter our lives, without attempting to control it—as if 
technology were an irrepressible force of Nature to which 
we must meekly submit. If we reflected, we might dis- 
cover that not everything hailed as progress contributes 
to happiness; that the new is not always better nor the 
old always outdated. 

Perhaps we are recoptive to these arguments because 
we tend to confuse technology with science. Not only in 
popular thinking but even among the well-informed the 
two are not always clearly distinguished. In consequence, 
characteristics pertaining to science are attrmbuted to 
technology. The etymology of the word may contribute 
to this confusion. Its suffix lends to technology a false 
aura—as if it signified a body of accumulated, system- 
atized knowledge, when in fact the term refers to the 
apparatus through which knowledge is put to practical 
use. The difference is important. 

Science has to do with discovering the facts and 
relationships of observable phenomena in Nature, and with 
establishing theories which serve to organize masses of 
verified data concerning these facts and relationships. 
Because of the care scientists take to verify the facts 
supporting their theories, and their readiness to alter 
theories when new facts prove an established theory to be 
imperfect, science has great authority. What the scientific 
community accepts as proved is not questioned by the 
public. No one disputes that the Earth attracts the Moon, 
or that atomic fission produces energy. 

But technology cannot claim the authority of science. 
It is properly a subject of debate, not alone by experts 
but by the public as well. It has proved anything but 
infallibly beneficial. Much harm has been done to man 
and Nature because technologies have been used with no 
thought for the possible consequences of their interaction 
with Nature. A certain ruthlessness has been encouraged 
by the mistaken belief that to disregard human considera- 
tions is as necessary in technology as it is in science. The 
analogy is false. 

The methods of science require rigorous exclusion of 
the human factor. They were developed to serve the 
needs of scientists, whose sole interest is to comprehend 
the universe; to know the truth; to know it accurately 
and with certainty. The searcher for truth cannot pay 
attention to his own or other people’s likes and dislikes, 
or to popular ideas of the fitness of things. This is why 
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science is the antithesis of ‘humanism’, despite the fact 
that historically modern science developed out of and 
parallel to the humanism of the Renaissance. 

What scientists discover may shock or anger people— 
as did Darwin’s theory of evolution. But even an unpleas- 
ant truth is worth having; besides, one can choose not 
to believe it. It is otherwise with technology. Science, 
being pure thought, harms no one; therefore it need not 
be humanistic. But technology is action, and often poten- 
tially dangerous. Unless it is made to adapt itself to human 
interests, needs, values, and principles, more harm than 
good will be done. Never before, in all his long life on 
Earth, has man possessed such enormous power to injure 
his human fellows and his society as has been put into 
his hands by modern technology. 

This is why it is important to maintain a humanistic 
attitude toward technology; to recognize clearly that, 
since it is a product of human effort, technology can have 
no legitrmate purpose but to serve man—man in general, 
not merely some men; future generations, not merely 
those who at present wish to gain advantage for themselves ; 
man in the totality of his humanity, encompassing all his 
manifold interests and needs, not merely some one particu- 
lar concern of his. Humanistically viewed, technology is 
not an end in itself but a means to an end, the end being 
determined by man himself in accordance with the laws 
prevailing in his society. 

A word may be in order concerning the disparate mean- 
ing of the word ‘law’, depending on whether it is used in 
the ordinary sense—which is also the original sense of 
the word—or by scientists. Law, as commonly understood, 
refers to those rules of human conduct prescribed and 
enforced by society. The scientists have appropriated 
the term. They use it to describe regularities exhibited 
by physical phenomena—the rules by which the cosmos 
governs itself. In the transition, the word has taken on a 
new meaning. 

Law that governs human society is not the result of 
scientific method but of wisdom and experience, of 
consensus as to what is just and fair. In autocracies, law 
is what the ruler wishes it to be and what he is able to 
enforce by naked power. The purpose of human law is-to 
resolve conflicts by the application of definitive rules. 
These rules are always debatable and can be changed 
when there is public demand for a change or when the 
rule-maker desires them to be changed. 

From the layman’s point of view, what the scientist 
calls law is fact, rather than law—immutable fact. Or, 
if you prefer, it is law operating in a sphere where man 
exercises no influence. He cannot alter the laws of the 
cosmos; he can only discover them. It would be pointless 
for him to debate these laws; he must accept them. A 
law of science expresses mechanical regularity where no 
choice of action, no free will, comes into play; it dealg with 
constancy of behaviour in Nature; it has relevance for 
man only because it makes the universe more com- 
prehensible to him and, by disclosing how Nature works, 
allows him to utilize the forces of Nature for his own 
purposes. 

When we make use of these forces, we must of course 
heed the laws of science which describe their behaviour ; 
they are laws we cannot bend to our will. But we must 
likewise heed the man-made laws of our society, for 
technology is action which affects fellow human beings. 
Technology straddles, as it were, the law of the cosmos 
and the law of man; it is subject to both. Much confusion 
in popular thinking arises from this fact. The two laws 
are confounded. Or, to put it differently, they are thought 
to be part of a single system of law so that one or the other 
must perforce take precedence. 

Ever since science discovered that the Earth is not the 
centre of the cosmos, as had been maintained by the 
highest human authorities, we have been learning pain- 
fully that the laws of science cannot be overturned by 
human fiat. To-day, acceptance of duly authenticated 
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soientific theories or laws is common practice in enlightened 
countries. Occasionally, an attempt is made to muzzle 
scientists whose findings contravene accepted dogma—as 
when the U.S.S.R. forced geneticists to conform to the 
party line, or when some backward community in the 
West forbids the teaching of evolution because this con- 
flicts with the community’s religious dogma. But these 
are rare cases, and no reasonable person condones them. 

It has taken a long time to attain this rational attitude 
toward science, and we are conscious of the consequences 
of intolerance in the past. Perhaps this is why we have 
been excessively tolerant toward those who claim the 
right to use technology as they see fit, and who are wont 
to treat every attempt by society to regulate such use in 
the public interest as if it were a modern repetition of the 
persecution of Galileo. 

Assuredly, we have the right to use the instrumentality 
of law and of government to protect ourselves against 
technological injury. Yet this simple truth is obscured by 
the effective way in which opponents of protective measures 
play on the layman’s respect for science—in a conscious 
or unconscious attempt to brainwash the public so it will 
accept their argument without debate. When attacking 
legislation that would restrain the user of technology, it 
is common practice to argue as if at issue were acceptance 
of a law of science. Yet what is being discussed is not 
science but the advisability or legality of the technological 
exploitation of science. The public would not be deceived 
by such arguments if it clearly understood the fundamental 
difference between science, which is pure knowledge, and 
technology, which is action based on knowledge. 

To guard against being misled, one should cultivate an 
attitude of scepticism whenever the word science is used. 
Is it science that is being discussed or is it technology ? 
If technology, the question at once arises whether the 
proposed action is legally permissible and socially desirable. 
These are matters which lie outside science. Just as the 
law of the cosmos cannot be overturned by human fiat, 
so is human law supreme within its own proper sphere of 
operation. Technology must therefore conform to that 
most basic of all legal maxims, the ‘mutuality of liberty’; 
the principle that one man’s liberty of action ends where 
it would injure another. Without this maxim, freedom 
would be a barren privilege. 

Humanistically viewed, technology can have no legiti- 
macy unless it inflicts no harm. Granted this premise, 
the prerequisite for users of technology is—or ought to be 
—that they comprehend and respect the laws of science 
applicable to their particular technology; that they 
exercise a prudent man’s care in assessing the probable 
consequences of this technology; and, should it be potenti- 
ally harmful, that they abstain from using the technology 
until they have found ways to render it harmless. 

Whether or not a particular technology has harmful 
potentialities ought not to be decided unilaterally by those 
who wish to use it. Destructive technologies are often 
highly profitable for those promoting them. They have a 
vested interest in the technology; it may give them money, 
reputation, power. They are an interested party to the 
conflict between private and public interest which every 
potentially harmful technology poses. Moreover, they 
are nearly always practical men more knowledgeable 
about efficiency in using a technology than about the 
legal and scientific implications of such use. 

A broader range of intellectual power should be brought 
to bear on the whole question of technological exploita- 
tion of szientific knowledge. Purely practical considera- 
tions should be supplemented with scholarly knowledge 
of long-range consequences; private interest in efficiency 
with p iblic interest in safety. The automatic discipline 
of a free market—-where it still exists—does not include 
side-effects and long-range consequences; it merely re- 
flects consumer preference for a product that appears 
useful and is reasonably priced. The consumer is too ill- 
informed about safety to make his opinion felt. 
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I think one can fairly say that the practical approach 
to a new scientific discovery and its utilization through 
technology is usually short-range and private, concerned 
only with ways to put the discovery to use in the most 
economical and efficient manner, little thought being given 
to its ultimate consequences. The scholarly approach—if 
I may use this term—is long-range and public; it looks 
to the effects which » new technology may have on people 
in general, on the mation, on the world; on present and 
future generations. Of course there are men who combine 
the two approaches and you find them among people 
whose primary interest is practical, no less than among 
those whose primary interest is scholarly. Both approaches. 
are necessary to illuminate the problem and help solve it. 
To exclude the one or the other prevents finding the 
way to a humanistic technology. 

I can best illustrate what I want to bring out by 4 
simple example. Commercial deep-sea fishing can be done 
so efficiently with modern techniques that a few enter- 
prises could rapidly sweep the oceans free of commercial 
fish: and this is what the fishermen of all nationalities 
wish to do. As practical men they are interested only in 
using technology to increase their catch, preserve it and 
get it to market as speedily as possible. In pursuing this 
short-range private objective, they have been quite 
ingenious. Figurat-vely speaking, the world’s marine 
scholars have stooc by wringing their hands at the 
fishermen’s ‘practical’ folly. To the scholars it has been 
incomprehensible that rational human beings should fail 
to see that in the end more can be taken from the sea if 
fishing conforms to sensible conservation measures which 
permit the species to reproduce itself. 

We witness at the moment the end of one of the saddest 
stories of misuse of technology by greedy fishing interests. 
Unless ‘the myopic 2upidity of commerce’’—as the New 
Screntist calls it—is curbed by really effective international 
action, the great whales—the blue, the finback, the sperm 
—will soon disappear forever, victims of man’s ‘practical’ 
folly. 

These and other whales once populated the high seas 
in immense numbers. For hundreds of years whaling 
remained a reasonab-y fair contest between man and the 
intelligent, swift-moring mammals he hunted. Modern 
technology has turned it into brutal genocide. The culprits 
are the whaling fleets of Norway, Japan and the U.S.S.R., 
last remnants of what once was a large company of 
whaling fleets from many nations. One by one they ruined 
themselves by destraying the marine resources on which 
their livelihood depended. Yet nothing has been learned 
from the lessons of the past. 

The International Whaling Commission, in 1964, 
advised that, unless the catch were drastically reduced 
for a number of years, the whales would not reproduce 
themselves in sufficisnt numbers to support continued 
commercial fishing. The whalers rejected the warning (the 
Japanese called it ‘‘orer-emphasized biology”) and agreed 
among themselves tc catch twice the limit proposed by 
the Commission, only to find the stocks already so depleted 
that they could not even meet their own ‘limit’. Blindly 
pursuing what they doubtless consider an eminently 
practical objective, maximum profit to-day, they are 
wiping out the very resources that could insure them a 
profit to-morrow. 

Practical consideretions apart, is amyone—are fifteen 
fishing fleets, 250 ships in all—justified in using technology 
to exterminate a species which has existed on this Earth 
for millions of years—the largest animal the world has 
ever seen? Do we know that our descendants will not 
at some future time have need of these mammals? R. A. 
Piddlington, in his bcok The Limits of Mankind, remarks 
that nobody knows what the biological consequences of 
the extermination of such whales are likely to be. “But if 
nearly a million of these huge animals, with their enormous 
appetites, can be rem>ved in a single generation from the 
balance of marine life without causing violent repercussions, 
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all our previous experience of this subject has given us 
the wrong answers.? He notes that the sperm whale is 
the only creature eating “‘that nightmarish monster the 
giant squid”, and suggests that one consequence of 
exterminating this huge‘ whale may be a tremendous 
increase in the population .of giant squid and -their 
penetration close to our shores—not a pleasant 
prospect. 

Technological damage to deep-sea fisheries happens to 
be an international problem, therefore particularly difficult 
to.solve. But quite as disastrous in its.ultimate conse- 
quences is the discharge of poisonous waste products by 
industrial plants using rivers and lakes as their private 
sewers. Valuable national fisheries have been ruined, not 
to spəak of harm done to.those who may eat fish poisoned 
by the waste products of new technologies. Detergents 
pose a similar problem. : They are cheaper to manufacture 
than soap, hence more profitable to the producer, and they 
are preferred by consumers for their superior cleansing 
capacity. But, discharged into waterways, their organic- 
ally undissolvable chemicals have proved particularly 
intractable pollutants. 

Irretrievable damage has been done by those who use 
technology without giving thought to its effect on our 
environment. Waste products, carelessly emitted, create 
a massive problem of soil, water and air pollution: we may 
be damaging the atmosphere permanently by changing 
its chemical composition. Wholesale slaughter of wild 
animals upsets the ecology with consequences we cannot 
even fathom as yet. In some places the contours of the 
land are being changed by strip mining which gouges out 
chunks of earth and rock with their top soil and vegetation, 
leaving behind a desolate lunarscape. 

In so far as damage is still remediable—and much of it 
can never be undone—it must be remedied by public 
action, at taxpayers’ expense. The total cost to the 
public of private carelessness and wilfulness in the use 
of technology will be enormous. 

Experience shows that, by itself, the legal maxim of 
‘the mutuality of liberty’ will not prevent premature 
commitment to technologies that may later prove harmful. 
The maxim must be implemented by preventive public 
action—action of the kind that has long been operative 
in the field of public health. There is need for laws requir- 
ing that befofe a particular technology may be used, 
reliable tests must have been made to prove it will be 
useful and safe. A few such laws are already on the statute 
books; more are needed. But we rarely get positive 
action until a human tragedy dramatizes the need for 
protection. So was it once, too, with preventive public 
health measures. 

It will be remembered that they received their major 
impetus from the great cholera invasions of the past 
century. These were themselves a result of new technolo- 
gies in transportation which enormously speeded the 
movement of persons and goods. The time-interval for 
travel from the areas of endemic cholera in the Far East 
to Europe and America was reduced below the incubation 
period of the disease. Without strong measures, the West 
could not protect itself against disease carriers coming 
from the East. These measures were bitterly fought 
because they impeded the movements of people and 


merchandise. It took repeated major epidemics to compel 


action. 

In the United States there are preventive laws protect- 
ing the public against dangerous drugs. The first law, 
bitterly fought by the pharmaceutical interests, did not 
pass until a major tragedy had occurred—the death of a 
considerable number of patients who had taken a drug 
which was effective in the treatment of their particular 
disease, but had unforeseen side-effects proving fatal to 
some. After much procrastination, a second, more strin- 
gent law was passed, but not until the uproar over the 
thalidomide babies caused the legislators to respond with 
alacrity. ; 
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Though a technology may clearly harm paramount 
human values, restraining laws will not be forthcoming 
unless public demand is sufficiently vocal-and persistent 
to wear down the opposition of those with a vested 
interest in the harmful technology. -Opposition tactics 
follow a pattern that is monotonously repeated whenever 
the attempt is made to regulate a technology in the public 
interest. It is well to familiarize oneself with the pattern. 

I have mentioned efforts to confuse the issue by arguing 
as if a law of science were at issue when in fact the pro- 
posed legislation deals with technology, not science. If 
this argument fails, the need for the proposed law is then 
categorically denied. Warnings of scientists are rejected 
as ‘unproved’ and ‘exaggerated’. Later, when these 
prove to have been entirely correct, the argument shifts 
from the substantive question of whether a technology 
1s harmful to an attack on the legitimacy of any kind of 
protective legislation. Such legislation would violate 
basic liberties, it is claimed; it would establish govern- 
ment tyranny and subvert free democratic institutions. 
If all this proves futile and legislation is imminent, there 
will be urgent demands that ıt be postponed until ‘more 
research’ can be undertaken to establish the appositeness 
of the proposed law. 

These delaying tactics are highly effective. It takes firm 
commitment to a humanistic technology to push through 
needed legislation as well as thorough understanding of 
the fililbustering tactics of opponents, and great skill in 
combating these tactics. No wonder public opinion and 
the law have nowhere fully caught up with those who 
misuse technology. Often as not they escape with impunity, 
no matter how gravely they injure man or society. 

I suggest that, as a special public service, those trained 
in the law take on the task of working for better protection 
against technological injury. This is a new and fruitful 
area in which lawyers could make important contributions 
to human welfare—an area which requires no revolution- 
ary change in the political or economic structure of 
society, merely greater precision and fuller implementa- 
tion of the traditional principle that injuring the health 
or causing the death of human beings is unlawful. The 
term health should not be limited to physical ‘health but 
should inelude psychic health and protection of the human 
personality as well. New technologies based on the un- 
certain ‘science’ of the social sciences involve snooping 
into the inner recesses of the human mind, personality 
testing and pseudo-scientific “manipulation of human 
beings. When they are imposed as conditions of employ- 
ment or otherwise partake of an element of compulsion, 
these technologies should be regulated or outlawed entirely. 

Much more thought should be given to technological 
interference with the balance of Nature and its con- 
sequences for man, present and future. Let me give one 
more example of the harm such interference may cause. 

To-day we have new technologies for the destruction of 
insect pests and weeds. Their use is profitable for the 
manufacturers of pesticides and weed killers; it is helpful 
to farmers who are able to get better crops, reduce human 
labour, and produce at greater profit ; it benefits consumers 
who are offered a wider variety of food at less cost. 
Here is a classic case of what technology can do for us. 
Unfortunately, we have left out of consideration the 
balance of Nature. If used improperly, these pesticides 
and weed killers will poison soil, crops, birds, animals, 
fish and eventually man. In her book Silent Spring, 
Rachel Carson spoke out eloquently against committing 
this ecological sin. 

Ecologists constantly warn us that when the balance 
of Nature is upset, everything in Nature is threatened, 
including man himself. It seems certain that unless- he 
sets limits to his destructive instinct, man will ultimately 
exterminate all wild life. He will then be left alone on 
Earth with his domesticated animals and with swarms 
of insects and germs; alone in a world he has fashioned 
in the image of his technology. i 
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Insects have flourished on this Earth for 350 million 
years or more and outnumber man by a factor of hundreds 
of thousands. They are better adapted to survive new 
technologies than larger animals. A few specimens always 
survive whatever poison may be administered to them. 
Multiplying with fantastic rapidity, they then present 
man with a hardier strain which he must attack with still 
more poisonous pesticides. The true victims of this 
endless battle are not the insects but other living creatures, 
our natural allies in the war against insects. Piddlington 
closes his chapter on the balance of Nature with a synthetic 
proverb which doubtless makes no sense to practical men 
but will be readily understood by those who comprehend 
the ABCs of ecology: “Whoever destroys an elephant 
creates a thousand rats, or a million flies”. 

The examples I have given show that to make tech- 
nology safe, we must have protective laws; that enactment 
of such laws depends on a humanistic attitude toward 
technology on the part of significant segments of the 
public and its leaders. But more is needed. Law and 
public opinion nearly always lag behind the swift develop- 
ment of new technologies. Therefore, what is additionally 
needed is more informed and responsible thinking among 
those who manage technologies. This can best be brought 
about by ‘professionalizing’ the decision-making process 
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‘in technology. Experience has shown that in the hands of 


professional persons technology 1s managed with greater 
concern for human welfare than when it is controlled, as 
at present, by non-professionals. The classic example is 
medicine. 

Of all technologies, that of the physician has benefited 
man most and harmed him least. The stringent standards 
set by the profession and by society for the education and 
professional conduct of physicians accounts for this happy 
circumstance. Not only is no one permitted to practise 
who has not given proof of his competence, but physicians 
must also be broadly, liberally, humanistically educated 
men and women. This gives them perspective in evaluat- 
ing their professional actions, an ability to see these 
actions against a humanistic background. Moreover, 
they operate under a code of ethics which requires them to 
place the needs of patients above all other considerations. 

We owe to Greece the noble idea that special knowledge 
and skill ought to be used humanistically, instead of 
merely for personal aggrandizement or power, or as & 
means of extracting maximum gain from those in need of 
the services of men possessing special expertise. It was a 
novel idea at the time, and remains unknown to this day 
in many regions of the world. Even among the people of 
Western civilization the precept is rarely followed outside 
medicine and a few other ‘learned’ or liberal professions. 
Most human affairs are conducted on the old Roman 
maxim of caveat emptor. 

I have long believed that we should come appreciably 
closer to a humanistic technology if engineering were 
practised as a humanistic profession, and if, in con- 
sequence, engineers were accorded the professional inde- 
pendence granted members of liberal professions. I feel 
certain engineers would then find it possible to act with 
the same sense of professional responsibility and service 
to humanity which is characteristic of good physicians. 
It may be that in some countries engineering has already 
attained the status of a truly liberal or humanistic pro- 
fession. But I doubt if this is the case in Great Britain 
or the United States. 

Engineering now stands at the threshold; there is no 
reason why it should not enter the liberal professions. 
It has as its theoretical foundation a body of systematic 
knowledge, an academic discipline as rigorous and exten- 
sive as that of other learned professions. It has a highly 
developed technique for applying this specialized know- 
ledge to practical problems. But to-day there is no absolute 
requirement that an engineer must be a liberally educated 
man, nor has engineering adopted the kind of ethical code 
that governs the older professions of medicine and law. 
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Jt is because of the ‘professional’ characteristics I have 
here stated that məmbers of the ‘learned’ professions 
demand and are azcorded professional independence. 
“The essence of prcfessions,’’ wrote Abraham Flexner, 
an expert in this field, “resides in the application of free, 
resourceful, unhamp»red intelligence to the comprehen- 
sion of problems.’ Service ceases to be professional 
if it has in any way been dictated by the client or 
employer. 

The role of the professional man is to lend his special 
Inowledge, his well-trained intellect, his dispassionate 
habit of visualizing problems in terms of fundamental 
principles to whatever specific task is entrusted to him. 
Professional independence is not a special privilege but 
rather an inner necessity for the true professional man; it 
is a safeguard for his smployer and for the public as well. 
It is what chiefly sets him apart from the skilled tech- 
nician, 

This independence of professional judgment has not 
yet been accorded tks engineer. He still has to win it 
for himself. Engineers are nearly always salaried employ- 
ees rather than self-employed, which makes it all the more 
essential that they gain professional status. Where 
engineers and physicians work in the same organization, 
it happens not infrequently that the most experienced 
engineer’s professional judgment will be overruled by a 
lay superior, while nc one would think of dictating to a 
physician, no matter how young and inexperienced he 
might be. Yet the university-trained engineer is as 
competent a professicnal in his field as is the physician. 
The difference lies in the determination of the medical 
profession to resist lay interference and its success in 
winning this point, while the engineering profession has 
shown little determination, and therefore has had little 
success. 

I speak of this with feeling. As is known, my work is in 
one of the new techno-ogies: one that is dangerous unless 
properly handled. I am frequently faced with the difficulty 
of convincing adminis:rative superiors that it is not safe 
for them to overrule sheir technical experts. Here is a 
case in point. 

A. superior once asked me to reduce radiation shielding 
in our nuclear submarines. He said the advantage of 
getting a lighter-weight reactor plant was worth risking 
the health of personne:. It was not possible to make him 
see that such a concept could not be accepted; that, 
moreover, where radiation is involved, we are dealing 
not just with the lives of present-day individuals but with 
the genetic future of all mankind. His attitude was that 
we did not know muca about evolution and if we raised 
radiation exposures we might find the resulting mutations 
to be beneficial—that mankind might ‘learn to live with 
radiation’. As one may surmise, I did not reduce the 
thickness of the shieldmg. 

The British and the Americans are fortunate to live 
in countries so organized politically that individuals 
enjoy the greatest possible freedom consistent with their 
obligations as members of a civilized society. But freedom 
always comes ata cost. As citizens of a free, self-governing 
society, -we are individually and severally responsible for 
the quality of our sociesy. The values making for civilized 
life are neither created nor preserved without continuous 
effort. In a democracy it is the people themselves who 
must make this effort. 

A final word needs to be said concerning the impact of 
technology on the political institutions of a free society. 

By making it possitle for affluence and leisure to be 
spread over large segrrants of the population—theoretic- 
ally over all the people—technology gives support to 
democratic institutions We are approaching a situation 
comparable to that of Athens 2,500 years ago, where every 
citizen was an active participant in the governance of 
his city State. He world not have had the leisure to do 
this had there not beer slavery. To-day, each of us has 
many more mechanical slaves than the Athenian had live 
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ones. We have at least as much leisure as he had to devote 
to public affairs. 

The Athenian, however, dealt with public issues which 
were not beyond the comprehension of ordinary citizens. 
Modern democratic citizens, on the other hand, are faced 
with issues which are extremely difficult for laymen to 
understand. They must depend, to an extraordinary 
degree, on the advice of experts. Whether such advice 
is competent as well as impartial is often hard to judge. 
Much of the difficulty arises from the complexities tech- 
nology introduces into modern life. To the extent that it 
renders public issues incomprehensible to ordinary citizens, 
technology undermines democratic institutions. 

Technologically created affluence and leisure make it pos- 
sible for Great Britain and the United States—in fact all 
advanced industrial countries—to socialize the cost of 
education, thus giving every citizen a chance to become as 
educated as his God-given talents and his determination 
allow him to be. The opportunity is there, but will it be 
seized ? : 

We do not yet know whether people may not prefer 
to live the life of the idle rich—as they imagine it to have 
been—pursuing fun and games, not bothering about 
becoming educated or meeting their public responsibility, 
or whether they will decide to emulate those—and there 
were many in all ages—who considered material comfort 
and leisure a trust, to be used for improvement of self 
and society. We have a choice, but unless democratic 
electorates raise their competencies to a higher plateau, 
they will discover that they cannot effectively control 
either their government or their technology. 

It is obvious that a society’s technological level determ- 
ines the range of occupational skills for which there is effec- 
tive demand. The higher the level, the smaller the demand 
for unskilled labourers, the greater that for intelligent, 
well-educated professional persons, semi-professionals, 
skilled technicians. Less obvious is the fact that technology 
also sets a lower limit to the educated intelligence citizens 
must have if they are to meet their public responsibilities 
—a sort of Plimsoll mark. ‘Those who fall below this 
mark are precluded from participating in the public 
dialogue through which consensus is formed in free 
societies; they are precluded simply because they do not 
understand public issues involving technology. Democracy 
is not viable if too many fall below this mark. 

In an oversimplified way, one might say that in a free 
society citizens have private liberties and public respon- 
sibilities; they safeguard their private liberties by faith- 
fully discharging their public duties. Any diminution, 
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whatever its cause, of the individual citizen’s ability to 
think independently about matters that determine the 
shape of his society, any lessening of his participation in 
its governance, makes society less free, democracy less 
viable. 

How we use technology affects profoundly the shape 
of our society. In the brief span of time—a century or so 
—that we have had a science-based technology, what use 
have we made of it? We have multiplied inordinately, 
wasted irreplaceable fuels and minerals and perpetrated 
incalculable and irreversible ecological harm. I have 
thought much about this, and I can find no evidence that 
man contributes anything to the balance of Nature— 
anything at all. On the strength of his knowledge of 
Nature, he sets himself above Nature; he presumes to 
change the natural environment for ali the living creatures 
on this Earth. Do we, who are transients and not overly 
wise, really believe we have the right to upset the order of 
Nature, an order established by a power higher than man ? 

These are complicated matters for ordinary citizens to 
evaluate and decide. How in future to make wiser use of 
technology is perhaps the paramount public issue facing 
electorates in all industrial democracies; a problem difficult 
enough in itself but rendered still more so by the strategies 
of those who wish to continue using harmful technologies. 

As I said at the beginning, the communications media 
could render great service by providing the public with a 
balanced view of the issue. Reportage which consistently 
takes a humanistic attitude toward technology would be 
of immense help. So would consistent stress on the 
propriety of laws to prevent technological damage. It 
cannot be said too often that Government has as much a 
duty to protect the land, the air, the water, the natural 
environment of man against such damage, as it has to 
protect the country against foreign enemies and the 
individual against criminals; conversely, that every citizen 
is duty-bound to make an effort to understand how tech- 
nology operates and what are its possibilities and lmita- 
tions. Alli this is necessary if technology is to be assigned 
its proper place in human affairs, if 1t is to be made human- 
istic. 

A. free society centres on men. It gives paramount 
consideration to human rights, interests and needs. But, 
once ordinary citizens come to feel that public issues are 
beyond their comprehension, a pattern of life may develop 
where technology, not man, would become central to the 
purpose of society. If we permit this to happen, the 
human liberties for which mankind has fought, at so great 
a cost of effort and sacrifice, will be extinguished. 
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MATERIALS SCIENCE AND ENGINEERING AT THE MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY 


ITH the official opening and dedication of the new 

interdisciplinary laboratory of the Center for 
Materials Science and Engineering (Fig. 1) on October 1, 
1965, @ new phase in the long-standing development of 
research and teaching in this field was inaugurated at the 
Massachusetts Institute of Technology. The principal 
speaker at the dedication of the new building was Dr. 
Wiliam O. Baker, vice-president of research, Boll 
Telephone Laboratories. The building was named the 
Vannevar Bush Building in recognition of the outstanding 
contributions to science and engineering and to their 
utilization to meet urgent national needs of Dr. Vannevar 
Bush, honorary chairman of the Corporation of the 
Massachusetts Institute of Technology. 

Other speakers at the dedication included President 
Julius A. Stratton, Dean Jerome B. Wiesner of the School 
of Science, Dean Gordon 8. Brown of the School of 
Engineering and Dr. James R. Killian, jun., chairman 


of the Corporation, who presided. Representing the 
Advanced Research Projects Agency of the Department 
of Defense was its director, Dr. Charles M. Herzfeld. It 
was a happy combination of support from the Advanced 
Research Projects Agency and the Massachusetts Institute 
of Technology Second Century Fund with special assist- 
ance in financing from the Alfred P. Sloan Foundation of 
New York which made the building possible. 

Materials science and engineering, both in their funda- 
mental and practical aspects, have been studied for many 
years at the Institute. The Departments of Mechanical, 
Electrical and Chemical Engineering and the Department 
of Metallurgy have for many years been investigating the 
properties of traditional metals, ceramics, glasses and other 
materials used in the course of their professional activities, 
and more recently new materials such as semiconductors 
and polymers have been added to the list. The basic 
science departments, especially physics and chemistry, 
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have long had as part of their programme fundamental 
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investigations of the cohesive properties of solids and of 


the phenomena of electrical and heat conduction in various 
materials as well as of their magnetic and optical proper- 
ties. There is now scarcely a department within the 
Schools of Science, Engineering and Architecture which 
is not involved in materials research and teaching in a 


~ major way. 


To give a focus for all this activity the Center for 
Materials Science and Engineering has been established, 
and also to take advantage of the interdisciplinary charac- 
ter of much materials research. This arose from a strong 
desire to strengthen the programme of materials research 
to meet the urgent demands of modern technology both 
through research achievement and through the production 
of well-trained engineers and scientists in this field. The 
benefit obtained by contact of research workers from 


different disciplines is well recognized in a number of 


great industrial and Government laboratories; the Inter- 
disciplinary Laboratory for Materials Science and Engin- 
eering has been built to encourage such interaction in a 
university environment. 


The new laboratory building provides a number of 


central facilities which have always been envisaged as the 
cement which would bind the Center together. Modern 
equipment for materials research is expensive, and 
centralization is the only way to provide some of this 
equipment. The facilities include equipment for prepara- 


tion, purification and evaluation of various groups of 


materials. This equipment is usually in charge of a pro- 
fessor, and four main groups of materials are provided 
for at the moment: metals, insulators, semiconductors 
and composite materials such as ceramics. <A central 
analytical laboratory provides up-to-date chemical 
methods of evaluation, while physical methods include 
X-ray analysis, optical and electron microscopy, and 
electron micro-probe analysis. Some expensive pieces of 
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equipment used primarily by individual professors for 
their own research are also available some of the time for 
use by others. These facilities are also backed by the 
close association of the laboratory with other laboratories 
of the Institute, such as the Laboratory for Nuclear 
Science, which provides facilities for the use of neutron 
scattering, the National Magnet Laboratory, which 
provides very high magnetic fields, and the Spectroscopy 
Laboratory with its excellent instruments and wide 
variety of optical tecaniques. 

The research programme in the new laboratory is sup- 
ported by a number of Government agencies and industrial 
organizations through individual contracts and grants 
to professors, but a substantial part is supported by the 
Advanced Research Projects Agency (ARPA). This 
research covers a wids variety of topics, too numerous to 
be detailed here, but falling generally into the following 
categories: basic physics and chemistry of solids, study of 
materials of interest in electronics and optics, research 
into the factors that determine the ultimate strength and 
mechanical properties of materials under a wide variety 
of conditions. Of particular interest are materials for 
use at high temperatures and pressures. Special materials 
such as high-field superconductors, and laser materials, 
are also included. 

Although the research programme to be carried out in 
the new building represents a substantial fraction of the 
total materials research effort at the Institute, it is only 
part of a considerably larger activity in various depart- 
ments and in other laboratories. It is planned to concen- 
trate a good deal of the more fundamental research on 
materials science and engineering in the new laboratory. 
This has been achieved by bringing together some of this 
work from a number of departments and by starting new 
programmes of basic research. A number of these new 
research projects are already well under way and are 
producing results which may ultimately have a profound 
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effect on technology. The main impact of these new 
facilities, however, is likely to be through the body of 
scientists and engineers who will receive an advanced 
training in materials research through their association 
with the Interdisciplinary Laboratory. 

The laboratory is staffed largely by faculty members 
drawn from a number of academic departments, st present 
mainly from physies, chemistry, electrical engineering 
and metallurgy, together with their graduate students, 
These are supported by technicians and engineering 
assistants. A small number of senior research staff holding 
appointments with the Division of Sponsored Research 
are also employed, together with an increasing number of 
young post-doctoral research staff continuing a research 
programme for two to three years after graduation. 
This form of further training has been growing in impor- 
tance in the physical sciences and is now also becoming 
more common in engineering research. The laboratory is 
therefore largely an academic one, the director, Prof. 
R. A. Smith, C.B.E., F.R.S., being also a professor in 
the Physics Department. The director is supported by a 
steering committee, of which he is chairman, consisting of 
the deans of science and engineering and a number of 
senior faculty members. 

The laboratory building was designed by the architec- 
tural firm Skidmore, Owings and Merrill of Chicago and 
has some novel features. It is a ferro-concrete structure 
built on five floors, giving a gross area of about 150,000 
square feet. Since the building is joined to the main build- 
ing of the Institute and forms a new north facade, the 
architects were faced with the problem of providing a 
functional and modern building which would fit in with the 
severely ‘classical’ form of the existing building. In this 
they have been successful. The new building is pleasing, 
yet distinctly modern, in appearance and in function. The 
design of the building is based on the concept of central 
vertical service cores around which the individual 
laboratories are arranged in groups of six on each floor. 
Each vertical shaft has cross-section 9 ft. x 14 ft. and 
“carries supply lines for hot and cold water, drains, various 
kinds of gas and compressed air, exhaust ducts for fume 
cupboards, heat canopies, ete. The laboratories are 
arranged in a double line on each side of the central plane 
of the building, though in a few instances particularly 
large laboratories are made by joining two so as to have 
twice the normal width. The access corridors run along 
the whole length of the building and on each of the long 
sides between them and the outside walls is a generous 
provision of offices and small conference rooms. The 
laboratories have no windows on to the corridors and are 
dependent entirely on the air-conditioning system for 
ventilation and on artificial ighting. The offices, on the 
other hand, have large windows forming a significant 
part of the outer walls. The provision of offices is such 
that all staff have office space in daylight, in general 
shared, except for senior faculty members. Light services 
are carried above false ceilings in the corridors. This 
_ design dictated full air-conditioning for the entire buildirg 
which is supplied by means of a forced-flow air system 
through heat exchangers fed by steam brought in from 
the outside for heating and through installed chillers 
for cooling. 

Many of the laboratories were designed with known 
needs in mind, but have been made sufficiently flexible 
so as to accommodate changes of programme. Electric 
power enters each laboratory from the vertical service 
cores in a 3 in. x 5 in. metal raceway at bench height 
having ample capacity to distribute many current outlets 
around the walls, and to give a great deal of versatility. 

The windows of the building, which are set in heavy 
wooden frames, are each 8 ft. high and made of heat- 
absorbing glass. They are set back 2-6 ft. from the exter- 
nal columns of the building. This provides shading and 
gives a reduction of sun-glare from the large expanse of 
window glass. These windows are one of the distinctive 
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architectural features of the building and give it its 
dominant external characteristic, as will be seen from the 
photograph. 

Before the official opening of the new building a sym- 
posium on “Materiais Science and Engineerimg” was 
heid on September 30 and on the morning of Oetober 1. 
The symposium, under the chaimmanship of Piof. R. A. 
Smith, supported as session chairmen by Prof. A. H. von 
Hippel a.d Prof. N. J. Grant, covered a wide variety of — 
topics. Speakers were drawn from the wider community 
of the Mussachusetts Institute of Technology ineh ding 
the Lincoln Laboratory and the National Magnet 
Laboratory. 

The first session was given over to basic research in 
solid-state physics. Prof. G. B. Benedek discussed some 
fascinating experiments on the scattering of light by 
thermally generated acoustic waves in liquids and solids. 
Of particular interest were some new results on scattering 
from liquids near their critical point. These experiments 
depend on the availability of highly monochromatic light | 
sources of cons'derable power and illustrate well the use 
of lasers as powerful toolis in physies research. Prof. 
D. P. Shoemaker described the use of low-energy electron. 
diffraction techniques in the study of the arrangement of 
atoms on the surfaces of crystals and emphasized the im- 
portance of such studies in helping to clarify such processes 
as heterogeneous catalysis, corrosion, passivation and epit- 
axial growth. Prof. C. G. Shull described the use of polar- 
ized beams in neutron diffraction studies of ferromagnetic 
erystals particularly in determining the distribution of 
magnetization throughout the unit cell in such crystals. 
He also described some new experiments on the scattering 
of neutrons by type II superconductors, which show 
effects due to electron spin pairing and field penetration 
below the superconducting transition temperature. Prof. 
B. L. Averbach then showed how spin correlations have 
been determined above the critical temperature by studies 
of diffuse neutron scattering in single crystals of iron and 
MnO. 

The second session opened with a review by Prof. J. C. 
Slater of what can be done at present in explaining the 
properties of solids in terms of quantum theory. He 
dealt particularly with band structure, including the 
shape of the Fermi surface in metals, and with the inter- 
pretation of experiments on solids in the presence of 
magnetic fields. Prof. B. Lax, National Megnet Labora- 
tory, discussed the use of high magnetic fields in such 
experiments inclcding the observation of helicon and 
Alfven waves in solid-state plasmas. He also considered 
the use of high fields in the study of such phencmena as 
magnetic breakdown and the role of open orbits in 
conduction in metals in a high magnetic field. This 
session also inch ded discussion of research on materials of 
interest in electronics. Prof. G. W. Pratt described his 
recent theoretical investigations of the lead salts, PbS, 
PbSe and PbTe, andshowed howa much better understand- 
ing of the band structure of these materials is now possible 
throvgh the inclusion of relativistic effects in the calcula- 
tions. He was able to calculate the variation of band 
structure with pressure and to predict the possibility and 
range of tuning of lasers mede from these materials by 
application of pressure. Dr. R. H. Rediker of Lincoln 
Laboratory d'sevssed laser action in semiconduetors and 
showrd how Pb&e laser dicdes had been tuned through 
the range 8-22u by use of the pressure effect, in some _ 
recent experiments carried out in collaboration with- 
Prof. W. Pau! of Harvard University. He also reported 
that lasers made with all three salts, PbS, PbSe and 
PbTe, had been made to operate through the use of optical 
excitation. 

The third session of the symposium opened with a dis- 
cussion by Prof. Morris Cohen of the essential pheno- 
mena which underlie the flow and fracture strength of 
various types of crystals including metallic, ionie and- 
covalent crystals. The contributions and limitations of 
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the theory of dislocations were considered and the rather 
greater attention now being given to such things as pre- 
cipitation hardening was emphasized. Prof. W. D. 
Kingery then discussed the control of microstructure in 
ceramics and showed the great importance of mvestiga- 
tions of such structure in interpreting measurements of 
diffusion coefficients and related quantities in such 
materials. He emphasized the need for careful preparation 
of materials in order to obtain reproducible results. 
Prof. H. C. Gatos described some new studies of the 
surfaces of semiconducting compounds such as InSb and 
underlined the importance of such studies in understanding 
chemical reactions which take place at the surfaces of 
such semiconductors. The symposium concluded with 
@ discussion by Prof. John Wulff of the metallurgy of hard 
superconductors. This type of material is becoming of 
great technological interest and it is important to under- 
stand the part played by the effects of processing on micro- 
structure and on impurity content. Interaction of 
oxygen has been shown to have a marked effect on 
the upper critical field, and combination of thermal 
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and mechanical treasment have been shown to have 
effects which in tum depend on the impurity con- 
centration. 

During the symposium a luncheon and a banquet were 
held. At the former Dr. William Shockley spoke on the 
contrast between the teaching of materials science when 
he was a graduate student as compared with what is now 
taught to students and on the importance of imaginative 
terminology, ulustrating his point with such terms as 
‘hot electrons’ and ‘optical pumping’. At the banquet 
the principal speaker was Dr. Harold Brown, now secretary 
of the Air Force. Dr. Brown emphasized the vital impor- 
tance of materials research in all areas of technical develop- 
ment whether military or civil, and showed that there is 
scarcely an advancec project not limited by failure of 
materials to meet the ever-increasing demands made of 
them. He also spoke of the importance of new ventures 
in the utilization and management of federal funds for 
research and of the opportunities and responsibilities which 
academic institutions assumed in participating in federal 
support. 


THE WALTER AND ELIZA HALL INSTITUTE OF MEDICAL 
RESEARCH, MELBOURNE 


Sir Macfarlane Burnet, O.M., F.R.S. 


N September 1, 1965, Sir Macfarlane Burnet retired 

from the directorship of the Walter and Eliza Hall 

Institute, Melbourne, a position he had held with increas- 
ing distinction for twenty-one years. 

Frank Macfarlane Burnet was born at Traralgon, Vic- 
toria, m 1899, and graduated ın medicine from the 
University of Melbourne in 1922. After a resident year 
at the Melbourne Hospital, Dr. Charles Kelloway, then 
the director of the Walter and Eliza Hall Institute, recog- 
nized Burnet’s research potential and persuaded him to 
join the staff of the Institute. Thus, with the exception 
of two study periods in London, Burnet was associated 
with the Walter and Eliza Hall Institute for forty-one 
years. 

Burnet’s first interest was in bacteriophage virus multi- 
plication, and his early studies on one-step growth curves 
and genetic mutations in phage remain classics to this 
day. Immunology soon joined virology as a primary 
interest, and in 1930 Burnet studied staphylococcal toxin 
and produced an effective toxoid. 

A period of study at the National Institute of Health in 
London, under Henry Dale, proved a turning-point in 
Burnet’s career. This was the time of the discovery of 
ways of growing the influenza virus. Burnet soon mastered 
and developed the Goodpasture technique of virus culture 
in the egg embryo and, over the next twenty years, used 
this model for an extensive investigation of influenza 
virus multiplication. Burnet collaborated with Gott- 
schalk and Ada on biochemical aspects of viral multi- 
plication, leading to the discovery that influenza was an 
RNA virus and to the identification of the viral enzyme 
neuraminidase. 

Immunological theory was a continuing interest of 
Burnet’s, and in 1948 he and Fenner proposed the ‘self- 
marker’ theory of antibody formation, with its prediction 
of the phenomenon of immunological tolerance. This 
monograph deeply influenced the work of Billingham, 
Brent and Medawar; when these workers made immuno- 
logical tolerance an experimental fact, a new era of 
cellular immunology began. For their work on immuno-' 
logical tolerance, Burnet and Medawar shared the Nobel 
Prize for Medicine and Physiology in 1960. 

In 1957 Burnet found that the field of virology no 
longer excited him so much as it had done in the past. 
He took a courageous decision: the whole of the work of 


the Walter and Eliza Hall Institute was to be switched 
progressively to immunology. The next three years saw 
the emergence of the clonal selection theory of antibody 
formation, the single cell approach to immunology by 
Nossal and Lederberg, and the increasing analysis of 
clinical auto-immune mechanisms by Wood and Mackay. 

It was typical of Burnet that his Nobel Lecture ın 
Stockholm in 1960 contained not an analysis of past 
achievements but a major prediction for the future. 
Burnet predicted that the thymus would prove of crucial 
importance to the understanding of the immune process. 
He returned to Melbcurne to study the thymus of auto- 
immune mice—the extraordinary New Zealand Black 
strain. He encouraged Metcalf to pursue his studies of 
thymic influence on -ymphopoiesis and leukaemogenesis 
in the cancer research laboratories of the Walter and 
Eliza Hall Institute. The extraordinary impact that the 
work on the thymus, performed over the past four years, 
has had on immunobrology led to a very fitting culmina- 
tion of Burnet’s long Deriod as director of the Walter and 
Eliza Hall Institute. To mark his retirement, the Ciba 
Foundation organized a symposium on “The Thymus: 
Experimental and Clinical Studies”, which was held in 
Melbourne in late August. 

Burnet’s honours are almost too numerous to recount. 
He was elected a Fellow of the Royal Society in 1942, was 
awarded its Royal Medal in 1947 and the Society’s highest 
honour, the Copley Madal, in 1958. He was a Foundation 
Fellow of the Austrelian Academy of Science, and was 
elected its president ir. 1965. Burnet was knighted in 1951, 
and in 1958 was received in audience by Her Majesty Queen 
Elizabeth II, who conferred on him the Order of Merit. 
In 1960 he shared the Nobel Prize with Prof. P. (now Sir 
Peter) Medawar. Over the years he has received numerous 
honorary doctorates end lectured widely on his work and 
theoretical ideas. 

No one who is familiar with Burnet’s boundless 
enthusiasm, amazing capacity for work, and intense 
dedication to the cause of science will be surprised to 
hear of his retirement plans. Apart from his important 
duties as president of the Australian Academy of Science, 
he has joined the interim council of Melbourne’s third 
university, La Trobe University (see Nature, 208, 434; 
1965) and has become chairman of the New Guinea 
Medical Research Advisory Committee of the Aus- 
tralian Government. He has also accepted_a position 
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as Rowden-White Research Fellow in the Department of 
Microbiology of the University of Melbourne, and will 
continue to work actively on the pathology and genetics 
of auto-immunity ın mice. He hopes to write at least two 
major text-books—a major thesis on modern immuno- 
logical theory, and a more popular work. We can thus 
look forward to a continued flow of enlightened speculation 
and inspiration from Burnet’s richly productive pen. 


Prof. G. J. V. Nossal 


ProF. G. J. V. Nossat, formerly deputy-director of the 
Walter and Eliza Hall Institute, has been appointed to 
succeed Sir Macfarlane Burnet as director. Prof. Nossal 
was educated at St. Aloysius College, Sydney, and the 
University of Sydney, where he graduated B.Sc. (Med.) 
1952 in bacteriology, and M.B., B.S., 1954, with first- 
class honours and a University Medal. In 1957 he joined 
the staff of the Walter and Eliza Hall Institute, graduating 
Ph.D. in experimental medicine in 1959. In 1960-61 he 
was assistant professor in the Department of Genetics, 
Stanford University School of Medicine, and visiting pro- 
fessor of immunology, University of Michigan, in 1961. 
He then returned to the Walter and Eliza Hall Institute. 
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Since then, he has been a visiting scientist to various insti- 
tutes, notably the Children’s Cancer Research Foundation, 
Boston, in 1962, and Irvington House Institute, New 
York University, in 1964. Dr. Nossal went to the Walter 
and Eliza Hall Institute when the emphasis was switching 
from virus work to immunology. Under the stimulus of 
Burnet and also Prof. Joshua Lederberg, then a visiting 
professor, Nossal was the first to demonstrate that 
isolated lymphoid cells (plasma cells) could liberate anti- 
body. In doubly immunized animals the great majority 
of cells produced one type of antibody only. He also 
made important contributions to the understanding of 
immunological tolerance, and while at Stanford University 
investigated in detail the kinetics of cellular proliferation 
in lymph nodes stimulated by antigen injection. He has 
since made significant contributions to the study of 
antigen distribution in lymph nodes, thus opening up an 
important field in the relationship of antigen to the 
induction of antibody formation. His reviews on immuno- 
logical topics have played a major part in the development 
of important aspects of the genetic aspects of immunity. 
On succeeding Sir Macfarlane Burnet he was appointed 
professor of medical biology in the University of Mael- 
bourne. 
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Prof. T. P. Hilditch; C.B.E., F.R.S. 


Pror. T. P. Hrprrcsu, professor of industrial chemistry 
in the University of Liverpool during 1926-51, who was 
mainly responsible during those years for the great 
advance in our knowledge of the chemical constitution of 
natural oils and fats, died at his home in Oxton, Birken- 
head, on August 9. 

Thomas Percy Hilditch was born in London in 1886 
and educated at Owen’s School, Islington. He proceeded 
to University College, London, in 1904, where he graduated 
B.Sc. with first-class honours in chemistry. In 1908 he 
was awarded an 185] Research Exhibition, which enabled 
him to work for two years at Jena under Prof. L. Knorr 
and for one year at Geneva under Prof. Ph. Guye. He 
returned to University College to continue research with 
Prof. S. Smiles. His major interests in these years were 
the aromatic sulphones, sulphinic acids, and the relation- 
ship between optical activity and unsaturation. In 1911 
he was awarded the D.Sc. of the University of London. 
By the time he was twenty-five years old he had pub- 
lished some forty papers and his reputation as a brilliant 
organic chemist was well established. 

In 1911 Hilditch joined Joseph Crosfield and Sons, 
Ltd., Warrington, as research chemist. Crosfield’s had 
recently put into operation the first successful plant for 
the hydrogenation of oils and fats. The hydrogenation 
process and catalysts for it were the subjects of major 
investigations carried out by Hilditch during his fourteen 
years at Warrington. The results of these were published, 
in conjunction with E. F. Armstrong, in a series of papers 
in the Proceedings of the Royal Society. This was not by 
any means the only field of investigation in which Hilditch 
worked successfully at Crosfield’s. During the First World 
War, for example, he was intimately connected with a 
Government project at Warrington for the industrial 
production of acetaldehyde and acetic acid from ethyl 
alcohol. 

In 1925 Hilditch was appointed to the newly created 
Campbell Brown chair of industrial chemistry in the 
University of Liverpool, a post he held until his retire- 
ment in 1951. It is by the results of his work during that 
period that he will always be remembered. 

Only a year before Hilditch went to Liverpool, E. F. 
Armstrong had entitled his presidential address to the 
Society of Chemical Industry “A Neglected Chapter of 


Chemistry: Fats”. Hilditch’s and his students’ work at 
Liverpool between 1925 and 1951 completely removed 
any justification for the title of Armstrong’s address to 
be used again. 

Hilditch always considered that oils and fats were a 
branch of organic chemistry, and it was with this attitude 
that he commenced and carried out his work so success- 
fully. Little quantitative information was available in 
1925 on the component fatty acids of natural oils and 
fats, and not any on the component glycerides. Further- 
more, the techniques for obtaining these were, for the 
first, inadequate and, for the second, non-existent. By 
1951 not only had Hilditch and his students experi- 
mentally obtained this information for many oils and 
fats, but their work had stimulated others all over the 
world to work in this field. His classic book, The Chemical 
Constitution of Natural Fats, in the fourth (1964) edition 
shows that we now know quantitatively the component 
fatty acids of some 1,450 fats and the component gly- 
cerides of about 100. 

He always believed that there was a relationship 
between the component fatty acids and glycerides, and 
the order of the evolutionary development of the parent 
organisms from which the fats were derived. This relation- 
ship was the basis on which he wrote his classic book. 
However, even in 1964 he felt that gaps in our knowledge 
remained, particularly in the component glyceride field, 
but he anticipated that with the aid of recent techniques 
such as gas-liquid chromatography, controlled enzyme 
hydrolysis and thin-layer chromatography, these would be 
quickly filled. : 

The success of Hilditch’s research school at Liverpool 
became known throughout the world, so that by his 
retirement he had had students from very many countries. 
Not only did he successfully conduct his own Department, 
but he was also a colleague valued by many others on the 
University staff, and his services to the general adminis- 
tration were preatly appreciated. 

During his retirement Hilditch continued his activities 
and interest in his subject and wrote two further editions 
of The Chemical Constitution of Natural Fats, as well as 
for some years acting as consultant to two industrial 
firms. He wrote five other books during his lifetime, 
three of which had two or more editions. These were 
text-books on physical and organic chemistry, and 
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A Concise History of Chemistry, written in his early years, 
while the later ones were Industrial Catalysis and Indus- 
trial Fats and Waxes. 

Hilditch was elected a Fellow of the Royal Society in 
1952. He was also a Fellow of the Chemical Society and 
the Royal Institute of Chemistry, and a member of the 
Society of Chemical Industry: he served the last two 
Societies as a council member and as vice-president. Up 
to the end of his life he continued to give great service to 
their Liverpool sections, by whom he will be greatly 
missed. 

Hilditch was frequently consulted by Government 
bodies, and for his services to the Colonial Products 
Research Council he was awarded the C.B.E. in 1952. 

During his retirement he received many other honours. 
In 1962 the Lampitt Medal from the Society of Chemical 
Industry, in 1964 the Chevreul Medal from the Groupe- 
ment Technique Des Corps Gras, France, and this year 
the American Oil Chemists’ Society held in his honour a 
special symposium on ‘‘Glycerides’, and their North 
Central Group gave him the Alton E. Bailey Award. 
Unfortunately, Prof. Hilditch was unable to receive these 
last two personally. 

At a first meeting with Hilditch, even in his younger 
days, one had the immediate impression of a highly 
disciplined man with authority and of a somewhat 
austere mien, but on longer acquaintance something 
would occur to produce that kindly smile by which all 
his old friends affectionately remember him. The affection 
in which he was held was evinced by the many visitors 
to his home, particularly old students, ard the honour 
which they felt when in turn he visited them, as he 
frequently did 

Hilditch always put his energies first into the duties of 
his position at the time, whether as student, industrial 
research chemist, or professor, but he was not without 
outside interests. He delighted in working in his garden 
or watching a cricket match and for many years served 
All Saints Church, Oxton, as churchwarden. It was at 
this church that the final tribute was paid to him in the 
presence of a large number of his former colleagues, 
students and friends. 

His widow, who greatly helped him in his work, sur- 
vives him, and also three married daughters of a previous 
marriage. P. N. WILLIAMS 


Prof. C. B. Purves 


Pror. CLIFFORD B. Purves, chairman of the Depart- 
ment of Chemistry, McGill University, Montreal, died on 
September 30. As E. B. Eddy professor of industrial and 
cellulose chemistry he was also head of the Wood Chem- 
istry Division of the Pulp and Paper Research Institute 
of Canada. 

He leaves a widow, three sons, and three daughters. 

Although honours embarrassed him, Dr. Purves’s dis- 
tinction as an educator and scientist was recognized 
through the award of two honorary degrees, one from 
Lawrence College, Appleton. Wisconsin (1944), and the 
other from Windsor University, Windsor, Ontario (1964). 
In 1960 the Chemical Institute of Canada, of which he 
had been president in 1956-57, presented him with its 
medal for distinguished service to the sciences of chemistry 
and chemical engineering in Canada. The American 
Chemical Society, in 1963, honoured him with the Anselme 
Payen Award for his contributions to the field of wood 
chemistry. 

Dr. Purves was a man of modesty, warmth, generosity, 
fairness and inflexible honesty. Though he never failed 
to remember important things, true to the character of a 
professor he was absent-minded about trivia and often 
made his absent-mindedness the butt of his own wit. His 
sense of humour was strong; he had a large fund of 
anecdotes, always apt to the occasion, and, unlike many 
professors, he never ruined their point in the telling. 
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His strongest pe-sonal characteristic was concern. He 
was always concerned about each of his colleagues and 
students as individuals and, however busy he may have 
been, he never turnad away a caller who might be troubled 
by a problem, personal or scientific. He always helped to 
the utmost of his power and probably felt his deepest 
frustrations on those occasions when his help was to no 
avail. 

His concern extended far beyond his immediate col- 
leagues to the prozession of chemistry in general. His 
active participation in the Corporation of Professional 
Chemists of Quebe2 (he was its president in 1964) arose 
from his feeling of she need to strengthen the position of 
chemists as professionals. 

Outside the realm of chemistry, Dr. Purves had 
other concerns. In his Convocation Address at the 
University of Windsor he spoke fervently of the need for 
educators, in their anxiety to cater for the demands 
of college-oriented youngsters of JQ 110 and higher, who 
constitute only 20-30 per cent of the general population, 
not to overlook the plight of the 20 per cent of JQ 
less than 80. He elt that in an increasingly technolo- 
gical society the lives of these latter people were be- 
coming more and more aimless, and devoid of satis- 
factions. 

In his Anselme Payen Award Lecture in-1963, Dr. 
Purves had also spoken of education. He felt that the 
greatest single deficiency of modern primary education 
in North America was its failure to teach elementary 
arithmetic, and he neld up the Scottish education system 
as a model to be followed. 

Born and educated in Scotland, Dr. Purves went to 
Canada in 1943 to succeed Prof. Harold Hibbert on the 
latter’s retirement from the chair of industrial and 
cellulose chemistry He arrived well prepared, having 
obtained his doctorate in 1929 in the field of carbohydrate 
chemistry under Si James Irvine. During 1926-29 he 
had also worked as a Commonwealth Fund Fellow 
attached to the Polarimetric Division of the U.S. Bureau 
of Standards, in Washington, D.C., where C. S. Hudson 
had been his chief. 

After two more years in Scotland, Dr. Purves moved 
to the United States in 1931, and became a research 
associate at the Chemical Foundation of New York (now 
the U.S. National Institutes of Health). During 1936-43 
he was an associate professor of organic chemistry in the 
Massachusetts Instijute of Technology. 

At McGill, he buit a strong research group, and con- 
tinued his investigations of the chemistry of carbo- 
hydrates. A large Dart of his work was directed at the 
location of substituents in such cellulose derivatives as 
the acetates, xantkates and nitrates (see Chemistry in 
Canada, 25-29; Dezember 1960). During this period he 
also began to interest himself in the lignin component of 
wood, and in 1947 published a method for the isolation 
of lignin by the mild oxidation of carbohydrates with 
potassium periodate (Ritchie and Purves, Pulp and Paper 
Mag. Canada, 48, No. 12, 74; 1947; Wald, Ritchie and 
Purves, J. Amer. Ohem. Soc., 69, 1371; 1947). This 
isolated lignin formed the basis of much subsequent 
work on the meckanisms of reactions related to the 
processes of the pup and paper industry. 

At McGill alone, more than a hundred students received 
their doctorate degrses under the tutelage of Dr. Purves. 
Many of them have now themselves achieved prominence 
in universities, government and industry. 

Dr. Purves assumed the chairmanship of the Depart- 
ment of Chemistry in 1961, and under his administration 
the Department gew in the number and quality of 
its staff. But his chief task during the past four years 
was to supervise zhe planning and construction of 
the new Chemistry Building, named in memory of his 
long-time colleague, Prof. Otto Maass. That building 
now stands as a memorial to both of them. ` 

Henry I. BOLKER 
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NEWS and VIEWS 


The Editor of NATURE 


It is with deep regret that we announce the sudden 
death, on November 15, of L. J. F. Brimble, editor of 
Nature. 

Jack Brimble and Nature have been so closely associated 
for so many years that we find it impossible as we now 
go to press to assess the loss to the journal and to the world 
of science. 

An appreciation will appear next week. 


The National Physical Laboratory: 
Sir Gordon Sutherland, F.R.S. 


AT the end of October 1964 Sir Gordon Sutherland 
resigned from the directorship of the National Physical 
Laboratory to become Master of Emmanuel College, 
Cambridge. He joined the Laboratory in 1956 from the 
University of Michigan, where he had been professor of 
physics and director of the Biophysics Research Centre 
since 1949. His earlier work at Cambridge had brought 
him recognition as a leading authority on infra-red 
spectroscopy. As director of the National Physical 
Laboratory, Sir Gordon was responsible for many im- 
portant developments in the work and facilities of the 
Laboratory. In 1958 he reorganized part of 1ts divisional 
structure on a more functional basis, concentrating the 
metrological activities into the Applied Physics, Light 
and Standards Divisions and creating the Basic Physics 
Division to pioneer developments in molecular physics 
which were likely to have potential importance to industry. 
New buildings and facilities for the Ship Division were 
opened at Feltham by the Duke of Edinburgh in 1959, a 
new laboratory with special equipment for the mechanical 
working of refractory metals was provided for the Metal- 
lurgy Division in 1963, and the Basie Physics and Auto- 
nomics Divisions occupied new buildings in 1964. Glaze- 
brook Hall, a former wind-tunnel laboratory reconstructed 
as a conference and social] centre with catering facilities for 
the staff and visitors and meluding a lecture theatre 
seating 380, was opened in 1961; its name commemorates 
the first director of the Laboratory. A Van de Graaf 
accelerator and a KDF 9 computer, respectively, were 
added to the facilities of the Apphed Physics and Mathe- 
matics Divisions, and new equipment was installed for the 
work of the Aerodynamics Division on supersonic flight 
and industrial aerodynamics. During the period under 
review the total staff increased from 1,080 to 1,460, and 
the numberof scientific officers, including Research Fellows, 
rose from 155 to 255. Sir Gordon was especially interested 
and successful in fostering contacts with the universities 
which were of mutual benefit, leading on one hand, for 
example, to better success ın the recruitment of highly 
qualified graduates to the National Physical Laboratory, 
and, on the other, to a considerable expansion in the 
number and value of research contracts placed by the 
Laboratory with universities. The announcement of the 
award of his knighthood was made in the Queen’s Birth- 
day Honours List of 1960. 


Dr. J. V. Dunworth, C.B.E. 


Dr. J. V. Dunworre has been appointed director of 
the National Physical Laboratory in succession to Sir 
Gordon Sutherland. Dr. Dunworth was born in Man- 
chester and educated at Manchester Grammar School and 
Clare College, Cambridge, where he graduated with first- 
class honours in 1937. In the same year he joined Lord 
Rutherford’s nuclear physics research team at the Caven- 
dish Laboratory, and was later elected a Fellow of Trinity 
College, Cambridge. During the Second World War he 


was a member of Sir John Cockcroft’s team working on 
radar, and in 1944 he was seconded to the National 
Research Council of Canada, again with Sir John Cock- 
croft, to work on the development of atomic energy. At 
the end of the War, Dr. Dunworth returned to the Univer- 
sity of Cambridge as a lecturer in physics. In 1947 he 
became a member of the staff of the Atomic Energy 
Research Establishment at Harwell, where in due course 
he became head of the Reactor Division. He was alternate 
United Kingdom member on the Organizing Committee of 
the United Nations Atoms for Peace Conferences held in 
Geneva in 1955 and 1958. Dr. Dunworth was appointed 
deputy director of the National Physical Laboratory in 
1962 and has been acting as director since the resignation 
of Sir Gordon Sutherland in 1964. During 1965 he was 
responsible for ımplementing the decision to merge the 
National Chemical Laboratory into the National Physical 
Laboratory. He is president of the British Nuclear Energy 
Society, a member of the Council of the Institute of 
Physics and the Physical Society, and a member of the 
Institution of Electrical Engineers. He was elected a 
Fellow of the American Nuclear Society in 1960. Dr. 
Dunworth was appointed a C.B.E. in 1955. 

It has also been decided by the Ministry of Technology 
to replace the Executive Committee of the National 
Physical Laboratory by a smaller Steering Committee. 
The first chairman of the new Committee will be Prof. 
B. H. Flowers, Langworthy professor of physics in the 
University of Manchester. 


Electronic Engineering in the University of Hull: 
Prof. D. A. Bell 


In appointing Prof. D. A. Bell to the newly established 
chair of electronic engineering, the University of Hull has 
added to its staff an engineer of international reputation 
with a wide and varied range of interests. Prior to his 
appointment, Prof. Bell was visiting professor of tele- 
communications at McGill University. Prof. Bell is per- 
haps best known for his work on noise, and his many 
contributions to the investigation of this subject have 
crystallized in his book, Electrical Noise. His knowledge 
of communications 1s also shown by many papers, and 
the titles of his other books—Information Theory and its 
Engineering Applications, Statistical Methods in Electrical 
Engineering and Intelligent Machines—show not only some 
of his interests, but also his constant endeavour to relate 
theoretical developments to engineering realities and his 
deep concern with the social consequences of engineering 
progress. He has always been anxious to work and study 
with social scientists and has long argued in favour of the 
inclusion of social science in the engineering curriculum. 
But his interest in education has not been hmited to the 
universities, nor his knowledge of science to the physical 
sciences and the technologies based on them. Indeed, his 
outstanding characteristic is a scientific curiosity, to 
satisfy which he has worked at many problems in many 
fields and taken part in many controversies. His new 
colleagues will find him stimulating and vigorous and can 
rely on him not only to lead in his special field, but also 
to take an active part in the whole life of the University. 


A. Harden (1865-1940) 


Born in Manchester on October 12 a century ago, 
Arthur Harden was first noted as an inspired lecturer and 
demonstrator at Owen’s College, where he collaborated 
with Henry Roscoe on the writing of text-books. Harden 
graduated at Erlangen in 1888, spent nine years at 
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Manchester, and in 1897 took a post at the Jenner 
Institute of Preventive Medicine (which later became the 
Lister Institute). There he began his fruitful investiga- 
tions of fermentation, and in particular of the yeast 
juices first prepared by Buchner. Although when kept 
warm the enzymes from yeast liquefied cell walls while 
the autolysed liquid still contained zymase, ıb was ex- 
pected that, on heating, the enzymes would be destroyed. 
Harden, however, showed that boiled fluid or extract 
could increase fermentation due to the presence of a 
‘co-enzyme’ containing phosphates: on adding potassium 
phosphate a vigorous fermentation set in. He was thus 
able to show how cell-free juice could be separated into 
co-zymase and apo-zymase. From this he developed the 
concept of ferment and co-ferment. He went on to show 
the relation between a hexose and phosphate—the 
enzyme reacting with phosphate being named ‘phos- 
phatase’—and discovered several ester-like ‘sugar phos- 
phates’. Apart from directing the biochemical division of 
the Lister Institute and holding a chair at London, 
Harden edited the Biochemical Journal and wrote many 
text-books. He was awarded the Davy Medal and shared 
the Nobel Prize with Euler-Chelpin, who carried on 
. Harden’s work on heat-stable co-enzymes and purified 
the co-enzyme of zymase. 


Science in France 


THE October-November 1964 issue of Nouvelle Frontier 
(No. 8) 1s of exceptional interest for a series of articles on 
the politics of science. G. Palewski writes on science and 
national independence; A. Lebarthe on a crusade for 
science; and F. Le Lionnais on the pattern of research. 
The organization of research in France is described 
by P. Frédet, and P. Piganiol writes on international 
scientific co-operation. Under the title “Research and 
Power”, F. Maintenon discusses the duel between the 
United States and the U.S.S.R. P. Cognard deals with 
research and planning, and R. Goussault with manpower 
problems under the title “Investment in Man’’, while P. 
Aigrin deals with research and defence. There are also 
short articles on nuclear research, space research and 
research in biology and ın electronics. Some problems of 
scientific policy are also considered in an article in Le 
Progrès Scientifique for May 1965 (No. 84), the preceding 
issue Of which (No. 83, April 1965) is devoted mainly to 
a review of the situation and perspectives of biological 
and medical research in France, but includes also the text 
of a survey of biological and medical research in Europe 
by R. P. Grant. C. P. Huttner and C. C. Metzner, published 
in Science for October 23, 1964. 


The British Glass Industry Research Association 


THE tenth annual report of the British Glass Industry 
Reseaich Association has recently been published (Pp. 42. 
Sheffield: The British Glass Industry Research Associa- 
tion, 1965). It records some important economic and 
technical developments for the year under review, not 
the least of which is the materially improved financial 
position of the Association, due to substantial sums of 
money emanating from the Department of Scientific and 
Industrial Research, the Mimstry of Aviation, and the 
Electricity Council. The latter two sponsor special 
research projects: the former on the mechanism of 
strengthenmg of glass, the latter on investigating ways of 
facilitating the introduction of electric melting. On the 
technica] side, the chief subjects considered in the report 
of the director of research, Dr. R. G. Newton, are: 1m- 
provement of furnace life; heat utilization in furnaces; 
improvements in methods of founding glass; investigation 
of thermal conditions during glass-forming operations; 
improved strength in glass and glass aticles; analysis of 
glasses and raw materials; and service behaviour of glass 
articles. One research achievement is emphasized in this 
report; this concerns the mechanism of upward-drilling 
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of refractories which has now been elucidated so con- 
vincingly that a cmé-film has been prepared to show 
exactly how it takes place in furnaces; this subject is 
described in some detail under the heading “Improvement 
of Furnace Life” in she director’s report. The Association 
continues to maintain its valuable information service 
and, besides research, its miscellaneous work includes 
some consultative testing, testing of safety glass, surveys 
of lighting conditiozs in factories, and statistical analyses. 


The Wildfowl Trust 


THE annual report of the Wildfowl Trust for 1963—64 
is a record of remarkable growth and success (Edited by 
Hugh Boyd. Pp. 136+32 photographs. Illustrated by 
Peter Scott. Slimbridge, Gloucestershire: The Wildfowl 
Trust, 1965). In four years the number of visitors has ım- 
creased by 50 per cent. Finances are satisfactory, and the 
facilities for research continue to improve and increase 
in extent The number of imaginative ventures to 
further the aims of she Trust increases each year, and, as 
an example, the report describes the identification com- 
petition for schools. This was held at the New Grounds 
on March 7 in bitterly cold weather. Sixty-four boys and 
gils from sixteen scaools took part. Leighton Park again 
entered several strong teams and had three teams in the 
first five places in the Senior Competition; their A team 
won. the first prize from Monmouth, thus reversing the 
previous year’s result. In the middle age-group a team 
from Acklam Hall, who had travelled 260 miles from 
Middlesbrough, cams first, with Winchester second. The 
junior prize was wor by Gloucester Gurls’ High School by 
one point from Beandesert Park. Besides full details of 
the collections, the report describes research and con- 
servation initiated and carried out by members of the 
staff. It also contsins articles by distinguished contri- 
butors on research end conservation in various countries 
overseas. The photcgraphs and drawings are of the usual 
high standard, althoagh, perhaps, Peter Scott has excelled 
all his former efforts with his coloured cover drawing; it 
deserves separate publication. 


Careers with [nstraments 


Careers with Instrements is a pamphlet prepared by the 
Society of Instrument Technology and is, in fact, a guide to 
both school-leavers and graduates who may be cousidering 
a working life in tke fields of measurement, automatic 
control, data handing and computation, all implying 
training and competence in the use of modern instruments 
(Pp. 24. Society of Instrument Technology, 20 Peel 
Street, London, W.E, April 1965. 2s. 6d.). The under- 
lying theme of this pamphlet is that measurement and 
control serve and aze served by all sciences and tech- 
nologies; in effect, tkere is a two-way relationship between 
such disciplines as physics, mathematics, chemistry, elec- 
tronics, nucleonics, chemical-, civil-, electrical-, mechani- 
cal- and production-engineering, also medicine, and meas- 
urement and control. The traming pattern and prospects 
in this vocation are Gearly set out and described, whether 
the starting-point be a secondary modern school, grammar 
school, or apprenticeship in the industry; it takes care of 
advancement via colleges of further education, technical 
colleges, colleges of edvanced technology, and university 
qualifications. Thus are fashioned crafiusmen, technicians, 
or persons capable cf filling responsible technical posts, 
and so on, subject tc acquisition of City and Guild Final 
Certificate, Higher National Certificate or Diploma, or 
institutional recognision, whichever best fits the par- 
ticular course of highsr education chosen by the individual 
until he or she achieves his or her ultimate goal. The instru- 
ment world is, at tha present time, well co-ordinated in 
Britain by such orgarizations as the Worshipful Company 
of Scientific Instrumant Makers; the Society of Instru- 
ment Technology; various associations of manufacturers, 
such as the British Industrial Measuring and Control 
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Apparatus Manufacturers’ Association, the Scientific 
Instrument Manufacturers’ Association, the Scientific 
Instrument Research Association, and the United King- 
dom Automation Council. The work of the British Stan- 
dards Institution, with its many standards and excellent 
codes of practice, conceived and executed in close co- 
operation with these various bodies, 1s a vital part of this 
closely knit organization, and ıs rightly acknowledged 
in this informative publication. 


Cerebrovascular Accidents j 


THz booklet entitled Cerebrovascular Accidents as a 
Public Health Problem—Selecied Recent Abstracts II, is 
the second of two publications on this important subject 
which are issued free from the School of Hygiene and 
Public Health, Johns Hopkins University (Pp. 64. 
Baltimore, Md.: Research in Public Health Administra- 
tion Project, School of Hygiene and Public Health, Johns 
Hopkins University, 1965). It provides abstracts of recent 
papers by numerous authors on this disease and on 
problems related to it. After an introduction by Prof. 
C. M. Wylie, successive chapters deal with problems of 
diagnosis, epidemiology and statistics, preventive aspects, 
and medical and surgical care. The main aim of the book- 
let ıs to help readers to find original papers which they 
may have overlooked, and both Abstracts I and II should 
be valuable to everyone who ıs interested in advances in 
knowledge of these afflictions, or who is ın any way associ- 
ated with their practical care. Publication of the booklet 


has been financed by a grant from the W. K. Kellogg 
Foundation. 


Aquatic Microbiology Group 


A NUMBER of workers engaged in various fields of 
aquatic microbiology have for some time felt that it 
would be well worth while to call into being an informal 
aquatic microbiologists group. Such a group would be 
useful for the interchange of ideas and for a discussion of 
the problems encountered in this field. The autumn 
meeting of the Society for General Microbiology held in 
Aberdeen, on September 16-18, meluded a symposium 
on marine microbiology, and afforded an obvious oppor- 
tunity to convene such a group. Accordingly, the group 
met for the first time at Torry Research Station, with Dr. 
Lucas, director of the Marine Laboratory of the Depart- 
ment of Agriculture and Fisheries for Scotland, in the 
chair. The meeting was entirely informal and was con- 
cerned more with work in progress, or with problems 
facing workers in this field, than with the accounts of 
completed work which are presented at the familiar formal 
scientific meeting. The first discussion was concerned 
with sea-water as a culture medium, and reference was 
made particularly to the suspended matter found in 
netural waters, which microbiologists usually remove when 
making their media. It was suggested that by so doing 
they changed the physical and chemical environment 
sufficiently to prevent some organisms from growing, and 
that by leaving the suspended matter in the rhedium it 
may be possible to culture certain micro-organisms that 
cannot, at the moment, be cultured by traditional tech- 
niques. The second discussion dealt with the ‘dark 
growth’ of certain phototrophic algae which also have the 
ability to grow heterotrophically ın the dark. Much of 
the discussion was concerned with the interpretation of 
saturation constants and doubling times found for a 
number of algae and bacteria under various experimental 
conditions. These suggest that in the natural environment 
the bacteria would soon outstrip the algae in the utilization 
of the available nutrients. Possible mechanisms to explain 
these phenomena were put forward and examined. The 
third session was devoted to an account of the work, now 
in progress ın various laboratories, on the bactericidal 
effect of light on Escherichia coli in sea-water. This led 
to a more general discussion of the effects of light in the 
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visible range of bacteria, and on the possible protec- 
tive effect of carotenoid pigments. At the end of the 
discussion it was decided that further meetings of a 
similar type should be convened, the first to be held in 
about a year. 
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Fertilizer Corporation of India, Ltd. 


Tue Planning and Development Division of the Fer- 
tilizer Corporation of India, Ltd., publishes a quarterly 
bulletin entitled Technology, which 1s concerned with both 
academic and practical problems in the expanding field 
of fertilizer production and use. The contents of a recent 
issue indicate the scope of this journal (Technology, 2, 
No. 1; January-March 1965. Pp. 69, including separate 
subject index, Vol. 1, January—December 1964. Fertilizer 
Corporation of India, Ltd., Sindri, Bihar). The chief 
subjects discussed are: X-ray study of calcium ammonium 
nitrate, by S. K. Ghosh, V. K. Srinivasa and B. K. 
Banerjee; physical investigation of calcium ammonium 
nitrate, by S. Mukherjee, M. Samaddar and H. Roy; 
removal of nitrogen from fertilizer factory effluent by 
biochemical nitrification and denitrification, by A. C. Das, 
J. A. Khan and B. K. Dutta; trivalent arsenic compound 
as an inhibitor of corrosion of stainless steel in sulphuric 
acid, by A. K. Roy and K. M. Verma; extraction and 
estimation, of humic and fulvic acids from soil and their 
fractionation by paper chromatography, by A. Sinha and 
R. N. Shukla; use of air from a nitric acid tu1bo-compres- 
sor for de-riming cold boxes 1n air-liquefaction units of an 
ammonia plant, by B. S. Kalia and C. L. Kaul; bulk 
blending and compatibility of fertilizers, by S. Varma; 
and reprography, by M. R. Roy. The subjects of short 
communications range from solubility of arsenic trioxide 
in aqueous ammonia at 40° and 50° C, desensitizers for 
ammonium nitrate, determination of total pyridines and 
quinolines ın ammoniacal liquor by ultra-violet spectro- 
photometry, to testing of gas-mask canisters. Other 
features of this bulletin are technical digests, notes, news 
and statistics. 


Organo-mineral Complex in Soils 


THE complex of mineral and organic matter in soils has 
been intensively investigated both by chemists and by 
biologists. The problem presents great difficulties, since 
the organic matter ıs of complex constitution and the 
surfaces of the mineral matter vary from those of relatively 
well-recognized micro-crystalline clay minerals to those 
of amorphous oxides and hydroxides. A liberally 
documented review of present knowledge, entitled “‘Inter- 
action between Clays and Organic Compounds in Soils”. 
Part 1: ‘Mechanisms of Interaction between Clays and 
Defined Organic Compounds”, by D. J. Greenland, is 
presented in Soils and Fertilizers (28, No. 5, 415; 1965). 
Free organic material may be separated from weakly 
bonded material by flotation techniques in liquids of 
suitable density (1-8—2-0) following satisfactory dispersion. 
Except in very sandy soils, most of the total organic 
matter is bonded with inorganic material, the uncom- 
bined fraction being in an early stage of decomposition— 
the bulk of humic acids, for example, seems to be present 
in the complex. It would also appear that the clay-size 
mineral matter is mainly associated with the complex, 
while sand and silt are mainly ‘free’. The forces con- 
cerned in the interaction may be Coulombic attractions, 
or Van der Waals forces, but there may be a large number 
of major and minor interactions between different parts 
of the surface of the mineral and the organie molecule. 
The relative importance of the various processes has been 
investigated by measuring the adsorption of well-defined 
organic: compounds by montmorillonite, clays with mica- 
type lattices, kaolinite, and oxides. In general, organic 
compounds of molecular weight less than 150 are not 
adsorbed unless they can take part in ion-exchange, but 
larger molecules, with or without a charge, may compete 
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effectively with water molecules, and uncharged polymers 
are strongly adsorbed. 


Carbon and Graphite Group 


A Carson and Graphite Group has been created by 
the Institute of Physics and the Physical Society. The 
aim of the new Group is to provide a meeting-ground for 
physicists who are interested in carbon and graphite 
materials, and to collaborate with similar groups in sister 
societies, in order to further the work of an informal group 
which has been meeting regularly in London. The meet- 
ings are expected to interest theoretical physicists and 
those working with these materials in industry, academic 
institutions and Government laboratories. Joint meetings 
with other societies on topics of common interest are also 
envisaged. Prof. A. R. Ubbelohde and Dr. G. S. Parry 
have been appointed chairman and honorary secretary, 
respectively, of the provisional Committee, and the 
remainder of the members who signed the request for the 
formation of the Group will be invited to serve on it. It 
is anticipated that the first elected Group Committee will 
be nominated and elected by the Group members in the 
summer of 1966. Further information regarding member- 
ship of the Institute and Society and of its Carbon and 
Graphite Group can be obtained on request from the 
Registrar, Institute of Physics and the Physical Society, 
47 Belgrave Square, London, S.W.1. 


The Emmie Clough Scholarship 


THE Royal Horticultural Society has announced that it 
is offering a scholarship provided out of a bequest from 
the late Mrs. Emmie Clough, to enable a girl to take a 
course of training in horticulture which would otherwise 
be beyond her means. The scholarship, valued at £380 a 
year, will commence in September 1966. It will be open 
to women between the ages of eighteen and thirty, and will 
be tenable for two years at Waterperry Horticultural 
School, Nr. Wheatley, Oxford. Candidates will be 
required to have attained a standard of education which 
will permit them to take full advantage of the course of 
study, and should normally have completed or be pre- 
pared to undertake such periods of practica] training in 
horticulture as may be considered necessary. Further 
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information can be obtained from the Secretary, Royal 
Horticultural Society, Vincent Square, London, 8.W.1. 


University News: London 


Pror. W. Morris-Jonss, professor of political theory 
and institutions in the University of Durham, has been 
appointed director of the Institute of Commonwealth 
Studies and professor of commonwealth affairs from 
January 1. Dr. G. S. W. Organe has been appointed to 
the chair of anaesthetics, tenable at Westminster Medical 
School. The following readers have also been appointed: 
Dr. S. Rosenblat (theoretical mechanics, tenable at the 
Imperial College of Science and Technology); Dr. J. S. 
Tooms (applied geochemistry, tenable at the Imperial 
College of Science and Technology). The following titles 
have been conferrec: Professor, Dr. H. Spencer (morbid 
anatomy, in respect of his post at St. Thomas’s Hospital 
Medical School); Dr. J. W. Smith (chemistry, in respect 
of his post at Bedford College); Reader, Dr. T. J. Chandler 
(geography, in respect of his post at University College); 
Dr. J. R. May (bacreriology, in respect of his post at the 
Institute of Diseases of the Chest). 


Announcements 


Mr. H. Witiranson (Canada) has been appointed 
chairman of the Exscutive Council of the Commonwealth 
Agricultural Bureaux in succession to Mr. C. 8. MeMorris 
(Jamaica) as from January 1, 1966. Mr. J. A. Afari 
(Ghana) has been appointed vice-chairman, from the same 
date. 


A symposium on “The Distribution and Biochemistry 
of Latex in Plante’, organized by the Phytochemical 
Group, will be held in the School of Pharmacy, London, 
on January 6. Further information can be obtained 
from Mr. A. H. Willams, Research Station, Long Ashton, 
Bristol. 


A MEETING on “Management Control and Computers’’, 
arranged by the Cenzral London Productivity Association, 
in association with «he British Productivity Council, will 
be held in Londor during December 9-10. Further 
information can be obtained from Mr. L. Fuller, Arthur 
Andersen and Co., St. Alphage House, 2 Fore Street, 
London, E.C.2. 


THE NIGHT SKY IN DECEMBER : 


All times are in Universal Time 


F MOON CONJUNCTIONS WITH THE MOmN 
New Moon 22d 21h Venus 26d 04h, 5° N. 
Full Moon 8d 17h Mars 25d 09h, 3° N. 
same AIRS 
Th, 4° N. 
Saturn {939 97h? go N 
PLANETS 
Times of Rising (R) and Setting (S) during the month 
Name RIS Beginning Middle End Mag Dg (105 miles) Zodiacal position 
Mercury R Unfavourable 6h 05m 7h 00m — 80 — 
Venus S 18h 55m 19h 10m 19h 00m —4°4 42 — 
Mars Ss 18h 05m 18h 05m 18h 15m +1-4 199 Sagittarius—Capricormus 
Jupiter R 16h 55m 15h 50m — — 2-3 384 Taurus 
Saturn S 28h 30m 22h 30m 21h 35m +12 911 Aquarius 
Dg is the distance of planet from the Earth on the 15th of the nonth 
OCCULTATIONS OF STARS BRIGHTER THAN MAGNITUDE +6 AT GERENWIOH = 
Star RID Tıme Mag. 
i 30 Psc D 2d 18h 362m +47 
57 Gem R 10d 21h 26:2m +51 
x Gem D 11d 06h 27 0m +27 
x Gem R 11d O7h 05-0m +27 
46 Leo R 14d 00h 05 3m +57 
89 Psc D 81d 21h 15-9m +53 
(D, disappearance; R, reappearance) 
METEORS 
Name Active period ~ Date of maximum Radiant Remarks 
a Ursids 20d-22d 22d 217° R.A.+76° Bec, Favourable 


OTHER PHENOMENA 


22d 00h Mercury 7° N of Antares 
22d 02h Winter Solstice 


8417h Penumbral Eclipse of Moon: Moon enters penumbra 15h 07m 


Mid eclipse 10m 
Moon leaves penumbra 13h 12m 


736 


NATURE 


November 20, 1965 


VOL, 208 


ENZYME NOMENCLATURE 


HE Commission of Editors of Biochemical Journals 
(J. T. Edsall (president), W. V. Thorpe (secretary), 


. A. Dillmann, W- A. Engelhardt, Y. Raoul, E. C. Slater), 


appointed bythe International Union -of Biochemistry 
(1UB), wishes to direct attention to the recently published 
Enzyme Nomenclature!, which 1s the report of the IUB 
Standing Committee on Enzymes. 

The draft of this report was considered by a joint 
meeting of the Standing Committee and the IUB Com- 
mission of Editors of Biochemical Journals in Rome in 
February 1964. The version agreed to by that joint 
meeting was adopted by the Council of the IUB at its 
meeting in New York on July 27, 1964, and designated 
Recommendations (1964) of the IUB on the Nomenclature 
and Classification of Enzymes. i 

The report of the Standing Committee on Enzymes is 
based on the report of the IUB Commission on Enzymes?, 
adopted by the General Assembly of the IUB in Moscow 
on August 16, 1961. The changes made by the Standmg 
Committee in the report of the Commission on Enzymes 
are of four types: (a) additions of new enzymes, and, 
where necessary, new sub-groups to accommodate them; 
(b) correction of definite errors in the first edition; (c) 
changes in the nomenclature itself to meet criticisms 
which had been put forward; (d) addition of systematic 
names in some cases where the original Commission put 
forward only trivial names. 

The chapter on the nomenclature of the cytochromes 
was revised by a special committee set up for this purpose. 
The chapter in the new report includes proposals for the 
nomenclature of haem compounds and haemoproteins in 
general. 

Since the publication of the Report of the Commission 
on Enzymes in 1961, many of its recommendations have 
been widely used in scientific Journals and text-books. 
Most biochemical journals urge authors to follow most of 
the recommendations even 1f they do not insist on all. 
Some journals already require the procedure suggested 
in Chapter 6, p. 29, that when an enzyme is the main 
subject of a paper or abstract, its code number (preceded 
by the lettezs HC), systematic name and source should 
be given at its first mention; thereafter the trivial name 
may be used. Enzymes which are not the main subject of 
the paper or abstract should be identified at their first 
mention by their code numbers. When the paper deals 
with an enzyme which is not yet in the Enzyme Com- 
mission’s list, the authors may introduce a new systematic 
name and/or a new trivial name, both formed only 
according to the recommended rules, but a number should 
be assigned only by the IUB. 

An addition to the new report is the inclusion in the 
index of names which have been in frequent use but which 
are no longer recommended. It was often difficult to 
find in the old report the new name of an enzyme known 
to the reader only by its old name. Many enzymologists 
may note with regret that the name by which they have 
long known a favourite enzyme 1s printed in italics in the 
index, indicating that it is not recommended. For example, 
fumarase (HC 4.2.1.2) is replaced by fumarate hydratase 
as trivial name (systematic name, L-malate hydro-lyase). 
Those who are irritated by this change should perhaps 
pause to think how many students first coming across the 
name fumarase might legitimately think that it catalyses 
the hydrolytic splitting of fumarie acid. Those who shed 
muramidase-containing tears on reading the first report 
may now rejoice that the old name lysozyme (HC 3.2.1.17) 
has been restored, whereas muramdase 1s now relegated 
to the list of disapproved names. 

The chapter on enzyme units has received only one 
alteration. In the first report a standard temperature of 
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25° C was suggested, but this is now changed to 30° C be- 
cause of the ambient laboratory temperature prevailing in 
many countries. No biochemical journals insist on the 
use of the Enzyme Commission’s unit (U) of enzyme 
activity (the amount which will catalyse the transforma- 
tion of 1 umole of the substrate per min under standard 
conditions). However, this unit 1s to be strongly recom- 
mended and some journals suggest conversion of data in 
terms of the new unit when the paper has to be returned to 
the author for other revisions. The derived units specific 
activity (U/mg) and molecular activity (U/umole enzyme) 
are also to be recommended. Where inconvenient numbers 
would otherwise be mvolved, terms such as milli-unit 
(mU), kilo-unit (KU) or, for those who specialize in 
small activities, nano-unit (nU) or pico-unit (pU). 

The IUB Commission of Editors of Biochemical 
Journals would particularly like to direct the attention of 
authors to the recommendation that enzyme assays be 
based wherever possible on measurements of initial 
rates of reaction in order to avoid complications due, for 
example, to reversibility of reactions or to the formation of 
inhibitory products. Many papers are submitted in which 
kinetic parameters are calculated on the basis of data in 
which the initial rate was not measured. The substrate 
concentration should be, wherever possible, sufficient for 
saturation of the enzyme, so that the kinetics in the 
standard assay approach zero order. Where a distinctly 
sub-optimal concentration of substrate must be used, 
the Michaelis constant should be determined where 
feasible so that the observed rate may be converted mto 
that which sould be obtained on saturation with substrate. 

The chapter on the symbols of enzyme kinetics is 
unchanged. The recommended symbols, v (velocity), 
V (v at infinite substrate concentration), Km (Michaelis 
constant, that is, substrate concentration where v = V/2), 
Ks (substrate constant, that 1s, dissociation constant of 
the reaction # + S= HS), Kı (inhibition constant, that 
is, dissociation constant of the reaction # + I= EI), 
and k for rate constant are widely used. The recommended 
numbering of rate constants for enzyme systems involving 
consecutive steps, namely: 


kri Kis K+ 
E4- Se HS 2 HP= E+P 
ka k-s k 


has not been widely adopted, and editors are still reluctant 
to request authors to make the extensive alterations to the 
typescript which would often be necessary. 

The chapter on the classification and nomenclature of 
cytochromes has been completely rewritten. The term 
cytochromoid, introduced in the previous report to 
describe haemoproteins with haemoglobin-like structure 
and a reactivity with ligands which do not react with 
cytochrome c, has been set aside. It is now proposed that 
these non-haemochrome haemoproteins should be con- 
sidered as variant c-type cytochromes. To mdicate that 
@ haem c prosthetic group is not in a haemochrome 
linkage, a dashed symbol, c,, is recommended. This 
chapter also defines a number of haem compounds and 
contains much useful information on the chemistry of 
these compounds and of haemoproteins. The individual 
cytochromes are now described ın greater detail and some 
cytochromes appearing in the previous lst have been 
dropped. Cytochromes ec, and c; are now brought under 
cytochrome c, Cytochrome f ıs given the name cyto- 
chrome c, although no doubt it will continue to be called 
cytochrome f as well. Cytochrome d, (a,) and a number of 
C cytochromes have been dropped. Indeed, the capital 
letters, introduced in the first report to describe a cyto- 
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chrome at a certain stage of the investigation, have been 
dropped. ` 

The chapter on the terminology of enzyme formation 
does not appear in the new report. Part of it (formation 
from precursors) has been added to the chapter on 
classification and nomenclature of enzymes. 

The chapter on the nomenclature of the nicotinamide 
nucleotide co-enzymes is an abbreviated version of part 
of the chapter on the nomenclature of coenzymes in the 
first report. The sections on ubiquinone or coenzyme Q 
and on coenzyme A have been omitted, since these com- 
pounds have been considered by the IUPAC (International 
Union of Pure and Applied Chemistry)-IUB Joint Com- 
mission on Biochemical Nomenclature, which maimtains 
close contacts with the TUB Commission of Editors of 
Biochemical Journals. Ubiquinone (coenzyme Q) has 
been considered in a report on the nomenclature of 
quinones with isoprenoid side-chains (see, for example, 
ref. 3). This report makes two alternative recommenda- 
tions for the naming of ubiquinone (coenzyme Q), namely: 
(1) the name be ubiquinone-n and the abbreviation Q-n, 
where n is the number of isoprenoid units in the side-chain; 
(2) the name be ubiquinone Qn and the abbreviation Qn. 
No changes in the name coenzyme A (CoA, CoASH) are 
proposed. 

One of the more controversial recommendations of the 
Enzyme Commission was the use of the name nicotinamide 
adenine dinucleotide (NAD) and nicotinamide—adenine 
dinucleotide phosphate (NADP) instead of DPN and 
TPN. Many criticisms were received by the Standing 
Committee on Enzymes. These received careful consid- 
eration, but the Committee decided that the original 
arguments as set out in Chapter 4 of the Report of the 
Commission on Enzymes were sufficient to warrant no 
interference being made with their decision. 

The editorial boards of some biochemical journals 
have encountered strong opposition from their authors 
to the replacement of the DPN-TPN nomenclature. 
Although the IUB Commission of Editors of Biochemical 
Journals has endorsed the new nomenclature, two of the 
larger journals represented in the Commission have been 
unable to enforce it, and have permitted the two systems 
to stand side by side. 

In. the first report, the Commission on Enzymes recom- 
mended two alternative systems of designating the 
reduced forms of NAD and NADP acting as substrates 
for enzyme reactions. The two systems were formulated 
NAD+ — NADH + H+, and NAD — NADH,. The latter 
formulation was used in the enzyme list. In the new report 
the two forms are referred to simply as ‘NAD’ and 
‘reduced NAD’ in the enzyme names and in the chemical 
equations illustrating the reaction catalysed by the 
enzyme in question. On the other hand, the JUPAC-IUB 
Commission on Biochemical Nomenclature has recom- 
mended that the abbreviations NAD and NADP should 
be used only when the state of oxidation of the compounds 
need not be specified. The oxidized and reduced forms of 
the coenzymes should be designated by NAD+ (NADP*) 
and NADH (NADPH), respectively. These may be used 
in an equation as follows: 


NAD++ XH: NADH + Ht+ X 


For this reason, some journals will permit and even 
profer the designation of an enzyme such as HC 1.6.99.3 
by NADH: (acceptor) oxidoreductase (systematic name) 
and NADH dehydrogenase (trivial name) rather than by 
the names reduced-NAD: (acceptor) oxidoreductase and 
reduced NAD dehydrogenase, respectively, which appear 
in the new report. This is in conformity with current 
practice. 

Because of difficulties with indexing, the use of chemical 
formulae in enzyme names has been prohibited, for 
example, HC 1.11.1.6 (catalase), which was given the 
systematic name H,O,: H:O, oxidoreductase in the first 
edition, has now been changed to hydrogen-peroxide : 
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hydrogen-peroxide oxidoreductase. (Some journals may 
object to placing a hyphen between the two parts of a 
chemical name, which, according to the conventions of 
chemical nomenclature, do not have a hyphen in the 
English language.) 

On the other hand, standard abbreviations for com- 
pounds of importance in biochemistry, as accepted by the 
IUPAC-IUB Comission on Biochemical Nomenclature, 
have been used in enzyme names, for example, ATPase 
(EC 3.6.1.3 and 3.6.1.8). Indeed, more use could possibly 
have been made of standard abbreviations, and editors 
will not object when these are used in enzyme names, for 
example, glutathicne : hydrogen-peroxide oxidoreductase 
(EC 1.11.1.9) could be written GSH : hydrogen-peroxide 
oxidoreductase, ard the systematic name of glutathione 
reductase (HC 1.6.4.2) can, in the opinion of the Commis- 
sion of Editors, be legitimately written NAD(P)H: 
GSSG oxidoreductase instead of the longer name, reduced 
NAD(P) : oxidized-glutathione oxidoreductase. 

The new report repeats the statement of the first report 
that abbreviations for names of enzymes, for example, 
GDH, should be strongly discouraged. While the Com- 
mission of Editors endorses this statement, and many 
journals rigorously enforce the prohibition of abbreviations 
for the names of erzymes, it must be recognized that such 
abbreviations are widely used, especially in clinical chem- 
istry. It may soon be necessary to rationalize and 
standardize this practice rather than to ban it. 

The most important change in the enzyme list is the 
reclassification of hydrogenases (Group 1.12), oxygenases 
(Group 1.13) and hydroxylases (Group 1.14). Errors in 
the first list have been corrected and many new enzymes 
added. The list now contains 875 enzymes. 

It is obvious that the further purification of enzymes 
and advances in >ur knowledge of the mechanism of 
reactions catalysed by specific enzymes may soon make the 
recommended nomenclature no longer acceptable in 
certain cases. The present basis of classification is func- 
tional because sufficient chemical knowledge is absent. 
When more becomes known about the nature of active 
sites and amino-acid sequences, a chemical classification 
may become possikle. 

Tt is also clear that not everyone will agree with the 
classification and nomenclature of all the 875 enzymes, 
Editors of biochemical journals will carefully and sym- 
pathetically consider reasoned requests by an author to 
depart from the recommended nomenclature, and will 
forward them to Prof. E. C. Webb, who has been desig- 
nated by the Counzil of the IUB to assemble such com- 
ments. Indeed, tne Standing Committee on Enzymes 
received and considered many criticisms from authors 
which were transmitted by the editorial boards of 
various biochemical journals. If the editorial board 
agrees with the arguments brought forward by an author, 
it will allow him tc depart from the recommendations of 
the enzyme report It would be desirable to state the 
reasons for this departure in the text of the paper or in 
a footnote. 

It should be added, however, that the experience of 
editors is that mary authors have not grasped the basis 
of the nomenclatura recommended by the Commission on 
Enzymes, namely that an enzyme should be named 
according to the reaction which it catalyses. Since the 
specificity of enzymes is not absolute, some arbitrariness 
in naming the substrate is inevitable. The principles 
followed by the Commission on Enzymes in choosing 
between different possibilities are given in Rule 14, p. 32, 
of the new report. Since it appears that few authors are 
fully aware of the implications of this rule, it might be 
useful to consider it in more detail. The long-known 
enzyme succinate dehydrogenase (EC 1.3.99.1) is given 
the systematic name succinate : (acceptor) oxidoreductase, 
even though it also catalyses the oxidation of a number of 
x-monosubstituted succinates. On the other hand, alcohol 
dehydrogenase (ZC 1.1.1.1) is named alcohol : NAD oxido- 
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reductase, because it acts on a wide range of alcohols. 
Lactate dehydrogenase (HC 1.1.1.27) is named t-lactate : 
NAD oxidoreductase, even though it reacts quite rapidly 
with NADP as well as with NAD. However, the most 
commonly occurring glutamate dehydrogenase (HC 1.4.1.3) 
is named t-glutamate: NAD(P) oxidoreductase (de- 
aminating), because it reacts readily with both NAD and 
NADP (see Rule 16). The aldehyde dehydrogenases give 
special difficulties. No less than 18 are listed in Group 1.2.1 
(with NAD or NADP as acceptor). Of these, 14 are named 
in terms of a specific hydrogen donor, while in the others 
the donor is given simply as aldehyde. This should not be 
taken to mean that the 14 are absolutely specific for a 
single aldehyde. Of the 18 enzymes, NAD is given as 
acceptor for 8, NADP for 6 and both nucleotides for 4. 


INTERNATIONAL COMMITTEE 


HE International Committee on Laboratory Animals 

held its third international symposium at Dun 
Laoghaire, near Dublin, during September 6-17 under 
the general title, “The Husbandry of Laboratory 
Animals’ *. The Committee, while well known to those 
professionally engaged in laboratory animal science, 
appears to be largely unknown to the users of laboratory 
animals. Ib was, however, the users, who, acting through 
their international unions, set up the Committee. It seems 
appropriate, therefore, that a general report of the 
Committee and its work should be made to laboratory 
animal users on this occasion. 

History. Ten years ago two independent initiatives 
towards an international organization were being made. 
One was by the International Union of Biological Sciences 
and the other by the Council for International Organiza- 
tions for Medical Sciences working in association with 
Unesco. In December 1956 these organizations met and 
recommended the establishment of the International 
Committee on Laboratory Animals. The International 
Union of Physiological Sciences joined soon after, and the 
Committee was established as an inter-union committee; 
experts, who were heads of laboratory animal centres, 
were co-opted. Unesco provided most of the financial 
Support and was represented on the Committee by an 
observer. Two other unions have since joined—the 
International Union against Cancer and the International 
Union of Biochemistry. 

The growth of the Committee’s activities was such 
that by 1961 a revised constitution was necessary. 
Laboratory animal centres or committees had been estab- 
lished in many countries to co-ordinate work in the field 
and act as information centres. It seemed important to 
associate these bodies with the International Committee. 
The Committee now consists of the union members and 
national representatives, numbering twenty-seven, coming 
from all parts of the world. The final authority rests 
with the governing body, which consists of all the union 
representatives together with an equal number of national 
representatives; the World Health Organization 1s 
represented by an observer. In effect this is an equal 
division between the users and the laboratory animal 
experts. The detailed work is-done by an executive 
committee of individual experts. 

The financial support from Unesco was only temporary 
and in 1962 it ended. The Committee is most grateful 
to Unesco. The World Health Organization has now 
undertaken to support the work of the Committee, and 
to that Organization also the Committee is deeply 
grateful. 

Actiwittes. Surveys of the production and utilization 
of laboratory animals have been carried out and published 
in relation to twenty-one countries. This has enabled the 

* The proceedings are being published by Academic Press. 
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There are many discrete enzymes, differing in amino- 
acid composition, physical properties and enzyme kinetics, 
all of which have to be named aldehyde: NAD oxido- 
reductase (HC 1.2.1.3). At present these must`be dis- 
tinguished by source, such as organism, tissue and cell 
component. The IUB Commission of Editors of Bio- 
chemical Journals has set up a sub-committee to consider 
the problems of nomenclature posed by recent research 
on the nature of isoenzymes and enzyme sub-units. 
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2? Enzyme Nomenclature. Recommendations (1964) of the International Union 
of Biochemistry on the Nomenclature and Classification of Enzymes, 
together with their Units and the Symbols of Enzyme Kinetics. Pp. v+219. 
(Elsevier Publishing Co., Amsterdam, 1965). 2.50 dollars. 


* Report of the Commission on Enzymes of the International Union of Bo- 
chemistry, 1961 (Pergamon Press, Oxford, 1961). . 
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ON LABORATORY ANIMALS 


problems to be assessed and has provided a strong stimulus 
to the development of national centres dealing with 
problems connected with laboratory animals. Another 
major factor in such development has been the visits, 
made under Committee auspices, of the officers and other 
experts to many countries to give advice on laboratory 
animal problems. Up to the present time this advice 
has been mainly concerned with the development of 
healthy supplies of small mammals. Similarly, other 
activities have been concentrated in this direction. Thus, 
efforts have been made to improve technician training, and 
notes on training courses have been published in the 
International Committee on Laboratory Animals Bulletin 
which is published twice a year. Scholarships have been 
awarded to a number of workers in the field, and this has 
enabled them to work for a time in one of the established 
centres, in this way helping the development of new 
centres elsewhere. 

Two previous international symposia have been held 
on “Living Animal Material for Biological Research” 
and “The Problem of Laboratory Animal Disease”. 
These, together with that just held, have provided a 
forum for the discussion of a range of scientific problems 
connected with the supply of healthy animals, in particular 
small mammals. 

Besides the basic problems of improving the health, 
nutrition and handling of animals, two other general 
fields have always been on the Committee’s programme. 
The first of these concerns more specialized questions 
related to the breeding of small mammals. This side of 
the work has included a bibliography (now taken over by 
the publishers of the Zeitschrift fiir Versuchstierkunde— 
Gustav Fischer Verlag, Jena, German Democratic 
Republic) and the preparation of lists of agreed definitions. 
These are slow steps towards the difficult task of designat- 
ing primary type colony centres and listing the primary 
type colonies being maintained. The difficulty in this task 
lies in specifying strains in such a way that the designa- 
tions have real meaning. 

The Committee 1s one concerned with laboratory animals 
of all kinds and not simply small mammals. One of its 
early aims was to establish world lists of sources of 
laboratory animals, especially lower vertebrates and 
invertebrates. This aim has so far proved very difficult 
to achieve and, with the concentration of effort on stand- 
ards of care in animal houses for small mammals, little 
has yet been done in this field. This has caused some 
concern, and the governing body has now put on record 
its hope that some advance in the non-mammalian field 
may take place in the next three years. 

In all these fields of activity this international organiza- 
tion is primarily a channel of communication between 
national organizations, and the latter have, as one of their 
functions, the giving of information not only to those 
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actively involved in laboratory animal care and produc- 
tion, but also to any user of experimental animals. In 
Great Britain the centre is the Laboratory Animals Centre 
(director, Mr. J. Bleby), Medical Research Council 
Laboratories, Carshalton, Surrey, and the national 
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representative on tie International Committee is Dr 
F. J. C. Roe, Department of Experimental Pathology, 
Chester Beatty Research Institute, Institute of Cancer 
Research, Fulham Road, London, S.W.3. 

J. A. B. GRAY 


BASIC COMPONENT OF SOLAR RADIO EMISSION AT CENTIMETRE AND 
DECIMETRE WAVE-LENGTHS 


By Dr. M. K. DAS GUPTA and D. BASU i 


Institute of Radio Physics and Electronics, University of Calcutta 


T is now well establıshed that at centi- and deci- 

metre wave-lengths the solar radio emission, apart 
from the more rapidly varying features like bursts of 
various types, consists of: (1) a basic component remain- 
ing constant over a considerable period of time; (2) a 
slowly varying component showing a slow day-to-day 
variation in intensity. Of these two, the first 1s the 


radiation from the Sun when the disk is completely free . 


from any active region while the slowly varying component 
is the excess radiation due to localized active zones on the 
disk. The method of separating the two components from 
the total solar flux was first introduced by Pawsey and 
Yabsley!, who plotted the total flux against sunspot area 
and extrapolated the best-fitting line to the condition of 
zero area on the assumption that the radio flux depends 
on sunspots only. However, it is now confirmed? that the 
regions corresponding to sunspots continue to emit radio 
waves in cm- and dm-wave-lengths for a considerable 
period even after the visible sunspots have disappeared 
and also that these start emitting much earlier than the 
actual appearance of the sunspots. There are thus present 
on the solar disk, at any instant, some active regions that 
are strong sources of radio emission but are not at all 
associated with the then visible sunspots. As such, the 
basic component cannot be segregated from the total 
flux by taking into account sunspots alone. 

Attempts were made independently by Allen? and 
Covington and Harvey? to determine the basic component 
with this new consideration in view. However, Allen’s 
method seems to be too complicated and does not 
appear to be readily applicable from a practical point of 
view. Regarding the analysis by Covington and Harvey, 
on the other hand, the assumption that the contribution 
from radio regions not associated with sunspots is propor- 


=- tional to the number of sunspot groups is only a rough 


approximation. We were thus prompted to examine 
the aspect of the evaluation of the basic component of 
solar radio emission in relation to recent data. 

As has already been mentioned, the slow day-to-day 
variations of the solar radio flux would be due to the 
presence of active regions, visible or invisible, on the solar 
disk. These variations exhibit roughly a 27-day period of 
recurrence which corresponds to the apparent period of 
rotation of the Sun about its vertical axis. It may, how- 
ever, be mentioned in this connexion that such variations 
in the solar radio flux exist? even at zero sunspot number 
condition which can thus be attributed to active regions 
other than those associated with sunspots. It is obvious 
that there will be no variation at all of the daily values of 
solar flux if the disk is free from any active radio region, 
and hence, so far as the basic component is concerned, the 
amplitude of such variation will be zero. 

In our analysis we considered solar radio flux data at 
frequencies 1,000, 2,000, 2,800, 3,750 and 9,400 Me/s. 
The daily values of the flux at each of these frequencies 
- were plotted separately for the years 1958 (sunspot 
maximum) and 1964 (sunspot minimum). All these curves 
showed substantially similar variation for the individual 


years and indicated pronounced maxima and minima 
following roughly the 27-day period. Fig. 1 shows such 
plots for the frequency 3,750 Mc/s for the years 1958 and 
1964 as well as 191. An additional striking feature 
exhibited by the daily mean flux curves is that the 
pronounced maximum-to-mimimum amplitude of this 
variation seems to change rather systematically with the 
mean value of the flux. Thus the amplitude is highest for 
1958 when the mean fax is also maximum, and ıb is lowest 
for 1964 when the mean flux is minimum, while for 1961 
the condition is intermediate between the two. We were 
thus led to examine the matter in some detail. For any, 
frequency we determined the maximum-to-minimum 
amplitude of variatior of the daily mean flux correspond- 
ing to each of the 27-dey cycles (henceforth called variation 
amplitude or VA) incividually for both the years. The 
mean values of the solr radio flux for each of the periods 
corresponding to these cycles were also determined. For 
any particular frequeccy and for any particular year, we 
thus obtained a set of VAs and the corresponding values 
of mean solar radio flux. These flux values were plotted 
against corresponding variation amplitudes. Fig. 2 shows _ 
the plots for the frequencies 1,000, 2,000, 3,750 and 
9,400 Mc/s separately for 1958 and for 1964. The linear 
relationship between the solar flux and the amplitude of 
variation is at once evident. On extrapolating to zero 
value of VA the best-fitting line is found to cut the flux 
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Plots showing the variation with time of the daily mean solar 
tadio flux at 3,7&) Mc/s for 1958, 1961 and 1964 
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Fig. 2. Plots showing the linear relationship between the mean values of solar radio flux 
and the amplitudes of variation of the flux for perinds corresponding to the so-called 27-day 
cycles. at frequencies 1,000, 2,000, 3,750 and 9,400 Mc/s for the years 1958 (O) and 1964 ( x ). 
The upper scale in each case indicates the values for 1958, while the lower one indicates 


those for 1964 Š 


axis with a positive intercept. This value of the solar flux, 
corresponding to zero value of VA, can thus be attributed 
to the basic component of solar radio emission at that 
particular frequency. The total solar flux at any of these 
frequencies can thus be represented by: 


F= Fa +4 KV 


where F is the total flux, F, is the basic component, V is 
the amplitude of variation of flux corresponding to the 
27-day cycle and K is a constant. The basic component 
was similarly calculated for all the five frequencies 
separately fər both the years. It should, however, be 
noted that ın determining the 27-day cycles sufficient 
care was taken to be sure that each of these exhibits 
pronounced maxima and minima very clearly. Any 
ambiguous cycle was rejected altogether from considera- 
tions. Further, if the same value of VA appeared more 
than once in a year, the average value of the corresponding 
mean solar fluxes was taken. This method of determining 
the basic component would thus eliminate the effect of 
all sorts of active regions on the solar disk, visible or 
invisible. It should be noted in this connexion that the 
present method of evaluating the basic component will be 
possible only for the frequency range 470-29,000 Mc/s 
for' which the characteristic 27-day variations in received 
solar radio flux exist, as we have shown‘. 

Table 1 shows the values of the basic component, F'o, of 
solar radio emission at different frequencies individually 
for the years 1958 and 1964, corresponding to the maximum 
and minimum periods of solar activity respectively, and 
also the ratios (2) max/(f')min (designated henceforth 
as p). 

The flux values at different wave-lengths of the basic 
component F, converted to corresponding equivalent 
black-body temperatures, have been plotted in Fig. 3 
both for sunspot maximum and minimum years. For 
comparison, the continuous curve representing the ex- 
perimentally obtained values compiled by Ellison’ has 
also been shown. It is quite evident from the (fy) max 
and (F'5)mm plots that the basic component varies in 
course of a solar cycle. The factor p by which it changes 
from maximum. to minimum, years is found to depend on 
frequency as has been shown in Fig. 4. The variation 


Table 1. BASIO COMPONENT OF SOLAR RADIO EMISSION AT DIFFERENT 
FREQUENCIES IN JANSKYS FOR pele MAXIMUM AND SUNSPOT MINIMUM 
EARS 


1,000 Mo/s 2,000 Mc/s 2,800 Mc/s 3,750 Mc/s 9,400 Me/s 


1958 (max) 110-3 115-3 172 163-8 286 0 
1964 (min) 31:4 42 7 67:7 83-2 238 6 
@ 3:5 27 %5 20 1:2 
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appears to be negligible at wave-lengths less 
than 3 cm and seems to increase with in- 
creasing wave-length. It appears that p is 
unity at frequencies above 10,000 Me/s 
(10,810 Mc/s to be exact), which implies that 
the radio flux of the quiet sun originating 
at the base of the chromosphere, as also 
from the photosphere, undergoes no change 
in intensity in course of a solar cycle. This 
corroborates the results obtained earlier by 
Van de Hulst! and also by Christiansen and 
Hindmann’. 

It should, however, be noted here that the 
factor p obtained at dm-wave-lengths is 
slightly greater than that proposed by Van 
de Hulst from considerations of a change 
in the coronal electron density determined 
from brightness variation. This might pos- 
sibly be due to the fact that the activity 
of the present solar cycle, for which this 
analysis has been made, was far more promin- 
ent than the earlier ones. As such, the 
maximum-to-minimum variation in the 
coronal electron density, and hence that in 
the radio flux from the quiet sun, is possibly 
greater than that observed by previous workers. 

As regards the metre wave region, however, the pre- 
dictions of Van de Hulst and also the investigations of 
Christiansen and Hindmann suggest no change in the 
basic component from sunspot maximum to minimum 
conditions. Lack of continuous data at frequencies less 
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Fig. 3. Apparent temperatures of the quiet sun at different wave-lengths 

obtained from the present analysis for the years 1958 (O) and 1964 (x). 

The solid line indicates the spectrum determined experimentally by 
interferometer technique 
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Fig. 4. Curve showing the varlation with frequency of the ratio of basic 
component at sunspot maximum to that at sunspot minimum 


7 


~ 


P 


No. 5012 


November 20, 1965 


than 1,000 Me/s did not permit us to extend the present 
analysis at higher wave-lengths. However, the spectra of 
the basic component (Fig. 3) both at sunspot maximum 
and minimum years seem to follow appreciably the 
experimental curve, and hence it can perhaps be logically 
assumed that at higher wave-lengths, where the curve 
becomes asymptotic, (29) max to (5) min Variations would 
again be negligible. 

On accepting this, one may conclude that the variation 
in basic component of solar radio emission with the 
phase of the solar cycle is only confined to a specific band 
of wave-lengths—cm and dm regions. Curiously enough, 
this is also the band in which the slowly varying component 
is found to exist. It is perhaps worth investigating whether 
the two might have a common cause. The exact nature of 
the year-to-year variation and precise evaluation of the 
band over which the basic component actually varies in 
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course of a solar cycle will be extremely important. 
Detailed analysis to this effect is being carried out and will 
be reported in due ccurse. 

We thank Prof. J N. Bhar and Dr. 8. Basu for their 
advice. Data of solairadio flux at 2,800 Mc/s belong to the 
National Research Council, Ottawa, and those at 1,000, 
2,000, 3,750 and 9,400 Mc/s to the Research Institute of 
Atmospherics, Nagoya. We thank Mr. A. E. Covington of 
Ottawa and Dr. H. Tanaka of Nagoya for sending us their 
data before publication. 
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STRUCTURE OF THE RADIO CONTINUUM BACKGROUND AT HIGH 
GALACTIC LATITUDES 


By Dr. M. J. S. QUIGLEY and Dr. C. G. T. HASLAM 


Nuffield Radio Astronomy Laboratories (University of Manchester), Jodrell Eank, Macclesfield, .Cheshire 


HE purpose of this article is to summarize the results 
of an investigation into the origin of the continuum 


radio emission in directions away from the Milky Way, 


which has been conducted at Jodrell Bank. It now seems 
possible to reach a general conclusion about the structure 
of the emission. 

The existence of the North Polar Spur has been known 
for some years! and, by using data from different observa- 
tories, it has been shown? that the Spur conforms closely 
to a small circle for much of its length. A dotailed 
investigation’, which is in course of publication, shows 
that the complicated structure associated with the Spur is 
almost entirely enclosed within this cirele. The diameter of 
the circle is found to be 113° + 3° and its centre is at 
tir = 330° + 2°, bil = 195° + 2°, 

In a series of observations which have been described 
previously’, it was shown that there exists a second high- 
latitude feature, lying in the southern galactic hemisphere. 
Because of its situation and appearance we have referred 


+ to this as the Cetus Arc. The Cetus Arc is also found to lie 


closely along a small circle, although, as with the Spur, 
there 1s some structure within the Arc which falls into no 
obvious geometrical pattern. With more extensive data 


~~ than before, we have constructed a stereogram of the 


Cetus Arc in new galactic co-ordinates. This 1s shown in 
Fig. 1. The track of the Arc was determined from various 
maps by finding the midpoint of the half-power levels, at 
various placos along the Arc. The surveys used were at 
frequencies of 240 Me/s (ref. 2), 400 Mc/s (ref. 5) and 
178 Mc/s (ref. 6). The points have been plotted as filled 
circles, open circles and triangles, respectively, and the 
width to half-power points is indicated by bars. An 
attempt has been made to fit a circle to the plotted points. 
Four such circles are shown in Fig. 1. Their parameters 
are given in Table 1. For most of its length the Arc is 
reasonably well fitted by circle No. 2, but for 611< 30° at 
li ~ 45° it diverges from this circle. This may be a real 
effect or it could arise from either of the following causes: 

(1) The Are is being obscured and distorted by the 
strong emission near the galactic plane. 


Table 1 


Co-ords of centre Co-ords. of centre 


Circle on stereogram on sphere Diameter 
No. pun bu fu bu (deg.) 
1 97 0 — 18-0 97 0 —30°5 95 
2 100 0 —220 100 0 — 33-0 92 
3 97-0 —220 97 0 —33 0 91 
4 98 0 —19 0 98 0 — 320 97 


(2) The position of the ridge is not well defined in this 
area. For example, or. the 400-Me/s map at latitude — 25°, 
the mean of the longitudes of the 10-unit-contour is at 
MI = 40°, that-of the [2-unit contour at lH = 44°, and that 
of the 14-unit contour at lI = 49°. This last figure would 
place the ridge precisely on circle No. 2. 

Apart from this aromaly, the Arc fits circle No. 2 to 
within + 2° of arc over a total length of 133°. Noting the 
spread of the values listed in Table 1, we consider that 
between the points li] = 40°, 611 = 35° and (152°, 25°) the 
Arc is described by a circle having the following para- 
meters: 

Centre (on sphere) at 711 = 100° + 3°, bu = 

Diameter, 92° + 3° 

In an inspection’ ef a number of maps of the radio 
continuum another <eature has been identified which 
seems similar to those described here. We refer to Fig. 2, 
which 1s a reproduction of a 240-Mc/s map published by us 
previously?: full detsils of the observations are to be 
found in the reference. The co-ordinate system is the new 
galactic and the conzours are marked in °K above an 
arbitrary reference-lerel. Since the beam-width is 1°, and 
the scans were separated by intervals of 4° in galactic 
latitude, the map will only represent large-scale features. 


— 33° + 3°. 
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Fig 1. 
co-ordinates, 


A stereographic projection of the Cetus Arc in-new galactic 
The south gélactic pole is at the centre of the stereogram 
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Apart from the steep rise in intensity at low latitudes, 
the obvious structural features in the region are the 
projections from the borders of the map at latitude 
bu ~ 40°, which are joined by a band of emission at least 
6° K brighter than its surroundings. For the right-hand 
projection there is some indication that it issues from the 
galactic plane, but the area of the survey is insufficient to 
include all the feature. 

The 240-Mc/s map may be compared with more exten- 
sive surveys, such as those of Seeger et al. at 400 Mc/s, 
and of Turtle and Baldwin! at 178 Mc/s, which confirm the 
existence of the large-scale structure apparent in Fig. 2. 
They also indicate that the projecting spurs at latitude 40° 
can be traced back to the galactic plane at longitudes 
l1 ~ 87° and ~157°. We are therefore observing @ struc- 
ture similar to the Cetus Arc and the North Polar Spur, 
that is, a belt which projects from the galactic plane, and 
returns at a different longitude. The resemblance is 
strengthened by the fact that the belt becomes weakest at 
its furthest point from the galactic plane. However, it is 
distinguishable above the background at all points. Its 
minimum temperature (measured above adjacent areas of 
sky) at 240 Mc/s is about 6° K and the maximum 25° K. 
We propose to consider this belt as a coherent feature, and 
we shall refer to it as Loop III, the numeral] indicating 
that this is the third high-latitude feature to be identified. 
It is also the least bright of the three. Its existence has 
been noted independently in a recent paper by Seeger 
et al.’. 

As with the Spur and the Cetus Arc, the geometry of 
Loop III has been investigated by plotting it on a galactic 
stereogram, which is reproduced in Fig. 3. The position 
of the Loop was measured from the same surveys, and in 
the same manner, as was that of the Arc. The figure 
shows three circles which have been fitted to the Loop. 
Their parameters are listed in Table 2. 


Table 2 


Co-ords. of centre Co-ords. of centre 


Circle on stereogram on sphere Diameter 
No. ju bu pa bu (deg.) 
1 124 2 124 11-5 71 
2 124 6 124 14°5 71 
3 123 8-5 123 13 0 72 


For most of the Loop, circle No. ] gives the best fit, but 
the bulge at I= 155° to 160°, br ~ 30°, is more closely 
fitted by circle No. 2. The deviations of the Loop from 
circle No. 1 are at most + 3° of arc, so we adopt this as 
the best fit to the plotted points and assert that the Loop 
is reasonably well described by a circle which has the 
following parameters: 

Centre (on the celestial sphere) at Hı = 124° + 1°, 

bir = 11-5° + 2°, 

Diameter, 71° + 2°. 
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Fig. 2. 240-Mc/s isophotes of a region in the north galactic hemisphere. 
The brightness temperatures are Hentai in deg. K above an arbitrary 
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Fig. 3. A stereographic projection of Loop IIT in new galactic eo- 
ordinates. The north galactic pole is at the centre of the stereogram 
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Fig 4 <A stereographic projection of the celestial sphere, in new galaetic 
co-ordinates Objects which lie wholly or predominantly in the northern 
galactic hemisphere have been projected from the south galactic pole and 
vice versa. The North Polar Spur, the Cetus Are, and Loop III are 
outlined by filled circles, open circles, and crosses, respectively. Various 
preferred directions have been inscribed, as follows: the supergalactic 
pole (ref. 9) and equator (NGH only); the Centaurus A extended radio 
source (NGE); the Large and Small Magellanic Clouds (SGH) The least 
bright area in the northern galactic hemisphere 1s shown as a shaded 
patch im the upper right-hand corner 


The errors in the foregoing values are estimated from the 
spread of values in Table 2 and from the deviations of the 
Loop from the circles. 

It is interesting to represent the Spur, the Cetus Arc, 
and Loop III together in the same stereogram to see if 
they bear any relation to each other or to the galactic 
plane, points of minimum halo emission, etc. It is difficult 
to draw all three of the features on a straightforward 
stereogram because of the rapid expansion of the scale 
outside the primitive. However, we may adopt the device 
of projecting objects which lie wholly or predominantly in 
the northern galactic hemisphere from the south galactic 
pole, and those in the southern hemisphere from the 
north pole. This procedure has been followed ın construct- 
ing Fig. 4. The Spur, the Cetus Arc, and Loop III are 
outlined by filled circles, open circles, and crosses, respec- 
tively. Marked also are a number of directions to which 
some interest is attached. These are detailed in the 
caption. 


~ 
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We have inspected the figure and have been unable to 
find any special geometrical relationship among the 
dispositions of the three arcs, or between them and any of 
the various preferred directions. However, using our 
results, Meaburn® has demonstrated a remarkable posi- 
tional coincidence between Loop III and a number of 
high-velocity neutral hydrogen clouds. The three ares do 
seem to have one feature in common: their brightest 
parts lie near to the galactic plane, and the brightness 
diminishes with increasing latitude. This fact may be 
significant for their interpretation. 

The three arcs and their associated features appear to 
account for a very large proportion of the structure 
observed in the radio continuum away from the galactic 
plane, and perhaps also for a substantial part of the total 
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halo emission. It is hoped in the future to carry out more 
detailed mapping of the Cetus Arc and Loop III, which so 
far have not been examined at high resolution. 
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AGE OF THE WEARDALE GRANITE 


By F. J. 


FITCH 


Department of Geology, Birkbeck College, University of London 
AND 


Dr. J. A. 


MILLER 


Department of Geodesy and Geophysics, University of Cambridge 


HE Weardale granite was encountered at 1,281 ft. 
depth beneath unconformable Carboniferous Lime- 
stone in the Durham Colleges Geology Department 
Rookhope borehole (NY 35/937,428), West Durham, in 
1960. ‘The possibility that a high-level granite might 
exist beneath the Alston block was first suggested by 
Dunham in 1934, when he described the concentric pattern 
of the zonal mineralization in the areał. A regional 
gravity survey by Bott and Masson-Smith gave support to 
this suggestion and indicated the probable presence of a 
granite with cupolas close beneath the mineralized area’. 
As the mineral veins of West Durham are found in 
Carboniferous strata and bear a distinct petrographical 
resemblance to those of Devonand Cornwall, it was thought 
at that time that the postulated granite might be Variscan 
in age. 

The first results of the research borehole put down by 
Dunham et al. to test these hypotheses appeared in 1961, 
when they reported that, although granite had been found, 
it was seen to be unconformably overlain by Lower Carbon- 
iferous strata, and must therefore be pre-Carboniferous in 
age’, At the same time isotopic age investigations of two 
samples of this newly discovered granite were reported 
by Dodson and Moorbath‘. Their conclusions from these 
investigations were: (1) that the Weardale granite was 
emplaced in Middle or Late Devonian times around 
362 + 6m.y.; (2) that it is significantly younger than the 
Shap granite, but possibly contemporaneous with the 
Skiddaw granite. We find it difficult to accept the con- 
clusions of Dodson and Moorbath and have made a further 


isotopic age investigation of the granite as part of an 
extended programme of geochronology of the rocks of 
north-east England. 

A full description and discussion of the geological results 
ofthe Rookhope borerolehas recently been presented to the 
Geological Society of London by Dunham et al.’. Both 
in the discussion of shis paper and in the discussion of 
an earlier paper by Brown, Miller and Soper on the 
intrusions of the English Lake District®, the same unre- 
solved difference of ooinion can be found. One school of 
thought (K. C. Dunkam, Miller, Brown, Bowie) believed 
that the Late Devorian age obtained for the Weardale 
Granite by Dodson and Moorbath should be treated with 
some caution: (a) because of the probable effects of later 
mineralization; (b) because abnormal variations in the 
radioactivity of the granite and in the Rb/Sr ratios have 
been noted, suggesting inhomogeneity, and the possibility 
that not all the rock crystallized at the same time. In 
the other view (A. C. Dunham, Soper) a late Devonian age 
was accepted because it was thought possible that late 
potassic differentiates of the British Caledonian ‘Newer 
Granite’ magma could have been emplaced in Middle, or 
even Upper, Devonian times. 

Four new potassium-argon age determinations are 
reported in Table 1. Specimen FM 271 is a muscovite- 
alkali-granite-gnoiss which has suffered several phases of 
metasomatic alterat-on and intermittent cataclasis. 
Specimen FM 272 is a chlorite (biotite)-muscovite-alkali- 
granite-gneiss less affected by subsequent metasomatism. 
Specimen R/14 is a muscovite concentrate supplied by 


Table 1. NEW POTASSIUM-ARGON AGES FROM THE WEARDALE GRANITE 











Data 
Samples from the Rookhope Instrument as Age and error 
Borehole, Co. Durham Refs. and method % £tmos. _ Vol.* Ar (m.y.) 
contanination Wt. sample (g) 

Weardale granite FM 272 Omegatron 0:1313 392 +6 
Muscovite 1812’ 9” 160 KA/804 Tsotope dilution 

Weardale granite FM 271 Omegatron 0-1279 359+5 
Muscovite 1395’ 6” 159 KA/803 Isotope dilution 

Weardale granite FM 272 Omegatron 0-0244 255 +12 
‘Chlonte’ 1312’ 9” 160 KA/850 Tsotope dilution 

Weardale granite R14 Mass spec. _ 0:1323 364412 
Muscovite 13986’ KA/[276 Isotope dilution 





a = 0581x 10-1 y, 43> 4:72 x 10-" y~, 





* (mm)? radiogenic argon N.T.P. 
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the Oxford Isotope Laboratory, and is similar material 
to that on which the original age work was done by Dodson 
and Moorbath‘. 

The analytical methods used at Cambridge were similar 
to those described by Miller and Brown’. 

Table 2 summarizes the relevant age data at present 
available. Geologically, the Weardale granite can be said 
to be pre-Viséan. The rocks into which it is intruded are 
not seen in the borehole, but by analogy with the nearby 
Cross Fell Inlier the youngest rocks which are involved as 
host-rocks would most probably be late Silurian in age®. 


Table 2. SUMMARY OF RELEVANT AGE DATA ON WEARDALE GRANITE 
Age and error 


Sample Method (m y.) Ref. 
1396’ Rb/Sr muscovite 360412 Dodson and Moorbath, 1961 
1396” Rb/Sr muscovite 8365+412 Constants used: 
1398” K/Ar muscovite 370+10 ®7Rb = 0°1475 x 10-19 y- 
1814 K/Ar muscovite 356 +12 4g = 4-72 x 10-18 y-t 
Ae = 0'584 x 10-29 y-? 
1396’ s K/Ar muscovite 364412 This article m 
1395” 6 K/Ar muscovite 359 + 5 This article 
1312’ 9” K/Ar muscovite $9246 This article 
1812’ 9 K/Ar ‘chlorite’ 255 + 12 This article 


Beneath the Carboniferous unconformity, granite was 
continuously exposed in the Rookhope borehole from 
1,281 ft. to 2,650 ft. Dunham et al.5 described it as having 
a low-dipping foliation in the upper part, becoming less 
obvious below 2,225 ft. depth. Mineralogically it is said to 
contain biotite, abundant muscovite, low albite, ortho- 
clase, microcline and quartz. Many mineral veins cut the 
granite: pyrrhotine is present in these veins below 1,355 ft., 
- and the source of mineralization is presumed to lie beneath 
ae ae which has acted as a channel for the rising 

uids. 

The specimens of Weardale granite which have been 
used so far in age investigations all come from the foliated 
upper portion of the granite. Further analysis of specimens 
from the lower part of the borehole should be undertaken 
in the future. 

The geological history of the foliated portion of the 
granite is complex, but can be largely understood by careful 
study of thin sections: and appears to be as follows: 

(A) Initial crystallization of muscovite-biotite alkali- 
granite. 

(B) Foltation and partial high-temperature metasomatism: 
during this first subsequent event shearing and cataclasis 
converted the granite above 2,225 ft. to a granite-gneiss. 
Original quartz grains were completely granulated and 
reduced to (now recrystalline) lensoid masses: primary 
biotite and muscovite were streaked out along shear 
planes. Accompanying this strong mechanical meta- 
morphism, but more restricted in its distribution, was a 
wave of metasomatic recrystallization. In the rocks most 
strongly affected by this metasomatism, original feldspar 
is strongly attacked along its margins by the growth of 
myrmekite fringes, large new muscovites grow in random 
orientation, overprinting earlier textures and mineral 
fabric, new medium- and fine-grained quartz and albite 
appear, and there is partial and, in places, complete, 
recrystallization of early quartz, micas and feldspar. This 
first subsequent event was probably the result of renewed 
intrusive activity at depth, only partially reactivating the 
consolidated upper facies of the granite pluton. 

(C) Low-temperature metasomatism: one or more episodes 
of low-temperature metasomatism associated with 
‘Variscan’ mineralization can also be distinguished. 
During these events the granite suffered mild brecciation 
in places, and any primary biotite that was still present 
was largely converted to chlorite and iron ore. Sericitiza- 
tion and the appearance of other secondary minerals, such 
as calcite, was widespread, especially close to mineral 
veins. 

It was suggested by Dodson and Moorbath‘ that the 
coincidence of apparent isotopic ages obtained by both the 
K/Ar and Rb/Sr methods makes it probable that the 
weighted mean of their results (362 + 6 m.y.) was close 
to the true age of the emplacement of the Weardale granite. 
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This is an invalid argument when applied to a mineral 
separation from rock material with a complex metaso- 
matic history. Analysis of the same contaminated mineral 
sample by different methods may well produce similar 
apparent ages within the experimental errors, and the 
fact that almost identical results were obtained in this 
case does not necessarily imply that they reflect the age of 
original crystallization. 

Examining first the K/Ar results from muscovite, it 
can be seen that each muscovite sample extracted from 
the granite will be a mixture of muscovites of different ages. 
They will each contain varying proportions of some or all 
of the following: (1) original primary muscovites; (2) 
original primary muscovites giving low ages because of 
subsequent cataclasis or partial recrystallization; (3) 
large secondary muscovites of the early high-temperature 
metasomatism; (4) sericite of later low-temperature 
metasomatism(s); (5) secondary muscovites or sericite 
giving low ages because of mild cataclasis and other effects 
associated with the subsequent low-temperature metaso- 
matism(s). 

Analysis of these samples will produce average age 
results none of which will be the true age of any of the 
events that affected the granite. As the largest muscovite 
fractions present in the rock, however, are those occurring 
under (2) and (4) above, the average results should 
normally fall somewhere between the ages of (2) and (4). 
Thus the highest K/Ar result (392 + 6 m.y.) can be 
accepted as a good minimuin age for the gneissrfication of 
the granite and the lowest result (356 + 12 m.y.) can be 
taken as being greater than the age of subsequent low- 
temperature metasomatism(s). The Rb/Sr results must be 
interpreted similarly. Each muscovite sample used is a 
mixture of muscovites which crystallized in a different 
isotopic environment. None of the subsequent metaso- 
matisms which have affected the Weardale granite would 
have produced isochemical recrystallization. When 
secondary muscovite crystallized in the rock, its initial 
strontium-isotope ratio would have been related to the 
new metasomatic environment and not to the average 
strontium-isotope composition of the rock (as is assumed 
under conditions of isochemical metamorphism). ‘Thus 
the Rb/Sr results (365 + 12 m.y. and 360 + 12 m.y.) 
indicate, as do the K/Ar results, an average age somewhere 
between the age of gneissification and that of the ‘Variscan’ 
mineralizations. Taking into consideration the considerable 
variability in the proportions of true primary (1) anp 
secondary muscovite (3) in the samples, one possible 
inference from the low total spread of both K/Ar and Rb/Sr 
results from muscovite (892 + 6 m.y.—356 + 12 m.y.) 
would be that the age of primary crystallization cannot 
be very much before that of gneissification. A Pre- 
Cambrian age of initial crystallization would not appear 
to be likely for this granite. The results definitely suggest 
initial intrusion during the main late Silurian/Lower 
Old Red Sandstone Caledonian orogenic/megmetic event 
(say within the period 425-400 m.y.) followed by re- 
activation and gneissification of this early facies by further 
intrusive activity before 392 + 6m.y. This interpretation 
is consistent with other work on the ‘Newer Granite’ suite 
published recently®?»19, 

The ages of the subsequent low-temperature metaso- 
matisms, associated with ‘Variscan’ mineralization, can 
only be indicated as less than 356 + 12 m.y. from the 
muscovite results alone, but further evidence is obtained 
from the one ‘chlorite’ result. This ‘chlorite’ sample 
contains a small amount of sericite and muscovite 
impurity, but is largely composed of chlorite, which 
crystallized during the widespread mineralizing episode. 
As the muscovite impurity will raise the apparent age, 
the age of 255 + 12 m.y. obtained from this fraction is a 
maximum age for the last major mineralizing event in 
this area. Two widespread early episodes of the so-called 
‘Variscan’ mineralization are known throughout England 
about 290 m.y. and 225 m.y., and metasomatism associa- 
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ted with these episodes can be shown to cause partial 
recrystallization and markedly to influence the K/Ar ages 
of earlier igneous rocks’. It is thought most probable that 
the Weardale granite acted as a channel for the upward 
migration of metasomatizing fluids during both these 
episodes and possibly also during later much less intense 
mineralizing events. 

We thank Prof. K. C. Dunham and Sir Edward 
Bullard for their advice and for providing samples of 
granite from the Rookhope borehole; also Miss D. E. 
Bate for the careful work involved in separating the small 
amount of ‘chlorite’ from sample FM 272. 
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RECENT FINDS IN THE UPPER CARBONIFEROUS OF SOUTH-WEST 
ENGLAND AND THEIR SIGNIFICANCE 


ECENT field work by myself and colleagues, and two 
new faunal discoveries, have led to a re-appraisal of 
the stratigraphy and structure of the Upper Carboniferous 
of south-west England. The evidence suggests thai, 
instead of two simple successions younging towards the 
axis of a synclinorium, there may be a series of blocks 
each with its individual stratigraphical succession and 
separated from each other by major thrust faults. 

Our present knowledge of the stratigraphy stems from 
the work of Owen? in the south, and Prentice?— in the 
north, who both suggested that the structure was 
broadly that of a synclinorium with the succession 
younging southwards in the north and northwards in the 
south. 

In the southern portion of the synclinorium the accepted 
succession of formations has been?: Crackington Measures 
— Bude Sandstones — Welcombe Beds. 

Goniatites?! prove a Namurian (E, to R) for the 
Crackington Measures and a Lower Westphalian age (G,) 
for tho Welcombe Beds’:?. However, the contacts of the 
Bude Sandstones with the neighbouring formations are 
faulted and there is no unequivocal field evidence that 
they lie between the Crackington Measures and the 
Welcombe Beds. In fact, Ashwin? sug- 
gested on structural grounds that the 
Welcombe Beds formed the core of an 
anticlinorium and underlay the Bude 
Sandstones. 

The Bude Sandstones have been given 
a Lower Westphalian age because of 
plants identified by Crookall?® as belong- 
ing to the Lower Coal Measures; but no 
molluscs had been found until in 1963 I 
discovered goniatites and lamellibranchs 
on the coast at Sandy Mouth (SS 202100) 
in a black sulphurous shale 10 yd. north 
of the steps leading down to the beach. 
Specimens were sent to Dr. W. H. C. Rams- 
bottom, who made further collections on 
the foreshore and identified the goniatites 
as Weideyoceras sp. nov. and the lamelli- 
branchs as Dunbarella and Caneyella. Dr. 
Ramsbottom considers that a horizon in 
the Lower Westphalian “just above the 
G. listeri Marine Band” is indicated. 

Thus the precise age of part of the Bude 
Sandstones is established. Field work by 
myseif and Mr. J. P. B. Lovell" suggests 
that the goniatite horizon is about 1,000 
ft. above the base of the Bude Sandstones, 
which are about 4,000 ft. thick altogether. 
The Bude Sandstones are therefore un- 
doubtedly younger than the Crackington 
Measures, but unfortunately their relation- 


ship to the Welcombe Beds is still uncer- 9 8” 





tain, as it is not clear where in the Lower Westphalian 
the Welcombe Beds should be placed. 

In the northern part of the synclinorium recent work 
began with the important pioneer work of Prentice*—, 
who suggested that the stratigraphical succession passed 
from turbidites of the Instow Beds into a ‘coal measure’ 
facies, the Northam end Abbotsham Beds, and continued 
through ‘slumped’ Greencliff Beds into more turbidites, the 
Cockington Beds. The central part of Prentice’s suc- 
cession has been modified by De Raaf, Reading and 
Walter!? and Walker®, and now stands as follows: 


Cockington Beds 700 ft. ‘Identifiable ‘Turbidite’ 
gastrioceratids’ 
Greencliff Beds 5C0 ft. C. communis ‘Slump’ 
at base 
Abbotsham Formation A, lenrsulcata 6 paralic cycles 
1,200 ft. near top 
Bideford C.) ef bellula 
Group near the base 
a ee No fossils 3 paralic cycles 
Westward Ho! Formation No fossils Laminated silt 
1,660 ft. + mudstones wi 
turbidites 
Instow Beds 1,500 ft, G. listeri near top ‘Turbidite’ 
Limekiln Beds 100 ft. R,, Res goniatites Siliceous 
siltstones and 
black shales 


Westward Ho! Form 


Bideford 
Group 


Greancliff OC se : 


bCock! 
CLOVELLY Ngton Bod 
P-T a s 
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= 
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Recently, Dr. D. Boschma and Dr. R. G. Walker found 
lamellibranchs in loose slabs of sandstone, undoubtedly 
fallen from a horizon 80 ft. above the base of the Abbots- 
ham Formation in the top of the first paralie cycle. The 
locality is on the coast west of Bideford (SS 411278). 
Dr. R. M. C. Eagar and Mr. M. A. Calver have examined 
the lamellibranch fauna. They state that variants grade 
from Carbonicola (2) bellula (Bolton) to short Carboni- 


cola (?) virtually identical with forms shown in Eagar’s - 


Pl. xii, Fig. 3 “northern series’4*. Both the pattern of 
growth of the shells and also the final form reached are 
particularly characteristic of a horizon below the Gasério- 
ceras subcrenatum Marine Band and above that of G. 
cumbriense. Probably the horizon is only a short distance 
below the G. subcrenatum Marine Band. 

If, therefore, the lower part of the Abbotsham Forma- 
tion is Namurian it is important to look at the evidence 
for the foregoing succession, which places the Instow 
Beds with a G. listeri (Lower Westphalian) fauna 3,000 ft. 
below the Abbotsham Formation, the lower part of which 
is Namurian. 

Let us first take the palaeontology. There is no doubt 
of the existence of a G. listert fauna at the top of the 
Instow Beds as described by Prentice’. Simpson 
determined non-marine lamellibranchs found by Rogers 
at Abbotsham Cliff in the upper part of the Abbotsham. 
Formation (at the top of cycle 4)? as belonging to the 
lenisulcata zone and those found in Roberts quarry 
(SS 470264), which Prentice? considered lay just above 
the Abbotsham Formation, as belonging to the ovalis 
(= communis) zone. Eagar and Calver (personal com- 
munication) have confirmed that a high lensulcata or 
low communis zone is likely for these faunas. 

The only goniatites at present known from the Abbots- 
ham Formation are ‘minute goniatites’ mentioned by 
Prentice’, which occur in shale near the base of Cycle 2 
(ref. 12) immediately above the C.(?) bellula lamelli- 
branchs. These goniatites could represent the G. sub- 
crenatum Marine Band, one of the most widespread marine 
horizons in Europe. Support to this is given by corre- 
lating paralic cycles of the Bideford Group ranging from 
basinal mudstones to coastal plain sediments}*) with the 
cycles (defined by marine bands) of the Namurian and 
lenisulcata zone of the South Crop of the South Wales 
coalfield?*.17, There, four major cycles occur in the 
Namurian and five to six occur in the lenisulcata zone’. 
In the Bideford Group there are nine, and @.(?) bellula 
occurs at the top of the fourth. 

If we now turn to the field evidence, the coastal section 
and field mapping by myself and my colleagues between 
Bideford and the coast firmly establish the succession 
Westward Ho ! —> Northam —> Abbotsham Formation?*»}%, 
There is complete exposure on the coast, and though 
faults and folds exist, correlations of individual layers 
can be made across them. The succession generally 
youngs southwards and one might expect to find the 
Instow Beds at the northern end of the section. Recent 
sands of Bideford Bay, however, obscure the solid out- 
crop and the lowest exposed stratum is still in the West- 
ward Ho! Formation. The evidence for a transition 


NATURE 


November 20, 1965 


between the Instow Beds and the Westward Ho ! Forma- 
tion is on field mapping and the recognition of lithologies 
in a single quarry. In this area facies differentiation 
inland is extremely difficult and mapping is inconclusive. 
Prentice’, however, considered that the base of his 
Northam Beds was to be seen at Hubbastone Quarry 
(SS 463297), where it lay abruptly on the Instow Beds. 
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Although, as Walker! pointed out, the upper part of _ 


Hubbastone Quarry is composed of grey silty mudstones 
similar to much of the Westward Ho! Formation rather 
than a ‘coal measure’ type of sedimentation as Prentice 
thought, there is no real disagreement here, since the 
Westward Ho! Formation equals the lower half of 
Prentice’s Northam Beds. The question is whether the 
greywackes in the lower part of the quarry are the Instow 
Beds. While admitting that they look very similar to 
much of the Instow Beds, I consider that they may 
equally well be turbidites within the Westward Ho! 
Formation and that therefore the evidence for a forma- 
tional junction in this quarry is not conclusive. 

In the upper part of the succession, Prentice con- 
sidered that the succession went from the ‘coal measures’ 
Abbotsham Beds through ‘slump’ Greencliff Beds, indi- 
cating steepening slope into the turbidites of the 
Cockington Beds. The upper part of the Greencliff Beds 
is infolded with the Cockington Beds and there is no 
reason to suspect this junction. The lower part, however, 
is faulted against the Abbotsham Formation. Structural 
disturbance in the Greencliff Beds is very considerable 
and exposure is by no means complete. Unlike the West- 
ward Ho! to Abbotsham Formation part of the section, 
there is no clear field evidence that the Abbotsham 
Formation passes sequentially into the Greencliff Beds. 
An alternative explanation is that at the Abbotsham 
Formation to Greencliff junction there is a major tectonic 
dislocation. 

The palaeontological position of the Cockington Beds 
is uncertain. Prentice‘ claimed that it contained “‘identi- 
fiable gastrioceratids younger than the lenisulcata zone”. 
On the other hand, Prentice and Thomas! state that it 
contains G. subcrenatum. Lithologiecally, the Cockington 
Beds are indistinguishable from the Bude Sandstones 
and, like the latter, they occur adjacent to the Welcombe 
Beds. It is more likely, therefore, that the Cockington 
Beds also belong to the lenzsulcata zone. 

Thus an analysis of the present results, admittedly 
inconclusive, suggests that the stratigraphy may be more 
complex than the established succession allows. An 
alternative. hypothesis which appears to fit the facts 
better is that there are at least four distinct successions 
in the Upper Carboniferous of south-west England 
which are partly time equivalents of each other. 

Many problems remain. The position of the Welcombe 


Beds is still uncertain and will remain so until there is” 


closer palaeontological control, and until field mapping by 
Mr. L. Moore, of King’s College, London, around Hartland 
Point is complete. They may prove to be younger than 
the adjacent formations or to be their time equivalents, 
but they are unlikely to be older. The position of com- 
munis zone lamellibranchs recorded by Simpson! was 
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thought by Prentice‘ to be above the Cornborough 
Sandstone which forms the top of the Abbotsham 
Formation. The location is inland, east of Bideford, and 
the formation may there continue up into the communis 
zone. 

There is, on the foregoing hypothesis, a series of laterally 
equivalent successions, none of which contains a great 
thickness of Upper Carboniferous strata. What remains 
of the fill of the Culm geosyncline neither extends very 
far into the Lower Westphalian nor ıs large in volume. 

To bring together such sedimentologically distinct 
formations lateral translations of considerable magnitude 
are required. Dearman!® has emphasized the importance 
of north-north-westerly dextral wrench faults in Cornwall 
and south Devon. Although wrench faults undoubtedly 
complicate the picture, their displacement is seldom 
more than a mile and is insufficient to give the required 
movement. It is suggested, therefore, that there are 
major thrust faults, not easily detectable in the very low 
topography, which separate a number of structural units. 
These faults are most probably very low angle thrust 
zones of broken and contorted strata along which indi- 
vidual blocks have ridden, rucking up the strata within 
each block to give the tight fold pattern so characteristic 
of the Carboniferous in south-west England. It is even 
possible that some blocks originally deposited to the south 
have overridden the more northerly ones, so that to-day the 
original sedimentological pattern is reversed, as in the 
Alps. There seems to be no other explanation, if the 
suggested stratigraphy proves correct, for the turbidites 
of the Limekiln Beds and Instow Beds lying to the north 
of the northerly derived Westward Ho ! Formation and 
paralic Bideford Group. 
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Tx positive identification as Gastrioceras subcrenatum 
(by W. H. C. Ramsbottom) of the goniatites from Rowden 
Cliff (SS 391252), ic beds formerly attributed by me to 
the Cockington Beds (ref. 4, 402), shows that these are 
really the equivalens of the Instow Beds. This marine 
band, and one with G. listeri, also recurs repeatedly in the 
cliffs between Clovelly and Hartland (Moore, L. R., per- 
sonal communicatior). Dr. H. G. Reading’s hypothesis, 
which he has kindly allowed me to study, is, however, 
only one of several possible alternatives. His equation of 
Greencliff Beds here, with the Limekiln Beds of the 
Fremington region, contradicts my assertion that the 
former follow in stratigraphic order above the Abbotsham 
Beds. The evidence for this had to be omitted from the 
Geological Society Journal and it is worth while stating 
it now in detail. Ths coast section at Greencliff (Fig. 1) 
is not as clear as could be wished, but my interpretation 
is as follows. The coarse white sandstone (Cornborough 
Sandstone; Fig. 1, a) is followed by a few feet of black 
shales with Planolites, and then by the ‘culm’ bed (b), 
here strongly shattered and quartz-veined. This, in turn, 
is followed by laminazed black sity shale with ironstone 
nodules (c). The section is then faulted; south of the 
second fault are ‘turbidite’ grits (d) which young to the 
north, and which rest on the laminated slumped siltstones 
(e) of the Greencliff Beds. These continue, still younging 
northwards, to south >f the Limekiln, where they rest on 
black cleaved mudstcne with ironstone nodules (f). It 
seemed reasonable to equate these with the lithologically 
similar beds (c) above the Cornborough Sandstone, and 
thus to recognize no major structural translocation at this 
point. Although there is undoubtedly faulting in this 
section (at d) the faults are high angle, and can be traced 
across the foreshore as north-westerly and north-easterly 
faults with a wrench component. Half a kilometre to the 
south, however, undovbted low-angle thrust faults appear 
(ref. 4, 400), and it is south of these that the beds contain 
Q. subcrenatum. It ssems likely that it is these faults 
which are the most s.gnificant, bringing up the Instow 
Beds in tectonic superimposition with the lithologically 
similar Cockington Beds. 

Similar relationships are seen inland. On the left bank of 
the River Torridge atove Bideford, for example, black 
cleaved mudstone appeurs to overlie the Cornborough Sand- 
stone, and to occupy tae whole river bank from Bideford 
Bridge to Ford Rock (SS 453258); here they are overlain 
by grey siltstones (Greancliff Beds ?) which are now well 
exposed in the new road cutting. South of these a group 
of greywacke sandston2s is much shattered, and Gastrio- 
ceras occurs north and south of the confluence of the 
stream (SS 453252). The outcrop of the ‘culm’ and the 
underlying Cornborough Sandstone has been mapped 
eastwards from the To-ridge to Gammaton (SiS 490262), 
and regularly has a braad outcrop of laminated siltstones 
to the south, which is in turn followed by the outcrop of 
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greywacke sandstones. Old mining records show that the 
‘culm’ outcrop continues eastwards to beyond the River 
Taw, and further east still E. E. Swarbrick has found a 
group of greywacke sandstones, the Alswear Formation 
apparently overlying the paralic Mole Valley Formation 
(= Northam and Abbotsham Beds) south of South 
Molton. 

The interpretation of relationships between the base of 
the Westward Ho! Formation and the Instow Beds 
depends on the investigation of Hubbastone Quarry, 
Appledore. Since the Westward Ho! Formation can be 
mapped widely over the area north-east of Northam, and 
it is admitted that the beds at this quarry are lithologically 
similar to them, there seems no reason why they should 
not be regarded as part of this Formation. The lower 
horizons in this quarry, however, have abundant turbidite 
structures, and the shales are strongly pyritic—features 
which characterize the Instow Beds. It should be noted 
that Inkerman Rogers (1910) recorded ‘marine nodules’ 
from this quarry, though no specimens are extant: 

The argument that it ıs implausible that the lenisulcata 
zone should be more than 4,000 ft. thick I find difficult 
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to accept; it is even more difficult to believe in facies 
changes from the 100 ft. of the Limekiln Beds southwards 
into 3,000 ft. of paralic sediments, and in giant tectonic 
translocations brmging these facies into juxtaposition. It 
is, moreover, difficult to see, without supposing major 
tectonic translocation, how deltaic sediments believed to 
have come from the north could have accumulated south 
of the zone of thin ‘distal turbidites’ represented by the 
Limekiln Beds: or how the paralic Abbotsham Beds 
could lie south of turbidites derived from the south, and 
north of turbidites derived from the north. Dr. Reading’s 
theories then introduce more problems than they 
solve. i 

This is not to say that Dr. Reading’s interpretation is 
impossible, nor can either of our successions be fully 
proved. The answer lies in the accumulation of more 
date, and it is hoped that our controversy may stimulate 
its collection. 
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APPLICATION OF AN AGAR-AGAR DIFFUSION PROCEDURE TO PESTICIDE 
RESIDUE ANALYSIS AND TO THE CHOLINESTERASE SCREENING OF 
CANDIDATE PESTICIDES 


By Dr. K. I. BEYNON and G. STOYDIN 


‘Shell’ Research, Ltd., Woodstock Agricultural Research Centre, Sittingbourne, Kent 


ANDI et al.1-* have described an agar-agar diffusion 
procedure which can be used for the analysis of crops, 
soils, and animal tissues for residues of organophosphorus 
and carbamate insecticides. In their procedure, a layer of 
agar-agar 5 mm thick containing cholinesterase was 
prepared from human crassamentum and bromothymol 
blue, at pH 7:8—7-9. An isopropanol solution (0-1 ml.) of 
the insecticide was applied to a hole in the agar-agar. 
Diffusion was allowed to take place for 18 h at room 
temperature. The plate was then sprayed with acetyl- 
choline chloride solution and the blue layer turned 


yellow within 30 min, apart from those areas where tho- 


enzyme had been inhibited, which remained as blue 
circles. 

A rectilinear relationship was found to exist between 
log (amount insecticide) and the diameter of the ring. 
When the same amount of different compounds was 
applied to the plate, the strongest inhibitor produced the 
largest blue circle. 

Sandi eż al. reported that 0-003 ug of parathion could 
be detected in standard solutions after oxidation and 
described? the application of the method to the determina- 
tion of residues of parathion in edible oils down to a level 
of 0:75 p.p.m. 

The procedure is of interest since it will detect very 
small amounts of some insecticides using the simplest of 
apparatus. However, the precision of the method as 
described by Sandi et al. does not appear to be good since 
the increase in diameter of the rings with increasing 
amounts of compound is not very great. 

We have varied the experimental conditions using 
human plasma in an attempt to improve the precision of 
the method for residue analysis. We have also investi- 
gated the use of fly-head cholinesterase particularly as a 
-method for the screening of the cholinesterase inhibition 
produced by candidate insecticides. 

The experimental procedures differed from those 
described by Sandi? only in the following points. In some 
experiments human plasma was used at concentrations of 


1-8 per cent (vol./vol.) relative to the agar-agar gel. In 
other experiments cholinesterase from fly-heads was used 
and the pH of the gel was adjusted to 7-5, instead of 7-8- 
7:9 as recommended by Sandi for plasma. The lower pH 
gave more consistent results. The supernatant solution 
from the maceration of fly-heads with 0-9 per cent saline 
(1 ml.—0-08 g of fly-heads) was used at a concentration of 
5 ml. for every 60 ml. of agar-agar gel. In the preparation 
of gel mixtures containing fly-head cholinesterase the gel 
temperature was not allowed to exceed 40° C after the 
fiy-head concentrate had been added. 

The sizes of the inhibition rings produced by different 
concentrations of organophosphorus compounds are 
summarized in Figs. 1-3. It is evident that very small 
quantities of organophosphorus compounds produce 
measurable inhibition rings and 0-001 ug of ‘Birlane’ 
(1-chloro-2-(2,4-dichlorophenyl)-vinyl diethyl phosphate) 
and dichlorvos and 0-01 ug of mevinphos can be detected 
using fly-head cholinesterase. The precision of the pro- 
cedure was not good, in that an increase of only 5mm in 
ring diameter corresponded to a 2—5-fold increase in the 
amount of compound. Variation of the gel thickness 
and plasma concentration did not affect the precision of 
the procedure (Fig. 2). 

Mevinphos was added to isopropanol extracts of lettuce, 
carrots, onions, potatoes, sugar beet and tomatoes to 
correspond to 0-05 p.p.m. in the original sample. The 
extracts were neutralized, if necessary, by the addition of 
N/10 NaOH. Aliquots of the extracts (50 ml. = 25 g 
crop) were concentrated to 5 ml. by blowing a jet of 
clean air over the surface of the solution. The mevinphos 
content of each solution was measured by the agar-agar 
diffusion procedure at a plasma concentration of 3 per 
cent v and gel thickness of 5 mm. Standard solutions 
of mevinphos and crop extracts containing no mevinphos 
were run on the same plate as the treated extracts. The 
neutralized, untreated extracts produced no inhibition 
rings. The treated samples produced inhibition rings of 
26-28 mm and corresponded to recoveries of 115 per cent 
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In spite of the poor precision the method is useful for 
the routine screening of candidate insecticides for their —__ 
in vitro inhibition o” insect enzymes. While many ae 
precise procedures are available for measuring the inhibi- 
tion of cholinesterase by organophosphorus compoun ds 
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and carbamates, such methods are time-consuming when 
many dozens of compounds are to be examined each 
week. 

Several candidate insecticides (1-5 x 10-§ moles in 
0-1 ml. IPA) were applied to an agar-agar plate (5 mm 
thickness containing fly-head cholinesterase) and the 
layer was sprayed with acetylcholine chloride after 18 h. 
The inhibition rings were then measured. In addition 
the Ppl, values for each compound were measured by a 
precise procedure by plotting the percentage inhibition of 
fiy-head cholinesterase produced by different concentra- 
tions of each compound. The enzyme activity for such 
measurements was determined by the method described 
by Michel®, and the organophosphorus compounds and 
enzyme were incubated at 25° C for 30 min before the 
determination of the activity. 
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The ring diameters are compared with the pl. values 
in Table 1 and the results suggest that the agar-agar 
diffusion method can provide an indication of the inhibi- 
tory powers of the compounds examined. The inhibition 
of up to 36 compounds can be determined at the same 
time on one 33 cm x 33 cm agar plate. 

While screening by the diffusion method gives far 
less precise information than pI, values, the procedure 
permits the rapid examination of a large number of 
compounds and is useful in preliminary work. 
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EVALUATION OF ION EXCHANGE CARTRIDGES FOR FIELD 
SAMPLING OF IODINE-I31 IN MILK 


By R. H. JOHNSON, jun., and T. C. REAVEY 


Northeastern Radiological Health Laboratory*, Winchester, Massachusetts 


ODINE-131 may be introduced into the environment 
through the normal discharges from nuclear reactors 
and nuclear fuel processing plants, through industrial 
accidents and through the detonation of nuclear weapons 
or other nuclear devices. The volatility of iodine and many 
of its compounds makes it one of the radio-elements most 
likely to escape to the environment in accidents at nuclear 
reactor plants. In unseparated fission products, this 
radionuclide is the critical element in terms of radiation 
dose to the population for early periods from radio- 
nuclides reaching man through his diet!. For these reasons 
and because the major route of entry of radioiodine into 
the human diet is through milk, the rapid determination of 
iodine-131 in this foodstuff is important, 

A number of authors have described procedures for the 
rapid determination of iodine-131 in milk. One of the 
most common approaches is to assay this radionuclide 
directly in fluid milk by y-spectrometry*. A second method 
consists of adsorbing the iodine-131 on anion exchange 
resin followed by y-counting®~*. Although only ionic forms 
of iodine are absorbed by anion exchange resin, approxi- 
matoly 95 per cent of the iodine-131 content of milk is 
present as iodide, so that only a small error is involved. 
A third method has also been described in which the radio- 
iodine, once adsorbed on anion exchange resin, is eluted 
from the resin and prepared for 6-counting’*. 

On the basis of the second of these methods, a field 
technique has been developed for the rapid collection of 
iodine-131 from milk’. In this procedure, a small cartridge, 
containing anion exchange resin, is used for concentrating 
and separating this radionuclide from the other fission 
products in milk. Experience® has shown that such resin 
has a very high capacity for adsorbing this radionuclide. 
For example, approximately 160-200 resin bed volumes 
may be passed through a given volume at a flow rate of 
up to 1 resin-bed volume per min and still yield a removal 
efficiency of 95 per cent. With the use of the cartridge, the 
method is simple, inexpensive, and applicable to both 
emergency and routine situations. The purpose of this 
article is to describe the recent application of this tech- 
nique in the field on a trial basis. 

The opportunity for the investigation was provided by 
the October 1964 nuclear test by the People’s Republic 
of China which introduced fresh fission products (including 
iodine-131) into the atmosphere. This material, carried 
by winds and deposited on open pasture, led to contamina- 


* U.S. Department of Health, Education and Welfare, Public Health 
Service, Division of Radiological Health. 


tion of milk supplies in several areas within the United 
States. The investigation reported here was conducted in 
the vicinity of Burlington, Vermont, where the cartridges 
were used to sample milk from the major dairy plants in 
that city. Samples from bulk-tank trucks arriving at 
milk-processing plants and from silo tanks in the plants 
were first taken and analysed as a test of the applicability 
of the cartridge technique to routine environmental 
monitoring. In a second phase, the application to more 
detailed surveillance, or research investigations, was 
evaluated by a more intensive sampling programme in 
which samples from individual cows on a farm with 
relatively high activity of iodine-131 were processed. 

The type of ion exchange cartridge used (see Fig. 1) was 
a modification of a model developed at the Southeastern 
Radiological Health Laboratory’. The unit consists of a 
polyethylene vial containing approximately 40 mil. of 
strongly basic quaternary amine-type anion exchange 
resin, 20-50 mesh, chloride form, suspended in distilled 
water. Milk is introduced through a separatory funnel 
attached to the top of the cartridge, passed through the 
resin bed, and then out through ten 2-mm diameter holes 
drilled in the bottom of the vial (seo Fig. 2). Tests have 
shown that a litre (the quantity used in this investigation) 
of fresh milk will pass through a cartridge in about 20- 
30 min, the rate of flow being mainly determined by the 
choice of resin size. 
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Fig. 2. Cartridge set up for field use 


Since some fluid milk samples were brought back to the 
laboratory for duplicate processing, the study permitted 
an investigation of the suitability of thimerosal’ as a 
preservative for samples awaiting analysis by this tech- 
nique. Previous experience had shown that formaldehyde, 
the preservative at present used in samples collected under 
the Public Health Service’s Pasteurized Milk Network”, 
binds radioiodine to the milk protein and thereby prevents 
its adsorption by anion-exchange resin". 

Although ‘spot’ counting of some samples was performed 
in tho field using a portable multichannel y-spectrometer, 
all the data reported in this article were based on radio- 
activity determinations made on the resins in the labora- 
tory. For this purpose, the resin containing the adsorbed 
iodine-131 was emptied into cottage cheese containers 
which were then counted ona solid cylindrical 4 in. x 4 in. 
Nal(T1) crystal, coupled to a multichannel y-spectrometer. 
Subsequent to this work, a cartridge of smaller diameter 
has been developed at the Northeastern Radiological 
Health Laboratory which can be directly inserted into a 
well-type crystal for counting. It is believed that this 
approach will have two advantages, one being that the 
well-type crystal will yield a greater counting efficiency, 
and the second being that such samples can be readily 
adapted to counting procedures utilizing automatic 
sample changers. 

As previously mentioned, initial application of the ion- 
exchange cartridge technique was to samples of fluid milk 
arriving at milk processing plants. These samples repre- 
sented supplies from the various dairies in the area sur- 
rounding Burlington, Vermont, and a summary of the 
observed data on levels of iodine-131 is shown in Table 1. 
As will be noted, the average concentration of this nuclide 
in the ten 1-1. samples, weighted according to the produc- 


Table 1. TODINE-131 I$ MILK FROM PROCESSING PLANTS* 
Plant Concentration of I (pe./l.) 
Ion exchange technique (1 1.) 
A i t 57 
As 30 
A, 30 
B, 33 
By 29 
C 18 
D 21 
E 48 
F 14 
e 19 
Weighted average 38 +10 
Fluid milk spectrometry (3:5 1.) 
Pasteurized Milk Network sample 3110 


* All samples were collected at Burlington, Vermont, on November 3, 1934. 
+ Samples A,, As, and A, all came from a single plant but were drawn from 
three different silo tanks. The same is true for samples B, and By. 
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tion of the given plant, was 38 pc./l. On this same date, 
the iodine-131 concentration in the composite Pasteurized 
Milk Network sampl», collected at this same location and 
analysed in liquid ferm (3-5 1.) by y-spectrometry*, was 
31 pe./l. Since the counting error for each of these measure- 
ments was +10 pe./L, the two results are in agreement. 

To evaluate the acc@ptability of thimerosal as a preserva- 
tive, additional samp-es were collected from three different 
tank trucks arriving et one of the larger plants serving this 
area. The preservat-ve (3 ml. of a 10 per cent aqueous 
solution of thimerosal per litre of milk) was added to the 
samples in the field and they were then returned to the 
laboratory where 3-54. portions were analysed for iodine- 
131 by y-spectroscopyand l-l. volumes were passed through 
the cartridges for analysis by the ion-exchange technique. 
Data on the concentrations of iodine-131 determined by 
the two methods are shown in Table 2. Again, considering 
the counting error in each of the reported values, the agree- 
ment in the data is acceptable. 

Subsequent to these two investigations, a number of 
milk samples were cbtained from individual cows at a 
dairy farm in Williston, Vermont. One-litre portions of 
most of these were passed through ion-exchange cartridges 
in the field, and add&ional 1-l. portions (some preserved 
with thimerosal and some not) were brought back to the 
laboratory where ther, in turn, were also passed through 
similar cartridges l-4 days later. All resins were then 
counted under identical conditions and a summary of the 
data for the three sets of samples is shown in Table 3. 

Data for the eleven samples which were processed with 
and without preservasive are presented in Fig. 3. The 
correlation coefficient for these data was 0-90. The close 
agreement in the vawes confirms the acceptability of 
thimerosal as a preservative and indicates that the pro- 
cessing of samples can be handled in the field with results 


COMPARISON OF AZTALYTICAL METHODS FOR JODINE-131 IN MILE 


Concentration of T (pe./L) 
lor exchange technique Fluid y-spectrometry 
(1 1.) (3°5 1.) 


Table 2. 


Date and time of 
sample collection 


Evening, Nov. 3, 1964 48+10 $2+10 
Morning, Nov. 4, 1964 30 +10 3235+10 
Evening, Nov. 4, 1964 50+10 8387+410 


Note: Samples were collected from tank-trucks serving a milk processing 
plant in Burlington, Vermont analytical work was performed at the North- 
eastern Radiological Health Laboratory during November 6-10, 1964, 


IODINE-13] IN "ILK From INDIVIDUAL HOLSTEIN Cows* 


Concentration of **'T (pe./t.) 
Field determina- Laboratory determination 


Table 3, 


Sample No. + tion (without (without (with 
preservative) preservative) preservative) 

l 2 7 all 
2 4 — — 
3 — - 14 
j > 49 — 
5 S 80 — 
6 EE! 7 — 
7 — -— 42 
8 — —- 21 
u 4 73 — 
10 — — 24 
11 4 — - 
2 — — 48 
13 a — 29 
14 - 58 57 
15 132 — — 
16 6 — — 
17 34 — 27 
18 1 — 34 
19 — 83 RO 
20 ~ = 61 
21 4" --— 63 
22 4" — 44 
23 — — 56 
24 E: — — 
25 bi — — 
26 SE -— — 
27 — —- 10 
25 Jė — — 
20 25 30 — 
30 SE _ — 
31 = 69 -= 
32 - 26 24 
33 - — 36 
34 BE 70 — 
35 1E — 29 
36 £ — 48 
Composite — -= 44 


* Samples collected on a farmän Williston, Vermont, on November 5, 1964. 
t Each sample was from a diferent cow. 





yst rat the samples stood while preserved 

sal. Data for the fourteen samples processed both in the 

B “field and in the laboratory are shown in Fig. 4. Here the 
A data had a correlation coefficient of 0-68. Except for three 
-saroples, not containing thimerosal, the data conformed to 
the expected relationship within the counting errors. 
a Although not confirmed, it is possible that the lack of 
-agreement in the data for these three samples was largely 

< due to insufficient control of the milk flow-rate in the field. 
It is also possible that the cartridges were allowed to drain 
dry prior to initiation of the flow of milk, thus permitting 
short-circuiting of the fluid through the column. As will 
‘be noted, the samples processed in the laboratory yielded 
much greater concentrations of iodione-131 which tends 

to confirm one or both of these possibilities. 
_. Of interest in Table 3 is the range of values of iodine-131 
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jovels of iodine-131 in the milk Soret var ied o a factor 

of ten. Two conditions possibly contributing to this wide . 
variation were: (a) the proportion of supplemental 
(stored) feed consumed by each cow while still on opem- > 

pasture; (b) the fact that the biological half-life of iodine- :%™ 
131 is shorter than the 3 days the cows had been off == 
pasture. For this reason, the precise length of time the. 

individual cows had been indoors before the milk samples” 
were collected could be important. Attempts to correlate... 
the individual radionuclide-levels with the age of the = 
cows or the time of lactation were unsuccessful. se 

The major advantages of the use of ion- -exchange 
cartridges are their simplicity and low cost. One complete. 
field model, as shown in Fig. 1, costs approximately ._ 
3.00 dollars and all components can be used many times. = 
The iodine-131 can be stripped from the resin with 2N =>: 
hydrochloric acid and the resin reconditioned with 2M >> 
sodium chloride*. If the resin is washed clean with 
water after use, it can be used five er ten times (without 
exceeding the exchange capacity), provided the previously 
adsorbed iodine is allowed to decay. Where samples 
have to be sent to a centralized or regional laboratory for | 
counting, there is a considerable saving in shipping cart- = 
ridges rather than the I-gal. milk samples normally re- 
quired for determination of iodine-131. Because 1 1. 
(~1 quart) of milk is adequate for most determinations 
using the cartridges, there is also a saving in the amount 
of milk required for analysis. 

In contrast to the procedure followed in this investiga- 
tion, it is possible that the cartridges could be shipped in 
advance to a field location for use and then returned to a = 
laboratory for counting. Since one funnel could be used -= 
to pass samples through a number of cartridges, once 
several funnels had been provided at a given sampling 
location, they could be retained there for use as required. 
Since iodine is the only radio-elemert separated from milk 
by anion resin, it would also be feasible to conduct entire 
studies of this type in the field. Under such conditions, 
counting could be carried out using a well-erystal scintilla- 
tion detector and a suitable sealer. At higher levels, how- 
ever, such as those contemplated under emergency condi- = 
tions', measurement of the iodine-131 activity on the 
cartridges could be undertaken in the field with a simple 
Geiger-Miiller survey meter. l 

On the basis of this study, it can be concluded that the 
ion exchange cartridge is an effective means for field. - 
sampling of iodine-131 in fluid milk. Because of the sim- . 
plicity of the method, it appears especially advantageous = 
wherever it is necessary to collect large numbers of samples. _ 

We thank Dr. H. L. Wildasin and F. Norton and M. . _ 
Lamson of the H.P. Hood Milk Co. for their co-operation 
in arranging the collection of the samples, W. I. Carr and 
B. Barrows of the Dairy Division, Vermont State Departe .- 
ment of Agriculture, for their assistance in arranging the. _ 
investigation, and E. J. Baratta, K. C. Lamson, and P. BR. 
Groulx of the Northeastern Radiological Health Labora- 
tory for assistance in collecting and analysing the _. 
samples and resulting data. 
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EXAMINATION OF A POLYSACCHARIDE FLOCCULANT AND FLOCCULATED 
KAOLINITE BY ELECTRON MICROSCOPY 


By Dr. ARNOLD AUDSLEY and ANITA FURSEY 
National Physical Laboratory, Teddington, Middlesex 


ee scope of the electron microscope as a tool in 
polymer science has recently been extended by 
Richardson’, who has shown that individual molecules 
of amorphous polymers may be isolated by spraying a 
dilute solution of the polymer, in the form of fine droplets, 
on to a suitable supporting film. Polyacrylamide sprayed 
from an aqueous solution showed a unique, highly fibrous 
structure; the finest filaments were believed to be indi- 
vidual molecular chains. It is reasonable to assume that 
this structure is a replicate of the molecular configuration 
in aqueous solution. When controlled quantities of pre- 
cipitant were added to the solution the molecules were 
isolated in the closely-coiled configuration and this enabled 
molecular weights to be determined by direct measure- 
ment. 

Richardson's methods! have been applied in an investi- 
gation of the flocculation of suspensions of solids by 
organic polymers. In this Laboratory the electron micro- 
scope has been used both to examine a polysaccharide 
flocculant and to study the structure of polymer adsorbed 
on the surface of kaolinite particles. 

Suspensions of ground minerals such as are encountered 
in hydrometallurgy may be flocculated by the addition 
of trace quantities of certain organic polymers, notably 
polyacrylamide and naturally occurring polysaccharide- 
type materials, of which guartec, the ground endosperm of 
seeds from the legume Cyamopsis tetragonolobus shows 
the most strongly developed properties. A limited amount 
of evidence is availablo* to show that when suspensions 
are flocculated the particles are bonded together by 
adsorbed polymer molecules. If this is correct it may be 
assumed that rigid, linear polymers of high molecular 
weight will be the most efficient flocculants. 

The major polysaccharide constituent of guartec is a 
galactomannan of the structure*: 


CH,OH 


| ws: | at 
O 
H W H 
act Ko 
MES- Žu. B a M i 
H JH CH, 
CH,OH 
—__—O 
w/e H 
| OH H O 
t H 
H OH 


In the course of the present work the pure galactomannan 
was extracted from samples of commercial guartec 
flocculant, fractionated from ethanol/water mixtures and 
isolated in tho form of long white fibres. A middle fraction 
was used for all the experimental work (found: C—44-07 
per cent, H—6-16 per cent, N < 0-1 per cent, P—0-011 per 
cent, [«]+ = 61-9°. Calc. for C,,H,,0,,, C—44-45 por 
cent, H—6-22 per cent). 

The pure galactomannan contained 14-5 pg boron/g 
and it is probable that a trace of borate had been added 


n 


by the manufacturer šo improve the flocculant properties 
of the polymer since it is known that when other polymeric 
flocculants are lightly cross-linked by suitable reagents a 
flocculant of greater efficiency is obtained’. Borate ions 
are known cross-linkiag agents for polysaccharides which 
contain adjacent hydsoxy! groups in the cis position. A 
pure galactomannan pre from an untreated guartec 
contained only 4-1 ug voron/g. It showed a lower value of 
the limiting viscosity mumber([7]) than the borated reek, S 
(typical values of [ņ] were 10-2 and 19-0 dl./g respectively) 
and by comparison it was an inferior flocculant of kaolinite 
suspensions. The borated polymer was used in the sub- 
sequent work because of its superior flocculant properties. 
Solutions of the galaetomannan were prepared by shaking 
the finely-ground solid with water in a nitrogen-filled 
ampoule for 16 h. A suitable quantity of solution was 
placed on an evaporased carbon film using both droplet 
and spray techniques and the polymer molecules shadowed 
with gold/palladium aloy at a height-to-shadow ratio of 
1 : 4 before examinatien by electron microscopy. A very 
clean carbon film was important for this work as some 
particles produced durmg carbon evaporation were similar 
in size and shape to the polymer droplets under examina- 
tion. To distinguish between the polymer and extraneous 
particles produced during the film preparation, the evapor- 
ated carbon was shacowed with gold palladium before 
any polymer was added and then turned at right angles 
before reshadowing. This meant that polymer particles 
had only one shadow on the final electron micrograph and 
any impurities present on the original evaporated carbon 
had two shadows perpendicular to one another. 
Galactomannan deposited from an aqueous solution 
showed a similar fibrcus structure to that of polyacryl- 
amide’. The structure was demonstrated when a droplet of 
a 0-1 per cent solution.of the polymer was evaporated on 
a carbon film at normal temperature and pressure and 
shadowed, as described, before examination. Fig. 1 shows 





Fig. 1. Fibres of polyseodezide Oam evaporated aqueous solution. 
e, 1# 
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a typical electron micrograph. The smallest diameter of 
fibre seen on a number of pictures was 0-004u. These 
fibres are probably aggregates containing several molecular 
chains. 

It is noteworthy that organic polymers of such widely 
differing chemical types, namely, polyacrylamide and a 
polysaccharide such as galactomannan, should show such 
close similarity in their molecular configuration in aqueous 
solution. It is logical to associate the fibrous structure of 
these polymers with their high limiting viscosity numbers 
(typical values of [y] for aqueous solutions of poly- 
acrylamide and galactomannan were 20-0 and 19-0 dl./g 
respectively) and their strong flocculant properties. 

When a suitable precipitant (ethylene glycol) was added 
to a dilute aqueous solution of galactomannan and the 
mixture sprayed on to a carbon film, the appearance of the 
polymer changed and under appropriate conditions indi- 
vidual molecules were isolated in a partially collapsed 
oblate spherical configuration. A very dilute solution 
(10-* per cent) of the polymer was necessary and it was 
applied to the carbon film in the form of a very fine spray 
with a *Vaponefrin’ nebulizer. Ideally this method may be 
used to determine the molecular weight distribution of the 
polymer’, but in the limited time available it was not 
possible to find reproducible conditions in which all the 
molecules were in the fully collapsed spherical configura- 
tion which is necessary if the method is to be applied. An 
electron micrograph is shown in Fig. 2. It is apparent that 
the sample is still highly polydisperse and the original 
fractionation from aqueous solution was not efficient. In a 
system of this degree of polydispersity, it may be impossible 
to ensure that all the polymer molecules exist in the fully 
collapsed spherical configuration irrespective of polymer 
size, 

A sample of kaolinite which had been flocculated with 
galactomannan was then examined by electron microscopy. 
If flocculation is due to polymer bridging, the orientation 
of the polymer chains in proximity to the particle surface 
might be observable by electron microscopy, assuming 
that the polymer structure is not completely destroyed 
when the sample is dried. 

The flocculated solid was freeze-dried, dispersed on a 
supporting film and shadowed with gold/palladium alloy. 
The electron micrograph (Fig. 3) shows clearly the struc- 
ture of the polymer in proximity to the kaolinite surface. 
A diagrammatic representation of the most prominent 
features is shown in Fig. 4, At 120,000 magnification some 





Fig. 2. 


Particles of polysaccharide from sprayed water/ethylene glyco 
solution, Scale, ly 
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Fig. 3. Kaolinite floceulated with polysaccharide. Scale, 0-5 





Fig. 4. Flocculant polysaccharide fibres shown diagrammatically 

of the shadowed fibres attached to the kaolinite particles 
had a parallel stranded structure along their surface 
suggesting that they were composed of an aggregate of 
polymer chains. It was not possible to measure the 
diameter of the polymer fibres attached to the kaolinite 
surfaces with accuracy, but in general these appeared to be 
approximately OOl diameter, which corresponds to a 
cross-sectional area about one order of magnitude larger 
than that of the smallest fibres seen on evaporation of an 
aqueous solution of the polymer. 

This work provides strong evidence in favour of the 
polymer bridging theory of flocculation. The potential 
flocculant properties of both polyacrylamide and 
galactomannan may be correlated with their high limiting 
viscosity numbers and with their highly fibrous structure 
in solution, a structure which is retained to some extent 
after the polymer has been adsorbed on the surface of the 
solid. 

We thank Dr. M. J. Richardson of this Laboratory for 
his advice. 
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EFFECTS OF HYDROCORTISONE SUCCINATE ON THE COMPLEMENT 
SYSTEM 


By Dr. HENRY GEWURZ*, PAUL R. WERNICK, Cr. PAUL G. QUIE} and Pror. ROBERT A. GOODE 


Pediatric Research Laboratories of the Variety Club Heart Hospital, University of Minnesota, Minneapolis 


rh gare immunosuppressive agents, few have been as 
é X useful clinically as the adrenal steroids and few have 
been so little understood pharmacologically. Perhaps the 
most provocative of the recent findings on the activity of 
steroids have been the demonstrations that these drugs 
are capable of ‘stabilizing’ lysosomes in vivo and in vitrol-8 
and of protecting red cells against both immune and 
non-immune lysis în vitro, usually interpreted as an effect 
on the cell membrane®-*. 

The findings reported here indicate that the capacity of 
hydrocortisone to inhibit immune haemolysis is largoly 
dependent on interaction with the fluid phase constituents 
of complement-containing sera rather than with cell 
membranes directly. 

In these investigations hydrocortisone succinate powder 
(kindly supplied as ‘Solu-cortef’ by the Upjohn Co.), free 
of contaminating reagents, was dissolved in an isotonic 
gelatine—veronal-saline buffer (GVB) with supplemental 
Cat+ and Mg++ (ref. 14) rather than in the accompanying 
anticomplementary diluting fluid, and the salt concentra- 
tion adjusted to isotonicity; pH was 7-4. Sodium suc- 
cinate, in the concentration present in the steroid powder, 
was not anti-complementary. 

The activity of guinea-pig C’ was tested by observing 
the rate and extent of lysis of sheep red cells sensitized 
with rabbit antibody (Sh EA). 0-5 ml. of a C’ dilution 
was pre-incubated with 0-5 ml. of a hydrocortisone dilution 
at 37° or 0° C for various time-intervals. 1 ml. GVB and 
0-5 ml. Sh EA (1 x 108/ml.) were added and the mixture 
incubated for 60 min at 37° C. Time for complete haemo- 
lysis was recorded; if complete haemolysis did not occur 
within 60 min, the tubes were centrifuged and the 50 
per cent lysis end point estimated visually. Hydrocor- 
tisone concentrations are expressed in terms of amounts 
present in the 1:0 ml. pre-incubation mixtures; final 
concentrations in the lytic step are two-fifths of this 
amount. The pool of guinea-pig serum used had a titre 
of 228 C’H,,/m\. in the assay described by Osler et al.. 
the reference units (‘standard units’) used in this report. 
and a titre of 1,792 C’H,,/ml. in the assay system already 
described here, which is based on methods described by 
Nelson!®, 

Hydrocortisone was found to be an inhibitor of guinea- 
pig C’ if certain conditions were met. The concentration 
of hydrocortisone, the time of pre-incubation, and the 
temperature during pre-incubation all played a part in 
the inhibition of a given amount of C’. The effect of 
varying concentrations of hydrocortisone on a fixed 
amount of C’ during a fixed incubation period is shown in 
Fig. 1: concentration and degree of inhibition were directly 
correlated. Pre-incubation of low concentrations of 
hydrocortisone with C’ was necessary to achieve inhibi- 
tion; thus, while hydrocortisone in the range of 25 mg/ml. 
gave complete inhibition of 22:8 C’H,, without pre- 
incubation, a pre-incubation period was required for lower 
concentrations. 

As the pre-incubation period with a given hydrocorti- 
sone concentration (less than 25 mg/ml.) was increased, we 
noted a proportionate increase in the resultant inhibition 
of haemolysis (Fig. 2). Pre-incubation at 0° C was also 


*¥Fellow, U.S. Public Health Service, cardiovascular graduate training 
grant 571-H B-5222 

+ Markle scholar . 

ł American Legion Memorial heart research professor of pediatrics and 
microblalogy. 


effective, but much greater intervals were required to 
achieve similar levels of inhibition. 

There were other indications that the steroid effects 
were directed agains: the fluid phase constituents rather 
than against the cell membrane. Pre-incubation of hydro- 
cortisone and sensitized cells before addition of comple- 
ment, or pre-incubatzon of hydrocortisone before addition 
of sensitized cells and complement, gave minimal and no 
augmentation of inh bition, respectively.- When a fixed 
amount of hydroccttisone was pre-incubated under 
standardized conditicns with varying amounts of comple- 
ment, the degree of inhibition varied with the amount of 
complement, again saggesting that fluid phase constitu- 
ents rather than the 3ize of the sensitized cel] population 
determined, the degres of haemolysis (Table 1). 

6-Methyl prednisobne (‘Solu-medrol’, kindly supplied 
by the Upjohn Co.) was found to be Significantly more 
effective than hydrocortisone in exerting this inhibition 
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Table 1. EFFECT OF PRE-INCUBATION OF A FIXED CONCENTRATION OF 
HYDROCORTISONE (6°25 mg/ml.) ae oe AMOUNTS OF C’ FOR 60 MIN 
AT 37° 
No. of EA No. of C’H so Inhibition 
(standard units) (%) 
5 x 10’ 5:7 0 
5 x 107 2'9 50 
5 x 10? 0:7 100 


when equimolar quantities were tested in identical assays 
(Fig. 3), indicating that more than simply the steroid 
structure of this molecule is responsible for the inhibitory 
effect on C’. 

From these experiments we conclude that hydrocorti- 
sone exerts a concentration-, time- and temperature- 
dependent inhibitory effect on guinea-pig C’ in the fluid 
phase. In another series of experiments, a similar effect 
was seen on human 0’. 

In the next set of experiments we sought to determine 
which complement components were inhibited by the 
steroids. Thus, 22-8 C’H,, was pre-incubated in 12:5 
mg/ml. hydrocortisone for a 2-h interval at 37° C (sufficient 
to achieve complete inhibition). This mixture, together 
with parallel control mixtures of guinea-pig C’ and of 
hydrocortisone with normal saline solution with appro- 
priate metals added, was dialysed against isotonic 
saline supplemented with calcium and magnesium, for a 
24-h period. Effectiveness of the dialysis was assessed by 
determination of optical density in a Beckman DU 
spectrophotometer at 240 and 280 my; on this basis, 
more than 98 per cent of the hydrocortisone initially 
present had been removed from the mixtures. This 
afforded opportunity to assay for each of the four classical 
C’ components in a system containing amounts of hydro- 
cortisone insufficient to have caused inhibition in the 
original pre-incubation mixture. C'l, C’4 and (’2 
activities were tested using the assays described by 
Nelson}%, and each was found to be markedly decreased 
in the hydrocortisone-treated sera; overall C’3 activity 
was also markedly decreased, using the assay described 
by Osler et al.17. Further, hydrocortisone introduced at 
any step in the interaction of the classical four C’ com- 
ponents, that is, after formation of the intermediates 
EAC’l, HAC’1,4 or EAOQ’1,4,2 had been allowed, still was 
inhibitory. Thus, hydrocortisone seemed to inhibit 
each of the four classical complement components. 

In order to test the inhibitory power of hydrocortisone 
on non-lytic C’-dependent functions, immune adherence 
activity was tested using the assay system described by 
Nishioka!*, 12-5 mg'ml. hydrocortisone inhibited com- 
pletely the immune adherence potential of a pool of 
guinea-pig C’ which otherwise showed titres greater than 
1/5,000. 

The striking inhibition which corticosteroids exert on 
C” in the fluid phase, though suggested by various in vivo 
observations in experimental animals'®-*? and man??.?4, 
had not to our knowledge been realized in vitro. Simonsen!}® 
studied the effect of cortisone acetate on guinea-pig 
complement tn vitro, but under his experimental conditions 
observed no effect. Fischer et al.1%:-11 clearly showed that 
pred usolone had a dose-dependent inhibitory effect on 
the immune haemolys's of red cells, but attributed this 
to effects on the red cell membrane. Jennings and 
Taylor!? found that hydrocortisone had a profound 
inhibitory effect on the immune haemolysis of sheep rod 
cells, and addressed themselves to identification of the 
site of this inhibition. They found that pre-incubation 
of C’ and hydrocortisone d'd not aigment the inhibition; 
dialysis of an initially inhibited mixture of sensitized 
cells, C’ and hydrocortisone against saline eventually 
res uted in lysis, pres mvly after the hydrocortisone had 
dialysed away; and washing hydrocortisone away from a 
sispeision of sensitized cells left them susceptible to 
sibsequent lysis by additional O’. These experimental 
results, together with the evidence for the capacity of 
steroids to p~otect cells against non-immune lysis, led 
these investigators to conclude that hydrocortisone was not 
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exerting its anti-haemolytic effect directly on C’, but 
rather on the cell membrane, presumably by preventing 
attachment of one or more components of C’. 

Our own results indicate that hydrocortisone and 6- 
methyl! prednisolone can interact directly with the guinea- 
pig serum, with consequent inhibition of the C’ com- 
ponents. Osler, in a subsequent personal communica- 
tion, had observed a similar effect. The use of prolonged 
pre-incubation periods of the steroid with complement at 
physiological temperatures, with appropriately selected 
concentrations of steroids and amounts of complement, 
makes this interaction more apparent, and, further, 
suggests that it may occur in vivo with therapeutic con- 
centrations of steroid by selective accumulation at 
appropriate sites, though at present the amounts of steroid 
used in our experiments make us cautious about extra- 
polating these data to immunological phenomena in health 
and disease. Since each of the classical C’ components 
(known to be or to include «- and f-globulins) seems to 
be inhibited, and certain globulins are known to bind 
cortisone preparations, as reviewed by Gray et al. and 
Doe et al.?*, we assume that a direct interaction with the 
C’ globulins is occurring; but indirect effects are also a 
possibility. We believe that activation with consequent 
consumption of the C’ components is unlikely because 
hydrocortisone exerts its inhibitory effects even when 
added late in the kinetic reaction sequence, that is, even 
after the HAC’1,4,2 complex had been formed. Further, 
preliminary results indicate that, paradoxically, concen- 
trations of hydrocortisone not inhibitory to the C” in the 
test system inhibit the anti-complementary effects of 
aggregated globulins when sensitive assay systems are 
used. Since hydrocortisone serves to protect against, 
rather than to augment, the activation and subsequent 
cons'umption of C’ by aggregated y-globulin, we doubt 
whether it provides a surface on which the globulins can be 
aggregated as chylomicrons did in the studies of Quie 
and Hirsch??. The characteristics of these interactions 
of hydrocortisone with antibody and complement globulins 
are being further investigated. 

Immune ad'^erence was tested in the presence of hydro- 
cortisone to see if the steroid was effective in inhibiting 
C’.d»xpendent functions in which lysis was not the end- 
point, functions in which potential ‘membrane stabiliza- 
tion’ would not be as prominent a factor. The inhibition 
noted was in accord with the conclusions of Packer et 
al.2*, who had found various corticosteroid preparations 
to inhibit immune erythrophagocytosis by human poly- 
morphonuclear leucocytes in vitro. The mechanism of 
this inhibition was not studied by these investigators, 
but since immune erythrophagocytosis has been shown by 
Nelson!* and Gerlings-Petersen and Pondman?®® to be 
C’-dependent, and Nelson?! has shown the same C’ com- 
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ponents to be involved in both erythrophagocytosis and 
Immune adherence (his C'l, C’4, C’2 and O’3c of the nine 
C” components he found to be necessary in order to obtain 
immune haemolysis) we would postulate that Packer 
et al. were observing the effects of C’ inhibition by corti- 
costeroids. 

Many other of the effects of steroids, both in vivo and 
wm vitro, may find partial or total explanation in the 
direct (on the C’ components) and indirect (on aggregated 
y-globulins) effects of these compounds on the C’ system, 
including those ranging from the anti-inflammatory 
and anti-phagocytic to the still unexplained beneficial 
effects of steroids in haemolytic anaemias, systemic 
lupus erythematosus, plasma cell hepatitis, rheumatoid 
arthritis and transplantation rejections. 

In summary, hydrocortisone was found to exert an 
inhibitory effect on the C’ activity of guinea-pig serum 
in the fluid phase, an effect which was dependent on time, 
temperature and concentration. Each of the classical 
four C’ component activities was mhibited, as was immune 
adherence activity. 

This work was supported by grants from the U.S. 
Public Health Service (AJ-00798, HE-02085 and 
HE-05662), the American Heart Association, and the 
National Foundation. 
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CORRELATION BETWEEN UNIT ACTIVITY AND SLOW 
POTENTIAL CHANGES IN THE UNANAESTHETIZEC CEREBRAL CORTEX 
OF THE CAT 


By A. D. J. ROBERTSON 


Autonomics Division, National Physical Laboratory, Teddingtor, Middlesex 


ANY authors have described more or less consistent 
relationships between sensory evoked potentials 

and unit firing in the cerebral cortex!, and Fox and 
O’Brien have recently shown that: “Computer compilation 
of the probability of firing of a single cell in cat cortex 
following a physiological sensory stimulus (somatic or 
light flash) indicates that the frequency distribution of 
the firing of a single cell closely corresponds to the average 
waveform of the evoked potential recorded from the same 
microelectrode’’*. Good correlations are also found 
between cell firmg and synchronized slow waves such as 
spindles*. In general, surface positive potential shifts 
correspond to an increased probability of unit firing, as 
would be predicted from reasonable assumptions about 
cell shape and orientation. Rusinov demonstrated that 
surface positive polarization could make large areas of cor- 
tex excitable to hitherto indifferent stimuli’, and Morrell 


has repeated this and investigated the effect at the unit - 


level. Polarization may change the rate of learning, as 
shown in conditioning experiments’. The great interest 
in potential fields and their effects on cortical activity 
(see John et al.® for a recent discussion) makes it even more 
important to discover the relation between unit firing and 
slow potential changes in the unanaesthetized, spontane- 
ously active brain. No clear-cut correlations have been 
reported and there has been some controversy as to 
whether any correlation exists at all’. At first sight 
the situation is more complex than in refs. 1—3, as the 
electrocorticogram (ECG) is desynchronized and must 
have many unrelated components from different sources 
within the central nervous system. The results in this 
article show that correlations may be found in the un- 


anaesthetized cortex vhen averaging techniques are used 
in analysis. 

Twelve cats were used in these experiments. After the 
mid-brain had been sctioned at the mid-collicular level 
under ether anaesthesia the animals were allowed to 
recover from the aneesthetic, but were paralysed with 
‘Flaxedil’ (gallamme triethiodide) to prevent muscular 
movements which might interfere with the recording. A 
large area of cortex was exposed on one side and covered 
with warm mineral oi.. Extra-cellular recordings of unit 
activity were made wing glass micro-pipette electrodes 
with internal tip diameters of 1—5y and resistances between 
0-2 and 0-8 M ohms, filled with 9/10 saturated sodium 
chloride solution. The micro-electrode was referred to an 
electrode on the cortical surface immediately above. This 
consisted of a cotton wick impregnated with saline-agar 
protruding from a glass tube filled with the same medium. 
Contact with the concucting medium of both electrodes 
was made with Ag-AgCl wires. The preparation was 
grounded through th» mouth-piece of its head-holder. 
Two recording channess were used, one a.c.-coupled, the 
other d.c.-coupled. Ths d.c. signal was led to a modulator 
the output frequency o` which varied between 2 and 10 ke/s 
and was proportional t the applied voltage. Both signals 
were stored on magnetic tape for later analysis of the 
results. ; 

The experiments simply involved the recording of the 
spike activity of cortiœl cells and the simultaneous slow 
potential changes between the cells and the cortical 
surface. Several authors have made similar recordings 
referring the surface e&ctrode to a distant point®; but in 
the experiments reported here it was felt that the potential 
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developed across the cortex would be more significant, 
particularly as most of the cells recorded from it were in 
the layer of large deep pyramids 0-8-1-5 mm from the 
cortical surface®. No attempt was made to select cells from 
particular areas of the cortex, although most cells were 
in the median suprasylvian or lateral gyri. 

Fig. 1 shows the result of an analysis, from a 4-min 
length of record containing 962 spikes, to find the relation 
between surface potential and spike frequency. On a 
semi-logarithmic plot this gives a fairly straight line. All 
cells so far examined (fourteen) show similar relations, but 
it is significant that even for cells so close together that 
their activity may be recorded from the same micro- 
electrode the relationship is not identical. This result 
supports the idea that each cortical cell has a different 
threshold to incoming excitation, perhaps as a result of its 
past ‘experience’. 

Smith and Smith have shown that the spontaneous 
activity of cortical cells may be considered as consisting of 
two components, one being ‘bursts’ of spikes separated by 
relatively short intervals, the other representing the 
longer intervals between these bursts!*. The distributions 
of both types of interval approximate to randomness, but 
the short interval distribution is much the more stable. 
The long interval distribution can be changed by physio- 
logical or electrical stimulation and by polarization. 
These results led to the hypothesis that the long interval 
distribution represented a gating process, switching the 
cell on into its standard activity. As surface positive 
polarization (Bindmann et al.*) is known to increase the 
activity of underlying cells it seemed profitable to examine 
the relation between bursts of spike activity and surface 
positive potential shifts. Fig. 2 shows the results of such 
an analysis. The spike record is divided into bursts and 
inter-burst intervals using the criterion described in ref. 10. 
Similarly, the slow wave record is divided into periods 
spent above and below an arbitrary threshold. The degree 
of overlap of the two processes, that is, the correlation 
between them, is very much better than would be expected 
were they unrelated, but it is not perfect. (Perfect 
correlations can be seen in records from preparations 
anaesthetized with both barbiturates and volatile anaes- 
thetics. In these cases there is good evidence that activity 
within the cortex, depending on transmission across many 
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Fig 2. A isan idealized spike record divided in B into bursts and inter- 
burst intervals. C shows the periods during which the slow potential 
variations D between the cell body and cortical surface cross a threshold 
The overlap between B and C gives the correlation between bursts and 
surface posia potential shifts. In one example bursts occupied 16 4 
per cent of the record and potential excursions above 50 #V surface 
positive occupied 33-4 per cant of the record. Tf the two were unrelated 
a 5'5 per cent overlap would be expected. In fact there was a 13-4 per 
cent overlap That is, whereas 302 per cent of the bursts would be 
expected to overlap, 81-2 per cent of the bursts overlapped with surface 
positive potential shifts above the threshold 


synapses, is much reduced, giving rise to a simplified 
ECG with few high-frequency components—so that one 
would indeed expect a better correlation".) 

Much recent work has provided a basis for the pro- 
babilistic relationship between single unit activity and 
slow waves described in this article’*. It seems likely that 
slow waves are more than the mere expression of complex 
unit activity below the cortical surface and may have 
important functions in controlling the excitability of 
cortical neurones. There are abundant widely distributed 
fibre systems which could provide an anatomical basis for 
such a function (Sholl, op. cit.).. Furthermore, there are 
situations in which considerable slow wave activity is 
present without accompanying spike activity, for example 
in young animals before the maturation of cortical synapses 
and in anaesthetized animals!*. A fuller discussion of these 
ideas and a more detailed presentation of results is in 
preparation. 
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BLOOD FLOW IN TURTLES 
By FRED N. WHITE and GORDON ROS3 


Departments of Physiology and Biophysics and Nuclear Medicine, University of California, Los Angeles 


yeaa of great interest to the comparative 
physiologist, the circulation of the blood in reptiles 
has received little study. There is no information on 
blood flow in the great vessels, cardiac output or the 
factors affecting its distribution between systemic and 
pulmonary circuits in intact animals. This article reports 
the electromagnetic determination of blood flow in the 
aorta, subclavian and pulmonary arteries of intact un- 
anaesthetized turtles and illustrates the instantaneous 
flow patterns in these arteries and also the changes result- 
ing from temperature variation, respiration, and painful 
stimuli. 

Turtles (Pssudemys scripta) weighing 2-3 kg were 
refrigerated for several hours at 5° C and then transferred 
to a tray of ice. A portion of the plastron (8 om x 8 cm) 
was removed and 1-cm lengths of the arteries to be studied 
were separated from adjacent connective tissue. Flow was 
measured with the gated sine-wave electromagnetic flow- 
meter using non-cannulating probes!:?, In some animals 
indwelling polyethylene catheters were inserted into an 
aorta and pulmonary artery for pressure determination. 
The excised plastron was then replaced and secured with 
stainless steel sutures and sealed with acrylic denture 
material. The flow probe cables and pressure leads were 
strapped to the carapace after removing the turtle from 
the ice tray. The investigations reported here were 
performed during the first 4-7 post-operative days, 
during which time the animal’s behaviour was identical 
to that before operation. The turtles usually died within 
10 days of operation and autopsy invariably showed a 
large blood clot at the operation site but no evidence of 
damage or obstruction to the arteries carrying the probes. 
Calibration was performed by allowing saline to flow 
from a gravity feed through the flow probes into a gradu- 
ated cylinder. In some experiments, for examp!e during 
forced diving, very low heart rates of 1—2 per min were 
observed. The portion of the flow trace immediately 
preceding one of these infrequent beats was considered to 
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Fig. 1. 3-kg unanaesthetized turtle. Upper trace, pressures in a pulm- 

onary artery (p) and aorta (a) obtained from the same pressure transducer; 

middle trace, pulmonary flow, lower trace, subclavian flow. Heart 

rate, 32/min; aortic pressure, 30/25 mm mercury; pulmonary pressure, 

27/10 mm mercury, stroke pulmonary Pow, 1-2 ml; stroke subclavian 
ow, 0°12 ml. 


represent zero flow aad was used as the reference level for 
flow measurements. 

Simultaneous pressures and flows in the pulmonary 
and subclavian arterias of a 3-kg turtle are shown in Fig. 1. 

Fig. 2 shows the simultaneously recorded instantaneous 
flow contours of the let aortic arch, right aorvic arch (distal 
to brachiocephalic ar-ery) and left pulmonary artery at a 
heart rate of 26/min. The left aortic flow contour strikingly 
resembled the aortic Jow pattern of mammals in showing 
a steep upstroke, a munded summit, a less steep initial 
downstroke, and a prominent back flow phase. Right 
aortic arch flow, reccrded distal to the brachiocephalic 
artery, was similar to that of the left arch except for the 
absence of a prominent back flow component. The sub- 
clavian flow pattern also resembled that of the left aorta. 
The initial back flow paase seen in Fig. 1 was an inconstant 
feature. Pulmonary fow commenced approximately 0-15 
sec before aortic and she flow contour resembled that of 
the pressure. No pulmonary back flow was recorded. 
Flow in the pulmonary artery continued-throughout the 
cardiac cycle whereas flow in the aorta occupied approxi- 
mately 40 per cent of the cardiac cycle. 

The effect of temperature on pulmonary flow is shown 
in Fig. 3. At 20° C anda heart rate of 30/min the combined 
stroke flow in the pulmonary arteries was 2-8 ml., giving a 
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Fig. 2. 2°5-kg unanwesthetizel turtle. Seely. recorded instan- 
taneous flow contours. Upper trace, mght aorta (distal to brachio- 
cephalic); middle trace, left rta, lower trace, left pulmonary artery 
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Fig. 3. 3-kg unanaesthetized aurtle. Effect of temperature on instan- 
taneous pulmonary flow. Uppr trace, 7° C, heart rate 7/min, stroke 
flow 2 ml., lower trace, 20° C heart rate 30/min, stroke flow 1 4 ml. 
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minute flow of 84 ml. At 7° C and a heart rate of 7/min, 
total stroke pulmonary flow was 4 ml., giving a minute 
flow of 28 ml. The increased stroke volume of 7° C 
occurs despite a reduction in average flow velocity because 
of prolonged duration of flow. 

The respiration of turtles is irregular with long periods 
of apnoea interrupted by variable numbers of respiratory 
cycles. All turtles showed an increased pulmonary blood 
flow during periods of respiratory activity. In some 
animals the heart rate increased with respiration and 
bradycardia occurred during the apnoeic periods. 
Systemic flow changed little with respiration but was 
usually slightly reduced. In the example shown in Fig. 4, 
at the end of a period of apnoea lasting 2 min, the heart 
rate was 22/min. At the peak of the succeeding respiratory 
activity the rate had increased to 29/min, stroke pulmon- 
ary flow had increased 28 per cent while stroke sub- 
clavian flow had diminished by 6 per cent. 

The effect of a painful stimulus ıs shown in Fig. 5. 
Pinching the tail caused a simultaneous reduction in 
subclavian flow and increase in pulmonary flow. Both 
aortic and pulmonary pressures increased. These 
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Fig. 4. 3-kg unaneesthetized turtle. Effect of respiration on sub- 
elavian and pulmonary blood flow. A, After 2 min apnoea; B, at peak 
respiratory activity 
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Fig 5. 3-kg unanaesthetized turtle. Effect of painful stimulus. Upper 


trace, mean pressures obtained from the same pressure transducer: 

aortic (a); pulmonary (p); middle trace, mean pulmonary flow; lower 

trace, mean subclavian flow. Painful stimulus applied between arrows 
changes are compatible with an increased systemic 
resistance causing more of the output of the incompletely 
divided ventricle to be diverted into the pulmonary 
circulation with corresponding reduction of systemic flow. 

In addition to the work reported here the electromag- 
netic method of blood flow determination has proved 
valuable in an investigation of the circulatory changes 
produced by prolonged diving. 

We thank Dr. Alexander Kolin for his interest in and 
support of the project and much helpful advice concerning 
electromagnetic flow measurement. This work was 
aided by grants from the U.S. National Science Founda- 
tion (GB 923) and the U.S. Office of Naval Research 
(233-38). 
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BINDING OF XENON TO HORSE HAEMOGLOBIN 


By Dr. B. P. SCHOENBORN 
Medical Research Council Laboratory of Molecular Biology, Hill’s Road, Cambridge 


HIS article is a sequel to the recent report on the 
binding of xenon to sperm whale myoglobin’. There 
it was shown by an X-ray diffraction analysis that a 
single atom of xenon binds to a specific site buried in the 
interior of myoglobin, in contact with one of the pyrrole 


] 2 3 + 


Mol. Xe/mol.Hb 
Fig. 1. Binding of xenon to haemoglobin as calculated from solubility 
measurements in 5 per cent haemoglobin solutions The ratio of its 


solubllity in water and in haemoglobin solutions is independent of tem- 
perature to within 5 per cent 


rings of the haem group, with the haem-linked histidine, 
and with several other groups. 

It has been found that during xenon anaesthesia? about 
45 per cent of the xenon in blood is carried by haemo- 
globin’. Fig. 1 shows the affinity of xenon for horse 


methaemoglobin measured in aqueous solutions with 4. 


constant volume Barcroft type manometer. 

Henry’s law is obeyed in the range of pressure used 
(0-5-1-5 atm.). The fact that no saturation occurs suggests 
that there must be several xenon binding sites. The 


amount of xenon bound by reduced and oxyhaemoglobin - 


was the same within 5 per cent as that bound by 
methaemoglobin. 

Horse methaemoglobin crystals in 2 M ammonium 
sulphate solution at pH 7:0 were mounted in thin-walled 
quartz capillaries. The crystals were flushed with xenon 
before introducing some xenon-saturated mother liquid at 
one end, which was then sealed. To ensure high xenon 
occupancy, the gas pressure was increased to 2 atm. before 
sealing the other end. At higher pressures the capillaries 
tended to explode. The intensities of the AOL, hkO and Okl 
reflexions wore collected to a resolution of 2-7 A. After 
the usual corrections, difference-Fourier projections were 
calculated using the appropriate version of the general 
equation: 


l 
Ap(x,y,z) = y ae (| Fierp)| — |Fp]) 


exp(— 210 (ha + ky + lz) + ra) 
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Fig 2a Ao(z,z). Difference in electron density in projection on (010), 
27 A resolution 
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Fig. 2b. Aglzy). Difference in electron density in projection on (001), 
5'5 A resolution 


|Fp| and [zep»)| represent the moduli of the structure 
amplitudes of the native haemoglobin and its xenon 
derivative respectively; Ap(#,y,z) is the difference in 
electron density between the two compounds. The phase 
angles used were those for native horse haemoglobin 
which have been determined out to spacings of 2-7 A for 
the centrosymmetric kOl terms and of 5:5 A for the non- 
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centrosymmetric 4x0 and Okl terms, using isomorphous 
replacement?. 

The difference electron density map of the centro- 
symmetric projection on (010) shows one slightly elon- 
gated peak per asymmetric unit. The projection on (001) 
shows two circular peaks per asymmetric unit at approx- 
imately the same x-co-ordinate as the single peak in the 
centrosymmetric projection, indicating that the elongated 
peak in the latter ismade up of two superimposed peaks. 
The projections (Figs. 2a and b) provide the following 
fractional xenon cordinates: 


Tı = 0-23 Yi = 
Ta = 0:22 Ya 


J81 zı = 0-10 occupancy = 0:8 

20 z= 0:62 occupancy = 0:5 

In this space group space group C2, unit cell dimensions: 
a = 108-95 A, b = 53-51 A, c = 54-92 A, B = 110° 50’) 
the asymmetric unit contains only half the haemoglobin 
molecule, that is, one «- and one B-chain, and by com- 
paring the co-ordinazes of the two peaks with the model 
of haemoglobin, it cen be seen that one xenon atom must 
lie within the « sub-anit and the other within the ß sub- 
unit. The location oz the sites is quite different from that 
in myoglobin (Fig. b) and slightly different in the two 
chains (Figs. 3a anc b). The xenon atoms are located 
inside the sub-units, but close (6 A) to their external 


I 





Fig. 3. Location of xenon im (a) the a- and (8) the 8-chain. The xenon 
atom lies buried underneath she GH corner which faces the reader, and 
nearer the AB corner than this view of the chains suggests. The xenon 
site in myoglobin is indicated by ana. (Drawing of the chain adapted 
by permission, from M. F. Esrutz, Sct. Amer , 211, 5, November 1964 
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surface between the AB corner and the GH corner and 
are approximately related by the pseudo-dyad axis of 
symmetry named dyad 1 by Cullis et al.4. However, the 
xenon atom in the «-chain lies nearer the GH corner and 
thet in the 8-chain closer to the AB corner. At first it 
might appear surprising that the xenon positions in the 
two chains are different from one another, and not the same 
as in myoglobin. The AB corners of the «- and 6-chains 
differ in both the sequence and the number of residues 
they contain, giving rise to structurally different environ- 
ments. The amino-acid sequences in the GH corners are 
also different, though here the two chains are of equal 
length. It should also be noted that the amino-acid 
sequences of myoglobin® and haemoglobin are quite 
different. Any change in atomic distribution near a 
cavity could easily change the electronic interaction with 
xenon towards an energetically unfavourable state. 
The exact analysis of the xenon sites will have to await 
determination of the haemoglobin structure at high 
resolution. On the basis of Perutz’s tentative atomic 
model of haemoglobin’, the nearest neighbours of both 
xenon atoms are valine, leucine and phenylalanine. This 
complex is presumably stabilized, as in myoglobin, by 
dipole- and quadrupole-induced dipole and quadrupole 
moments and London interactions. A theoretical investi- 
gation by Kittel and Shore® of xenon polarizability has 
shown that the quadrupolar (as well as the dipolar) 
polarizability is particularly high, thus favouring binding 
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in situations like this where one might not otherwise 
expect it. An analysis of the change in protein-bound 
water? between haemoglobin and the haemoglobin—xenon 
complex by a microwave technique showed an increase 
of protein-bound water, due to the presence of xenon. 
Any attempts to demonstrate this directly by X-ray 
methods must also await the final analysis of haemo- 
globin at high resolution, but changes in the charge dis- 
tribution caused by xenon atoms located close to the 
surface of the molecule could account for the increase in 
bound water. 

I thank Dr. M. F. Perutz for his advice and use of his 
structural data of haemoglobin. 

This work was supported in part by the U.S. Public 
Health Service grant NB 03625 to R. M. Featherstone, 
chairman, Department of Pharmacology, University of 
California Medical Center, San Francisco. 
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POLYMORPHISM AND MITOCHONDRIAL ACTIVITY IN SLEEPING 
SICKNESS TRYPANOSOMES i 


By Dr. KEITH VICKERMAN 


Department of Zoology, University College, London 


HE trypanosomes of human sleeping sickness, 

Trypanosoma gambiense and. T. rhodesiense, are at 
all times morphologically indistinguishable from T. brucei 
of wild game and domestic animals in Africa, and can be 
regarded as genetic variants of T. brucei with the ability 
to infect man. These flagellates, previously designated 
the T. brucei sub-group, and now assigned to the sub- 
genus T'rypanozoon by Hoare’, differ from other tsetse- 
borne trypanosomes in two important features: (1) They 
undergo a complex life-cycle, involving changes in form 
(Fig. 1), in the tsetse fly (Glossina spp.), developing first 
in the midgut and later in the salivary glands. (2) In the 
bloodstream of the natural mammalian host they show a 
wide variation in form, ranging from long slender flagel- 
lates with a free flagellum at the anterior end, to short 
stumpy forms with no free flagellum (Fig. 1). 

Because of this second character these trypanosomes are 
often referred to as the ‘polymorphic’ trypanosomes, but 
this description is misleading. The morphological varia- 
tion is continuous, biometrical investigations? giving no 
support to the idea that several distinct forms co-exist in 
the bloodstream, and any implication of a genetic basis to 
this multiplicity of forms was ruled out by Oehler’, who 
showed that polymorphism can persist in clone infections. 
Strictly speaking, the flagellates are pleomorphic, but 
the change in form appears to follow a regular pattern in 
the course of infection, for the bulk of available evidence 
shows that slender forms are most abundant when the 
parasitaemia is rising, whereas short, stumpy forms pre- 
ponderate when the number of flagellates in the blood is 
falling®-®; slender forms appear to transform into stumpy 
forms’, 

The cause and adaptive significance of polymorphism 
in Trypanosoma brucei-like trypanosomes are obscure. It 
has been suggested that the host’s immune response 


stimulates the transformation from slender to stumpy 
forms?'®, In chronic infections the number of trypanosomes 
in the blood fluctuates, and it appears that each peak of 
parasitaemia represents a different antigenic variant’, the 
trypanosomes changing their antigens to avoid the host’s 
immune response. If host antibodies do induce the 


metacyclic 





slender 


Fig. 1. Diagram of life-cycle in Trypanosoma brucei-like trypanosomes. 
In the mammalian bloodstream slender forms divide or transform into 
stumpy forms via intermediate forms. Stumpy forms, on entering the 
tsetse fly, transform into elongate midgut flagellates which, after multi- 
plication and migration in the fly, multiply as crithidial forms in the 
salivary glands. The metacyclic forms which arise from crithidias are 
infective to the mammalian host when injected with the fiy’s saliva 















morphological transformation, then the stumpy forms may 
rms which are changing their antigens; 
ut as yet there is no direct evidence that this is so. 
nder forms may be present at all stages in the infection, 
id Ashcroft has suggested that these forms mi ght undergo 
ntigenic change to give rise to the relapso strain’, 
Robertson’, and later Reichenow? and Wi jers and 
Willett!!, observed that, should infected blood be ingested 
by a tsetse fly, it is the stumpy, rather than the slender, 
-< trypanosome which deve'ops in the midgut to initiate the 
¿eyele in the fly. Corroborating evidence for this comes 
from observations on the behaviour of polymorphic 
_ trypanosomes maintained by syringe passage in laboratory 
animals. After several passages the trypanosomes become 
< monomorphic, slender-like forms only being found in the 
| blood?®.18, This loss of polymorphism is accompanied by 
loss of transmissibility by tsetse flies. Trypanosoma 
„evansi represents the natural counterpart of these ‘non- 
transmissible’ strains. It is morphologically indistinguish- 
. able from monomorphic T. brucei, and Hoare™ has sug- 
_ = gested that it arises from T. brucei when this flagellate is 
carried outside the tsetse belt by camels, and transferred 
_ from host to host by biting flies (for example, Tabanus) 
< acting like syringes. 
¿o The behaviour of bloodstream trypanosomes on entering 
-=the fly is paralleled by their behaviour when inoculated 
Into suitable culture media. Only strains which will infeet 
Glossina will establish themselves in culture on blood agar 
‘media’, and the forms assumed in culture are mor- 
phologically and physiologically identieal with those 
found in the fly midgut}®, 

At present, then, polymorphism in Trypanosoma brucei- 
like trypanosomes appears to be associated with cyclical 
transmissibility, in that its loss is accompanied by failure 
to develop in the midgut of Glossina and reluctance to be 
cultivated in vitro, but the reason why these characters 
should be linked is not understood. 

7 Morphogenesis in Trypanosoma brucei. In develop- 
-mental terms, the life-cycle in Protozoa can be envisaged 
| 88 a series of morphogenetic responses on the part of 
competent cells to certain environmental changes. The 
cellular basis of this morphological transformation from 
one stage to the next in the trypanosome life-cycle is 
not known, but ultrastructural and biochemical investiga- 
tions are beginning to provide some clues. Seen with the 
light microscope, the morphological changes in Trypano- 
soma brucei are extremely simple. Apart from the relative 
changes in length and width of the body, and length of the 
-= flagellum with respect to body-length, the most noticeable 
-= changes are seen in the spatial relationships of the kineto- 
-=> plast, at the base of the flagellum, to the nucleus and to 
either end of the flagellate’s body. In bloodstream forms 
the kinetoplast lies close to the posterior end of the flagel- 
- late; in the fly midgut forms it lies posterior to the 
~. nucleus but some distance from the posterior extremity 
of the flagellate. In crithidial forms attached to the wails 
- of the salivary gland the kinetoplast lies immediately 
`: <anterior to the nucleus, while in the metacyclics which 
develop from them the kinetoplast is once again at the 
-posterior end of the flagellate (Fig. 1). 
>< _ T have suggested that adaptive changes in the chon- 
< driome of Trypanosoma brucei and allied species might be 
> at least partly responsible for cyclical transformation’. 
© Investigations with the electron microscope have shown 
. that the kinetoplast in trypanosomes is the DNA-con- 
taining part of the chondriome. The structure at the base 
of the flagellum which is stained by Romanowsky tech- 
niques and gives a positive Feulgen reaction! is seen with 
-the electron microscope as a fibrous disk embedded in a 
mitochondrion!*-*! (Fig. 2). The kinetoplast has been 
known to stain with Janus green B for some time’? 
There is mounting evidence that DNA is a widespread 
component of mitochondria#*; the large amount detect- 
_ able in the trypanosome kinetoplast may indicate the 
_ presence of multiple chondriome DNA units*4. 
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An ultrastructural comparison of monomorphic blood. 
stream forms of T, brucei with fly midgut forms’ (as 
obtained in culture) showed that the appearance of th S 
chondriome is very different in the two’, In bloodstream 
forms a mitochondrial tube, with scarcely any crista oe 
pursues a sinuous course from the kinetcplast to the ` 
anterior end of the dagellate, and a similar, but very short, — > 
tube may extend tc the posterior end. The midgut forms, 
on the other hand have an extensive network of mito- 
chondrial tubes at the anterior end and a prominent post- 
kinetoplastie choncriome, the kinetoplast in these forms > 
lying some distance from the posterior extremity of the. 
flagellates. Comparative respiratory investigations of | 
these forms give raeaning to this structural differ 
In monomorphic bioodstream forms, glucose is Tes 
only as far as pyruvate which is excreted, as a funct. 
Krebs cycle appears to be wanting in these forms**»26; 
flagellates are almost unique in that their energy is derived 
from aerobic glycolysis. Although large amounts of oxygen a 
are consumed by tne flagellates, terminal respiration is 
independent of cytechrome pigments, which are absent, OBE 
and is effected by an L-a-glycerophosphate—oxidase-L-a-. 23 
glycerophosphate dehydrogenase system?’-**; Ryley has 
recently produced evidence that this alternative terminal 
respiration system is housed in distinct cytoplasmic bodies 
outside the chondrieme. The fly midgut forras, however, 
respire their pyruvate completely and appear to have: 
conventional oxidat-ve phosphorylation linked to a Krebs 
cycle and cytochrorae carrier system 2¢-27,32,82, 

From comparative ultrastructural and biochemical 
investigations it would appear that the chondriome of the 
bloodstream tryparosomes is inactive, as Krebs cycle 
enzymes and cytochrome pigments, which are mito- 
chondrial components, are absent. In the fly midgut, on 
the other hand, the trypanosome chondriome appears to 
be very active. Oa the basis of such investigations I 
suggested that the Kloodstream trypanosome, on entering 
the fly, produced mitochondrial enzymes and a more 
extensive and active chondriome to enable it to switch its 
pattern of respiratioa to a more economical one in keeping 
with its new surroundings. I also suggested that adaptive 
proliferation of the posterior chondriome in particular 
resulted in the chenge in form, the new chondriome 
growing out from the kinetoplast, extending the posterior 
end of the trypanosome. In Trypanosoma brucei, then, 
adaptive mitochondziogenesis might explain the different 
positions adopted by. the kinetoplast, and changes in size, 
which are an integral part of morphogenesis. A similar 
conclusion was reacked for the transformations observed 
in the kinetoplastic flagellate Leishmania donovani by 
Rudzinska, d’Alesanciro and Trager**. It may be noted 
here that the microtabules, which spiral in a longitudinal: nd 
direction beneath the entire pellicle of the trypanosome — 
(Fig. 2), probably serve as a corset directing growth along 
the longitudinal axis of the flagellate. Mierctubules -are _ 
now known to be commonly associated with elongating _ 
cells*, 
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Fig. 2. Diagram of strustures involved in respiration, locomotion and 

transformation of Trypanosoma brucei (intermediate bloodstream form). 
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These ideas on the transformation of bloodstream forms 
entering the tsetse fly, however, neglected the fact that 
monomorphic bloodstream forms rarely, if ever, infect the 
fly, whereas the stumpy forms of polymorphic strains do; 
an important metabolice difference between slender (or 
monomorphic) and stumpy forms is implied, which confers 
a selective advantage on the latter, enabling them to 
develop into midgut forms in Glossina. 

Mitochondrial activity in bloodstream trypanosomes. 
Most trypanosomes do not appear to show the extremes of 
respiratory behaviour encountered in the monomorphic 
bloodstream and fly midgut forms of Trypanosoma brucei 
as recounted here. Steinert*5, using NAD diaphorase as a 
mitochondrial marker, has reported mitochondrial activity 
in both amphibian and leech (vector) forms of T'rypano- 
soma mega as obtained in culture, though differences in 
mitochondrial morphology were evident between these 
stages. 

After brief fixation (5 min at 4° C) in 0-1 M cacodylate- 
buffered 5 per cent glutaraldehyde (pH 7-2), I have 
examined the distribution of NAD diaphorase activity in 
several African trypanosomes and found that it agrees 
with the picture of the chondriome obtained from electron- 
microscope investigations. In bloodstream Trypanosoma 
vivax and T. congolense (which are not polymorphic) the 
single anterior mitochondrion, kinetoplast and short 
posterior mitochondrion are filled with blue-black 
formazan deposit when fixed smears are incubated for 
40 min with NADH, as substrate and nitro-blue tetra- 
zolium salt as acceptor***7, indicating diaphorase activity. 
Stages in division of the chondriome can be seen in such 
smears. The anterior mitochondrion appears to cleave 
first in the region of the nucleus, the slit extending back- 
ward to the kinetoplast and posterior mitochondrion, 
and forward to the extremity of the anterior mito- 
chondrion. All the trypanosomes in a smear appear to 
show diaphorase activity, whereas controls incubated with- 
out substrate do not. Electron micrographs of both these 
bloodstream trypanosomes show well-developed cristae in 
the chondriome"’:**, and there is evidence? that pyruvate 
is eatabolized, so that, unlike T. brucei, the chondriome of 
T. vivax and T. congolense appears to be active in the 
bloodstream phase. 

When smears of Trypanosoma brucei and allied trypano- 
somes were tested for NAD diaphorase activity, surprising 
results were obtained. Old monomorphic laboratory 
strains showed no diaphorase activity in the mitochondria 
and similar results were obtained for T. evansi. In 
recently isolated polymorphic strains, however, intense 
enzyme activity was evident in the chondriome of inter- 
mediate and stumpy forms (Fig. 3), while slender forms 
resembled monomorphic forms in having virtually no 
diaphorase activity in the mitochondrion. It appears, 
therefore, that the transition from slender to stumpy 
forms is accompanied by the acquisition of mitochondrial 
activity as shown by the intramitochondrial oxidation of 
NADH, (Fig. 4). Controls incubated without the substrate 
again indicated no enzyme activity. 

In slender and monomorphic Trypanosoma brucei, and 
in T. evansi, NADH, oxidation, as registered by formazan 
deposits, was occasionally witnessed in extra-mitochondrial 
bodies scattered throughout the cytoplasm of the blood- 
stream forms. ‘These granules probably represent the 
location of the .L-«-glycerophosphate (L-«-GP) oxidase 
eycle, which, as previously mentioned, mediates terminal 
respiration in bloodstream forms. L-a-GP dehydrogenase 
is NAD linked, catalysing the reduction of dihydroxy- 
acetone phosphate to L-«-GP by NADH,; L-æ-GP oxidase 
transfers hydrogen directly from L-a-GP to atmospheric 
oxygen, yielding dihydroxyacetone phosphate once more. 

Further evidence for activity of the chondriome in 
polymorphic infections comes from the ability of some of 
these trypanosomes to utilize Krebs cycle intermediates, 
particularly «-ketoglutaric acid («-KGA) as shown by a 
simple motility test*®. Ryley*™ noted that cultured midgut 
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forms of Trypanosoma rhodesiense could maintain their 
motility if supplied with «-KGA while monomorphic 
bloodstream forms could not. In the work recorded here, 
it was found that, when bloodstream forms are washed 
free of exogenous respirable substrate and suspended in 
buffered Ringer’s solution alone and with added M/10 
glucose or M/10 «-KGA, motility is retained in the glucose 
and -KGA long after it has ceased in the saline control 
(Fig. 5). Both slender and stumpy forms are active in the 
glucose, but in «-KGA only late intermediate and stumpy 
forms are active. 

Morphologically, the respiratory switch is characterized 
by more than just a change in outward form. In many of 
the intermediate forms stained for NAD diaphorase 
activity, the mitochondrion appears to be in a state of 
division (Fig. 3). Steinert** has noted in Trypanosoma 
mega that transformation and division appear to be 
mutually exclusive. Of the different bloodstream forms, 
only slender trypanosomes are known to divide; it is 
possible that forms with incipient mitochondrial fission 
are most sensitive to the transforming stimulus. A further 
change noted in the transformation from slender to 
stumpy forms is the increase in diameter of the mito- 
chondrial tube and the appearance of well-defined cristae 
within its lumen as seen with the electron microscope. 
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Fig. 3. Distribution of NAD diaphorase activity in late intermediate 

forms of Trypanosoma brucei, Blue-black formazan deposita indicate 

localization of enzyme in the mitochondrion. ‘The mitochondrion ts 
splitting in the trypanosome on the right 
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Fig.4, NADH, oxidation by different stages in the life-cycle of Trypano- 


soma . Sites of substrate oxidation are shown in black (represent- 

ing formazan deposits derived from reduction of nitro-blue tetrazolium). 

n slender forms change into intermediate forms the mitochondrion 

becomes active in NADH, oxidation. When stumpy forms enter the fly, 

proliferation of the active ager ye occurs. ivary gland stages 
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Fig. 5. Graphs to show motility of Trypanosoma brucei (T. rhodesiense) 

in Ringer’s saline, M/10 glucose and M/10 a-ketoglutarte acid. All forms 

can utilize glucose to maintain motility. A fraction can also utilize 

a-KGA indicating mitochondrial activity. This fraction corresponds to 
the intermediate and stumpy forms 
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The nature of the stimulus which causes the transforma- 
tion bringing about polymorphism and activating the 
mitochondrion is not known. The most likely instigator 
of the respiratory switch is a change in permeability of 
the trypanosome surface. For example, if surface perme- 
ability changed to decreased ability to take up glucose, 
continuation of life would be favoured by a more efficient 
utilization of what glucose was taken in. Host antibodies 
might well produce such a surface change. The shortening 
of body-length might be effected by a contraction of the 
pellicular microtubules accompanying surface change. 

The assumption of mitochondrial activity by the 
intermediate and stumpy forms may explain why these 
forms survive in the fly more readily than slender 
trypanosomes—they are pre-adapted to the mode of 
respiration necessary in the midgut of the vector. The 
possibility that the switch might occur when slender 
forms enter the fly midgut cannot be precluded, however, 
for Wijers and Willett?! noted transformation of slender 
forms to stumpy forms in the midgut of Glossina. 

Hollingshead eé al. have noted that monomorphic 
bloodstream and fly midgut (culture) forms of Trypano- 
soma rhodesiense differ in their electrophoretic behaviour. 
It would be interesting to see if the change in surface 
character accompanies the slender-stumpy transformation 
or whether it takes place on entering the fly midgut or 
culture medium. 

Mitochondrial activity : the genetic basis. The kineto- 
plast of flagellates has long been known to be a self- 
replicating structure (see Miihlpfordt** for a compre- 
hensive review of its history). The more recent finding 
that it represents the DNA component of the trypanosome 
chondriome has brought us nearer to an understanding of 
its function. Steinert?’ regarded the kinetoplast as a 
genetic system transmitting the information necessary for 
the synthesis of mitochondrial enzymes. Some evidence 
for this is forthcoming from a study of trypanosomes which 
have lost the kinetoplast*?. 

Monomorphic Trypanosoma brucei, T'. evansi and forms 
closely related to them can spontaneously lose the kineto- 
plast as a result of faulty division and survive in the 
bloodstream as akinetoplastic strains*?. The akinetoplastic 
condition can be induced in most trypanosomatids by 
treatment with certain dyes (for example, acriflavine, 
pararosaniline)*4, but the resulting akinetoplastic in- 
dividuals are only viable in the case of bloodstream 
T. brucei and T. evansi, that is, those forms which do not 
need mitochondrial respiration in the bloodstream. The 
akinetoplastic trypanosomes appear to be incapable of 
synthesizing mitochondrial enzymes: in the work recorded 
here, NAD diaphorase could not be detected in akineto- 
plastic forms. Reichenow* noted the inability of akineto- 
plastic T. gambiense to infect Glossina. The electron 
microscope reveals, however, that akinetoplastic trypano- 
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somes retain a membranous ghost of a mitochondrion 
(‘pro-mitochondrbn’), and this is found in all their 
progeny, Ths kinetoplast may be essential for the 
synthesis of mitochondrial enzymes; but it is not neces- 
sary for the continuous replication of the mitochondrial 
membrane system. 

Once lost, the xinetoplast cannot be regenerated, and 
this fact has enhenced its reputation of autonomy. But, 
as yet, there is no evidence that any cytoplasmic organelle 
with genetic contmuity is independent of nuclear control. 
In the case of chlcroplasts and the mitochondria of yeasts, 
there is ample ev-dence that the function of these struc- 
tures is subject +o the nuclear genes*4. Reports that 
fusion of the kimetoplast envelope with the nuclear 
envelope can be observed with the electron microscope*?42 
have not yet been satisfactorily confirmed; I have never 
seen such fusion in examining hundreds of sections of 
juxtanuclear kinetoplasts from different species. 

Using yeast as a model, Gibor and Granick** suggest 
that mitochondrial DNA represents a multigenic heredi- 
tary system. Thsy envisage that, in addition to con- 
stitutive genes governing replication, other mitochondrial 
genes m‘ght control the differentiation of enzyme systems 
through operon-regulator mechanisms‘? subject to external 
inducers as well a3 nuclear influences. In anaerobically 
grown yeast, oxygpn appears to act as an inducer to the 
synthesis of compcnents of the mitochondrial respiratory 
system, the cytochrome chain and Krebs cycle enzymes 
being formed similtaneously**. Similar co-ordinate syn- 
thesis of respiratory enzymes can be induced by oxygen in 
anaerobic plague bacillus, Pasteurella pestis*®. In Trypano- 
soma brucei co-ordinate synthesis of mitochondrial com- 
ponents appears te occur in the transition from slender 
to intermediate blcodstream forms, but here it is unlikely 
that oxygen is the inducer; the respiratory switch is-not 
from anaerobic to aerobic respiration, but from aerobic 
glycolysis to compte oxidation. 

The reverse respiratory switch in Trypanosoma brucet 
(that is, back to mitochondrial inactivity) probably takes 
place in the salivary glands of the tsetse fly, possibly 


` during the genesis of metacyclic forms, but it could 


equally well occur on entering the bloodstream. The 
agents inducing repression of mitochondrial activity are 
not known. 

Loss of polymorphism: evolutionary aspects. When a 
polymorphic strain. of Trypanosoma brucei becomes mono- 
morphic and non-transmissible, it presumably loses the 
ability to produce certain mitochondrial enzymes, for it 
can no longer perform the respiratory switch. The 
absence of selectior for the respiratory switch over several 
generations in ths mammalian bloodstream (possibly 
provided by rapid passage through laboratory animals) 
would allow the a@:umulation of mutations affecting the 
mitochondrial enzzme systems: a high rate of spon- 
taneous mutation appears to be characteristic of cyto- 
plasmic genetic systems’*. A deeper analysis of the 
mechanisms involv2d in the evolution of monomorphism 
is scarcely possible in our present state of uncertainty 
about the relationship of the host’s immune response to 
polymorphism. If-we accept that, in untreated animals, 
antibodies, produced by the host elicit both antigenic 
change and transformation from slender to stumpy forms 
in the trypanosomes", then we are faced with the question 
of whether parallel effects are registered in all flagellates 
or in different fractions of the parasite population. At 
least two possibilitx»s present themselves. 

The simplest possibility is that, under the influence of 
antibodies, slender orms switch their respiratory pathway 
and become stumpy; the antigenic change then occurs 
and the stumpy fcrms revert to slender forms, as sug- 
gested by Wijers®; antigenic change is closely linked with 
polymorphism. Brt this pattern of behaviour is not in 
keeping with the observation that syringe-passaged 
monomorphic strains can change their antigens without 
changing into stumpy forms®?. If antigenic change is 
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linked to polymorphism it is difficult to see why selection 
maintaining antigenic change has not also maintained 
polymorphism in old laboratory strains. 

The elimination of polymorphism is perhaps more 
readily explained if antigenic change and transformation 
are unlinked and regarded as alternative responses on the 
part of the trypanosome population. Under the influence 
of antibodies certain slender trypanosomes might switch 
their respiration and transform into stumpy forms while 
others might change their antigens and so produce the 
next variant. As both transformation and antigenic 
variation can occur within a clone strain, the difference in 
response must depend on differences in competence (in the 
embryological sense) rather than genetical heterogeneity 
within the population. If antigenic change is not bound to 
transformation, as in this model, then it is conceivable 
that the ability to transform might be lost in the absence 
of selection, whereas the ability to undergo antigenic 
change might be retained, as it is in monomorphic strains. 
This being so, the slender forms would serve to continue 
the infection in the mammalian host, the stumpy forms 
serve to infect the tsetse fly vector. Should the stumpy 
forms not be ingested by a fly they are eliminated by the 
host. 

I thank Dr. J. F. Ryley for his advice, Mr. T. M. Leach 
for facilities at the Nigerian Institute for Trypanosomiasis 
Research, and the Royal Society, the Medical Research 
Council and the Wellcome Trust for grants supporting this 
work. 
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ANCESTRY OF SEA-STARS 


N a recent series of articles, Prof. H. B. Fell!-? attempted 
to link the morphology of the skeletal elements of 
living sea-stars with somasteroids. This early Palaeozoic 
echinoderm group, originally described from the Ordo- 
vician of Europe‘, is generally held to be ancestral to the 
asteroids and ophiuroids of to-day. Prof. Fell’s researches 
on living sea-stars have permitted recognition of the close 
comparison between the skeleton of living forms, in 
particular the genus Platasterias, and archaic somasteroids. 
Indeed, he refers this genus to the Somasteroidea,. 

This comparison of living sea-stars with the somasteroids 
will not be discussed here. It is a broader conclusion which 
invites the present comment. Prof. Fell? argues per- 
suasively that somasteroids evolved from the pelmatozoan 
class Crinoidea, and that they are phylogenetically inter- 
mediate between later sea-stars and crinoids. Because 
other eleutherozoans have a shape different from sea-stars 
(‘meridional growth gradients’ in contrast to ‘radial 
growth gradients’), seemingly these echinoderms did not 
evolve from crinoids. Prof. Fell therefore rejects the 
sub-phylum Eleutherozoa as polyphyletic, and advocates 
Haekel’s groupings Asterozoa and Echinozoa. 

Two features are taken as indicating the kinship of 
somasteroids and crinoids. The first is a similarity of the 
apical plates of many living sea-stars and the penta- 
crinoid calyx. The second is an apparent relationship of 
ossicles of a pinnulate biserial crinoid arm and of a 
somasteroid ray. These are discussed in turn. 


(A) The homology of the apical system of sea-stars and 
the crinoid calyx. Living sea-stars, particularly ophiuroids, 
possess regular circlets of plates around a central adapical 
ossicle in their early development. These can persist to 
maturity so- that ophiuroids may show a well-defined 
apical system during all growth stages (Fig. Ic). A similar 
situation may obtain in living asteroids, although the 
pattern is more often lost during growth, and radial 
elements may be absent (Fig. ld). The pentacrinoid stage 
of development of living comatulids is very similar. There 
is a central plate (the dorso-central) surrounded by a 
circlet of five basal plates (interradial in position) and 
succeeded by a circlet of five radials (Fig. le). During 
development the basals are lost, as are small infrabasals 
present in some comatulids. 

The various circlets of plates of these apical systems are 
directly homologized by Prof. Fell’. Now this idea is far 
from new. It is a partial revival of the so-called ‘calycinal 
theory’, which held sway in the latter part of the nine- 
teenth century. As Fell neglects to discuss the facts which 
led to a rejection. of this theory, it is pertinent to trace 
briefly its rise and fall. 

Lovén appears to have first propounded the theory i in 
detail. He stated that the suranal plate (the central plate 
of the apical system of calycinid echinoids) was homo- 
logous with the centrale of the Cretaceous crinoid Mar- 
supites (Fig. la, b) and, further, that the echinoid apical 
system was the homologue of the pentacrinoid calyx. 
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Similar homologies were suggested for sea-stars. The 
idea became widely accepted*-*. Main discussion centred 
on details of homologies between major echinoderm 
groups. An attempt was made to homologize the circum- 
oral ring of holothurians with oral plates of crinoids?; 
Studer even suggested that echinoid and asteroid apical 
systems corresponded with monocyclic crinoids, and 
ophiuroids with dicyclic crinoids*. There was general 
agreement on the homology of the apical systems in 
living echinoderms, and the consequent view of their close 
phyletic relationship. 

The theory, however, slowly fell from favour. First 
Neumayr” rejected homologies relating to echinoids, for 
the suranal plate is demonstrably a recent evolutionary 
development. Sasarin and Sasarin™ also rejected the 
theory for this reason and, as Mortensen?2 expresses it, 
“therewith the whole Crinoid phantom”. Stiirtz!?, from a 
study ‘of Palaeozoic ophiuroids, maintained that the 
theory had no bearing on the ancestry of this group, for 
he considered that no Palaeozoic ophiuroid shows an 
apical system. This was later reaffirmed by Spencer’, 
and extended in a more general way to Asteroidea. 
Because it was clear by the turn of tho century that the 
calycinal systems of different echinoderm groups were 
independent developments late in their evolution, the 
theory was no longer seriously entertained!®, and, in the 
ensuing sixty-five years, no new facts have been adduced 
which call for its revival. In relation to Fell’s present 
views on homologies the fossil record shows that: (1) The 
patina of living crinoids is highly modified compared with 
Palaeozoic forbears of the group. The centrodorsal of 
comatuloids, and the absence of an anal plate associated 
with the right posterior radial are post-Palaeozoic develop- 
ments. (2) No pre-Carboniferous ophiuroid shows an 
apical system comparable with that of living ophiuroids. 
(3) Lower Palaeozoic asteroids such as Hudsonaster may 
show regular series of apical plates, but these defy close 
comparison with the later calycinal systems, and are 
fundamentally different from those of contemporary 
erinoids. 

(B) The homology of the crinoid arm and the somasteroid 
ray. The comparison between the ossicles of the arm of a 
living biserial crinoid and those of a somasteroid ray is 
striking (Fig. 2). In the former the brachials support the 
pinnules; in the latter the ambulacral ossicles support the 
virgalia. These are directly homologized by Prof. Fell}. 





Fig. 1. Calycinal systems of various echinoderms. Plates homologized 
by Prof. Fell similarly labelled (C =‘‘centrodorsal’’; B= “basal”; R= 
“radial”). a, Apical system of calycinid stirodont echinoid; b, ventral 
view of the calyx of the Cretaceous articulate crinoid Marsupites; c, 
adapical view of the disk of an immature specimen of the living ophiuroid 
Ophiosteira; d, adapical view of a puxente specimen of the living asteroid 


Ophwopyrgus; e, ventral view of the calyx of the pentacrinoid stage of 
development of the living articulate erinoid Promachocrinus; f, anterlor 
view of a typical Ordovician camerate crinoid Archaeocrinus. Note 
uniserial brachia rigidly incorporated in the polyplacate theca; inter- 
radials stippled. (a-b after Lovén (ref. 5); c— after Fell (ref. 3)) 
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Fig. 2. Supposed morphological transition from a umserial pinnulate 


crinoid arm through to the ray of a living sea-star Platasterias. a, 
Uniserial crinoid arny, b, biserial crinoid arm; c, chinianasterid soma- 
steroid ray; d, Llatasterias ray. (Modified from Fell (ref. 3)) 


Now, are thes truly homologous structures? If 
Platasterias can ba considered a somasteroid, and if we 
are entitled to campare it with a living crinoid, then 
differences are sufficient to suggest that the arrangements 
are only analogous. Pinnules of crinoids are arms in 
miniature; they Eear food grooves and branches of the 
water vascular system; in Platasterias the food grooves 
are located between the virgalia and particles are passed 
to the radial groove by ciliary action?. In sea-stars the 
aboral body-wall end perivisceral coelom extend into the 
rays; this is not sə in crinoids. 

No solution to the question of homology (or, indeed, to 
the whole question.of sea-star ancestry) can be found with- 
out reference to the fossil record. It is possible, in terms of 
the evolution of Ealaeozoic crinoids, for a crinoid with 
biserial pinnulate arms to have given rise to somasteroids. 

Somasteroids appear in the ‘Tremadocian (earliest 
Ordovician). The oldest described crinoid is apparently 
Locrinus ? cambrierssis (Hicks) of Lower Arenigian (upper 
Lower Ordovician age)!®. This inadunate crinoid, in 
accordance with primitive members of the sub-class, 
possesses uniserial, non-pinnulate arms. Through a 
process of heterotomous branching, pinnules were de- 
veloped by inadurates in the Silurian, but it was not 
until the Carbonierous that biserial pinnulate arms 
evolved. This group could not have given rise to 
somasteroids in the late Cambrian. 

The Flexibilia must also be discounted as a possible 
ancestral group fr simple, non-pinnulate arms are 
retained throughous its entire history. Therefore, if the 
somasteroid ray evelved from a crinoid arm it must have 
evolved from a c=merate crinoid. Camerate crinoids 
appear first in Middle Ordovician times and, although all 
camerates have pmnules, eaily representatives possess 
uniserial arms. The distal ends of rami may become 
biserial in Upper Ordovician forms, but it is not until 
Middle Silurian tines that biserial pinnulate arms are 
common. The evo:ution of the camerate arm therefore 
parallels that of the Inadunata. 

Now camerate crinoids are very different from other 
crinoids. Early rapresentatives possess a polyplacate 
theca in which the proximal brachials are incorporated 
(Fig. 1f). The posterior is modified by anal plates different 
from those of other crinoids both in origin and modifica- 
tion. A rigid tegmen covers the mouth and food grooves 
which therefore pase into the theca at the bases of the free 
brachia. The first camerates therefore contrast stron gly 
with the contemporary pauciplacate Inadunata. Indeed, 
Jaekel'?:1® soparatec the Camerata as his Cladoidea, con- 
sidering that they srose independently from polyplacate 
eystoids. That carmerates are phylogenetically distinct 
from other crinoids 2annot be doubted. 

For the camerate-arm to produce a somasteroid ray, æ 
biserial condition mast have existed in the most proximal 
brachials to give tha mouth frame (Fig. 2). Because of 
the inclusion of fixsd ‘brachials’ in the cup, it can be 
asserted that this condition does not obtain in -any 
camerate crinoid. Even in later Palaeozoic camerates in 
which brachials may become free above the radials, the 
proximal brachials rəmain uniserial. i 

It is therefore con2luded that: 
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(1) The seeming homology of the apical systems of 
living sea-stars and crinoids, and the suggested homology 
of the pinnulate biserial crinoid arm and the somasteroid 
ray are plausible only if living forms are studied. If 
Palaeozoic echinoderms are considered neither interpreta- 
tion can be sustained. 

(2) Tho similarity of the apical systems of living sea- 
stars and crinoids is due to convergence, and no strict 
homology of the plates represented therein is possible. 
Arrangements of plates seen in living representatives of 
each group are demonstrably recent evolutionary develop- 
ments and havo no bearing on phyletic relationships. 

(3) Present understanding of the evolution of Palaeozoic 
erinoids prohibits the conclusion that somasteroids hold 
a phyletic position intermediate between crinoids and later 
sea-stars. Not only do somasteroids appear before crinoids 
in the fossil record, but early crinoids show a progressive 
evolution of the arm structure toward biserial pinnulate 
arms (necessary in a crinoid ancestor of the Somasteroidea) 
which were developed by the Carboniferous in the 
Inadunata, and by late Ordovician times in the Camerata 
(if they be properly regarded as crinoids). No camerate 
crinoid, however, shows biserial brachials immediately 
above the radials, a condition demanded by the hypothesis 
of the homology of the crinoid arm and the somasteroid 
ray. The supposed evolution of somasteroids from crinoids 
is opposed to the evidence of the fossil record, as is any 
other hypothesis involving their close phyletic relationship. 

What positive conclusion can be reached as to the 
origin of sea-stars and their relationship to other echino- 
derm classes ? The older view that asteroids were derived 
from edrioasteroids was based on the inferred homology 
of the plates of an open ambulacral groove in these classes. 
Spencer’s work on somasteroids'*, the first of the sea-stars, 
led him to reject this hypothesis. At present no worth- 
while alternative can be offered. Indeed, as our knowledge 
of early Palaeozoic echinoderms increases so any apparent 
relationship of the various eleutherozoan classes diminishes 
(except, perhaps, the echinoids and holothuroids). ‘The 
mutual relations of the free echinoderm groups are as 
obscure one to another as they are to the Pelmatozoa. 
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THE gist of Dr. Q. M. Philip’s article is that, in advocat 
ing the homology of the asterozoan and crinozoan calyx, 
I have neglected the historical development of the calycinal 
theory; have inferred the homology of the echinoid apical 
system with the calyx of crinoids in spite of the fact that 
such homology was disproved long ago by authors he cites; 
have similarly included the calcareous ring of holothurians 
in the inferred homology; have failed to account for the 
absence of a calyx from pre-Carboniferous ophiuroids, and 
from the Palaeozoic Hudsonasteridae; have failed to 
indicate the serious difficulty of deriving a somasteroid 
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from a crinozoan when no suitable crinoid is yet known 
from pre-Ordovician horizons; and have in general paid 
insufficient attention to fossils, the conclusions reached 
being plausible only when considered in the context of 
recent forms. 

I fear that Dr. Philip has not had access to all the 
literature included in his reference list, for he has unfor- 
tunately misconceived my views. 

The inference that ‘‘there is no real calyx at all in 
echinoids and holothurians’”, which is what Dr. Philip 
appears to be saying, is expressed in precisely those words 
in one of the papers he cites (ref. 1, p. 421); I cannot 
imagine why he omits my name from his list of authors 
who reached this view. 

His inclusion of the holothurian calcareous ring in his 
discussion of tho inadequacies of the calycinal theory seems 
pointless, since I have never advocated such a hypothesis 
as to its homology. He appears to be unaware of the 
recent publications in which the homology of this structure 
with the ambulacral oral skeleton of edrioasteroids 1s 
doduced?, and its relationship to the subsequent evolu- 
tionary trends of holothurians utilized in a taxonomic 
context’. 

In taxing me with failure to account for the absence of 
a calyx from pre-Carboniferous ophiuroids, he ignores my 
lengthy discussion of this topic (ref. I, pp. 416-421), 
where the conclusion is reached that ‘‘the late Palaeozoic 
Aganasteridae . . . have been wiongly interpreted as 
giving evidence of the late appearance of the calyx in 
phylogeny in ophiuroids”; and in particular he omits all 
reference to the published finding that calyx plates are 
transitory features in the embryonic stages in surviving 
members of archaic ophiuroid groups, the succeeding adult 
stages having a naked disk, and the consequential 
inference that this fact “gives the explanation of why we 
do not find a calyx in Palaeozoic fossil ophiuroids”’ (ref. 1, 
p. 420). Similarly, Dr. Philip’s remarks on Hudsonaster 
imply that he is producing this criticism de novo, com- 
pletely omitting to state that the Hudsonasteridae have 
been found to fall in a late (that is. post-astropectinid) 
grade of asteroid morphological differentiation (ref. 1, 
pp. 389, 391). He likewise ignores my published con- 
clusion (ref. 1, p. 392) that ‘The fossil] Hudsonasteridae ... 
are too specialised to have much relevance to the origin 
of asteroids”. 

The differences between somasteroids and crinoids listed 
by Dr. Philp are offered without any acknowledgment 
that these same differences, expressed in much. greater 
detail, have already been set out in the literature (ref. 1, 
pp. 411-422), and that a hypothesis was also deduced to 
account for the differences. 

Dr. Philip especially stresses the fact that no crinoid 
with suitable structural features is provided by the fossil 
record at a sufficiently low horizon for it to be considered. 
ancestral to somasteroids. I was, in fact, the first to stress 
this very difficulty (ref. 1, pp. 423-424); neither does he 
mention my plea that final judgment be withheld pending 
further investigation of Cambrian sediments, especially in 
the Indo-Pacific, nor does he indicate the cases to which I 
directed attention where subsequent finds have demon- 
strated the dangers of relying on the known geological 
time-ranges of groups in the face of morphological evidence 
to the contrary. The repeated recognition of so-called 
‘living fossils’ demonstrates how incomplete the geological 
record is at present. 

Dr. Philip’s claim that the suggested homologies are 
plausible only if living forms are considered is surely 
refuted by the mass of data, including much new data, on 
fossils included in the papers he cites. Except for new 
specimens not yet reported on, my paper was based on an 
examination of all known specimens of fossil somasteroid, 
not to mention many other fossils; and before publishing 
my conclusions I circulated them, and the data on which 
they rest, among palaeontologists in Europe and America 
known to be interested in the topic, and their valueble 
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opinions were individually acknowledged (ref. 1, p. 434); 
surely it cannot be said that relevant fossil evidence was 
ignored. 

Questions relating to the phylogeny of echinoderms, tho 
homologies of the calcareous ring, the calyx and the apical 
system of echinoids, and the origin and affinities of the 
asterozoans, are of broad interest to both zoologist and 
palaeontologist. They have prompted much international 
co-operation and co-ordination of research and publication 
over the past few years, as witness contributions now on 
point of issue from the Press‘-’. In addition, work is now 
actively in progress on Palaeozoic asterozoans and 
echinozoans at this University and, far from ignoring 
palaeontological evidence, our aim is to co-ordinate it 
with that yielded by the morphology of extant forms. 

Finally, I must protest at the incorrect use of diagrams 
taken from my paper? in Dr. Philip’s Fig. 1, which he 
captions “‘Calycinal systems of various echinoderms”. 
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The juxtaposition of echinoid apical systems with crinoid 

and asterozoan calyzes serves only to discount the alleged 

homology of all thes structures, a homology which I have 

never supported, and have in fact opposed, as stated here. 
S i H. BarracLouGH FELL 


Museum of Comparsetive Zoology, 
Harvard University. 


' Fell, H.B., Phil Trans. Foy. Soc., B, 246, 381 (1963). 
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NATURE OF THE NON-HAEM IRON IN FERREDOXIN AND RUBREDOXIN 


By Dr R. D. GILLARD, Dr. E. D. McKENZIE, Pror. R. MASON, S. G. MAYHEW*, 
Dr. J. L. PEEL* and J. E. STANGROOM 


Department of Chemistry and Agricultural Research Council Unit for Microbiology, Department of Microbiology, University of Sheffie Id 


HE name ‘ferredoxin’ was first introduced by Morten- 

son, Valentine and Carnahan! for a brown, non-haem, 
iron-containing protein of low redox potential which they 
isolated from Clostridium pasteurtanum and which was 
shown. to function as an electron carrier in that organism. 
Closely similar proteins have since been isolated from 
several other anaerobic bacteria. 

Tagawa and Arnon? showed that this bacterial ferre- 
doxin has several properties in common with & brown iron 
protein from plants (previously identified as haemoglobin- 
reducing factor? and ‘‘photosynthetic pyridine nucleotide 
reductase’’*) although there are marked differences in 
their electronic absorption spectra. They extended the 
use of the term ‘ferredoxin’ to include this plant substance. 
A brown pigment recently isolated from the photosynthe- 
tic bacterium Rhodopseudomonas palustris has an absorp- 
tion spectrum close to that of plant ferredoxin’. 

A red protein, observed to separate during the purifica- 
tion of ferredoxin from C. pasteurianum®", has recently 
been crystallized by Lovenberg and Sobel? and shown to 
contain non-haem iron. It was found to act as an electron 
carrier, but the absorption spectrum was different from 
those of bacterial and plant ferredoxins. The name 
‘rubredoxin’ was proposed. A protein which is identical 
in all properties so far examined has been isolated from 
Peptostreptococcus elsdenii by one of us (S. G. M.), while 
Wilder, Valentine and Akagi® prepared a protein with 
a similar absorption spectrum and electron carrier function 
from Clostridium thermosaccharolyticum. These last-men- 
tioned authors described their prodfict as a ‘ferredoxin’. 

In accordance with the predominant present practice, 
we shall, for convenience, refer to these three types of 
protein as ‘bacterial ferredoxin’, ‘plant ferredoxin’ and 
‘rubredoxin’, respective'y. This nomenclature is, however, 
recognized as having certain shortcomings. 

We now report the results of optical rotatory dispersion 
and other work on bacterial ferredoxin and a rubredoxin, 
which allow us to make some general comments on the 
nature of the non-haem iron atoms in these proteins. 

The ferredoxins from C. pasteurianum and P. elsdenii 
were prepared, with minor modifications, by the method of 
Mortenson’ from cell material provided by the Micro- 
biological Research Establishment, Porton. 


* Present address: Earlham Food Research Laboratory, Recreation Road, 
Norwich. 


Rubredoxin was prepared from P. elsdene by first 
following the procecure for ferredoxin and then eluting 
the rubredoxin from diethylaminoethylcellulose (DEAE) 
with 0-4 M éris-HCl tnffer of pH 8-0. Further purification 
was by chromatogrsphy on two successive columns of 
DEAE developed wish 0-15 M érts-HCl buffer of pH 7-6, 
containing sodium chloride (0-2 M). Ferredoxin from C. 
acidi-urict was given to us by J. C. Rabinowitz, and the 
plant ferredoxin, predared from parsley, was a gift from 
H. E. Davenport. All measurements used aqueous 
solutions of the proteins in 0-05 M érzs-HCl buffer of pH 
7:3-7-4. 

The electronic spectra. The rotatory dispersion spectra 
of the bacterial ferrocoxins from C. acid2-uricz, C. pasteur- 
ianum, and P. elsdezii are all extremely similar in the 
visible and near ultra-violet regions (Fig. 1). The absorp- 
tion spectra of these ferredoxins show a band centred at 
390 my with a long structureless tail extending into the 
visible region where 20 distinct absorption bands can be 
discerned’, but the op=ica] rotatory dispersion data indicate 
the presence of two optically active transitions centred 
at 490 mp and 570 ma, underlying this diffuse absorption 
tail. The signs of tke Cotton effects of these bands are 
negative (490 mu) and positive (570 my), respectively, in 
all three ferredoxins. Attempts to measure the circular 
dichroism of these bends have been unsuccessful as yet 
because of the high cptical densities of the protein solu- 
tions. The rotatory dispersion spectrum of rubredoxin 
from P. elsdenii is very similar to that of the bacterial 
ferredoxins; the electronic absorption spectrum of rubre- 
doxin actually shows resolution of the absorption bands 
at 490 mp and 370 ma, the presence of which in the bac- 
terial ferredoxin could only be deduced from their dis- 
persion curves. The Cotton effects are again negative 
(490 mu) and positive (570 mp) (Fig. 2). The optical 
rotatory dispersion spectrum of parsley ferredoxin is 
shown in Fig. 3; it is closely related to that reported by 
Ulmer and Vallee! fer spinach ferrecoxin but different 
from that of the bacterial ferredoxins and rubredoxin. 

These results suggest: 

(1) That the chromophores responsible for the visible and 
near ultra-violet absorbtion spectra of rubredoxin and bac- 
terial ferredoxin are ir similar asymmevric environments. 

(2) That the bondirg of the iron in plant ferredoxin is 
entirely different from that in bacterial ferredoxin and 
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rubredoxin. If the nature of the iron atom be regarded as 
critical in deciding the scope of the term ‘ferredoxin’, it 
should clearly include rubredoxin but exclude plant 
ferredoxin. 

(3) That, since the absorption and rotatory dispersion 
data for the bacterial ferredoxin and rubredoxin are 
unrelated to those which have been previously reported 
for other non-haem iron proteins (for example, ref. 10), 
the nature of the metal-ligand bonds in the bacterial 
ferredoxin and rubredoxin systems is so far unique. 

A quantitative consideration of the Cotton effects in 
bacterial ferredoxin and rubredoxin provides further useful 
information. The relative magnitudes of the Cotton 
effects allow the characterization of the various electronic 
transitions. The most strongly optically active bands 
in the spectrum are centred at 570 my and 490-500 mu, 
which suggests that they are magnetic-dipole-allowed 
transitions of the ligand-field type; the absorption band at 
390 my shows a much weaker Cotton effect, and may 
well arise from a charge-transfer type of transition, pre- 
sumably involving the iron and the sulphur ligands. 
The amplitude of the Cotton effect from the trough at 
530 mu to the peak at 470 mu for a given concentration of 
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(solutions of optical density 0-2 at 500 mz in 1-em cells were measured in 
l-cm polarimetric cells), —, C. andi-uner; - ---, C. pasteurnanum, 
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persion of enzymatically reduced rubredoxin (the curve for chemically 

reduced protein coincides). (At wave-lengths below 350 my, the scale 

denoting rotation is five times reduced), ----, rotatory dispersion of 
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material provides a quantitative physical characteristic 
which may be useful in characterizing and assaying 
bacterial feriedoxins and rubrédoxin. 

Reduction of ferredoxin and rubredoxin. Support for the 
assignment of the transitions at 565, 490 and 390 mu to 
iron-sulphur chromophores is provided by observations 
on. the behaviour of both rubredoxin and bacterial ferre- 
doxins on reduction. Reduction by dithionite ions leads 
to the loss of the absorption bands and of the Cotton effects 
in the visible and near ultra-violet region. A new Cotton 
effect appears at 320 mu. Identical changes were observed 
when the reduction was carried out enzymatically, using 
hydrogen with a small amount of a ferredoxin-free pre- 
paration from P. elsdenii as a source of hydrogenase. 
Illustrative data are given in Fig. 4. On shaking the 
reduced preparations in air, the optical rotatory dispersion 
spectra of the original oxidized species were regenerated. 
These observations indicate that the changes in the 
chromophores resulting from chemical and enzymatic 
reduction are identical and are the same for all three 
bacterial ferredoxins and rubredoxin. They also add 
strong support to previous evidence that the iron atoms in 


these proteins are intimately involved in their enzymatic 
activity. 
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The optical rotatory dispersion spectrum of the oxidized 
ferredoxin from C. acidi-urict is unchanged following the 
addition, of the metal-chelating agents, «,«’-bipyridyl 
and o-phenanthroline, no characteristic absorption at 
approximately 520 mu. of the trischelateferrous complexes 
appearing within 30 min. It is therefore clear that the 
iron is non-labile. On reduction, however, with dithionite 
ions, in the presence of «,«’-bipyridy]l, the rotatory dis- 
persion spectrum, in the visible region, of ferredoxin 
disappears and 1s replaced by that of reduced ferredoxin. 
These changes are accompanied by the appearance, within 
a few minutes, of the characteristic visible absorption 
band of the tris «,«’-bipyridyliron(IT) cation. It seems 
clear that reduction of the protein renders the iron 
labile, it being then accessible for bipyridyl substitution. 
It is noteworthy that apoferredoxin may be prepared 
from reduced ferredoxin by complexing the iron as a 
tris (a,«’-bipyridyl)iron(II) salt, which is later removed 
by dialysis, and that on treatment of the apoferre- 
doxin with ferrous iron, ferredoxin is reconstituted??. 
We find, from dialysis experiments with the ferredoxin 
of C. pasteurtanum, in the absence of bipyridyl, that a 
considerable part of the iron of the reduced ferredoxin may 
be removed by dialysis; this is not the case for the oxidized 
ferredoxin, where only a very small loss of iron was ob- 
served in dialysis. 

The tris (a,«’-bipyridyl)iron(II) cation produced when 
bacterial ferredoxin or rubredoxin is reduced by dithion- 
ite ions in the presence of bipyridyl is optically inactive. 
In general, the substitution of a transition metal ion in an 
asymmetric site leads to the production of one enantiomer 
of any resolvable product in marked excess over the other. 
The lack of optical activity in the twrisbipyridyl iron(II) 
cation formed from reduced bacterial ferredoxin and 
rubredoxin implies that the complexable iron in the 
reduced species is in a site of low asymmetry, and that 
the highly asymmetric environment of the iron in oxidized 
ferredoxin, evidenced by its rotatory dispersion spectrum, 
is changed on reduction. 

This alteration in the environment of the iron atom 
when bacterial ferredoxin is reduced is also clear from the 
changes in rotatory dispersion which occur. In other 
redox systems involving asymmetric iron chromophores, 
if the asymmetry about the iron atom remains unchanged, 
the Cotton effects of the oxidized and reduced states are 
of the same order of magnitude. For example, the 
resolved tis a,«’-bipyridyl iron(II) cation shows a series 
of Cotton effects ın the visible region; the tris «,«’-bipyridy] 
iron(IIT) cation formed from it by oxidation shows differ- 
ent Cotton effects in the visible spectrum. Since only 
one electron transfer is involved in this oxidation, the 
helical environments about the iron atoms are the same 
in the reduced and oxidized states, the asymmetry of the 
iron chromophores is similar, and the order of magnitude 
of the Cotton effects is the same for the complexes of 
iron (Il) and iron(IIT). 

Behaviour in urea solutions. The asymmetry in the 
environment of the iron atoms in oxidized bacterial 
ferredoxin. does not appear to depend on the secondary 
or tertiary structure of the protein. In the presence of 
8 M urea, the absorption spectrum and optical rotatory 
dispersion in the visible region of oxidized ferredoxin 
from C. acidi-urici are initially no different from those in 
water (Fig. 1). However, in solutions of urea and a,«’- 
bipyridyl, the complex tris(o,«’-bipyridyl)iron(I1) cation 
is formed quite readily from oxidized ferredoxin of C. 
acidi-urict and C. pasteurianum. The rate of formation of 
trusbipyridyl complex from C. acidi-urici ferredoxin has 
been followed spectrophotometrically, a first-order law 
being observed with k = 2-2 x 10-* sec- Clearly, the 
iron is not completely labilized in the presence of urea, 
since if it were, the formation of the trisbipyridyl complex 
would be instantaneous. Moreover, the trishipyridy] iron(IT) 
cation produced by the urea treatment is the optically 
active (--) [Fe(bipy),]*+, which must be produced through 
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a stereoselective stepwise reaction with the iron in a 
highly asymmetric site in the oxidized protein. The 
rotatory dispersion curve of the (—) [Fe(bipy)s]?* observed 
in this work is enentiomorphous with that of the less- 
soluble diastereoisamer (+) [Fe phen,] (+) antimony] 
tartrate. 

There is no discor-tinuity in the rate of formation of the 
trisbipyridyl complex in the experiments with urea, the 
electronic spectra and rotatory dispersion measurements 
showing the disappearance of the original visible absorp- 
tions in ferredoxin after approximately 2 h. Thus the 
iron atoms, which g-ve the ferredoxins their characteristic 
chromophore, appezr to be removed completely by this 
treatment. This suggests that either the iron atoms are 
all in kinetically equivalent sites or that in a polynuclear 
model!) a slow raterletermining reaction of the bipyridyl 
with the terminal iren atoms is followed by a fast reaction 
with the remaining ones. 

Blomstrom, Knight, Phillips and Weiher have proposed 
a model for the activ> site in ferredoxin, based on magrebic 
and Mossbauer effect measurements, which involves a 
linear array of seven iron atoms with bridging sulphur 
atoms!!. Ono esssntial feature of this model—the 
presence of ‘inorganic’ sulphide in the molecule—has 
recently been questicned by chemical evidence’*. (We have 
also found that metal complexes of cysteine and 1ts pep- 
tides evolve H.S on acidification of their solutions and 
that it is therefore likely that the ‘labile inorganic sulphur’ 
reported previously is derived from cysteine residues.) 
Since the rubredoxin from C. pasteurtanum probably 
contains two iron atoms per molecule (mol. wt. ~ 6,000), 
and will carry out some of the biological functions of 
ferredoxin®, there is no compelling reason to assume that 
all seven iron atoms in ferredoxin lie very close to one 
another. Indeed, X-ray crystallographic data for forre- 
doxin from C. acici-ureci at a resolution of ~3-:0 A 
appear to rule out such an arrangement. The amino- 
acid sequence in ferredoxin (C. pasteurianum)'* shows 
that there are two sets of cysteine residues in groups of 
four. A possible explanation for our work is that the two 
sets are brought together by the iron atoms in oxidized 
ferredoxin and are separated in the reduced molecule. 
Structure factor amplitudes calculated for a set of four 
irons in oxidized ferrsdoxin (C. acidi-urict) show a promis- 
ing agreement with the observed X-ray data. 

The present worl: also emphasizes the difficulty in 
assigning a formal oxidation state to the iron atom 
since it is evident that the iron may appear in either 
valence state in a wey which depends critically on experi- 
mental conditions. There exist intrasystem reduction 
and oxidation mechsnisms that have yet to be clarified. 

We thank the Agricultural Research Council for a 
maintenance grant tS. G. M.) and the Science Research 
Council for the award of a fellowship (J. E. S.), for finan- 
cial support (E. D. McK.), end also acknowledge other 
research grants. Ws thank Dr. H. E. Davenport, Dr. 
J. C. Rabinowitz and the Microbiological Research Estab- 
lishment for samples of the several ferredoxins and cell 
materials. 
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LETTERS TO THE EDITOR 


GEOPHYSICS 


Antimatter and Tree Rings 


RECENTLY, Cowan eż al.) discussed the interesting case 
of the Tunguska meteor—the event and its origin mainly 
in the context of release of a rather high energy of ~ 1074 
ergs on its impact. Various theories concerning its origin 
and the nature of the energy source were discussed (for 
example, asteroidal origin and energy from impact or 
nuclear reactions). They have shown that none of the 
theories can satisfactorily explain the amount of energy 
released during the impact. The authors have invoked 
the antimatter hypothesis and, as an experimental verifica- 
tion to this, have calculated the expected increase in the 
carbon-14/carbon-12 ratios in the atmosphere subsequent 
to the fall of the meteorite. Considering the total energy 
release, they obtained a value of 7 per cent for the expected 
increase in activity. Their measurements of the atmo- 
spheric carbon-14/carbon-12 ratios, based on annual 
rings of a 300-yr.-old tree, show a possible increase of 1 
per cent in the year 1909, leading them to the conclusion 
that probably 1/7th of the energy release in the Tunguska 
meteorite impact came from antimatter annihilation. 

It is the purpose of this communication to point out 
that the probability of such an interesting conclusion is 
unfortunately very much reduced if one considers the 
nature of secular variations of carbon-14/carbon-12 ratios 
in the atmosphere. It was Stuiver? who first pointed out 
that there existed a good inverse correlation, for the past 
1,300 yr. of record, between the solar activity and carbon- 
14/carbon-12 ratios in the atmosphere. (In what manner 
sunspot activity brings about this correlation is, however, 
not well understood as yet.) If we compare the solar 
activity and the observed carbon-14/carbon-12 ratio 
during 1870-1933, within the errors of measurements, we 
do find a fair anticorrelation between the sunspot activity 
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Fig. 1. Measured carbon-14 activity in tree rings (ref 1) and sunspot 
activity during the same period 
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and the carbon-14 deviations (see Fig. 1), there being 
some phase differences which are not unexpected because 
of time delays in interactions of relevance to the carbon- 
14/carbon-12 ratios, for example, air-biosphere and air-sea 
exchange. 

Thus, it is clear that if one takes into account the nature 
of secular variations of carbon-14/carbon-12 ratios in the 
atmosphere, it becomes difficult to reach any conclusions 
which may be of significance to a possible antimatter 
content of the Tunguska meteorite. 

V. S. VENKATAVARADAN 

Tata Institute of Fundamental Research, 

Colaba, Bombay-5. 


* Cowan, C., Atluri, C. R., and Libby, W. F., Nature, 206, 861 (1965). 
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PHYSICS 


Delayed Fluorescence from Organic Crystals 


DELAYED fluorescence lifetimes and spectra have been 
observed from crystals of naphthalene, anthracene, 
pyrene, 3,4-benzpyrene, t-stilbəne and p-terphenyl, 
using conventional techniques!. In each case a delayed 
fluorescence spectrum was observed with a resolution of 
8 um, the spectrum being identical with the prompt 
fluorescence spectrum. Precautions reported necessary 
for the observation of delayed fluorescence from micro- 
crystalline samples* were not found important in the 
present work, as the crystals used were at least 1 mm 
thick. 

A description of phosphorescence and delayed 
fluorescence in pure and mixed crystals has been obtained, 
based on a triplet—triplet annihilation process and assum- 
ing a uniform distribution of impurity traps throughout 
the host crystal*:4, This description predicts an extremely 
rapid triplet—triplet annihilation rate in pure crystals, or 
crystals containing a high concentration of impurity 
traps. Associated with such a rapid annihilation rate is a 
very short lfetime of delayed fluorescence, and, con- 
sequently, a vanishingly small efficiency of phosphorescence 
end delayed fluorescence when observed using normal 
msec time resolution techniques. 

In the present work, the triplet—triplet annihilation rate 
constant (y) has been calculated from delayed fluorescence 
measurements made on commercially available anthracene 
crystals. For times short compared with the triplet 
lifetime, the fluorescence signal (F) is given by’: 


F = 4Ay[nro/(1 + yqro)]? 


where A is an instrumental factor and qro the initial 
density of triplet states. From a plot of 1/4/F against t, 
the ratio of slope/intercept gives the quantity ynzo. 
Linear plots were obtained for each anthracene orysital, 
the results being similar to work reported previously for 
anthracene crystals®. For excitation times (tz} short 
compared with the triplet lifetime, the initial density of 
triplets is given by: 


nro = Qrtse I, 


Qr represents the efficiency of triplet formation, equal to 
one minus the prompt fluorescence efficiency’. This gives 
Qr = 0-35 for thick anthracene ecrystals®. e is the absorp - 
tion coefficient for the exciting light’. J, is the exciting 
light intensity measured using a thermopile. 
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Table 1 7 - $ 


Delayed fluorescence decay time 


Crystal 


Prompt fluorescence 
thickness 


decay time 


28 x 10-* sec 
2 


Table 1 shows values of the exponential decay times for 
delayed fluorescence from anthracene: (l) for surface 
excitation of the crystal using light of wave-length 365 nm; 
(2) for volume excitation using weakly absorbed light of 
434-nm wave-length; (3) for excitation directly into the 
triplet (La) state using light of wave-length longer than 
500 nm. Graphically estimated values of Yro and the 
values thus calculated for y are also shown. These results 
were dorived from the volume excitation data (column 
{ii)) for each crystal. 

An additional value of y was obtained using an extremely 
pure zone refined sample of anthracene 4 mm thick. In 
this case, the value for y of 2:1 10-11 cm3/sec was similar 
to the values obtained from the unpurified samples. 

The mean of the values obtained for the triplet—triplet 
annihilation rate constant (y) of 1:6 10-4 cm/sec is in 
good agreement with previously reported values of from 
1:0 10-1 to 5-5 10-1! cm/sec (ref. 9), but is lower than a 
minimum value of about 10-° cm/sec, calculated from 
recent data on the diffusion coefficient for anthracene 
crystals?°. 

Observations have also been made of the delayed 
fluorescence from pure and impure samples of anthracene 
and naphthalene asa function of temperature. The relative 
intensity of delayed fluorescence (Ip) was measured as a 
function of the exciting light intensity (J o) for each crystal 
sample, Io being altered using a series of wire mesh light 
attenuators. 

Commercially available (impure) samples of naphthalene 
and anthracene at room temperature, showed Ip œŒ Io’ 
when excited with strongly absorbed light. The same 
result was obtained with excitation directly into the 
naphthalene and anthracene triplet levels. 

After prolonged zone refining under vacuum, however, 
pure crystals of anthracene and naphthalene exhibited a 
linear dependence (Ip œ Io) of delayed fluorescence with 
exciting light intensity (Table 2). Excitation of the pure 
crystals directly into the triplet state showed In œ Io? as 
found using the impure crystals. None of the pure crystals 
used in these measurements showed any phosphorescence 
at 77° K. 


Table 2 
Naphthalene Anthracene 
Temperature Lifetime Lifetime 
293° K 5210°sec Ipa Ip” 21107seo Ipa Io’ 
196° K 61 4, 5, Ip œ Ïo!’ 89 ,, » Ip « Io!’ 
77°K 5 n» 4, Ip «x Io 302,, 5, Ip œ Ig'* 


Both naphthalene and anthracene showed an increase 
in delayed fluorescence lifetime as the crystal temperature 
was reduced, and showed a change in the intensity 
dependence towards the impure crystal behaviour (where 
In œ Io). 

Observations of crystals of pyrene, 3,4-benzpyrene, 
t-stilbene and p-terphenyl as a function of crystal purity 
showed behaviour similar to naphthalene and anthracene. 
The lifetimes of delayed fluorescence increased as the 
crystal temperature was reduced. Attempts to increase 
the purity of the samples (by further zone refining) 
decreased the lifetime of delayed fluorescence in some 
cases to <0-1 msec, and produced a corresponding de- 
crease in efficiency of emission. 

These results show an increase in triplet lifetime and 
decrease in triplet—triplet annihilation rate associated with 
either a decrease in temperature or with the addition of 
impurity to a pure crystal. Nevertheless, a description of 





Y 


delayed emission frcm organic crystals ın terms of triplet— 
triplet annihilation alone does not appear to be sufficient, 
in view of both a linear and square intensity dependence 
being observed from a singlet and triplet excited pure 
crystal respectively. A previous report has shown also a 
linear dependence for delayed excimer fluorescence from 
pyrene crystal and solid solution!!. It seems likely, there- 
fore, that the storing of energy in singlet trapping states 
may act simultan3ously with the process of triplet 
annihilation, both these processes contributing to delayed 
emission from the crystal. 

We thank Dr. J. B. Birks for his advice. One of us 
(G. F. M.) also tharks the Science Research Council for 
the provision of a maintenance grant. 
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Transmission through a Tapered Quartz 
Tube in the Laser Near Field 


TEs concentratior. of laser light by the use of tapered 
dielectric tubes and rods has been discussed by Vogel’. 
The purpose of this cemmunication is to report the depend- 
ence of the transmission on the position of the tube in the 
laser near field. Ths laser near field pattern for circular 
apertures is a function of a*/2X, where a is the aperture 
radius, ìà is the wav3-length of the light (6328 A for the 
He-Ne laser used m this experiment), and X is the 
distance from the aperture*. In this case the laser beam 
was expanded, collimated, and passed through apertures 
with various known values of a. The quartz tube is 
shown in Fig. 1. 

Fig. 2 shows the per cent energy transmission through 
the tube as a function of a2/AX for various values of a. 
As expected, the transmission depended on a. Of more 
interest for the work recorded here is the fact that the 
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transmission appears to peak somewhere in the range 
2°5 <a?/AX <3-0. Similar behaviour has been noted for 
focusing with a mirror in the near field*. The trans- 
mission percentage could be increased by better choice 
of a, optimum taper design, appropriate optical coating, 
etc. It appears to be true, however, that the percentage 
transmission for a given tube depends on its position in 
the laser near field. 

I thank H. D. Jester, R. E. Carter and J. G. Cobb for 
their assistance. 
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Surface Charges on Arc Track Oxide Layers 


In experiments by us and by others}, with arcs driven by 
magnetic fields along non-refractory metal electrodes, it 
has been found that the arc velocity increases when the 
arc travels over the electrode surfaces a second and 
subsequent times, within a short time interval after the 
first run. Other experiments with a short arc rotating 


around annular electrodes? have shown that, above a ; 


certain gas pressure, the forward velocity was no longer 
limited by the time taken for the transfer of emitting sites 
along the cathode surface, as occurred with a single passage 
of the arc. In each case the time needed to set up new 
emitting sites has apparently been considerably reduced 
by the previous passage of the arc. If cold-cathode arc 
emission is due to the charging of oxide layers by positive 
ions®, then a possible cause of these results would be that 
some positive ions remain un-neutralized on cathode 
oxide layers for appreciable times. 

In order to investigate this possibility, cathode and 
anode tracks on various non-refractory metals have been 
examined by electrometer methods. Two methods were 
used in order to check whether their results were in 
agreement, as in fact they have proved to be. In the first, 
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the are track to be examined was formed on a rotating 
disk by arcing to a radial electrode, and driving the arc 
outwards across the disk and electrode by a magnetic 
field. The arc track thus formed passed periodically under 
& probe connected to the grid of an electrometer pentode, 
and the voltage across the valve was displayed on a 
cathode-ray oscilloscope. By this method it was possible 
to measure pulses occurring at each passage of the track 
under the probe within 8 msec of its formation, and then 
at any time thereafter. The Kelvin vibrating electrode 
method with the same electrometer and probe, and a thin 
strip electrode, was used to confirm the results. 

It has been found that on both cathode and anode 
tracks of all metals tested (aluminium, copper, brass and 
platinum) the polarity of the pulses has been that corre- 
sponding to negative charges on the tracks. After a rapid 
initial decay, the pulse height decreased relatively slowly 
and after 6 weeks was still about 25 per cent of the initial 
value. The p.d. between that of the are track and that of 
the surrounding metal surface was mainly in the range 
0-1-0-5 V within a few msec of the passage of the arc, and 
was generally somewhat lower on the anode than on the 
cathode, an exception being a high-current high-velocity 
arc on brass where the reverse was found. 

The pulses in the rotating disk method could arise from: 
(1) variation of capacitance between the probe tip and 
disk; (2) collection at the probe of electrons emitted from 
the track; (3) differences between the distribution of 
charge or the oxide thickness on the track and thet on the 
surrounding surface. The first possibility may be elimina- 
ted since surface measurements showed a small depression 
in the region of the arc track, which would tend to give 
rise to an extremely small positive pulse. 

Although there is the possibility of significant electron 
emission within a very short time of the establishment of 
the tracks, for various reasons it appears to be more likely 
that the voltages measured are differences in surface 
p.d. between the track and the rest of the surface, due to 
dipole layers on the oxide caused by adsorbed gas. They 
could arise because the oxide layer is thicker on the track 
than on the rest of the surface with both having the same 
negative-charge density, or because the oxide thicknesses 
are the same but the track offers more adsorption sites 
and the charge density there is greater, or there could be a 
combination of the two effects. 

No evidence has therefore been found of positive ions 
remaining un-neutralized on the surface oxide layers, 
although if they were responsible for emission from the 
cathode for a short time, their presence could be masked 
by emitted electrons and the negative dipole layer. The 
anode track p.d. suggests that oxide growth effects rather 
than positive ions are largely responsible for the results. 

Any association between the higher are velocities on 
second and subsequent runs and the negative dipole 
layers of the oxide will need further investigation. Sug- 
gestions that electron emission can occur from negative 
ions on oxide layers have reforred to oxide layers of about 
1000 A, and there is no evidence that if oxide thickness is 
increased on arc tracks it can reach this value. 

We thank the Science Research Council for a special 
grant supporting one of us (K. A. N.). We also thank col- 
leagues for advice. 
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METEOROLOGY -oE 
Determination of Cloud Altitudes from lrg s Sp s 
Gemini-Titan-5 = 


During the GT-5 manned spacecraft flight mission 
of August 21-29, 1965, an experiment to determine 
the cloud top altitude was performed. The instrument 
used in this experiment has been described by Saiedy 
et al... It is a compact grating spectrograph-camera 
which records simultaneously a photograph of the cloud 
and its spectrum from 7500 A to 7800 A. Fig. 1 shows a 
reproduction of one of the 26 observations obtained 
during the mission. This photograph-spectrogram was 
taken over a cloudy area in the inter-tropical convergence 
zone (ITC) at 12° 37’ N., 99° 10’ W., at 1944 : 02 G.C.T., 
August 25. 

The principle of deducing cloud-top heights from the 
absorption by the oxygen ‘A’ band has been discussed in 
detail by Wark and Mercer*. Briefly, it requires a meas- 
urement of the fractional transmittance at a suitable 
wave-length in this band; the transmittance is determined 
by the height of the cloud and the local zenith angles of 
the Sun and the observer. That is, the transmittance 
depends on the effective amount of oxygen in the optical 
path above the cloud. 

Fig. 2 shows microdensitometer traces of three spectra. 
The top trace is that of low stratus off Baja, California, at 
27° 35’ N., 119° 8’ W., at 1743 : 00 G.c.7., August 27. The 
second trace is taken from the spectrogram shown in 
Fig. 1. The third trace is that of an observation of tropi- 
cal storm “Doreen”, taken at 20° 8’ N., 129° 55’ W., at 
2120: 08 a.c.r., August 24. From the calibration of the 
film, the transmittances given in Table 1 at selected wave- 
lengths were deduced. The heights of the cloud tops, 
calculated from these transmittances and from the solar 
and observer angles, are also shown in Table 1. 

The results were compared with estimated heights for 
the stratus and with aircraft observations of ‘““Doreen” 





Fig. 1. Photograph and spectrogram taken from the QT-5 spacecraft. 
The spectrogram in the upper part shows the oxygen ‘A’ band near 
7600 A. The position of the spectrograph slit is outlined in the photo- 


graph below It may be noted that half of the slit is wider than the 
other in order that a proper exposure could be assured; the effect is 
apparent in the spectrogram 
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Fig. 2. Microdensitomete- traces of three spectra obtained by the 

GT-5 astronauts. The vercical dashed lines are at 7607 A and 7631 A, 

the wave-lengths at which the oxygen transmittances given in Table 1 
were calculated 


two days later; no verification is available as yet for the 
other observation. These preliminary results seem to 
confirm the most optimistic view of this technique for 
routine observations from unmanned spacecraft. 

Table 1. PRELIMINARY RESTLTS OF THREE GT-5 OBSERVATIONS OF CLOUD 


HEIGHT, DEDUCED FROM TRANSMITTANCES IN THE OXYGEN ‘A* BAND 
These represent clouds with low, medium and high tops 


Estimated Actual 
Date Time Clouc Transmittance pressure pressure 
(August (6.0.7.) idente 7607A 7631Å altitude altitude 
1965) ficatioa (mbar) (mbar) 
27 1743 : 00 Stratus — 0-31 980 960 
25 1944 : 02 LT.C. 0-39 — 440 — 
24 2120 : 08 “Doreen” 0-51 — 320 (350-220) 
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where R. is incoming radiation, r is the reflexion coeffi- 
cient for a vegetative surface, Rp is out-going long-wave 
radiation calculated from: 


Re = oT a : 0-56 ~ 0-09V eq! (1 — am) 


-s is the Stefan Boltzmann constant, eg is the actual vapour 
pressure and am is the fraction of sky covered by clouds 
„in tenths. 

Ha = aerodynamic term 0-0105(0-5 + 0-01 U) (ea~ea) 
U-=miles per day at 2 m height, ea is the saturation 
< vapour pressure of air at temperature Ta. y is the psy- 
! A is the gradient of saturation 
Vapour pressure against temperature curve at air tem- 
perature. 


_. The first and last terms in the equation are positive, 


and contribute positively to evaporation. The term Rp 
contributes negatively, which means there is condensation 
taking place due to long-wave radiation. This term 
assumes a significant role during the night when 


_ the incoming radiation is cut off. The evaporation 


-term then consists of two terms, one of which is negative 


-and hence there will in effect be a condensation process 


taking place. If the aerodynamic term remains unchanged 
_ during the night, it contributes to the evaporation 
< & magnitude which may result in the total being negative 
or positive. 

During the winter months on clear-sky days systematic 
moasurements have been made to find the surface soil 
moisture over Poona. It is found that there is a daily 


_ variation of soil moisture, reaching a minimum at the 


= maximum epoch of temperature and a maximum at the 
< Tanimum temperature epoch. Various explanations have 
been offered for this variation of moisture. One such 


a explanation is based on the fact that near the surface 


soil there is a reversal of the vapour pressure gradient at 
e - hight resulting in invisible condensation. 
It appears from Penman’s equation that both during 


day and night there is a process of condensation taking 
_ placo. near the surface of the Earth which in the day 

| zis completely outbalanced by the incoming short-wave 

= Fadiation, resulting in a net evaporation. In the absence 


of sunlight long-wave radiation plays a predominant 
This 


soils under identical meteorological conditions. 


7 13 19 25 31 87 43 49 
Standard weeks 


‘Fig. 1, Evaporation from an open water surface at Poona, estimated 
a according to Penman (ref. 1) 


M. Rama Rao 


Observatory, 
Poona, 5, 
India. 
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CHEMISTRY 


Diperoxodiethylenetriamminechromium(IV) 
I-hydrate : a New Chromium(IV) Peroxo 
Compound : 


DIPEROXOTRIAMMINECHROMIUM(LV), Cr(NH;)5(O,),, one 
of the more stable chromium compounds containing peroxo 
groups', has been known for many years*, and recently 
the X-ray crystal structures of this and other chromium 
peroxo compounds have been reported!:3-*, 

We have now prepared an analogous triamine contain- 
ing the tridentate ligand diethylenetriamine (NH,(CH,), 
NH(CH,),.NH, = dien) which crystallizes from water as 
the l-hydrate, [Cr(dien)(O,).|-H,O0. The compound was 
prepared by the dropwise addition of 15 ml. of 30 por cent 
hydrogen peroxide to a stirred solution of 5 g of sodium 
dichromate 2-hydrate, 10 ml. of water and 6 ml. of dien 
at 5°-10°. Effervescence occurred and an orange-brown 
coloured solution developed due to the formation of the 
Cr(OQ,), anion. The solution was kept at 15° for about 
two days, the colour slowly changing to lime green and 
olive-green crystals of [Cr(dien)(O,),]};H,O (eale.: Cr, 
21-92; C, 20-26; H, 6-37; N, 17-72. Found: Cr, 21-95; 
C, 20°51; H, 6-34; N, 17-80) were formed. These were 
collected by filtration and washed with methanol. 

The oxidizing power was measured by determining the -5 
amount of iodine liberated by the solid from acidified 
potassium iodide and also by treating the solid with excess 
permanganate solution, adding excess iron(II) ion and 
back-titrating with permanganate. The mean of three 
determinations gave a value of 2-48 moles of iodine per 
mole of diperoxo complex (theory = 2-50) and 2-95 
oxidation equivalents of permanganate per mole of | 
complex (theory = 3.00), supporting the chromium(IV) +A 
diperoxo assignment. , | 

The diperoxo complex is soluble in water to give a lime- 
green solution (Amax 610 mu (e = 386 M~ em“), © 
520 (41-5), 382 (460), 250 (5,400); Amin 570 (38-5), 485 
(38:8), 355 (415), 235 (4,880)) and both the aqueous sol 
tion and the solid appear to be stable for at least 24 h at 
room temperature in laboratory light, although bot 
decompose when warmed. The solid explodes when heated 
to 109°-110° (heating rate = 2°/min). We have found that 


ah 
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the corresponding water-insoluble aquoethylenediamine 
(NH,(CH.).NH, = en) analogue®®, [Cr(en)(O.).(OH,)}-H,0, 
explodes at 96-97°. 

The infra-red spectrum (Nujol mull; Perkin-Elmer 
model 421) of the new solid shows a strong sharp doublet 
at 885 and 870 cm- which is assigned to the —O—O— 
stretching frequency’-!*, and the absence of a strong 
band in the 930 cm- region indicates the absence of 
Cr=O bonding. 

Thus there seems little doubt that this stable chromium 
peroxo compound belongs to Type I of Stomberg’s classi- 
fication! (with a geometry probably that of a pentagonal 
bipyramid, the peroxo oxygen atoms probably being 
coplanar with the central nitrogen atom of the dien ligand 
and with the central chromium atom), and that the formal 
oxidation state of the chromium is +4. 

This work was supported by the U.S. Atomic Energy 
Commission under contract AT(11-1)-34, project 12. 
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Infra-red Spectra of Quaternary Ammonium 
Compounds adsorbed on Silica-gel ‘Aerosil’ 


WE have examined by infra-red spectrophotometry the 
reaction of alkyl trimethyl ammonium bromides of chain- 
length 4-20 with silica surfaces. For these investigations 
10-3 M solutions of the ammonium compounds were 
added to ‘Aerosil’ powder, which had been conditioned by 
hydration in water at 100° C for 4 h, dried and ignited at 
700° C for 72 h, rehydrated as before and finally dried at 
120° C. Hockey? has shown that this treatment gives a sur- 
face containing 4:6 surface silanol groups per 100 A’. Since 
optimum adsorption was found to occur within the pH 
range 6-6-8-5, the suspension was adjusted to pH 7 by the 
addition of 10-? M sodium hydroxide solution. After 2 h 
the silica plus adsorbate was centrifuged out, dried at 
120° C, then pressed into a coherent wafer containing 
10-15 mg sample per cm? in a die at 12,000 Ib/in.? for 5 min, 
The wafer was placed in a gas cell, evacuated at a pressure 
of 10-5 mm of mercury for 4 h, and the infra-red spectrum 
recorded on a Perkin-Elmer 237 double-beam instrument. 

Curve B for hexadecyl trimethyl ammonium bromide 
(CH,(CH,),,N+(CH,),Br-) in Fig. 1 is typical of the spec- 
trum obtained for a whole range of compounds. On wash- 
ing the samples with water, the spectra of the compounds 
of chain-length <6 revert to that of the original “Aerosil’ 
(curve A, Fig. 1). For compounds of chain-length 7—20 
the spectra are not greatly affected by washing, showing 
that the compounds are strongly bonded to the silica 
surface. The particular features of the spectra of the treated 
silica are the absence of the band at 3,750 cm-!, which in 
untreated silica is ascribed to free surface silanol groups, 
and the formation of a new broad band at 3,240 cm-. 
(The band at about 2,900cm- is from the normal 
methylene stretching vibrations of the adsorbed mole- 
cules.) 

Previous workers®* have postulated a mechanism of 
attachment for dodecyl trimethyl ammonium bromide 
from aqueous solutions on silica via cation exchange with 
surface silanol groups. The present findings do not accord 
with this since the replacement of the sharp 3,750 cm-t 
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band by one at 3,210 cm“ is indicative of hydroxy} 
stretching vibrations :n which the normal O—-H band has 
been weakened. On this basis we postulate as a working 
model the structure: 


R(CH, N H 
NS Fa 
N Z 
N, Pag 
\ Pa 
|. 
—Si—O—S1 


The complete disappearance of the 3,750 cm- band suggests 
that all the surface silanol groups are influenced similarly ; 
but it is not clear from the present evidence whether one 
quaternary ammonium group is able to react with more 
than one surface silenol group. Also the possible role of 
the bromine anion s not elucidated and studies are in 
hand to check both these points. 

General support for this hypothesis is obtamed by 
deuterium oxide exchange. Curve A of Fig. 2 shows the 
infra-red spectrum >f hydrated ‘Aerosil’ after exposure 
to deuterium oxide ~apour. The 3,750 cm~! band ascribed 
to —OH stretching :s replaced by a similar shaped —-OD 
stretching band at 2,780 em-?. Likewise curve B for 
deuterated ‘Aerosil™ treated with hexadecyl trimethyl 
ammonium bromide shows that the -‘modified’ OH band 
at 3,240 cm~ (see curve B, Fig. 1) is shifted to 2,410 em-} 
as expected from simple mass considerations—while the 
methylene stretching band at about 2,900 cm~ is unaltered 
as no exchange has Sccurred. 

Finally, we wish so comment on the absorption bands 
observed at 1,640 crm-!, which has been a matter of conten- 
tion among many workers, and at 3,660 cm-!. Thompson’ 
has examined the efect of increase in temperature on the 
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Fig. 1. Comparison of infra-red spectra of ‘Aerosil’ silica. A, Hydrated 
to a surface concentratzon of 4-6 silanol groups per 100 A; B, as before but 
treated with 10 M Lexadecyl trimethyl ammonium bromide at pH 7 
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Fig. 2. Comparison cf infra-red spectra of ‘Aerosl!’ silica. A, Hydrated 

to a surface concentration of 4-6 silanol groups per 100 A followed by 

reaction with deuterium oxide vapour; B, as before but treated with 10-? 
M hexadecyl trimethyl ammonium bromide at pH 7 
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1,640 cm~ band and showed that at 150° C, and ata pressure 
of 3 x 10-5 mm of mercury, the spectrum showed an 
absorption apparently equivalent to the background 
absorption for annealed silica; similar high-temperature 
treatment has also been found necessary completely to 
remove the band at 3,660 cm-!. We have compared the 
spectra of untreated, treated and deuterated silica with 
ordinate expansion in some cases, and have observed that 
both the small residual band at 3,660 cm-! (seen clearly 
in Fig. 2) and the band at 1,640 cm~ (sharply defined in 
all spectra) are completely unaffected by the deuterium 
exchange. Although some contribution to the 1,640 em-! 
band 1s undoubtedly due to the harmonic of the SiO 
vibration, we propose from this evidence that both bands 
are associated with hydroxyl groups ‘trapped’ within 
capillaries or cracks and, therefore, unable to react either 
with quaternary ammonium compounds or with deuterium 
oxide. 
We thank Dr. J. A. Hockey for his advice. 
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Inhibition of Corrosion of Copper in Chromic 
Acid 

CORROSION of copper is inhibited in 0-1 N chromic 
acid of pH 1-6, a loss of 10 mg/dm? and no change in 
appearance is observed after four weeks’ immersion. On 
the other hand, corrosion is significant in sulphuric acid 
of this pH, and a loss of 150 mg/dm? is recorded after an 
identical period of immersion. This communication 
describes experiments designed to obtain a fuller under- 
standing of the mechanism by which chromate inhibits 
the corrosion of copper. 

(1) Measurements of electrode potential and film 
thickness were made on copper chemically polished and 
left for 3 days in a desiccator over calcium chloride. As 
shown by the electrometric reduction technique devised 
earlier!, specimens treated in this way are covered by a film 
made up of 14 A of cuprous oxide and an unidentifiable 
mixture of copper salts requiring 0:25 mC/cem? for reduc- 
tion. 

The results in Table 1 were obtained. These show that 
the protective power of the oxide film in copper is less in 
sulphuric acid than in chromic acid. 


Table 1 
(a) Electrode potential measurements (hydrogen scale) 
(i) Copper in 0-1 N sulphuric acid 


On immersion +018 Y 

After 43 h +020 V 
(il) Copper in 0 1 N chromic acid 

On immersion +0°65 V 

After 43 h +068 Y 


(b) Oxide film thickness (calculated from a -c bridge measurements at 2,000 
c/s using a dielectric constant of 10 5 for cuprous oxide (ref. 2), 


(i) In 0-1 N sulphuric acid the apparent film thickness (or approximate 
thickness of the coherent section of the oxide film adjacent to the 


metal surface) decreased from 8 0 A on immersion to <5 0 A after 


43 h. 


(i1) In 0-1, N chromic acid the apparent film thickness increased from 
22 A on immersion to 32 A after 43 h. 


(2) An electrometric technique! was used to measure 
film thicknesses on copper which had been stored three 
days in a desiccator after a treatment comprising chemical 
polishing? followed by electrochemical reduction of the 
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oxide. The cuprous oxide film on the copper surface was 
Z 3-0 A immediately after this treatment, which increased 
to 6-0 A after three days in the desiccator and to 16-0 A after 
a further 43 h. Specrmens were immersed in, test solutions 
after three days in a desiccator, and left in the solution 
for 43 b. On removal from the test solution, these speci- 
mens were washed with distilled water, rinsed in acetone, 
and placed in the electrometric cell. The specimens were 
afterwards immersed in deaerated solution and the nature 
and thickness of the oxide film were determined (Table 2). 


Table 2 
(a) In 0-1 N sulphuric acid, the cuprous oxide film after 43 h immersion was 
38 A thick. 


(b) In01 N chromic acid, the film after 43 h immersion was 17 A thick and 
no evidence of irreversible adsorption of chromate was obtained. 


The results showed the total film thickness to be greater 
after immersion in sulphuric acid than in chromic acid; 
however, a.-c. bridge measurements indicated that the 
film thickness decreased in the former solution. Thus it 
is evident that the film formed in sulphuric acid is porous, 
and the a.-c. bridge measurements give an indication of the 
thickness of the coherent or non-porous section of the oxide 
film. 

(3) Measurements of rates of solution of copper from 
bulk oxide, and oxide-covered copper, were compared 
and the results are shown in Table 3. Although the 
anion did not have any significant effect on the rate of 
solution of bulk oxide, the rate of solution. of oxide from 
the metal surface was markedly decreased in chromic acid. 


Table 3 
1 min ih 24h 
Concentration of copper, g.ion/I. dissolved 
from bulk cuprous oxide in 0-1 N H.S0O, — 4 x 10-2? 7x10- 
Concentration of copper, g.ion/l. dissolved 
from bulk cuprous oxide in 0'1 N H,Cro, — 10 6x 10-8 
Concentration of copper, g.ion dissolved 
from 90 cm? in 0-1 N H.SO, 31x10 1-3x10-4 10-3 
Concentration of copper, g.ion dissolved 
from 90 cm? copper in 0:1 N H;Cro, 38:5 x 10-5 43x10 64x10- 


These three sets of experiments show that the effect of 
chromate on copper is to lower the chemical reactivity 
of the oxide film. The electrometric investigations of 
copper which had been immersed in chromate solution 
revealed no evidence of significent irreversible adsorption 
of chromate. However, when copper was immersed in 
chromic acid with a ratio of 2-2 ml. solution to 1 cm? of 
metal surface for 1 h, the oxide film stripped from the 
metal in a mixture of 10 ml. concentrated hydrochloric 
acid and 10 ml. 1:10 hydrogen peroxide made up to 
100 ml. with washings from the specimen and the solution 
analysed, 2:5 x 10-5 g.ion of chromium was present. 
These results indicate that chromic ions formed by local 
electrochemical action had entered the oxide lattice to 
form a mixed cuprous chromic oxide having a lower 
chemical activity than the bulk cuprous oxide. It is 
considered that lowering the chemical activity of the 
oxide film is the major factor in inhibiting the corrosion 
of copper in chromic acid. 
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Effect of Environment on the Orientation of 
the Nitrate lons in Crystals 


A ROTATIONAL or orientational disorder at room 
temperature in the arrangement of the nitrate ions has 
been observed in the crystalline lattices of a number of 
co-ordination compounds?-’, although no one has so far 
offered any explanation for this phenomenon. The factors 
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which are known to influence the arrange- 
ment of any 1onic group 1n a crystal are the 
symmetry, the size, and the moment of 
inertia of the group in question, as well as 

the nature of packing of various cations and 
anions. In some cases the charge on the 
complex cation is completely shielded by 
neutral groups which surround it, and so y 
the electrostatic interaction with the 
anionic group is very weak. The net 
result is that the anion exhibits free rota- 
tion. An example of this is provided by 
the crystal structure of silver perchlorate 
dioxane complex’ in which the perchlorate 
1on exhibits free rotation. 

The factor which has not been considered 
so far is the influence the nature of the en- 
vironment has on the orientation of 
the nitrate ion. The orientation of the 
nitrate ion (or any other ionic group) in a particular 
position is effected by those atoms of the surrounding 
cationic groups, which have a close approach to this 
group. In all compounds in which the orientation of the 
nitrate ion is ordered, the symmetry of the environment 
matches with the symmetry of the nitrate ion. For 
example, in tris-glycme nickel nitrate*, every oxygen of 
the nitrate ion has two hydrogen atoms as neighbours and 
they are arranged in such a manner that the symmetries 
of the nitrate ion and its environs match with each other 
(see Fig. 1). If the nitrate ion in this compound is forced 





Fıg. 1. Nitrate 1on and its environs in the crystal structure of tris-glycine 
nickel nitrate 
— 
a & Cc 
3 +3 
Fig. 2 


nitrate, showing 


ROI projection of the orata structure of bzs-dimethylglyoximinodiammuine cobalt 
the freely rotating nitrate ton and its environs 
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Fig. 3 Nitrate 10n and its environs 1n the crystal structure of bis-adipomitrilo copper nitrate 


to rotate, the neighbouring atoms of the environs, which 
exert an attractive Zorce on the oxygens of nitrate ion, 
keep this ion in fixec position. All such forces act in the 
same direction and sry to prevent the nitrate ion from 
exhibiting free rotat-on. 

In all compounds which are known to have disordered 
arrangement of the nitrate ions, the symmetry of the 
environment does net match with the symmetry of the 
nitrate group. In dimethylglyoximinodiammine cobalt 
nitrate!, the nitrate ion exhibits free rotation. The 
environment of this ion has approximately a four-fold 
symmetry (see Fig. 2). In an arrangement of this type, 
there are several possible positions for this arrangement of 
the nitrate ions whizh correspond to a minimum of the 
potential energy. Free rotation of this ion then becomes 
possible since the pctential barrier it has to overcome in 
order to rotate is small under these conditions. 

In the crystals o? bis-adiponitrilo copper(I) nitrate’, 
there is an infinie network of the complex ion 
[Cu(NC-CH,-CN,-CN.,-CH.-CN.)]n?+ and the nitrate ions 
are located in the geps of this network (see Fig. 3). The 
symmetry of the environment of the nitrate ion is four- 
fold. In this structurs, there are four possible arrangements 
of the nitrate ion wich correspond to a minimum of the 
potential energy. A 1 the four possibilities are present in 
equal proportions in the crystal structure, which then has 
an orientational disozder in the arrangement of the nitrate 
ions. 

The crystals of bis-glutaronitrilo copper(I) nitrate? 
consist of a network of [Cu(NC—CH,CH,—CH,—CN).], 
and the nitrate ion is located in the gaps of this network. 
The environment of the nitrate ion has a 
four-bld symmetry and so the nitrate ion 
exhib-ts orientational disorder (see Fig. 4). 

The crystal structure of trans-dichloro- 
bis-etaylenediammine cobalt(III) nitratet 
provides a striking example of the influence 
whick the environment has in producing 
disorcer in the arrangement of the nitrate 
ions tsee Fig. 5). The symmetry of the 
envirenment is two-fold, so that in 50 per 
cent of the unit cells the nitrate ions are 
neare? to the two carbon atoms of one com- 
plex cation and in the remaining cells they 
are coser to the two carbon atoms of the 
comp ex cation. Each of the two arrange- 
ments corresponds to a minimum of the 
potential energy. 

A. three-dimensiona] refinement of some 
of these structures is in progress so that 
precise information regarding the positions 
of the nitrate ions and their environs may be 
obtained in order to discuss the problem in @ 
quantitative manner. In conclusion, it can 
be stated that by choosing cations and 
anions of appropriate size, shape and sym- 
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Fig. 4. Nitrate ion and its environs in the crystal structure of dve-gluta- 
ronitrilo copper nitrate - 


Co 





Cl 


Fig. 5. Nitrate ion and its environs in the crystal structure of trans- 
dichloro d28s-ethylenediammine cobalt nitrate 


metry, compounds having either rotational or orienta- 
tional disorder can be made to order. 
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Ultrasonic Method of Determining the Critical 
Micelle Concentration of Surfactants 


SEVERAL methods! are available for measuring the 
critical micelle concentration in surfactant solutions. An 
examination of the models of the micelle structure shows 
that the major concept is that several micellar structures 
are possible and do exist. The formation of a micelle and 
each different type of its structure 1s looked on as that 
of a new phase. Hence we expected that an examination 
of ultrasonic velocity at different concentrations in the 
region of the critical micelle concentration should exhibit 
a discontinuity in the plot of velocity versus concentration. 
Sodium dodecyl sulphate at 40° C, cetyl trimethyl 
ammonium bromide at 35° C, potassium laurate at 35° C 
and tetrahydroanacardol ammonium monosulphonate at 
50° C have been examined. Results obtained are plotted 
in the graphs (Figs. 1—4). 

The solutions were made in conductivity water. The 
temperature was maintained using a circulating thermo- 
stat. Ultrasonic velocity measurements were made at 
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5 Mc/s using the Debye-Sears? method. The distances 
between successive diffraction fringes were measured 
using Hilger’s X-ray microphotometer L-486. 

From the graphs it is clear that each surfactant shows a 
reversal in the slope of the velocity versus concentration 
curve in the region of the critical micelle concentration— 
the values of the latter given in the literature agree with 
those shown in the graphs. 

In the region in which the ultrasonic velocity falls, the 
grouping of the surfactant dipoles seems to be occurring 
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Fig. 8. Cetyl trimethyl ammonium bromide (35° C) 
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Fig. 4. Potassium laurate (35° C) 


progressively through intermediate stages of association. 
The fall in ultrasonic velocity in the region of micelle 
formation may be explained on the basis of internal 
pressure given by the relation: 


eal (1) 


where T is absolute temperature, « and Br are coefficients 
of thermal expansion and volume compressibility respect- 
ively. At constant temperature, if « is assumed to vary 


little, the internal pressure x is proportional to n : 


T 


where Bp = my (2) 
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where y is the ratio of specific heats, u the ultrasonic 
velocity and p the density. Assuming p to vary very 
little in this region and y to be constant, the internal 
pressure varies as the square of the ultrasonic velocity. 
Hence in the region >f micelle formation there is a heavy 
fall in internal pressure which perhaps points to either an 
increase in the free volume” of the medium or a heavy fall 
in the electrostatic astractive forces or both. Subsequent 
increase in the ultrasonic velocity after the critical micelle 
concentration region may have to be explained as due to 
progressive increase n the electrostatic attractions, or by 
some mechanism by which the free volume in the medium 
decreases. 


Table 1 
Critical micelle concentration 
No. Substance Observed Literature Ref. 
(1) Tetrahydroanacardd 60-96 mg/l. 75-100 mg/l. 
ammonium monoeulphonate at 50° C at 50° C 
(2) Sodium dodecyl sulphate 71 Re 7 mM at 40 C 4 
a c 
(3) Potassium laurate 1°75-2-13 x 2°3-2-4 x 5 
7 10-7 M at 10-3? M at 
°C 25°8° C 
(4) Cetyl trimethyl ammonium O ee 94 mM 09 mM at 6 
bromide 5° C 25° C 


We thank Prof. K. 5. G. Doss, director of this Institute, 
for his advice. We abo thank Dr. A. B. Biswas, National 
Chemical Laboratory, Poona, for supplying the sur- 
factants investigated here. 
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Radiolysis of Sodium Tetrathionate Dihydrate 


As part of a study o7 the radiation chemistry of inorganic 
sulphur compounds some preliminary resul.s have been 
obtained for the radiclysis of solid Na.S,0,.2H.O. 

Sodium tetrathionate dihydrate was prepared by 
making 10dine to react with sodium thiosulphate?. It was 
purified by repeated Drecipitation from a warm aqueous 
solution by the addition of 95 per cent ethanol. Tests 
indicated that the desired salt had been obtained. The 
irradiation source was a y-cell 220 cobalt-60 irradiation 
unit supplied by Atomic Energy of Canada, Ltd. The 
dose rates were of the order of 1,200 rads/min. The 
samples, which were at a temperature of 25° + 5°C, were 
irradiated in the presence of air. Samples of the solid salt 
were irradiated for varying lengths of time and then 
dissolved in de-aerated triple-distilled water. The result- 
ing solutions were analysed for 80,7, S0; `, H.S and acid. 
Sulphite was found to de absent. The presence of colloidal 
sulphur was observed. The analytical methods used 
have been described alsewhere??. The amount of sub- 
stances oxidized by iadine was found by dissolving the 
samples in an excess of an aqueous solution of iodine and 
then back-titrating with a standard thiosulphate solution. 
In Table 1 are given tre yields, in moles of product/g of 
irradiated Na .S,0,.2FE,0, of the products for various 
absorbed doses. Electron spin resonance spectra were 
used to estimate the number of spins present in the 
irradiated samples. —tlectron spin concentrations were 
measured by graphical double integrations of the recorded 
spectra and comparson, through a substandard of 
y-irradiated barium cichloroacetate, with solutions of 
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Table 1 
Yield of products (umoles/g, Na,8,0,.2H,0) 
Absorbed Spins Oxidizable ‘ 
see Noe rari FA 
x peguyv H+ H,S 807 
x 10-6) of Ia) : 7 kas 
0 95 1°38 5:4 40 3°0 0-39 2-0 
1-90 2:5 99 6°4 5-3 0-50 — 
2 85 4-8 148 82 6-0 0 82 3:6 
3°80 5-2 178 108 68 1 02 55 
4°75 6-7 20:9 11:2 8-4 1-26 5d 
5:70 6°8 24°2 12°32 8-4 1-78 57 


diphenylpicrylhydrazyl in benzene. The results are 
included in Table 1. i 
Experiments using tetrathionate labelled with sulphur- 
35 were also made to determine the source of the sulphur 
which appeared in the H,S. Tho radioactivity of the H,S 
was determined by absorbing it in ‘hyamine hydroxide’ 
and then using a liquid scintillation counter?3. With 
Na,S,0,.2H,O prepared from Na,S,O, labelled in the 
‘outer’ sulphur position (the sulphur linked only to the 
central sulphur and not to oxygen), the results indicated 
that 98 por cent of the sulphur in the H,S originated from 
a labelled position. Presumably the labelled positions 
were the two central sulphur atoms of the chain of four 
sulphur atoms in the §,0, ion. The colloidal sulphur 
formed from the radiolysis of Na,S,0,.2H.,O labelled as 
already described here was found to be radioactive. 
Sodium thiosulphate labelled in the inner sulphur position 
(the central, oxygen-bonded sulphur atom) was also used 
to prepare Na,S,0,.2H,0, the labelled sulphur atoms were 
presumably the terminal ones of the chain of four sulphur 
atoms of the §,0,~ ion. The results indicated that 25 
per cent of the HS sulphur came from the labelled posi- 
tions, that is, from the oxygen-bonded sulphur atoms of 
the §,0,— ion. The reason for the discrepancy of the two 
sets of results is not known. Considering both sets of 
results, it appears that at least 75 per cent of the H,S 
sulphur comes from the two sulphur atoms in the centre 
of the chain of four sulphur atoms. ; 
The foregoing results are not sufficient to deduce a very 
complete mechanism for the radiolysis of Na,S,0,.2H,O: 
However, it doos seem possible to form some tentative 
conclusions concerning the mechanism. It appears 
likely that the two contral sulphur atoms of the tetra- 
thionate ion gave rise to the H.S and the colloidal sulphur 
produced, whereas the two outer, oxygen bonded, sulphur 
atoms gave rise to the thiosulphate and sulphate. The 
results indicate that approximately twice as many SO,” 
ions are produced as are 8,0,~ ions. Also the yield of 
SO,> ions is approximately equal to twice the yield of 
H.S plus the yield of acid, suggesting that the yield of H+ 
is approximately equal to the yield of SO,—. Tho following 
set of reactions is consistent with tho foregoing facts: 


8,0, ~— intermediate(s) (1) 
intermediate(s) + H,O > 2H+ + 8,0,- + S + SO; (2) 
intermediate(s) + 2H,0 —> 2H+ + H, + 28 + 250,= (3) 


The water in reactions (2) and (3) would include that 
present in the solid as water of crystallization as well 
as that used for dissolving the sample. The water of 
crystallization would also undergo radiolysis, the products 
of which could react either with 8,0,— ions or with the 
postulated intermediates. 

No very definite conclusions can be drawn as to the 
identification of the postulated intermediates. The 
number of spins observed is only approximately 10 per 
cent of the number of ions found, hence a large fraction 
of the intermediates must be other than free radicals. 
One possibility would be an excited 8,0, ion which could 
react with water according to reactions (2) or (3). Since 
reaction (2) requires the breaking of fewer sulphur- 
sulphur bonds than does reaction (3), it might be antici- 
pated that the former reaction would be more favoured 
than the latter. If reaction (2) occurred twice as fast as 
reaction (3), the observed yield of two SO,” ions for each 
S,0,~ ion would be explained. 
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It should be noted that reaction (2) results in a ratio of 
H+ to SO, which is twice that actually found. It may 
be, however, that not all the H+ produced is found since 
SO, is the anion of a weak acid and the phenolphthalein 
end-point may correspond to the formation of HS,0,-. 
If this were so, then the observed yield of H+ would be in 
agreement with reactions (1), (2) and (3). 

The foregoing tentative mechanism does not account 
for the formation of any H,S. The yield of H.S is less 
than 10 per cent of the yield of SO,” plus 8,0,-. It may 
be that in a small fraction of the reactions of the inter- 
mediates with water the central sulphur atoms acquire 
electrons and appear as S~ ions instead of neutral 8 atoms 
as in reactions (2) and (8). 

This work was supported by the National Research 
Council of Canada. 
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BIOCHEMISTRY 


Denaturation of Lactic Dehydrogenase 
Isozymes and its Clinical Application 


Ir is known that lactic dehydrogenase (LDH) can be 
inactivated by treatment with various protein denaturants, 
for example, urea and guanidine hydrochloride!?. In the 
denaturating process the tertiary structure of the enzyme 
is destroyed with the concomitant loss of enzymatic 
activity. There is evidence that fast-migrating isozyme 
(LDH), a predominant fraction in heart tissue, is less 
sensitive to these denaturating processes than the slower 
migrating isozymes®:4, The various isozymes are known 
to differ from each other in their amino-acid composition 
and this may play a central part in susceptibility to 
denaturation. 

We have compared the denaturating effect of urea and 
6-mercaptoethanol on pig heart LDH, and rabbit muscle 
LDH;. The effects of urea on human electrophoretically 
separated LDH, and LDH, isozymes as woll as on the 
LDH activity of human heart and liver homogenates 
were determined. The purpose of the work recorded here 
was to clarify the basis for developing a simple test which 
would be suitable for clinical detection of the LDH, 
isozyme. 

By means of a Beckman DB spoctrophotometer at 
340 mp (lightpath 10 mm), the LDH activity was 
measured in Sgrensen phosphate buffer (0-067 M) at 
pH 7-4 and in a water bath at a temperature of 25+0-1°C. 
The final concentrations were 2:5 x 10-4 M for pyruvate, 
3°3x 10-3 M for a-ketobutyrate, and 1-3x 10-4 M for 
NADH,. All determinations were made in duplicate. 

Denaturation of LDH, and LDH, isozymes was 
measured in various urea and B-mercaptoethanol concen- 
trations following the incubation of buffered enzyme- 
substrate solution for 10 min at 25° C; the reaction 
initiated by means of co-enzyme. Human LDH, and 
LDH, isozymes from pooled heart and liver homogenates 
were prepared by starch-gel electrophoresis modified on 
the basis of previous reports®:* using phosphate buffer at 
pH 7:0, from two autopsies about 24 h after death. 
Individual tissues were homogenized in Sørensen phos- 
phate buffer, pH 7-4, using a Biihler homogenizer. To 
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minimize the inactivation of the enzyme activity, these 
procedures were carried out immediately after the tissues 
were received, and with cooling during the treatment. 
After electrophoresis the plate was stored overnight at 
— 20° C. Separation of isozyme fractions (1 in. between 
each fraction) occurred within 6 h. To control the 
individual content of the various isozyme proportions, 
agar-gel electrophoresis was performed simultaneously 
with heart and liver homogenates. Crystalline pig heart 
LDH, and rabbit muscle LDH, were purchased from 
Boehringer and Soehne, Mannheim. 

As shown in Fig. 1, urea denaturates electrophoretically 
separated human LDH, to the extent of only about 25 per 
cent in the concentration used (1-5 M), but brings about 
denaturation of LDH, isozyme to the extent of 90 per 
cent when the test substrate was pyruvate. The denatura- 
tion of the LDH activity of human heart and liver 
homogenates is slightly greater when concentrations of 
urea of up to 1-5 M are used; 35 per cent for heart homo- 
genate and 90 per cent for liver at 1-5 M urea. At higher 
urea concentrations, the denaturation of heart homogenate 
exceeds that of LDH, isozyme, as can be seen by comparing 
Figs. 1 and 2. 

Using @ urea, concentration of 1-5 M, crystalline LDH, 
(pig heart) was found to bring about a 65 per cent 
denaturation, while the greatest difference in denaturation 
between crystalline LDH, and LDH, from various animals 
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Fig. 1. Percentage enzvmatic activity of human LDH, (©) and 

LDH; (@) isozymes separated by starch gel electrophoresis after nhibi- 

tion with urea at the indicated La a Pyruvate was used as 
substra 
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Fig.2. Percentage LDH activity of human heart and liver homogenates 
after inhibition with urea, pyruvate or a-ketobutyrate as substrate 
Heart and pyruvate (©), liver and pyaar (@), heart and a-keto- 


butyrate (A), and liver and a-ketobutyrate (A) 
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Fig. 8. The percentage 2nzymatic activity of crystalline pig heart 
LDH, and rabbit muscle LDH, 1sozymes after inhibition with urea, 


pyruvate or a-ketobutyra-e as substrate. LDH, and pyruvate (O), 
LDH, and pyruvate (@), LDH, and o-ketobutyrate (A), and LDH, 
anc a-ketobutyrate (A) 


was seen when a uree concentration of 1:25 M was used 
(Fig. 3). 

Human tissue homogenates tested against «-keto- 
butyrate showed a h:gher degree of denaturation than 
when pyruvate was ued as substrate (Fig. 2). The same 
was also observed wita crystalline isozymes (Fig. 3). 

The electrophoretieally separated human isozyme 
LDH,, consisting of monomers B (or H’), showed much 
greater resistance to urea denaturation than LDH,, 
consisting of monomers A (or M). The slightly greater 
denaturation of humar heart homogenate compared with 
the separated human LDH, is most probably due to the 
presence of a small amount of the slower migrating 
isozymes in the heart tissue. To ensure that electro- 
phoretically separated isozymes were not contaminated 
with other fractions zhey were checked by means of 


“agar electrophoresis. 


The denaturation of crystalline pig heart LDH, with 
1-5 M urea was found to be greater (45 per cent) than 
that of the non-crystalline human heart LDH,. This 
difference might depenc on the different degree of purifica- 
tion or on the differenc> in denaturation susceptibility in 
various species. 

The denaturation of LDH activity of the tissue homo- 
genates as well as of ths isozymes tested showed a greater 
denaturation against «ketobutyrate than against pyru- 
vate. So ıt would seem that pyruvate has a stabilizing 
effect on the enzyme m»lecule. This is probably because 
the active centre of the enzyme takes part in the main- 
tenance of the tertiary structure of enzyme molecule. It 
has also been observed zhat there is a greater competitive 
inhibition of LDH frastions by oxamate when «-keto- 
butyrate was used as substrate than when pyruvate was 
used’, Furthermore, the use of a-ketobutyrate as 
substrate does not makes possible such a clear differentia- 
tion between LDH, and LDH, as does pyruvate, and does 
not seem so suitable for clinical application. An even 
more similar denaturat.on was noted when B-mercapto- 
ethanol was used, with >yruvate as substrate, on crystal- 
line LDH, and LDH, tested (Fig. 4). 

It should be noted shat the enzymatic reaction was 
initiated by means of co-enzyme in order to avoid the 
formation of enzyme-cc-enzyme complex during the in- 
cubation. It has been suggested that the formation of this 
complex would have some effect on the denaturation with 
various denaturants® and with various co-enzymes®!°. In 
our preliminary investigations we also noted that NADH, 
may have some effect on the urea denaturation. 

We have also tested the denaturating effect of urea 
(1-5 M) on the LDH activity of added heart and liver 
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Fig. 4. Percentage enzymatic activity of crystalline pig heart LDH, 
(O) and rabbit muscle LDH, (@) isozymes after inhibition with 


-mercaptoethanol at the concentrations indicated. Pyruvate was used 
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homogenates in normal human serum in order to simulate 
more closely the situation which arises in myocardial 
infarction. In these experiments it was verified, by calcu- 
Jation on the base of data observed with homogenates 
alone, that the degree of denaturation by urea in the serum 
corresponded with that received. Our observations of 
denaturation with 1-5 M urea in the conditions described 
indicate that this technique would be useful for separating 
the monomers occurring preponderantly in the heart 
tissue from others for clinical purposes; certainly the test 
described is simple to carry out. 

After we had prepared our communication, Hardy 
(Nature, 206, 933; 1965) published work concerning the 
denaturation of LDH of human and liver homogenates by 
urea. The concentration used by him was higher (2-6 M). 
At this concentration our curves show nearly complete 
denaturation of all isozymes studied. This difference 
might well be due to the shorter incubation period used by 
him. Also the fact that the co-enzyme was added to the 
incubation solution may contribute to differences in the 
results. 
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Ultra-violet Spectroscopy in the Analysis of 
Chromatograms 


THE sensitivity of the normal human eye to light does 
not extend far below 400 muy. ` Nevertheless, ultra-violet- 
absorbing compounds appear as dark spots on paper 
chromatograms illuminated with ultra-violet light. This 
is due to absorption of the light before it can excite the 
finorescence of the paper, and constitutes one variety of 
quenching. Compounds which fluoresce in ultra-violet 
light will be detected on paper chromatograms if their 
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fluorescence exceeds that of the surrounding paper. The 
light sources commonly employed emit the morcury lines 
at 254 mu or 366 mu. In chromatograms of biological 
extracts the short-wave lamp detects principally the 
absorbing compounds and the long-wave lamp fluorescing 
compounds. Beyond this the method possesses little 
inherent specificity. Thus compounds such as cortisone, 
nicotinic acid, caffeine and uric acid (Amax 240, 260, 
273 and 292 mu respectively) all appear indistinguishable 
as dark spots under the short-wave lamp. Furthermore, 
for substances such as oestrogens, the absorption maximum 
(280 my) of which is very different from the 254 my 
emission of the handlamp, the method is relatively 
insensitive. A need therefcre exists for an instrument 
with which absorption and activation maxima can be 
rapidly determined on the paper. I have accordingly 
designed an ultra-violet spectroscope in which the ultra- 
violet light is shifted to the visible region by the fluores- 
cence of either the paper itself or a superimposed screen. 

The light source, an ‘Osram’ 450-W xenon arc, provides 
an ultra-violet continuum. After passing through a 
quartz prism monochromator (Schoeffel Instrument Co., 
Westwood, N.J.) with variable exit slit, the light emerges 
through a lẹ x Ë in. rectangular aperture as a 
slightly divergent beam which illuminates the chromato- 
gram. The latter is attached by spring clips to a frame, 
which can be moved manually in three planes, or by a 
motor in the direction of solvent flow only. A screen 
coated with a suitable phosphor can be placed in position 
over the illuminated portion of the chromatogram if 
desired. Among several phosphors examined, ZnSiO, : Mn 
and (Sr, Mg);(PO,),: Sn were found to be the most gener- 
ally useful. The former is slightly phosphorescent, but 
not excessively so. It provides a bright illumination over 
the range 230-295 myu and 330-400 mu. The latter exhibits 
a continuous though less intense fluorescence over the 
range 230-370 mu, and is therefore suitable for rapid, 
routine searching. To obtain linear wave-length drive 
the prism is rotated by means of a cam, which is attached 
to a digital counter. The optical arrangement is shown 
in Fig. 1, and the assembled apparatus in Fig. 2. 

In order to make a visual estimate of the absorption 
maximum of a compound on a chromatogram, the wave- 
length knob is rotated until the spot is darkest. The 
fluorescent screen may be needed to provide adequate 
background illumination. With certain compounds the 
maximum is best approached from higher wave-lengths, 
as the absorption does not always fall off as sharply below 
the maximum. It is desirable that the brightness of the 
paper or screen should remain constant while the wave- 
length of the incident light is varied. To accomplish this 
a second cam can be used to vary the slit width at different 
wave-lengths, so as to compensate for changes in the 
output of the xenon arc, the dispersion of the mono- 
chromator, and the spectral response of the paper or 
screen. phosphor. 
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Fig. 2. The assembled spectroscope 


If ‘Kodabromide F5’ or other suitable photographic 
paper? is placed in contact with the chromatogram, a 
record of absorbing or fluorescing? compounds can be 
obtained at any desired wave-length within the operating 
range of the instrument. If the entire strip is to be photo- 
graphed the rectangular aperture is replaced by a narrow 
slit, past which the paper is drawn either by hand or by 
means of a motor. Arnold ef al.* described a similar 
arrangement for photographing chromatograms, but they 
used a mercury source, which would only be suitable for 
observations at certain wave-lengths. 

For the determination of the activation spectrum of a 
fluorescent compound the screen is best avoided, as its 
fluorescence may mask that of the compound under 
study. The wave-length knob is rotated until maximal 
fluorescence is produced. The point at which this occurs 
will differ slightly from the true activation maximum of 
the compound, because the intensity of the light issuing 
from the monochromator increases with wave-length 
(unless the slit is automatically adjusted by means of a 
cam). However, a reasonable approximation can be 
made. 

Another application lies in the analysis of thin-layer 
chromatograms. For this purpose the addition of 10 per 
cent ZnSiO, : Mn to the solid phase converts the plate 
itself into a fluorescent screen. Better contrast is obtained 
with this technique than with the screen superimposed on 
a paper chromatogram, which absorbs a significant pro- 
portion of the incident light. It was found that quantities 
of oestrogens which were barely detectable under the 
254 mu handlamp could easily be seen with the spectro- 
scope set at 280 mu. 

The foregoing description has chiefly been concerned 
with the analysis of compounds on chromatograms. 
Analogous results can be obtained with compounds in 
solution in quartz cuvettes. To facilitate the observation 
of small changes in optical density a reference cell contain- 
ing the solvent alone is placed alongside the unknown 
solution. With the aid of the fluorescent sereen, absorp- 
tion maxima can be estimated in exactly the same way 
as on paper. For example, as little as 2 ug cortisol in 
1 ml. absolute ethanol] could be spectrally analysed; and 
the end-absorption of absolute ethanol was discernible 
below 220 my in comparison with a reference cell contain- 
ing water. 

The apparatus can be adapted for automatic scanning of 
chromatographic strips at a given wave-length, or for 
recording the absorption spectra of compounds on 
chromatograms. Modifications of existing spectrophoto- 
meters for such purposes have been described by others*~*. 
The principal advantage of the present technique is that 
it provides a tool of high sensitivity, permitting the 
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spectral characteristics of compounds to be studied 
visually. Furthermere, areas which appear only as 
streaks on conventmnal ultra-violet illumination can 
often be shown by spectroscopy to contain several discrete 
spots with different absorption or activation maxima. 
In this way, full advantage can be taken of the high 
resolving power of the paper or thin-layer chromatogram. 
These developments have been made possible by the 
availability of sufficiently intense sources emitting & 
continuous spectrum in the ultra-violet region. 

This work was supported by grants AM-5912 and 
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Accumulation and Incorporation of Amino- 
acid in Rat Intestine in vitro 


INVESTIGATIONS of she absorption of amino-acids from 
the intestinal tract have usually been concerned with a 
single amino-acid or, m some cases, simple mixtures of a 
few amino-acids’, Under physiological conditions, on 
the other hand, an initial stage in the assimilation of 
dietary proteins is the enzymatic liberation during 
digestion of a mixture composed of peptides and 18-20 
free amino-acids*. Because of the interactions between 
the amino-acids in competing for several relatively 
specific transfer mechanisms, the total rate of absorption 
of amino-acids from a mixture need not be closely related 
to the absorption rates of the same amino-acids when 
measured singly, but will depend on the composition of 
the mixture present in the intestinal lumen‘. There is 
also evidence that during absorption for 1 h of glycine 
in vitro and of protem hydrolysate in vivo® there is an 
incorporation of the absorbed amino-acids into the protein 
of rat intestinal musosal cells. This communication 
records an investigation of amino-acid transport and 
protein synthesis in rat intestine during absorption of an 
amino-acid mixture te vitro. 

Amino-acid transport was measured over 8 min as the 
entry of C-labelled amino-acids into the tissue water 
and proteins of rings of jejunum prepared from male 
albino rats ranging im weight from 260 to 300 g. The 
rings’ (2-5 mg dry weight) were incubated in 2-5 ml. of 
medium containing a mixture of 18 amino-acids giving a 
total amino-acid conceatration of 1-7 mM, and containing 
0-4 ue. of a “C-labelled protein hydrolysate (CFB 25’, 
Radiochemical Centre, Amersham). The incubations 
were terminated by he addition of an excess of an 
unlabelled casein hydrolysate and the rings rapidly 
removed from the medium, blotted, and transferred to 
3 ml. 0-5 M perchlorie acid at 0-5° C. The tissue was 
dispersed with a glass rod and the precipitated protein 
removed by centrifugation. An aliquot of the supernatant 
was counted to give a measure of the amount of labelled 
material in the perchloric acid extract. A correction was 
made for the carry-over of label from the medium by 
counting similar aliquots of perchloric acid extracts of 
rings incubated for 15 sec in a medium identical except 
for the presence of the excess of unlabelled casein 
hydrolysate. Apart frem this correction no attempt was 
made to allow for the extracellular space or for any 
non-absorbing tissne present in the rings. If such correc- 
tions were mado, the ratio of the concentration of amino- 
acids in the tissue fluid to that in the medium (T/M) 
would tend to increase when the ratio was greater than 1. 


z into protein, as well as ‘free’ amino-acids. 















oo To measure the amount of amino-acid incorporation, 


the precipitated protein was washed in perchloric acid, 
dissolved in N sodium hydroxide, and then reprecipitated. 
This process was repeated several times according to the 
method of Truman and Korner*, Both the acid and the 
base used in this procedure contained an excess of 
unlabelled casein hydrolysate. The precipitated protein 
was then extraeted with lipid solvents, dried with ether, 
dissolved in formic acid and finally transferred to a 
previously weighed planchet. After the sample was 
dried, the planchet was re-weighed and counted. 

In Table 1 the figures for transport show the total 
amount of amino-acid entering the rings during incubation 
and, therefore, includes both amino-acids incorporated 
nt The T/M 
values show the ratio of ‘free’ amino-acid (that is, the 
radioactivity in perchloric acid soluble form) in the 
ssue water to that in the medium at the end of the 
cubation. It is evident that mucosal tissue in vitro 
än accumulate amino-acids from a protein hydrolysate 
to give a value of T/M which is significantly greater than 1. 


-. However, the substitution of K+ for Nat in the incubation 
medium reduced the rate of transport to a low level and 


prevented accumulation. It seems significant to us that 
the only condition in which we failed to observe an 


accumulation of amino-acids was when the cation gradient 


between the cells and medium was abolished. In other 
similar experiments in which Nat was replaced by Lit 
or choline, T/M values significantly greater than 1 were 
obtained, Table 1 also indicates that in the presence 
of glucose neither anoxic conditions, 2,4-dinitrophenol 
{5% 10 M) nor oligomycin (10 ug ml.) prevented 
accumulation from taking place, and oligomycin actually 
mcreased the rate of transport. These findings suggest 
= that the energy for amino-acid transport is provided by 
= the movement of ions, and that these movements can be 
‘sustained by energy derived from glycolysis rather than 
-from oxidative phosphorylation. Thus it has previously 
been found that in the presence of glucose, the mucosal 
tissue K+ is maintained under anaerobic conditions’, 


Table 1. NET ACCUMULATION OF A MIXTURE OF AMINO-ACIDS IN RINGS OF 
Rat INTESTINE AFTER 8 MIN ABSORPTION. INCUBATION MEDIUM: 
HCO RINGER, 500 MG/100 ML. GLUCOSE 
Values are of means + S.E.M. (No. of observations) 

Predominant Net. amino-acid 
cation transport 
incubation Additions 10°" Mimg tissue T/M 
medinm dry weight 

Nat Neme 20-4 + 1:4 (10) 2°57 + 0-25 (10) 

Kt None 8-1+1°3 (6) 0-86 + 0-14 (6) 

Na 5 104 M PNP 22-2 + 2-9 (9) 2-50 + 0°30 (9) 

Nat 10 agimi, 527 + 2-7 (9) 3-72 + 0-31 (9) 
oligomycin 

Nat ‘Anaerobic’ 19-9 +1°9 (6) 2-26 + 0-28 (6) 
(average NO, 

7-5 torr) 


Fable 2. NET INCORPORATION OF A MIXTURE OF AMINO-ACIDS INTO THE 
PROTEIN OF RINGS OF RAT INTESTINE AFTER 8 MIN INCUBATION 


Values are of means + S.E.M. (No. of observations) 


Predominant Amino-acid incorporated 
eation into protein % 
incubation Additions 10 M/mg. tissue dry incorporation 
medium weight 
Nat None 2-31 + 0°84 (10) 11-2+1:3 (10) 
Ke None 6-64 + 0-028 (6) 9041-5 (6) 
Nat 5x10 M DNP 0-26 + 0-04 (9) 1:4+0°27 (9) 
Nat 10 agimi, 2-32 + 0-45 (9) 6-9 + 0-96 (9) 
oligomycin 
Nat ‘Anaerobic’ 0-13 + 6-03 (8) 0-7 + 0-2 (63 
{average pO, 
T5 torr 


| Table 2 shows, for the same experiments as those in 
Table 1, the amount of amino-acid incorporated in protein 

‘together with the percentage of the total amount of 
amino-acid entering the jejunal rings which is incor- 
porated in the protein. It is seen that of the amino- 
acids taken up by the tissue, a remarkably high 
proportion was incorporated into protein during the 8 min 
-incubation period. Although the substitution of K+ for 

Na* reduced the absolute extent of the incorporation, it 





did not change the percentage incorporation. The saw 
rough correspondence between changes in transport rat 
and changes in the extent of incorporation has been — 
noted over a range of different conditions. However, 
unlike transport, the incorporation of amino-acids into 
protein requires energy supplied by oxidative phosphoryl- 
ation, since dinitrophenol and anoxia virtually abolished 
incorporation. Olgomycin, at a concentration sufficient 
to slow the rate of oxygen uptake significantly, did not 
inhibit the amino-acid incorporation. 

We conelude that our findings are consistent with the 
view that the existence of a cation gradient between the 
mucosal fluid and the mucosal cells appears to be a 
necessary condition for the ‘active’ transport of amino- 
acids into these cells and that, in the presence of glucose, 
such a gradient can be maintained without the participa- 
tion of energy from aerobic sources. The processes under- 
lying the incorporation of amino-acids into the proteins 
of the absorbing cells, although dependent on the rate of 
transport of the amino-acids into the cells, have, in con- 
trast, an absolute requirement for energy derived from 
oxidative reactions. The fact that the incorporation of 
amino-acid is independent of the presence of oligomycin 
indicates that, as is the case for both ion accumulation!!! 
and amino-acid incorporation!?-4 in mitochondria, ATP 
may not be an obligatory intermediary in supply of 
energy for these processes. 
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Changes in Amino-nitrogen Content of Solutions 
of y-Keratose from Wool Keratin 


Numerous workers! have fractionated wool keratin 
after oxidation of disulphide bonds with performie or 
peracetic acids into three fractions, a, B and y-keratose 
($-keratose is insoluble in water, «-koratose is that fraction 
precipitating at pH 4 and y-keratose the remaining 
fraction}. While these fractions vary somewhat in the 
amounts of terminal amino-acids!, no comments have 
yet been made on any changes in constitution of the 
isolated fraction of y-keratose on re-dissolution in water. 
As an introduction to some work on the hydrolysis of 
y-keratose (prepared by the method of Corfield, Robson 
and Skinner*), the free amino-nitrogen value was determ- 
ined by reaction with nitrous acid, the method of Van 
Slyke*-*, and it was found that reproducible results were 
not obtained on samples until the solution had been 
standing for some time. Accordingly the determination 
of amino-nitrogen of y-keratose (10 mg/ml.) at 
various periods of time after dissolution was carried 
out and plotted as a function of time in acid (0-2 M 
potassium hydrogen phthalate buffer, pH 4), alkaline 
(0-2 M boric acid in 0-2 M potassium chloride buffer, 
PH 10), sait (0-2 M potassium chloride) and simple aqueous 
solution. The results are shown in Fig. 1. 
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- hydroxyapatite, Ca,,(PO,),(OH),, which is the major 
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Fig. 1. Amino-nitrogen of y-keratose. @, In water; O, in 0-2 M potassium 
chloride; ©, in buffer, pH 10, Q, in buffer, pH 4 


With the exception of y-keratose under acid conditions, 
the amino-nitrogen value rose to a steady value over a 
period of time, the time depending on the pH of the 
solution. Although apparently mstantaneous in acid 
solution, the equilibration time is longer in simple aqueous 
solution than in salt or alkaline solution. 

This effect was definitely not bacteriological decom- 
position, as deliberate introduction of non-sterile air on 
particular runs showed increased amino-nitrogen figures 
after a lag of about two days. 

Use of the biuret reaction’ indicated no peptide bond 
breakdown, as readings taken 20 min and 24 h after 
dissolution showed no statistical difference. [«]p is very 
sensitive to the configuration of the peptide chain’, but 
on, redissolution of y-keratose no significant changes in 
[a]p were observed. 

The reason for this change therefore remains unex- 
plained, but for further structural studies it would appear 
safer either to equilibrate the solution by standing or 
treating with acid at pH 4 before use. 

= R. 8. ASQUITH 
P. A. WATSON 
Department of Chemical Technology, 
Bradford Institute of Technology. 
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Binding of Tetracyclines to Bone 


TETRACYCLINE (I) (ref. 1) and its derivatives oxytetra- 
oycline, chlortetracycline and (1-pyrrolidinylmethyl)- 
tetracycline? are taken up in newly-formed bone after 
injection into the living organism, to form a zone that 
is intensely fluorescent under ultra-violet light. This 
reaction, which occurs wherever there is active deposition 
of new bone’, can be used for the detection of calcification. 
Because mineralized dead bone also takes up tetracycline 
on every surface (including, although to a lesser extent, 
the non-growing surfaces)‘, the reaction does not depend 
on the activity of living bone cells or on the integrity of 
the physical properties of the intercellular components. 
Instead, there appears to be a direct reaction between 
tetracycline and one or more inorganic components of 
the mineralized tissue, the most likely species being 


constituent of all such tissue®. A plausible suggestion as to 
the nature of the bording involved is now offered. 


OH 





Tetracyclines have well-defined metal-complexing 
abilities®, and spectra. evidence indicates that the phenolic 
B-diketone group attached to carbons 10, 11, and 12 is 
concerned in complex formation with calcium and other 
metal ions’. Howeve, if the attachment of tetracyclines 
to bone surfaces is through the calcium ions of the latter, 
the binding is much stronger than would be expected from 
the stability of the metal complexes in aqueous solution. 
For example, the stab_lity constant of the 1 : 1 magnesium- 
tetracycline complex® is only about 10%, and for electro- 
static reasons the cormesponding calcium complex should 
have a comparable, sr even smaller, stability constant. 
Present observations suggest that this relative weakness is 
more than offset by a particularly favourable stereo- 
chemistry of the hydroxyapatite crystal. 

Using the publishec*,® crystal structure data, models of 
several unit cells of hydroxyapatite have been constructed 
to a scale of 0-8 in. = 1 A. For this purpose, pointed 
1/8-in. diameter brass rods, carrying short pieces of plastic 
tubing to denote the positions of atoms, were inserted into 
the appropriate positicns of a grid drawn on a polyurethane 
baseboard. This secde was chosen to be the same as 
for the Courtauld atcmic models used in constructing a 
molecule of tetracycline of the correct? stereochemistry. 

When the tetracyclme molecule was placed edge-on to 
the hydroxyapatite ssructure (that is, perpendicular to 
the a,b plane), there was a close superposition of three 
oxygen atoms of the former on to three calcium ions of the 
latter, provided the tatracycline replaced two phosphate 
ions. The relevant calcium and phosphate ions are indi- 
cated in Fig. 1. ‘For the complete structure of 
hydroxyapatite, see re. 8.) These calcium ions fit, within 
about 0-1 A, the oxygen atoms (at least one of which is 
present as an anion) on C,, and C,,, and the oxygen of the 
carbamoyl group on C, while, at the same time, the struc- 
ture remains sufficiensly open to enable the insertion of 
any hydroxyl ions thet may be needed to maintain elec- 
trical neutrality. I svzgest that it is the ability to form 
bonds through all three positions concurrently and without 
steric strain that is responsible for the observed strong 
adhesion. of tetracyclires to bone surfaces. 

In the resulting complex the tetracycline molecule 
presents an essentially hydrophobic surface to its environ- 
ment, so that there wculd be little tendency for the com- 
plex to dissociate in acueous media. Also, the portion of 
the tetracycline molecule that is substituted in forming 
5-hydroxy- (terramycdn), 7-chloro- (aureomycin), 7- 
bromo-, and similar derivatives is remote from the binding 





Fig. 1. Projection of two urit cells of hydroxyapatite on the a,b plane, 
to show the locations of the calcium ions on which tetracycline can be 
fitted. Dimensions are (ref. 3) a=b =9 432 A, c (perpendicular to a and 
b)=6 881 A. The broken les enclose the phosphate groups that are 
displaced by the tetracyclins. Numbers indicate heights in terms of e 
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sites and hence exerts no direct steric effects. Fluorapatite 
is isomorphous with hydroxyapatite, and crystal 
dimensions!! are similar, so that the same type of tetra- 
cycline binding probably also occurs in fluorapatite. 
D. D. PERRIN 
Department of Medical Chemistry, 
John Curtin School of Medical Research, 
Australian National University, 
Canberra, Australia. 
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Determination of Nicotine in Smokers’ 
Urine by Gas Chromatography 


Tax highly controversial subject of the effects of 
smoking on health has been extensively investigated and 
reviewed in recent years’?. It has been reported that 
nicotine has an effect on the cardiovascular system. 
However, its relation to coronary disease is not fully 
understood. The absorption of nicotine as the result of 
smoking is dependent on a number of factors*. The 
quantitation of nicotine and its metabolites in the body 
fluids of smokers would be helpful for the investigation 
of the relation between nicotine exposure and heart 
disease. It should also give a more reliable estimate of 
the quantities of other tobacco smoke ingredients to 
which the body is exposed. This communication describes 
such a method. 

Corcoran has demonstrated‘ that nicotine is present in 
smokers’ urine. McKennis eż al.5 have found by isolation 
from urine that cotinine is the main metabolite of nicotine 
in human. 

Gas chromatography has been used by Quin to detect 
nicotine and related compounds in tobacco and in 
cigarette smoke. The presence of at least sixteen basic 
compounds was demonstrated. This technique has been 
used to quantitate nicotine in tobacco’. 

- The procedure used in the work recorded here is as 
follows: 5-ml. portions of 24-h urine collections (smokers 
or non-smokers) were adjusted to pH 1 with 6 M sulphuric 
acid and exhaustively extracted with methylene chloride. 
This removed neutral, phenolic and other acidic materials. 
The aqueous layer was adjusted to pH 11 with 50 per 
cent aqueous sodium hydroxide. The liberated nitrogen 
bases were then extracted immediately with methylene 
chloride and the aqueous layer discarded. The extract 
was then acidified with hydrochloric acid and evaporated 
to dryness with nitrogen. The residue was made alkaline 
with 3 pl. of 2 N aqueous sodium hydroxide to liberate 
the nitrogen bases and diluted with 200 ul. of acetonitrile. 
Aliquots of this solution (2-3 ul.) were injected into the 
gas chromatograph. To determine recoveries during the 
extraction procedure, nicotine randomly tritiated (specific 
activity 40 mc./mmole) was added to the urine. Re- 
coveries ranged from 60 to 95 per cent. 

A Glowall Corp. ‘Chromalab’ gas chromatograph 
equipped with a strontium-90/argon ionization detector 
was used. The column was a glass coil 12 ft. long and 
3-4 mm internal diameter arranged for on column liquid 
injection. It was packed with 14:5 per cent SH-30 
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silicone gum rubber on ‘Anakrom ABS’, 100-110 mesh. 
The column was kept at 200° and argon flow rates of 
10-20 ¢.c./min were used. The detector was operated at 
1,350 V. An internal standard (3-methyl, 3-phenyl 
piperidine) was added to the acetonitrile solution as a 
retention time reference. It also served for the purpose 
of quantitation using the peak height ratio method. 
(—) Nicotine was obtained commercially. (—) Cotinine 
was obtained from Dr. H. McKennis. (We thank him for 
this, and Unimed, Inc., for gifts of other metabolites.) 
Both substances showed single peaks on gas chromato- 
graphy. 

Fig. 1 shows the separation of (—) nicotine, (—) 
cotinine and the internal standard. A calibration curve 
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relating peak height ratio to weight ratio of nicotine to 
standard is shown in Fig. 2. The extract of a cigarette 
smoker’s urine gave the curve shown in Fig. 3. The 
nicotine and cotinine peaks were identified by their 
retention times and by their augmentation on addition 
of authentic nicotine and cotinine. This curve shows that 
the method is selective for nicotine and cotinine since no 
other compounds in the urine interfere. Comparison 
with a non-smoker’s urine confirms this (Fig. 3). The overall 
reproducibility of the method for nicotine was found to 
be + 14 per cent n = 4, P = 0-99. Analysis of non- 
smokers’ urine to which had been added known quantities 
of nicotine in the range 5-10 mg/l. showed overall 
recoveries of 80 and 92 per cent. Some preliminary 
results are shown in Table I. 
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Table 1. NICOTINE IN SMOKERS’ URINE 


Nicotine 
Subject Tobacco No. or excretion 
amount mg/day 
1 Cigarettes 4 <01 
2 a 10 0 27 
3 7 25 074 
4 a 27 1°37 
3 y 30 10-5 
3 es 31 5-46 
5 H 31 9-06 
6 Se 43 5:81 
7 Cigars 20 g <0-1 
8 j 55 g 8-50 
9 Pipe 20g 0'11 


The variation in nicotine excretion between individuals, 
tobacco forms and amount of tobacco consumed is prob- 
ably a reflexion of the smoking habits of the individual. 
Other factors which have been discussed in ref. 3 are 
probably important. 

This work was supported by a grant from the U.S. 
~ Council for Tobacco Research. 

Neat L. McNIvEN 
KANAYA H. RAISTNGHANI 
SANFORD PATASHNIK 
Raren I. DORFMAN 
Worcester Foundation for Experimental Biology, 
Shrewsbury, Massachusetts. 
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Diurnal Variations in Ovarian Ascorbic Acid 
Content of Pseudopregnant Immature Rats 
used in Parlow’s Test 


DEPLETION of ascorbic acid from the ovary of the 


immature rai rendered pseudopregnant by treatment with 
pregnant mare’s serum (PMS) and human 
chorionic gonadotrophin (HCG) is used as 


an assay for luteinizing hormone (LH). A — 120 
significant diurnal variation in the ovarian 
ascorbic acid (OAA) content was observed 100 


by Stevens! in such rats. These variations 
may be important in the assay of LH by 
Parlow’s method. 

We considered it to be of interest to study 
the variations in the OAA content of our 
rats by comparing the values obtained 


OAA (mg/100 g) 


in the morning (8-12 a.m.) with those 


obtained in the afternoon (4-8 


The values that we determined corre- 
spond to the concentration of ascorbic acid 
in the left ovary which acts as a control 
with respect to the right one in experiments 


Fig. 1. 
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intended to study the LH-releasing substance of human 
brain?. The concentrations are expressed in mg/100 g 
gland. Immature alino rats of our own breeding were 
injected at the age of 26 days with 501.0. of PMS (Gormén- 
Labore.torio Richter, Dhile) and, 48-60 h later, with 25 1.0. 
of HCG (APT.-Ayerss Laboratories Inc.). Five to eight 
days later the animels were investigated, but until then 
the rats were housed =n a special room illuminated for 14 h 
each day (7 a.m. uctil 9 p.m.) and allowed permanent 
access to food in the form of pellets of constant composi- 
tion. The ascorbic acid content of the left ovary was 
measured by means cf the method of Roe and Kuether’. 
The rats were anaesthstized by an intraperitoneal injection 
of ‘Avertin’ (Winthrop Laboratories), and the ovaries care- 
fully dissected out an weighed on a Roller Smith torsion 
balance to the nearest 0-1 mg. The experiments were 
performed from 8 to 12 a.m. and from 4 to 8 p.m. 

A total of 571 rats were used during 1963, 384 in the 
morning and 187 in the afternoon. During 1964, 542 rats 
were used, 355 in the morning and 187 in the afternoon. 

The means of the morning and afternoon values (Table 
1) were compared, assuming that the standard deviations 
were not necessarily equal‘. 


Table 1. OVARIAN ASCORBI? ACID CONOENTRATION IN THE MORNING AND 
IN THE AFTERNOON DURING 1968 AND 1964 
&-12 a.m, 4-8 p.m. 
1963 8=34 + 18-23 77-28 + 19-67 
(384) ` (187) 
1964 


11239 + 23°46 110-87 + 24-12 
(355) (187) 


Values are expressed in mz/100 g+ 9S.E. The number of test animals ig 
shown in brackets. 


The ?¢’ test of significance is given by: 
,__#-9 
V 322 / te +8°,/ny 


i 1372/Me+8°y/My)? 
“wail Erne)? (s®y/ny)? 
(mz+1)  (ny+1) 


All the data were processed in an IBM 1620 computer, at 
the Centro de Computación Universidad Católica, Santiago. 

In Figs. 1 and 2 and in Table 1 it can be seen that the 
OAA showed higher vadues during 1964 than during 1963. 
During the low level period, morning values were signifi- 
cantly higher than the afternoon values (P< 0-005). 
During the 1964 period, with values permanently higher 
than 90 mg/100 g, the difference was not significant. The 
results obtained during 1963 are in keeping with those 
reported by V. C. Stevens!, who found most ascorbic acid 
values. coincident with our range of that period. These 
results suggest that rats with high levels of OAA may be 
more convenient for use in Parlow’s test because they do 
not show such great d-urnal variations as do those with 
low levels. 

Ovarian ascorbic acid level and its sensitivity to LH 
depends on the luteotrophin secretion as shown by the 
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Fig. 2. Ovarian ascorbic acid concentration from February to August 
1964. White, 8-12 a m., hatched, 4-8 p m. 


rapid loss of ascorbic acid after hypophvsectomy*-? and 
the prevention of such effect by luteotrophin in jection or 
pituitary autografts in the kidney! which produce only 
luteotrophin. 

Rats made pseudopregnant by treatment with exo- 
genous gonadotrophins (as used for Parlow’s test) show 
signs of Juteal function, which is promoted by pituitary 
luteotrophin secretion during a period of 10-12 days. We 
may suppose that variations in luteatrophin secretion may 
influence the OAA concentration. Recently, R. T. Clark 
and B. L. Baker’ have shown a circadian periodicity in 
the concentration of luteotrophin in the rat hypophysis 
with highest values at 4 p.m. and no significant changes at 
other times of day. These changes in hormone content are 
most prohably the consequence of changes in secretion 
rate, which is Jowest at the time coincident with the 
highest pituitary concentration. This assumption enables 
us to explain the lower levels of ascorbic acid in afternoon 
determinations, because during this period of the day the 
delivery of luteotrophin is Jow. 

We can offer no explanation for the difference in OAA 
observed between 1963 and 1964; the method of handling 
the animals was the same throughout the whole period. 

We thank E. Bollo, Centro de Computación Universidad 
Católica, Santiago, for undertaking the statistical analysis 
of the results, and Miss Gladys Suarez for her help. 

This work was supported by the U.S. Air Force under 
grant AF—A FOSR-447-63, monitored by the Air Forco 
Office of Scientific Research, Office of Aerospace Research. 

M. DE LA LASTRA 
H. CROXATTO 
Laboratorio de Fisiologia, 
Escuela de Medicina, 
Universidad Católica, 
Santiago de Chile. 
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Intracellular Chloride Activity of Crayfish 
Giant Axons 


RECENT measurements of chloride concentrations in the 
squid giant nerve axon have indicated that intracellular 
chloride ion is of higher concentration than would be 
expected if chloride ions were distributed across the cell 
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membrane in equilibrium with the transmembrane poten- 
tial’. Measurements of intracellular chloride activity of 
squid giant axons with an Ag—AgCl electrode have also 
indicated higher intracellular chloride activities than could 
be accounted for from equilibrium considerations?. 
Similarly, it has also been found in smooth muscle that 
intracellular chloride is of higher concentration than 
expected*4, In this communication, experiments are 
described which indicate that the intracellular chloride 
activity of crayfish giant axons (Procambarus clarkii) is 
higher than that expected from considerations based on 
chloride being distributed in equilibrium with the membrane 
potential. These experimental results are based on chloride 
activity measurements made with an intracellular Ag- 
AgCI electrode. 

The experiments consisted of dissecting free from cray- 
fish the ventral nerve chord, which contains several giant 
axons, and mounting the isolated nerve chord in a chamber 
(Fig. 1) containing van Harreveld’s saline of the following 
composition: NaCl, 205 mM; KCl, 5-4 mM; CaCl, 13-5 
mM; MgCl,, 2-6 mM; NaHCO,, 2:3 mM; pH adjusted to 
7-4 by adding small amounts of HCl. 

In the chamber holding the nerve was also placed a long 
KCl-filled micro-pipette cemented with insulating lacquer 
to an Ag—AgCl electrode. These electrodes were inserted 
length-wise into a giant axon from one end of the nerve. 
Connecting the physiological saline to earth was a 
reference KCl-AgCl electrode. The micro-pipette served 
to record transmembrane potential when inserted into 
the nerve axon and also acted as a reference eloctrode 
for the Ag-AgCl electrode for measuring chloride activity. 
The Ag-AgCl electrodes were made by pulling out 1-2 
mm-diam. glass tubing inside of which was coiled 25 
micron diameter wire of either silver or platinum. Long 
glass-covered lengths of wire were obtained with diameters 
initially about 50u which increased to 100u after 5-10 mm. 
Silver was plated on to the exposed wire end from an 
AgNO, and KCN plating solution. Silver chloride was 
deposited on the silver plate by chloriding in a 0-1 N HCl 
solution until 15-25 per cent of the silver plate was 
chlorodized. In some instances, the electrodes made with 
silver wire were chlorided directly without the additional 
silver plating being deposited. In general, the electrodes 
with silver plate on platinum wire were more stable. 
Erratic behaviour and incorrect potential changes with 
chloride shifts occurred occasionally with the electrodes, 
most often with the electrodes utilizing silver wire. This 
erratic behaviour was found to result in part from poor 
sealing of the wire to the glass insulation which exposed 
unchlorided metal to the solutions. For this reason, the 
electrodes were always calibrated before use. 

Both the external bath reference electrode and cannu- 
lating micro-pipette electrode were filled with 3 M KCl 
to minimize liquid junction potentials and connected to 
Ag-AgC] electrodes. Potentials were recorded with an 
electrometer amplifier. The micro-pipette electrodes had 
tip diameters of less than lu to minimize the effect which 
chloride diffusion from the pipette tip would have on 
intracellular activities. The magnitude and importance of 
this chloride diffusion were investigated by measuring the 
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chloride activity gradient near the tip of a 3 M KCl-filled 
micro-pipette placed inside a giant axon. To accomplish 
this, a 3 M KCl-filled micro-pipette was inserted into one 
end of the axon, and from the opposite end of the axon the 
Ag—AgC]l electrode was inserted and advanced toward the 
micro-pipette, which was held stationary. No change in 
measured chloride activity was detected until the Ag—AgCl 
electrode touched the micro-pipette tip, and even then the 
potential change in the chloride electrode was less than 
one millivolt. The intracellular chloride was therefore 
considered unaffected by chloride diffusion from the tip 
of the micro-pipette electrode. 

Before the electrodes were inserted into one of the giant 
axons to measure membrane potential and chloride acti- 
vity, calibration of the Ag—AgCl electrode was performed 
to determine if the electrodes functioned satisfactorily for 
measuring chloride activity. Calibration of the Ag-AgCl 
electrode was accomplished by changing the chloride 
activity of the van Harreveld’s solution and recording the 
potential change of the Ag—AgCl electrode with respect to 
the micro-pipette electrode. Chloride was changed in the 
van Harreveld’s solution by a one-to-one substitution with 
propionate or glucuronate ions in order to maintain 
constant ionic strength and activity coefficients. The 
possibility that activity coefficients might change when 
chloride was replaced with a weaker univalent ion was 
investigated by comparing the sodium activity of the 
different solutions with a sodium-sensitive glass electrode. 
These measurements showed no change in sodium activity 
for the different chloride solutions in which sodium and 
total ion coneentrations were kept constant. In addition, 
the chloride electrodes gave the thermodynamically ex- 
pected potential changes with chloride shifts, which indi- 
cated no change in activity coefficients. This indicated 
~ that activity coefficients remained constant in the different 
calibrating solutions. In the calibration the chloride 
activity changes were therefore directly proportional to the 
chloride concentration changes. In the external van 
Harreveld’s solution, the activity coefficient for both the 
sodium and chloride ion was taken as 0-72. These activity 
coefficients were calculated from potential measurements 
obtained, with a sodium glass electrode and an Ag—AgCl 
electrode measured against a saturated KCl calomel cell 
reference, first in 0-001 M NaCl and then in van Harreveld’s 
solution. The activity coefficients of sodium and chloride 
in 0-001 M NaCl were assumed equal and taken as 0-966 
(ref. 5) from which the activity coefficients in van 
Harreveld’s solution were calculated. 

After determining the adequacy of the Ag—AgCl elec- 
trode for measuring chloride activities, an opening was 
made at one end of one of the giant axons lying in the 
ventral nerve chord. Into this opening was inserted the 
micro-pipette and Ag—AgCl electrode for distances of 
5-10 mm. The measured potential of the micro-pipette 
with respect to the external bath electrode gave the mem- 
brane potential while the potential of the Ag—AgCl 
electrode with respect to the intracellular micro-pipette 
as a reference gave the intracellular chloride activity. 

These simultaneous measurements of intracellular chlor- 
ide activity and membrane potential were performed 
successfully on 29 different giant axons of crayfish 
(Procambarus clarkii) over a period of one year. The axon 
diameters varied from 100 to 150u. with dissected lengths of 
more than 3cm. The results at average room temperature 
of 20° C gave a transmembrane potential of 80-3 + 0-8 mV 
>» (mean +S.#.). The change in the potential of the chloride 
electrode corresponded to an intracellular chloride activity 
of 25-2 + 2:9 mM/l. (mean + S.E.). If the activity co- 
efficient of intracellular chloride is taken to be approxi- 
~mately that of the external physiological saline? *’?, the 
corresponding intracellular chloride concentration is 35 
+4 mM/l. (mean+S.H#.). If intracellular chloride ions 
are distributed in equilibrium with the transmembrane 
potential, the expected intracellular chloride activity 
should have been 7-3 mM/l. These results, which give an 
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intracellular chlorice activity three and a half times 
higher than expect=d from equilibrium considerations, 
may be explained on-the basis of chloride ion being actively 
transported in addit:on to sodium and possibly potassium 
ions. These experiments suggest, theretore, that in the 
crayfish nerve, and 3s has been suggested for the squid 
axon!, none of the dominant ions is passively dis- 
tributed in equilibram in accordance with its electro- 
chemical potentials, but instead active transport is 
probably more general and involves all these ions. 

This work was supported in part by a grant from the 
National Institutes oz Health, U.S. Public Health Service. 
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PHARMACOLOGY 


Effects of Prepylthiouraci] and Thyroid 
Feeding on.the Response of Mice to Injected 
Convulsant Barbiturate 


In 1961, Carrier and Suday! enumerated the substances 
the toxicity of which is increased in hyperthyroid animals. 
Among these was hexebarbital?. Prange et al.” showed . 
that mice fed desiccatec thyroid slept longer than controls 
after injection of pernt»barbital, while mice fed propyl- 
thiouracil (PTU) slept lass. 

Ellinwood and Prang=‘ explored these relationships in 
connexion with epinephrine pretreatment. Both epi- 
nephrine and thyroid fseding increased sleeping time to 
pentobarbital, but there was no additive effect when both 
pretreatments were used. PTU-fed mice slept a shorter 
time than controls. Like controls, however, their sleeping 
time could be increased by epinephrine pretreatment. 
The duration of these effects after the cessation of the 
various pretreatments was delineated. 

A thyroid-induced erhancement of mortality and a 
PTU diminution has been described also for the anti- 
depressant drug imiprannne®:*, Prange et al.” suggest that 
in the case of pentobarbital, at least, the effect of PTU is 
not due to hypothyroidism per se since thyroidectomized 
rats sleep longer, and maintain tissue levels of pento- 
barbital longer, than ccntrols. Probably PTU induces 
activity of liver enzymes that degrade certain substances 
including pentobarbital. 

In light of the foregoing, it was considered of interest to 
study the effects of altered thyroid function on a drug that 
is a structural barbiturate but a pharmacologic stimulant, 
§-(1,3-dimethylbutyl)-5-ethyl barbituric acid (DMBEB). 

Young male Swiss-Webster white mice were given 0-2 per 
cent PTU in their water for 30 days, or fed 2 per cent 
desiccated thyroid in thea food for 4 days, or given tap 
water and standard lab.eow. DMBEB was prepared in 
isotonic saline, 1 mg perml. Animals were injected intra- 
peritoneally with various doses; 30 PTU-fed mice; 40 
control mice; 30 thyroid-fed mice. All animals showed 
signs of gross stimulation, and those that died did so 
within half an hour. Terminal convulsions were usually 
observed. The dose-mortality data were analysed accord- 
ing to the method of L-tchfield and Wilcoxon*®. The 
following LD,s were estimated with upper and lower 
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Fig. 1. Half-hour mortality of adult male Swiss Webster white mice after 
intraperitoneal injection of 5-( Pe eumerny Duty: eeuiy) barbituric 
aci 


confidence limits: PTU-fed, 27:0 mg/kg (31-1-23-5); 
controls, 21-0 mg/kg (24-8-18-0); thyroid-fed, 12-2 mg/kg 
(13-9-11-1). These data are shown in Fig. 1. It was found 
that the LD,, for PTU-fed mice was statistically signifi- 
cantly greater than for controls (P<0-05); the LD, for 
thyroid-fed mice was significantly less than for controls 
(P<0-05). 

We considered it desirable to study another parameter 
of drug effect. Sleep time, of course, could not be meas- 
ured, as in previous experiments; we elected to measure 
activity. A device for this purpose was obtained from 
Woodard Research Corporation, Herndon, Virginia. It 
consists of a doughnut-shaped cage (outer diameter 144 in.) 
with a wire mesh floor. A centre core emits six infra-red 
beams directed toward photocells in the perimeter. When a 
light beam is broken, the impulse is recorded on a counter 
where such events are shown cumulatively. An animal 
must purposefully move about, as in exploring behaviour, 
to acquire a high score. 

Animals with the various pre-treatments were injected 
intraperitoneally every ten seconds with saline in groups of 
5 (cage mates) and placed in the cage, which was covered 
to exclude light. After brief initial excitement, all groups 
showed decreasing activity reaching a stable low level 
after about one hour. Thyroid-fed mice showed a pattern 
identical to the other two groups but at a lower level of 
activity throughout the time span. Observation of the 
mice revealed that thyroid-fed mice cringed, appeared 
frightened and tended to huddle when -left alone. Only 
when externally stimulated did they dart about. After 
saline injection, PTU-fed and control mice showed similar 
patterns of spontaneous activity. 

Other mice from the various pretreatment groups were 
injected intraperitoneally with DMBEB, 5 mg/kg, and 
placed in the cage. All groups now showed decreased 
spontaneous activity as compared with respective controls. 
That is, they resembled and behaved like (saline-injected) 
thyroid-fed mice. This experiment was carried out twice, 
with different mice. Data were plotted for activity per 
minute against time. Inspection of the data showed that 
the DMBEB inhibition of spontaneous activity was most 
pronounced in thyroid-fed mice and least pronounced in 
PTU-fed mice. In another experiment, activity after 
DMBEB injection was recorded every 10 sec for 10 min 
and no difference in onset of drug action between groups 
could be shown. Here, as in other work’, we suggest that 
possible differences in absorption between groups can 
scarcely be a sufficient explanation of the phenomena 
reported. 

On the basis of the foregoing findings we concluded that 
in mice thyroid feeding potentiates the action of DMBEB 
while PTU feeding diminishes it. The problem of differen- 
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tiating thyroid-fed mice from others on the basis of activity 
deserves brief comment. In such mice, spontaneous acti- 
vity as measured by our technique was decreased. This 
finding allowed differentiation but in a direction that 
seems paradoxical. Again, a stimulating drug, paradoxi- 
cally, reduced spontaneous activity in al] groups, but had 
its greatest effect in thyroid-fed mice. The use of evoked 
activity and the measurements of fine movements might 
yield group differentiation ın the expected directions. 

This work was supported by National Institute of 
Mental Health grants MH-04939 (A.J. P.) and AA1-05062- 
04 (M. A. L.). We thank Dr. K. K. Chen of Lilly Labora- 
tories, who kindly furnished a supply of 5-(1,3-dimethyl- 
butyl)-5-ethyl barbituric acid, and Dr. Carl M. Cochrane 
of the University of North Carolina, who performed the 
statistical tests. 
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Epileptogenic Effect of Extradural and 
Extracranial Cobalt 


CHRONIC epileptogenic foci have been produced in rats 
and mice by metallic cobalt powder placed in the brain or 
on its surface!*. The lesions were destructive; necrosis 
and abscess formation were common. We have studied the 
epileptogenic effects of extradural and extracranial cobalt. 

Fifty female Holtzman rats with initial body-weight of 
250-300 g were divided into five groups of ten each. 
Trepanation of right frontal bone, 1-3 mm wide, was 
performed in four groups. One of these groups received 
no further treatment. Cobalt powder of 325 mesh was 
applied topically to the intact dura (extradural), or to the 
surface of the brain (subdural), or a pellet of the powder in 
the lumen of a 20-gauge needle was implanted into the 
brain (intracerebral). In the fifth group, the skull bone was 
drilled only part way through, and cobalt powder was 
applied over the remaining layer of intact bone (extra- 
cranial). 

Twenty days later, the epileptogenic effect of cobalt was 
determined with injectable ‘Indok}on’: (a 10 per cent solu- 
tion of the volatile convulsant, hexafluorodiethyl ether, in 
polyethylene glycol 55 per cent, U.S.P., alcohol 20 per 
cent, and water 15 per cent). A single mtraperitoneal 
dose of 0-1 ml./100 g body-weight caused convulsions in 
most of the cobalt-treated rats but not in the normal 
controls (Table 1). After a ten-day rest, ‘Metrazol’ (penta- 
methylentrazol) thresholds were determined. ‘Metrazol’, 
15 mg/kg, was injected repeatedly, intraperitoneally, at 
15-min intervals until convulsions occurred. The average 


p 


number of injections was less in cobalt-treated rats than - 


in normal controls (Table 1), that is, the ‘Metrazol’ 
threshold was reduced. Extradural cobalt was as effective 


Table 1. RESPONSE OF EXPERIMENTAL EPILEPTIC RATS TO ‘INDOKLON’ AND 
‘METRAZOL’ 
‘Tndoklon’* Brain necrosis 
Location of convulsion ‘Metrazol’t and 
cobalt incidence threshold abscesses 

(%) (%) 
Sham operation 0 3 0 
Extracranial 40 2-2 50 
Extradural 70 18 40 
Subdural 70 1:8 90 
Intracerebral 70 2 100 


* 0-10 ml. per 100 g body-weight. 
+ Average number of ‘Metrazol’ injections required to produce convulsion. 


-A 


No. 5012 


November 20, 1965 





Fig. 1. Extradural cobalt application caused focal granulation tissue 
Fig. 2. Intracerebral cobalt application caused extensive necrosis 


as subdural or intracerebral cobalt in producing experi- 
mental epilepsy. Even extracranial cobalt was epilepto- 
genic, although less effective than the other routes. 
Extracranial and extradural cobalt (Fig. 1) caused less 
necrosis and fewer abscesses than subdural or intracerebral 
cobalt (Fig. 2). About half the brains from the former 
groups exhibited nothing more than meningeal adhesions, 
focal depression of the cortical surface. minimal subjacent 
necrosis and granulation tissue. Therefore, eobalt epilepsy 
can be produced without concomitant severe necrosis. 
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Formation of Amines in the Gastric Mucosa 
of the Rat 


HISTAMINE may have some role, as yet unknown, in 
the chemical regulation of gastric secretion’. This view 
is based on the effectiveness of histamine in producing acid 
secretion, on the presence of histamine in the gastric juice, 
and on the high concentration of histamine in the gastric 
mucosa of several species. The rich supply of histamine 
in this tissue in the rat is coincident with a high histidine 
decarboxylase activity*, probably indicating a local 
Synthesis of the amine. Several animal tissues contain 
L-3,4-dihydroxyphenylalanine (DOPA) decarboxylase, 
which attacks all aromatic amino-acids, including 5- 
hydroxytryptophan (5-HTP) and histidine’. This 
enzyme, however, decarboxylates histidine only ineffici- 
ently and the physiological significance of this aspect of 
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its function remains uncertain**. Another more specific 
histidine decarboxylase has been demonstrated in the 
foetal rat™’ and in tae bone marrow of the adult rat’. 
In a recent investigaton DOPA decarboxylase, as well as 
the specific histidine decarboxylase (cf. Weissbach et al.*), 
were demonstrated in the gastric mucosa of the 
ratl’, While the presence of specific histidine decarboxyl- 
ase seems to account fer the formation of gastric histamine 
and ultimately for the postulated control of gastric secre- 
tion, the physiological significance of a high gastric DOPA 
decarboxylase activity is unknown. > 

The present study is a preliminary attempt to elucidate 
the possible significance of gastric DOPA decarboxylase. 
Saline suspensions of mt-DOPA or pu-5-HTP were injected 
intraperitoneally into rats in doses of 300 mg/kg body- 
weight and the concentration of amines in the entire 
stomach wall was determined at different times after injec- 
tion (Fig. 1). The stomach was taken out, cut open along 
curvatura minor, washed several times in saline and dried 
on filter paper to remove excess fluid. After weighing, 
the tissue was homogsnized in acid according to routine 
techniques", Dopamine was extracted and isolated by 
ion exchange chromatography as described by Bertler 
et al. and determiaed fluorometrically according to 
Carlsson and Waldeck'*. 5-Hydroxytryptamine was 
extracted and determined as described by Bogdanski 
et al.}*, 

While the stomach walls of untreated animals contained 
no dopamine and only moderate amounts of 5-hydroxy- 
tryptamine (cf. Erspamer*), large amounts of both amines 
could be demonstrated 1 or 2 h after injection of the pre- 
cursors. The major part of the amines was found in the 
mucosa; the muscular layer contained very little. The 
concentration of amines in the pyloric part was found to 
be more than twice as high as in the fundus, a distribution 
which is similar to the distribution of DOPA decarboxyl- 
ase’. In some animais, haemorrhagic erosions developed 
in the glandular portion of the gastric mucosa 2 or 3 h 
after administration of 5-HTP. This finding is in agree- 
ment with earlier observations by Haverback and Bogdan- 
ski, Treatment wita «-methyl DOPA or a-methyl-m- 
tyrosine (500 mg/kg ip.) was found to produce marked 
inhibition of gastric DDPA decarboxylase as evidenced by 
direct estimation of she enzyme activity according to 
the radiometric method of Hakanson®. Injection of 
DL-5-HTP 2 h after administration of an enzyme inhibitor 
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Fig. 1. Concentration of dopamine and 5-hydroxytryptamine in the 
entire stomach wall of the rat at different time intervals after intra- 
peritoneal injections of the respective precursor. Each point represents 
the mean value from at least four experiments, The vertical lines indicate 
standard error of the mean. The curves are approximated from the 
points. Open circles, 5-kydroxytryptamine; solid circles, dopamine 
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roii only a slight increase in gastric ‘§-hydroxy- 
tryptamine. 

Preliminary evidence iiaieates that DOPA decarboxy- 
lase is located in a specific, enterochromaffin-like cell 
system in the gastric mucosa!®, From the data available 
thero seems to be little doubt that the gastric DOPA 
decarboxylase is physiologically active. The argument 
that the rather low concentration of dopamine and 
5-hydroxytryptamine in the stomachs of untreated 
animals indicates inefficiency of the enzyme is not 
necessarily valid since a rapid turn-over would make 
aecumulation of the amines impossible under normal 
_ eonditions. It should be noted that while the gastric 
mucosa of several species seems to lack the specific 
i high DOPA decarboxylase 
activity has been demonstrated in all species studied”, 
possibly indicating a general role for this enzyme in gastric 
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HAEMATOLOGY 


A Factor stimulating DNA Synthesis 
derived from the Medium of Leucocyte 
Cultures 


0 Barn et alè? have shown that when human peripheral 
blood leucocytes from two individuals are mixed and 
 eultured, large immature cells appear and the incor- 
:¿ -poration of tritiated thymidine into DNA is stimulated. 

“It has been suggested that variations in this response 
may reflect differences in the number of histocompatibility 
antigens shared by the donors of the cells!-§. It has also 
been shown that transplantation antigens can be detected 
in the medium from tissue cultures of rabbit‘ and dog’ 
spleen cells. We, therefore, decided to determine whether 
_ factors released into the medium from cultured peri- 
~pheral blood leucocytes might stimulate tritiated thymi- 
‘dine uptake (radioactive content) in cultures of leucocytes 
om another individual. 
-o The subjects were normal volunteers, unrelated to one 
other. The culture technique was as previously 
The cell cultures were prepared with sterile 
precautions. The leucocytes were suspended in 7'C-199 
medium (Microbiological Associates, Ine., Bethesda, 
Maryland, U.S.A.) containing 20 per cent autologous 
plasma and penicillin (100 units/ml). In every instance the 
leucocyte count was approximately 2,000/mm3. For each 
culture, 4 ml. of cell suspension was placed in a 17 mm x 
100 mm disposable plastic culture tube and incubated at 
37° C. 

After incubation for 24, 72 or 120 h at 37° C, the 
culture medium was collected from approximately 20 












tubes - „containing mixed. 





or anni nixed cultures 
volume 60-80 ml.), and centrifuged at 1,500g for 153 
to remove cells and gross cellular debris. 


Leucocyte 







counts and smears were done on this supernatant; intact 


leucocytes were not found in any of these preparations. 
A portion of the medium was then spun in a Spinco 
model L preparative ultracentrifuge at 100,000g for 1 h. 
All but about 0-2 ml. of supernatant was removed from 
each centrifuge tube. The precipitate was resuspended 
by vigorous shaking and stirring with a Pasteur pipette, 
and the resuspended sediments were pooled (total volume 
about 2 ml.). The volume of the precipitate added to each, 
culture tube represented that derived from 30 to 40 ml. 
of culture medium. There were then three culture medium 
preparations: (a) cell-free medium (M); (b) supernatant 
after centrifugation for 1 h at 100,000g (S); (c) precipitate 
after centrifugation for 1 h at 100,000g (P). Various 
volumes of the whole medium from the previous cultures, 
or fractions of this medium prepared as already described 
here, were added to freshly prepared leucocyte cultures 
from one of the original donors. At the same time, 
cultures of mixtures of intact cells from the same donors 
were again set up. All these cultures were incubated for 
five days at 37° C. Each culture was prepared in triplicate. 

At the end of the incubation period, smears were made 
from one of the culture tubes and tritiated thymidine 
(specific activity 7-2 ¢.;mmole) was added to give a concen- 
tration of I ue./ml. After 1 h at 37° C, radioactive content 
of cells was measured in the other two tubes as described 
previously*. 

When cell-free medium, or its fractions, from previously 
cultured leucocytes was added to fresh unmixed homo- 
logous leucocytes, it was found to induce the appearance 


of large basophilic cells and to increase the uptake of. 


tritiated thymidine. The stimulating activity appeared 
to be concentrated in the precipitate obtained on ultra- 
centrifugation of the culture medium from both mixed 
(Table 1) and unmixed leucocytes (Table 2). The activity 
of the precipitate was significantly higher than that noted 
in the cell-free medium before ultracentrifugation or im 
the supernatant after ultracentrifugation. 

The activities of 1-0 ml. of the cell-free culture medium, 
M, and the supernatant after culture centrifugation, S, 
were approximately equal (Table 1). However, when the 
activities of 4-0 ml. of these materials from 5-day-old 
mixed cultures were tested, M was consistently more 
active than S. These findings indicate that only a fraction 
of the original activity can be found in the precipitate, P. 
The relatively high degree of activities of P was due to 
the fact that each ml. of P was derived from 30 to 40 ml. 
of M. The uptake of tritiated thymidine by leucocyte 
cultures from single donors to which fraction P had been 


Table 1. STIMTLATORY EFFECT or CULTURE MEDIUM PREPARATIONS 


C.p.m./4 ml. ¢* 4) 


Exp. No. Control Leucocyte cultures from single Cultures of 
cultures subjects containing 1 mi. of mixed Intact 
of unmixed medium preparation from 5-day leucocytes 
leucocytes a Te of mixed cells 
1 500 3,424 1.917 34,075 41,486 
2 594 3.8321 4,013 28,591 76.483 
3 339 2,718 1,908 5.044 28,624 
4 763 4,031 3,891 32,483 70.361 
5 803 3,859 2.643 13,5904 49,198 


* Count in a Hamid scintillation counter (Packard, model 3002). 
+ Average of duplicate 5-day cultures. 
M Cell-free culture medium before ultracentrifugation. 
S Supernatant medium after ultracentrifugation of M. 
P Precipitate obtained by ultracentrifugation of M. 
Table 2. STIMULATIORY EFFECT OF PRECIPITATE DERIVED FROM AUTOLOGOUS 
OR HOMOLOGOUS UNMIXED LEUCOCYTE CULTURES 


C.p.m./4 ml. (*4) 


Exp. No. Control Leucocytes from single subjects 
cultures with added precipitate from = 
of unmixed unmixed or mixed 3-day cell cultures 
leucocytes 
Autologous Homologous Mixed 
6 422 520 4,446 6,256 
7 1,042 190 2,074 = 
§ 409 492 4,151 mem 
9 5o09 816 1,855 5,198 


(*+) See legend for Table 1. 




















Ur E8 TO STIMULATORY 


rol... Homo ogous leucocyte cultures 

>from single subjects containing 

precipitate from mixed cell 
cultures 


ce as great as that found in cultures 
leucocytes (Tables 1 and 2). The 
ixed leucocyte cultures was more 
om homologous unmixed leucocyte 
ipitate from cultures of leucocytes 
nor produced no blastogenesis when 
repared cultures from the same indi- 
pitate from 5-day cultures was more 
it from 3-day cultures, and the precipitate 
lture: medium showed slight but still 
3 (Table 3). The stimulatory activity 
as increased. by increasing the volume of the added 
edium. When the volume was doubled (2 ml.), a definite 
nerease of stimulatory activity was observed in some, but 
_ not all, instances. When the volume was quadrupled (4 
ao ml. ), the activity almost uniformly was sharply increased. 
These experiments have shown that when human blood 
leucocytes are cultured, a material is released into the 
. culture medium which is concentrated by ultracentri- 
 fugation and which stimulates blastogenesis when added 
to cultures of homologous leucocytes. The amount of this 
` material released into the culture medium seemed to be 
__Yelated to the numbers of large basophilic cells which 
| appeared in the cultures. The results presented here 
-permit no conclusions as to whether the presence of this 
_ factor precedes and stimulates the production of these 
__ blast cells or is produced by these cells. It is not known 
_- whether the stimulatory factor is secreted by these or 
other cells or is a sub-cellular fraction released into the 
_ medium as a result of damage or death of cells. At present, 
_ the nature of this factor is unknown. The absence of 
__ blastogeniec effect when this material is added to cultures 
of autologous leucocytes demonstrates its antigenic 
. Specificity. It is possible that this factor may contain 
_ transplantation antigen‘ or complexes between RNA and 
antigens. 

“In summary: (1) The medium from human leucocytes 
ultivated in vitro stimulated blastogenesis when added 
to. cultures of homologous leucocytes. (2) Medium from 
mixed leucocyte cultures was more active than that from 
iomologous unmixed leucocyte cultures, but was less 
etive than mixtures of intact leucocytes from the same 
lonors. (3) Medium from unmixed leucocyte cultures was 
nactive when added to cultures of autologous leucocytes. 
4) Some activity was found in the precipitate obtained 
fter ultracentrifugation. 
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Hirschhorn, K., Bach, F., Kolodny, R. L., Firschein, I. L., and Hashem, N., 


A Lymphocyte-stimulating | Factor prod: - 
in vitro 8 

Bain, Vas and Lowenstein! have recently repi iti i 

that when peripheral leucocytes of two individuals are 


cultured together, some of the cells enlarge and und 
mitosis. 


disrupted by freezirg and thawing, could stimulate celis | 
to divide. 
demonstrate that co.]-free media obtained from leucocytes .. 


in culture contain mitogenic factor(s), and sugges! hat“ Spi 


these factors might ve produced by the celis in vi 

Cells of normal human volunteers were ¢€ 
according to the method of Bain et al.' with the excep 
that no antibiotics were used. Single cultures co 
4 x 10° cells derive] from one donor in a tota 
of 4 ml. 7C199 eontaining 10-20 per cent auto 
plasma. Mixed cultwres contained a total of 4 x 10 










derived from two écnors in the same volume of med: um. ans 
To test preparations for blastogenic activity the. foleeo i 





lowing procedure was used: Single or mixed cultures 
from cells of two Gonors were prepared; leucocytes ir 
single, or in most- experiments, in mixed cultures were 
treated after differemt periods of incubation by either one: 
of the following provedures: centrifugation, three cycles 

of freezing and thawing, disruption by ultrasonic vibra- 
tion, lysis in distilled water or heating at 50° C for 5 min. 

Cells, cell fragments, or cell-free culture media derived. 


from these cultures were transferred for testing to single oe 


cultures initiated ai the beginning of the experiment ee 
The cultures were examined for blastogenesis 5 days after i 
transfer. | 
Ceil-free culture media used for assays were collected : 
1-5 days after initiation of the cultures. ‘The tubes con- 
taining the cultures were centrifuged at 540g for 10 min. 
The medium was removed using Pasteur pipettes and was 
either tested at erce or was filtered on a column of 
‘Sephadex G-25’. The material appearing in the effluent 
immediately after she void volume was collected and 
lyophilized. For testing, the powder was dissolved. in 
fresh culture mediam and passed through a Millipore 
filter (pore size 0-22). In some experiments the super- 
natant was frozen. end was kept at — 20° C until used, 
Experiments were carried out to test the effect of: 
5-fluorodeoxyuridine (5FUdr) and puromycin ongmixed 
leucocyte cultures. (6FUdr was a gift from Hoffman-La 
Roche, Ltd., Moatreal, while puromyem  dibydro- 
chloride was purekased from Nutritional Biochemicals 
Corp.). These substances were added at the beginning of 
the incubation period, in concentrations of 10 and 2-6. 


ug/ml., respectively. Media obtained from these cultures. 3 i 
and from others to which 5FUdr or puromycin was: added 28 


at the end of the culture period were filtered on a o 
of ‘Sephadex G-25° lyophilized, and assayed as a 
described here. 


The activity of arry given fraction was assessed m a ; Fe 
le 7 


of its capacity te induce cell transformation in single 
cultures. Smears prepared from cultures after 5 days of 





incubation were graded using an arbitrary scale of 0. — 


oP An each experiment every preparation was 
tested in duplicate or triplicate cultures and smears from 
some experimente were also scored independently. (We 
thank Dr. B. Bain. of the Department of Haematology 
of this Hospital, scr examining these slides.) 
In six experiments, the extracts of 2—40 x 


strong reactions were obtained using as few as 2 x 10° 

intact. cells (Table 1). Cells heated at 50° C for 5min | 
also failed to stimulate cells to transform. In contrast to — 
the negative resulss obtained with freshly drawn- dis- 
rupted cells, leucecyte cultures (cells and medium) sub- | 
jected to freezing and thawing after 24 h of incubation — 
gave consistently positive ad Cell-free culture media — 






| 
Bach and Hirschhorn? have further shown that > 
not only intact cols, but also extracts of leucocytes, 





Experiments reported in this communication. 







x 10° freshly 
drawn leucocytes, disrupted by either of the three 
methods used, gave consistently negative results, whereas. as 





R cells to transform. 
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removed from leucocyte. ‘gultures A : 5 days of 
incubation also possessed stimulating capacity. 

Media from single cultures were active but were less 
potent than those obtained from mixed cultures. Media 
from single cultures added to autologous cells displayed 
no activity. 

Mitogenic activity appeared to accumulate in the 
culture media; the longer the incubation period, the more 
activity was recovered. Furthermore, aliquots of fresh 
culture media put in contact with the same cells on two 
or three consecutive days each possessed activity. 

Since media removed from cultures after incubation 
possessed activity, experiments where both medium and 
disrupted colls were assayed together (Table 1) did not 
_ disclose whether disrupted cells alone could give rise to 

blastogenesis. In the following experiment (Table 2) 
culture media and washed disrupted cells obtained from 
the same cultures after 4 days of incubation were tested 
| separately. Whereas the media were found to be highly 
- active, the disrupted cells failed to stimulate the target 
Single cultures from cells of the same 
donors incubated for 4 days, then washed and mixed, 
were still able to mount just as strong a reaction as cells 
mixed at the beginning of the experiment, that is, 4 days 
previously. 





Table 1. STIMULATION OF CELLS IN SINGLE CULTURE BY FRACTIONS OBTAINED 
FROM CULTURES AFTER DIFFERENT PERIODS OF INCUBATION 


Source of Incubation before Materia! Mitogenic * 
mitogenic factor transfer, days transferred activity 
Single cultures Nil 2x 10° 61/63 
intact. cells 
Single and Nil ~ 40 x 108 0/6 
mixed cultures disrupted celis 
Single culture Nil Heated cells 0/2 
50° C, & min 
Mixed cultures 1 Disrupted cells 3/3 
and medium 
Mixed cultures 1-5 Cell-free medinm 16/16 
Singie cultures 4--f Cell-free medium aa 


* The number of positive experiments is given In the numerator; the 
denominator denotes the total number of experiments performed. 
f Transferred to homologous cells, 
* Transferred to autologous cells, 


Table 2. STIMULATION OF CELLS IN SINGLE CULTTRE BY CELL-FREE 
MEDIUM AND DISRUPTED CELLS DERIVED FROM TRE SAME CULTURES 
Incubation 
Cells before Fractions Reaction 
incubated trausfer, tested * 
days 
AB 4 Cell-free medium, +++ + + + 
washed disrupted 
od celis 0 0 
A 4 Intact cells 0 + + 4+ 


* The cell-free media and disrupted cells tested were derived from the 


oo) aame taltares, 


5FUdr and puromycin were each found to inhibit 
completely the reaction in mixed leucocyte cultures 
- {Table 3) and mədia from these cultures were also devoid 
of mitogenic activity. Culture media from cells of the 
same donors, grown in the absence of inhibitors, tested 
against the same target cells were fully active. Puromycin 
or 5F'Udr added to these supernatants prior to gel filtra- 
tion did not abolish the activity, indicating that the lack 
of demonstrable activity of the media from cultures 
grown in the presence of the inhibitors was probably not 


oer due to a transfer of free inhibitor to the target cells. 


~The experiments described demonstrate that the factor 


: l ‘oF factors capable of inducing mitosis of homologous 
Da lymphocytes i is released by leucocytes in culture. Evidence 


Table 3. STIMULATION OF CELLS IN SINGLE CULTURE BY HOMOLOGOUS 
CELLS OR CELL-FREE MEDIA: THE EFFECT or INHIBITORS 


Material used for stimulation Inhibitor Results * 
Triact cells 6FUdrt 0/7 
Tntaet cells Puromycint 0/4 
Media from cultures inhibited by — 0/2 

FUdr or puromycin 
Media plus} FUdr or puromycin — 2/2 


* The number of positive experiments is given in the numerator: the 
denominator denotes the total number of exneriments performed. 

&Finorodeoxyuridine, 10 ag/mi, 

> Puromvein, 2-5 ngiwi. 

Control experiments: the inhibitors were added at the end of the culture 
period prior to gel filtration. 
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presented indicates that: Eoas activity en 8 he 






in the culturo medium; media collected after 3 day | 
culture possess more activity than that obtained at 2? daa 
which, in turn, is more potent than that collected after 
incubation for 1 day. Furthermore, aliquots of fresh 
culture medium put in contact with the same cells on 
two or three consecutive days each contained activity, 
indicating that mitogenic activity is released to the 
medium continuously for at least 4 days. 

The mitogenic activity could be due to a preformed 
factor present in cells and released either continuously or 
on cell death, or it could be synthesized by the cells 
during incubation. Failure to find activity after cell 
disruption by three different methods would make 
release after cell death unlikely. Indeed, activity could 
not be recovered from cells disrupted when drawn or 
after 4 days of incubation. This latter is especially 
interesting in view of the high levels of activity found in 
the culture media derived from the same tubes (Table 2). 
The ability of the cells to elaborate mitogenic activity re- 
mained after 4 days of incubation since leucocytes mixed 
after having been kept in single cultures for 4 days 
exhibited strong blastogenesis. Finally, freezing and 
thawing itself would not be expected to deactivate the 
factor since whole cultures, comprising cells and media 
subjected to this treatment, yielded activity. 

Thus, the experiments described do not support the 
view that preformed mitogenic factor is present in the 
cells in concentrations deteetable by the methods used. 
The results presented can be more readily interpreted by 
assuming that the mitogenic factor is synthesized in vitro. 
This assumption is supported by the results obtained using 
inhibitors of protein and nucleic acid synthesis; both 
puromycin and 5FUdr inhibited blastogenesis and media 
obtained from these cultures were devoid of mitogenic 
activity. If mitogenic factors were preformed and 
released from cells during the culture period, then one 
would have expected to recover activity from these 
media. 

This work was supported by the John A. Hartford 
Foundation, Ine., and the Medical Research Council of 
Canada. 
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HISTOCHEMISTRY 


Fluorochrome Stains for Histological Diagnosis 
of Visceral Mycoses 


FLUORESCENCE microscopy facilitates the demonstra- 
tion of various fungi in tissues, because it is possible to 
examine larger parts of the tissue-sections in a short time. 
Simple stains with fluorochrome dyes—acridine orange, 
for example—are inadequate for diagnostic use. Two 
methods which have hitherto been used for the 
demonstration of polysaccharides proved useful in staining 
fungi. 

(1) Among the fluorescent Schiff-type reagents 
(Kasten!) acridine yellow after oxidation with periodic 
acid gives the brightest fluorescence. The strength of 
reaction in the different tissue-forms of fungi of importance 
in Europe is registered in Table 1. A fluorescence not 
specifically weak appears in the tissue, unless the fraction 
of the dye is separated in glacial acetic acid. In practice 


wed 


| 


November 20, 1965 


No. 5012 
Table 1 
Periodic acid- Sulphation-— 
Species and tissue-forms acridine acridine Gomori’s 
yellow orange? method 
1. Candida 
3 Budding cells +++ +++ +++ 
b) Pseudohypha ++ ++ + rie apr 
(c) Degenerating forms gto + (+)to ++ + to ++ 
2. Geotrichum + to ++ ++ ++ 
8. Cryptococcus 
r ae (+) to + +++ +4 
b) Cell-wall ++to+++ +++ +++ 
(c) Degenerating forms 
(without capsule) pto + (+) to ++ ++ 
4, Aspergillus 
(a) Hypha +++ +++ +++ 
(b) Degenerating hypha (+) to + +to++ ++ + 
c) Conidiophores + EE oh ripe ayers 
d) Spores 9 to (+) ++ ++ 
5. Mucorales 
(a) Hypha (+) +to++ 
(b) Spores (only in culture- 
phase) g@ to + +++ 


Note: (+)= yellow-green to green (colour of the neighbouring tissue), 
+: ++: ++ + =Different intensities of yellow or red fluorescence and 
different intensities of greyish to deep black for Gomori's method. 


the tissue-fluorescence disappears if the sections are 
previously stained with Weigert’s iron haematoxylin 
(cf. Fig. 1). 

(2) Fluorochromes, especially acridine orange, are added 
after sulphation (Moore and Schoenberg*). The fungi 
show an excellent red-fluorescence (cf. Table 1). In 
consequence of the low pH, between 2-6 and 2-9, the 
tissue-fluorescence attains only a green colour (cf. Fig. 2). 
The fluorescence of the fungi is quickly extinguished on 
slides that are rich in alkalis; contrary to this, the binding 
of acridine yellow in the first method is stable. 





. Fig. 1. Subcutaneous granuloma of candidose in gg amet 


Periodic acid-acridine yellow technique (x e. 850 





Sulphation-acridine orange 
technique (x e. 300) 


Human aspergillus-pneumonia, 
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These two methods, especially the sulphation—acridime 
orange technique, erable a quick diagnosis to be made in 
frozen sections of fresh tissue. The various tissue forms 
demonstrated by the morphological methods also provide 
a rapid guide to the identity of the fungal species*. But 
other optical methods are by no means superseded, for 
example, Gram’s stain and Ziehl-Neelsen’s stain for 
Actinomyces and Necardia, the periodic acid—Schiff tech- 
nique and Gomori’s methenamine silver nitrate. The 
latter is the most sensitive method for demonstrating 
details. It impregnates the cell-wall of fungi in progressive 
degeneration, when other stains fail, and Mucorales are 
best demonstrated by this method. The examination of 
the sections previously stained according to Gomori is 
facilitated in polarizad light. 

We thank the Seetion of Dermatology in the Society 
of Experimental Medicine—Academy of Sciences, Berlin, 
for supporting this work. 
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IMMUNOLOGY 


Antithymic Antibody Localization in the 
Mouse 


One of the presen+-day beliefs is that the thymus is the 
original source of precursors of the small lymphocyte’. 
If this were true, ansibody developed against thymus cell 
antigen might react with cells of the lymphoid series. The 
purpose of this investigation was to determine whether 
such antibodies cou.d be developed. The ultimate aim 
was to explore the usefulness of these antibodies for the 
depression of the immune response to permit homograft 
survival either by their use as carriers of large doses of 
radioactive isotope or by their inherent cytotoxic effect. 

Subtotal thymectomy was performed on live mice of 
the A/J line. The mice were anaesthetized with pento- 
barbital. The sternum was incised to the level of the 
xiphoid and a preperatory suture placed to permit rapid 
closure of the chess. The upper portion of the gland 
was resected and immediately the suture was closed to 
prevent pneumothorax. ‘Dicrysticin’ was used to prevent 
infection. 

The microsomal portion of the cell has been reported 
to contain the most organospecific antigens*. The glands 
were processed so as to isolate this portion as has been 
described by Nairn®. The nitrogen content was found to 
be about 50 ug/ml., using the Nessler’s reagent methed?. 

Male white Duteh rabbits were used for antibody 
production investigations. The control animal received 
no injections. The sensitized animal received subcutan-~ 
eous and intramuscular injections of the microsome 
preparation accompanied by simultaneous injections of 
incomplete Freund's adjuvant. Three weeks later, 
intravenous injecticns of the same antigen were given 
with no Freund’s sdjuvant. At the end of 4 weeks a 
titre of 1: 160 was noted. The microsomal fraction was 
diluted 1:5 for tha microscopic agglutination reaction. 
Serum-saline and antigen controls were used after 
incubation in a water bath for 2 h, the tubes were stored 
at 4° C for 18 h, centrifuged, then viewed. 

The crude globulin was purified after the method of 
Sober’. This consisted basically of ammonium sulphate 
precipitation and chromatographic separation on & 
column of diethylemino ethyl cellulose. The purified 






Q 10 20 30 40 50 60 70 


Houra after injection 

S, Fig 1, Blood clearance of *"I-antithymic antibodies. Slope is 0-004¢/h 

globulins were labelled with microcurie amounts of 
lodine-131 (ref. 5). 0-5 ml. of the purified, labelled, anti- 
. thymic globulin containing 1:87 pe. iodine-131 was 
Injected intravenously into a mouse by way of the eye 
sinus, The clearance from the blood was determined by 
-means of serial samples from a tail vein into weighed, 

- heparinized capillary tubes. The activity per gram of 

_ blood versus time is plotted in Fig. 1. 

Tt was questionable as to whether the counts were 
localized to any extent on the formed elements of the 
blood as well as on the serum proteins. To answer this, 

_ several samples of blood in heparinized capillary tubes 
were centrifuged. Each tube was divided into three 
~geetions : serum, red blood cells (RBC), and buffy coat 
 - (WBC). A comparison was made with a mouse receiving 
rabbit globulin prepared in the same manner but not 

immunized against mouse thymus. Using samples 
= ¢olleated at 4 h, the results are: 


Immunized globulin 


Control globulin 
Ratio of counts to RBC 


Ratio of counts to RBC 


Serum 26:2 43-0 
eo WBE 19-2 ded 
CORBO. i i 


See It ‘was also questionable as to whether the high WBC 
TERET might be due to serum trapped in the buffy coat. There- 
¿ooo fore the buffy coat was resuspended in 1-0 ml. physiol- 
- — ogieal saline and allowed to stand overnight at 40° C. 
Es Approximately 29 per cent of the counts remained on the 
WBC. However, much of the count in the serum could 
have: ‘been due to disintegrated white cells or to the 
release of antibodies previously bound to the lympho- 
oo. -@ytes. Even with only 29 per cent of the counts definitely 
oo.) associated with the buffy coat, this amounts to approx- 
a < imately 300,000 counts/gram—five times greater than the 
: count for RBC. 
-b following intravenous injection of 'I-labelled 
yulin, the activity of various organs of the killed mouse 
jetermined. These values are reported as a fraction 
he activity in the peripheral blood. 
cause iodinated serum albumin (human) (RISA) does 
ve the blood stream significantly in 10 min, values 
d by using RISA and otherwise performing the 
eriment in the same manner represent activity due to 
1d supply alone. The ratio formed by the uptake of 
‘7 -labelled globulin and uptake of RISA indicates the 
“specificity of the various body tissues for the antibody. 
ea The results appear in Table 1. 
-. The differential localization of tagged y-globulin 
-indicates that the prepared antibody is most specifie for 
l the thymus gland. However, lymph nodes, bone, striated 
muscle, and the GI tract have significant localization. 
» lymphatic tissue in the lymph nodes and in the GI 
act is probably the area where the activity is centralized 
_ these two organs. The relatively high concentration 


































ay 
Fraction ofthe , 


Fraction of the 0 : 
gi counts/g/min — Coane eounts/¢/m ‘gimin Colma a a 


nú: for blood “Column 4) 

Blood 104.460 1:00 88,130 1-000 1-00 — 
Thymus 34,220 0-328 8,200 0-093 3:52 
Striated 

muscle 7,690 0-074 2,430 0-028 2-67 

T 10,530 0-101 1,720 0053 1-89 
Bone 

(sternum) 13,600 0-130 6,156 0-070 1-86 

ymph 

node 80,580 0-293 14,250 0-162 1-81 . 
Lung 35,810 0-343 26,760 0-304 113 
Kidney 27,140 0-260 24,454 0-278 0-94 
Liver 22,230 0-213 22.790 0-258 0-82 
Spleen 19,995 0124 13,770 0-156 0-80 


of radioactivity in the bone may be due to common ` 
antigenicity between the reticulum cells in bone and — 
lymphoid tissue. The relative specificity for muscle is —. 
difficult to understand. However, the simultaneous — 
presence of thymoma and myasthenia gravis and the 
suspicion that this latter disease has an antigen-antibody 
aetiology make one wonder if this muscle specificity- 
might not be meaningful. The counts/g of muscle are 
very low for labelled globulin and RISA, but the ratio 
of these activities indicates uptake in excess of that 
attributable to blood supply alone. The failure of 
specific uptake of antibody by the spleen is most puzzling. 
The presence of considerable activity in the buffy coat of 
centrifuged blood indicates that the antibody does have 
some affinity for circulating lymphocytes—as was 
previously postulated. 

The slow clearance cf antibody from the blood makes 
it undesirable to depress the antibody-producing system 
by means of radioactivity tagging, since this becomes 
tantamount to utilizing external, whole-body radiation. 
Another approach would be to inject a relatively large 
amount of unlabelled antibody. The idea behind this 
scheme is that cells to which antibody adheres might be 
rendered non-functional. Thus, with preferential localiza- 
tion of the antibody or lymphatic cells the rejection 
response of the host to a homologous graft might be 
suppressed. 


Brace HINTZ 
Mito M. WEBBER 
Department of Radiology, 
University of California, re 
Center for the Health Sciences, 
Los Angeles, California. 
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lsoprecipitin in the Sera of Rats resistant 
to Tumour Transplantation 


REJECTION of transplanted tumour cells is one of the 
most important phenomena for understanding the im- | 
munology of cancer, but the appearance of precipitin in -> 
the sera of recipient animals has not vet been clearly .~ 
demonstrated. I have recently detected explicit isopre- = 
cipitin in the sera of rats with acquired resistance to 
transplantation of Yoshida ascites hepatoma cells, AH499, 
A high percentage of rats accept the transplanted 
Yoshida ascites hepatoma when inoculated with a suffi- 
cient number of the hepatoma cells. For example, in t] 
case of AH49 strain of the ascites hepatoma, 107 cells mS 
sufficient to produce more than 90 per cent successful trans- 
plantation. However, for an unknown reason, some rats. 
reject the transplantation. These resistant rats, usuall 
do not take the | same cells again by repeated transplant 
tion. a i a oe 
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The sera of these resistant rats were examined for the 
precipitin reaction to an antigen isolated from the cancer 
cells. A fraction referred to as S,-protein was extracted 
from homogenates of the ascites hepatoma cells at pH 4:8 
with acetate buffer, 0-1 M, as previously reported'*. This 
fraction contains cancer specific antigenic protein(s) as 
examined by precipitin reaction with rabbit antisera 
against S,-protein. The specific protein(s) was partially 
purified by ion exchange cellulose chromatography*. The 
purification was also carried out by combination of 
ammonium sulphate fractionation and a zine ion precipi- 
tation reaction. This procedure gave a purified protein 
material referred to as 6P-fraction (unpublished data). 

A strain of Yoshida ascites hepatoma‘, AH49, which was 
originally developed in the livers of Japanese hybrid rats 
by feeding with p-dimethylamino-azo-benzene, was used 
in this investigation. Average survival time of the rats 
transplanted with these cancer cells is 7-9 days. The 
tumour cells of this strain were transplanted into Japanese 
hybrid rats. The rats which rejected the transplants were 
inoculated with the same cells repeatedly at intervals of 
two weeks. 

The precipitin reactions of the sera of resistant rats were 
examined either by tho ordinary ring test or by the agar 
diffusion technique. 

Some experimental results are presented in the accom- 
panying tables and photographs. As seen in Table 1, 
resistant rats which were inoculated with AH49 cells 
twice or more (at two-week intervals) showed, without 
exception, positive precipitin reactions. A negative reac- 
tion was seen in 75 per cent of rats inoculated only 
once. 
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Table 1. PRECIPITIN REACTION OF RESISTANT RAT SERA 
a No. of No. of rats Titre of precipitint Positive 
inoculation* tested (two-fold dilution) reactiong 
1 12 0-32 3/12 (25%) 
2 8 16-04 8/8 (100%) 
3 8 16-04 8/8 (100%) 
4 4 16-128 4/4 (100%) 
5 6 32-64 6/6 (100%) 
6 6 16-128 6/6 (100%) 
7 14 16-256 14/14 (100%) 
9 12 32-128 12/12 (100%) 
11 10 32-128 10/10 (100%) 


S,-protein or a purified material, 6/-protein, of AH49 cells was used as 
antigen of the precipitin reaction. 


* Approximately 210" cells of AH49 hepatoma were inoculated intra- 
peritoneally every two weeks. 
t Titration by the ring test. 
. %$ Positive precipitin reaction tested by the agar diffusion technique. 


The reaction was never demonstrated in the sera either 
of normal rats or of tumour-bearing rats as shown in 
Table 2. 

The antisera reacted specifically with the proteins 
(S,-protein or 6P-protein) of AH49 hepatoma cells only, 
but not with the protein fractions of various normal! 





~~ 1. Precipitin reaction of rat sera: 49-S,, S,-protein isolated from 

AH49 ascites hepatoma cells; La, protein fraction of normal rat liver 

ooerpsponding 7i S,- protein of the cancer cells: C,, Ce, sera of normal rata; 
0 


Pi Pa, sera H49 ascites hepatoma bearing rats; N7-,,, sera of resis- 
tant rat No. 11 inoculated with AH 49 cells seven times 
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Table 2. PRECIPITIN REACTION OF THR SERA OF RATS WITH CR WITHOUT 
TUMOUR 
No. of rats of 


Novof rats positive precipitin Percentage 
reaction* 
Normal rats 50 0 0 
Tumour-bearing ratst 49 D 0 
Resistant rats 80 71 90 


* By the agar diffusion techr que. 
t AH49 ascites hepatoma-bearing rats. 
$ Resistant to A449 hepatoma cell transplantation. 


rat tissues or with the p»oteins of other strains of Yoshida 
ascites hepatoma, for «xample, AH66, AH127, AH41B, 
AH131B, etc. The reaction was highly specific. 

Antibody titres examined by the two-fold dilution 
method of the antisera were 0-256 times dilution depending 
on the number of inoculations. 

Immunoelectrophore-ic analyses revealed that the pre- 
cipitin is located in the region of y-globulin fraction of the 
antisera. Electrophoresis of the rat sera indicated that the 
y-globulin fraction of the resistant rats increased remark- 
ably while that of tumour-bearing rats decreased 
drastically. 





Fig. 2. Precipitin reaction ef rat sera: N5-,, serum of resistant rat No. 5 

inoculated with AH49 cells five times; P-36, serum of an AF 49 ascites 

hepatoma-bearing rat; Ls, as in Fig. 1; 49-S,, as in Fig. 1; 49-6P, 

purified antigenic protein from S,-protein of AH49 cells; 41B-S,, 

S,-protein fraction isolated fom AH418B cells; 127-S,, 8,-protein fraction 
isolaved from AH127 cells 


Thus, the isoprecipitin reaction in the sera of resistant 
rats suggests an intimate connexion with the antitrans- 
plantation phenomenon. However, the essential role of 
isoprecipitin in develepment of the antitransplantation 
mechanism is still obscure. AH49 cells were originally 
developed in the Japanese hybrid rats as previously 
mentioned. In the present study this strain of hepatoma 
was transplanted to the hybrid rats. Results obtained in 
isologous and autologoas system may differ. The immuno- 
genetic relation between host and transplant is under 
investigation. 
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Inhibition of Growth of Malignant Cells 
in vitro by a Component of Normal Adult 
Connective Tissue 


NUMEROUS reports during the past 30 years support the 
thesis that biologically active factors present in normal 
adult tissue, growth-stimulating and growth-inhibiting 
substances, form a complex which regulates the growth of 
normal adult tissue. Upset of this balance may result in 
the unrestrained growth of cancer'-?, We have described 
the extraction by mild tryptic digestion of constituents of 
normal adult connective tissue (aorta, tendon, and skeletal 
muscle) which were growth-stimulating or growth- 
inhibitory to normal fibroblasts in tissue culture*. The 
effect on growth in vitro varied according to the conditions 
of extraction. Inhibitory extracts and crude precipitates 
from them further inhibited the growth in primary tissue 
culture of a series of human tumours from 75 to 100 per 
cent (refs. 9, 10). 

It seemed of interest to determine whether results 
obtained with established strains of malignant cells would 
correlate with those from tests of fresh tumour tissues. 
An attempt was also made to separate, by DEAE- 
cellulose chromatography, material from the crude pre- 
parations which would inhibit specifically different types 
of tumour cells. During the past two years we have 
tested the effect of extracts, fractions, and DEAE- 
cellulose sub-fractions on the following strains of normal 
and malignant tissue in culture: short-term strains of two 
tumours carried for many years in animals, the Rous 
chicken sarcoma, anda human sarcoma, H.S.1 of Toolan— 
Fjelde"+**; three strains of normal human fibroblasts and 
two strains of highly malignant epithelium, a 12-year-old 
strain of human epidermoid carcmoma of the larynx, 
H.Ep.2 of Toolan—Fjelde™™, and a 5-year-old strain of 
human grade IIT serous cystadenocarcinoma of the ovary 
isolated at this institution, J.M.'*. Fractions were ob- 
tained which were 100 per cent inhibitory to the cells of 
the Rous sarcoma and to H.S.1, but had little or no effect 
on the normal fibroblasts'*. Many fractions were isolated 
which were markedly inhibitory to the young strain, J.M., 
but had no effect on the older epithelial strain, H.Ep.2*4, 
This report deals with the effect of DEAE-cellulose 
chromatography sub-fractions on the growth in vitro of 
the J.M. strain of ovarian tumour cells. 

Crude inhibitory extracts were prepared from chicken 
skeletal muscle or beef tendon by mild tryptic digestion 
under conditions which had previously been found to be 
optimal for the extraction of inhibitors*'*. The inhibitory 
factors were precipitated by ethyl alcohol and CaCl, as 
described previously’®. These precipitates were frac- 
tionated on 2 x 80 em columns of DEAE-cellulose 
equilibrated with phosphate buffer 0-005 M, pH 8-4. In 
one typical run, 140 mg of the ethanol precipitate was 
applied to the column, in another, 220 mg of the CaCl, 
precipitate. A pH and ionic strength gradient was estab- 
lished to pH 6, 0-1 M and 2 M NaCl. 6-ml. fractions were 
collected and combined according to the ultra-violet 
patterns. 

The cell strains were maintained as a monolayer on 
glass in milk dilution bottles in a medium of 25 per cent 
mixed horse and human placental serum in Parker’s 
medium 199 at pH 7-2. For tests for effect on growth of 
cells in tissue culture, dense bottle growths of cells were 
brought into suspension by trypsinization, the cells were 
counted in a haemocytometer, suspended in fresh medium 
and distributed to Carrel flasks or Leighton tubes in 
l-ml. lots containing two hundred thousand cells. In 
two to three days, when the cells had formed uniform 
sheets, the medium was replaced with 10 per cent serum 
in the inhibitory extracts. In each experiment, there were 
two controls of 10 per cent serum in Moscona solution. 
After two days’ incubation the cells in one flask were 
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Figs. 1-4. Footomirogrsphe of cultures of serous cystadenocarcinoma 
of the ovary (J.M.). Figs. 1 and 2, sister cultures; Fig. 1, in contro) 
medium, 10 per nk serum in balanced salt solution: Fig. 2.in 10 p cent 
serum in crude inhibitory extract from skeletal muscle; Figs. 3 à 
sister cultures; Fig. 3, in control medium, 10 fed cent serum in balanced 
salt solution; Fig. 4, in 10 per cent serum ini ibitory fraction 5 Y 
by DEAE-cellulose chromatography from the crude extract in Fig. 2 
(Giemsa x 50) 


counted and duplicate flasks were stained for microscopic’ 
observation. 

Crude extracts, alcohol and CaCl, precipitates and 
DEAE-cellulose fractions eluted at high ionic strength all 
had a markedly inhibitory effect on the cells of the highly 
malignant cystadenocarcinoma of the ovary. Figs. 1 and 
2 show the destructive effect on these cells of the crude 
muscle preparation described above. DEAE-cellulose 
chromatography of precipitates derived from either 
skeletal muscle or tendon yielded ultra-violet absorbing 
peaks at about pH 6 and relatively low ionic strength 
with no effect on growth or mildly stimulating to theses 
cells. On the other hand, material more strongly adsorbed 
on the column and therefore eluted at later stages at a 
lower pH, 4-5, and high ionic strength, 1-2 M NaCl, 
inhibited growth. These sub-fractions have repeatedly 
reduced the number of cells countable in tissue culture by 
75-100 per cent. Such cells as remain in the preparations 
appear to be completely degenerate in the histological 
preparations. Figs. 3 and 4 show the destructive effect of 
the inhibitory DEAE-cellulose fraction prepared from the 
crude extract on the same cystadenocarcinoma cells. The 
factors had relatively little effect against the cells of the 
human epidermoid carcinoma of the larynx, H.Ep.2. i 

These growth inhibitors, which are components of 
normal adult connective tissue, are highly active biologi- 
cally, since very small amounts by weight, 0-05 mg/ml. or 
less, clearly show the effects described. The chemical 
nature of the inhibitors has not as yet been determined. 
We have strong indications that several chemically dis- 
tinct factors are involved, differing in resistance to heat, 
and dialysis. The major component appears to be non” 
dialysable and resistant to 58° C. Nitrogen values indicate 
about 50 per cent protein. There is no DNA present, but 
approximately 10 per cent RNA. Organically bound 
sulphate is detectable, but sensitive tests failed to reveal 
significant amounts of hexoses, hexosamines or hexuronic 
acids'*, In addition, there is at least one dialysable com- 
ponent which contributes to the observed activity. It 
appears to be a peptide or conjugated peptide associated 
with RNA but free of hexose or hexosamine. 
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Isolation of Cryptococcus neoformans from 
a Pigeon Habitats in London 

_ From the several cases of human cryptococcosis 
_(torulosis or European blastomycosis) reported from 
Great Britain it is apparent that this is not an uncommon 
mycosis in this part of the world. Recently, Rook and 
Woods! listed twenty-two cases of the disease recorded 
in Britain. There does not appear to have been any 
‘published information, however, on the saprophytic 
habits of the causative fungus (Cryptococcus neoformans) 
in Britain. The following is a report on the isolation of 
pC. neoformans from pigeon habitats in London, a pre- 
Miminary notification of which wes made at the Imer- 
national Academy of Pathology Symposium on Mycotic 
Diseases (June 1964) by one of us (R. W. RB.), 

Samples of pigeon manure from the concrete floors, 
alls and window-ledges of buildings inhabited by pigeons, 
id of soil from localities frequented by pigeons, were 
lected from four areas in west-central and one area in 
th-west London. These were examined for the presence 
O. neoformans by suspending the samples in sterile 
mal saline, the supernatant being cultured on 
ouraud’s dextrose agar containing chloramphenicol. 
ubation was at 37° C, a temperature which inhibits 
any of the saprophytic moulds and yeasts. Identifica- 
on.of the yeasts isolated was based on methods described 
"Lodder and Kreger van Rij?. In addition, biochemical 
roperties included a positive urease test? and the ability 
to assimilate creatinine’. Pathogenicity of the C. 
formans strains isolated was shown by animal inocula- 
on tests using white mice. The results of 49 samples of 
geon manure and soil examined are given in Table 1. 
the three positive manure samples came from the yard 
“a well-known west-central London church sited in an 
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Table 1. RECOVERY OF C. neoformans FROM PIGEON FLABITATS 


Sample No, examined No. positive 
Pigeon manure 18 1 
Pigeon manure + dust Li 2 
Pigeon manure + soll 5 0 
Pigeon nest 6 9 
Soil 10 0 

3 (6%) 


Total 49 
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area heavily infested with pigeons. One of the three samples. ; 


originated from a thick layer of dry undisturbed pigeon — 
droppings. The other two positive samples were taken 
from a layer of dark dust on the wall ledges of the church. 


This finding of virwent strains of C. neoformans from 
pigeon manure confirras the view of Emmons? that the 
association between virulent C. neoformans strains and 
pigeon excreta is not an unusual or geographically 


restricted phenomenon. H. S. RANDHAWA 
Y. M. CLAYTON 
R. W. RIDDELL 
Department of Mecical Mycology, 
Institute of Dermazology, London. 
* Rook, A., and Woods, W., Brit. J. Derm., 74, 43 (1962). Ages 
*Lodder, J., and Kreger vam Rij, N. J. W., The Feasts (North-Holland. 
Publishing Co., Amsterdam, 1952). hee ee 
3 Seeliger, H., J. Bact., 72, 127 (1956), 
* Staib, F., Zbl. Bakt.,188 274 (1962). 
* Emmons, C, W., Publ. Healt! Rep., Wash., 75, 362 (1960). 


BIOLOGY 


Activation of Spores of Penicillium 
roqueforti 


GERMINATION of fungal spores is characterized physio- = 


logically by transformation of the spore from a dormant 
state of low activity to a state of high metabolic activity, 
and morphologically at a later stage by swelling of the 
spore and production ef a germ tube. Since activation, 
that is, the termination of the dormancy of the spore, is 
the initial stage of germination, an examination of the 
activation process itself makes a logical starting point to 
the study of the biochemical aspects of germination. This 
communication describes the effect of different physio- 
logical agents on the ability of spores of Penicillium 
roqueforti to oxidize oczanoic acid and hence provides a 
method of assessing tae influence of these agents on 
activation. The method may also be applicable for studies 
of the effects of these agents on the subsequent stages of 
the germination process 

Spores of P. requeforti, strain 6989, obtained from the 
American Type Culture Collection, Washington, were 
grown on slopes of Czapek-Dox agar (Oxoid) at 22°. 
After 6-10 days’ incubation the spores were collected 
by adding distilled water and carefully scraping them from 
the surface of the slope with a sterile needle. They were 
separated from small pieces of agar and mycelium by 
filtering the suspension shrough two layers of cheesecloth. 
The spores were then collected on a ‘Millipore’ filter, 
washed with distilled water and transferred to M /10. 
sodium phosphate buffer. The suspension so obtained | 
was standardized in a haemacytometer to give a final 
concentration of 0-5 x 16° spores per ml. For every 15 ml. 


spore suspension 10 mg streptomycin were added in order 
to minimize growth of contaminating bacteria! The pros © 


gress of oxidation of fatty acids (3 umoles) was followed 
manometrically at 27° in a standard Warburg apparatus, 
0:2 ml. 20 per cent KOE being used in the inner cell. The 
methyl ketone coneentration was determined at intervals 
during the experiments 2y pipetting 1 ml. of the contents 
of the Warburg flask into 1 ml. of 2,4-dinitrophenyl 
hydrazine (2 g/litre 2 N HCl) in a stoppered test-tube and 
the 2,4-dinitrophenyl hydrazones estimated by the 
procedure outlined by Lawrence?. 

Preliminary work showed that although washed spores 
of P. roqueforti could oxidize fatty acids only extremely 
slowly, the addition of glucose or ‘Bacto’ casamino acid 
solution (Difco) dramat.cally increased both oxygen up- 
take (Fig. 1) and methy. ketone formation after an initial 
lag period of 1-2 h (Fiz. 2). A subsequent decrease in 
rate of oxygen uptake and methyl ketone formation indi- 
cated the completion of fatty acid utilization. The striking 
preferential utilization of a small amount of fatty acid 
(3 pmoles) in the presence of a large excess of sugars 








: spiratory Sabire. 
formation of 2- heptanone from octanoic acid was 
ost independent of pH between pH 4-5 and 7 (unpub- 
ed results), the limits of pH for optimum fungal spore 
rmination‘. Between 60 and 70 per cent of the acid was 
ltimately oxidized to 2-heptanone after 3-6 h incubation 
‘ith the stimulating agents. The activated spores, on 
eroscopic examination, were found to be apparently 
changed morphologically. Similarly, with spores of 
nicillium chrysogenum, increases in total nitrogen, 
rotein, RNA and the rate of oxygen uptake were noted 
about.7 h before the appearance of germ tubes’. 
-To confirm that the stimulatory effect of casamino acids 
esulted from the influence of one or more amino-acids, 
the effect of individual amino-acids on the ability of the 
spores to oxidize octanoic acid was tested. An increasingly 
pronounced stimulatory effect was associated with the 
following amino-acids, used at a concentration of 100 
umoles/3 ml.: l-leucine, l-arginine, §-alanine, x-amino- 
utyric acid, y-aminobutyrice acid, 1-glutamine, i-proline, 
rine, d-alanine, l-alanine. No individual amino- ie 
ras as effective as either casamino acids (0-1 g/3 ml.) o 
lucose. {250 umoles/3 ml.) (Fig. 2). Aspartic acid, eas a 
ine, glycine, threonine, isoleucine, tryptophan, and tyro- 
sine had no effect, while cysteine, histidine, methionine, 
_ valine and glutamic acid retarded formation of 2-heptanone 
a from octanoic acid. 
Of the monosaccharides tested for their ability to 
ee stimulate the oxidation of octanoie acid by spores, D- 
eee xylose at a concentration of 250 pmoles/3 ml. was the 
ee oo most, -active, although p-glucose and p-galactose were 
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Hours 

«1. The effect of octanoic acid { A~ A), glucose (JED, glucose plus 
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anoic acid (@-@) on the oxygen uptake of washed 7-day-old spores 
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big. 2, The effect of amino-acids (100 gmoles), casamino acids (0-05 oe 

and glucose (250 umoles) on the formation of 2-heptanone from octanoi¢. 

acid (3 zmoles} by washed 7-day-old spores (1-5 x 10°) in pH 6-5 UUE 
buffer (100 umoles). Total volume 3 mi. 
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Fig. 3. The effect of sugars (250 moles) on the formation of 2-hep- 
tanone from octanoic acid {8 #moles) by washed 7-day-old spores 
(1:5 x 10°} in pH 6-5 phosphate buffer (100 zmoles). Total volume 3 ml 













almost as efficient. The spatial configuration aro 
carbon atoms 1, 2 and 3 is the same in these 3 suga 
D-mannose, D-fructose, L-sorbose, b-arabinose, D-80) 
and L-rhamnose were less stimulatory (Fig. 3). Galat itol 
D-mannitol, D-ribose, D-lyxose, D-tagatose, D-glucu 
acid and p-glucosamine were almost without effe 
would appear therefore that some sugars are metal 
more readily than others to yield either energy or 
bolic products essential for the activation process, & 
the spatial arrangement of H atoms and —OH 
around the earbon. atoms in. the, ‘leis may: h 
signaflontcn,. be wes = | 
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Of the oligosaccharides examined, only sucrose was as 
stimulatory as glucose. Maltose, trehalose, cellobiose and 
melezitose had a slight stimulative effect, whereas lactose 
and melibiose had no effect. Other compounds found to 
have no stimulatory effect were adenosine, adenosine 
triphosphate, inosine, adenine, glyceraldehyde, glycerol. 
pyruvate, citrate, succinate, malate, lactate, ethanol and 
propionate. 

The specificity of the stimulatory agents suggests that 
their metabolism may provide an insight into the overall 
termination of dormancy. Results to be published in 
detail elsewhere suggest that their role is connected with 
the transport of fatty acid across the cell wall and that 
the effect being measured in these experiments is, in part, 
the stimulation of transport of octanoic acid into the cell. 
Suitable biosynthetic conditions are needed for the 
development of transport mechanisms which in turn 
regulate the entry into the cell of specific substances’. 
The lag period observed with washed spores could also be 
a result of the need for induced enzyme synthesis (for 
example, of 6-keto acid decarboxylase) or a change in 
permeability. Levinson and Hyatt? have suggested that 
the prime event in germination is a breach of a permeabi- 
lity barrier. Whatever the actual mechanism, however, 
the formation of methyl ketone would still provide a 
reliable measure of whether or not the spores had been 
activated. 

In the comparatively few studies that have been carried 
out to determine the effect of different physiological 
agents on fungal spore germination, various criteria 
have been used to distinguish germinated from non- 
germinated spores; for example, the swelling of spores’ 
and the proportion of spores that form a germ tube in a 
given time*. Such criteria, however, are somewhat sub- 
jective in nature and difficult to measure in practice. The 
marked similarity between the agents that stimulate the 
oxidation of octanoic acid by spores and those, in parti- 
cular glucose, l-proline and l-alanine, that have been 
reported to stimulate the germination of fungal spores?+*:° 

ts that some reactions are common to both. Since 
Franke and Heinen" have shown that 30 out of 38 fungi 
tested were able to form methyl ketones from fatty acids, 
the utilization of this property to indicate which com- 
pounds are likely to stimulate germination of non-activated 
spores might have wide application. 


No. 5012 


R. C. LAWRENCE 


Dairy Research Institute (N.Z.), 
Palmerston North, 
New Zealand. 
Yanagita, T., Arch. Mikrobiol., 26, 329 (1957). 
‘Lawrence, R. C., Nature, 205, 1313 (1965). 
3 Farkas, G. L., and Ledingham, G. A., Canad. J. Microbiol., 5, 141 (1959). 


t Cochrane, V. W., in Physiology of Fungi, 388 (John Wiley and Sons, Ine., 
New York, 1958). 


* Kornñeld, J., in Spores IT, edit. by Halvorson, H. O. (Burgess Publishing 
Company, Minneapolis, 1961). 

* Quastel, J. H., Canad. J. Biochem., 42, 907 (1964). 

Levinson, H. S., and Hyatt, M. T., Ann. N.Y. Acad, Sei., 102, 773 (1963). 

* Bonner, J. T., Mycologia, 40, 728 (1948). 

* Gottlieb, D., Endeavour, 23, 85 (1964). 

1% Cochrane, J. C., Cochrane, V. W., Simon, F. G., and Spaeth, J., Phyto- 
pathology, 53, 115 (1963). 

u Franke, W., and Heinen, W., Arch. Mikrobiol., 31, 50 (1958). 


Warted Pollen Grains of the Epacridaceae 


Watson! has directed attention to the ektexine 
ornamentation of pollen grains in the genus Styphelia Sm. 
Ten species were available for examination and their 
pollen grains bore curious warts. 

An examination of the pollen of another genus of the 

idaceae has shown that some species of Epacris 
Frost. et. f. emend. Cav. also have grains with warts or 
papillae. 

Australian botanists generally agree that the classifica- 
tion of Epacris requires revision. A list of species at 
present acceptable has been drawn up on the advice of 
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Table 1. SPECIES OF Epacris EXAMINED, MEASUREMENTS TAKEN FROM 


ONLY ONE PREPARATION FOR EAUCH SPECIES 
Mean maximum tetrad 


se so) (y) Warts 
E. acuminata Benth 43-2 + 0°32 = 
E. apiculata A. Cunn, 352 + 029 — 
E. breviflora Stapf. 80-1 + 0°35 — 
E, calvertiana F. Muell. 494 + 0-19 — 
E. coriacea A. Cunn. s352 + O17 -= 
E. crassifolia R. Br. 650 + 0-29 Present 
E. exserta R. Br. 494 + O51 Present 
E. hamilioni Maiden et Beteke 43:3 + 0-47 — 
E. heteronema Labill. 61:9 + 0-71 Present 
E. impressa Labill. 503 + 0-55 = 
E. lanuginosa Labill, 50-8 + 0:30 — 
E. longifiera Cav. 63-9 + 0-38 — 
E. maryinata Melville 506 + 0-66 Present 
E. microphylla R. Br. 30:7 + O21 — 
E. muermulata R. Br. 46:7 + 0-48 — 
E. myrtifelia Labill, 61-4 + 0-36 Present 
E. obtusifolia Sm. 67-5 + 0:39 Present 
E. paludosa R. Br. 44:7 + 0:43 _ 
E. pulchella Cav. 39-3 + 0-23 — 
E. purpurascens R. Br. 49-7 + 034 — 
E. reclinata A. Cunn. ex Bench, 53-4 + 0-42 =. 
E. rigida Sicber. ex Spreng. 48:9 + 0-29 Present 
E. robusta Benth. 56:7 + O51 — 
E. serpyllifolia R. Br. 48:9 + 0-25 Present 
E. stuartii Stapf. 57:9 + 0°35 Present 


taxonomists in Australia. The species are given in Table 1, 
with the exception of Epacris barbata Melville, E. petrophila 
Hook. and £. sparsa R. Br. It has not yet been possible to 
examine the pollen of the three latter species. 

The Epacris pollen was examined after acetolysis. The 
papillae appear in general to be more closely placed on 
the grains than those nected for Styphelia*. The warts tend 
to become detached frcm the pollen grains (ef. Styphelia) 
and it is possible that acetolysis has removed these features 
from some grains. 

The warts vary from 1 to 10u in diameter between the 
species. There is also variation within the species. The 
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Fig. 1. Epæris rigida tangential section 





Fig. 2. oacris rigida optical section 





sets of values (P < 0-01). 





diameter of warts on one grain of Epacris rigida was 
observed to vary between 2 and 10p. ` 

It would be premature to assess the significance of 
warts or papillae for the classification of Epacris, but there 
can be no doubt that the presence or absence of these 
structures will be an aid to further systematic investiga- 
tion. 

The assistance of Dr. N. T. Burbidge, C.S.I.R.O. 
Division of Plant Industry, Canberra; Mr. J. Willis, the 
National Herbarium, Melbourne; and Mrs. P. Walker, 
the Department of Botany, the Australian National 
University, Canberra, in the selection of acceptable species 
of Epacris is gratefully acknowledged. 
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Relationships between Constituents of Cones 
and Male Flowers of the Hop (Humulus 
lupulus, L.) i 


Hor breeding is complicated by the fact that the flowers 
of male plants are useless for breeding, so that their geno- 
type in this respect cannot be indicated phenotypically. 
Hence male parents for breeding work have hitherto had 
to be selected by progeny testing. Brewing quality of 
hop cones (the female inflorescences) depends mainly on 
the amounts of soft resins present (the «-acid fraction 
being the most important) and the composition of the 
essentiai oil. The resins produce the bitter character of 
beer, while the oils contribute the characteristic flavour. 

Brooks and Likens: have analysed the soft resins in the 
flowers of 20 male clones and demonstrated significant 
genotypic differences between them. They have not yet 
‘demonstrated that the resin characteristics of these males 
are transmitted to their progeny. 

Using gas chromatographic methods, Roberts? analysed 
the essential oils in the cones of female, and flowers of 
male, plants and found that in a seedling family the 
characteristics of both parents reappeared among the 
progeny. Tetraploid hop plants with X XX Y sex chromo- 
somes are monoecious and both sexes are fertile, so such 
plants can be selected for the brewing quality of their 
cones and then used as pollen parents in a breeding 
= programme®, Such plants also offer a means of determin- 
= ing whether cones and male flowers on the same plant 
and, therefore, genotypically identical give comparable 
results when analysed for resins and essential oils, or 
= whether there are fundamental differences between them. 
During the 1964 season, resin and essential oil analyses 
were carried out on cones and male flowers of 16 tetra- 
_ ploid monoecious plants, the resin determinations being 


of a-acid (a mixture of humulone and analogues) and of 

«total soft resin (the resin fraction soluble in paraffinic 
ciin hydrocarbons, ether and methanol and determined by 
cco <g0lvent extraction). The difference between these values 
` o is referred to as the B-resin. The B-acid contents of both 
< o o gexes were determined by similar polarimetric methods 
oo. using ether extraction‘. 


: The mean value for a-acid con- 
stent in the cones was 13-0 times that for the male flowers, 
but there was a significant correlation between the two 
| | The 8-resin content in the 

cones was only 5-9 times that for the male flowers and 
there was no significant correlation between these values. 
As shown in Table 1, the -acid B-resin ratio was higher 
in the cones than in the male flowers; very similar results 
were obtained from analyses on male and female plants 
from two normal seedling families. As ®-resin is an 
imprecisely defined mixture, it is possible there is a 
< component that is abundant in male flowers which is 





-.  @bsent or present only in small amounts in cones. 








FAMILIES 
a-Acid -Resin Ratio 

Sex content content a-acid] 

% % -resin 
Monoecious Female 4:03 8:17 0-50 
plants Male O31 1-38 0:22 
Diovecious family Female 3°47 699 0-50 
Male 0-19 1°05 G18 
Dioecious family Female 4:08 O31 044 
21/62 ale O14 0-90 0-15 


The essential oil compositions of both cones and male 
flowers of the monoecious plants were determined by 
ether extraction (room temperature) of the dried flowers 
(0-5 g) and evaporation of the dried solution on to ‘Celite’ 
at room temperature, followed by gas chromatography 
of the ‘Celite’ sample?. Myrcene, caryophyllene, humulene 
and sometimes farnesene (depending on variety) are the 
major oil components in cones, but myrcene does not 
show up by this technique. In all cases the cones and 
male flowers from the same plant gave similar proportions. 
of caryophyllene and humulene. Two plants contained 
farnesene in the cones, but no male flowers contained 
measurable quantities of this compound. AN the male 
flowers contained at least one extra component that was 
absent from the cones (Fig. 1). 


a b a 


Fig. 1. Chromatograms of (a) male flowers and (6) cones from the. 

monoecious plant 25/57/84. (Pre Argon chromatograph, 4 ft. column of 

1G per cent ‘Apiezon L’ on a mem ‘Celite’, 175° C, rate of tlow 
main 


The differences noted between cones and male flowers 
of tetraploid monoecious plants have also been found 
between male and female diploid plants. In one seedling 
family, large farnesene peaks were present in all 15. 
female seedlings examined. In other families farnesene 
was present in some females but absent from others. 
None of the male seedlings examined showed definite - 
farnesene peaks, nor did the male parents, although some 
transmitted this character to their female progeny. The 
ratios obtained suggest that the presence of farnesene 
is a sex-limited character controlled by a single pair of 
genes with presence of farnesene dominant to absence. 
The unidentified peak found only in the male flowers of 
monoecious plants was characteristic of all diploid male 
piants examined, but was absent from diploid females...» 
Preliminary evidence indicates that another component 
(probably selinene) which is abundant in some females 
may be much less abundant or absent in males. | 

This work has clearly indicated that there are funda- 
mental differences between the essential oils and resins of 
cones and male flowers, and the same differences are found _ 
whether these are on separate dioecious plants or occur — 
together on monoecious plants. Since there was a correla- 
tion between the a-acid contents of cones and male flowers — 
on monoecious plants, itis probable that «-acid determina- — 
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tions on male plants will be a valid method of selecting 
them for breeding purposes. 
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Radiation-induced Sex Reversal in Ecballium 
elaterium 


GALAN! *, whose work was reviewed by Mather’, showed 
that the cucurbitous plant Ecballium elaterium has been 
shown to exhibit the simplest sex-determining mechanism 
ever found in higher plants. A dioecious variety growing 
in the south of Spain and in North Africa maintains a 
50 cent pro-sex ratio in Nature by means of a pair of 
alleles a0>at, Male plants are heterozygous while female 
ones are recessive. On the other hand, the well-known 
monoecious variety which grows in Mediterranean Europe 
is homozygous in a third allele at. Through reciprocal 
hybridization between both varieties, Galan was able to 
demonstrate that allele at dominates at, but behaves as a 
recessive factor in relation to a”. 

During the past three years we have attempted to 
induce mutations in the allelic series aP > a+ > at, especially 
in the two alleles which are involved in the dioecious 
_ variety. Gamma rays, neutrons and diethyl sulphate 
(DES) have been used as mutagenic agents. Our tests in 
the first year recommended a dose of approximately 
20,000 rads of ionizing radiation for treatment of dry seeds. 
DES was used at a concentration of 1/500 during 24 h. 
Chronic gamma irradiation of growing plants was also 
carried out with dose rates ranging from 10 to 120 rads 
per day. Neutron exposures were delivered at the J.E.N. 
nuclear reactor of La Moncloa (Madrid) while gamma rays 
were provided by our own gamma facility (“El Encin’, 
Alcalá de Henares) equipped with a 2,250-c. Cs-'**Ba 
source. 

However chronic or acute was the treatment, notes were 
only taken of the actually irradiated generation (R,), 
since it can easily be learned that mutations a?=a* in 
any direction would show up readily from genotypes as 
aDat or ata*, with no need for back-crossing. Nearly 2,000 
mature individuals were observed in each of their branches, 
for in irradiated seeds an induced mutation would nor- 
mally affect a single cell in the embryo, and it would only 
appear partially in the adult plant. 

In the course of three seasons we have been able to 
observe a number of sex aberrations which were clearly 
not mutations but probably originated from disturbances 
in the mechanisms concerned in sex phenotypic expres- 
sion. Some new characters not affecting sex also appeared, 
a few of them probably genetic changes. These are now 
being observed for a future tentative list of mutable genes 
in this interesting plant species. | 

Late in summer 1964, one instance of a sex reversal with 
a high probability of being of genetic origin, was detected 
in a masculine plant of the dioecious variety, arising from 
a neutron-irradiated seed. It consisted of a complete 
reversal to morphologically quite normal female flowers, 
affecting one of the lower branches of the plant; moreover, 
it did not involve the whole branch but certain nodes of it. 
After a detailed phyllotactic map was built, the new 
character appeared to be distributed clearly in a sector of 
approximately 180 degrees. Sectoriality strongly suggests 
that we are dealing with a mutation, at least in the wider 
sense of this word that includes chromosome deletions or 
re-arrangements. 


NATURE 


805 


No other character was observed to change in association 
with the flower sex. Leaf and stem colour, leaf shape, hair 
pattern, etc., were unaltered. Curiously, it was the fact 
that while flower morphogenesis reached a quite reversed 
expression, the aspect 3f the inflorescence remained essen- 
tially masculine. In the leaf axil of a male plant of E. 
elaterium var. dioicum. the inflorescence is elongated and 
bears up to 15-20 flowers successively during the season 
(see Fig. 1, upper left); the first of these flowers originates 
from a different primerdium and bears no bract, though 
its pedunele is largely eonnated to the inflorescence axis*. 
This first flower is the only one which develops in the axil 
of female plants, of ecurse with a female expression‘. In 
this case, after fecundation, the stalk thickens and elon 
gates rapidly, with a marked negative geotropism (upper 
right); the fruit at its top explodes later by the well- 
known hydraulic seed dispersal mechanism of this species. 
On our mutated branch, female flowers were found not only 
in the axil, but also ratàer clustering along non-thickened, 
non-geotropic axes (lower figure, on the right). 





Fig. 1 


Unfortunately, femal flowers of the reversed branch 
yielded only three or four poor-looking seeds whieh would 
probably be unable to germinate, and in any case would not 
provide enough information on sex proportions in the R, 
Many of these flowers gave rise to well-developed theugh 
seedless fruits, or in other words, to parthenocarpic fruits. 
The observed sterility may be the consequence of an 
induced chromosome a>erration, perhaps a deletion in- 
volving gene aD. Lack of apparent side effects on the 
phenotype would seem to indicate that the hypothetical 
chromosomal damage is 20t too drastic. The possibility still 
remains of a mutation «¢”—-a*t where the female genotype 
loses most of its fertility within a ‘male environment’. 

CÉSAR GOMEZ-CAMPO 
MANUEL Casas-BUILLA 
Instituto Nacional de Irvestigaciones Agronémicas, 
Madrid, 3. 
Galan, F.. C.R. Acad. Sci., Paris, 222, 1130 (1946). 
* Galan, F., Acta Salmarticensia 1, 7 (1951). 
* Mather, K., Nature, 163, 926 (949). 
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because they are no longer able to graze efficiently. 
It has been proposed that constituents of actively 
metabolizing herbage which predispose sheep’s teeth to 
excessive wear appear to be: (1) enzymes (proteinases), 
which attack the organic bonding material of the dentine; 
(2) acids which chelate calcium of the apatite. By these 
agencies tooth structure may become weakened and 
- susceptible to attrition by the tougher constituents of the 
=x herbage such as fibre and plant phytoliths'. Wear has 
been attributed by Australian workers to abrasion by 
— plant phytoliths?-’, 
_ The investigation reported in part here arose from a 
< survey into wear by J. Wellington, Department of Agri- 
<v culture, and was undertaken to assess the relative im- 
- >- portance of physical and chemical factors that might be 
responsible for differences in wear noted in sheep on 
selected farms on different soils in the Wairarapa area of 
coccio the North Island. 
Farm A. High level of wear in sheep’s teeth. High 
production ryegrass clover pasture. Yellow-grey. earth 
gol (Wharekaka silt loam). 
Farm B. Medium level of wear in sheep's teeth. High 
production ryegrass clover pasture. Yellow-brown loam 
soil (Tauherenikau stony loam). 
< Farm C. Low level of wear in sheep’s teeth. Low 
production, unimproved pasture with high proportion of 
_ native grasses and moss. Steepland soil (Ruahine steep- 
land soil), 
As part of the investigation into physical and chemical 
_. factors, analysis of sheep faeces was carried out to measure 
the amounts of soil taken in with pasture by the grazing 
animal, since soil could be an important factor in any 
_ abrasive process. The data for soil ingested over the 
. winter months are of special interest. 
-o Faeces samples were collected at approximately three- 
weekly intervals from July to December on the three 
: farms. Only fresh faeces were collected and particular 
© = care was taken to collect pellets or stool material not in 
- contact with pasture or soil. For each sample on each 
- farm approximately 5 g of fresh faeces was collected from 
each of 40 separate piles of faeces, to give a composite 
sample of about 200 g. The whole sample was dried, 
=- ashed at 550° C and extracted with successive portions of 
_. 8 N hydrochloric acid to yield an acid-insoluble residue. 
Comparison of faeces samples collected in this way with 
‘faeces samples taken direct from the rectum of sheep 
grazing the same pasture shows close agreement in acid- 
‘wmsoluble residue figures. In Table 1 the acid-insoluble 
esidue levels for the period July-December are expressed 
a percentage of faeces on a dry matter basis (100° C). 
r the purpose of calculating weight of soil ingested per 
it has been assumed that dry matter intake is at a 
el of I kg per day and that the ratio of dry matter 
ces : dry matter pasture is 1:6. If dry matter intake of 
ure per day is less than 1 kg per day, soil ingestion 
gures will be correspondingly reduced; if the ratio of dry 
latter faeces : dry matter pasture is greater than 1 : 6, 
oil ingestion figures will be increased. It is estimated that 
dry matter intake of 1 kg per day approximately 15 g 
the acid-insoluble residue per day will come from the 
asture, probably mostly in the form of plant phytoliths. 
us figure has been subtracted from the daily total of 
cid-insoluble residue to give a net figure which is taken 
Oo be ingested soil—this has been confirmed by the 
resence of quartz peaks in X-ray diffraction studies of the 
acid-insoluble residue. The results are presented in Fig. 1 
this basis. | 
t can be seen that soil ingestion is high over the wet 
iter period on the ‘high-wear’ farm, Farm A, when 








































- Period of collecti 






July 14, 3964 EO 2 95 
July 24-80, 1964 44:4 25-3 G4 
Aug. 18-19, 1964 59-6 34-7 127 
Sept. 4-9, 19 61-4 36-2 411-2 
Sept. 29-20, 1964 34-3 17-1 11-7 
Oct. 13, 1964 19-4 9-3 104 
Nov, 4, 1064 17-7 360 T8 
Nov. 24-30, 1964 11:3 4-9 +3 
Dec, 15-15, 1964 10-4 1:3 5-4 


pastures were short and muddied, and earthworm casts 
abundant. Farm B, ‘medium wear’, although as heavily. 
stocked as Farm A, has a lower level of soil ingestion, which 
agrees well with field observations that, even when pastures. 
on this farm were short, the high proportion of stones in 
this soil results in a firm pavement and less muddied 
pasture. Farm C, ‘low wear’, although carrying poorer. 
low-production pastures of native grasses and moss, has : 
a close mat of turf, with little possibility of soil con- 
tamination. It can be seen that on this farm ingestion of 
soil is low. Oe 

Tt is intended to follow soil ingestion for a full year to 
obtain annual figures for soil intake. The figures gained: 
so far suggest soil intakes of the order of 25 1b., 10 lb., and 
1 Ib., respectively, over the winter period on high-, medium- 
and low-wear farms. At peak intake ewes may be ingesting 
about 3 Ib. soil/week on Farm A. Ingestion falls over the 
spring period when pastures are longer and competition: 
for feed is reduced. Some increase in ingestion may occur 
over the dry summer months, but it would seem unlikely 
that this will approach the winter peak. It is possible 
that a figure approaching 50 lb./year might be obtained on 
high-wear farms in wet years. 

It would seem, then, that there is an obvious correlation” 
between the amount of soil ingested and the degree of wear 
in sheep’s teeth on the three farms. While chemical agents 
in pasture that might contribute to wear are being investi- 
gated, at this stage ingested soil would appear to be'a- 
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vi “Zealand con- 
nin a number of 

n that plant liths could be re- 
nsil e for wear, it seems unlikely that plant phytoliths 
id exceed 15 g/day at the 1 kg/day dry-matter intake- 
l; a relatively small figure as compared with peak 
takes of soil of more than 200 g/day. Further, the 
reentages of phytoliths in pasture samples from the three 
‘ms are not sufficiently different to explain the wear 
ferences. This would suggest that, under New Zealand 
cea plant phytoliths are not a primary cause of 












ody-weights, wool weights, footrot, and internal parasites, 
d noted excessive wear in sheep at high stocking rates, 
which he has attributed to abrasion by soil. Co-operative 
studies between us now under way should enable us to 
establish if wear is optimal at peak soil ingestion periods. 

The surprisingly high amounts of soil ingested on the 
_ high-wear farm may have other implications in the soil- 
- plant—animal field. Ingested soil may be a significant 
- source of microelements and of insecticides, and these 
aspects are also being investigated. 
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ENTOMOLOGY 


Changes in Size of the Corpus Allatum in a 
Polymorphic Insect 


_ In order to gain some insight into the part played by 
_ the endocrine system in determining form in a poly- 
morphic insect, an investigation was undertaken of 
-changes in volume of the corpus allatum in virginoparous 
alate and apterous forms of the cabbage aphis, Brevicoryne 
brassicae (L.). 

Aphids of known ages were fixed in alcoholic Bouin 
ontaining 0-5 per cent trichloroacetic acid, sectioned 
rontally at 8u, and stained with iron-haematoxylin. The 
ength and width of the corpus allatum were measured 
ising a screw-type eyepiece micrometer and the approx- 
imate volume of the gland was calculated assuming it to 
ean ellipsoid having equal minor axes. 

t was found that during the third and particularly the 
urth nymphal instar apteriform aphids had larger 
orpora allata than did alatiform aphids. At the imaginal 
noult the corpus allatum of the apterous aphid was twice 
s large as that of the alate. The corpus allatum of the 
late did not increase in volume between the beginning 
f the third instar and the imaginal moult, but by 24 h 
er the imaginal moult it had doubled in size. In 
itrast, the corpus allatum of the adult aptera decreased 
imply in volume soon after the imaginal moult. 

The observations on the nymphal stages support the 
eory that apterous characteristics may be brought 
bout ae a relatively high concentration of juvenile 




























were particularly interesting. It has 
, alate. parents. give birth almost 
rous young, wile: ‘the. progeny of 
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apterous parents may be ‘apterous ’ or ARRA ‘There. ie 
also evidence whick suggests that the young of alate 
parents are determined as apterae before birth, while the 
progeny of apterae may not be irreversibly determined 
as apterous or alate until as late as the second instart. 








This could be explained by supposing that the form of : E a 


the embryos is influenced by the hormones of the mother. 


An active corpus allatum in the mother would thus ~ 
increase the amoun of juvenile hormone passing into. 

the embryos and direct them to the apterous pathway of = > 
development. A smell or inactive corpus allatum such aso os 
occurs in apterous adult aphids would have less effect on = > 
the form of the yours, and its influence could be modified - ee, 


postnatally by various environmental factors. - 
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Periodic Aggregating and Take-off in 
Anthophorid Bees, Anthophora acraensis Fab. 


Ir is well known taat a number of insects refrain from 
work at dusk, congregate to ‘sleep’ (or at least to rest ina 
comatose state), and then resume activity as soon. as it 
becomes bright again'. However, little detailed: work? 
seems to have been done on the pattern of the alighting 
and take-off phases cf these ‘sleeping’ aggregations. The: 
present observations save established both the periodicity 
and temporal pattera of the two phases in Anthophora- 
acraensis Fab. 

The observations were made between October 10 and 
November 14, 1964, cn small groups of the species aggre- 
gating daily in the same tree in a garden at Achimota, 
Ghana. The number of bees in each day’s group varied. 
between 33 and 17 in. October; but thereafter fell steadily 
until there were only 6 individuals coming to the tree on 
November 14. These groups consisted apparently of males 
only. On two separate days a single male specimen of 
A. albigena Lep. was observed among the A. acraensis. 
In analysing the resuits “Wilham’s mean’? has been used 
as the measure of ceatral tendency. 

The bees alighted ir. the evening between 1720 and 1800 
h, with a peak in the period 1745-1750; spent the night on 
the tree, using more cr less the same branches each time; 
and took off in the morning between 0525 and 0605: h; 
with a peak in the period 0535-0540 (Fig. 1—based on. 


detailed observations made on twenty evenings ando - 


twenty mornings). ais pattern was repetitive from day |. 
to day. The evening »eak occurred during the first 5-min - 


period after sunset (F745 h}; whereas the morning peak ce 
occurred during the second 5-min period before sunrise. C0 = 
In these sircumstances, the light intensities... 
during the two peak periods could not obvicusly have = =c 
been the same; and *ecords (on four evenings and five = 
mornings) made with an ‘Eel’ photometer indicated that 
the peak and cessatior. of alighting occurred under greater fe 


(0545 h). 


illumination than the onset and peak of take-off (Fig. 1). 
There was a general tendency for the bees to settle very. 
close to each other on ‘the branches, usually about half an _ 
inch apart. It was alse observed frequently that attempts | 
by oncoming bees to alight between those that had thus 
settled were actively repulsed, the latter raising their 
hind legs at the apprcach of the former. 


‘sleep’. 


selected branch of tke tree with their mandibles and — 
apparently spent the aight like this, without using their 
legs for holding on, P*ior to take-off they stretched their 
hind legs vigorously fer a few: minutes. and became veg 














This behaviour fa aS 
towards an intruder somewhat resembles that noted: BY OCS 
Young! in the beetle, Altica bimarginata, aggregating: to aE 


On alighting, the bees instantaneously clasped. “the : f ce 
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(2) Dissection of the s opetisted Done 5 
revealed the presence of grass throughout. i 
the length ot the gut. oe 

(3) The operated locusts live four oro 
five times as long as starved ones and are | 
fully aetive throughout their lives. In 
adults, flight is not impaired in any way. 

(4) The operated locusts remain at a 
constant weight for the rest of their lives. 
It is extremely improbable that just that 
amount of damage is done by the opera- — 
tion which would allow the locust to 
take in just that amount of food which 
would (a) make good the loss of weight 
due to post-operative treatment, (b) 
precisely make good the daily energy 
expenditure of the animal. : 

(5) The oxygen consumption of oper- 
ated locusts was not significantly different. 
from normal locusts, while that of starved — 
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0 : 0 animals is always significantly lower. | 
SE SE A WN AS tee me 1 D AN (6) The effects of starvation could be ~ 
1720 1730 1740 1750 1800 1810 0520 0530 0549 0550 0600 0605 reversed by simply giving the locusts 
Time food, but no way of correcting the 
Fig. 1. A, Alighting; B, take-off (thick line, bees; thin line, illumination) results of the removal of the frontal 


active. This was probably not just a simple warming-up 

.. performance, since the bees sometimes did the same thing 

“immediately after alighting in the evening, and the wings 
remained folded all the time this was going on. 

Early in January 1965 one or two bees were still 
coming to spend the night on the tree. If and when the 
numbers build up again, or if other similar groups of 
A. acraensis could be discovered elsewhere in the neigh- 
bourhood, it is hoped to investigate more fully the possible 
influence of illumination and other factors on the alighting 

-and take-off phases and also the regularity of individual 
bees in these activities. 

Reports published by Matthewson and Daly® and Evans 
and Linsley* confirm my observations of sleeping clusters 

{males only*), and of the clasping of branches with the 
“mandibles. 
T thank Dr. I. H. H. Yarrow for identifying the bees 
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Relationship between the Removal of the 
` Frontal Ganglion and Protein Starvation 
in Locusta migratoria L. 


Te has been shown! that the removal of the frontal 
ganglion in Locusta migratoria L. stopped any further 
growth in weight of the insect. Based on co-related 
anges in the endocrine system, it was suggested that 
lure to grow was basically a failure of protein meta- 
‘bolism. The possibility that cessation of growth was 
oo brought about by gross or partial starvation due to the 
““-gperation interfering with the insect’s ability to eat or 
pass food through its gut was rejected for the following 
reasons: 
ere (1) The operated locusts were observed to eat frequently 
~ and to defaecate often; no obvious differences betweon 
3 heso- and normal locusts were observed in this matter. 





ganglion was found. 

Since the publication of this work, the possibility has 
been raised a number of times that starvation, that is the 
failure of the animal to take into its gut sufficient food. 
for growth, was responsible for the observed results. 
This theory has been put forward sufficiently often to 
warrant re-iteration of the original reasons together with 
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Fig. 1. The percentage change in weight of fourth instar Locusta migra- 
teria from which the frontal ganglion has been removed within 24 h ofo 
ecdysis (hour 0) and daily Injections commenced at 80 h. @---- @, © 
Locusts which were injected with corpora cardiaca extract; x = Xp oci 
locusta which received control injections. Each curve represents the. ae 
responses of one individual awe 








N ovember 20, 196 - 


a brief statement of the extra facts (taken from our con- 
tinuing programme. of research into the physiological 
ects of the removal of the frontal ganglion): 
:) Active proteinases are present in the gut of operated 
usts and in operated controls. In the operated controls 
the amount present increases as the animal grows; 
the operated locusts the amount remains the same 
as it was at the time of the operation. 
(b) Studies on “C-glycine injected into the haemocoole 
aus by-passing any barrier the gut may present) of 
operated locusts and operated controls show that it is 
corporated into the tissues of the former to a much lesser 
tent than in the latter. 
(c) Daily injections of an extract of corpora cardiaca 
Ken from normal locusts caused near normal growth 
in operated locusts (Fig. 1). Control injections are with- 
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From the evidence given here the following relationship 
is deduced between forcibly starved locusts and those 
from which the frontal ganglion has been removed but 
arei in the presence of abundant food and water. 

-< The effect of the operation is to stop, or reduce to a very 
low level, protein synthesis in the insect’s body. This 
effect can also be achieved by forcibly starving locusts, 
either completely by withholding all food, or specifically 
_ by withholding all protein. The gross effect of these two 
_ procedures is similar, but they are fundamentally different 
for the following reason. In operated locusts it is the 
“machinery of protein synthesis that has been interfered 
with, while in starved locusts it is the fuel which is being 

withheld. 

-Further work has shown that the removal of te frontal 
“ganglion affects protein metabolism by way of the action 
< of the corpora cardiaca hormones and the synthesis of 
mRNA in the tissue cells. We are affecting, therefore, 
the growth of the locust at a far more fundamental level 
than is achieved by starvation and, by the proper exploita- 
< tion of the effects of the removal of the frontal ganglon, 
< learning much about the control of growth and metabolism 

in the insect. 
2 K. U. CLARKE 
C. GILLOTT 


Department of Zoology, 
University of Nottingham. 


Clarke, K. U., and Langley, P. A., J. Insect. Physiol., 9, 287 (1963); 9, 363 
(1963); 9, 411 (1963); 9, 428 (1963). 


MICROBIOLOGY 





isolation of Bacteria able to metabolize 
Fluoroacetate or Fluoroacetamide 


= FhvOROACETATE or fluoroacetamide, after conversion to 
< fluorocitrate, inhibit aconitase? and therefore block the 
tricarboxylic acid cycle; consequently these chemicals 
are toxic to animals and are used as pesticides. There 
have been at least two occasions when accidental con- 
tamination of soil and water by fluoracetamide has 
--occurred?, This communication reports the isolation of 
bacteria able to use these compounds for growth. 

<o Agar plates containing mineral salts medium? with 
= 25 mM fluoroacetate as carbon source and 25 mM ammon- 
jum. chloride as nitrogen source, pH 7-2, were inoculated 
with aqueous extract from garden soil or water from 
Dartford Creek (Kent) and incubated at 30°. Those 
inoculated with water produced small yellowish 
= colonies after incubating for about fourteen days; 
the others were still negative after three weeks. A 
“ogingle colony was sub-cultured on fresh fluoroacetate 
agar; satisfactory growth was obtained in five days 
and the colony isolation procedure was repeated. The 
bacteria were short, non-motile, Gram-negative rods and 
:. occurred singly, in pairs or, very rarely, in short chains. 
.. Growth on fluoroacetate agar plates was slow; colonies 
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were homogeneous, -yellowish in colour, small, fiat and 
circular. On nutrieat agar, growth was movo rapid ; 
colonies were larger than on fluoroacetate but otherwise 
very similar in appearance. The bacteria grew more = 
slowly at 37° than at 30° on both nutrient agar and 
fluoroacetate. Fluoroacetamide, glucose, fructose, man- 
nose, lactose, mannitol and glycerol could serve as carbon 
sources for growth; eitrate was not used. A culture has 
been deposited with the National Collection of Industrial 
Bacteria and assigned the number 9562. 

Fig. 1 illustrates growth of the isolate in an aerated 
liquid medium containing fluocroacetamide; an uninocul-  ž 
ated flask served as control. The pH values and optical — 
densities were measured at intervals and, after removal 
of bacteria by centrifugation, inorganic fluoride: 
fluoroacetamide were determined (Snell and Sne 
In the control flask tae level of fluoroacetamide remained 
constant. A blank reading equivalent to 2 ymoles/ml. 
of fluoride was obtainsd at the start of the experiment and 
did not change. Im the inoculated flask the level ofo — 
fluoroacetamide slowly decreased until, after 9 days, 
none could be deteeted. There was a corresponding. 
increase in the level ef fluoride. Growth was linear, not 
exponential, throughcut most of the growth curve. The 
pH of the control remained constant whereas that of the 
inoculated culture dropped to 68. In corresponding 
experiments using fluoroacetate medium, approximately 
40 mM fluoride was present in the growth medium 
supernatant after 6 days’ incubation at 30°. 

For experiments wich resting cells, bacteria were grown 
under forced aeration in 250 ml. amounts of mineral salt 
medium containing <0 mM succinate, acetate, fluoro- 
acetate or fluoroacetamide as carbon source. Fluoro- 
acetamide also served as nitrogen source and was sterilized 
by filtration; other media had 40 mM ammonium chloride 
as nitrogen source and were sterilized by autoclaving. 
Succinate or acetate medium supported yields of about 
0-7 mg dry weight of bacteria/ml. in 24-36 h, whereas 
comparable growth im fluoroacetate or flucroacetamide 
took 5-10 days. Cells were collected by centrifugation, 
washed once in 0-05 M phosphate, pH 7:4, and re-sus- 
pended in more of the same buffer. 

Cells grown with acetate oxidized acetate or succinate 
immediately; those grown with succinate oxidized suc- 
cinate at once but saowed a slight lag with acetate. 
Neither type metabodzed fluoro-compounds during 90 
min. Fig. 2 illustrates that those grown on flucroacetate 
oxidized this substrateor acetate but not fluoroacetamide. 
Those grown on fluoroacetamide oxidized this compound, 
fluoroacetate or acetata, 

Thus these bacteria grow with fluoroacetate or fluoro- 
acetamide adaptively but very slowly; the non-exponen-_. 
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Fig. 1. Levels of inorganic fizoride © and of fuoroacstamide © during 
growth @ of N.C.1.B. 9502 with an initial concentration of 40 mM fluoro- 
acetamide, vH 7-2, temperature 30° 
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Fig. 2. a, Oxidation of O fluoroacetate; @, fluoroacetamide and 

, acetate by resting cells grown with 40 mM fluoroacetate; @ signifies 

control. Each Warburg flask contained the equivalent of 8-5 mg dry wt. 

of cells; 100 moles potassium phosphate buffer, pH 7-4, temperature 

30°. At the point marked 10 wmoles of substrate were added. b, 

Oxidation of substrates by the equivalent of 8 mg dry wt. of cells grown 
th 40 mM fluoroacetamide. Conditions otherwise as for a 


tial character of growth suggests that product inhibition 
occurs. The amide is probably converted to the acid by 
an adaptive amidase. Since permease formation is 
unlikely to provide a complete explanation of the adaptive 
nature of fluoro-compound metabolism, further investiga- 
tions of this organism would be of particular interest 
because it could contain either an unusual aconitase or an 
enzyme specific to fluorine-carbon linkages. Suitably 
adapted strains might be of value for the decontamination 
of soils and water. 


M. KELLY 


Agricultural Research Council, 
Unit of Nitrogen Fixation, 
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University of Sussex, 
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CYTOLOGY 


Functional Similarities between the 
Cytoplasmic Organelles of Melanocytes and 
the Mitochondria of Hepatocytes 


IN an earlier communication’, it was reported that the 
cytoplasm of melanocytes, located in the liver of the 
amphibian Amphiuma, is packed with large organelles 
containing melanin granules in varying numbers. These 
melanocytes have few mitochondria and no visible ribo- 
somes, in contrast to the hepatocytes which present the 
familiar organelles in large numbers. The sharp structural 
differences between the respective liver cells evoked our 
interest in comparing the functions of the organelles 
which abound in each. The insight to be gained from 
such investigations seemed to transcend the particular 
melanocytes under discussion: normal cells with similar 
structures are being seen in other organs*~* and in other 
vertebrates®:*, while abnormal metabolism of melanins is 
being encountered in human diseases ranging from neo- 
plasia’? to extrapyramidal disorders of the brain*:*. 

For reasons which will become evident, the investiga- 
tions recorded here were restricted to comparisons between 
mitochondria and melanin-containing organelles. Both 
had to be isolated from their respective cells in useful 
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yields and without intercontamination. Centrifugal frac- 
tionations of 10 per cent homogenates in 0-25 M sucrose 
showed that the technique of Schneider and Hogeboom!’ 
was applicable to the collection of pure Amphiuma liver 
mitochondria. This technique had to be modified for the 
isolation of the melanin bodies: although these organelles 
were larger and heavier than the mitochondria, their 
separation in pure form necessitated the use of a sharp 
gradient. Since these organelles disintegrated in 30 per 
cent sucrose (0-88 M), 30 per cent dextran (0-002 M) was 
used successfully instead. These bodies also disintegrated 
at low pH and with routine homogenization. Hence the 
suspending media contained 0-02 M phosphate buffer, 
pH 7-4, and instead of a Potter-Elvehjem homogenizer 
a Latapie mincer was used. 

The following technique is used at present: the mince 
is suspended in 10 volumes of 0-25 M sucrose at 4° C. 
The suspension is filtered through paper (Schleichler and 
Schull, No. 588) to remove tissue fragments, red cells 
and isolated nuclei. The filtrate is spun at 1,000g for 
15 min. To obtain melanin-containing organelles the 
sediment is re-suspended in 2 ml. of 0-25 M sucrose; this 
suspension is layered over 15 ml. of 30 per cent neutralized 
dextran and the system is centrifuged for 35 min at 
1,000g. The ensuing pellet consists of melanin-containing 
organelles and few free melanin granules but no visible 
mitochondria. The latter are gathered from the super- 
natant of the initial filtrate, by centrifuging at 5,000g. 
These are comparable to the mitochondria derived from 
liver homogenates according to the unmodified method of 
Schneider and Hogeboom'*, The purity of both fractions 
was ascertained by light and electron microscopy (Fig. 1). 
Isolated melanocytes, obtained by incubation of liver 
slices with collagenase, yielded inferior preparations. 

Metal-transport into each of these organelles was 
measured by assaying their uptake of carrier-free **MnCl, 
which was injected intraperitoneally. This isotope was 
selected because it accumulates preferentially in mam- 
malian liver mitochondria both in vivo™ and in vitro. 
Twenty-four hours after injection of 50 uc., the whole 
liver contained 1-99 x 10° ¢.p.m./mmole nitrogen. By 
comparison, the washed mitochondria contained 2-22 x 
10° ¢.p.m./mmole nitrogen, and the washed melanin 
organelles contained 2-02 x 10° ¢.p.m./mmole nitrogen. 
Repetition of this experiment yielded similar results. 
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Fig. 1. Electronmicr ph of osmium-fixed, uranyl-acetate-stained 

cytoplasmic organelles of me ‘tes isolated from Amphiuma liver by 

30 per cent dextran gradient centrifugation. Some free melanin granules 
are also present. (xc. 5,004) 


No.sor2 November 20, 1965 


N 
© 


C.p.m. *4Mn/g dry weight ( x 10°) 


GRANULE *4mn-© 


LIVER $SMn 


_—_ Ss 


LIVER °4Mn 


` 


ug ©Mn/g dry weight 
H 
T 
© 


ON 
GRANULE "®Ma~<, 


a 
YY) 
D 


90 





1 2 3 4 5 6 7 8 
Washings in distilled water 


Fig. 2. Comparison of the loss of both the radioisotope "Mn and the 

natural isotope **Mn from the melanin granules of the Amphiuma liver. 

The melanin granules were isolated and washed by differential centri- 

fugation in neutral distilled water The amounts of “Mn and ®*Mn in the 

whole liver, prior to the isolation of the melanin granules, are shown at 
each vertical margin of the graph 


On a previous occasion, melanins from other sources 
were observed to contain high concentrations of natural, 
non-radioactive manganese*, Hence it was of interest 
to analyse the melanin granules located within the matrix 
of the organelles under discussion. Such analyses would 
show whether manganese crosses the membranes of the 
melanin granules: or only those of the melanocytes and 
of the organelles which contain these granules. 

The melanin granules were isolated according to 
Claude’ after one initial wash with triple-distilled de- 
mineralized water. The concentrations of both the 
radioisotope *4Mn and the natural isotope *Mn were 
determined as follows: The radioactive one was determ- 
ined first, the natural one was rendered radioactive by 
neutron bombardment!’ and the ensuing °**Mn was quan- 
tified after subtraction of the long-lived radioactivity of 
‘Mn. The results are shown in Fig. 2. The initial high 
degree of accumulation shown on the figure constitutes 
an underestimate of the native state, since subsequent 
washings decreased the concentration of both isotopes in 
these granules. 

These results showed that the melanin-containing 
organelles concentrate manganese in a manner similar to 
mammalian mitochondria. They indicated the desir- 
ability of further comparisons between the novel organ- 
elles and the mitochondria. Among the enzymes known 
to be mitochondrial ones in the mammal, the following 
were selected: (1) succinic oxidase!® because of its im- 
portance in energy metabolism?’; (2) monoamine oxidase1® 
because of the production of melanins which accompanies 
its reaction im vitro'®*°, These considerations prevailed 
in spite of the known lability of these enzymes, particularly 
in the amphibian?!. 

' The lability of these enzymes reflected itself in the fact 
that the sum of fractions obtained according to Schneider 
and Hogeboom!’ contained less activity than did the 
initial homogenate. The losses did not exceed 30 per cent 
and were not reflected in the recoveries of either *4Mn. or 
of nitrogen. Still, it was necessary to ascertain whether 
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the particular fracticns of interest to us were not primarily 
affected. These fractions were therefore tested before and 
after incubation at 4° C overnight. No losses of either 
enzymatic activity were found in the isolated mitochon- 
dria. The whole liver homogenate lost only about 15 per 
cent of its succinic oxidase but none of its monoamine 
oxidase activity. In contrast, the melanin-containing 
organelles lost about 45 per cent of their succinic oxidase 
and only 10 per cent of their monoamine oxidase activity. 
Hence it was evident that the enzymatic activities re- 
covered with the m2lanin-containing bodies would con- 
stitute underestimatas of the native state. 

The relative specific activities of these two enzymes are 
shown in Table 1 as the mean and range for each. It is 
evident that both enzymes were localized to about the 
same degree in the melanin-containing bodies and the 
mitochondria. The melanin granules isolated from the 
organelles which consain them had contributed significant 
amounts of nitrogen to these computations, but they con- 
tained no measurab_e enzymatic activity. 


Table 1. SwccrInic OXIDASE AND MONOAMINE OXIDASE IN Amphiuma 


LIVER FRACTIONS 


Succinic oxidase Monoamine oxidase 

(ul. Ogfh/fmM N) (uM NH;/h/mM N) 
Homogenate (5) 762 (612-908) 28 (22-34) 
Mitochondria (8) 954 EE 57 tio aay 
Melanin bodies (8) 758 (305-1,297) 88 (12-83) 


The sum of this evidence indicates that some mito- 
chondrial functions are localized also in the recently 
described organelles of the melanocytes in Amphiuma 
liver’. This is indeed in agreement with the conclusions 
of du Buy et al.?? in spite of the fact that we have investi- 
gated large, complex organelles from a normal tissue, 
whereas their material contained melanin granules and 
small melanosomes from mammalian tumours. It should 
be recalled that the melanocytes examined here contained 
no visible ribosomes or lysosomes. Hence the melanin- 
containing organelles are worth comparing with ribosomes 
and with lysosomes in a manner similac to that reported 
here for mitochondrm. 

We thank Dr. Hctton A. Johnson for his preparation 
and interpretation cf the electronmicrographs. 

This work was supported by the U.S. Atomic Energy 
Commission. 
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VIROLOGY 


Growth and Cytopathogenicity of H-viruses 
in Human and Simian Cell Cultures 


THe H-viruses are a new group of small agents, 180- 
250 A in diameter, distinguished by their ability to pro- 
duce a ‘mongoloid-type’ deformity in new-born hamsters)? 
and, in the case of H-1, to cross the placenta and cause 
malformation of the hamster embryo*-§. These viruses 
have been isolated from two host sources, man and rat. 
Two members of the group, H-1 and H-3, which differ 
from one another serologically, were first isolated from 
human tumours transplanted in conditioned animals; 
afterwards they, as well as HT and HB, were obtained 
directly from human embryos, placentas, and neoplasms‘. 
Recently it was demonstrated that two human subjects 
injected with H-1 virus developed haemagglutination- 
inhibiting (HA-I) and neutralizing antibodies to H-1 
(ref. 7). This indication that man is susceptible to infec- 
tion by H-l virus is supported by the observation that 
HA-I and neutralizing antibodies to H-1 virus have been 
found in the sera of several cancer patients, laboratory 
personnel, and pregnant women®’, It has also been learned 
that rhesus monkeys are susceptible to infection with 
H-1 (ref. 9). 

Other members of the H-group, the Kilham virus, 
RY (ref. 10), and the related virus X-14 (ref. 11), both of 
which are serologically similar to H-3 though they have 
different types of haemagglutination patterns with red 
blood cells from various animals, have been isolated from 
rat tumours. So far only rat embryo cells, and occasion- 
ally hamster embryo cells, have been used to grow H-1 or 
KV (refs. 11-15). This communication reports that H-1 
and H-3 can proliferate and be passaged in a number of 
human and simian cell culture lines. 

The cells tested for growth of the H-viruses are listed 
in Table 1. The human continuous cell lines of HeLa 
(Gey), HeLa S-3 and FL amnion were obtained from 
Difco Laboratories, Detroit, Michigan; Chang liver, 
Chang conjunctiva and Henle intestine from Baltimore 
Biological Laboratories, Baltimore, Maryland; and HEp:2 
from Flow Laboratories, Rockville, Maryland. Primary 
cultures of human amnion were prepared in the laboratory 
from fresh placentas by the method of Wilt et al.18. The 
permanent simian cultures of rhesus kidney (LLC-MK 2), 
Salk heart and chimpanzee liver (Douglas CL I) came 
from Flow Laboratories. Other cells tested were the 
permanent hamster kidney culture, HaK, from Flow 
Laboratories, and secondary hamster embryo cultures 
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derived from trypsinized primary cultures of minced 
hamster embryos, approximately 14 days of age. Cell 
sheets were ‘prepared by growing trypsinized cells in 30 
ml. Falcon tissue culture flasks containing 5-0 ml. of 
Eagle’s minimum essential medium (MEM) with 10 per 
cent calf serum. When an almost confluent layer of cells 
formed, the test cultures were washed twice with tris- 
buffered saline (TBS) (ref. 17) and infected with 1-0 ml. 
of virus prepared from infected new-born hamster livers!® 
and diluted with TBS to contain 10-20 haemagglutinin 
(HA) units/ml. Parallel titrations of H-1 and H-3 strains 
were done. After incubation for 2 h at 37° C, the control 
and infected cultures were washed twice with TBS and 
covered with 5-0 ml. of MEM containing 2 per cent foetal 
calf serum. The cultures were examined daily or at suitable 
intervals for haemagglutinin production and for the devel- 
opment of cytopathic changes (CPE). For HA titrations 
guinea-pig red cells were used!*. End-points were read as 
that dilution of virus which completely agglutinated all 
the red cells. 

Growth of H-1 and H-3 was obtained in all the perma- 
nent human cell lines tested (Table 1). Although both 
viruses appeared to multiply to approximately the same 
extent, producing maximal HA titres at about the same 
time, the cells differed in their response to the two viruses. 
The CPE induced by H-1 appeared earlier, concomitant 
with virus multiplication, and progressed considerably 
more rapidly than that induced by H-3. Early CPE 
consisted of rounding of cells and granularity, followed by 
a disruption of the cell sheet, and finally detachment of 
the necrotic and shrunken cells. This CPE was very similar 
to that found in infected rat embryo cultures by Moore”. 
The difference in the timing and progression of cellular 
pathogenicity induced by H-1 and H-3 in human cells was 
also observed in the permanent simian cell lines of Salk 
monkey heart and Douglas chimpanzee liver, the perma- 
nant hamster kidney line, Hak, and the secondary hamster 
embryo cultures. Only minimal CPE by H-3 was seen at 
the time when maximal or nearly maximal haemagglutinin 
production occurred. However, although the CPE induced 
by H-3 was delayed, a slow progression to fairly complete 
CPE usually occurred. It is noteworthy that it took 
considerably longer for maximal HA production and CPE 
to occur in the hamster cells than in the human and 
simian cultures. Whether this finding represents a genuine 
difference in cell susceptibility or could be attributed to ` 
other factors, such as variations in cell concentration, is 
unknown. 

Several successful passages of H-1 and H-3 were carried 
out in all the cell lines tested. After three to five passages 
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Table 1. SUSCEPTIBILITY OF CELLS OF DIFFERENT ORIGIN TO H-VIRUSES 


Maximal Days after inoculation CPE at time 
haemagglutinin (HA) maxim maximal HA 
Source Cell production * obtained obtained ł 
H-1 virus H-3 virus H-1 virus H-3 virus H-1 virus H-3 virus 
Human 
Permanent HeLa (Gey} 4 not done 5 not done 4 
HeLa S-3 3 2 4 3 3 1 
Liver (Chang) 4 4 4 3 4 1 
Conjunctiva (Chang) 8 3 5 3 3 1 
Intestine (Henle) 3 3 4 4 4 1 
HEp-2 3 not done 8 not done 3 not done 
FLE amnion 3 4 4 4 3 1 
Primary Embryo kidney 0 0 21 days observation — — 
mnion 0 0 23 days observation — — 
Simian 
Permanent Rhesus kidney, 
LLC-MK 2 (Hull) 0 0 23 days observation — — 
Monkey heart (Salk) 4 4 5 8 3 2 
Chimpanzee liver 
(Douglas) 4 4 4 6 4 
Other | 
Permanent Hak (kidney, Syrian 
hamster) (Spense) 4 3 12 15 | 
Secondary Hamster embryo 3 3 9 7 
























* Haemagglutinin production was assayed by haemagglutination of guinea-pig red cells and reported in haemagglutination units as the reciprocal of the 
highest dilution that completely agglutinated all the red cells as follows: 1, 10-20 units; 2, 40-160 units; 3, 320-640 units; 4, 1,280+ units. 

t Cytopathic changes (OPE) were graded as follows: 1, rounding and granularity of scattered cells; 2, beginning of disruption of cell sheet; 3, extensive cellular 
granularity and disruption of sheet; 4, considerable detachment of degenerated cells. 
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of H-3,- extensive CPE occurred when haemagglutinin 
production became maximal. H-1 is at present in its 
sixth passage in Chang liver and Salk monkey heart and 
so far has retained its full virulence for new-born hamsters. 
The finding that H-1 and H-3 failed to produce HA or 
CPE in the primary human embryonic kidney or amnion 
tissue cultures is of interest and is being investigated. 

The work was supported by grant #-343 from the 
American Cancer Society and grant CA-07826-02 from 
the National Cancer Institute, U.S. National Institutes of 
Health. 
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Stimulation of Sendai Virus Multiplication by 
Puromycin and Actinomycin D 


THE rate of virus multiplication may ultimately be 
limited by the number of unprogrammed ribosomes avail- 
able to viral nucleic acid. There is presumably only a 
finite probability in unit time that an infecting viral 
nucleic acid molecule can successfully compete with a vast 
excess of cellular messenger RNA molecules for an unoccu- 
pied ribosome. Even after attachment has been achieved, 
the subsequent rate of synthesis of viral constituents may 
be expected to depend on the availability of free ribosomes. 
This hypothesis was tested experimentally in cells pre- 
treated with two antibiotics, puromycin and actinomycin 
D, each capable of increasing the number of unprogrammed 
ribosomes. 

Actinomycin D inhibits the synthesis of messenger 
RNA by binding to DNA and interfering by steric hin- 
derance with the function of DNA-dependent RNA poly- 
merase!:?. This leads to the gradual disappearance of 
polyribosomes with a consequent increase in the number 
of unprogrammed ribosomes? as existing messenger RNA 
is slowly destroyed during the ensuing few hours!?:3:4; 
Sendai is one of several RNA viruses capable of normal 
multiplication in the presence of actinomycin D!5. It 
commends itself for the proposed experiment because, by 
analogy with other myxoviruses®’?, it probably does not 
bring about the early inhibition of host cell protein or 
messenger RNA synthesis so evident, for example, with 
mengovirus® and poliovirus‘. 

The parameters of Sendai virus multiplication were 
examined in suspended allantois-on-shell®. Dilutions of 
virus were added to pieces of allantois-on-shell (AOS) cut 
from a single egg and suspended in a simple maintenance 
medium in a plastic tray. The tray was shaken at 36-5° 
for 30 min, then 100 units of receptor-destroying enzyme 
(RDE) added to remove residual inoculum and to restrict 
virus multiplication to a single cycle. After rinsing, the 
tissues were transferred to a fresh tray every 2 h and the 
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Fig. 1. ‘Delay’! in the multiplication of Sendai virus. AOS was 


inoculated with Sendai at m.o.l. of 100 (open circles), 30 (closed circles), 

10 (open squares), 3 (closed squares), 1 (open triangles) or 0 8 (closed 

triangles). The graph shows the amount of haemagglutinin newly 
produced i each 2-h interval 


remaining supernatant fluids titrated for their content of 
haemagglutinin (Fig. 1). 

At high multiplicity of infection (m.o.i.) virus begins to 
appear after an eclipse period of 64-7 h and the maxi- 
mum rate of virus production (given by the peak of the 
differential curve) is seen during the tenth or eleventh hour 
post-infection (p.i.). At low m.o.i., on the other hand, the 
eclipse period is longe- and the rate of virus production is 
still increasing at 16. This clearly establishes the occur- 
rence of multiplicity-dJependent ‘delay’#® in the multipli- 
cation of Sendai virus. 

Actinomycin D (0-G3, 0-1, 0-3, 1, 3, 10 ug/ml. or nil) was 
added to AOS 2h befare Sendai virus at various m.0o.i., and 
cumulative yields cf haemagglutinin were titrated. 
Regardless of m.o.i. and at concentrations of actinomycin 
of 0-3 pg/ml. to 10 ug/ml. inclusive, the antibiotic markedly 
increased the rate of virus production. Fig. 2 shows the 
results of a typical experiment using actinomycin at 2 
ug/ml. There is good reason to suppose that the increase 
would be even greate? if the cells could be maintained in 
actinomycin for a longer period before infection to allow 
more adequate time for decay of existing messenger RNA. 

Puromycin inhibits protein synthesis by removing the 
developing peptide ckains from ribosomes!!, As a result 
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Fig. 2. Stimulation of Sendai virus multiplication by actinomycin D. 
AOS was inoculated with actinomycin D, then 2 h later with various 


m.oi. of Sendai virus. Cumulative yields of haemagglutinin were 

titrated at 2-h intervals. Closed symbols, controls; open symbols, 

actinomycin-treated. Circes, m.o.i. 60; BQUATES, ' m. o.i. 20; triangles, 
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messenger RNA is released and polyribosomes are disag- 
gregated!*. AOS was treated with puromycin (1, 3, 10, 
30, 100, 300 ug/ml. or nil) for 2 h before infection with 
Sendai virus (m.o.i.=1). The drug was removed and the 
membranes were rinsed immediately before infection, then 
again on removal of RDE and residual inoculum 30 min 
later. Cumulative yields of virus were titrated as before. 
To serve as controls, comparable membranes were treated 
with p-fluorophenylalanine (600 ug/ml.), which inhibits 
protein synthesis just as effectively but in a completely 
different way!?. At a concentration of 300 ug/ml. puro- 
mycin actually retarded multiplication because it could 
not be removed completely by rinsing. However at con- 
centrations of 30 ug/ml. and 100 ug/ml., puromycin 
consistently stimulated the rate of virus production. 
Results from two such experiments are given in Table 1. 


Table 1. EFFEOT OF PUROMYCIN, ACTINOMYCIN D AND FPA ON THE MULTI- 


PLICATION OF SENDAI VIRUS 


Treatment Cumulative yield of virus (haemagglutinin) 
9h 11h 13h 15h 17h 


Experiment 1 (moi =0 5) 


ontro — - 3-0 62 94 
FPA (800 xg/ml.) — — 23 6-5 98 
Puromycin (80 ug/ml.) — 1°2 6:0 12 4 17°6 
Actinomycin D (2 ug/ml.) ~ 38 15-0 29 4 37 4 
Actinomycin D+puromycin — 3:4 13 0 25:0 818 

Experiment 2 (m.o.i.=1) 
Control — 28 68 10 0 13 2 
FPA (600 ug/ml ) - 1:8 58 9:0 12-7 
Puromycin (30 ug/ml.) - 34 94 15 0 18-6 
Actinomycin D (2 ug/ml.) 24 15:2 29 6 43 2 53°6 
Actinomycin D+puromycin 0:8 72 18 0 23 6 30-0 


Doubtless the degree of stimulation would have been 
greater had it been possible to remove the puromycin 
more effectively. That residual traces of the drug actually 
inhibit virus multiplication can be seen from the fact that 
pretreatment with puromycin plus actinomycin D gives 
substantially less stimulation than actinomycin alone. 
Nevertheless pretreatment with puromycin alone does 
enhance the rate of virus production. The fact that 
p-fluorophenylalanine (FPA) is ineffective shows that the 
stimulating activity of puromycin is attributable not to 
the inhibition of protein synthesis per se, but to some more 
specific action of the drug. Had it proved experimentally 
practicable to use larger concentrations of puromycin or 
to leave it in until immediately before viral protein syn- 
thesis began, the degree of stimulation by puromycin may 
well have been comparable with that obtained with 
actinomycin. 

A recent report by Heller! indicates that actinomycin 
can increase yields of Chikungunya virus by inhibiting the 
synthesis of Interferon and so preventing the late decline 
in virus production that otherwise occurs following the 
first cycle of multiplication in cell cultures inoculated with 
virus at low m.o.i. It seems unlikely that our own results 
have anything to do with interferon, because all experi- 
ments were confined to a single cycle of infection, and 
stimulation of the rate of virus production is apparent 
from the moment new virus becomes detectable at the end 
of the eclipse period. Bukrinskaya and Zhdanov® have 
recently reported a shortening of the Sendai eclipse period 
by actinomycin D without any increase in viral multipli- 
cation rate or total yield. By contrast, Fig. 1 in a paper 
by Wheelock" reveals a slight (25-30 per cent) stimulation 
of final yield of NDV in the presence of actinomycin 
without any increase in multiplication rate or shortening 
of the eclipse period. 

Our experiments demonstrate that both actinomycin D 
and puromycin stimulate the rate of virus production. As 
a result the yield is also increased (the relative increase 
being greater the later the yield is titrated) and the 
eclipse period appears to be shortened because the yield 
reaches the lower limit of detection earlier. Both anti- 
biotics may act by making available to viral RNA greater 
numbers of unprogrammed ribosomes. 

This work was supported by a grant from the National 
Health and Medical Research Council of Australia, and 
one of us (I. M. C.) was supported by the Commonwealth 
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GENETICS 


A Lactate Dehydrogenase Variant in the Mouse 


A GENETICALLY determined lactate dehydrogenase 
(LDH) variant has been demonstrated in the mouse, 
using starch-gel electrophoresis. After electrophoresis?, 
the sliced surface of the gel is incubated with lactate, 
substrate. 

Table 1. RESULTS OF TEST-OROSSES 


O57BL F, CBA 
Cross pattern pattern pattern Total 

C57 BL3 x F.? 22 19 0 41 
F,S x C57 BL? 15 11 0 26 
37 30 0 67 

CBAS x F, 0 9 5 14 
Fó x CBA? 0 9 6 15 
0 18 1k 29 


The work recorded here was carried out on two inbred 
mouse strains, CBA and C57BL. All haemolysates contain. 
the LDH isozyme band which moves most slowly towards 
the anode in tissue homogenates. Adult CBA mice have 
a second, faster-moving band, which is roughly equal in 
intensity to the slow band. This band is either absent or 
very faint in adult C57BL mice. A bend of intermediate 
intensity is present in hybrids from both reciprocal crosses 
(Fig. 1). The variable band is not present in new-born 
CBA mice and appears to increase with age of the mouse 
(Fig. 2). Animals were screened only after they were at 
least 90 days old, by which time the pattern had become 
stable. Controls of the same age were always used. Test- 
cross data indicate that the variant is determined by a 
single gene (Table 1). Further work on red cells and on 
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tissue homogenates is in progress to determine more 
about the nature of the variant LDH. 


Department of Animal Genetics, 
University College, London. 
1 Smithies, O., Adv. Protein Chem., 14, 65 (1959) 
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PSYCHOLOGY 


A General Theory for the Evolution of 
Intelligent Behaviour 


THe problem of the evolution of intelligent behaviour 
has recently achieved publicity? in relation to work on the 
learning abilities of various vertebrates?. Over the past 
three years I have developed a general theory of the 
evolution of intelligence from, and within the framework 
of,fan instinct system of Lorenz—Tinbergen type. This 
theory is of wider scope than any which could be advanced 
on the basis of the present theories of learning; it can, it 
is felt, accommodate most of the ‘learning theory’ views; 
and it appears to provide a context for the understanding 
of a considerable variety of other phenomena. An exten- 
ded account and discussion of this general theory of the 
evolution of intelligence is being offered for publication 
elsewhere—but a very brief preliminary account appears 
desirable, to stimulate interdisciplinary appraisal and 
discussion. 

Jf a generalized and non-committal view of intelligent 
behaviour be adopted, namely, that its salient charac- 
teristic is adaptive variability, the evolutionary problem 
can be stated in terms of the generation and selection of 
this characteristic from out of the relative fixity and 
rigidity of a system of instinctive behaviour. Detailed 
analysis of what is involved brings to light three features 
or ‘factors’ which must be represented in the finally- 
produced ‘intelligence’. There must develop: (1) a capa- 
city not to respond (or to delay the response) to the 
‘releasers’* of responses which were previously normal, so 
as to allow the substitution of new kinds of response; (2) 
a dynamic ‘memory store’, ‘knowledge’ of the environ- 
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ment in relation to the individual animal, on the basis of 
which new responses 2an be elaborated; (3) an ability to 
abstract and generalize, to -perceive similarities and dif- 
ferences, so that in tha light of the past experience of the 
individual (2), the nev variants of behaviour can be made 
adaptive as quickly as possible. 

These three features correspond remarkably with three 
factors isolated by Halstead’ within ‘biological intelli- 
gence’. The foregoing three features mentioned correspond 
to Halstead’s P, C, ani A factors respectively. Halstead’s 
fourth, the D factor, is one which measures the efficiency 
of the individual’s sensorimotor intercourse with the 
environment—and th:s must be under positive selection 
alike in ‘intelligent’ and in ‘instinctive’ animals. Halstead’s 
approach was through the analysis of the behaviour- 
impairment of brain-injured humans; and the agreement 
between conclusions arrived at by very different routes 18 
felt to constitute stron support for the view of intelligence 
which has emerged. 

The Russells? have shown the relevance of Halstead’s 
‘biological intelligence’ to the differentiation between 
normal and pathologieal behaviour in humans. The con- 
cept of 4-factor biological intelligence developed severally 
by Halstead and myself is also illuminating with regard to 
present researches into personality differences among 
scientists’, and into ‘cr2ativity’ in humans®; and it provides 
a theoretical framework for the interpretation of sdme 
neurological experiments? and various other phenomena. 
Exploratory activity, and play, assume an enhanced signi- 
ficance; further discussions will be offered for publication 
elsewhere. ous 

Iam greatly indebted for encouragement and criticism 
in the development of this work to Dr. N. Tinbergen, and 
to my friends and colleagues, G. F. K. Naylor, M. C. 
Bleakly, M. J. Thorne. and D. Judge. 

DAVID STENHOUSE 
Departmert of Zoology, 
University of Queenslend, Brisbane, Australia. 
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Effect of Foster-mothers’ Strain and Pre-natal 
Experience or Adult Behaviour in Rats 


THE examination of the effects of the experiences of one 
generation on the behaviour of their offspring is of in- 
trinsic interest. It is also of importance in relation to 
experiments in both psychogenetics and the study of the 
effects of pre-natal environments. Experiments with 
rodents have shown that both the strain and the early : 
experiences of foster-parents can affect the later behaviour 
of the offspring they rear. Thus Ressler? showed that the 
strain of the foster-psrents of mice can affect the later 
exploratory behaviou> of the fostered offspring. Such 
effects may be mediated by differences in parental 
behaviour towards th2 pups’, and, since the behaviour 
of parent animals car be affected by their own experi- 
ences, the behaviour cf an organism can thus be affected 
by the previous experience of the parents which rear 1t. 

Denenberg and Whinmbey? have shown that the weaning 
weights of rats and later their emotional defaecation 
scores in the open fied were significantly influenced by 
the experiences their mothers had had as infants, and 
Ressler‘ that the visual exploration scores of offspring 
of mice, which had been reared by either one of two 
strains of foster-parents or by their biological parents, 
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were affected by the strain of their foster-grandparents, 
as well as by the fostering procedure per se carried out 
on their parents. i a 

The experiment recorded here was carried out to 
explore further these aspects of parent—offspring inter- 
action by using subjects from genetically uniform mothers, 
with the offspring reared to weaning by foster-mothers 
which differed in both experience and heredity. It also 
differs from previous experiments both in using two 
intensities of the experimental treatment administered 
to the foster-mothers and in applying them to the mothers 
in their maturity rather than in their infancy. In this 
way, the results may have some bearing on the adequacy 
of using biological mothers as rearing mothers in experi- 
ments on pre-natal stress. 

Twelve litters of rats were fostered shortly after birth 
to a foster-mother of one of two strains, the Maudsley 
reactive (MR) or non-reactive (MNR) strains, selectively 
bred for 23 generations for high and low emotional 
defaecation respectively®:*. Each foster-mother had 
previously received one of the following three treatments: 

(1) Pie-mating avoidance training plus gestational 
stress: 14 days training to avoid shock of 0-3 m.amp 
(UCS) on presentation of a CS (illumination change) in a 
shuttle box, then mating, then 18 days of further trials 
in the shuttle box with no shock presented and the avoid- 
ance response physically blocked on 16 of the 24 daily 
trials. (2) Pre-mating avoidance training only: 14 days 
shuttle box training, mating, no further disturbance. 
(3) Controls: no disturbance other than mating. 

The biological mothers of the subjects used were 12 
primiparous, experimentally naive females of the MNR 
Strain, also at Ss; the 12 litters were thus genetically 
homogeneous. Offspring were weaned at 21 days, ear- 
punched for identification at 50 days, and otherwise left 
undisturbed until tested at approximately 100 days of age. 

At this stage 48 offspring (two males and two females 
randomly chosen from each of the 12 litters), equally 
divided among the two strains and the three pre-natal 
treatments of their foster-mothers, were tested in the 
standardized open-field test of emotionality (four daily 
2-min trials)’ and-on an avoidance conditioning task (one 
50-trial session; UCS, shock of 0-25 m.amp; CS, a buzzer). 
Half were tested in the order stated and half in the reverse 
order. 

In the analyses of variance applied to the resulting data, 
main effects and interactions based on between-litter 
comparisons were tested against between-litter error; 
if between-litter error was not significantly different from 
within-litter error, the two were pooled to provide an 
overall error variance. 

There was a significant difference in the conditioning 
scores of subjects reared by mothers which had been 
stressed pre-natally. Both number of avoidances (F = 
5°63, P < 0-01 with 2, 41, d.f.) and mean latency- of 
response (F = 5-74, P < 0-01 with 2, 41 d.f.) differed 
significantly as a result of maternal experiences. The 
relevant means and standard deviations-are shown in 
Table 1. Scheffe’s test for multiple comparisons between 
means indicates that on both scores the group which had 
experienced pre-mating stress only is significantly inferior 


Table 1 MEANS’ AND STANDARD DEVIATION FOR NUMBER OF AVOIDANCE 
SCORES AND AVOIDANCE LATENCIES IN CONDITIONING OF FOSTER-LITTERS 
REARED BY MOTHERS OF DIFFERENT EXPERIENCE 


-  Avotdances (out of 50) Latencies (sec) 
Experience of foster-mother (mean +S D.) (mean +'S D.) 
Pre-mating plus gestational stress 32:7 +12-9 4-4 +201 
Pre-mating stress only 29°4+ 11-9 5141-91 
Controls 38-1 + 11:5 354153 
Table 2, MEANS AND STANDARD DEVIATIONS FOR NUMBER OF AVOIDANCE 


SCORES AND-AVOIDANCE LATENCIES IN CONDITIONING OF THE TWO SEXES 
TESTED IN TWO ORDERS 


Avoldances (out of 50) ` Latencies (sec) 


P Males Females Males Females 
Test order (mean (mean. (mean - -(mean 
; +S.D.) +S.D.) £S.D.) . +£8.D.) 
Open field-avoidance - 
conditioning 3424121 33-6412°6 4341-83 4841-92 
Avoidance conditioning i 
—open field z -> 8901+127 2868 B4145 3-2 £127 5542-47 
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to the controls but not to the gestational ‘stress group; 
these two latter groups do not differ signifieantly.::'The 
analyses of variance of both scores also show an effect 
unrelated to pre-natal treatment. This was a significant 
sex x test order interaction (avoidances: F = 6-76, P< 
0:025 with 1, 27 d.f.; latencies: F = 8-57, P*< 0-01 with 
1, 27 d.f.). The relevant means, contained in Table 2, 
show that males perform better if tested in the shuttle 
box prior to the open field, whereas with females prior 
experience in the open field leads to improved avoidance 
conditioning. 

Analysis of the open-field ambulation scores revealed 
no significant effects other than the usual sex differences, 
with females ambulating more than males. Defaecation 
scores were not analysed since, as might be expected from 
their constitutional background, only three of the 48 
MNR subjects defaecated. 

There were no significant differences in the weights of 
the foster-offspring at any age as a function of either 
maternal strain or experience. 

It seems ‘unlikely that the effects which were detected 
were mediated by changes in the emotionality of the foster- 
mothers resulting from the pre-natal treatments, since 
there were no differences in offspring behaviour as a func- 
tion of the foster-mothers’ strain although the strains 
differ markedly in emotionality, the characteristic for 
which they have been bidirectionally selected. While the 
treatments imposed did affect the foster-mothers’ emotion- 
ality, as detected by testing in the open field prior to the 
experiment and again after the litters were weaned, the 
nature of the results does not especially correspond to 
the effects on the avoidance conditioning of the litters 
they reared. There were strain differences in the direction 
of the effects of the different treatments on ambulation- 
scores (strain x treatment interaction: F = 10-63, P < 
0:005), with pre-mating stress resulting in the smallest 
increase in ambulation among MR females, all groups of 
which showed an increase, and gestational stress resulting 
in the smallest decrease among MNR females, all groups 
of which showed a decrease. Defaecation scores showed 
some increase on re-test but were not analysed, again 
because of zero MNR scores. 

This investigation indicates that subjecting female rats 
to stress in maturity affected the adult avoidance condi- 
tioning but not the emotionality of the foster-offspring 
which they reared. Tho strain of the foster-mothers did- 
not of itself affect the adult behaviour of the offspring. 
It confirms previous work*»‘ in its general finding that 
conditions to which an organism is exposed can modify 
the behaviour of offspring which it rears. In thus showing 
that maternal experience in maturity can influence the 
behaviour of foster-offspring, it further indicates the 
necessity of using some method of controlling the 
post-natal maternal environment in experiments’ on 
pre-natal stress if the effects on offspring in such experi- 
ments are to be validly attributed to the pre-natal period ; 
to do otherwise is to run the risk that the mothers’ pre- 
natal experiences may affect offspring behaviour post- 
natally. 

A full account of this and related work is being prepared 
for publication elsewhere’. 

This work was supported by a grant from the Maudsley 
and Bethlem Royal Hospitals Research Fund. I thank 
Prof. P. L. Broadhurst and Prof. J. L. Jinks for their 


advice. J. M. JOFFE ° 
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= Monday, November 22 


ROYAL GEOGRAPHIOAL SOOIETY (at 1 Kensington Gore, London, S.W.7), 
at 5 p.m.—Major N. J. D. Prescott, R.E.: “The Geodetic Satellite—SECOR”. 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.30 p m.—Prof. 
H. Braunsteiner ace ae “Clinical Significance of Triglyceride Determ- 
inations, Especially in Relation to Age, Body Weight, Different-Forms of 
Diabetes and Thyroid Disease”. * 


. ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, W.C.2), 
at 6 p.m.—Prof, Colin Cherry. “The Communication Explosion”. (Second 
of three Cantor Lectures on ‘World Communication”.) 


_ SOOIETY FOR VISITING SCIENTISTS (at the English Speaking Union, Dart- 
mouth House, 87 Charles Street, London, W.1), at 7.30 p.m.—Discussion 
Meeting on “The Retrieval of Scientific Information”. Chairman: Dr. H. T. 
Hookway. Speakers: Prof. H. Kaiser, Dr. W. Batten and Mr. A. St. Johnston. 


Monday, November 22—Tuesday, November 23 


INSTITUTION OF ELECTRIOAL ENGINEERS, ELECTRONICS DIVISION (at Savoy 
Place, London, W.C.2)—Conference on ‘‘U.H.F. Television”. 


Monday, November 22—Friday, November 26 


INSTITUTE OF METALS (atthe Royal Commonwealth Society, Craven 
Street, London, W.C.2)—-Third International Conference on “Plutonium”. 


Tuesday, November 23 


SOOIETY OF CHEMIOAL INDUSTRY, AGRICULTURE GROUP (at 14 Belgrave 
Square, London, S.W.1), at 10.30 a m.—Meeting on “Chemicals in Animal 
Nutrition”. 

UNIVERSITY OF LONDON (at Westfield College, Kidderpore Avenue, 


ndon, N.W.3), at 5.15 p.m.—Prof D. H. Wilkinson, F.R.S.: “Elementary 
Particles 9” * 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
‘London, S.W 1), at 5.30 p m.—Informal Discussion on ‘Use of Slag in Road 
Building *, introduced by Mr. R. A. Kidd and Mr. R. T. Jackson. 


.) UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5 30 p.m —Prof. 
W. G. Spector: “The Cytokinetics of Chronic Inflammation”. (Eighth of 
fifteen lectures on “The Scientific Basis of Medicine” organized by the British 
Postgraduate Medical Federation )* 


‘ INSTITUTION OF CHEMICAL ENGINEERS, SOUTH EASTERN BRANCH (at the 
Royal Aeronautical Society, Hamilton Place, London, W.1), at 6 p.m.— 
Mr. C. J. Stairmand: “Gas Cleaning”. 


: ROYAL METEOROLOGICAL SOOIETY (in the Conference Hall, County Hall, 


London, 8.E.1), at 6 p.m.—Dr D G. James. “The Use of Satellite Observa- 
tions in Meteorology”. 


INSTITUTION OF MEOHANICAL ENGINEERS, GRADUATES’ AND STUDENTS’ 
SECTION (at 1 Birdcage Walk, Westminster, London, S W.1), at 6.30 p.m.— 
Mr D. Squires: “Blue Streak”. 


SOCIETY OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP (at 
14 Belgrave Square, London, S.W 1), at 6.30 p m —Prof. A. Hopff (Swiss 


Federal Institute of Technology, Zurich): “Studies on New Polymers and 
Monomers”. 


SOOIETY FOR ANALYTIOAL CHEMISTRY, SPECIAL TECHNIQUES GROUP (at 
the Chemical Society Burlington House, Piccadilly, London, W 1), at 7 p.m. 
—Annnal General Meeting, followed by Dr. L. Brealey: “Some Analytical 
Problems in the Power Gencrafing Industry”. 


Tuesday, November 23—-Wednesday, November 24 


INSTITUTION OF GAS ENGINEERS (at Church House, Westminster, London, 
3.W.1), at 9.16 a.m. on Tuesday and 9 am. on Wednesday—SIst Autumn 
Research Meeting. 


Wednesday, November 24 


URIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W 12), at 2 p.m.—Dr G. W. Ashcroft: ‘Aspects of 
the Cerebral Metabolism of Tryptophan”. * 


GEOLOGIOAL SOCIETY OF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 5 p.m.—Dr. G. A Chinner’ “The Distribution of Pressure 
and Temperature during Dalradian Metamorphism”. 


ROYAL STATISTICAL Society (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.15 
eae nh on “The National Plan” opened by Mr. W. Beckerman and 

. K. J. Wigley. 


INSTITUTE OF FUEL (at the Royal Institute of British Architects, 66 Port- 
land Place, London, W.1), at 5.30 p.m.—Mr. W. G. Cummings, Mr M. W. 
Redfearn and Mr. W. Roberts Jones: “Alr Pollution by Sulphur Dioxide”. 


INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (at Savoy 
Place, London, W.C 2), af 5.30 p.m —-Mr. P. Honey: ‘Electric Water-Heating 
Development”. 


UNIVERSITY OF LONDON (at Senate House, London, W.C.1), at 5.80 p.m.— 
Sir David Cuthbertson, C.B.E.: “The World Protein Problem”. * 


INSTITUTION OF EILEOTRONIO AND RADIO ENGINEERS, JOINT I.E.R.E./ 

1 E.E. COMPUTER GROUPS (at 9 Bedford Square, London, W C 1), at 6 p.m — 

ar. a J . Crask and Mr. S. F. Miles. “Analogue Circuit Techniques Using 
stors”. 


INSTITUTION OF MEOHANIOAL ENGINEERS (at 1 Birdcage Walk, West- 
minster, London, S.W.1), at 6 p.m —Mr. C. Selppel: “The Development of 
the Industrial Gas Turbine”. 


INSTITUTE OF INFORMATION SCIENTISTS (at the Whitehall Hotel, Blooms- 
bury Square, London, W.C.1), at 6.15 p.m.—Mr. C. W. Hanson ef al.: 
“Report on the F.I.D. Conference at Washington”. 


SOOIETY OF CHEMICAL INDUSTRY, FOOD GROUP (at 14 Belgrave Square, 
London, 8.W.1), at 6.15 p.m.—Mr. A Lennard: “Odour in Packaging 
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Materials”; Mr. K. W. Tazlor: ‘‘Hydraulic Conveying of Particulates in 
Narrow Bore Pipes”; Mr. G L. Starkie: “Conversion of Malt Mashes in a 
Plug Flow Converter”. : 


SOCIETY FOR ANALYTIOAL CHEMISTRY, MIOROCHEMIOAL METHODS GROUP 
(at “The Feathers”, Tudor Street, London, E.C.4), at 6.30 p.m.—Discussion 
i on “The Optimal Environment for Microanalysis”, introduced by 

T. A. J. Cross. 


Thursday, November 25 


UNIVERSITY OF LONDON “in the Anatomy Theatre, University College, 
Goyer Diet, London, W.C.1), at 1.15 p.m.—Dr. F. B. O’Connor: “Soil 


INSTITUTE OF PETROLEUE, EXPLORATION AND PRODUCTION GROUP (at 
61 New Cavendish Street, London, W.1), at 5.30 p.m.—Prof. Irving Fatt 
(University of California): ‘Microscopic Heterogeneity in Reservoir Rock and 
its Influence on Reservolr Eehaviour’’. 


INSTITUTION OF ELECTRCAL ENGINEERS, CONTROL AND AUTOMATION 
DIVISION (at Savoy Place, London, W.C.2), at 5.30 p.m.—Duscussion on 
“Discrete versus Continuoue Formulations in Control Theory” opened by 


an A. T. Fuller, Dr. P. E. W. Grensted, Prof. E. I. Jury, and Prof. C. 
rey. 


ROYAL INSTITUTION, LIBEARY CIRCLE (at 21 Albemarle Street, London, 
A fee ies 5 30 p.m.—Mr. C. 2I Cade: ““Witchcraft—Delusion, Deception or 
evi a3 


UNIVERSITY OF LONDON (at the London Schoo! of Hygiene and Troptcal 
Medicine, Keppel Street, Gewer Street, London, W.C.1), at 5.30 p.m.— 
Prof. M. D. Milne: “‘Cystinuri= 1810-1965". (Ninth of fifteen lectures on ““The 
Pannie “Otis of Medicine” organized by the British Postgraduate Medical 

ederation. 


UNIVERSITY OF LONDON {at the Middlesex Hospital Medical School, 
Mortimer Street, London, W.*), at 5.80 p.m —Prof. A. Rupert Hall. “‘Hooke’s 
‘Micrographia’, 1665-1965”. * 5 


INSTITUTION OF MEOHANIJAL ENGINEERS, APPLIED MECHANICS GROUP 
(at 1 Birdcage Walk, Westminster London, S.W.1), at 6 p.m—Discussion 
on “Stress Analysis of Compenents Reinforced with Fibreglass”. 


CHEMICAL SOCIETY (at Burlington House, Piccadilly, London, W.1), at 
6 p.m.—Discussion Meeting on “Far Infrared Spectroscopy". 


BRITISH INDUSTRIAL BIOL®GICAL RESEAROH ASSOCIATION (at the School 
of Pharmacy, Brunswick Square, London, W.C.1), at 630 pm.—Dr. J M. 
Barnes: ‘‘Chemicals in Food”. 


Friday, November 26 


INSTITUTE OF BIOLOGY (in the Jarvis Hall of the Royal Institute of British 
Architects, 66 Portland Place. London, W.1), at 10 a.m —Meeting on “The 
Design of Biological Laboratcries’’. 


UNIVERSITY OF LONDON (a5 the Postgraduate Medical School of London, 
Du Cane Road, London, W.1£), at 4 p.m —Dr C.F. Hawkins: ‘“Mcegaloblastic 
Anaemias—The Clnician’s Approach” * 


INSTITUTION OF ELECTRICAL ENGINEERS, CONTROL AND AUTOMATION 
DIVISION (at Savoy Place, Lcndon, W.C.2), at 5.30 p m.—Dr. F. C. Widdis 
and Mr. K. Sharples: ‘The Teching of Experimental Techniques”. 


TELEVISION SOCIETY (in the Conference Suite, I.T.A., 70 Brompton Road, 
London, S.W.3), at 7 p m —Mr. D. J. Wheeler: ‘Television Audience 
Measurement”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9 p.m.— 
Prof. R J. Harrison. “Can Dciphins Talk ?” 


Saturday, November 27 


BOTANICAL SOCIETY OF THE BRITISH ISLES (in the Botany Department, 
British Museum (Natural His-ory), Cromwell Road, London, S.W.7), from 
2 p.m, to 5.30 p.m.—Annual Exhibition Meeting. 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, London 
Road, Forest Hill, London, SE 23), at 3.30 p.m.—Dr. D. A. Allan: “‘Yol- 
ecanoes—The Caribbean Windward Islands”. * 


Monday, November 29 


INSTITUTION OF ELECTRIO.L ENGINEERS, ELECTRONICS DIVISION (at 
rete eames London, W.C.") at 10 am—Colloquium on “Integrated 
C ae 


INSTITUTION OF MECHANIOAS ENGINEERS, RAILWAY ENGINEERING GROUP 
(at 1 Birdcage Walk, Westmirster, London, S W.1), at 6 p.m.— Discussion 
on “Specification and Inspecticn of Railway Matenals’’. 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, W.C.2) 
at 6 p.m.—Prof. Colin Cherr>: “The Future of World Communication” 
(Last of three Cantor Lectures on “World Communication’’.) 


ROYAL SOCIETY OF MEDICIAE (at 1 Wimpole Street, London, W.1), at 
6 p m.—Prof. R. H. S. Thompson’ “A Biochemical Approach to the Problem 
of Multiple Sclerosis’ (Jephcoté Lecture). 


INSTITUTION OF ELECTRIGAL ENGINEERS, LONDON GRADUATE AND STUDENT 
SECTION (at Savoy Place, Loudon, W.C.2), at 6.30 p.m.—Symposium on 
“Control and its Applications’. 


PLASTICS INSTITUTE, LONDOT SECTION REINFOROED PLASTICS SUB-GROUP 
(at the Wellcome Bullding, Evston Road, London. N W.1), at 6.80 p.m — 
Mr. B A. Clark and Mr. D. F. Easley: “Some Aspects of Design and Construc- 
tion of Reinforced Plastics Building Panels”. 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 8.W.7), 
at 8.15 p.m.—Mr. A. R. Hanbucy-Tenson: “From the Orinoco to the Plate”, 


APPOINTMENTS VACANT 


APPLICATIONS are Invited for the following appointments on or before the 
dates mentioned‘ 

LECTURER (with suitable academic qualifications and relevant experience) 
IN METALLURGY—The Principal, Lanchester College of Technology, Priory 
Street, Coventry (November 26). ' 

JUNIOR RESEARCH ASSOOCIAEE (with a good honours degree in veterlnary 
or agricultural science or blomemistry) IN AGRICULTURAL BIOCHEMISTRY, 
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for pa ventigaitonn into the mineral requirements of pigs—Head of the Depart- 
ment of Agricultural Biochemistry, School of Agriculture, University of 
Newcastle upon T 


e, Newcastle upon Tyne, 1 (December 1). 
LECTURER or 


SSISTANT LECTURER IN THE DEPARTMENT OF MATHE- 
MATIOS—-The Secretary, The University, Edinburgh (December 1). 

EXPERIMENTAL OFFICER IN THE EPARTMENT OF CHEMISTRY IN THE 
FACULTY OF SCIENCE to work on an electron spin resonance instrument 
shortly to be installed in the Department and concerned with the study of 
eee complexes—The Registrar, The University, Manchester, 13 (Decem- 

er 4). 

LECTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF MATHEMATICS 
—The Secretary, The University, Aberdeen (December 4). 

LECTURER or ASSISTANT LECTURER (Probationary) (man or woman grad- 
uate with special interests in the field of logic or the theory of sets) IN 
MATHEMATICS—The Secretary, Bedford College (University of London), 
Regent’s Park, London, N.W.1 (December 4). 

LIBRARIAN—The Secretary, University of Stirling, Academic Planning 
Board, Municipal Buildings, Stirling (December 4). 

LECTURER (with high academic qualifications and the ability and desire to 
pursue research) IN INORGANIC CHEMISTRY—The Principal, Lanchester 
College of Technology, Priory Street, Coventry (December 86). 

OFFICIAL FELLOW AND TUTOR IN PURE MATHEMATICS—The Master, St. 
Catherine’s College, Oxford (December 6). 

TEMPORARY LECTURER IN PHILOSOPHY—The Registrar and Secretary, 
University of Durham, Old Shire Hall, Durham (December 6). 

CHIEF TECHNICIAN (with sound qualifications, a knowledge of modern 
techniques, and preferably some experience and interest In administration) 
IN THE DEPARTMENT OF ZOOLOGY—The Secretary, The University, Highfield, 
Southampton (December 7). 

LECTURER IN THE DEPARTMENT OF ZOOLOGY, University of Ibadan, 
Nigeria—The Inter-University Council, 33 Bedford Place, London, W.C.1 
(December 7). 

SENIOR LECTURERS, LECTURERS or ASSISTANT LECTURERS (2) (preferably 
with a special interest in one or more of the following: vertebrate zoology, 
invertebrate zoology, parasitology or physiology) IN ZooLoGY at the 
University of Zambia—The Inter-University Council, 33 Bedford Place, 
London, W.C 1 (December 10). 

LECTURER (with qualifications in the teaching of geography) 1N EDUCATION 
—The Registrar, The University, Manchester, 13, quoting Ref. 198/65 
(December 11). i: 

READER, SENIOR LECTURER, LECTURER and an ASSISTANT LECTURER 
(suitably qualified candidates with interests in mechanical, civil, electrical, 
electronic, production or chemical engineering, or {n engineering design) IN 
THE SOHOOL OF ENGINEERING SCIENCE—Thc Registrar, University of 
Warwick, Coventry, Warwickshire (December 11). 

RESEARCH FELLOW IN PHILOSOPHY—The Rector, Lincoln College, Oxford 
(December 11). . 

CHAIR OF BIOCHEMISTRY—The Secretary, The Queen’s University, Belfast, 
Northern Ireland (December 15). 

LECTURER/SENIOR LECTURER IN PURE MATHEMATICS at the University of 
Sydney, Australia—The Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, S.W.1 (Australia and London, 
December 17). 

PROFESSOR OF THE HISTORY OF PHILOSOPHY—The Registrar, University 
Registry, Oxford (December 23). 

CHAIR OF PHYSICAL CHEMISTRY at Victoria University of Wellington, 
New Zealand-—The Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, S.W.1 (New Zealand and 
London, December 81). 

LECTURER or ASSISTANT LECTURER (with interests in inorganic chemistry, 
pny ala: chemistry, or theoretical chemistry) IN CHEMISTRY—The Registrar, 
. rverstty of East Anglia, Earlham Hall, Norwich, NOR 88C (December 
ECTURER (with a doctorate or equivalent research experience, and 
preferably specialist in the field of hard-rock petrology) IN GEOLOGY at the 
University of Newcastle, New South Wales, Australia—The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, S.W.1 (January 1). 

MARY MARSHALL AND ARTHUR WALTON CHAIR OF THE PHYSIOLOGY OF 
REPRODUCTION—The Registrary, University Registry, The Old Schools, 
Cambridge, marking envelope “Confidential” (January 10). 

HEAD (experienced soil scientist) oF THE SOIL SURVEY OF ENGLAND AND 
WaLEs—The Secretary, Rothamsted Experimental Station, Harpenden, 
Herts (January 15). 

_ KNIGHTBRIDGE CHAIR OF PHILOSOPHY—The Registrary, University Reg- 
raat bc Schools, Cambridge, marking envelope ‘‘Confidential” 
annary : 

DIRECTOR OF THE UNIVERSITY COMPUTING CENTRE—The Assistant 
Registrar (Establishment), University of Sussex, Stanmer House, Stanmer, 
Brighton, Sussex. 

LECTURER (with good academic qualifications and experience in systems 
programming and/or computing in industry) IN COMPUTING—The Registrar, 

gional College of Technology, Leicester. 

Post-DOcCTORAL ASSISTANT IN INORGANIO' CHEMISTRY—The Secretary, 
Department of Chemistry, St. Salvator’s College (University of St. Andrews), 
St. Andrews, Fife, Scotland. 

PRINCIPAL (with high academic and professional qualifications)—Clerk to 
the Governing Body, Borough Polytechnic, Borough Road, London, S.E.1. 

TECHNIOAL OFFICER (with a degree in agriculture or related sciences or 
equivalent qualifications, and preferably experience in field experiments) FOR 
RooT AND FODDER CROP TRIALS—The Secretary, National Institute of Agri- 
cultural Botany, Huntingdon Road, Cambridge. 


REPORTS and other PUBLICATIONS 


(not tneluded in the monthly Books Supplement) 
Great Br'tain and Ireland 


Ministry of Agriculture, Fisheries and Food. At the Farmer’s Service 
(A handy reference to various services available to farmers in England and 
Wales.) . 104. (Pinner, Middx.: Ministry of Agriculture, Fisheries onn 


Food, 1965.) Gratis. [i 
Ministry of Technology. Forest Products Research Laboratory Leaflet 
Pp. 7. (London: Fao 


No. 38: Termites and the Protection of Timber. 
Stationery Office, 1965.) 9d. net. 

Geology in Africa. By Prof. R. M. Shackleton. (Inaugural Lecture 
delivered before the University of Leeds on 27 April 1964.) Pp. 18. (Leeds: 
The University, 1965.) 28. 6d. [110 


Agricultural Research Council. Radiobiological Laboratory Annual 
Report 1964-1965. (ARCRL 14) Pp. viil+90. (London! Agricultural 
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Research Council, 1965. Obtainable from H.M. Stationery Office.) 
88. 6d 110 


Annual Report on the Meteorological Office for the year 1 January to 31 
December 1964. (Met. O. 769.) Pp. viit+t75+10 plates. (London: H.M. 
Stationery Office, 1965.) 7s. 6d. net. 110 

The Eoyal Society. Report on Education in Cartography. (British 
Trg mmittee for Geography.) Pp. 13. (London: The Royal son 


65. 

British Productivity Council. Achieving Balance Between Capacity and 
Salės. (Proceedings of a Conference organized jointly by the British Produc- 
tivity Council, the British Institute of Management and the Centre for 
Interim Comparison, in co-operation with the Birmingham and Coven 
cae eed Associations.) Pp. 31. (London: British Productivity passer. 

Mullard Educational Service. Educational Electronic Experiments. No. 
14. Resistance and Capacitance. Pp. 4. No. 16: An Electronic Organ. 
Pp. 4. (London: Mullard Educational Service, Mullard, Ltd., 1965.) 110 

Freshwater Biological -Association. Thirty-third Annual Report for the 
year ended 31 March 1965, including Reports of the Council and of the 
Director, and Accounts for 1964-65, with Lists of Officers, Council, Staff and 
Members. Pp. 112+4 plates. (Ambleside, Westmorland: Freshwater 
Biological Association, 1965.) 5s. 110 

Institute of Fuel. Proceedings at the Conference on Fuel Research and 
Development held at Eastbourne, 4th to 8th October, 1965. Vol. 1: Papers. 
ieee” Conference Handbook. Pp. 14. (London: The Institute of tucl 

Imperial College of Science and Technology (University of London). 
Shorter Postgraduate Courses, Autumn Term, Session 1965-66. Pp. 16. 
(London: Impenal College of Science and Technology, 1965.) {110 


Other Countries 


Unesco. Sclentific Institutions and Scientists in Latin America. Mexico 
(Cientificos, A-G, Fasciculo 1). Pp. 372. (Montevideo: Centro de Coopera- 
con Cientifica para America Latina en colaboracion con la Organizacion de 
los Estados Americanos, 1965.) 41 

Canada: Department of Mines and Technical Surveys. Geological Survey 
of Canada. Economic Geology Report No. 22: Geology of Iron Deposits in 
Canada. Vol. 1: General Geology and Evaluation of Iron Deposits. By 
G. A. Gross. Pp. 181- (9 plates). (Ottawa: Queen’s Printer, 1965.) 
5 dollars. [410 

The Geological Society of America. Special Paper No. 80: Volcanism, 
Tectonism, and Plutonism in the Western United States. By James Gilluly. 
Pp. 69. (New York, N.Y.: The Geological Society of America, 1965.) 
2 dollars. [410 

Délégation Générale & Ia Recherche Scientifique et Technique. .La 
Recherche dans le Domaine de l'Eau: Rapports du Groupe de Travail EAU 
Concernant les Principales Recherches Effectuées ces Derniéres Années et 
Répertoire des Laboratoires. Pp. 183. (Paris: La Documentation Fran- 
çaise, 16, rue Lord Byron, ed l 

Zoology Publications from Victoria University of Welington. No. 39 
(18 August, 1965): The Bathyal Holothurians of the New Zealand Region. 
o David \ Pawson. Pp. 33. (Wellington: Victoria University of Wena 

n, ; 

Annals of the New York Academy of Sciences. Vol. 119, Article 3: 
Chemistry and Metabolism of L- and D-Lactic Acids. By N. R. Alpert and 
45 other authors. Pp. 851-1165. 6 dollars. Vol. 126, Article 2: Computa- 
tion for Cardiovascular Research. By D. P. Asnes and 45 other authors. 
ieee 8 dollars. (New York: New York Academy of Solenes, 

United States Department of the Interior: Fish and Wildlife Service. 
Bureau of Sport Fisheries and Wildlife. Circular No. 221: Bulrushes and 
Bulrushlike Plants of Eastern North America. By Neil Hotchkiss, Pp. 
ii+19. 20 cents. Circular No. 224: Pesticide-Wildlife Studies by States, 
Provinces, and Universities—An Annotated List of Investigations Through 
T Pp. i+80. (Washington, DC.: Government Prnting omon 

Institutt for Atomenergi, Kjeller, Norway. Kjeller Report No. 95: 
Determination of Selenium in Animal Tissue by Neutron Activation. By 
J. B. Dahl and E. Steinnes. Pp. 4. (Kjeller, Norway: Institutt for Atom- 
energi. Kjeller Research Establishment, 1965.) [410 

Botanical Society of Japan. Address Book of Japanese Botanists, 1964. 
Edited by the National Committee of Botany. Pp. ii+118. (Tokyo: 
Botanical Society of Japan, 1965.) 410 

Publications of the Observatory of the University of a ie Vol. 9, 
No. 5: The Spectrum of Nova Geminorum 1912. By Dean B. McLaughlin. 
Pp. 118-179. Vol. 9, No. 6: First List of Stars Observed at the Lamont- 
Hussey Observatory of the University of Michigan. By Frank Holden. 
Pp. 181-184. (Ann Arbor: The University of Michigan, 1965 ) [410 

Transactions of the American Philosophical Society. New Series, Vol. 55, 
Part 5: Enlightened Bureaucracy Versus Enlightened Despotism in Baden, 
1750-1792. By Prof. Helen P. Liebel. Pp. 182. (Philadelphia: The Ameri- 
ean Philosophical Soctety, 1965.) 3.50 dollars. [410 

Proceedings of the United States National Museum, Smithsonian Insti- 
tution. No. 8511, Vol. 117: Benthic Polychaetous Annelids from Bering, 
Chukchi, and Beaufort Seas. By Donald J. Reish. Pp. 131-158. No. 3512, 
Vol. 117: Haustoriidae of New England (Crustacea: Amphipoda). By 
E. L Bousfield. Pp. 159-240. No. 3513, Vol. 117: Planktomic Copepods 
from Bahia Fosforescente, Puerto Rico, and Adjacent Waters. By Juan GQ. 
Gonzalez and Thomas E. Bowman. Pp. 241-304. No 3514, Vol. 117: 
Revision of the Milliped Genera Boraria and Gyalostethus (Polydesmida: 
Xystodesmidae). By Richard L. Hoffman. Pp. 305-348. (Washington, 
D.C.: Government Printing Office, 1965.) [410 
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JACK BRIMBLE 


BOOK review in Nature, March 22, 1930, includes 

the following passage: “But these phenomena 
[growth and tropic movements of plants], like all others, 
demand an ultimate exposition of the truth [our italics]. 
This can never be cloaked, as an ideal, however enthusias- 
tic one might become over a certain theory. One feels, 
therefore, to do this, we should strive for it in as simple 
a way as possible’. This, in a nutshell, was what science 
meant to the reviewer, L. J. F. Brimble, and it remained 
so all his hfe—an ultimate exposition of the truth. These 
words of a new reviewer to Nature caught the eye of the 
then editor, Sir Richard Gregory. Thinking at the time 
that he required a second assistant, Sir Richard entered 
into correspondence with the reviewer and eventually 
invited him to London and to an assistant editorship of 
Nature. 

Lionel John Farnham Brimble was born the son of a 
much-respected Somerset family on January 16, 1904. 
His early days in Radstock were happy ones, for he always 
sherished their memories. The family was an important 
unit to him—a view which he always maintained. 

One of the factors which decided his later career was 
an innate curiosity of all that surrounded him. So 
strong was this that he rejected a scholarship to a Naval 
college and imstead became a boarder at the nearby 
Sexey’s School, Bruton. It was his great fortune that the 
headmaster of this school was far-sighted, and realized 
that science should be taught from a very early age. 
Not only were there science classes, but for those who 
wished, tuition was available in botany. In this respect 
Sexey’s School was unique in the country. Botany was 
baught in a few girls’ schools, but it was not, at that time, 
generally held to be a subject suitable for young men. 
Soon, with his natural abilities at drawing and sketching 
and his good knowledge of natural history gained from the 
surrounding countryside, his career was mapped out. 
He won a scholarship to the University College of Reading. 
There, where he read botany under Prof. W. Stiles, he 
proved himself an excellent field botanist and developed 
a particular interest in trees. Reading at that time was 
very much based on the Oxford College system, and for 
Brimble this was just the right kind of stimulation. His 
2ollege friends remember how much he enjoyed the ‘go’ 
and gaiety of student life. He graduated at the time when 
Reading gained university status: prior to this, graduates 
had taken London degrees, but those who took their 
degrees at the time of the granting of the charter were 
awarded both London and Reading degrees. There being 
no science honours graduates whose names began with 
‘A’—or so far as the ‘Bo’s’—it was always Brimble’s 
boast that he was the first to gain a B.Sc. (Reading). 
Brimble—or ‘Jack’ as he was now known to all his friends 
—was offered a research scholarship in Germany. Simul- 
taneously a post of lecturer in plant physiology became 
available in the Department of Botany, University of 
Glasgow, under Prof. J. M. F. Drummond. By now 
something had clicked in his mind; pure research was not 
for him: he had a taste for gregarious living. Glasgow 
offered a post for both teaching and research. In 1926 
perhaps the youngest science lecturer in the country 
arrived at Glasgow. 


The prospect of having to lecture to eighty pre-clinical 
medical students, th» majority of whom were much 
older than he, would have paled most, but not Jack 
Brimble. It was his Dersonality that won through, and 
staff and students alike greatly appreciated the jollity of 
his character. He was an excellent, kind teacher who liked, 
and was liked by, his students. He had a fine sense of 
humour, an agreeable voice, and an infectious enthusiasm 
which made him bob up and down. He stayed but a year 
in Glasgow, being offered a lectureship in the University 
of Manchester, where he stayed from 1927 until the end 
of 1930. His research-was very much in the Stiles idiom, 
namely, physiological -esearch on ion exchange in tissues. 
However, his researck ideas never underwent any great 
or imaginative develcpments. He was just not made 
that way, but he knew what he wanted. His days at 
Manchester were exciting, in that he could satisfy his 
deep love of music by listening to the Hallé Orchestra 
under Sir Hamilton Hartley. He had many literary 
friends and in his spare time was a theatre critic on a local 
paper. It was while re was at Manchester that he was 
approached by the Editor of Nature to review the book by 
Sir Jagadis Chunder Eose, Growth and Tropic Movements 
of Plants. 

On reading the revi=w, Sir Richard realized that here 
was someone who saw science as more than just his own 
speciality. Each man’s work was only part of a greater 
all-encroaching pattern. Brimble showed that he firmly 
grasped the basic concspt that lay behind the ‘philosophy 
of science’ and, at the same time, could put over his 
ideas. All this, couplsd with his personality, fitted him 
for the work that lay ahead. Brimble, without really 
knowing why, and to the horror of his family, abandoned 
his academic life for an ‘office life’-—or so some thought— 
and joined Nature as en assistant editor to Sir Richard in 
1931. Contrary to those who thought this move a mistake, 
his new role gave him_the special opportunity to develop 
his innate needs and jualities—to write, to meet people 
and to have a wide avareness of what was going on, not 
only in the world of science, but also in the world of 
expanding education and educational beliefs. At heart 
Jack Brimble was ar educator. While in many ways 
he and Sir Richard were unalike, in others they saw eye 
to eye very closely. He very soon became a disciple of 
Sir Richard, who encouraged his wide outlook and 
catalysed his exuberaace. He remained throughout his 
life enthusiastic, but he never allowed enthusiasm to 
affect his judgment. Nature and belonging to the House 
of Macmillan gave him many outlets which he greatly 
enjoyed. For to know the activities of the changing 
world and what was going on in it was his méter. He 
enjoyed all this, partly as the fun of life, but also as an 
opportunity for exercising his developing flair fo{ Scientific 
news. However, behind all this there was a great fund of 
common sense and a surprising shrewdness in the business 
aspect of his profession. He was faithful ‘to his salt’, 
to the integrity of scmnce, to the great and honourable 
traditions of Nature, and to the old and distinguished 
publishing House, for which he had deep respect. 

Jack Brimble remained a true botanist, that is, a lover 
of plants as perceived sy human kind, as an artistic entity 
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and as an inspiration of poetry and folk-lore. In such 
approaches to botany he was an unsurpassed contemporary 
exponent: hence the success of his better-known books, 
particularly Flowers in Britain, Trees in Britain and The 
Floral Year. His love of good illustrations and his 
personal delight in drawing were features of his work. 
Didactically, his Intermediate Botany had a very consider- 
able success, partly because he understood so clearly the 
educational need for such a book, but in no small measure 
because the book was so well planned and comprehensive. 
Not all his books escaped critical review. He always 
delighted in relating his eruel experience of editing an 
adversely critical review of one of his own books, for 
publication in his own journal, and how he had to resist 
the temptation to ‘blue-pencil’ that which he thought 
unfair. 

In the late ’thirties he was associated with the move- 
ment then afoot to develop the teaching of biology in 
schools {even at that time it was still restricted mainly 
to botany in girls’ schools). Later he was involved with 
the organization of the British Social Hygiene Council, 
which eventually became the Central Council for Health 
Education. His associates included Sir Julian Huxley, 
Prof. Wintfred Cullis, Prof. J. B. 5. Haldane, the memor- 
able Mrs. Neville Rolf and Sir Robert Fields. He, with 
many others, wrote articles, gave lectures, held courses 
at summer schools, organized brains-trusts and in general 
did much to promote these causes. 

In 1938, on the retirement of Sir Richard, Jack Brimble 
and his colleague A. J. V. Gale were appointed joint 
editors of Nature. Thus began a new chapter in the history 
of the journal. The partnership was a fruitful one which 
was to last twenty-three years, to carry Nature through the 
Second World War into a realm of new science expanding 
exponentially on all frontiers. With this partnership the 
traditions which Sir Richard had built up were main- 
tained and developed. This was especially so in encourag- 
ing the work of the British Association for the Advance- 
ment of Science. Brimble, like Gregory, was keen on 
focusing interest on social relations. 
volved in army education under Major-General Walter 
Beddall and Major-General Cyril Lloyd, and during 
the War lectured in many parts of the country to various 
Commands. His book on the social aspects of science, 
with its references to teaching, good Government, public 
and individual health, was a pioneer for much which has 
since been written. His visits abroad, both to collect 
information and to give it, were of lasting importance. 
His visit to Cairo was largely responsible for transforming 
the science facilities and teaching at the University (he 
was also responsible for quelling an anti-British student 
riot by threatening to cancel his lecture—such was the 
esteem in which he was held). Much the same may be 
said about his visit to India and later Malta where he was 
a member of the Royal University of Malta Commission. 
Certainly his liberal outlook was well ahead of his tıme. 

It was always a great disappointment to Jack Brimble 
that he was not allowed to enter the Navy. He would 
dearly have liked to have served in submarines, but 
time after time he was rejected. Because he was unable 
to play an active part in the War, he made up for it by 
organizing the local fire-watch. It was for his generosity 
and cheerful personality in such trying times that he 
endeared himself to many m the London W.C.2 area and 
especially to the staff of Macmillans. He was appointed 
organizing warden of the local section. Besides the men 
who worked in the vicinity of his ward there were many 
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ladies (including some of renown). Although a general 
ruling had been given that men and women alike must 
undertake fire-watching, he broke this by never allowing 
the ladies to do so. ` a. 

Jack Brimble quickly perceived that, because of the kind 
of gloom and misery that remained after the War, people 
were looking for something else. It was then that he 
strove forward with his In Britain series of books. He 
sensed that people were really recoiling from all the 
truth of war: he endeavoured, to bring some light into 
life. He realized in 1944 that if we attained our objective 
in winning the Second World War, the Butler Education 
Act would need much more financial backing. He was 
instrumental in organizing and preparing leading articles 
which eventually led to the Government writing in an 
extra £8 million. Besides this, he did a great deal to 
direct the attention of men of science to the development 
of education during the Butler Act. 

He had a deep respect for the dignity and integrity of 
the Press. With his usual enthusiasm he took it on 
himself to encourage the interpretation of science to the 
general public, and in many ways his own public lectures 
set the pace. A fund of anecdotes to suit any occasion 
(he never told ‘jokes’ in any of his public addresses, 
although he had, for private ears, an inexhaustible reper- 
toire) ensured that his lectures were always lively: but 
there was a shrewd message in them, and he was never 
afraid to speak out against anything that he considered 
unprincipled. To him, an editor’s ideas should not be 
opinionated, but reasoned and based on intuition instilled 
from experience. 

Brimble always accepted the saying that ‘a good editor 
wears out the soles of his shoes before the seat of his 
pants’. He developed through his visits a particular 
wealth of American and Australian friendships. He had 
perceived the great advances that American science was 
to make, and that to a large extent it would set the pace. 
He fruitfully strove to cultivate good relationships 
between the United Kingdom and the United States, and 
to steer them on a steady course. To do this, it had to be 
openly displayed that Nature made every effort to be 
dispassionate and objective; differences between race, 
colour, nationality, creed or political views were allowed! 
no scope whatever. 

Jack Brimble’s health deteriorated in the late ‘fifties, 
but he never outwardly allowed this to cloud his life. 
He suffered periodically from a wound received during the 
Blitz of London. But, by now, his dedication to the 
journal was so intense that he took little relaxation. 
Such dedication did not just stop at the material journal, 
but included all those associated with it, and it inspired 
æ like dedication in all of them. No man could have 
treated his staff better than he did. Nothing was too 
much for him; if he had a problem he would play with it 
for hours, looking at it one way, then the other. He was a 
kindly, gentle human being, with great human sympathies 
which he did not parade overtly. To him the most 
important thing was ‘people’. He compulsively involved 
himself with people, sharing their troubles and thei 
elations. 

At the end of 1961, A. J. V. Gale retired from the joint 
editorship, leaving Jack Brimble as sole editor. Even 
though the editorial staff had been depleted, he strove to 
increase the size of the journal. This meant more work for 
him, and typically he would say, “Oh well, have to make 
to-morrow a twenty-five hour day”. But he had in very 
large measure the most vital attribute of a great editor— 
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an ability to select deftly (often with almost uncanny 
intuition) those items worthy of Nature. He never tired 
of discussing his plans and ambitions for the future, in 
which the tradition and the progress of Nature would be 
maintained without faltering. 

In his inaugural address following his election to the 
Royal Society of Edinburgh in 1953—of which he was 
justly proud—he stated that no material for publication 
n Nature came from the U.S.S.R. and only a little from its 
satellites. The trend in the early ’sixties has been that 
naterial has flooded in for publication from the U.S.S.R. 
and its satellites. This was part and parcel of his deliberate 
policy to encourage the submission of material from the 
Eastern bloc. Similarly, he concentrated on the advance- 
nent of the emergent countries, offering all the encourage- 
nent and help possible ın publication. 

Jack Brimble lived long enough for the journal to reach 
ts 6,000th issue on August 28, 1965. That he was not 
»stentatious and was still proud of his West Country 
ineage and accent was obvious to all who saw his B.B.C.2 
nterview at this time. 

Jack Brimble’s life, which came to a close on November 
.5, was dedicated to the editorship of Nature; but he will 
»6 remembered by those scientists who knew him as a man 
‘ven more than as an editor. His immediate impact was 
me of outgoing gaiety and generosity of spirit. First 
here was a hearty greeting, puckishly provocative 
‘You don’t seem to have published much lately !”) and 
ffored with a sincerity which made it evident that he 
‘evelled in talk and the company of friends. Then came 
he ebullient phase—his mind was always bubbling over 
vith some question of the day—gossip about the scientific 
vorld—shrewd and always entirely free from malice— 
‘bout who ought to get this chair or that; who ought to 
have his head examined’; who ought to be put on this 
ommittee; what ought to be done to improve the univer- 
ities or the Research Councils or the British Association. 
io then to the third phase: what should Nature say 
bout this? Has Nature drawn attention forcibly enough 
o this or that? Just beneath the scientific-man-about- 
own. was the keen editor, always on the alert for news, 
leas, opinions; able even in his boisterous moments to 
atch hold of a point of view and to make sure (if he 
hought the view worth preserving) that it was included 
1 that constant scanning of the scientific scene which 
zas his lifes work and which made Nature the most 
smarkable scientific journal of its class in the world. 

He came to look on the journal as being his life and 
Iways insisted that it belonged to the world of science. 


sRASSLAND AND FODDER IN INDIA 


he Grassland and Fodder Resources of India 

y R. O. Whyte. Revised edition. (Scientific Mono- 
raph, No. 22.) Pp. x+553+58 plates. (New Delhi: 
adian Council of Agricultural Research, 1964.) Rs. 20.00. 


“HIS revised edition of The Grassland and Fodder 
Resources of India follows that first printed in 1957 
ad deals exhaustively with fodder resource problems 
nder Indian conditions. Recommendations are made on 
wide variety of production methods. The twenty 
1apters are devoted to fodder supplies in relation to the 
resent-day needs of Indian livestock and to ways and 
ans of attacking the almost insoluble problem of feeding 
i many cattle on too little grass and other feeds. 
mphasis is en the need for better-quality fodders; those 
present available are extremely poor by any standard. 
lant breeding, herbage, seed production and an account 
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of Indian soils and thəir fertilizer requirements are dealt 
with in separate chapters. Problems of conservancy and 
the related ones of pasture management are considered 
fully, as also are details of the feeding régimes used on 
Government or corporation farms. These, however, are 
much above average aad bear little relation to those used 
in the Indian villages. This is clearly reflected in the 
much higher levels of production attained on, say, the 
military farms of Inds. Although details of milk yields 
are not given, there ic the clear suggestion that at their 
best, and when adequately fed, the Indian breeds of dairy 
cattle produce on a par with European cattle. Frequent 
mention is made of tie potential output of a reshaped 
dairy industry in India, but it would have added to the 
value of the argument- if precise figures of yield (per cow 
and per acre) could have been included. 

Throughout the boek is the continued theme which 
emphasizes the problem of fodder in India as one where 
the primary need is tc reduce the number of cattle so as 
to bring it mto line with fodder supplies (actual and 
potential). Cattle are the backbone of Indian agriculture. 
and efficiency must be raised if prosperity is to come to 
rural India. Clearly nutrition is the key, but at present 
the cattle are underfed and hence the rather distressing 
(but realistic) call for reducing their numbers. However, 
there are religious prcblems which ultimately can only 
be solved by the Indian people themselves and this depends 
on the education of ths masses. It is part of the Hindu 
philosophy to prohibs the killing of cattle, however 
worthless and however competitive with the human for 
food. This point bears repetition, even though it has 
always been the major concern of agricultural developers 
in India and is frequently repeated by those from other 
countries who visit the sub-continent. 

A. plea is made for more research and also for making 
available nation-wide statistics of sufficient accuracy 
on which sound rural planning can be based. In India, 
man, cattle, sheep, pigs and poultry are all in competition 
for too little food. The-farms are too small, and even if it 
were possible to intens-fy production the problem would 
still remain; namely, Fow the cultivator with less than 
five acres can grow bread, corn and fodders sufficient to 
provide for his family, let alone produce a surplus. Part 
of this problem concerrs levels of crop yield; the average 
cereal and pulse yields im India are about 600 lb. and 400 Ib. 
per acre respectively; whereas on the Government farms, 
including the experimental and seed farms, these figures 
are quadrupled. As w-th the animals, the key is partly 
nutritional; the usual story of a need for both organic and 
inorganic fertilizers, mcluding, in some cases, trace 
elements. At the present level of yield in all crops, the 
supply of animal feed p-ovides less than one-fourth of the 
protein and two-fifths ef the energy requirements of the 
bovine population. 

Natural grasslands are infrequent on the Indian scene, 
but man-made ‘grasslaid’ occupies extremely large areas 
and is basic for the nutrition of cattle and sheep. Many 
attempts have been mecle to classify these grazing lands 
and there is at present in progress the Grassland Survey 
of India, in which the aathor of the monograph has taken 
a prominent part. Descriptive notes concerning a number 
of contrasting sites deat with in the survey are given in 
Chapter 7, while in the preceding chapter a valuable 
record is made of bozanical features of grassland in 
several regions. Most of these ‘grasslands’ represent 
interim (seral) stages Detween forest and desert; few 
appear to be climax stazes. 

The book is well illustrated and has a useful biblio- 
graphy. The glossary of Indian terms is indispensable 
for the reader outside Irdia. The production is of reason- 
ably good standard, but the text is not without 1ts typo- 
graphical errors. The vclume should have the interest of a 
wide audience of pastura and animal scientists and is of 
particular importance to: all who live in densely populated 
regions within the tropics. Wr1lam Davies 
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“THAT OLD COMMON ARBITRATOR, 
TIME” 


The Psychology of Time 

By Prof. Paul Fraisse. Translated by Jennifer Leith. 
Pp. vi+343. (London: Eyre and Spottiswoode (Pub- 
lishers), Ltd., 1964.) 30s. net. 


HE author of this painstaking work on an important 
subject is professor of experimental psychology at 
the Sorbonne. He has contributed 27 papers on various 
aspects of time in the bibliography of this work, which is a 
valuable source book. Its very numerous references, some 
550, have a French and German slant, and even though 
supposedly revised recently, several important works (for 
example, Biinning, Gooddy, Harker, Whitrow, and the 
1960 symposia at Warm Springs and at Würzburg) are 
missing. The translation by Jennifer Leith seems too 
literal and American ‘(‘‘time-structured behaviors”) for 
the subtlety of the ideas of the author. 

The Psychology of Time is divided into three parts, each 
prefaced by a summary of the ideas of the next few chap- 
ters. The sections are on ‘Conditioning to Time”, 
“Perception of Time” and ‘‘Control over Time”. Prof. 
Fraisse believes that ‘‘under the influence of periodic 
changes, the organism becomes a physiological clock 
which provides cues for temporal orientation both in 
animals and man”. It is this ability to reproduce regular 
sequences that permits us to appreciate durations. It is 
perhaps in this way that animals adapt to change through 
“temporally organised behaviour’. The section on time 
perception reviews a great deal of work on the perception 
of duration, which is summed up as “a function of our 
attitude”. The final section, on the “Control over Time”, 
some 130 pages long, assesses the advantages of man over 
other animals in being able to consider changes outside 
the immediate present; though how animals achieve 
awareness of any form of time 1s uncertain. We are told: 
“Animals do not, however, refer explicitly to past events 
in. their behaviour; nor do they have a purpose”. We are 
all animals, and we ourselves may not know about the 
purposes except of our own species, since the concept of 
purpose can be discussed only in human language. 

The author states: “We live in the present”. His theme 
is to show man’s superiority in being able to ‘control 
past and future time. He also states that periods in the 
recent past seem longer than similar periods years ago, a 
statement in great contrast with the almost universal 
feeling that the times (and spaces) of childhood were so 
much larger, when later reviewed, than the adult now 
remembers them to have been. We must disagree with 
the author here, for we live in the future. Every thought 
and action is a scheme for the future based on the data of 
memory, poised on the ever-vanishing springboard of the 
present. If we did live in the present, both past and 
future, immediate or remote, would always escape us, 
memory would serve no purpose, and prediction, our 
main advantage over other animals, would never be 
achieved. There could be no perception, no action, no 
sequence, no language, no process of living. The sign of 
life is, in Goldstein’s fine phrase, an “attitude towards the 
possible”. The present is an extrusion, even an excretion, 
of nervous activity ; and we use 1t only to check our position 
on the chart of our wozld-lines. 

If this book is lacking in lucidity and perhaps in clear 
aim, it may be that the author has attempted too formid- 
able a task, in a field which is only now even beginning to 
be isolated and defined. He makes us aware of a new 
realm for scientific exploration, where the thinker and 
investigator must possess exceptional qualifications in 
several, at present separated, branches of science. To be 
successful in that synthesis of ideas expressed by the 
word ‘time’, the broad scientific education must be 
enhanced by an almost superhuman intelligence and 
technique. ; Present-day education, with its wasteful 
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separation into separate streams of sciences and arts, 
trains the thinker to suppose that precision of meaning 
and clarity of expression in understandable language are 
too trivial for the experimentalist to learn. Thus hterary 
expression may falsely seem effete, while private scien- 
tific languages prevent the intrusion of the ‘simple’ man, 
who is our chief study, into the deliberate abstruseness of 
scientific study. If we are to advance into the study of 
the various aspects of human behaviour which are sub- 
sumed under the code-word, the algebraic symbol, ‘time’, 
we must have a method of defining our objects and explain- 
ing our methods of reaching them. ‘Time’ is of the 
common man, and must always be studied in direct 
relation to his form and to his language. W. Gooppy 
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Some Fundamentals of Information Retrieval 
By John R. Sharp. Pp. 224. (London: Andre Deutsch, 
Ltd., 1965.) 35s. net. 


HIS book, by a librarian, is chiefly concerned with 

the ways in which documents can be classified or 
indexed so that they may be stored. This, of course, is 
merely the reverse of the process by which they may be 
recovered for consultation. It does not deal at all with 
storage of fact or with deductions from stored facts, so 
that fashionable glances at symbolic logic are not very 
relevant. 

Perhaps the chief value of Some Fundamentals oj 
Information Retrieval to working scientists is that it 
serves a warning of what may be in store for them unless 
they take a more active interest in what the librarians are 
proposing on their behalf. For one thing, a nasty jargon i£ 
being developed and the book is fairly typical of the sort 
of prose that may be expected now that librarians have 
moved into the computer belt. A reviewer in The Times 
Literary Supplement has characterized Mr. Sharp’s style 
as ‘rebarbative’. Having consulted the dictionary, J 
would agree with the adjective, which is defined as: 
crabbed, unattractive, repellent. Librarians are seldon 
accorded the importance or the salary that the essentia 
nature of their work in a scientific organization warrants 
possibly they are now having their revenge. 

It is true that the classification and indexing of docu 
ments is the most important step 1f the information they 
contain is to be processed by computer so that it can be 
recovered. The book certainly gives a good idea of the 
difficulties involved in this process. Mr. Sharp, who wa: 
senior indexer on the Association of Scientific Librarie: 
and Information Bureaux (ASLIB) Cranfield Researct 
Project, has obviously given a good deal of thought to the 
matter, and his own particular systom, Selective Listing 
in Combination (it has one of those chi-chi abbreviations 
SLIC), depends on the indexer selecting five key word: 
from the title or content of the paper and fecding thes« 
into the computer in all possible combinations in alpha 
betical order. This system puts at a disadvantage thos: 
words that come late in the alphabet. 

As for retrieval, there is only very cursory discussion o 
the various machine procedures, and one of the mos 
fundamental aspects of the matter is not discussed at all— 
this is a question of cost in time, labour and machinery 
The book makes it clear that the indexing job is a skillec 
one and the final chapter on auto-indexing and auto 
abstracting suggests that it would bo a long time befor. 
the machine can cope with this task. As editors are often 
lax about ensuring fully informative titles to papers, th: 
indexer may well have to read a paper to decide wha 
information it contains and in what form ıt should b 
stored. Obviously a staff of indexers must be enormous t 
cope with all relevant scientific papers in any particula 
field—and ıs the exercise really worth while ? To industrie 
and commercial scientists the answer may well be yer 
and it is to these that Mr. Sharp’s suggestions may b 


November 27, 1965 


fruitful—and his examples are indeed chiefly drawn from 
aeronautics and textile technology. The problem is not so 
acute to the academic scientist, who can usually scan the 
relatively few top journals in his own subject and these 
contain most of the best work. If the sea of the world 
literature is to be dredged for all relevant papers, a great 
deal of rubbish will come to the surface—the indexer 
cannot be a judge as well. This sceptical view is, of course, 
an extreme one. But scientists should be made aware of 
the problems involved and be sure that present biblio- 
graphic aids (scarcely mentioned in this book) have failed 
before they allow librarians mto the driving-seat of a 
computer. P. C. WILLIAMS 


ENGINEERING APPLICATIONS OF 
RUBBERS 


Rubber in Engineering Practice 

By A. B. Davey and A. R. Payne. Pp. x+501. (London: 
MacLaren and Sons, Ltd.: New York: Palmerton Pub- 
lishing Co., Inc., 1964.) 90s. 


Pen. the strongest impression gained on perusing 
Rubber in Engineering Practice is of the remarkable 
variety and range of what may be broadly called the 
‘engineering applications’ of rubbers—a term which 
includes not only engineering in the narrower sense, 
typified by engine mountings, couplings for power trans- 
mission and spring suspensions, but also such widely diverse 
uses as sound insulation in buildings, anti-vibration 
mountings for instruments, and packaging devices in 
sponge or other form. All these applications are dealt 
with in considerable detail, and while, no doubt, some 
selection must have been unavoidable, it is difficult to 
believe that any really important application has been 
omitted. As a source of information on what devices are 
available, therefore, this book is likely to be eagerly 
sought by engineers interested in this general field. 

The book, however, is far from being a mere compilation, 
for in addition to its clear presentation, with a very large 
number of detailed drawings, of the various engineering 
components utilizing rubber in one form or another, it 
includes a general scientific introduction to the physical 
(and where necessary chemical) properties of rubbers, 
and the way in which these are applied in the design of 
engineering components. Starting from the basic types 
of deformation, shear, torsion and compression, it shows 
how these may be apphed, and in many cases combined, 
to give a wide variety of spring characteristics to meet 
the many types of complex loading encountered. In 
addition to this, the basic mechanics of suspension 
systems, of the transmission and absorption of vibrations, 
including resonance phenomena, and, in general, of the 
response of coupled systems to oscillatory disturbances, is 
discussed. Some of this material has already appeared 
in an earlier book on this subject (Engineering Design with 
Rubber, by Payne and Scott). 

Not unnaturally, a large part of the book is taken up 
with engineering applications in the narrower sense, and 
in this Davey and Payne have drawn heavily on the 
industrial experience of particular firms who have special- 
ized in the production of engineering components. Even 
30, the operation of the many components depicted— 
some of remarkable ingenuity and subtlety of design—is 
‘ully discussed in the light of the scientific principles 
»xpounded in the first section, and good and bad features 
of design are brought out. 

While rubber components such as shock absorbers and 
vibration insulators, particularly in connexion with 
sransport vehicles, have been with us for a long tıme, the 
zrowing field of application in crvil engineering is of more 
cent development. Surprising as ıt may appear at first 
ight, the use of rubber as a support for bridges is an 
xxample of an application in which this material has a 
lear technical advantage over alternative systems. 
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It is interesting to lesrn that such bridges as the Tancar- 
ville bridge across the Seine (960 m) and the St. Lawrence 
Harbour bridge, Canada (3 km), are supported on rubber, 
and it is stated that not one of the many natural rubber 
bridge bearings whick have been installed during the past 
10 years, so far as is known, has failed or shown signs of 
failure. 

The least satisfying part of the book 1s probably the 
introductory part, iz which the physical properties of 
rubbers are discussed. The impression 1s given that too 
much ground is beinz covered, and the presentation 18 
not always as clearly shought out, or as precise, as-might 
be desired. For example, Fig. 3.2 gives the erroneous 
impression that the ssress—strain relations for rubber are 
linear for compressiors up to 40 per cent, and for extén- 
sions up to 25 per cent (though the text makes it clear 
that this is not so). Again, there is confusion over the 
stress—strain relations derived from the statistical theory; 
Kuhn did not derive >quation (3.2), and in the reference 
to his paper dealing with the properties of a bulk rubber 
(dated 1936, not 1934) it is not true to say that he con- 
sidered only a single molecule; though not explicitly 
defining a cross-linkec network of molecules, he adopted 
a simplified model in which one-third of the molecules 
were oriented paralle. to each of the three co-ordinate 
axes, which, as has sirce been shown, is basically equiva- 
lent to the more gersral network treatment. Readers 
who are concerned with the basic physical properties of 
rubbers will need to supplement this account with 
additional reading. 

Apart from this, tke book succeeds in its purpose of 
presenting a broad general survey of the whole subject 
of the engineering asdects of rubbers, and can be con- 
fidently recommended. L. R. QG. TRELOABR 


FAST BIOCHEMICAL REACTIONS 


Rapid Mixing and Sar pling Techniques in Biochemistry 
Proceedings of the Fırst International Colloquium on 
Rapid Mixing and Sampling Techniques Applicable to the 
Study of Biochemical Eeactions, Philadelphia, July 23-24, 
1964. Edited by Britton Chance, Rudolf H. Eisenhardt, 
Quentin H. Gibson and K. Karl Longberg-Holm. Pp. xii+ 
400. (New York and London: Academic Press, 1964.) 72s. 


HYSICAL chemis-s have long been interested in 
rapid reactions, ard E. F. Caldin has recently written 
a book concerned with their study in solution!. Bio- 
chemists who work w-th bacteria also know that these 
cells catalyse quite fasi reactions and that Macbeth might 
well have been makingreference to experiments with such 
systems when he saii*: “If it were done when ’tis 
done, then ‘twere well it were done quickly”; for if it is 
desired to show that, for example, C-acetate is converted 
initially into malate by a growing culture of Pseudomonas 
then all the samples should be taken within the first 
half-minute of the start of the experiment?. One of the 
contributors to this symposium is J. A. Bassham, whose 
work with M. Calvin aad others revealed the pathway of 
carbon in photosynthesis by a technique that involved 
rapid sampling of alga. cultures; and with M. Kirk this 
author describes an application of this technique to follow 
changes in the photosymuthetic carbon reduction cycle that 
occur when inhibitors are added. However, most of the 
other authors deal witk methods more suited to the study 
of rapid reactions catalysed by enzymes in isolation, or 
to the rapid arrest of metabolism in muscle or liver. In 
general the biochemicalresults obtained are not discussed: 
the emphasis throughout is placed on the design of the 
apparatus used. Thecretical principles involved in the 
construction. of apparatus are given in appendixes: thus, 
H. K. Wiskind gives examples of the application of fluid 
dynamics to the development of rapid mixing techniques, 
since one problem in the study of rapidly reacting 
compounds ıs clearly that of mixing them fast enough. 
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The typescripts of contributors to this book are repro- 
duced exactly as received, and at the end of each the 
discussion provoked by the contribution is recorded ver- 
batim. This procedure is now familiar; and as one who 
usually fails to start his newspaper at the point the editor 
considers to be most important, namely at the headlines, I 
usually read the discussions of such symposia first. Some- 
times they instruct and entertain, but occasionally they 
do neither, as when the dialogue takes the form: ““Doctor A: 
Did you try ‘Versene’? Doctor B: No”. In this particular 
symposium, dealing as it does largely with the désign and 
use of apparatus, the discussions have maximum. value 
because few experiences sharpen a scientist’s critical powers 
more keenly than those entailed by the use of an imperfect 
machine. In the discussion on p. 116, Q. Gibson shows 
impressive graphs for apparent changes in concentration 


l of a reactant during a reaction time of 0-7 sec; however, 
the stopped flow apparatus he used contained only distilled 


water and the measured changes in extinction were due 
simply to temperature gradients. Such discussions of 
artefacts and limitations of apparatus add to the value of 
this book, but there is a lighter side to some of the dis- 
cussions as the following excerpt shows, taken from p. 269. 
“Chance: Oh, I thought our chairman would have been 
content to let sleeping sarcosomes lie .. . Davies: It is 
not the sarcosomes that lie.” 

The symposium is divided into two main sections: the 
first, rapid flow methods, and the second, rapid stopping 
and sampling techniques. There ıs a charming intro- 
duction to the first section in which F. J. W. Roughton 
traces the origins of rapid flow methods, and this is followed 
by four papers on rapid mixing and fluid flow, another 
four concerned with injection into a fixed volume, two on 
stopped flow and three on continuous flow methods. The 
last four papers of the first section relate to non-equilibrium 
situations created by exposure to a Jump in temperature 
or to a ‘flash of light, including photolysis due to a laser 
beam. The second section contains fourteen papers dealing 
with such methods as rapid freezing for interrupting 
muscular contraction and for metabolite assay in frozen 
samples of liver; and various pieces of apparatus are 
described by which it is possible to sample rapidly various 
systems ranging from yeast cells which are in the process 
of assimilating phosphate to mitochondrial suspensions 
metabolizing adenine nucleotides. 

All biochemists faced with problems arising from the 
difficulties of measuring rapidly changing concentrations 
of metabolites will find sections of interest in this unique 
collection of papers by acknowledged experts in the field. 

S. DAGLEY 


1 Caldin, E. F., Fast Reactions in Solution (John Wiley and Sons, New York 
and London, 1964). 

3 Macbeth, Act 1, Scene vii. 

2? Kornberg, H. L., Biochem. J., 68, 535 (1958). 


A WELL-BALANCED ACCOUNT OF 
THE ALGAE 


The Biology of the Algae 
By Dr. F. E. Round. Pp. vii+ 269. (London: Edward 
Arnold (Publishers), Ltd., 1965.) 36s. net. 


LL workers on algae, whether phycologists or workers 

in other disciplines using algae as tools, will un- 

doubtedly be pleased to see an up-to-date text-book on 

the algae in the English language, particularly when so 

much information is condensed to givé a well-balanced 
account in such a small volume. 

The book contains 13 chapters, copious references 
and an adequate index. The first two chapters survey 
morphology, reproduction and life-history and include 
10 pages of clear line drawings (an average of 21 drawings 
to a page) which will help students to visualize the overall 
picture of the form range in all the algal classes except 
the Rhaphidophyceae. This is 2 most valuable contribu- 
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tion, since only too frequently quite a high proportion oł 
the algal classes are completely ignored for teaching 
purposes and students are left with the impression that 
Chapter 3 
deals with cytology and genetics including especially the 
results of the more recent work on ultrastructure; five 
plates, in addition to line drawings, illustrate this section. 
The coverage, in the following two chapters, of algal 
ecology, both freshwater and marine, is well balanced 
and these sections include, in an excellently condensed 
form, a great wealth of information. 

Physiology is considered at length in Chapters 6-10. 
The section on culture and nutrition deals with both 
major and minor elements and organic factors, while the 
following chapter, on energy sources and pigments, in- 
cludes up-to-date information on the distribution of 
pigments in the algal classes. Chapter 8, entitled ‘Energy 
Relationships”, gives a clear account of recent information 
on this subject. In Chapters 9 and 10 four subjects— 
movement, rhythm, polarity and morphogenesis—are 
adequately covered. 

Chapter 11, on fossil algae and the deposition of calcium 
carbonate and silica, outlines the part that algae have 
played in geological history. Important data have been 
admirably summarized in the next chapter on the 
economic aspects. Here, the importance of algae in every- 
day life is emphasized by the inclusion of information on 
the use of algae as food, in agriculture, industry, medicine, 
sewage disposal, water purification, pollution and land 
reclamation. 

In Chapter 13 the author has endeavoured to present 
clearly a most difficult subject which is still in a state oj 
flux—algal taxonomy. This chapter has undoubtedly 
been recast to embody new information on certain classet 
and therefore there is some lack of agreement between the 
system of classification presented in Chapter 13 and that 
used throughout the rest of the text. For example, on 
p. 9 the class Dinophyceae includes the genera Hauviaella 
and Prorocentrum, whereas in the taxonomy section the 
author follows Fott and puts them. in a separate class 
(p. 239), the Desmophyceae. Four points in this section 
should be noted: (a) the ending for a sub-division— 
phytina should be included in the list of endings (p. 227) 
as sub-divisions are used afterwards (pp. 235, 238), 
(b) the ending for & sub-order should be -ineae, not -inales 
(p. 227); (c) under Eucaryota seven phyla and one class 
are indicated (p. 230), but only seven phyla are dealt with, 
so presumably the Rhaphidophyceae (chloromonadines, 
must be the class lost by the wayside; (d) in the division 
Chrysophyta the first paragraph (p. 231) has not been 
revised to cover the modern concept of this division, since 
the author speaks of three classes whereas in the following 
pages he includes four classes in this division. 

In spite of some minor defects this book will be most 
helpful both to phycologists and to workers in other fields 
Its users will appreciate the enormous amount of informa. 
tion on methods given in the various sections; they wil 
also find many suggestions for research problems in 
corporated, since the author has also indicated very clearly 
the gaps in our knowledge of-the algae. Some misprints 
occur, mainly among the generic and specific names, but 
these are not serious. There are a few mis-statements, but 
these are not likely to mislead. For example, certain 
references to Fig. 14 on pp. 46-47 should read Pl. 4B and 
on p. 138 the author speaks of Ilea and Actinococcus being 
present around the St. Lawrence and the Bay of Fundy 
but being absent from the British coast. The Ilea = 
Petalonia fascia and P. zosterifolia and the <Actinococ- 
cus = the nemathecium of Phyllophora brodiaez, all of 
which are recorded for the British coast. 

This book is exceptionally good value for money, the 
illustrations are attractive and instructive, and Dr. Round 
is to be sincerely congratulated on the production of his 
book which satisfies a long-felt need. Mary PARKE 

T G. T. BOALOH - 
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DRUG-DEPENDENCE 


By THe Richt Hon. Loro BRAIN, F.R.S.* 


HEN I chose the present subject, I hoped that 

before I presented it the new report of the Inter- 
departmental Committee on Drug Addiction would have 
been published. However, it is still in the printer’s hands, 
so I can say nothing about that now. When the report 
appears, however, as I hope it will soon, I believe it will 
be self-explanatory and call for no comments from me. 
The report of the earlier Committee, of which also I was 
chairman, raised a general question which seems to me 
important enough to call for further discussion. I can 
best explain this by quoting from the report. We said: 
“Most of our witnesses affirmed that, to-day, drugs acting 
on the central nervous system are being used excessively, 
but they were unable to furnish records in support of this 
contention”. We obtained some information about the 
quantity of barbiturates preseribed annually in England 
and Wales over the previous two years and said: “It is 
obvious that usage has expanded both progressively and 
substantially so that, in 1959, it was almost twice what 
it wag in 1951”. We also stated that analysis of National 
Health prescriptions showed that “barbiturates, other 
sedatives and hypnotics, together with analgesics and 
antipyretics (excluding dangerous drugs), account for no 
less than about 19 per cent of all the prescriptions issued”. 
There was also reason to believe that the prescription of 
tranquillizers had also increased, and we noted that the 
amount spent on one particular tranquilizer by nine 
selected mental hospitals had increased ten-fold over a 
course of five years. After mentioning the dangers of 
addiction to amphetamine and phenmetrazine, we noted 
that an analysis of some 214 million National Health 
Service prescriptions in 1959 indicated that some 5,600,000 
or approximately 2-5 per cent were for preparations of 
the amphetamines and phenmetrazines. 

Reviewing these facts, we made the following observa- 
tions. “To explain this trend in medication directed at 
the central nervous system, we have found no single 
answer. In part it must be due to the vigorous adver- 
tising of these drugs and their preparations by the 
pharmaceutical industry, both to the medical profession 
and to the public. To some extent the accelerated tempo 
and heightened anxieties of modern life have been held 
to blame; but this is an assertion based on assumption 
more than fact. Thirdly, and possibly of considerable 
consequence, there is the materialistic attitude adopted 
nowadays to therapeutics in general. This is one feature 
of an age which owes so much to science. For every 
deviation from health, great or small, a specific, chemical 
corrective is sought and, if possible, applied, and it is 
also widely believed that health may be positively en- 
hanced by the use of drugs. When dealing with mental 
disease, psychotherapy may still be invoked. Often, 
however, @ prescription is given for a drug when the 
patient’s real need is a discussion of his psychological 
difficulties with the doctor. An obvious danger arises 
when the drugs so employed, far from being placebos, are 
undeniably potent, frequently toxic, and sometimes 
habit-forming as well. On the other hand, the newer 
drugs are proving of great value in psychiatry where they 
are to some extent replacing other methods of treatment. 


* Substance of the Address at the Inaugural Ceremony of the School of 
Pharmacy, University of London, delivered on October 13 


This increasing use of sedatives, stimulants and tran- 
quillizers raises issues on which we do not as a Committee 
feel confident to prorounce. In particular, it is not for 
us to decide whether their occasional or even regular use 
is justified if 1t enables that person to lead a happier and 
more useful life. In any case, if resort to potentially 
habit-forming drugs is sometimes to be regarded as a 
symptom of psycholegical maladjustment, it should be 
treated as a sympton, and its cause sought, perhaps as 
much in social conditions as in the mind of the individual. 
These are questions which should be considered not only 
by doctors, but by all concerned with social welfare.” 

These are certainly difficult questions, and I do not 
propose to try to ansver them all now. What I shall try 
to do instead is to clarify them, to look at their impleca- 
tions, and to suggest ways in which we may hope to 
contribute towards arswering them. Basic to the whole 
problem are the meaning and implications of drug- 
dependence. 

This term was intrcduced by the World Health Organ- 
ization Expert Comm-ttee on Addiction-producing Drugs 
in their thirteenth report, published in 1964. In the 
fourth section, with the significant title ““Terminology in 
Regard to Drug Abuse”, it directs attention to some 
confusion which had zrisen in the use of the term ‘drug 
addiction’ and ‘drug kabituation’. Because, it said, “the 
list of drugs abused increased in number and diversity” 
it sought a term which could be applied to drug abuse 
generally, and since ‘zhe component in common appears 
to be dependence, whether psychice or physical or both”, 
it adopted the term “drug dependence”, which it defined 
as ‘‘a state arising frora repeated administration of a drug, 
often on a periodic or zontinuous basis... . Its character- 
istics will vary with the agent involved and this must be 
made clear by designating the particular type of drug- 
dependence in each specific case—for example, drug- 
dependence of morphine-type, of cocaine-type, of canna- 
bis-typo, of barbiturate-type, of amphetamine-type, etc.”. 
In using the term ‘drig dependence’, and relating it to 
the abuse of drugs, it may seem that the World Health 
Organization Committee was only emphasizing the 
obvious; but my object is to suggest that the term ‘drug 
abuse’ itself raises some important questions which are- 
not only unanswered Sut which we have not at present 
the knowledge to answer. - 

At least one valuanle thing has emerged from the 
philosophy of the present century—its emphasis on the 
importance of words. So let us begin by asking what 
the word ‘drug’ means, and why it means what it does. 
Webster's Dictionary defines ‘drug’ as “any substance 
used as a medicine, or in the composition of medicine, for 
internal or external uss’’, and then it goes on, “‘whether 
or not a given substance should be included under the 
term drug depends upon the purpose for which it is sold 
(as regards the seller) cr used (as regards the purchaser)”. 
So it would seem that she same substance may sometimes 
be a drug and sometimes not. When we get to the verb 
‘to drug’ a new meaning creeps in, for Webster gives three 
definitions: ‘‘(1) to atfect or season with drugs or m- 
gredients; especially to stupefy by a narcotic drug; 
(2) to tincture with something offensive or injurious; 
(3) to dose to excess wih or as with drugs”. So a sinister 
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note has already appeared: though we begin with drugs 
as any ingredients of a medicine, the average person 
hearing that someone has been ‘drugged’ would not 
imagine that he had been given penicillin. This is some- 
times reflected in what patients will say to a doctor, for 
example: “I don’t mind taking medicine, but I hope 
you won’t put me on any drugs, doctor!’ Or: “I hope 
that this is not a habit-forming drug”. So far as the 
public Press is concerned, if you see the word ‘drugs’ in 
a headline you may be fairly sure that what follows refers 
to some sinister aspect of pharmacy, either ‘drug- 
addiction’ or the supposed danger of taking some par- 
ticular drug or group of drugs. In the annual report of 
the Chief Medical Officer of the Ministry of Health, 
though there is a chapter called “Therapeutic Agents: 
Control and Toxicology”, when reference is made to the 
possible dangers of therapeutic agents the word ‘drugs’ 
appears, and the relevant committee is called not a 
Committee on the Safety of Therapeutic Agenis, but & 
Committee on the Safety of Drugs. 

This pejorative meaning of the word ‘drug’ is relevant 
to this article, for the subject of drug-dependence is a 
highly emotional one. ‘Drug addiction’ hits the headlines 
frequently in the Press, and is the subject of plays and 
broadcasts. As a social problem, it excites an interest out 
of all proportion to its magnitude. In Great Britain, the 
total number of addicts to heroin, cocaine and morphine 
is well short of a thousand, and we are fortunate com- 
pared with Canada, where there are at least four thousand, 
and the United State where there are a great many more. 
But the number of men and women who will die of lung 
cancer this year in Britain is 25,000. Most of these are 
men in middle life. Their sufferings, the distress of their 
families and the loss to the community are collectively 
enormously greater than the effects of what is normally 
called ‘drug addiction’, yet these deaths excite no 
similar emotional interest, although they, too, are the 
indirect result of a form of drug addiction, addiction to 
cigarettes. 

I am not a psychologist, and perhaps the psychologists 
can tell us why drug addicts to morphine, heroin and 
cocaine arouse such a disproportionate amount of interest ; 
even without going very deeply into the matter, however, 
one may surmise that it is partly because these drugs are 
potent, mysterious and potentially dangerous: and one 
of their most mysterious characteristics is their power of 
temporarily or permanently changing the personality. 
Add to that the association of ‘drug addiction’ with erime 
and violence and we reach the conception of “potions... 
drunk of Siren tears, distill’d from lmbecks foul as hell 
within”. 

This 1s no exaggeration. The drug addict in this nar- 
rower sense is indeed a pathetic figure and a potentially 
dangerous one, too, if he or she becomes a source of 
infection to others. But, as the World Health Organiza- 
tion Committee recognizes, these drug addicts, though 
creating special problems, are only part of the broader 
spectrum of drug dependence. 

It is obvious that there is nothing wrong with drug 
dependence as such. If a diabetic requires regular dosage 
of a drug to maintain his blood sugar at a normal level, 
or if a patient suffering from a collagen disease requires 
regular amounts of steroids, such patients are drug- 
dependent as already defined, their dependence being a 
physical one. But no one would describe this kind of 
drug-dependence as drug abuse: exactly the contrary. 
So it would seem that something more than mere drug- 
dependence is necessary to create drug-abuse, and if we 
look at the list of such drugs of both abuse and dependence 
which appears in the report of the World Health Organ- 
ization Committee, I think the basis of the distinction 
becomes clear, for they are all drugs which are taken for 
their psychological effects. This brings us to the next 
stage of our enquiry, which is the crucial one. Is depend- 
ence on a drug which 1s taken for its psychological effects 
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necessarily an abuse of that drug? Few people would, ] 
suppose, quarrel with the view that this is true of mor 
phine, heroin and cocaine, though someone recently wrote 
to the Press and complained that, since he found it neces 
sary to take heroin, he did not see why his freedom to dc 
so should be interfered with. But there is rather les: 
unanimity about cannabis, and where do alcohol anc 
tobacco stand? (I use the term tobacco here compre: 
hensively to include whatever its pharmacologically potent 
constituents may be.) 

Tobacco and alcohol may both be drugs of dependence 
Their action is pharmacological, and in extreme cases the 
addict attempting to give them up suffers deprivatior 
symptoms, which may be so severe that he is unable t< 
do without them. The fact that they are both drug: 
which you prescribe and obtain for yourself, instead o: 
through a doctor, and that there are social aspects o: 
their use, is irrelevant to their pharmacological action 
As in the case of other drugs of dependence, people vary 
very greatly in their liability to become addicted, anc 
serious dependence is much more common in the case o 
tobacco than aleohol. I know of no evidence that tobacco. 
dependence has any bad psychological effects; but i 
undoubtedly may have bad physical effects, and it 1 
here that the dependence becomes important, because 1 
may make it extremely difficult for the addict to give uy 
smoking. Alcohol-dependence, in its extreme forms, 1: 
recognized to be a manifestation of a psychological illness 
and calls for treatment accordingly, but as in Britain 
that cannot be carried out without the willing co-operatior 
of the patient, which is usually difficult to obtain, th 
serious alcohol addict is a difficult medical and socia 
problem. 

I have mentioned both tobacco and alcohol addictior 
not only because of their intrinsic importance, thoug] 
that is considerable, but in order to bring out a point o 
more general relevance. The World Health Organizatio1 
Committee points out that the characteristic feature o 
drug-dependence is the strong desire or need to continu 
taking the drug. Leaving on one side the chronic alco 
holic, using that term to describe people whose consump 
tion of alcohol leads to such psychological or physica 
il-effects that they are in need of medical treatment 
there are many others who habitually take aleohc 
in more moderate amounts and claim that they fee 
and are the better for it, and miss it, if for some reaso: 
they are unable to get it. They would agree with | 
patient of mine who once said: “Alcohol has been . 
very good friend to me”. This is a pomt to which 
shall return. 

What are we to think of this steadily rising consump 
tion of barbiturates and tranquillizers ? Before we ca. 
answer this question, which is a very complex one, w 
need a great deal of information which is not at presen 
available. As the first Drug Addiction Committee said i 
its report: “It is clear that there is scope and a nee 
for operation research into the prescribing pattern 1 
this country with particular reference to habit-formin 
drugs”. We need to know first how many patients ar 
receiving prescriptions for barbiturates, and what is th 
average amount prescribed for these patients per annun 
Then we must know what proportion of them ar 
receiving barbiturates for treatment of epilepsy. A 
epileptic patient on barbiturates is drug-depender 
because he cannot give up the drugs without serious il 
effects, but this type of drug-dependence is a use and nc 
an abuse of the drug. Having eliminated those prescrip 
tions, the next thing we need to know is what proportio 
of the tablets prescribed the patient actually consume: 
Doctors, I am sure, would over-estimate their patient 
faith in their prescriptions if they supposed that tk 
tablets they prescribe are regularly and faithfully cor 
sumed by every patient. So we need to know from a 
appropriate sample of patients what proportion of tl 
barbiturates prescribed for them they actually tak 
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and if they do not take them all, what do they do with 
the rest ? This is a question with several practical impli- 
cations. Are the superfluous tablets locked up, or thrown 
away, or left about, where perhaps a child can find them ? 
Moreover, if the patient puts them safely away, does he 
himself know what they are when he turns them out 
again in a year’s time? It has sometimes been suggested 
that the prescription of excessive amounts of barbiturates 
by some doctors may be a source of such drugs for the 
black market. In any event, I think it is clear that 
prescription figures are likely to be a very misleading 
guide to actual consumption. 

Nevertheless, let us assume—and experience shows that 
this is a reasonable assumption—that there are patients 
who are drug-dependent on barbiturates, not in the sense 
that they are in a state of chronic barbiturate intoxica- 
tion, but that they are more or less regular consumers of 
barbiturates, either as hypnotics or as general. sedatives to 
blunt the sense of being stretched on ‘the rack of this 
tough life’. If this is drug-dependence, 1s it a use or an 
abuse of the drug? In the passage I quoted from the 
first report of the Drug Addiction Committee, it will be 
remembered, occur the words ‘‘often, however, & prescrip- 
tion is given for a drug when the patient’s real need is a dis- 
cussion of his psychological difficulties with the doctor”. 
No doubt, this is sometimes true, but we have to remember 
that the average doctor to-day is much too busy to be 
able to spare the time for that kind of psychotherapy 
except on rare occasions, and though it would undoubtedly 
sometimes be helpful, many people would doubt whether 
psychotherapy, even if it were available, is the most 
suitable form of treatment for many such patients. 
Underlying a critical attitude to the regular prescription 
of barbiturates or other sedatives for the purpose I 
have mentioned, I think I can detect a hidden assump- 
tion. Let us look for a moment at another instance, 
namely, the administration of tranquillizers, which 
amounts to drug-dependence, but is nevertheless uni- 
versally regarded as a use and not an abuse: I refer to 
the modern pharmacological treatment of schizophrenia. 
The regular administration of chlorpromazine and similar 
drugs to schizophrenics has enabled many of them to 
leave a mental hospital and live in the community so 
long as they take the drug regularly. Comparable bene- 
ficial results have been achieved by the treatment of 
patients suffering from depression by the antidepressant 
drugs. The authors of a recent monograph on the subject 
summarized the results of these forms of treatment as 
follows: ‘In general, these psychopharmacological agents 
have facilitated the control of mood and behavioural 
disturbances. In the mental hospital setting, they have 
induced a more quiet and more orderly atmosphere. 
They have enabled the discharge of an increasing number 
of patients and the return of many, previously resistant 
to treatment, to their appropriate places in society. In 
addition, they have facilitated ambulatory and out- 
patient treatment and have lessened the need for shock 
therapy’. Here, then, ıs a beneficent form of drug- 
dependence ın the case of patients suffering from major 
psychological disorders. Why, then, or in what circum- 
stances, should we question the use of similar drugs in the 
doctor’s consulting room for the treatment of patients 
suffering from minor psychological disorders? Is it 
perhaps because we are inclined to draw a line between 
gross psychiatric illnesses, for which we feel the patient 
cannot in any way be held responsible, and which are due 
to the operation of unknown physical factors, which may 
turn out to be biochemical, and the minor psychological dis- 
orders for which we do not postulate any physical cause but 
tend to attribute to psychological causes, and to regard as 
reactions to stresses and strains to which, perhaps we 
think, the fortunate majority of us are too tough to 
succumb. We recognize that it is of no use to admonish 
the schizophrenic as a general rule, but would not many 
of our neurotic patients, we wonder, be better as a result 


No. 5013 


NATURE 


827 


of some effort on ther own part? This, of course, raises 
a difficult philosophical question involving the relation- 
ship between the mind and the brain. I shall not discuss 
this further now, but Z doubt whether it is philosophically 
sound to make any sich distinction between the major 
and the minor psychalogical disorders. We cannot inter- 
pret schizophrenia or depression purely in psychological 
terms, nor, for that matter, can we at present give a 
physiological explanation for them. It often appears easier 
to give a psychological explanation of the minor neurotic 
disorders from which many people suffer; but that does not 
exclude the probability that they, too, have physiological 
explanations which wə shall one day discover. The mind 
and body constitute s complex unity, and when we are 
dealing with psycholcgical disorders, we always need to 
take account of bota psychological and physiological 
interpretations so far as we can achieve them. It may 
well be that for the kind of reasons I have already men- 
tioned some patients receive prescriptions for sedatives 
indiscriminately; but that is a long way from saying 
their continuing use involves a form of drug-dependence 
which is an abuse. I quote once more from the report 
of the first Drug Add_ction Committee: “it is not for us 
to decide whether the r occasional or even regular use 1s -` 
justified if it enables € person to lead a happier and more 
useful hfe”. If you are among those who regard alcohol 
as a fmend, you may also think the same of the regular 
use of sedatives in suitable cases. 

But, in my view, th> real limitation to the best possible 
use of such drugs sprimgs from our ignorance. Let me end 
by looking into the fusure. I foresee a day when we shall 
understand much more than we do now about the relation- 
ship between the brain and the mind. On one hand we 
shall have methods of making accurate psychological 
assessments of the personality, very possibly in terms of 
factors which find no place in our present psychological 
vocabulary. We shal then be able to interpret psycho- 
logical disorders in terms of these functions, their mutual 
interplay, and their reactions to our experiences. Parallel 
with these developments, psychopharmacology will have 
been placed on a rational instead of an empirical basis. 
We shall think in tems of the normal biochemistry of 
nerve cells and synapsas, their groupings and interactions, 
their disorders and tke effect of drugs on them. As a 
result, correlating in this way psychology, physiology, 
biochemistry and pharmacology, we shall have not only a 
more comprehensive armamentarium of drugs, but much 
more precision and individualization in their use. All we 
shall need then will be enough doctors with time to use 
them. But ıt would ke wrong to leave the matter there. 
If mind and body are a unity we must not concentrate on 
the physical treatmert of stress to the exclusion of its 
psychological aspects. Here, however, we need to look 
beyond individual psychotherapy and take a broader 
view. As the first Drag Addiction Committee said ın its 
report, the cause of psychological maladjustment should 
be sought perhaps as much in social conditions as in the 
mind of the individuaL So far as we know, life has always 
been stressful, and Jcoking back over history and pre- 
history, it becomes clear that, although we have our own 
peculiar stresses, we have eliminated a great many which 
our ancestors had to put up with. Indeed, stress seems 
inherent in the evolutzonary principle. There will always 
be some who find life too much for them, and they will 
continue to need help from pharmacology and supportive 
psychotherapy. We are all aware of the challenge to 
international and social organization which some of our 
major current stresses present. Beyond that, there 1s still 
much to be said for the ideal of fighting our own battles 
if we can without the aid of pharmacy, but with 
the support of some Dhilosophy which gives a meaning 
to life, and from wich we can draw strength and 
support. 


1 Benson, W M,and Schiele.B C., Tranquilhsing and Antidepressive Drugs 
(C ©. Thomas, Springfielc, Illinois, 1962) 
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RESEARCH AND MANAGEMENT IN EAST AFRICAN WILDLIFE 


; By Dr. JOHN MORTON BOYD* 


Nature Conservancy, 12 Hope Terrace, Edinburgh 


HE problems of management of national parks, game 
and forest reserves and pastoral lands have much in 
common, and there is an increasing awareness that many 
forms of use of land in these fields are wasteful, non- 
conservative and positively destructive. Almost without 
exception this applies to the pastoral and game lands of 
East Africa, involving so vast an area and so wide a range 
of problems, many of which are political and social as 
well as scientific, that the mind shirks the idea of re- 
form. The solutions lie in wise management of the land, 
‘wise’ meaning informed by long experience or research. 
There is thus established a close link between research 
and management in the planning of large natural areas. 
The ideal blueprint would appear to be a two-tier organ- 
ization with a superstructure of management supported 
by a basement of research. Whether ıt is possible to 
achieve such an ideal in the national parks and game 
reserves of East Africa is doubtful, though it is already 
well established in forestry, and there is a semblance of 
such an arrangement in the Queen Elizabeth and Seren- 

~ geti National Parks. 


The Research Effort 


The research being brought to bear on management in 
game, forestry and cattle falls far short of what is required, 
that on game lagging well behind the others. The national 
parks and game departments from time to time acquire 
the services of one or two biologists to undertake specific 
research projects (not all closely geared to management) ; 
with the exception of the very small and inadequate 
Fauna Research Section of the Kenya Game Department 
(FRSKGD), none has established a research division 
likely to cope with the future advisory needs of parks 
and reserves. The Tanzanian National Parks have set 
up the Serengeti Research Project (SRP) based on 
foreign aid; this may later develop into a permanent 
research division. The East African Common Services 
Organization (EACSO) provides advice on aspects of 
forestry and animal husbandry through the East 
African Agriculture and Forestry Research Organization 
(EAAFRO) and the East African Veterinary Research 
Organization (EAVRO); but the proposed Wuldlife 
Research Division of EAAFRO ıs not yet in being. 
University departments maintain an independent approach 
to wildlife research: the work on mammalian ecology 
being done in the Department of Zoology, University 
College, Nairobi, includes ecology of the alpine zone of 
Mount Kenya, ecology of small mammals, biology and 
ecology of the rock hyrax, behaviour of wild ungulates, 
feeding habits of wild ungulates, temperature regulation 
and water balance in wild ungulates. All these nvesti- 
gations can be vaguely related to managemental problems 
in the national parks and game reserves, yet none is so 
orientated and will necessarily assist conservation. The 
Nuffield Unit of Tropical Animal Ecology (NUTAE), based 
in the Queen Elizabeth Park, is a research consortium. bpe- 
tween. Cambridge and the East African university colleges; 
the work there concerns populations of large game species 
and their pastures within the managemental units of the 
Queen Elizabeth and Murchison Falls Parks. 

*Nuffleld Travelling Fellow, 1964-65. 


Visiting research fellows are normally associated with 
one of the research institutions and usually their work 
has managemental overtones. 


Terms of Reference 


Terms of reference depend to a great extent on the way 
in which research workers are recruited. For the suitably 
qualified person the opportunities are almost unlimited, 
and it is a matter of making the necessary influential 
contacts and of choosing a project which will win financial 
support. This has resulted in a great deal of free-lancing 
by those intent on ‘pure’ rather than ‘applied’ work. 
With the exception of the Canadian biologists with the 
Uganda Game Department and those concerned with the 
immobilization techniques for big game, few have come 
forward to undertake projects in actual wildlife manage- 
ment. This dearth of applied workers probably stems 
from there being some grant-giving bodies strictly devoted 
to pure science, from grant-giving committees and the 
corps of research workers bemg drawn from the ranks of 
pure scientists, and from applied projects being usually 
more difficult to conceive and plan and requirmg more 
money and time than pure ones. The situation has not 
developed into a ‘free-for-all’, however, and this has been 
largely due to the channeling of funds through the 
research institutes. 

The Nuffield Unit of Tropical Animal Ecology, the 
Serengeti Research Project and the Fauna Research 
Section of the Kenya Game Department have been estab- 
lished in the field of wildlife research. The NUTAE terms 
of reference do not provide a linkage between research 
and management, while SRP and FRSKGD have as yet 
no terms of reference. Nevertheless, both NUTAE and 
SRP are situated in national parks, investigating popula- 
tions of game which are subjects of management. ‘The 
fact that the NUTAE programme began with the hippo- 
potamus problem in the Queen Elizabeth Park and SRP 
with the game-migration/park boundary problem in the 
Serengeti leads one to believe that the intention of both 
was to assist in the solution of these problems. These 
research uniis fall between the stools of applied and pure 
research, and this has given rise to widely divergent views 
on what part they should play in providing a research 
arm to the national parks and game departments. 
Routines such as game-counts and cropping are, in the 
early stages of survey, matters of research ; later, when the 
research has been completed, they become matters of 
management. This shift of routines from ‘research’ to 
‘management’ has further confused the role of the research 
units, but clarification has lately been achieved at the 
Queen Ehzabeth Park. where hippopotamus-counting and 
hippopotamus-cropping have been handed over by 
NUTAE (as expired research routines) to the park 
warden and his staff. Nevertheless, although NUTAE 
and SRP have as yet no planned connexion with manage- 
ment, they have provided advice for the management 
of the hippopotamus and the drawing of boundaries, 
respectively. 

A. trend is noticeable which may destroy the developing 
two-tier organization; this is the raising of investigations 
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from the simple to the complex, transforming what was 
originally immediately useful applied research into 
longer-term pure research. The irresistible desire of the 
research worker to probe deeper and deeper into his 
problem is the driving force to scientific progress and 
should not be blighted; but care must be taken that it 
does not violate the terms of reference of applied research. 
If no terms of reference are available, this trend to funda- 
mentalism will go unchecked and research may become 
progressively detached from its managemental context; 
the terms of NUTAE are formulated to permit such 
trends in present research. The raising of what were 
originally ecological investigations of vegetation and game 
in fairly simple quantitative and qualitative terms to 
investigations of primary and secondary biological pro- 
ductivity could be one such trend. Measurements of this 
complex quantum may come to influence use of land in 
the long term; but in the meantime the pressing problems 
of the present and nearer future require to be tackled on 
simpler lines. 

A much greater volume of applied research must be 
carried out with precise terms of reference stating 
clearly the limits to which the work can be taken and 
emphasizing that its object 1s application to wildlife 
management. 
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Impact of Research on Management 


Park and game wardens often state that their manage- 
mental problems require research. This may be true; 
but it is questionable if the scientist can, in fact, provide 
the answers to them. The hippopotamus-cropping in 
Queen Elizabeth Park is an example of the scientist pro- 
viding the answers. How far have these been applicable ? 
In a classical study, R. M. Laws has deseribed the popula- 
tion of hippopotami inhabiting the Queen Elizabeth 
Park, stating its size, spatial distribution, age structure, 
social structure, behaviour, reproductive rate and so on. 
Logically there should follow a detailed plan for the 
culling of the population showing the proportions of each 
sex and each age-group of each sex which should be 
taken. Yet there is little use of going to all this trouble, 
for the practical difficulties faced by management staff in 
recognizing the sexes and age groups in the water are 
almost insuperable. What, in fact, is resulting from this 
detailed investigation is a non-selective shooting of large 
hippopotami as they come into the sights of the park 
warden’s rifle, with conservative culling levels set by the 
total numbers occupying the cropping sites. The links 
between this pure research and management of hippo- 
potami are strong; but the managemental profit from it 
is disproportionately small. The same can be said for the 
plans produced from the cropping of elephant in the 
Tsavo Park in Kenya. Aerial counts of the elephant 
population were followed by J. Glover’s statistical analysis 
of population size, age classes and class trends and 
schedule for the progressive reduction of numbers 
over ten years with minimum killing and damage 
to herd structure; but implementation proved unwork- 
able. 

Very often the rate of change of many of the forest and 
game habitats of East Africa outpaces the conservation 
machine set up to cope with it. One need only see the 
regrowth of the woody vegetation in the Ankole/Masaka, 
Ranching Scheme, or the devastation by elephants to the 
savanna woodlands in the Tsavo Park, to appreciate this. 
Ecological research is a slow process more able to cope 
with relatively slow changes such as those caused by 
climatic variation, burning of vegetation or abstraction 
of water, the effects of which usually occur gradually over 
many years. Technical research in the wildlife field, on 
the other hand, can make rapid advances; for example, 
the development of capture techniques for large game, 
the prediction of live-weight of game animals from the 
weight of the dissected back leg, the elimination of the 
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tsetse fly, Glossina morsitans, with dieldrin and so on. 
But most of the management problems in East Africa are 
not simply scientific, they usually have political impli- 
cations. 

The findings of applied research take time to reach the 
ground for which they are intended. As they affect East 
African wildlife they require to be considered against a 
background of a slugzish system of consultations with 
senior advisers, usually from Europe or the United States, 
and committees in which financial and political considera- 
tions are dominant. Thus the impact of the research be- 
comes progressively eroded: seldom can clear-cut scientific 
recommendations be a>plied, and the scale to which they 
are disregarded is of great importance to the morale of 
research workers. The resettlement scheme in the Seren- 
geti provides an excellent example of a game-management 
problem in which the adjustment of boundary ecology is 
recommended as @ result of applied research. The problem 
is, however, also a complex political and social one, and 
it remains to be seer whether the raison d’étre of the 
research is not lost in political compromise between the 
interests of the Sereng=ti National Park and those of the 
neighbouring people. 

To sum up, the impact which wildlife research in East 
Africa has on the marsgement of the national parks and 
game reserves is greatly reduced by the following main 
factors: (1) much of the ecological research is ‘pure’, 
with no direct application to management; (2) research 
which started as ‘appl:ed’ may later become more funda- 
mental and ‘pure’; (3) the recommendations which follow 
research may be impracticable on the ground; (4) the 
recommendations which follow research may be nullified 
by political and financial factors; (5) the recommendations 
of research are dealt with by inefficient consultative 
machinery. 

Despite all this, thers is no doubt that the scientist can 
make a significant contribution to the management of 
the wild habitats of East Africa. The great volume of 
inventory work on th3 flora and fauna, in which P. J. 
Greenway’s on the flors is outstanding, and basic surveys 
such as H. F. Lamprey’s on the ecological separation of 
game species, have laic a sure foundation. Nevertheless, 
positive conservation naeds more than simple cataloguing; 
it needs ecological knowledge, insight and action. Despite 
the difficulties of research in organizing itself, making 
itself practically acceptable and making its voice heard 
in the political winds, the scientist has a major part to 
play. At present corservation is in the hands of the 
wardens, only one of whom, to my knowledge, has a 
university training in science. These men are driving 
their conservation very hard and calling for scientific 
advice which is seldom forthcoming. The warden has a 
major part to play, end few scientists could take the 
place of D. L. W. Sheldrick in his knowledgeable and 
intuitive handling of Tsavo (East); nevertheless, scientists 
are needed also. The ccmplementary roles of scientist and 
warden are seen with E. M. Watson and M. I. M. Turner 
in the Serengeti, and % is salutary to think that this is 
the only fluent combination of research and management 
to be at present encountered in the national parks and 
game reserves. 


Roles of Research Institutes 


The existing research institutes dealing with wildlife 
and forestry iri East Africa are the Government depart- 
ments (including. the national parks), EACSO and the 
university colleges (inzluding NUTAE). All these are 
constituted differently and have a different attitude to 
research. 

The game departments and the national parks are 
aiming at the conservetion of the game habitat in per- 
petuity. This is a vast undertaking, involving manage- 
ment and research in water, soils, grasslands, forests, 
insects and game. Tke management side is already in 
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being in both, but as yet there is little development on 
the research side. SRP, FRSKGD and the two Canadian 
biologists with the Uganda Game Department are perhaps 
buds from which research divisions could grow, but they 
are not permanently engrafted and none is showing signs 
of growth. 

The research divisions of national parks and game 
departments should be concerned almost entirely with 
applied research. Their primary aim should be the main- 
tenance of the scientific record of the game lands by 
standard physical and biological measurements which 
will show ecological change. This would, in time, mean 
the establishment of a registry of scientific data and 
archives. The secondary aims of such a research division 
would be the establishment of permanent scientific staff 
to carry on very long-term projects of up to fifty years 
or more in the drawing-up of life-tables of the elephant, 
hippopotamus and other long-lived game and examining 
the vegetation and game successions. The scientific 
registry and archives would be available to short-term 
workers, a few of whom might work in the research 
division, but most of whom would be accommodated in 
the university colleges and elsewhere. Such research 
divisions can only be permanently established if the 
respective Governments make funds available; this has 
already been done with FRSKGD, but more is needed 
if the new divisions are to grow. The whole future of 
national park and game resources in East Africa 
may depend on such funds being made available 
immediately. 

SRP is a national parks research unit in which a 
determined attempt is being made to bring inter-dis- 
ciplinary research to bear on the management of the 
Serengeti. It has the makings of a research division to 
the Tanzanian National Parks, but is at present financed 
entirely from foreign sources and lacks permanency. 
Funds are provided by UNTAB, FAO, the Fritz Thyssen 
Stiftung, the Netherlands Foundations for Pure Research, 
the German Government, the Nuffield Foundation and 
the Deutsche Forschungsgemeinschaft. SRP work is 
likely to continue for some years as a group of related 
short-term projects of up to five years duration. There 
1s no indication so far that really long-term work will be 
possible. 

The research undertaken by the long-awaited Wildlife 
Research Division of EAAFRO will abide by the broad 
terms of reference of EACSO to provide research which 
has equal valency in Uganda, Kenya and Tanzania. It 
will follow the pattern of the work already in progress 
in forestry, agriculture and veterinary investigations. In 
a paper to the Wildlife Research Co-ordinating Committee 
(which has recently been reconvened after a year of 
inaction), E. W. Russell gives an outline of the functions 
of the Division. There would be two permanent scientists: 
the senior would maintain a bureau of East African wild- 
life research and act as a senior consultant and adviser; the 
Junior would carry out specific research projects under 
the general direction of the senior, who would be head of 
Division. Short-term grant-aided workers might join the 
Division from time to time. 

The research potential of the university colleges is 
provided by a few members of staff and postgraduate 
students working for M.Sc. or Ph.D. degrees. At University 
College, Nairobi, Prof. D. S. Kettle is giving emphasis to 
wildlife research in the constitution of his postgraduate 
school. As already stated, the choice of studies, however, 
is independent of the needs of management, and it is right 
that this independence be maintained by the universities. 
African wildlife is bristling with research opportunities in 
classical zoology (including ecology), and the university 
departments must not become too tied to wildlife manage- 
ment but be absolutely free to exploit these. The univer- 
sities are therefore capable of providing short-term 
workers, mostly dealing with narrow, clear-cut studies in 
pure’ science. 
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NUTAE is a university research unit; but its approach 
to research is coloured by its being based in the Queen 
Elizabeth National Park. It retains its independence 
from the Uganda National Parks, and although it is 
working in close contact with some of the important 
management problems both at the Queen Elizabeth and 
at Murchison Falls, it cannot in its present form be looked 
on as the beginnings of a research division of the Uganda 
Parks. NUTAE is endowed by both the Nuffield and the 
Ford Foundations and is linked with the International 
Biological Programme (IBP); workers are attached to 
the University of Cambridge, Makerere College and 
University College, Nairobi. The Unit is run by a com- 
mittee headed by Prof. C. F. A. Pantin. Its work is 
likely to be pure research (some of which will be closely 
linked to management) and usually in short-term projects 
of up to five years. 

The Uganda Forest Department has a thriving research 
division, and those who are planning the future of the 
national parks and game departments should note how 
this has been achieved. The silvicultural research in soft- 
woods gives quick and simple answers to pressing questions 
on which depend the country’s future timber resources. 
In hardwood silviculture, however, the task of finding 
the best methods of regenerating a high forest of desirable 
trees from the tattered remnants left after exploitation 
and refinement is a huge and complex one yielding slow 
results. Yet this is applied research with the stability and 
endurance which are needed in game management; some 
of the experimental plots in the Budongo Forest were 
established in the mid-1930’s and are still yielding 
information. The division of effort in research between 
the forest departments and EAAFRO is also worth 
noting when coming to consider the relations between the 
Wildlife Division of EAAFRO and the national parks and 
game departments. The work of EAAFRO in forest 
genetics and pathology is more fundamental than the 
silviculture of the departments, and this sharing of load 
is a good working arrangement. 

The existing research institutes cater almost entirely 
for short-term research, the span of which is set by a 
grant or by the number of years workers remain in 
university posts. EACSO may be an exception, but its 
Wildlife Division is not yet in existence. Nothing has yet 
been provided for long-term research with workers 
appointed to specific projects lasting twenty years or 
more. None of the present institutes can offer any oppor- 
tunity for this; only Government departments and perhaps 
EACSO can provide the stability in finance and organ- 
ization necessary to maintain such a long-term research 
facility; it has already been done in forestry. 

The need is for properly constituted (joint) research 
divisions in the national parks and game departments of 
each territory, with a co-ordinating council in EACSO. 
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Conclusion 


In his paper, “A. Survey of the Past and Present Wild- 
life Research in East Africa”, L. M. Talbot has shown 
what a vast effort has been invested by the 114 workers 
cited and the depth of their work as described in some 
220 papers. Yet how much of this effort has contributed 
to the wise management of the East African game lands ? 
I would venture to say very little, though the culling of 
hippopotamus and elephant in the Uganda Parks is a 
notable exception. The foggy terms of reference which 
research has to management, the lack of tmpact which 
research has on the course of events, and the lack: of 
planning of long-term research and management cannot 
be allowed to continue while the wildlife resources are 
diminishing before our eyes. There can be no alternative 
to constructive management/research planning backed 
by efficient co-ordinating machinery for every national 
park and game reserve, just as there has already been 
for most forest reserves. 
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OBITUARIES 


Sir lan Richmond 


I. A. RICHMOND, professor of the Archaeology of the 
Roman Empire in the University of Oxford, died on 
October 4 at the age of sixty-three. He was educated at 
Ruthin School and Corpus Christi College, Oxford. 
Studentships from his university and the British School 
at Rome enabled him to engage for two years after 
graduation in field research centred on Rome. In 1926 
he was appointed lecturer in classical archaeology and 
ancient history at Queen’s University, Belfast, whence he 
returned to Rome as director of the School. In 1935 he 
was appointed to a post in Roman-—British history and 
archaeology in the Newcastle upon Tyne Division of the 
University of Durham, where he remained, as lecturer, as 
reader and as professor, until 1956, when he accepted the 
post in Oxford which he held until his death. He received 
a knighthood in 1964, the same year as he became presi- 
dent of the Society of Antiquaries of London. 

Richmond had few equals either in investigation or in 
exposition. Almost all aspects of Roman provincial 
archaeology have been enriched or illumined by his 
activity, and he has been justly acknowledged for several 
years as the leading authority in a by no means narrow 
field. 

The twin son of a Lancashire surgeon, Richmond some- 
times compared his own work as an excavator with that 
of a surgeon. He had a flair for, and much experience in, 
the study of structural evidence. This enabled him to be 
economically selective in an excavation and still to obtain 
the full picture, as he did that of the legionary fortress at 
Inchtuthil in Perthshire, a little at a time over fourteen 
years. The method was only successful in his own hands, 
for less skilled excavators require a bolder approach. 
Richmond would excavate boldly when occasion de- 
manded, and strip off a whole site level by level. 
Excavators the world over have benefited from working 
with him on the Corbridge training courses, where he 
taught techniques by example rather than precept. 

On Hadrian’s Wall, Richmond provided the sustained 
offort which brought to fruition programmes of research 
sometimes initiated by others and carried through in 
collaboration. In the decade before and the years im- 
mediately after the Second World War, problems which 
had remained obdurate for generations were tackled in a 
scientific spirit and solved finally and convincingly. The 
Museum of Antiquities in Newcastle upon Tyne, which 
he opened in 1960, was largely his creation, and is a 
permanent monument to him. 

Richmond was a first-class teacher, but never sur- 
rounded himself with a large circle of undergraduates or 
recent graduates; for good or ill that was not his way. 
He was given honorary degrees by six universities, 
including that where he had spent half his working life. 
Learned societies and universities also honoured him by 
asking him to deliver endowed and named lectures. He 
will be remembered by a wider public for the hundreds 
of lectures, illustrated, delivered without a script out of 
the depth of his knowledge, sound, clear and gravely gay, 
which he gave, up and down the country, to any inter- 
ested audience. 

He held the highest office in national societies, and was 
a valued member of national boards and commissions in 
both England and Scotland; he also found time, when 
already a busy man, to hold office in local societies 
and to serve on committees and councils. He was no 
passenger on these bodies, and his cheerful common sense 
was much in demand. He used the time on the long train 
journeys to draft his reports. 

Richmond’s published work includes The City Wall of 
Imperial Rome (1930), a substantial contribution to the 


Northumberland Covnty History—The Romans in Redes- 
dale (1940), the tenth (1947) and eleventh (1957) editions 
of the Handbook to the Roman Wall, Roman Britain (Collins, 
1947), Roman Brita-n (Pelican, 1955), and Roman and 
Natwe in North Britaan (1958). Excavation reports, 
illustrated by his own photographs and drawings, and 
substantial papers on many different facets of his main 
subject, are to be ound in the journals of local and 
national societies. 

He was not merely an able man, but a good man. He 
took an unconcealed delight in success, but was never 
ambitious at the expense of others. He would spend 
hours with the writer of a paper or report going through 
it with him sentence by sentence improving the language. 
On. meeting ‘an acquaintance he never failed to ask the 
right question about himself and his family. He could be 
stern, but was alweys open; his normal mood was of 
robust good humour and impish wit. He would help a 
friend or colleague when he needed it most and seemed 
to deserve it least. Et was his explicit policy to do things 
for other people; he did so as if he were indefatigable, 
which unfortunately he was not. J. P. GOLAM 


K. R. Butlin 


KENNETH RUPERT BUTLIN died on October 1, 1965, at 
the age of sixty-eight. He was educated at Oundle School 
and, with an interrudtion for military service, at Trinity 
College, Cambridge. Shortly after the First World War 
he took a first in chamistry and almost immediately left 
for Argentina, where he worked on the fermentation of 
sugar. Thereafter he remained interested in the chemical 
activities of micro-organisms and, returning to the United 
Kingdom in 1929, ke joined A. C. Thaysen’s group of 
microbiologists, then. working at the Royal Naval cord.te 
factory at Holton Hsath. This group was transferred as 
& unit to the Chemical Research Laboratory, Teddington, 
in 1933, and it was frem Teddington that Butlin published 
the research for which he will be most remembered. 

His earliest papers were concerned with the chemical 
activities of the acesic acid bacteria, and his review of 
these organisms is still required reading for those inter- 
ested in the subject. During the Second World War, 
Butlin, with the rest of Thaysen’s group, turned his 
attention to the prob:em of food yeast production, making 
use of molasses, a praject which gave him valuable experi- 
ence of large-scale >roduction of microbes and which 
involved, incidentally, one of the earliest uses of con- 
tinuous culture. At the end of the War, Thaysen and 
H. J. Bunker (a leading authority on the sulphur bacteria) 
left Teddington, and research on microbiology at the 
Chemical Research Laboratory was left in the hands of a 
small section of the Corrosion Group, headed by Butlin, 
studying bacterial corrosion. This process is largely the 
responsibility of the sulphate-reducing bacteria (Desul- 
fovibrio), and Butlins small group rapidly established 
themselves as leading authorities in this field: they were, 
for example, among che first to work with authentically 
pure bacterial cultures. 

The then director oF the Chemical Research Laboratory, 
R. P. (now Sir Patrick) Linstead, perceiving the broader 
ramification of chemical microbiology, initiated the 
expansion of Butlin’s microbiology section until, in the 
early 1950’s, it became an independent Microbiology 
Group, mainly concerned with the study of sulphate- 
reducing bacteria but also with a vaciety of bacteria of 
economic and industrial importance. In 1950, Butlin 
accepted responsibility for a few hundred bacterial cul- 
tures of industrial importance which the National Col- 
lection of Type Cultares proposed to discard. and thus 
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founded the National Collection of Industrial Bacteria, 
now located at the Torry Research Station, Aberdeen. 
The 1950’s were the most productive period of Butlin’s 
career: his Group worked on such strictly practical topics 
as the feasibility of producing sulphur on an industrial 
scale with the aid of bacteria, control of pollution in 
waterlogged gravel and clay pits, bacterial leaching of 
ores, bacterial contamination of petroleum; topics of 
less-direct applicability such as the mechanism of micro- 
bial oxidation of phenols (important in biological effluent 
treatment) and the continuous culture of anaerobes; 
relatively academic matters, though still having a practical 
background, such as the biochemistry of sulphate- 
reducing bacteria and the mechanism of the methane 
fermentation. By 1958, Butlin’s Group was the major 
British research unit concerned with basic economic 
microbiology. The blow to British research, resulting 
from its disbandment by the Research Council of the 
Department of Scientific and Industrial Research, rever- 
berated throughout the scientific world; it still evokes 
strong opinions among microbiologists, both here and 
abroad. Having staunchly resisted the disbandment of 
his Group, Butlin was compulsorily retired from the 
Scientific Civil Service in 1959, but, undismayed, he often 
emerged from retirement to undertake consultant work 
or to attend scientific meetings. 

Butlin’s conviction that microbes are of the greatest 
potential importance to industry, not only in production 
but also in the deterioration or disposal of industrial 
products, was fundamental both to his work and his 
scientific reputation. He was also a man of striking 
personality and culture. He was a great lover of opera; 
he enjoyed travel, good food, wine and companionship; 
he was firmly literate in the sense that he believed that, 
if work was worth writing up, it was worth writing well. 
The literary standard of his publications and, perforce, 
those of his Group, was high. But, most of all, he had an 
enormous capacity to enjoy life, an ability which he 
never failed to communicate to his companions, so that 
even quite solemn or troublesome occasions took on the 
character of a party or a convivial gathering. His per- 
sonality inspired strong affection and he will be sadly 
missed, not only by his intimate friends, but by innumer- 
able acquaintances and scientific colleagues all over the 
world on whom his sunny and friendly disposition made 
an unforgettable impact. His wife, née Helen Mary 
Fletcher, survives him; their son, Martin, is an assistant 
keeper at the Tate Gallery. J. R. POSTGATE 
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Prof. H. Schardin 


PROF. HUBERT SCHARDIN, ministerial director, Ministry 
of Defence, Bonn, honorary director of the Franco- 
German Research Institute at Saint-Louis, and director 
of the Ernst Mach Institute at Freiburg-im-Breisgau 
and Weil-am-Rhein, died on September 27, aged sixty- 
three. 

Prof. Schardin was a good scientist and a fine man 
who inspired many to both scientific effort and to inter- 
national understanding. The situations already men- 
tioned do not include the capacities by which I best 
knew him. He was the German delegate to the Inter- 
national Congress on High Speed Photography, European 
pivot of this subject, one of the very few present at all 
such congresses so far and to many a legend in his own 
lifetime. 

His whole career had been devoted to, first, ballistics, 
leading naturally to high-speed photography—Schlieren 
investigations in particular—and to philosophic interest 
in time. He joined Cranz in Berlin in the mid-1920’s— 
and their association will always be remembered for their 
multiple spark, multiple camera technique of 1928 known 
simply as the Cranz-Schardin system and used in every 
laboratory which investigates projectiles in their many 
guises. ` 

Cranz provides the link from to-day back to the 
scientific era of the nineteenth century and such names 
as Toepler and Mach, just as Schardin is a strong link to 
the earlier decades of this century. 

When Cranz retired in 1935, Schardin took over as the 
German leader in ballistic photography and was in charge 
of the Ballistic Institute of the Technical Academy of the 
German. Air Force from then until 1945. Later, the 
Franco-German Research Institute at Saint-Louis was 
founded with Schardin as its director. The works of this 
Institute, its director and his colleagues speak for them- 
selves. 

Prof. Schardin will be missed and remembered. affec- 
tionately by many people in many countries, and especially 
by those interested in the same disciplines and philo- 
sophies. The British National Committee for High Speed 
Photography believes that a prize in his honour should be 
presented at International Congresses on High Speed 
Photography for worthy contributions to the subject. 
It could be known simply as the “Schardin Award”, and 
the British Committee would be pleased to support such 
a commemoration. G. H. Lunn 


NEWS and VIEWS 


The Royal Society of London : Award of Royal Medals 


Her Maszesty THe QUEEN has been graciously pleased 
to approve recommendations made by the Council of the 
Royal Society for the award of the three Royal Medals for 
the present year as follows: to Dr. R. A. Lyttleton, 
reader in theoretical astronomy in the University of 
Cambridge (presently at the Institute of Astrophysics, 
Brandeis University, Waltham, Massachusetts, U.S.A.), 
for his distinguished contributions to astronomy, par- 
ticularly for his work on the dynamical stability of 
galaxies; to Dr. J. C. Kendrew, deputy chairman of the 
Medical Research Council Laboratory of Molecular Biol- 
ogy, Cambridge, for his distinguished contributions to 
the complete structural analysis of a protein molecule 
(myoglobin), particularly the biological aspects of this 
study; to Dr. H. C. Husband, chartered civil engineer 
(of Messrs. H. C. Husband and Co., Sheffield), for his 
distinguished work in many aspects of engineering, par- 
ticularly for his design studies of large structures such as 


those exemplified ın the radio telescopes at Jodrell Bank 
and Goonhilly Downs. 


Mathematics in the University of Edinburgh : 
Prof. A. C. Aitken, F.R.S. 


Pror. A. C. AITKEN has retired from the chair of 
mathematics in the University of Edinburgh, where he 
has been a lecturer and reader from 1925, and where he 
succeeded Sir Edmund Whittaker as professor in 1946. 
Born and educated in New Zealand, Aitken went to 
Edinburgh in 1923 at the age of twenty-eight as a research 
student, accompanied by his wife. There he received in 
1925, not the degree of Ph.D. for which he was registered, 
but that of D.Sc., for a thesis recognized as being of quite 
outstanding originality and merit. No doubt his phen- 
omenal powers of mental arithmetic provided the original 
impetus which led him, both in this thesis and later in 
many published papers, to devote so much of his life work 
to practical mathematics and numerical analysis. He has 
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also undertaken substantial and wide-ranging work in 
two other fields, namely, mathematical statistics and the 
theory of matrices and determinants. He collaborated 
with H. W. Turnbull in a text-book which has become a 
classic, The Theory of Canonical Matrices (1932). From 
1939, together with D. E. Rutherford, he edited the series 
of University Mathematical Texts published by Oliver 
and Boyd, himself contributing the first two volumes. 
Between 1925 and 1962 he published some 70 mathe- 
matical papers, while his briliancy as a lecturer inspired 
many generations of undergraduates and research students 
and his colleagues, with whom also he shared his profound 
knowledge of classical and modern literature and of 
music. Before coming to Britain, Aitken served with the 
New Zealand Expeditionary Force from 1915 until 
wounded in 1916. His experiences during the First World 
War were described with vivid realism in a manuscript 
drafted in 1917, which was rewritten and published in his 
book, Gallipoli to the Somme (1963). 

Prof. Aitken has been succeeded jointly by Prof. A. 
Erdélyi and Prof. F. F. Bonsall (Nature, 208, 19; 1965). 


Physics in the University of Sussex : 
Prof. M. W. Thompson 


Dr. M. W. THomeson, who has been appointed to a chair 
in physics in the University of Sussex, was educated at 
Rydal School, Denbighshire, and at the University of 
Liverpool, graduating with first-class honours in physics 
in 1953. In 1963 he was elected to fellowship of the 
Institute of Physics and in 1964 was awarded a D.Sc. by 
the University of Liverpool. In 1953 he jomed the 
Atomic Energy Research Establishment, Harwell, at first 
in the Reactor Physics Division and later in the Metal- 
lurgy Division, where he has been ın charge of the Radia- 
tion Damage Processes Group from 1960 onwards. The 
first problems he worked on were the neutron economy 
of nuclear reactors and techniques for neutron detection. 
In 1954 he turned his attention to radiation damage in 
metals. By carrying out irradiations in a reactor at very 
low temperatures he was able to identify the temperature 
ranges ın which point defects become mobile in the 
refractory metals. This work led to an interest in atomic 
collision processes ın crystals, which are responsible for 
both radiation damage and sputtering; and, ın & series 
of sputtering experiments, he was able to prove the 
existence of focused collision sequences and to study their 
characteristics. In pursuing his interest in the interaction 
of ion beams with crystals, he produced some of the first 
evidence for the channelling of ions through crystals. 
More recently, he has shown that, on account of chan- 
nelling, nuclear reaction rates depend on crystal orienta- 
tion; and, on the basis of the channelling phenomenon, 
he is at present developing a technique for investigating 
crystals and their defects. 


Genetics in the University of Aberdeen : 
Prof. H. J. Evans 


Tae University of Aberdeen has announced the 
appointment of Dr. H. J. Evans to a newly created chair 
of genetics. Dr. Evans has rapidly and deservedly earned. 
an international reputation as a cell biologist. This stems 
from his work during the past ten years at the Medical 
Research Council Radiobiological Research Unit. Born 
in Llanelly nearly thirty-five years ago, he won a State 
scholarship to the University College of Wales, Aberyst- 
wyth, where he graduated B.Sc. in 1952 and went on 
to gain a Ph.D. for his work in genetics in the Depart- 
ment of Agricultural Botany under Prof. P. T. Thomas. 
From Aberystwyth and the cytogenetic study of mush- 
rooms, Dr. Evans made the successful transition in 1955 
to radiobiology at Harwell under Ds. G. J. Neary. The 
combination of physicist and cytogeneticist proved ex- 
tremely fruitful, as witnessed by a series of much quoted 
joint investigations in mitotic delay, oxygen and other 
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for various radiations including fast neutrons and ultra- 
soft X-rays. In 196C Dr. Evans, after a profitable year 
at Brookhaven National Laboratory in Long Island, 
New York, adroitly escaped the blandishments of the 
brain drain. He rerurned to Harwell to continue the 
profitable association with his biophysical colleagues and 
to initiate work on radiomimetic agents, DNA synthesis 
and chromosomal breakage and repair. Within the past 
year he has led the newly formed Cell-Biology Group and 
increasingly utilized mammalian and human cells for his 
work. With his livey and engaging manner, Evans is 
much sought after as a speaker at scientific meetings in 
Britain and overseas. He is an active member of many 
societies and the secresary of the Association for Radiation 
Research. 


British Hovercraft 


In a written ansyver in the House of Commons on 
November 11, the Minister of Technology, Mr. F. Cousins, 
stated that the development of the hovercraft had now 
reached an advanced stage. During the past year, under- 
takings both in the United Kingdom and abroad had been 
operating small hover=raft carrying up to 38 passengers on 
regular services, and in particular, more than 100,000 
passengers had been carried across the Solent in little 
more than three monzhs. The convenience and saving of 
time had led to the hovercraft becoming the preferred 
method of travel for many businessmen on this route. 
Licences had been acquired by American and Japanese 
companies to manufecture hovercraft to British designs 
and patents, and otker countries were starting develop- 
ments of their own. Britain had by far the greatest 
experience of design, manufacture and operation of hover- 
craft, and Mr. Cousins believed we still had a lead, thanks 
largely to the ingenuity and determination of the inventor 
and the faith shown by the National Research Develop- 
ment Corporation and the manufacturers and transport 
operators who had téken a stake in this field. A major 
step forward was beirg taken with the production of the 
150-ton SRN4—four times the size of the largest hover- 
craft so far built. A Swedish consortium had ordered two 
SRN4 for a cross-Channel service and the Minister of 
Transport had apprcved the proposal of the Railways 
Board to negotiate for the first SRN4 to operate as a 
combined car and passenger ferry across the Solent, 
starting in 1968. Meanwhile, about 25 smaller passenger- 
carrying hovercraft kad been delivered or were on order, 
and a new light-weigit and relatively cheap craft would 
shortly be put into production. The Government in- 
tended to do everything it could to ensure the continuance 
of Britain’s present pre-eminence, and to promote the 
growth of the indust~y and the development of exports. 


East Midlands Regtonal Office of the Ministry of 
Technology 


An East Midlande regional office of the Ministry of 
Technology has bean opened at Cranbrook House, 
47 Cranbrook Street, Nottingham. Mr. J. K. L. Thompson 
has been appointed -he senior regional officer in charge 
of the office, and will have four qualified technologists on 
his staff. Mr. Thompson has been a member of the 
Atomic Energy Authority at Aldermaston, specializing in 
explosive hydrodynamics, although for the past year he 
has been seconded so the Ministry of Defence. The 
regional office will help industry to make the best use of 
advanced technology. particularly by providing informa- 
tion of the latest technical developments, and will also 
collect information with the view of guiding the Ministry 
in planning future technical support. It will co-ordinate 
the work of industrisl liaison officers and will co-operate 
with other Government departments in the Regional 
Planning Board of the Department of Economic Affairs. 
Another aspect of tha work of the regional office will be 
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to strengthen the links between industry and the National 
Research Development Corporation, Government research 
establishments and those of the United Kingdom Atomic 
Energy Authority. Three existing regional offices at 
Cardiff, Edinburgh and Newcastle upon Tyne were taken 
over from the Department of Scientific and Industrial 
Research on April 1, 1965, by the Ministry of Technology. 
Other new offices are sited at Birmingham, Bristol, Leeds 
and Manchester. 


Research and Economic Growth in Belgium 


UNDER the title Research and Econome Growth, the 
National Council for Scientific Policy, Brussels, has issued 
& report on some aspects of industrial research in relation 
to economic growth, more especially dealing with scientific 
research and development m the metal industries (Re- 
cherche et Croissance Economique: Rapport sur Certains 
Aspects de la Recherche Industrielle dans ses Relations avec 
la Croissance Economique. Pp. 218. Bruxelles: Conseil 
National de la Politique Scientifique, 1965). The report 
1s jn two parts, each consisting of two chapters. The first 
chapter surveys the lines of development and demand in 
European and world trade, with particular reference to 
the metal industries in Europe and Belgium. The second 
chapter compares the scale and distribution of research 
in Belgium and in other countries. The third chapter, 
which opens the second part, and is based on an enquiry 
conducted by the University of Louvain, reviews the con- 
ditions of technical innovation in the metal industries of 
Belgium, while the fourth chapter, based on a study made 
by the Department of Applied Economics, University of 
Brussels, attempts to assess the development of demand 
for European metal manufacturers. The report concludes 
that a structural evolution of the Belgian economy is 
necessary, particularly in the way of diversification, and 
new, highly technical activities are most hkely to succeed 
if they start from the strong points of the old technology. 
The comparatively low level of research in Belgium 1s 
attributed to the dominance of mndustries making inter- 
mediate products, and, ın the metal industries, of sub- 
sectors with weak or old technology. The small size of 
Belgian firms, the majority of which employ and are 
likely to continue to employ only 100-500 persons, is 
another hindrance, and policy should be directed to 
stimulating research in the medium-sized firms. Progress 
depends on the stimulation of creativity and precedes 
growth, and the attitude of directors is a fundamental 
factor in determining the intensity of research. Firms 
need to become increasingly conscious of the importance 
of being receptive to change. 


Industrial Research and Development in France 


Le Progrès Scientifique, July-August, 1965, Nos. 86-87, 
issued by the General Delegation for Scientific and Tech- 
nical Research, Paris, contains a survey of research and 
development in French industry, together with an analysis 
of the output of qualified engineers in 1964. In 1963 a 
total staff of 77,000 were engaged in research and develop- 
ment, of whom 16,700 were research workers or tech- 
nologists, 31,700 technicians and 8,500 administrators. 
Expenditure is estimated at 3,080 million francs, the total 
national expenditure on research and development being 
estimated at 6,215 million francs. This effort is heavily 
concentrated in the Paris region (70-8 per cent), the 
Rhéne-Alps region (9:44 per cent), the Marseilles region 
(4:4 per cent) and the Toulouse region (2:9 per cent). Of 
the personnel, 20:3 per cent are in aeronautics, 19-15 per 
cent in electronics, 11:3 per cent in the chemical industry, 
6'3 per cent in the power industries, 6-25 per cent m 
electrical construction, 6-1 per cent in precision instru- 
ment industries, and 5:6 per cent in the pharmaceutical 
industry. Comparisons with the industrial effort of the 
United States are given in some detail. 
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The National Trust 


THE seventeenth annual report of the National Trust 
for the year 1964-65 records the resignation of the Earl 
of Crawford and Balearres, its chairman since 1945. In 
that period the membership of the Trust has grown from 
less than 8,000 to more than 155,000. The Trust now 
owns or protects more than 400,000 acres of land, and 189 
historic buildings and gardens, compared with 112,000 
acres and 95 buildings in 1945. Of its senior staff of 49, 
30 work outside London; but the report emphasizes the 
need for a further increase m income and membership, 
which should reach at least 250,000. It is emphasized 
that there is full co-operation between the National 
Trust and the Nature Conservancy, and ıt 18 pointed out 
that the Trust now only accepts nature reserves if they 
are also places of ‘outstanding natural beauty’, or if it is 
thought that the Trust has special qualifications to protect 
the property concerned. Although the Trust owns some 
nature reserves of the highest quality and importance, its 
greatest contribution to the preservation of Nature is the 
fact that it protects all its properties against harmful 
development. Of the Coastal Preservation Campaign 
launched in May 1965, the report records that at the end 
of July. £461,000 had been given (or promised) to the 
appeal fund, and more than 200 acres at Llochtyn, Car- 
diganshire, had already been purchased. 31 acres of fore- 
shore at Kearney in Northern Ireland, with covenants 
over a further 284 acres, and a stretch of more than 650 
acres at Whiteford Burrows, in the Gower Peninsula, are 
being acquired. The Council’s objection to the Manchester 
Corporation’s proposals to take more water from the Lake 
District is also recorded, as well as the acquisition by the 
Trust of the freehold of the Stratford on Avon canal. An 
appeal for funds for improvement and maintenance of the 
canal is included with the report, which concludes with 
a moving appeal for wider and fuller support for the work 
of the Trust generally, taken from a speech by Sir Kenneth 
Clark, at a meeting in the Royal Festival Hall, in March. 


Reconditioning Concrete Surfacings 


A CASE has recently been reported in the United States 
of a large municipal car-park m which, following a 
severe winter in 1963-64, the concrete surfacing deter- 
1orated badly, after only two years of service. ‘The four- 
inch layer of concrete on the upper level of the prestressed 
concrete structure had pitted and scaled, resulting in 
cracks, rough spots, and holes—some of them down to the 
reinforcing bars. The pavement was so rough in a number 
of places that women in high-heeled shoes found walking 
on it a risky proposition.” This happened at a parking 
garage in Waterbury, Connecticut, and it was due to the 
repeated freezing and thawing of moisture which had 
penetrated the surface of the concrete, causing crumbling 
and pitung, these failures being aggravated by the tyre- 
chains used on the cars and by de-icing salt reactions on 
the surfacing, to be anticipated during a severe winter. 
The same thing has happened, of course, in similar cir- 
cumstances in some concrete surfacings in Britain and 
elsewhere. What is of particular interest in the Waterbury 
example, however, is the method of reconditioning of 
this deteriorated pavement which, in some respects, is 
both novel and exemplary; it is certainly not without 
possibilities in its application, under similar conditions, 
to comparable problems in Britain and elsewhere. Picking 
up and repaving bad concrete surfacing with new is both 
a time-consuming and costly job, often involving many 
weeks, even months. In the case under review, time was 
paramount. The quick remedy lay in repairing the 
damaged surface by application of a cement mortar 
modified with a specific acrylic bonding agent. According 
to an article published in Rohm and Haas Reporter (Rohm 
and Haas, Philadelphia (Lennig Chemicals, Ltd., London, 
W.C.1), 23, No. 4; July-August 1965), procedure was as 
follows: the surface was scarified to remove loose and 
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scaling concrete; grease, oil, dirt and salt residue were 
cleaned off and cracks were filled with a sealant. After 
wetting with water, the 30,000 ft.? of the damaged surface 
was treated with a liquid acrylic mortar modifier (‘Sono- 
crete’) to “. . . assure a durable bond between the existing 
substrate and the fresh mortar subsequently applied”. 
This was followed by a 0:25-in. layer of concrete mortar 
modified with ‘Sonocrete’. The new surface was then 
swept with a stiff broom to create a serrated finish. After 
three days, a final coat of ‘Sonocrete’ was applied to 
afford additional protection from water and salt. Fol- 
lowing a further winter of use, the pavement is still in 
excellent condition; adhesion to the old surface is 
described as outstanding; little damage has resulted 
from freeze-thaw cycles and the abrasion-resistant surface 
has withstood the punishing effect of tyre-chains and 
snow-removal plant. This article gives details of other 
‘Sonneborn’ products for use with concrete and masonry, 
for example, sealants, caulking agents, waterproofing 
compounds, and decorative protective finishes; also 
described is a series of ‘Rhoplex’ acrylic emulsions manu- 
factured by Rohm and Haas which, among other com- 
pounds, includes polymers developed specifically for use 
in modifying Portland cement. 


New Zealand State Highways 


THE Road Research Unit of the National Roads Board, 
New Zealand State Highways, publishes quarterly a 
Newsletter which 1s intended to portray a cross-section of 
the factors relating to New Zealand road and traffic 
research problems. In publicizing the activities of the 
Road Research Unit, this Newsletter is also designed to 
arouse interest and stimulate thinking about road prob- 
lems, and to indicate periodically the tremendous and 
ever-growing fund of knowledge of road technology 
already available. A recent issue of this publication well 
illustrates its scope (Road Research Unit Newsletter, No. 8. 
Pp. 21. National Roads Board, Wellington, July 1965). 
The State Highways authorities attach great importance 
to traffic-volume records on their network of roads, 
especially for connecting links between towns and rural 
highways. Automatic counters are used for this purpose to 
record traffic flows at count stations at country-wide loca- 
tions. At three-yearly intervals a complete analysis is made 
to establish the annual average daily traffic values, and a 
map of both North and South Islands produced to 
indicate the general form of traffic volumes; one such map, 
of part of North Island prepared in 1964, is reproduced 
in this Newsletter; it is most instructive. Another feature 
is a summary of local road trials and research in progress 
throughout the country so that all interested parties 
may be kept up to date with the knowledge of ‘who’s 
doing what’; this is to encourage people with particular 
problems to consult others faced with a similar problem. 
Fifty-four separate activities are listed, under headings 
which include topic and scope (nature of the trials, 
problems involved, materials concerned); location; re- 
sponsible authority; and state of the investigation to 
date. An article entitled “Why Full-Scale Road Tests ?” 
lucidly explams, even to the uninitiated, the reasons 
underlying the practical use and value of trials of traffic— 
pavement relationship in aiding design of new road 
foundations and surfacings built to withstand the ever- 
increasing demands of traffic densities, vehicle speeds and 
wheel loads, particularly significant in the case of heavy 
commercial transport, as the Road Research Laboratory 
in Britain has emphasized for many years past, some of 
its work in this connexion being quoted in this issue of 
the Newsletter. This is a brief but admirable publication. 


Australian Prehistory 


In recent years, the prehistory of the southern part of 
Australia has been set on a firm basis. This is, in large 
measure, due to the influence of F. D. McCarthy, of the 
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Australian Museum at Sydney. Nowadays ıt 1s no longer 
a matter merely of callecting surface finds of stone tools 
and of vague descripzions of the painted rock-shelters, 
but sites are carefully located and excavated—care being 
taken. to determine tke stratigraphy, and to make com- 
plete lists of all the verious types of tool found. Such an 
account appears in ths June 5, 1964, issue of the Records 
of the Australian Mus-um, written by McCarthy himself, 
which deals with the investigation of a series of sites in 
the Capertee Valley inthe Glen Davis area (26, No. 6. Pp. 
197—246 + Plates 11-2¢. Sydney: The Australian Museum, 
1964. 16s. 6d.). There are a number of excellent 11lus- 
trations of the finds. The results show a definite develop- 
ment in the stone wo-king during the occupation of the 
sites and the final assemblages are rich in types of tool. 
They include blades with notched edges, side and end 
scrapers, pointed blades, cores, mucrolithic tools of 
various types and p dunders. Most of the article, of 
necessity, 18 given up to a description of the finds. It 
is an article not to bə missed by students interested in 
the early prehistory cf Australia. 


Pyrethrum from New Guinea 


AS is well known, pyrethrum is a natural insecticide 
having the unique advantage of toxicity to almost all 
insect pests, but harmless to man and animals. No 
synthetic product has so far been discovered that is able to 
match, let alone to rival, its peculiarly rapid proper- 
ties in problems o? insect extermination. Yet we 
learn that at present there exists a world shortage of 
pyrethrum extract fer this purpose, which has grown 
increasingly acute with a general rise in living standards, 
according to an art.cle in a recent issue of Albright 
Magazine (Albright and Wilson, Ltd., London. October 
11, 1965). The firm of Stafford Allen, Ltd., one of the 
Albright-Wilson group, with long-established experience 
of the pyrethrum basiness, in collaboration with the 
administration of the Territory of Papua and New Guinea, 
has set up a cultivation centre for production of pyrethrum 
insecticide on a large scale in the Western Highlands of 
New Guinea, complete with a modern extraction plant, 
at Mount Hagen, a few hundred miles north-west of Port 
Moresby, in what looxs like most uninviting country; it 
is, in fact, quoted as “*. . . a vast fertile plain ringed by 
mountain walls soaring to over 15,000 feet above sea-level 
and inhabited by nat.ves still in the Stone Age”. Pyre- 

-thrum will only flourish and produce economic quantities 

of its toxic ingredients under specific optimum con- 
ditions: a combinat-on of altitude, climate and soil; 
this particular projecs in New Guinea is satisfied by all 
three. It is said that eltitude is the most important single 
factor to successful cu tivation, but such benefits as stable 
temperature, an equsble balance of sunshine and rain, 
and equal hours of day and night at all seasons of the 
year, are material items. Such favourable environmental 
circumstances make it practicable to plant a selected 
strain of pyrethrum flowers in different areas, thereby 
ensuring that the har-est period is spread over the whole 
year, a vital factor to the continuous operation of the 
extraction plant and, incidentally, to the employment ’of 
a needy native populstion. This project is the first major 
industrial operation in this remote area of the Western 
Highlands of New Gainea. The capital investment in- 
volved in bringing it tc fruition is in the region of £250.000, 
and to handle the heme a new company—Stafford 
Allen (New Guinea) >ty., Ltd.—has been formed. The 
coloured illustrations to the article help to convey some 
idea of the territory concerned, including the pyrethrum 
flower involved (which resembles an ordinary mar- 
guerite) and of the nstives who work in these somewhat 
unusual fields. 


Hospital Lighting 


DocToRs examining patients and pathological specimens 
in hospitals frequently have to note accurately the colours 
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of the objects they examine, whether it be the skin of 
the patient, or lesions on it, the conjunctivae of the eyes, 
the tongue, or the mucous membranes of the mouth. A 
good example occurs in a slight case of jaundice. Day- 
light 1s best for this purpose, but it is not always avail- 
able, and it is therefore important that artificial hghting 
used in hospitals should not distort the colour of any- 
thing examined by the doctor. For this reason, the 
Medical Research Council and the Building Research 
Station of the Ministry of Technology (formerly of the 
Department of Scientific and Industrial Research) have 
investigated this problem at Sheffield Royal Infirmary. 
Fifteen lamps, both fluorescent and tungsten filament, 
were tested, and the results are now published under the 
title Spectral Requirements of Light Sources for Clinical 
Purposes (Medical Research Council. Memorandum No. 
43. Joint Committee on Lighting and Vision. Pp. vii+ 
56+2 plates. London: H.M.S.O., 1965). This clearly 
shows that the fluorescent lamps are better not only 
because they give the smoothest distribution of light and 
the colour appearances of warm sunlight, but also because 
they are more economical. Any reputation they may 
have gained for distorting colour is due to the use of 
lamps with a grossly uneven distribution of energy over 
the spectrum. The report proposes a detailed specification 
for a fluorescent lamp suitable for general use, and 1t also 
hopes that this will help manufacturers to supply lamps 
satisfactory for the hospital service. 


Glove Damage as a Cause of Wound Infection 


TŒ use of rubber gloves during surgical operations 
became general about 1900. In 1939, Devenish and 
Miles emphasized that damage to rubber gloves could lead 
to infection of operation wounds. In recent symposia 
concerning nosocomial infection, defects in rubber gloves 
were considered to be of significance in the development 
of wound infection. The object of an investigation by 
Palle Gad was to obtain an estimation of how frequently 
wound infection originates from bacteria on the hands of 
the operating staff (Danish Medical Bulletin, 12, No. 1; 
March 1965). Examination of the wounds following 433 
‘clean’ operations, of the 3,125 rubber gloves used in these 
operations and of the bacterial flora of the hands which 
had worn 692 damaged gloves, revealed no connexion 
between the glove damage, the bacterial flora and the 
wound infections observed. 


Aldosterone in Myocardial Infarction 


THe urinary excretion of aldosterone in healthy adult 
Indian males was recently estimated in order to establish 
the normal standard. This value ranged from 6-5 to 19-2 
ug/24 h (Ann N.Y. Acad. Sci., 118, Article 11: Role of 
Aldosterone in Myocardial Infarction. Pp. 537-554. New 
York: New York Academy of Sciences, 1965). The value 
was two to three times higher in acute uncomplicated 
myocardial infarction. Sodium-restricted diet and con- 
trolled posture in normal individuals caused @ rise in the 
urinary excretion of aldosterone, but the rise was much 
less than that observed in myocardial infarction. R. B. 
Aoroa of the All India Institute of Medical Sciences, New 
Delhi, has also shown that urinary aldosterone excretion 
in normal, healthy dogs fed a constant diet and later on 
in the same dogs, with experimental myocardial] infarction, 
revealed a similar increase in the absence of liver damage. 
Animal experiments also preclude the possible influence 
of drugs used in myocardial infarction on the level of 
urinary excretion of aldosterone. Extrapolation of the 
findings from animal experiments permits the hypothesis 
that increased urinary excretion of aldosterone in patients 
with myocardial infarction is to be attributed mainly to 
the myocardial infarction, and not to the associated 
factors, that is, diet, drugs, and posture. The rise of 
sodium concentration in the infarcted myocardium 
appears to have a causal relationship with the aldo- 
sterone-induced arrhythmia in myocardial infarction. 
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Melville on Macromolecule Chemical Industry 


In an article in Chemistry in Britain (1, 404; 1965), 
based on his lecture at the Royal Institute of Chemistry 
conference earlier in the year, Sir Harry Melville compares 
three British industries which have to do with macro- 
molecules. These are plastics, textiles and peper. In all 
of these there has been a tendency towards bigger enter- 
prises. In plastics, for example, there were in 1958 six 
enterprises with niore than 1,500 employees. The plastics 
industry has been one of the fastest growing sectors of 
British industry, with a volume production now greater 
than the total usage of all non-ferrous metals. There has 
been little tendency to diversification: nearly all the 
plastics now manufactured commercially have been known 
and manufactured for many years. Although there is 
plenty of evidence that research and development ex- 
penditure in an industry contributes directly to its 
profitability and growth, research and development are 
becoming relatively more expensive. Indeed, in the older 
and empirically developed paper and textile industries 
there is no certainty that creased research and develop- 
ment expenditure would be fruitful. The search for 
precise criteria for decisions on research and development 
expenditure should not obscure the value of innovators. 
These are rare people and should be encouraged in indus- 
try, even though they may not conform to the pattern 
which makes life easy for their administrators. 
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University News: Belfast 


THE following appointments have been made: Pro- 
fessorships, Dr. W. O. Brown (agricultural chemistry) ; 
Dr. J. C. Murdoch (crop and animal husbandry); Dr. 
R. K. McKee (mycology and plant pathology); Lecture- 
ship, Dr. W. C. Beattie (electrical engineering). 


Birmingham 


TuE following appointments have been made: Senior 
Lectureship, Dr. C. K. Oxnard (anatomy); Lectureships, 
Dr. M. H. B. Hayes and Dr. A. J. Waring (chemistry); 
Research Fellowships, A. N. Bramley (mechanical engin- 
eering); J. L. Godman and B. H. Rees (chemistry); 
R. 8. Lowery (microbiology). 


Announcements 


A MEETING on “The Degradation of Biological Macro- 
molecules”, organized by the Physical Biochemistry Group 
of the British Biophysical Society, will be held in Oxford 
on January 11. Further information can be obtained 
from Dr. A. R. Peacocke, St. Peter’s College, Oxford. 


A. CONFERENCE on “Solid State Physics”, organized by 
the Institute of Physics and the Physical Society, will be 
held in the Manchester College of Science and Technology 
during January 4-7. Further information can be obtained 
from the Meetings Officer, Institute of Physics and the 
Physical Society, 47 Belgrave Square, London, 8.W.1. 


A. symposrom on “Recent Advances in the Develop- 
ment, Production and Utilization of Medicinal and 
Aromatic Plants in India”, under the auspices of the 
Central Indian Medicinal Plants Organization, will be 
held at Lucknow during January 12-14. Further ın- 
formation can be obtained from Dr. S. C. Datta, Central 
Indian Medicinal Plants Organization, 4 Sapru Marg, 
Lucknow. 


ADDENDUM. In the communication entitled “Social 
Companions and the Mother—Infant Relationship in 
Rhesus Monkeys”, which appeared on p. 301 of the 
October 16, 1965, issue of Nature, the following legend 
should have accompanied the illustration: 


Fig. 1. Number of half-minutes in which the infants were recorded off 
their mothers, expressed as a percentage of number of half-minute periods 
for which they were watched Shaded area shows the range for the 
isolate infants. Dotted area shows the range for group-reared infants. 
©, Median for isolate infants; @, median for group-reared infants 
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ELECTROMAGNETIC DISTANCE MEASUREMENT 


HE International Association of Geodesy, on the 

invitation of the Royal Society of London, held a 
symposium on “Electromagnetic Distance Measurement”’ 
at Oxford during September 6-10, 1965. The precise 
measurement of long distances on the Earth’s surface, 
_and also to artificial satellites, has become an increasingly 
important technique of geodesy during the past twenty 
years. Numerous instruments are now available com- 
mercially for this purpose, using either modulated 
light or microwave beams, and much research is going on, 
including work on the application of lasers to distance 
measurement. 

These instruments have created new problems for 
geodesists who seek accuracies of one or two parts per 
million. The speed of light is a vital parameter in the 
calculations, and the effect of atmospheric refraction is 
most important. The precise determination of the mean 
refractive index for long lines through the atmosphere at 
present constitutes the most intractable problem. A 
further complication with microwaves is that they are 
reflected from surfaces below or adjacent to the line 
measured, causing difficulties in observation and un- 
certainties in the final determination. 


It was to investZate these and other associated 
problems, and to evaluate the available instruments, that 
Special Study Group No. 19 of the International Associa- 
tion of Geodesy was formed in 1958. The symposium was 
convened by Major-General R. C. A. Edge, president of 
the Study Group (and now director-general of the 
Ordnance Survey), t> provide a forum in which the 
geodesists’ problems 2ould be discussed with physicists 
and meteorologists from all over the world whose work 
had an important bearing on the subject. 

The working sessions covered microwave instruments, 
electro-optical instruments, propagation problems. laser 
applications, airborne systems, ranging to artificial Earth 
satellites, and finally the precise measurement of distances 
of the order of 1 km œ less to accuracies better than one 
part per million. This last is a newcomer to the work of 
the Study Group, brt one of increasing importance in 
precise engineering, as for example in the construction of 
particle accelerators. ?lans are now being made to publish 
a, full record of the proceedings, including discussions. 

Further informatior concerning the symposium may be 
obtained from the Director-General of the Ordnance 
Survey, Leatherhead Road, Chessington, Surrey. 


AUSTRALIAN BIOCHEMICAL SOCIETY MEETING 


MEETING of the Australian Biochemical Society 

was held at Monash University, Clayton, Victoria, 
during August 24-27. It took the form of general research 
papers and symposia on protein structure, function 
and synthesis—the latter in relation to the genetic 
apparatus—and the genesis and function of membrane 
systems. Speakers from overseas and Australia were 
invited. 

S. Moore discussed the chemistry of the catalytic site 
of ribonuclease with particular reference to the histidine 
residues at positions 12 and 119 and the lysine residue at 
position 41. The proportion of each histidine alkylated 
at nitrogen-1 of histidine 119 and at nitrogen-3 of histidine 
12 was found to vary with the chain-length and the 
particular isomer of the alkylating agent. Charged 
substitution (carboxymethyl) of lysine-41 lowered the 
rate of histidine alkylation, but an uncharged (carboxy- 
amido) derivative did not affect it. The spatial relation- 
ships of these three amino-acid side-chains as & part of the 
active centre can now be visualized. 

The mechanism of action of certain hydrolytic enzymes 
as followed by kinetic analysis of the formation of acyl 
intermediates and their subsequent rate of decay was 
discussed by B. Zerner. In the case of chymotrypsin 
and trypsin the decay of the acyl derivative was found 
to be the rate-limiting step. The mechanism of hydro- 
lysis by liver carboxylesterases, urease and certain other 
proteolytic enzymes seems to follow the same general 
chemistry of an acyl enzyme intermediate. He pointed 
out that the deteiled chemistry underlying enzyme specifi- 
city is still unsolved. 

E. O. P. Thompson gave an account of the accumulated 
information concerning keratin structure with particular 
emphasis on Australia’s national product, wool. Urea and 
a reducing agent are required to disrupt the firmly bound 
structure. Subsequent alkylation of the thiol groups so 
formed gives protein fractions amenable to conventional 
separation methods. The large number of acetyl end 


groups is of considerable interest. Three general hetero- 
geneous classes of pzotein are present in wool—high 
sulphur, low sulphur end high glycine. The high sulphur 
proteins are found ir the matrix between the fibrillar 
structures and may vary from 22 to 31 per cent with forced. 
feeding. Serious attention is now being given to the 
bottom (growing) end of the wool fibres. There aro 
suggestions that the high sulphur proteins are formed 
later than the rest and that consolidation of the protein 
system occurs higher up the fibre. 

What was true and new about our oldest and best- 
known. protein system—gluten—was amusingly discussed 
by M. V. Tracey. In atter years the separation methods 
successfully applied te other protein systems have been 
tested and shown to bə not very useful with gluten. But 
the attempts have gore on. The protein as it occurs in 
flour has the original characteristics of the protein as 
synthesized, but with maturation of the grain, etc., subse- 
quent alterations have been superimposed. Mr. Tracey, 
in ‘opposition to the sinzplifiers, pointed out that, as isolated 
from the flour, the glutan complex has a range of molecular 
weights of 20,000 to many mullions. Using common- 
sense arguments he pointed out that random polymeriza- 
tion through disulphide cross-linking would give rise to 
giant molecules. He a-gued further that an allo-polyploid 
with endosperm cells having three sets of chromosomes 
plus accumulated musations would not be expected to 
synthesize storage proteins of simple variety. 

V. Moses discussed the observation that proteins 
synthesized in Æ. cok, after depleted cells have been 
supplied with nutrients. appear at different rates. This 
discrimination was interpreted in terms of stability 
differences in the relatəd molecules of mRNA. He raised 
the question of the comtrol of protein synthesis when the 
related mRNA is of tae stable kind. If it is exercised, 
control in such @ situation must be at a later stage than 
transcription of DNA. B. W. Holloway reviewed the 
evidence relating to a ganeral operon hypothesis for control 
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of genetic expression of clusters of related genes. He con- 
cluded that in Æ. coli and Salmonella typhimurium up to 70 
per cent of the genes showed some clustering, but that in 
Pseudomonas aeruginosa it is quite rare. It was expensive, 
he thought, for each gene to have its own operator and so, 
without clustering, it was reasonable to expect regulation 
of enzyme synthesis at the translation level—a point 
arrived at by the previous speaker. W. H. Elliott also 
suggested control of ribonuclease synthesis in Bacillus 
subtilis at a stage later than transcription. He has found 
that actinomycin stimulates ribonuclease production—an 
observation which would seem to preclude control at 
the transcription stage. The presence in the cell of a 
firmly complexing inhibitor of the active ribonuclease 
secreted by this organism suggests that this enzyme is 
synthesized close to the cell membrane—from which it is 
released to the medium. Dr. Elliott also gave evidence 
for the synthesis of the exo-enzyme «-amylase close to the 
cell membrane. 

The regulation of RNA biosynthesis in general was 
reviewed by L. R. Finch, who added the idea that the 
present concepts of the utilization of mRNA for protein 
synthesis, before its own transcription from DNA was 
completed, allow possible alternative methods of repres- 
sion not immediately connected to the operator region. 
He saw combination of the repressor with the nascent 
peptide chain as offering more specificity than the simple 
operator region hypothesis. 

G. L. Ada spoke of the structure of immune y-globulin 
and the problems besetting the investigation of the 
mechanisms controlling the synthesis of antibody by cells 
from. the spleen and lymph nodes. The heterogeneous 
nature of the lymph nodes makes conventional methods 
of following protein synthesis difficult to interpret in terms 
of antibody synthesis, but the use of radio-autography 
and specific fluorescent staining offers hope. Injection of 
powerful bacterial antigens labelled with radio-iodine 
into rats leads to the uptake of less than four molecules 
of antigen per plasma cell. It was inferred that intact 
antigen does not act as a template in the synthesis of 
antibody. The association of antigen with RNA as being 
involved as an intermediate in the antigenic response was 
discussed. 

Attempts to define the number and function of proteins 
coded for by poliovirus RNA after infection were discussed 
by P. D. Cooper. Mutants resulting from treatment with 
5-fluoro-uracil were selected for heat-defectiveness over 
the small range of temperature of 37°-39-5° C. Five to six 
genes affecting host cell metabolism have been detected, 
but the mechanism of their action is as yet little under- 
stood. He suggested that the proteins formed as gene 
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products in the mutants differed in perhaps one amino-acid 
only and that this alteration allowed easy temperature 
deformation. 

J. K. Pollak discussed his work on the origin of the 
endoplasmic reticulum in developing and regenerating 
liver. He presented evidence supporting the formation 
of the reticulum from precursor granules (reticulosomes). 
These consist mainly of protein which combines with 
phospholipid to form stable complexes resembling a 
membranous reticulum. D. E. Green discussed his 
accumulated knowledge of the methods of separating 
and re-forming the structural protein phospholipid com- 
plexes of mitochondria. He also discussed the evidence 
for the association of the integrated enzyme systems with 
structural components of the mitochondria. The localiza- 
tion of the effect of chloramphenicol on the formation, in 
S. cerevisiae, of completed mitochondria with respect 
to a marked decrease ın the number of cristae and of 
certain mitochondrial enzymes was discussed by A. W. 
Linnane. The organism grows extremely well on the 
readily fermentable glucose. His results suggest specificity 
in the effect of chloramphenicol on mitochondrial develop- 
ment. The synthesis of chloroplasts with respect to 
regulation, the greening process and the involvement of 
contained DNA, RNA was discussed by R. M. Smillie. 
Once again chloramphenicol was reported to show specifi- 
city in its effect on the synthesis of protein in the 
developing organelle. 

Using mitochondrial swelling as a measure of substrate 
uptake, J. B. Chappell presented results which were con- 
sistent with the presence of carriers for malate and 
succinate dependent on phosphate and for citrate being 
dependent on the presence of L-malate in addition. He 
sees the process of uptake as being by exchange diffusion. 
Many in the audience came to sensible grips with mito- 
chondrial swelling for the first time. 

T. P. Singer summarized the existing knowledge on the 
complexities of NADH, dehydrogenase, with its flavin, 
non-haem iron and labile sulphur. Its functional position 
in the electron transport chain in relation to phospholipid 
and the modifications of its properties by heat and organic 
solvents and mercurials were discussed. 

L. P. Vernon and N. K. Boardman discussed chloro- 
plasts and their functional components which are con- 
cerned in electron movement following photochemical 
excitation. They considered these components with 
respect to the individual steps and pathways involved and 
with respect to sub-units having definable activities. 
Knowledge of chloroplast function now seems to be 
comparable in depth with that of mitochondria from 
animal tissues. F. J. R. Hiep 
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CONTROL OF BIOLOGICAL DEVELOPMENT 


HE seventh International Embryological Conference, 
sponsored by the Editorial Board of the Journal 

of Embryology and Experimental Morphology, was held 
in London during September 6-10. Three different forms 
of scientific communications were used: twelve main 
papers, five discussion groups and some eighty demonstra- 
tions were presented by scientists from twenty countries. 
The control of development formed the major topic of 
the meeting, since classical embryology is now being re- 
interpreted in terms of the mechanisms of control of 
protein synthesis by the genes. Development, of course, 
requires that a sequence of changes occurs in the types of 
synthesis carried out by a developing cell. Dr. 8. Brenner 
(Cambridge) introduced the session on the genetics of 
embryogenesis by discussing the possible control mechan- 
isms whereby a series of cistrons could bring about the 
sequential series of changes in synthesis required in differ- 


entiation. Dr. H. MacGregor (St. Andrews) described 
recent work on the lamp-brush chromosomes found in 
newt eggs during their formation. These chromosomes 
are intensely concerned with the synthesis of materials 
which form the egg. 

However, genetic control systems of embryogenesis 
tend to fail even if the chromosome number is haploid 
or polyploid rather than diploid. Prof. L. Gallien (Paris) 
described a number of instances of polyploidy in amphibia 
and correlated these abnormalities and examples of 
aneuploidy with the type of failure of development 
observed. 

Dr. L. Hamilton (London) spoke on her work on the 
genetic factors which may be mvolved in the ‘haploid 
syndrome’ found in haploid amphibian embryos. This 
syndrome is characterized by oedema and a tendency to 
failure of development and is very variable in its expres- 
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sion. The question is whether the syndrome is due to a 
‘lack of hybrid vigour, which would normally be found 
frequently in a diploid wild-type population, to the 
presence of certain lethal genes, active only in the haploid 
state, or to other causes. If 1t were due to the absence of 
hybrid vigour the syndrome would be expected to appear 
at equal intensity in all haploids. If, however, it were 
due to certain specific genea, all animals obtained by 
nuclear grafting from the same clone of nuclei would show 
the syndrome to the same extent. Dr. Hamilton reported 
that on performing this experiment haploid animals were 
obtained which showed some variation in the extent of 
the haploid syndrome. ‘This result suggests that the 
genetic explanations suggested here are incorrect. 

Gene action in development is, of course, expressed in 
the control of protein synthesis, and another session was 
devoted to protem synthesis in embryos. Dr. P. N. 
‘Campbell (London) introduced the next session by outlin- 
ing the biochemical background and problems in the 
investigation of this topic in embryos. He pointed out 
that embryos might present a fruitful field for the investi- 
wation of control mechanisms since a number of morpho- 
wenetic interactions are known to involve substances, 
some of which are proteins, which alter the general types 
of synthesis in target cells and which may act directly 
on the genetic system. 

Prof. J. Brachet (Brussels) described histochemical and 
autoradiographic work on the localization of protein 
synthesis and production of messenger RNA in the early 
stages of amphibian development. He discussed the ways 
an which localization of certain substances in certain parts 
of the embryo might bring about locally different types 
of synthesis, and also considered the possibility that 
wart of the protein synthesis might be under the control 
of extranuclear DNA. The amphibian egg is remarkable 
un that at the start of development there 1s roughly 1,000 
times as much DNA. outside the nutleus as within it. 

Prof. A. Monroy (Palermo) reported his experiments on 
Khe initiation of protein synthesis in echmoderm embryos 
ummediately following fertilization. There appear to 
be two separate waves of protein synthesis, one of which 
appears at gastrulation, as in many other embryos; but 
Khe other starts immediately after fertilization and appears 
to be connected with the activation of the egg. 

Prof. Flickinger (Buffalo) described his experiments 
on the priming of RNA synthesis in different parts of the 
amphibian embryo at gastrulation. He found that 
priming required DNA or chromatin and suggested that 
protein from chromatin might tend to act as an inhibitor. 
Using this system he found that the endoderm appeared 
kto be most active in synthesis of RNA. This result is 
wather surprising in view of the fact that simpler techniques 
had suggested that the dorsal lip cells were most active in 
RNA. synthesis. Dr. B. Mintz (Philadelphia) chaired a 
liscussion group on the initiation of synthesis (in particular 
protem. synthesis) in the mammalian egg. The chief 
speakers were Dr. C. Austin (Tulane) and Dr. D. Szollosi 
Philadelphia). 

Another important topic at this meeting was the subject 
of developmental neurology. Prof. V. Hamburger (St. 
(Louis) spoke on his work on the demonstration of spon- 
taneous intrinsic rhythmic activity in the spinal cord of 
thick embryos. By separating parts of the spinal cord 
from the brain very early in development, it was neverthe- 
ess possible, later, to obtain motor activity in the isolated 
portions of the cord. This result suggests that these 
activities can surprisingly develop independently of 
xontrol from higher centres of the central nervous system. 
‘Prof. M. Singer (Cleveland, U.S.A.) reported on his work 
3n the control of limb regeneration in amphibia and reptiles, 
and demonstrated that whether or not regeneration took 
glace depended in part on a certain threshold of nerve 
nass in the stump being exceeded. The discussion group 
on developmental neurology was chaired by Dr. A. F. 
KIughes (Bristol). It opened with a review by Dr. Rita 
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Levi-Montalcini (St. Louis and Rome) on the sequence 
of her researches on tke nerve growth factor. The two 
remaining main papers dealt with the problem of how the 
precise pattern of the wiring of the nervous system is 
established. 

Dr. R. M. Gaze (Edinburgh) gave an account of his 
work on optic nerve regeneration in fish and amphibians, 
in which tho restoration of the retinotopic projection of 
fibres of the optic nerve on to the optic tectum is charted 
by means of systematic retinal stimulation, and electrical 
recording from the teczum. Among other experiments, 
Dr. Gaze showed that it half the eye rudiment is removed 
in early Xenopus tadpcles and a corresponding half eye 
grafted in its place, then fibres from the original half 
retina ultimately may project over the whole of the tec- 
tum. On the other hamad, after hemisection of the optic 
nerve in the adult goldish, there is no evidence that the 
projection of the remairing optic fibres spreads beyond its 
own. half of the tectum. 

The third main speaker was Dr. George Szekely (Pécs), 
who described recent experiments on limb movement in 
both urodeles and birds ın which heterotopic transplanta- 
tion of regions of the spinal cord were made at early 
stages of development. The final pattern of limb move- 
ment 1s greatly influensed by the source of the grafted 
cord. Thus, if lumbar cord is grafted at brachial levels 
in the chick, the wings cf the young adult bird are unable 
to flutter when the animal is allowed to fall. Dr. Hark- 
mark, Dr. Drachman end Prof. Singer also contributed 
to this discussion. 

Other speakers in thesmain sessions were Dr. O. Vyasov 
(Moscow), who reported work on the immunology of 
embryos, Dr. D. Yaffe Rehovoth, Israel), who described 
his experiments on the factors affecting muscle differentia- 
tion, and Dr. T. Humphreys (Cambridge, U.S.A.), who 
spoke on his experiments on factors controlling the 
specificity of sponge ra-aggregation. Dr. N. Verdonk 
(Utrecht) and Dr. T. Dettlaff (Moscow) spoke on their 
work on early stages of molluscan and fish development 
respectively. Prof. Pasteels (Brussels) read a paper by 
Prof. J. Mulnard (who was unable to attend) on the effect 
of ooplasmic segregation on the development of tropho- 
blast or embryo in the mammalian embryo. 

Three other discussion groups were held. Dr. Goss 
(Providence, U.S.A.) in=roduced a discussion on the con- 
trol of organ size. Dr. A. Coulombre (Bethesda, U.S.A.) 
talked on his work or the control of lens and retina 
growth, in which he had showed by operative procedures 
that interactions took >lace between lens and retina to 
control their growth. Prof. W. Bullough (London) 
spoke of his work on tke control of mitosis by chalones. 
In the second group, J. Dingle (Cambridge) introduced a 
discussion on the role of lysosomes in development. He 
suggested that, though the concept of the lysosome as a 
discrete intracellular organelle containing a number of 
hydrolytic enzymes has greatly stimulated biochemical 
work on the isolated parsele, the functions of the lysosome 
are only slowly begmnmg to emerge. The participants 
in the discussion group cn the ro'e of lysosomes in develop- 
ment clearly emphasizsad the importance of lysosomal 
enzymes in the dynamics of tissue synthesis and degrada- 
tion during embryonic development. 

Dr. Scheib (Paris) presented electron micrographs 
demonstrating the pressnce of numerous autolosomes in 
the regressing Miilleriam duct. These bodies, which are 
a form of lysosome ecncerned with digestion of other 
organelles, were large snd complex and contained high 
acid phosphatase activisy. Prof. Weber (Berne) and Dr. 
Eeckhout (Louvain) skowed lysosomal particles to be 
present in the metamcrphosing tadpole tail; continued 
synthesis of lysosomal hydrolases, particularly of protease, 
was found to be imporsant in the process of regression. 
That changes in lysosomal activity or stability might 
affect other cellular furctions, notably cell division, was 
suggested by Dr. A. C. Allison (Mill Hill). The final 
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paper, by Dr. M. Prestige and Dr. A. Hughes (Bristol), 
dealt with the possibility that lysosomes may play a part 
in cell degeneration in the central nervous system. 

The very active discussion of the papers emphasized 
the present interest in the role of lysosomes in pathology 
as well as in normal physiology and embryology. 

The third group was chaired by Prof. E. Wolff (Nogent- 
sur-Marne); in the introduction to a discussion on inter- 
pretation of epigenetic malformations he pointed out that 
numerous physical or chemical factors, when applied at 
the same stage of development, produce the same types 
of malformations, such as cleft palates. On the contrary, 
other drugs have a specific teratogenic effect. The action 
of thalidomide on human foetuses has dramatically con- 
firmed this point of view. The question arises of how 
these two different mechanisms can be explained. 

Dr. W. Landauer (London) described his work on some 
drugs such as insulin. Dr. J. Ebert and Dr. M. Reporter 
(Baltimore) reported their work on the action of actino- 
mycin A on differentiation of muscles in vivo and in vitro. 
This substance specifically inhibits the differentiation of the 
heart of the chick embryo in vivo and of muscle fibres in 
in vitro cultures. The authors extracted from the mito- 
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Ta fifth International Seaweed Symposium was 
held at Dalhousie University in Hahfax during 
August 25-28. The purpose of these conferences has been 
to foster original research, both fundamental and applied, 
in the field of marine algae and to facilitate the presenta- 
tion of such investigations. Previous symposia have been 
held at Edinburgh, Trondheim, Galway, and Biarritz, 
on a triennial cycle. In a programme of four invited lectures 
and 55 original communications, the topics were evenly 
divided between botanical, chemical, and applied aspects. 
A symposium within a symposium developed on the subject 
of algal polysaccharides. 

In discussing the seaweed industry of the future, F. N. 
Woodward (Scotland) emphasized the possibilities of mass 
culture as a source of protein, the cultivation of areas for 
selected species as in Japan, the great need for mechaniza- 
tion in harvesting and drying, and the possibilities of 
further applications of the unique algal polysaccharides 
in agriculture, industry, and medicine. The use of mustard, 
Sinapis alba, as a test plant with which to assess growth 
response to seaweed extracts was described by Challen 
and Hemingway (United Kingdom). Stephenson (United 
Kingdom) reported specific effects from the use of liquid 
seaweed fertilizer as contributing to enhanced resistance 
of some field crops to frost, to pathological fungi, as 
Botrytis on strawberries, and to animal parasites, such as 
aphids on beans and sugar beets. 

In a masterly lecture on recent studies of the poly- 
saccharides of Agarophytes, Araki (Japan) described his 
investigations of the chemical constitution of agarose and 
agaropectin. Sulphate groups ashalf-esters were established 
in agaropectin only. The remarkable finding of variable 
but appreciable amounts (1-20 per cent) of 6-O-methyl-p- 
galactose in agarose was reported. Pyruvic acid was 
confirmed as a constituent of only two agaropectins. In 
agarose the molar ratio of D-galactose + 6-O-methyl-p- 
galactose to 3,6-anhydro-L-galactose was always unity. 

Anderson. and Rees (Scotland) have found that carrabiose 
units account for 88—99 per cent of the molecule of x- and 
A-carrageenans based on the products after methanolysis 
of native and alkali-treated material. A new, widely 
distributed, sulphated heteroglycan, isolated first from 
Ascophyllum, has been discovered by Larsen and Haug 
(Norway) and named ascophyllan. It contains fucose, 
xylose and @ uronic acid. The uneven distribution of 
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chondrial fraction of tissues of the adult chick (liver and 
muscles) a protein that prevents the teratogenic effect 
of antimycin A. As a consequence this substance may 
be considered as inhibiting the formation of a protein 
essential in muscular differentiation. 

Finally, Dr. Kirrmann (Paris) showed that X-rays—a 
non-specific teratogenic factor—affect general respiratory 
metabolisms, which result in a decrease of oxygen con- 
sumption of the tissues. This metabolic effect as well as 
the teratogenic action of X-irradiation can be prevented 
by anoxia or by substances—such as cysteamine—which 
are able to combine with free radicals arising in the tissues 
as a result of the ionization of water. So we can assume 
that the two different mechanisms of activity of terato- 
genic substances may be related to whether they affect 
general or specific metabolisms. 

In addition some eighty demonstrations were presented 
by members of the conference, ranging over all branches 
of embryology. The conference was made possible by the 
generosity of the International Union of Biological 
Sciences, the Royal Society and by a number of industrial 
organizations. The eighth International Embryological 
Conference will be held in Berne, Switzerland, in 1967. 
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mannuronic and guluronic acids in the main chain of 
alginic acid was postulated by Haug and Larsen (Norway) 
from investigations of partial hydrolysis with oxalic acid. 
The isolation of specific x- and A-carrageenases from 
Pseudomonas carrageenovora was reported by Yaphe et al. 
(Canada). 

The finding of pure poly-N-acetylglucosamine as the 
only constituent of the extracellular fibres of the diatom, 
Thalassiosira fluviatilis, by McLachlan, McInnes, Falk and 
Craigie (Canada) provides the only instance in Nature of 
the occurrence of this substance in pure form. It has been 
renamed chitan. Two other unusual compounds were 
reported as occurring in marine algae—dimethyl-8-propio- 
thetin and 2,3-dibromobenzyl alcohol-4,5-disulphate. 

Black et al. (Scotland) described a survey of many of the 
Rhodophyceae as possible sources of the carrageenans. 
Marked variations in yield, ratio, optical rotation, and 
chemical composition were recorded. Sharp fractionation 
into x- and A-components with potassium chloride was 
not always achieved, for example, in Eucheuma spinosum 
and Polyides rotundus. Fleming, Hirst and Manners 
(Scotland) have found notable similarity in the soluble 
and insoluble forms of Jaminarin except that the former 
exhibits a greater degree of branching. Painter (United 
Kingdom) presented evidence that the sulphate group in 
the galactose of x-carrageenan and furcellaran is more or 
less randomly distributed over all available hydroxy] 
groups in the carbohydrate chains and not only attached 
at C-4 as previously believed. 

The unexpected property of some seaweeds to ‘“‘fix”’ 
radioactive ions was described by Czapke (Poland) and 
Skoryna et al. (Canada). The present explanation is 
based on ion-exchange with soluble or insoluble alginate. 
This property was applied as an index of the radioactivity 
of the aqueous environment and as a means of inhibiting 
absorption of strontium-89 in the gastro-intestinal tract 
of animals. 

In a well-illustrated study of the tissues of Fucus, 
McCully (United States) pointed out differences between 
the walls of the outer epidermal cells with their amorphous 
outer layer, the underlying parenchyma and the central 
medulla with its reticulum of branched primary filaments 
and secondary intrusive fibres, all these being embedded 
in a mucilaginous matrix. Observations with the light 
microscope, using specific stains and extended by electror 
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Hucroscopy of adjacent sections, suggest that fucoidin is 
confined almost entirely to the mucilaginous matrix, 
«while cellulose and alginic acid are in well-defined bands in 
the fibrillar portions of all the walls. A similar topic was 
Kreated by Baardseth (Norway), who examined the localiza- 
Wion and structure of alginate gels from Ascophyllum. He 
thelieves that alginates exist mainly as intercellular sub- 
stances at all stages of development, and he finds no evi- 
dence for two walls in brown algae, a primary wall of 
alginate and a secondary wall of cellulose. 

Chapman (New Zealand) discussed the physiological 
ecology of seaweeds in a general lecture. For a number of 
the macroscopic algae which are found on the coasts of 
Australia and New Zealand, Chapman showed how physical 
factors which affect their distribution can also effect 
morphological variations. He gave many experimental 
‘data suggesting that changes in light, temperature, depth, 
desiccation, etc., could influence the ability of the algae 
concerned to function at their optimum and hence could 
be responsible for the limits of distribution. 

Kain (United Kingdom) showed that the lower level of 
Laminaria hyperborea in the Isle of Man may be determined. 
partly by biotic factors: removal of colonies of Echinus 
esculentus from the lower limits of beds of L. hyperborea 
and Saccorhiza polyschides has resulted in new algal 
growth over rocks at a level which remained bare when 
Echinus was present. Leighton, Jones and North (United 
States) have developed a method of treatment with 
quicklime to control the infestation of beds of Macrocystis 
by such sea-urchins in the Pacific Ocean. Many 
phaeophycean genera, are known to produce tannins, and 
Conover and Sieburth (United States) gave evidence to 
show that these metabolites may influence the ability of 
certain organisms to grow in confined bodies of water. 

In a session on specialized botanical topics, Anderson 
and North (United States) described ways in which esti- 
mates of the extent of sporing in Macrocystis have been 
made in situ. For isolated plants, sporelings have been 
found up to 5 m away, which suggests that the spores sink 
relatively quickly and do not wash about in the sea for 
any great length of time. Conway (Scotland) described the 
extensive sporing of species of Porphyra and the micro- 
scopic perennating phases into which the spores develop. 
Such phases may be of considerable ecological importance 
to this widely distributed genus. Aziz (Pakistan) reported, 
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for the first time, sexual reproduction in Acrochaetium 
liagorae Borg. 

In one of two sessiors devoted to the algal flora of the 
Antarctic, Lamb (United States) described the pattern of 
distribution seen in the supra-littoral, littoral and infra- 
littoral zones at the A-gentine base at Melchior. Early 
in the southern summer almost no vegetation is visible 
on the littoral rocks. Once colonization begins in the 
gullies, development is-very rapid and spreads across the 
zone. Examination of the infra-littoral by SCUBA diving 
showed marked zonation with some of the major algae, 
including Desmarestia, Jown to 30 m. Zaneveld (United 
States) described surveys carried out along the coasts of 
Ross Island and Victorialand, Antarctica, often through 
enlarged seal holes. Taese showed that large algal beds 
were present at depths between 6 and 35 m, with red algae, 
such as Phyllophora antarctica, Iridaea obovata and 
Phycodrys quercifolia, as the dominant species. Light 
measurements emphasized the paucity of light in such a 
habitat (about 1-1 per cent of the surface values) and showed 
that benthic algae are «apable of photosynthetic produc- 
tion under fast ice wita a coverage of 9-10 months. 

Friedmann (Israel) described the occurrence in Mediter- 
ranean waters of numerous gametophytes of Padina 
pavonica and of the Indo-Pacific species P. gymnospora. 
Much variation in the occurrence of bisexual and uni- 


- sexual forms is found end there are indications that the 


variation in different populations is controlled by ecological 
factors. Moss (United Kingdom) reported experimental 
work which indicates tae importance of the large apical 
coll in Fucus vesiculosus. Round (United Kingdom) has 
observed rhythms in migration of Euglena obtusa and of 
certain diatoms and the effect of varying the normal day- 
length pattern. 

Most of the papers pzesented will appear in the official 
proceedings to be published as a separate volume by the 
Pergamon Press of London in 1966. There were 220 at the 
symposium who registered from 25 different countries. 
During the symposium a meeting of the International 
Phycological Society wes held. The sixth symposium will 
be held in Spain in 1968, according to present plans. A 
permanent secretariat for the symposia has been set up in 
charge of Mr. E. Booth, Institute of Seaweed Research, 
Inveresk, Midlothian, Szotland. E. Conway 

E. G. YOuNG 


A SUGGESTED PHENOTYPIC CLASSIFICATION AND TERMINOLOGY 
FOR ENZYME MUTANTS IN MICRO-ORGANISMS 


By Dr. J. F. COLLINS*, Dr. J. MANDELSTAM, Pror. M. R. POLLOCK, F.R3.*, Dr. M. H. RICHMOND* 


and Dr. P. H. A. SNEATH{ 
National Institute for Medical Research, Mill Hill, Londoa 


HERE is now a large and increasing number of 

different types of enzyme mutant being isolated 
among micro-organisms. The very wide range of actıvity 
levels and degrees of induction manifested emphasizes the 
need for some general phenotypic class‘ficetion, based 
on enzymatic function, for indicating their physiological 
properties. 

A convenient scheme can be obtained by classifying 
strains both according to their induction response and 
according to the maximum level of enzymatic activity 
expressed (Table 1). It is suggested here that four grades 
of performance with respect to each of these two inde- 
pendently variable functions (giving sixteen different 
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phenotypes) would, in this respect, cover the essential 
properties of most strains ever likely to be recognized. 
In this scheme, the ~arious categories are classified, 
purely on the basis of their phenotypic characters, by 
reference to the basal and maximally mduced enzyme 
activities of the parent wild-type strain of micro-organism. 
‘Non-inducible’ thus corresponds to ‘constitutive’ in the 
sense originally used by Karstrom?; the definition depends, 
therefore, on absence cf induction response and not on 
level of enzyme activitr. 

Certain adjustments and additions to the symmetrical 
scheme that emerges fom the foregoing considerations 
have inevitably arisen. It is scarcely practicable, for 
example, to abandon zhe term ‘constitutive’, which is 
well-established, and replace it by ‘non-inducible’. But 
it is reasonable to suggsst that it be used in its original 
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sense of non-inducible and not be restricted (as some 
workers would doubtless still insist) to strains where 
a certain ‘high’ level of enzymatic activity is reached 
without induction. For similar reasons, it is probably 
preferable to retain the term ‘semi-constitutive’ rather 
than change to ‘semi-inducible’. But in that case it 
would be essential—in conformity with the definition of 
‘constitutive’ -used here—not to restrict its use (as pre- 
viously?) to one particular type of ‘semi-inducible’— 
namely, strains with raised basal activity and ‘magno’- 
levels after induction®*. Moreover, to use the full 
terminology set out in Table 1 would be absurdly cum- 
bersome. í 

The various categories finally suggested are therefore 
classified in a more practical and realistic form as follows. 

(I) FULLY INDUOIBIE. Normal (that is, wild-type 
(WT)) induction ratio. (a) Magno-inducible: max, in- 
duced level similar to max. induced WT level. (b) Meso- 
inducible: max. induced level less than max. induced 
WT level but greater than uninduced (basal) WT. 
(c) Micro-inducible: max. induced level equal to, or less 
than, basal WT level. (d) Inducible ‘Hypers’: max. 
induced level above max. induced WT level. 

(II) STRICTLY CONSTITUTIVE (= ‘non-inducible’ in 
Table 1). Induction ratio = 1:0. (a) Magno-constitutive: 
level formed by most constitutive strains (normally rather 
greater than max. level of maximally induced magno- 
inducible WT). (6) Meso-constitutive: less than magno- 
constitutive level but greater than basal WT level. (c) 
Micro-constitutive: equal to (= ‘baso-constitutive’), or 
less than, basal WT level. (d) Constitutive ‘Hypers’: 
greater than level attained by the common (‘magno-’) 
constitutives. 

(III) SEMI-CONSTITUTIVE (= ‘semi-inducible’ in Table 1). 
Induction ratio greater than unity but less than WT. 

(IV) SuPER-INDUCIBLE. Induction ratio greater than WT. 

(V) NzcarrvE. No detectable enzymatic activity, with 
or without induction. 

Examples of all the classes mentioned in the foregoing 
list, with the exception of the ‘super-inducibles’ (included 
for logical symmetry), are known in one or more of the 
systems already being examined. - 

Within the ‘micro-constitutive’ group a sub-section 
(‘baso-constitutives’) is suggested for strains producing 
levels corresponding to normal wild-type uninduced 
activity. The reason for this is that in the penicillinase 
series so far examined in this laboratory there appears to 
be a possibly significant degree of ‘clustering’ around this 
level. It was considered that among micro-constitutives 
the complete inability to respond to induction from the 
bas al WT level (six out of thirteen in a current series of 
penicillinase mutants of Bacillus licheniformis) might 
reflect some significant physiological and/or genetic pro- 
perty (cf. also the 7*-super-repressed mutants in the Æ. coli 
B-galactosidase system5). 

All comparisons are intended to be with respect to 
corresponding WT inducible strains or ‘usual’ magno- 
constitutive mutants (as defined in II (a)). Induced 
levels are measured after treatment with one particular 
inducer under standard conditions. Margins for significant 
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differences permitting relegation to the micro- and meso: 
groups must depend on assay techniques and repro. 
ducibility of enzyme titres in the particular system: 
concerned. ‘Hyper’ strains (both inducible and con 
stitutive) have already been isolated and described fo) 
the E. coli 6-galactosidase system’. A separate group 
comprising all strains with no detectable enzymatic 
activity, even after treatment with likely inducer 
(‘negatives’), must also be included, since they cannot 
logically be classified in any of the other groups. The 
other categories are self-explanatory. 

It is, of course, recognized that such a classificatior 
cannot possibly persist indefinitely and that individua 
strains may have to be re-classified as techniques change 
and information accumulates. For example, increased 
sensitivity of enzyme assay methods may obviously lead 
to ‘promotion’ of a negative into a micro-inducible o1 
micro-constitutive. Transfer of a micro-constitutive tc 
the inducible class may be demanded by the discovery ol 
a permease system or a completely new type of inducer. 
The existence or emergence of a new or unsuspected type 
of induction specificity is always a particularly tricky 
problem, since the original choice of inducer and inductior 
conditions must inevitably be partly arbitrary. Strains 
may also change their category according to conditions. 
For example, mutants with properties consistent with the 
presence of a thermolabile ‘repressor’ have been. isolated 
in both the B-galactosidase’? and penicillinase® systems, 
being semi-constitutive at 50° C and magno-inducible at 
35° C. Some groups may eventually need further sub- 
division, particularly where multiple superimposed muta. 
tions may have occurred. 

It might further be argued that yet another class should 
be created far mutants where formation of the enzyme is 
specifically inhibited, instead of stimulated, by the stan- 
dard inducer, and which would therefore give ‘induction’ 
ratios of less than unity. Such mutations have indeed 
been reported‘, and might perhaps be predicted on the 
Jacob-Monod! hypothesis. In one sense, however, these 
would fall into the class of repressible systems. A formally 
analogous classification and terminology could indeed 
also be logically applied to normal repressible enzyme 
systems; ‘irrepressible’ being substituted for ‘constitu- 
tive’, ‘derepressible’ for ‘inducible’ and ‘repression ratio’ 
for ‘induction ratio’. 

The foregoing main scheme is based on one outlined 
eight years ago® for classification of the B. cereus peni- 
cillinase systems. This was subsequently expanded for 
categorization of penicillinase mutants in staphylococci’, 
and further elaborated for similar mutants in B. licheni- 
forms’. It is only strictly applicable to a series of mutant 
strains derived from the normal wild-type or the ‘usual’ 
megno-constitutive mutant, which can serve as reference 
standards. But it would seem possible also to use it 
(provisionally) for closely related wild-type strains within 
a@ species, taking the most active enzyme producer as a 
standard, so long as the arbitrary nature of the com- 
parison was properly appreciated. 

There is barely need to emphasize that, being based 
purely on phenotypic characters, the scheme will cut right 
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Table 1. SCHEME FOR PHENOTYPIC CLASSIFICATION OF ENZYME MUTANTS ACCORDING TO ENZYMATIO ACTIVITIES AND INDUCTION RESPONSE 


Induction ratio:* 
=WT 


Maximum tnduced 
level of activity 


Inducible 
Magno-inducible 
Meso-inducible 


Micro-inducible 
Inducible-hyper 


Non-inducible 
Magno-non-inducible 
Meso-non-inducible 


Micro-non-inducible 
Non-inducible-hyper 





=1:0 >10 >WT 
< WT 
Semi-inducible 
Magno-semi-inducible 
Meso-semi-inducible 


Micro-semi-inductible 
Semi-inducible-hyper 


Super-induclble 
Magno-super-inducible 
Meso-super-inductble 


Micro-super-inducible 
Super-inducible-hyper 


WT, wild-type value. MWT, maximally induced wild-type level. BWT, uninduced (basal) wild-type level. 
* Induction ratio= Differential rate of enzyme formation under defined standard conditions for maximal induction 
Differential rate of enzyme formation without inducer 
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across any genotypic classification. The definitions are 
operative in relation simply to enzymatic activities and 
the response to induction. Indeed, its main value should 
be that it is not prejudicial to any particular type of 
further physiological or genetic analysis. For example, a 
negative or micro-constitutive may obviously arise either 
from & structural gene mutation, yielding an altered 
enzyme of low specific activity or from a ‘polarity’ 
mutation! in an unknown location, which decreases the 
spontaneous rate of formation of normal (WT) enzyme. 
After all, most enzyme systems already capable of being 
examined in some detail phenotypically are not yet 
amenable to genetical analysis. Even in the classical 
enzyme systems of E. coli, the genetics remains contro- 
versial or obscure at many points. 


No 5013 


Mutant Proteins (‘Muteins’) 


In many instances, however, further physiological 
characterization, which may help in determining the 
genotype, can be achieved relatively easily. For example, 
it has already been suggested! that in strains where the 
mutation has resulted in the formation of an altered 
protein, analogous to the normal wild-type version, this 
product be referred to as a ‘mutein’. This term may also 
help to avoid present difficulties!*»1® arising over the use 
of the term ‘CRM’ (= ‘cross-reacting material’) as 
originally defined#4. ‘Muteins’ may be presumed usually 
to arise from a gene mutation resulting in one or more 
amino-acid substitutions in one or more of any of the 
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polypeptide chains whch constitute the specific molecule. 
For the moment, however, it might be preferable to allow 
the tcrm to refer to sny stable structural alteration, of 
mutational origin, within the molecule, and not restrict 
it to the product of anv specific type or locus of mutation. 
Muteins may or may rot possess any of the characters— 
enzymological, immun logical or physico-chemical—of the 
corresponding wild-type protein. Their existence and 
recognition do not, therefore, depend on retention of 
immunological reactivity with anti-wild-type protein 
antiserum. Thus ther need not necessarily be ‘CRMs’. 
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CHARACTERIZATION OF A TRANSFER FACTOR ASSOCIATED WITH 
DRUG RESISTANCE IN Salmonella typhimurium 


By Dr. E. S. ANDERSON and Dr. M. J. LEWIS 
Enteric Reference Laboratory, Public Health Laboratory Service, Colindale Avenue, London, N.W.9 


N a previous article! we reported the results of an 
investigation of multiple drug resistance in phage-type 
29 of Salmonella typhimurium. This type has become 
predominant in bovine infection in Britain, and has 
caused many human infections which are almost certainly 
bovine in origin. We believe that its prevalence in 
cattle is due to a combination of two major factors: low 
standards of hygiene in intensive farming, in cattle 
markets, and in the transport of animals on the one hand; 
and on the other the widespread use in animal husbandry 
of antibiotics and synthetic anti-bacterial drugs. The 
first factor predisposes to the spread of infection ın calves, 
a spread amplified by the distribution of infected: animals 
by dealers; the second ensures the emergence and main- 
tenance of drug-resistant strains of S. typhimurium. This 
article presents a more detailed analysis of drug-resistance 
in phage-type 29 and discusses the significance of our 
findings both in relation to the systems we have examined, 
and to drug resistance transfer in general in the Entero- 
bacteriaceae. 

We shall use the same notation for resistance to the 
various drugs as in our earlier report}. This is: A, ampi- 
cillin; S, .streptomycin; Su, sulphonamides; and T, 
tetracycline. 

Our previous observations may be summarized as 
follows: phage-type 29 had apparently acquired its drug 
resistance in the following order: streptomycin and sul- 
phonamides (these seem to be linked); tetracycline; 
ampicillin. Attention was concentrated principally on 
strains showing this complete pattern of resistance, which 
was originally designated AS T Su. The level of resis- 
tance to all these drugs was higher than that found 
earlier in phage-type la of S. typhimurium’, which had an 
identical spectrum of resistance. Moreover, it was found 


that each component cf the spectrum ın type 29 (assuming 
S Su to be single) was sransferred independently in crosses 
with Escherichia coh K12F—, in contrast to type la, in 
which the complete zesistance pattern was transferred 
simultaneously. Whsn ampicillin resistance was lost 
spontaneously in type 29, resistance to streptomycin, 
sulphonamides and tetracycline was retained. This 
again differed from the behaviour of type la, where loss of 
ampicillin resistance was accompanied by loss of resis- 
tance to all the other drugs. The transferable resistance 
factors (R-factors) of sype 29 were designated A’, S’ and 
T’. Their frequencies of transfer from type 29 to K12 in 
mating mixtures incubated for 24 h were approximately: 
A’ 2x 10-2, S 10-#, T 2x10-% Joint transfer of A’ and 
iS’ took place at a frequency of 2 x 10-°, which is a log unit 
higher than would be expected if these factors were com- 
pletely independent. T was not transferred jointly with 
A’ or §’, nor was joint transfer of all three factars encoun- 
tered. S’, T” and A’ were sequentially transferred into a 
drug-sensitive strain cf type 29 from K12 clones to which 
the single factors had >riginally been transferred from the 
wild resistant strain o? type 29. In this way the A’ S’ T’ 
resistance spectrum cf type 29 was ‘synthesized’ artifi- 
cially, and the poss bility of step-wise acquisition of 
resistance in the wild state was confirmed. 

R-factors are postuzated to consist of two components: 
the genetic fragment tetermining the specific drug resis- 
tance, designated the resistance determinant (#-determ- 
inant); and the resistance transfer factor (RTF), the 
episome which confers autonomy on the complex and 
mediates the conjugation resulting in transfer. During 
transfer the R-determinant and the RTF move jointly, 
and infectivity of the resistance 1s maintained. The 
R-factor replicates independently of, and faster than, the 


844 


bacterial chromosome and it is believed that several copies 
of it exist in each infected cell’. 

In extending our investigation we considered the 
possibility that in nature, m the animal intestine, for 
example, £-factors might be passing continuously between 
Enterobacteriaceae. Thus, Salmonellae might acquire 
f-factors from E. coli and might transfer them to other 
E. colt, which might then pass them to other Salmonellae 
or to other E. col, and so on. In other words, we thought 
of the possibility of ‘cycles’ of transfer of resistance, and 
we decided, using S. typhimurium of several phage-types 
and Æ. coli K12/— as the bacterial hosts, to examine the 
results of repeated ‘cycling’ of the R-factors A’, S’ and T’ 
between these hosts, in order to determine what informa- 
tion could be gained about the operation of R-factors by 
this procedure. 

The following notation has been devised to describe the 
characters of the strains. The description starts with the 
designation of the strain, that is, the phage-type in the 
case of S. typhimurium, K12 in the case of E. coli K12F—. 
This is followed by the symbol of the drug resistance, for 
example, A’ for high resistance to ampicillin. Cycles of 
transfer are designated in steps of 0-5 and the respective 
stage is marked as a subscript to the resistance symbol. 
The wild donor strain is regarded as zero in the series of 
transfer cycles, so that, for example, ampicillin resistance 
transferred from wild resistant type 29 to K12 appears in 
the K12 progeny as A’)... Thus, K12A’)., is K12 which 
has received A’ from the wild type 29A’S’7”; and type 
29A’,.9 is wild sensitive type 29 that has received A’ from 
K12A",.;. K12A’;.; has received A’ from type 29A’3.93 
and type 294’. has in turn received A’ from K12A’,.;; 
and so on. In some instances individual R-factors in a 
single clone represent different transfer cycles, and this is 
indicated. For instance, K12A’,.;S’;., would be K12 that 
had received A’ direct from the wild resistant type 29 and 
S’ from type 29S. When R-factors are transferred 
jointly ın a cross, the cycle number is placed at the end of 
their designation only. Thus, K12A’S’,., indicates the 
joint transfer of ampicillin and streptomycin—sulphon- 
amide resistance to K12 from wild resistant typo 29. 

Liquid medium (Difco broth) for the growth of cultures 
and mating mixtures contained 20 g of Bacto dehydrated 
nutrient broth (Difco Laboratories) and 8-5 g of sodium 
chloride/l. Solid medium for the routine growth of cul- 
tures contained 13 g of New Zealand powdered agar per 
litre of Difeo broth. ‘Bacto? MacConkey agar (Difco 
Laboratories) was used throughout to differentiate 
between S. typhimurium and K12 in mating mixtures. 

We effected great technical economy in examining the 
results of crosses by streaking successive dilutions of 
- mating mixtures with a standard loop delivering a volume 
close to 0-01 ml. This enabled us to inoculate the com- 
plete series of dilutions, 10° to 10-7, in parallel streaks on 
two plates, the first with 10° to 10-3, the second with 10-4 to 
10-7. Each plate was streaked in duplicate and the results 
used were the mean of the two plates. This method is not 
so statistically accurate as using separate spread plates and 
larger volumes for each dilution, but it wndicates orders 
of magnitude of transfer frequencies with acceptable 
precision to about 10-’, is reproducible, and the results 
were found to agree closely with those in which separate 
spread plates were used for each dilution. 

When the donor strain was S. typhimurium it was 
eliminated from the mating mixture with phage 01 (refs. 
l and 4), and this phage was used for the same purpose in 
interrupted mating experiments. When the donor was 
K12 it was eliminated with colicine #2, which reduces 
K12 to about 10-5 to 10-8 of its original count. For this 
elimination of donor cells, 0-3 ml. of phage 01 (titre > 104 
particles/ml.) or of colicine £2 (titre 1:32), as required, 
was sproad on the MacConkey plates before they were 
streaked with the mating mixtures. 

With the exception of interrupted mating experiments, 
crosses were carried out by mixing donor and recipient 
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cultures grown for 6-8 h at 37° C with agitation, incubating 
overnight, and streaking decimal dilutions of the mixture 
on MacConkey medium containing the respective anti- 
bacterial drugs in the concentrations previously specified! 
on the followmg day. Controls were always included of 
the separate cultures tested on the anti-bacterial drugs 
and inoculated with phage 01 or colicine #2, as appro- 
priate. The separate donor and recipient cultures and the 
mating mixtures were also plated on MacConkey medium 
devoid of drugs; these plates were designated ‘unselected’ 
because of the absence of drugs, and were of great value in 
later experiments. 

Transfer frequencies were calculated in terms of the final 
total count of the recipient strain in the mating mixture. 

The controls of sensitive recipient strains on medium 
containing drugs gave the same result throughout, that is, 
no resistant colonies were found. 

The first cross in the present series was type 
229A’ 1.993292" 449 X K12. The results of this cross are 
shown in Table 1, together with those of the cross of wild 
type 29.A4’S’Z" x K12 (see ref. 1). 


Table 1. COMPARISON OF CROSSES OF WILD-TYPE 294A'S'T' x K12 AND 
TYPE 2941081 oT uX K12 

Donor x reciplent Progeny Frequency 
29.4°S’T’ x K12 K12A ous 2:5 x 1077 
K128’ 5 1-0 x 10-8 

K12A' Sos 2:0 x 10-7 

127" o.s 2-0 x 10-8 

29A's.09' 2.00229 x K12 K124’'T", 5 2:0 x 10-3 
12ST 5 50x107 

K12A’S’T" 7.5 7-0 x 10-4 

K127" 1.5 4-0 x 107! 


K12, Escherichia coli K1i2F— 

Type 29, Salmonella typhimurium phage-type 29. 

29A’S’T’, wild resistant type 29. 

29.47 1.95' 3.07" 1-9. type 29 into which the R-factors were introduced in three 
separate steps from K12A4’,.,. K12S8’, s and K127",.s, respectively. 


Several interesting features are apparent in Table 1. 
The most striking is the increase in the frequency of 
transfer of T’ from 2-0 x 10-® in the 0-5 cycle to 4:0 x 10-3 
in the 1:5 cycle. The second is the high degree of associa- 
tion apparent in the 1:5 cycle between A’ and T” on one 
hand and S and T” on the other, an association absent 
in the 0-5 cycle. The third is the frequency of 7:0 x 10-4 of 
joint transfer of all three resistances in the 1-5 cycle, in 
contrast to the complete absence of this class in the 0:5 
cycle. However, if we ignore T” transfer, it is apparent 
that the transfer frequency of A’ and S’ alone or together 
is about the same in the 1-5 cycle as it was in the 0-5 cycle. 

In order to distinguish between the efficiently moving 
tetracycline F-factor demonstrated in the 1:5 cycle and 
the much slower-moving tetracycline R-factor in the wild 


type 29A4’S’Z", we designated the more rapidly moving 


factor T”, in contrast to T’ found in the wild strain. The 
two factors conferred the same degree of tetracycline 
resistance, that is, the minimal inhibitory concentration 
of the drug in liquid medium was 250 ug/ml. with 8S. 
typhimurium, and 125 ug/ml. with K12. The symbol T” 
will now be used from K127”,., onwards. 

Bearing in mind the high rate of transfer of T” alone 
(4:0 x 10-1), it might be thought that the explanation for 
its presence in most cells receiving A’ or S’ or A'S’ is that 
a high proportion of cells finally containing A’ or S’ 
would receive 7”, even if the latter were unlinked to A’ or 
S’. This hypothesis was tested by carrying out a cross of 
type 294S 10T” x K12, mterrupted from zero time 
onwards. The results of this experiment, which will be 
given in detail later, showed that the total frequency of 
transfer of A’ at zero time was 104, that the majority of 
colonies selected on penicillm were of the type A'T”, but 
that about 10 per cent were pure A’ colonies. Similarly, 
S’, which usually transfers more slowly than A’ (ref. 1), 
appeared alone in about 10 per cent of colonies selected on 
streptomycin at 60 min. Pure A’ and S”’ colonies were 
isolated up to 4 h after mixing donor and recipiont cul- 
tures, but were no longer found among colonies selected 
(46 in each case) on penicillin and streptomycin plates 
after mating was continued for a further 20 h. The classes 


November 27, 1965 


then identified on penicillin selection were: A’T” (46/46); 
and on streptomycin selection ST” and-A’S’T” (39/46 and 
7/46 respectively). 

It is thus apparent that the association between T” on 
the one hand and A’ or 8’ on the other is present from zero 
time, which leads to the conclusion that ıt is due to linkage 
between T” and A’, or S’, in the 1-5 cyclo, a linkage absent 
m the 0:5 cycle. Because of the transfer of the three 
R-factors alone, however, this experiment also indicates 
either that each factor segregates frequently from linkage 
with the other two, or that each exists independently as 
well as in combination in the donor strain 2941 .oS 1o” 1-9: 
If the latter suggestion is correct, the possible independent 
R-factor groupings available for transfer in this donor 
strain then become: A’; S; T”; A’S’; A'T”; S’T” and 
A’S’T”. Of these, only the class A'S’ was not identified 
in the recipient strain of K12 m this experiment, although 
it has been found in the progeny of later crosses. 

The transfer of A’, including classes in which it was 
transferred jointly with T”, or with S’ and T”, was 10-4 
at zero time and reached 2:0x 10-3 ın 2 h; it remained 
unchanged between 2 and 4h, and did not greatly increase 
. after overnight contact. Pure T” transfer reached a 
frequency similar to that of A’ after 2 h, but greatly 
increased overnight to attain a figure close to unity. 
Although A’Z” transfer predominated over that of A’ at 
zero time, its relative frequency increased between 4 and 
24 h. Similar observations to those with A’ and A'T” 
were made with S’ and ST”, where a relative increase in 
frequency of the ST” class was also apparent between 
4 and 24h. 

Fhe next cross was K12A’S’7”,.; x wild sensitive type 
29, which is shown in Table 2. 


Table 2. Cross OF K12.A4’S’7",., x WILD SENSITIVE TYPE 29 


No. 5013 


Progeny 
(all type 29) 


Selected on No. Frequency 
tested (2:0 cycle) 
P (penicillin) 20 19 A'T” } 10-2 
1 A'S'T”)} 
S (streptomycin) 20 15 S’T” : 
8 Sgr | 7-0x 10-3 
T (tetracycline) 20 All 7” 7:6 x10- 
PS 20 All A'S’ T’ 11107 
PT 20 19 A'T” È 
l iyo, 12x10- 
ST 20 14 S'T” 
6 gme} 8-0 x 108 
PST 20 All A’S’2” 1'3 x 10° 
Unselected 50 31 T” §:2 x 10-1 
1 A’T” 2x 10-7 


18 sensitive 


Jt can be seen from Table 2 that the results of this cross 
(2-0 cycle) are qualitatively similar to those of the 1-5 
cycle of type 29x K12 (Table 1) that is, that there is a 
high degree of linkage between T” on the one hand and 
A’ or S’ on the other, and the T” transfer frequency is very 
high at e. 7:0 x 10-1. 

An interrupted mating experiment with the same donor 
and recipient strains established that recipients of the 
classes 29A’,., and 295S’s., were detectable at early stages 
of the cross, but that linkage of A’ and S’ with T” again 
predominated. An unexpected finding was that, in the 
progeny of this cross, the class 29A’,., would not transfer 
A’ to K12, although four lines of 29A’,., were tested for 
this transfer. Superficially, then, 29A4’>.) is indistinguish- 
able from a drug-resistant mutant. It retains its high 
ampicillin resistance and produces abundant #-lactamase. 
The natural conclusion is that 29A’,., cells do not carry 
the RT F, but the question then to be solved is whether the 
A’ determinant has become integrated into the bacterial 
chromosome or whether it is cytoplasmic but autonomous. 
In exploring this phenomenon further, we tested K124’,., 
(Table 1) to find that this was also unable to transfer to 
type 29. Bearing in mind that the cross K12A’S’2";., x 
type 29 yielded. the class 29.4’..,, and also that all cycles 
after 1:0 showed a high degree of association between T” 
and A’, it seemed probable that if we transferred T” into 
the ‘infertile’ 29A’,.,, the A’ R-determinant would be 


NATURE 


845 


re-mobilized. This expectation was fulfilled, as Table 3 
shows. 


Table 3. MOBILIZATION OF A'o IN TYPE 20 WITH T” FROM K127” 


Cross Selected 
Donor x recipient on - Progeny Frequency 
29A’s 9X K12 P — <10-77 
K124", 5x 29A'so T 294’ s.07 1:0 2x 10-1 
29.4’ g.92"3.9 X K12 P KIl2A’°7" 10-2 
K127” ~ 10° 


It is evident that, cnce mobilized by T”, the A’ determ- 
inant was transferrec to K12 with the frequency it has 
maintained from ou first experiments, that is, about 
10-*. In transfer of -he mobilized A’ into K12, only the 
class A'T” was identified, but preceding experiments 
show that this is to be expected since, in overmght crosses 
with A'T” donors, the A’ class is easily detectable only at 
an early stage of conjugation. It may be concluded from 
this experiment that, although the introduction of T” 
results in the restoration of the transferability of A’, the 
rate of A’ transfer ıs ndependent of T” and ıs probably a 
function of the complex formed by A’ and the RTF. The 
mobilizing activity af T” may thus be due to a close 
association with the RTF, and the high frequency of 
coincidental transfer cf T” with A’ would be an expression 
of this association. When 7” and A’ are transferred 
simultaneously, therezore, it is unnecessary to postulate a 
linkage between them other than their attachment to the 
same RTF unit. 

An examination of 5’ yielded similar results, although it 
was found that the loss of the RTF by S’ occurred earlier 
than with A’, since thzee out of four lines of 29’,., tested 
would not transfer S’ to K12. Table 4 shows the mobiliza- 
tion of S’ by T” in type 298";.9. 


Table 4. MOBILIZATION OF S'i. IN TYPE 29 WITH T” FROM K127",,; 


Cross Selected 
Donor x recipient on Progeny Frequency 
298" 1.5 x K12 S — <10-? 
K127"”,., X 298"3.5 T 20581” 5 x 10-1 
298", of", ox K12 S K12S" 15 ae 
K12S’7" 5 
T K127",.s 70x 10-3 


Although the S’T” class predominated in recipient 
colonies selected on s-reptomycin, S alone was detected 
in a small mimority of colonies. The total transfer 
frequency of S’ (incliding lines in which it was jointly 
transferred with T”) to K12 was 10-3, slightly lower than 
that observed in trans er from wild type 29.4’S’Z” to K12. 
As with A’ transfer, it can be concluded that the transfer 
rate of S’ is characterBtic of the S'-RT F attachment and 
is independent of T”, -vhich appears with S’ only because 
of its coincidental attachment to the same RTF unit. 

At this point we introduced type 14 of S. typhimurium 
into the investigation. This type is commonly associated 
with avian infection, while type 29 is at present pre- - 
dominantly bovine. As drug resistance in S. typhimurium 
is apparently less of a problem in fowls than in cattle, we 
thought it worthwhile to determine whether type 14 was 
less able to pick up aad to transfer resistance than was 
type 29. K12A’S’7",., (Table 1) was chosen as the donor 
in the first cross with type 14. The resulting S. typhi- 
murium progeny wer» tested for drug resistance and 
transfer, and were pznage-typed. An analysis of our 
findings in these experiments ıs given in Table 5. 

Several conclusions may be drawn from a study of 
Table 5. First, it is svident that transfer of resistance 
takes place into and Dut of type 14, so that complete 
“infertility? is not the rason for the low incidence of drug 
resistance in this type. Second, the transfer of T” to 
type 14 shows a much lower frequency than that encoun- 
tered when the same donor is crossed with type 29, 
indicating that different strains may vary in their effici- 
ency as recipients of »-factors. Third, the patterns of 
transfer conform to those already found in type 29 (the 
absence of the class 1S3. is due to the examination of 
insufficient colonies fran the selection on streptomycin). 
Fourth, in most instances the acquisition of resistance was 
accompanied by a change of phage-type; the resulting type 
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Table 5. TRANSFER OF DRUG RESISTANCE INTO AND FROM S. typhimurium 
PHAGE-TYPE 14 
Cro. 
Donor x aoin Progeny Frequency Phage-type 
K12 A’S’T",.,x%14 ' 14. A's ~ = 14* 
14 A'T” ~- 5x18~ 29 
14 A'S T” *29’ 
14 S’T"s, 10+ ‘29° 
` d 14 F's 6 107 . ‘29’ 
K12 A'o.g x 14 14 A'i 3x 10-4 ‘29’ 
K12 7”,.,x 14 14 71.4 3x10 ‘29’ 
X Unselected All sensitive 1= ‘29’ 
(50 colonies) to T 49=14 
14 A'T”: x K12 K12 A’T"’;.; 40x10° — 
K12 T,.,; 


6x 10-7? _ 
* One colony only, unable to transfer A’. i 


is designated ‘29° because, although its phage-typing 
reaction is closer to 29 than to any other type, it is never- 
theless distinguishable from 29. Fifth, this change of 
phage-type was the same, irrespective of the resistance 
acquired. Sixth, the frequency of transfer of A’ from 
K12A’,.; to 14 was effectively the same as the total 
frequency of transfer of the A’ factor (including the classes 
in which it was transferred simultaneously with T” and 
S’) in the cross K12A’S’T";.,x 14. Seventh, one line 
presented ampicillin resistance without change of phage- 
type. Eighth, a colony, picked without selection, from 
the cross K127”,., x 14 showed a change of phage-type 
without the acquisition of tetracycline resistance. 

Type 14 is unable to produce the type 1 or type 2 
fimbriae found in salmonellae® and the strain we used in 
these experiments is predominantly non-flagellate. The 
absence of fimbriae and flagella should facilitate the 
detection of new surface structures, and we are currently 
investigating the possibility that type 14 may provide a 
means of detecting the structures responsible for conjuga- 
tion in resistance transfer. 

` The transfer investigations on type 14 showed the need 
for a notation which would indicate when necessary 
whether a strain of S. typhimurium had changed its 
phage-type on being crossed with a drug-resistant donor, 
and whether the change of phage- type was accompanied 
by transfer of resistance. Using'type 14 as our model, the 
system adopted was to indicate, from left to right,’.the 
original phage-type, the R-determinant and its cycle 
number, followed by the final phage-type in brackets. 
Thus, 144’7”,.,(‘29’) 18 type 14 that has acquired resist- 
ance to ampicillin and tetracycline jointly in a second 
cycle cross and has changed its phage-type to ‘29’. In 
contrast, 14A’,.,(14) has received ampicillin resistance but 
has not changed its phage-type. And 14(‘29’) has changed 
its phage- -type without acquiring resistance. 

Changes in phage-type can have only a limited expres- 
sion in type 14, because its sensitivity to the S. typhimur- 
wm typing phages is already restricted. A better host 
from this point of view is type 36, which is sensitive to all 
of the 30 typing phages and in which changes in, phage 
sensitivity are thus easy to detect. Mating experiments 
were, therefore, carried out with this type and K12. 
These are summarized in Table 6. . 

As Table 6 shows, all the R-factors can be transferred 
to type 36. The frequency,.of transfer of A’ from K12A’).,; to 
36 is closely similar to that of the sum of A'T” and A’S’T’ 
from K12A’S’T’,., to 36, and can be taken in both cases 
as œ measure of the transfer of A’, as we have already 
suggested. The class A’S’T” z. measures the joint transfer 
of A’ and S’. This is confirmed by the results of the cross 
of K124’S’,.; x 36 (not included in Table 6), in which A’ 
was transferred at 2-5x 10, S’ at 15x 10 and A’S’ at 
2°5x 10-5. T” alone, as Table 6. shows, was transferred 
with high frequency to type 36, both from K127”,.; and 
from K12A’S’T’,.,, that is, 3:°0x10-- and 2x10- 
respectively. This is close to the frequency of transfer of 
the same factor to type 29 and K12, and much higher 
than that to type 14, which is 3-0 x 10- aes 

In most cases transfer of resistance caused the recipient 
strain of S. typhimurium to change its phage-type from 36, 
which is sensitive to all 30 of the typing phages, to type 6, 
which is sensitive to only 9 of the phages. This change 
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.was irrespective of the R-factor received. However, the 


classes 36A’(36) and 36S’(36) were also isolated. In 


‘addition, tests of unselected colonies in the crosses 


K12A’,.,x 36 and K12S’,., x 36 resulted in the isolation 

of a number of colonies of S. typhimurium that had 

changed their phage-type to 6 without receiving drug 
resistance. 


Table 6. TRANSFER OF DRUG RESISTANCE INTO AND FROM S. typhimurium 
PHAGE- TYPE 36 


2o No. 
. Donor Selected on Progeny Fre- phage- Phage- 
x recipient quency typed type 
K12 A’. x 36 P A’ 3.9 4x10- 6 65=type 6 
l=type 36 
Unselected All sensitive — 4 2=typeð 
to P = type 3 
‘K12 S'on x 36 8 ' S'io 3x10 9 All type 6 
Unselected _ All sensitive — 10 3=type6 
to S 7 = type 86 
K12 T”. x 86 T T™ i0 8x10-' 10 .All type 6 
- Unselected 9 sensitive — 10 9=type 36 
(10 colonies toT? ' 1=type 6 
K12 A's’ pS ae 
1 tov 46 , ss 4 
x 36 (50 picked) 3 ASe a} 2%10+ 50 All type 6 
S 1 S’so 50 1=type 36 
(50 picked) 42 S’T"s.9 5x 10-5 42=type 6 
7 A'S’ T” 9.0 7 = type 6 
T All Ts. 2x10-? 650 All type 6 
(50 picked) . f 
Unselected 12 Tro 12 = type 6 
(50 picked) 38 sensitive to — 50 38=type 36 
P, Sand T 
K12 x36 Unselected : — — 200 All type 36 
36 Unselected — — 100 All type 36 


It was found that those lines of 36 into which the 
transfer of A’ and S’ had caused a change of phage-type 
would transfer their drug resistance to K12 with the 
usual frequencies, 2'4 x 10-2 for A’ and 2:0 x 10-2 for S’. 
In contrast, lines that had acquired A’ or S’ without a 
change of phage-type were unable to transfer their 
resistance to K12. We also had a line of type 14 that had 
acquired ampicillin resistance without changing its phage- 
type (see Table 5) and this could not transfer its resistance 
to K12, while type 14 that had received this resistance 
accompanied by a change of phage-type to ‘29’ could do 
so. Moreover, there was a line of type 14 that had 
changed to ‘29’ but had not acquired drug- resistance 
(Table 5). It seemed probable that lines which had re- 
ceived drug-resistance and had changed in phage-type and 
would transfer resistance had acquired both the R-determ- 
inant and the RTF; that those which had received resis- 
tance but had not changed in phage-type and: would not 
transfer, had received the R-determinant but not the 


_ RTF; and that those which had changed in phage-type 


but had not received resistance had received the RTF but 
not the R-determinant, that is, that the RTF was respon- 
sible for the characteristic change of phage-type in the 
host cells of S. typhimurium. Furthermore, because of the 


-uniformity of the change of type, only one RTF seemed 


to be implicated in the transfer system we were studying. 
It was also evident that the RTF could move indepen- 
dently of the R-determinant-R7'F complexes and it was 
probable that the lines of S. typhimurium in which we 
believed the RTF alone to be present would transfer it to 
‘uninfected’ strains and to strains carrying R-determinants 
only, in the latter case restoring the integrity of the 
#-factors and the ability to transfer. We have pro- 


-visionally assigned the Greek letter A to the RTF present 


in this system. 

A complete R-factor should be designated by the 
symbol of the drug resistance plus that of the RTF, 
and this will now be included. where necessary. Thus, 
36S’ A+ (6) is a line of type 36 that has received the 
&-determinant S’ and the RTF, has changed its phage- 
type to 6, and will transfer 8S’; 36S’ A— (36) has received 
the R-determinant but not the RTF, has not changed its 
phage-type, and will not transfer S’; and 36A+(6) has 
received the RTF but not the R-determinant, has changed 
its phage-type, and will transfer A. 

Table 7 summarizes experiments aimed at demonstrat- 
ing the transferability of A and its mobilization of 
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R-determnants believed to have lost the transfer property 
because of the absence of A. When A alone is transferred 
into a recipient strain an asterisk is added. 


Table 7, ‘CESTS OF INDEPENDENT MOBILITY OF THE RT FA AND OF ITS 
ACTIVATION OF RESISTANCE TRANSFER 

Cross No Donor x recipient Progeny Frequency 
I 36 FD, K129 3x10 
II 36 S’ A -— (36) x — 1077 
III 364 + (6) x 36 San (36) 36 8’ A *(6) 3-6 x 10-2 
IV 36 S'A *(6) x K12 K12 S’ 10-? 
y 14 A'A +('29’) x K12 K12 A’ 1:3 x107 
VI 14 A'A- (14) x K12 — <10-’ 
Vil 364 13 x 86 S’ 4 —(36) x K12 K12 S’ 4 x 10-5 
VII 3864 +(6)x 14 4’ A- (14) x K12 K12 A’ 10-5 


* Indicates the transfer of 4 alone. 


Crosses I and V demonstrated that S. typhimurium that 
had initially received a complete R-factor (that is, the 
R-determinant plus A), and had changed in phage-type, 
would transfer resistance to K12; crosses IZ and VI 
confirmed that S. typhimurium strains which had received 
the £-determinant but not A and had not changed in 
phage type, would not transfer; cross III showed the 
transfer of A from 36A+(6) into 36S’A—(36), with 
. resultant change of phage-type; and cross IV confirmed 
that the transfer of A into the A — strain of type 36 had, in 
addition to changing its phage-type, endowed it with the 
ability to transfer S’ to K12. Cross VII, in which 
36S’ A — (36) was used as the intermediate and K12 as the 
final recipient, was carried out to determine whether the 
two-stage transfers incorporated in crosses III and IV 
could be combined in a single experiment, and this proved 
to be so, although the frequency of transfer of S’ to K12 
was much lower than when. the experiment was performed 
in separate stages. Having established that this type of 
cross was successful, the method was applied to the 
mobilization of A’ in type 144’A—(14), as cross VIII 
shows. 

A striking feature of cross III is the high frequency of 
transfer of A, 36x 10-1, into S. typhimurium type 36 
lacking it. This frequency is the same as that of the 
transfer of T” from K12 into sensitive type 29 (Table 3) 
and into type 36. The significance of this will be dıs- 
cussed later. 

These experiments confirm that A, or a factor associated 
with A, is responsible for the characteristic change in 
phage-type in S. typhimurium; that drug-resistant strains 
Jacking A will not transfer their resistance; and that when 
A is introduced into such strains it unites with the 
R-determinant to form the #-factor, which can then be 
transferred. 

It is thus clear that A alone may exist in Enterobacter- 
iaceae, and that it is highly communicable in its ‘free’ state. 
Although we have so far identified only the properties of 
communicability, ability to change the phage-type of 
S. typhimurium in a defined fashion, and mobilization of 
non-transferring R-determinants, ıt may have other 
genetic properties that we have not yet recognized. 

We have prepared lines of K12 containing A alone, that 
is, K12A+, by crossing 36A+ with K12F—. A number 
of K12 colonies were picked without selection from this 
cross and ten of these were tested individually by incor- 
poration in mating mixtures containing both type 
36S’ A— and K12. Transfer of streptomycin resistance to 
K12 in these crosses could occur only by the infection of 
36S’ A— with A from K12A+ to produce 36S’A+, which 
could then transfer S’ to K12. Nine of the ten colonies 
tested proved to be K12A+. The mobilization of R- 
determinants in this way may be a useful method of 
detecting the presence of transfer factors in drug-sensitive 
strains of Enterobacteriaceae. 

One of the K12A+ colonies was crossed with type 36, 
and 60 colonies of the recipient strain picked without 
selection and phage-typed. Sixteen belonged to phage- 
type 6, representing a A transfer frequency of 3-2 x 1071. 

Having established the role of A in the transfer of drug 
resistance in the systems we have studied, the possibility 
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that it might be able to mediate the transfer of other 
properties was investigated. It is known that the E2 
colicinogenic factor col E2) cannot be transferred from 
strains carrying it un:ess the I colicinogenic factor (col I) is 
first introduced into thèm’. It seemed possible that we 
were dealing with an analogous situation ın the mobiliza- 
tion of the A’ and & resistance-determinants by the T” 
R-factor, and that tre I colicinogenic determinant was 
active in col #2 trans-er only because of its attachment to 
a transfer factor, in ths same way as the mobilizing activity 
of 7” is due to the presence of A. We therefore investi- 
gated the possibility that A might mediate col #2 transfer. 
The T” R-factor was tsed as a marker of A transfer in this 
experiment. It was transferred from K127"%,., into a 
strain of S. typhimurium LT? colicinogenic for #2 but 
unable to transfer #2 colicinogeny to K12. A tetracycline- 
resistant colony of LT2 (col #2) resulting from this cross 
was then mated with 412. Colicinogeny was detected by 
inoculating selected cclonies in a premarked pattern on a 
Difco agar plate already flooded with the indicator strain, 
which was K12F—. Zones of colcmogeny were clearly 
apparent after 8 h incubation at 37° C. 
These experiments cre summarized in Table 8. 


Table 8. MOBILIZATION OF COLICINOGENIO FACTOR E2 WITH R-FACTOR T” 


Cross Selected 
Donor x recipient on, Progeny Frequency 
K12 T” x LT2 (co) E2) T LT2T” (col £2) § x 107) 
LT2?T” (col £2) x K12 K12 T” (col E2) ~10-* 
LT? (col £2) x K12 Unselected — <1 


The second cross in Table 8 shows the transfer of col #2 
into K12, using the R-factor T” as the vector. The 
frequency of col E2 sransfer was about 10+ per LT2 
donor cell. The third 2ross 1s a control which shows that 
without the mediation of T” this transfer will not take 
place. 

One of the K12T” (edl E2) progeny from this experiment 
was then crossed with type 36. The result is given in 
Table 9. 


Table 9. TRANSFER OF J” ArD E? COLICINOGENY FROM K12 TO TYPE 36 


Cross Selested No. 
Donor x recipient on picked Progeny Frequency 
K12 T” (col £2) x 36 T 50 5 T” (col E2) 7x10- 
45 T” x 10-7 
Unsdđected 650 3 T” (col E2) 6x10- 
23 T” x LO“ 


24 sensitive 
and col— 


All S. typhimurium progeny sarrying T” or T” (col #2) had changed from 
phage-type 86 into phage-type 3. 

The results of this cross are analogous to those with 
donors carrying A’ and T”, or S’ and T”, that is, col #2 
shows a high degree o? association with T” in transfer, 
but T” alone transfers with much higher frequency. This 
suggests that in strains carrying T” and col #2, the R- 
determinant and the cclicnogenic determinant are inde- 
pendently attached to A, but that, because of the close 
association of T” with A, the great majority of col E2 
determinants are attached to a A particle already carrying 
T” (the term particle is used for convenience only). This 
makes the detection of she class 36 (col #2)A+ difficult. 
However, it can be pred_cted that if A’ or S’ were used to 
mobilize col #2 in LT2 (20l #2), transfer experiments into 
K12, and thence into type 36, would reveal the following 
S. typhimurium classes tin this example the A’ resistance 
factor is used as the vector of A): 364A’ A+ ; 36(col #2)A-+ ; 
and 36A’(col #2)A+. It should also be possible to 
demonstrate lines of both 36A’ and 36(col #2) that were 
A—. Finally, about 59 per cent of the total &. typhi- 
murum progeny would raceive A alone. 

Having demonstrated the mobilization. of col E2 by T”, 
it was obvious that the reverse test should be applied, 
that is, the mobilization of a non-transferring R-determ- 
inant by colicinogenic factor I. The experimsnts in 
which this was demonstrated are summarized in Table 10. 

The appearance of K125” (col I) colonies in the first cross 
in Table 10 could result cnly from the transfer of the col I 
factor into 36S’ A—, whizh would then act as a donor of 


848 


Table 10. MOBILIZATION OF NON-TRANSFERRING S’ BY COL I 


No. of 
Cross Selected colomes Progeny Frequency 
Donor x recipient on tested 
er cor I) x Hs S 25 <All K12 S” (col I) 10> 
— xX 
its ial I)xK12 Unselected 12 AH K12 (eol I) ~ 10° 
K12 (col [) x 36 Unselected 50 5= et (col I) 10-4 
LT? (col I) Unselected 50 = 36 S’ (col T4- 2x107 
x 86 S’A— ie =36 FA 
86 S’ (col I)4— S 50 All K 12 S’ (col T) 10-2? 
x K12 Unselected 40 1 K12 S’ (col I) ~20x107 
39 K12 (col I) 9-8 x 107 


N 


the S’(col [) complex to K12. Itis apparent from Table 10 
that col I is as effective in mobilizing 8” as is T” (Table 5), 
and its activity in this respect must be due to its associa- 
tion with a transfer factor. The high frequency of 
transfer of col I to both K12 and S. typhimurium, and the 
fact that an obvious majority of K12 cells receiving S’ 
from 36S’ (col I) A— also received col I, suggest that the 
colicinogenic determinant is firmly attached to its transfer 
factor in the same way as the T” determinant is attached 
to A, and that the col I transfer factor is highly com- 
municable. Although this factor produces a detectable 
change of phage-type in type 36 of S. typhimurium, this is 
neither so clear-cut nor so extensive as that produced by 
A. Thus, the col I transfer factor is different from A. 
We have not so far isolated it in cells devoid of the 
determinant for colicine I synthesis but are endeavouring 
to do so. 

In our earlier report we suggested that the A’, S and T” 
R-factors were independent of each other, with separate 
transfer frequencies from type 29 to K12 of about 2-0 
x 10-3, 10-2 and 2x 10-8 respectively. The only finding 
inconsistent with this hypothesis was that the joint 
transfer of A’ and S’ was about a log unit higher than 
would be expected if these two R-factors were truly 
independent. Watanabe ef al.” observed a similar phe- 
nomenon in the joint transfer of fit+ and fi— R#-factors, 
but we have so far no evidence of the existence of an RTF 
other than A, which seems to be fi—, in the system on 
which we have concentrated. A further problem arose 
-with the observation that T” was transferred with 
frequencies approaching unity, whereas the transfer 
frequency of T” in the cross of wild type 29A’S’T” x K12 
was of the order of 10-8. It was observed, moreover, that 
once 7” had appeared it showed a high degree of ‘linkage’ 
to A’ and S in all subsequent crosses, a feature absent 
from our initial crosses. The characteristic change of 
phage-typo in S. typhimurium types 14 and 36 on receipt 
of R-factors, the absence of such changes in the same 
phage-types receiving non-transferring A’ and S’, and the 
demonstration of a transferable factor which changed the 
phage-type of S. typhimurium without conferring resis- 
tance and which would mobilize non-transferring R- 
determinants, also required explanation. 

We offer the following interpretations of these phe- 
nomena. In the original strain of S. typhimurium type 
29.4’S’T’ there were, in fact, only two R-factors, A’ and 
S’. The tetracycline resistance was probably mutational, 
chromosomally located, and not associated with an RTF. 
The cross in which we observed the transfer of T” to K12 
was thus a rare demonstration of the pick-up of the tetra- 
cycline-resistance gene from the chromosome by the RTF 
which we have designated A. J” was transferred alone in 
this cross, which could be interpreted as an indication-that 
there were free A particles in the host cell, or that T” was 
substituted for the A’ or S’ determinants in complete 
R-factors. Later experiments have inclined us to the 
view that a free A particle was concerned. Once effected, 
the attachment of T’ to A has shown itself to be very 
stable; the R-factor, now T”, thus shows a mobility- closely 
similar to that of A, and the tetracycline R-determinant 
is rarely found in the absence of A, although, because of 
the persistence of free A particles, A may exceptionally be 
transferred without T” (Table 6). The transferable 
agent changing the phage-type of S. typhimurium is A, 
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the RTF; crosses into S. typhimurium in which the R- 
determinant is transferred but A is lost, produce drug- 
resistant lines not showing the characteristic change of 
phage-type and unable to transfer their resistance. Such 
k-determinants may be integrated into the chromosome, 
but it seems more probable, because of the ease with 
which they are mobilized by A, that they are located in 
the cytoplasm. The transfer of T” into lines of this type 
introduces A, to which the R-determinant, A’ for example, 
becomes attached. This attachment is independent of 
that of T” but, because of the close association of T” with 
A, most copies of A will carry T”, so that most A particles 
acquiring A’ will already possess T” and the resulting 
progeny will be of the type A'T”. When these cells are 
mated with a sensitive recipient they will transfer A’, A'T” 
and T”, but the A’ class will be easily detectable early i in 
the cross only. 

Watanabe and Lyang® also observed the mobilization 
of non-transferable R-determinants by a tetracycline 
R-factor, but offered in explanation the hypothesis that 
the initial loss of transferability was due to the RTF 
becoming ‘defective’, a fault repaired by the newly intro- 
duced tetracycline R-factor. We believe our explanation 
of this phenomenon to be more acceptable, and the iden- 
tification of A as an infective agent producing a charac- 
teristic change of phage-type in S. typhimurium, appa- 
rently without transmitting drug-resistance, and inde- 
pendently capable of mobilizing non-transferring 
R-determinants, supports our hypothesis. 

So far as we can judge, A seems to be the only RTF in 
this system. As R-determinants will transfer only when 
associated with A, the more frequent their association 
with it, the more frequently will they be transferred; 
that is, the frequency of transfer of a given R-determinant 
is governed by the number of R-determinant- A complexes 
available during the period of conjugation. A’ transfers 
from S. typhimurium to K12 with slightly higher frequency 
than does S’, because A’ is more frequently attached to A 
than is S’. The complexes A’A and S'A are independent 
and are dissociable; a high proportion of cells contain 
them in the dissociated state. Cells of this type transfer A 
only, and this has been shown to occur with & frequency 
approaching unity. (There are obvious similarities between 
this system and that of the F” factor in Æ. colt K12 (refs. 
9, 10) that demand further exploration.) Cells containing 
the complete R-factors, A’ A for example, probably transfer 
it alone. The tetracycline &-determinant is closely 
associated with A, which explains why its frequency of 
transfer approximates to that of A alone, why transfer of 
A only from 7’ A cells is unusual, and why non-transfer- 
ring T” is a rarity (we have not so far succeeded in identi- 
fying it). 

The frequency of joint transfer of A’ and S’ might be 
due to independent transfer of the two R-factors to the 
same cells. However, on this hypothesis, the frequency of 
recipients showing joint transfer of A’ and S’ in our 
original experiments! should be about 2 x 10-4, that is, the 
product of the individual frequencies of the two R-factors, 
whereas it was uniformly a log unit higher than expected. 
On the other hand, a small number of cells will contain A’ 
and S’ simultaneously attached to A, and these will 
therefore transfer both determinants together in the same 
way as A’ and T” are jointly transferred. This could raise 
the frequency of joint transfer of A’ and S’ beyond the 
level expected from independent transfers of the two 
R-factors, and it seems to us to be the most probable 
explanation of the discrepancy. 

We have mentioned that, in crosses in which the classes 
A’ and A'T” or S’ and S’Z” are transferred, the single 
F-factor classes A’ and S’ are usually detectable early in 
the cross only, and that there is a relative increase in the 
frequency of the double R-factor classes A'T” or S'T” late 
in the cross. We suggest that this is due to the fact that 
A’ and §’ tend to lose A during transfer, whereas T” 
does not. The classes A’ and S’, therefore, will spread to 
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only a limited extent between recipient cells once they 
have been transferred from the donor, while the classes 
A'T” and ST” will continue to spread in the recipient 
culture because of the presence of T” which acts as a 
vector of A. Moreover, recipient cells containing A’ or 
S’ only, without A, will be super-infected with T”, which 
will produce a further increase in the A'T” or S’T” class. 
It can be predicted that if the R-factor A’ is used to 


No 5013 


introduce A into non-transferring S’ in type 36 of S.. 


typhimurium, and the resulting progony, that 18, 
36A’S’ A+, is then crossed with K12, the following classes 
of K12 should appear with approximately the following 
frequencies: A’, 2:0 x 10-2; S’, 10-2 A’S’, 10-*. Table 11 
shows the actual results of this experiment. 


Table 11. MOBILIZATION OF S’4— WITH A’4+ 


Cross Selected 
Donor x recipient on Progeny Frequency 
*36 A’S’A+ x K12 P K12 A’ 2°4 x 10-? 
S K12 S’ 1:3 x 10-2 
PS K12 A’S’ 3:0 x 10-3 


* 4’ and 4A had been introduced into type 36 S’4— from K12 4’4+. 


Table 11 establishes the accuracy of the predictions. 
The experiment demonstrates that, once A is introduced 
into & cell carrying a non-transferring R-determinant, the 
frequency with which the resulting R-factor will transfer 
to other strains is that characteristic of the R-determ- 
inant- A complex, irrespective of whether the two elements 
are introduced together or separately. It also shows that, 
if A is introduced into such a cell in association with 
another R-determinant, the two resistances will manifest 
their usual frequencies of separate and joint transfer. 

The frequency of transfer of R-factors may be postu- 
lated to depend on: 

(1) The recipient cell, It is to be expected that different 
members of the Enterobacteriaceae will vary in their 
susceptibility to RTF infection. For example, type 14 of 
S. typhimurium is a poor recipient of T” compared with 
types 29 and 36. A variability of transfer efficiency may 
also be found in different donor strains. 

(2) The rate of transmissibility of the RTF alone. Under 
defined conditions this is evidently constant for each RTF. 

(3) The frequency or firmness of attachment of individual 
R-determinants to the RTF. This is apparently constant 
for each #-determinant. 

When a particular R-determinant has a firm attach- 
ment to the RTF, it will be transferred with a frequency 
, approaching that of the RTF alone. It will also be trans- 
ferred with high frequency simultaneously with other 
R-determinants which are attached to the same RTF. 
This will give the appearance of linkage between the two 
&-determinants concerned, but findings in the systems 
we have described suggest that this impression is prob- 
ably illusory. Other R-determinants than T” may exist 
which have a high frequency of attachment to an RTF. 
If a number of these are simultaneously attached to the 
same RTF they will usually be transferred together and 
this will suggest that the determinants themselves are 
closely linked. If the determinants were linked, however, 
the construction of the linkage group would demand that 
the respective drug-resistance genes, presumably occupy- 
ing different chromosomal sites, should be picked up inde- 
pendently by the RTF and assembled into a linkage 
group, or that a cytoplasmic genetic element should exist 
which had mutational potentialities to confer resistance 
to a number of drugs. The hypothesis that the &-determ- 
inants themselves, whatever their origin, are independent 
of each other and attach independently to the RTF, 
seems to us a simpler conception. This argument is 
without prejudice to the possibility that some R-determ- 
inants may be small linkage groups conferring resistance 
to more than one drug. An example of this may be S’ in 
type 29, which confers resistance to both streptomycin 
and sulphonamides.. We have not so far been able to 
separate these two resistances. 
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The mediation of col #2 transfer by A, and of non- 
mobile S’ transfer by the transfer factor of col I, establish 
that the transfer of genetic information other than that of 
drug resistance cam be carried out by the resistance 
transfer factors, anc of information other than that of 
colicinogeny by colicinogenic transfer factors. There 
seems to be no reason for supposing that such transfer does 
not take place in the wild state. The transfer of a single 
resistance with loss of the RTF, which we have demon- 
strated, results in the production of a line which, if 
isolated in the field, would be regarded as a drug-resistant 
mutant. This woulc apply to any character identified 
which could not be shown to be transmissible, and it 
raises the question of how many characters in the Entero- 
bacteriaceae may owe their origin to transfers in which the 
transferring agent haa been lost. 

Iijima! reported mobilization of colicinogenic factor #1 
with R factors. We have demonstrated the reciprocal 
transfer activities of A and the col I factor in relation to 
colicinogeny and drug resistance. It has also been shown 
that the F factor will-:mediate the transfer of tetracycline 
resistance” and that an RTF will potentiate recombina- 
tion in #'— strains of K12 (ref. 13). 

Watanabe? pointed out operational analogies between 
the RI Fs, the F facsors and colicinogenic factor I (we 
have suggested that tha transmissibility of the latter is due 
to a transfer factor and is probably independent of the 
colicinogeny determinant). The work we have described 
gives further support so the idea that the agents respon- 
sible for the transmission of genetic information in the 
Enterobacteriaceae by conjugation constitute a group of 
unknown size, showing remarkable catholicity in relation 
to the hosts they will “infect” and to the characters they 
will transfer. 

We thank Mrs. B. Æ Burford, Miss M. Burton, Mrs. L. 
Ward and Mr. F. J. Flynn for their assistance. 

Note added in proof. Since this article was written, the 
technique of mobilization of a non-transferring &-determ- 
inant for the detection of transfer factors (TF) in drug- 
sensitive strains has been successfully applied to wild 
drug-sensitive strains 07 S. typhimurium. The wild strains 
were each incorporated in a mixture of type 36S’A— 
(intermediate recipient of the TF) and K12 (recipient of 
the transferable S’-T.F complex). Of 12 sensitive strains 
tested, 5 proved to be Garrying transfer factors. Colicino- 
geny tests of the donor strains were negative. These 
transfor factors are now under investigation. 

Yet another transfer factor has been identified in a 
strain of type 29 resistant to ampicillin, neomycin, 
streptomycin(-sulphonamides) and tetracycline. All 
resistances exccpt that for tetracycline were easily trans- 
ferable to K12; ampicilin and neomycin resistance at a 
frequency of about 5 x 10-1, and streptomycin resistance 
at about 10-2. Prelimirary experiments suggest that the 
ampicillin R-determinan: in this strain is the same as that 
in the type 29 strain in which the TF is A. If this is so, 
the high transfer frequeacy of ampicillin resistance in the 
new strain (5 x 10-1) æ compared with type 294’S’T’ 
(2 x 10-*) indicates that the frequency of transfer of a 
given R-determinant depends on the transfer factor with 
which it is associated. 
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RELATION TO GROWTH AND GROWTH INDUCTION 


By Dr. R. D. HOLSTEN, Dr. M. SUGII and Pror. F. C. STEWARD, F.R.S. 
Laboratory of Cell Physiology and Growth, Cornell University, Ithaca, New York 


C2 interpretations of the biological 
effects of radiation are heavily committed to the 
direct consequences of the radiation on cells, particularly 
on their chromosomes. The genetic consequences of the 
radiation damage are interpreted in terms of the ability 
of the radiation to penetrate to the nucleus, to inactivate 
some particular part of the genetic apparatus and, by 
causing one or other of a variety of chromosomal aberra- 
hee to affect not only that cell but also its lineal descen- 
ants. 

Following this line of thought, one of us (R. D. H.) 
embarked on an imvestigation of the radiation-induced 
mutations which could be produced by exposing free- 
cell cultures of carrot to a cobalt-60 source’. The basic 
idea was a simple one. Since carrot tissue can now be 
grown. in free-cell culture? and the free cells spread on 
agar plates and grown into colonies’, and since the free 
cells have, under suitable conditions, been grown with the 
intermediate formation of embryos‘ into whole plants 
with flowers, there was every reason to believe that the 
effects of radiation could be examined using this system. 
Free cells spread on agar plates should permit one to 
detect the consequences of a radiation-induced effect in 
all the cells of the progeny raised from one cell. Thus the 
exposure of free cells to radiation should be a more effective 
means of examining the biological effects than by radiating 
‘tissues, organs or whole plants (for example, seeds), since 
any cells so affected by the radiation would transmit the 
effects only to those cell lines to which they give rise. If 
the affected cell is isolated and the precursor of a colony, 
an organ or an organism, the radiation-induced effect 
should be apparent in the behaviour of the whole. 

Prior to this investigation there was some evidence on 
the effects to be expected®. Carrot-tissue explants had 








been exposed to cobalt-60 radiation before the onset of 
growth induction by coconut milk and, by contrast, 
after the rapid growth rate (for example, 7-8 days of 
culture) had already taken effect in the coconut milk- 
supplemented medium. Briefly, the tissue was very 
sensitive to radiation prior to growth induction—the 
ultimate site of the coconut-milk growth induction effect 
being very vulnerable to radiation damage. Similar 
effects on the same growth response, and presumably at 
the same sites, which were due to cyanide and to a light- 
reversible carbon monoxide inhibition, indicate that a 
cytochrome mediated response was involved. To all 
these inhibitory treatments (that is, with radiation and 
cyanide or carbon monoxide) the growing tissue was less 
sensitive than when it was in the quiescent state. Freshly 
isolated tissue explants treated with cobalt-60 failed, 
therefore, to respond to coconut milk by cell division; 
although at non-lethal doses (up to 0-05 Mrads) the living 
cells which failed to divide could still expand. Comparable 
tissue radiated some 7 days later, while it was still in 
the coconut milk-containing medium, responded quite 
differently. The already rapidly dividing cells continued 
to grow and to divide even after exposures to radiation 
(2 Mrads) which would have completely inactivated the 
initial site of growth induction by coconut milk. Similarly, 
the actively growing tissue explants proved to be less 
sensitive to cyanide, and even the smaller inhibition by 
carbon monoxide, which could still be observed, differed 
with respect to its reversibility by light from that obtained 
with the initial carrot explants®. 

The first investigations of radiation damage to free 
cells, exposed on agar plates under such conditions that 
the cells were so separated that there was no direct contact 
between them, produced the expected evidence to confirm 
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Fig. 1. The ultra-violet absorption and fluorescence spectra of irradiated (2 Mrad) sucrose solutions. 


Wave-length (mz) 
A, Absorption spectra at pH 4-5, with 


and without autoclaving, B, absorption spectra at pH 11 0, with and without autoclaving, C, fluorescence spectrum at an activation wave-length 


of 290 mu, at a pH of 45. 


——-— Irradiated and autoclaved; 





, lTradiated 


Interpretation: The absorption spectra were determined at pH 4-5 (A) and at »H 11:0 (B) both with and without autoclaving the irradiated 
solution In C the fluorescence spectrum of irradiated sucrose 1s recorded as determined with the Aminco Bowman spectrophotofluorometer 
at an activation wave-length of 290 my at a pH of 4:5 
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Table 1, EFFEOT OF GAMMA-RADIATION ON THE GROWTH OF VIABLE COLONIES 
FROM FREE CELLS OF CARROT 


No. 5013 


Colonies | ei plate 


Radiation dose Days of growth 
(Mrad) 30 35 
2-0 0 0 
1-0 0 0 
05 0 0 
0-05 10 12 
Control 12 16 


Interpretation : The cells were irradiated at the dosages Indicated, in the 
basal liquid medium containing coconut milk, and were then diffusely spread 
on agar plates. The basal medium was that of White", slightly modified with 
respect to calcium and iron, but supplemented with casein hydrolysate as a 
general source of reduced nitrogen to give greater growth. The plates, 
sealed against desiccation, were incubated for the periods shown at 70° F in 
continuous light. The controls ed through all these operations but received 
no cobalt-60 radiation. Colonies visible to the naked eye were counted and 
are reported as the mean ya! gear in four separate determinations. 
Colonies still grew virtually unaffected by the radiation at 0-05 Mrad although, 
at this dosage, the initial tissue would not have grown. 


what had been observed previously with the tissue explants 
(Table 1). However, in making experimental controls, it 
was observed that the effects in question could be equally 
as great if one radiated the culture medium alone prior 
to placing on it the suspended, viable, non-irradiated free 
cells or whole explants. It was this observation that 
prompted the work which will be described in the remainder 
of this article. 

First, it is convenient to state in broad outline the prin- 

cipal outcome of this investigation. As already mentioned, 
the prior exposure of the culture medium to 
y-radiation was found to be as biologically 
effective as the simultaneous exposure of 
free cells or tissue explants in the culture 
medium. Experiments, made to implicate 
(by methods of elimination) some particular 
component of the culture medium, clearly 
pointed to sucrose as the substance by which 
the indirect effects in question were mediated. 
At this point, and to obtain better evidence 
of the nature of the radiolysis products from 
sugar which inhibit growth as it is induced 
by coconut milk, samples of '*C-sucrose were 
radiated and, by autoradiographic means, 
the range of products so produced was 
demonstrated. One could also utilize the 
quite strong ultra-violet absorption (at 260- 
290 my.) of the irradiated sucrose solution to 
measure its conversion to potentially inhibi- 
tory substances. 

Only the meagre reports in the literature ‘ 
served as a guide to the kind of substances 
that might emerge from the y-radiolysis of 
sugar and become, thereby, biologically 
deleterious. Such radiolysis products of 
sugar, which strongly absorb ultra-violet 
radiation (260-290 mu), comprise several 
conspicuous compounds which are separable 
into basic, acidic and neutral fractions on 
columns of appropriate ion exchange resins. 
In the outcome, the neutral fraction produced 
the most outstanding biological effects (it 
was inhibitory at higher concentration, but 
somewhat stimulatory when more dilute), 
and its nature was, therefore, investigated. 
A simple, three-carbon substance, reductone, 
reported by Laurent® to be one of the reduc- 
ing substances produced from glucose by 
ultra-violet radiation was prepared by one 
of us (M. 8.) according to the directions 
previously published’. a 

At the time of writing, the balance of Fig. 2. 
evidence is that the synthetic product 
thus obtained does not nullify the growth 
induction effect of a coconut milk-supple- 
mented medium, and therefore its identity 
as reductone, or as a closely related sub- 
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Interpretation: In Fig. A the non-irradia œd sucrose (A1) is com 
(2 Mrad over 24 h) sucrose (42). 
fructose is evident. In B the same treasments of sucrose were followed by autoclavi 
and the degradation products are consequently more obvious. 
2 Mrad was delivered over 2 h, with sone resultant 
immobile carbon-14 compounds, and egradation of “C (C2) po, pot to 
its control (C1), C3 shows a strip-scan analysis of the radiolysis products in C2 and several 
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stance, need not coacern us here. Nevertheless, there 
are, among the preducts of sucrose radiolysis, other 
strongly ultra-violet absorbing substances, which are 
separable on a one-directional chromatogram and are 
demonstrable by taeir ultra-violet absorbance, their 
fluorescence, and by carbon-14 autoradiography. These 
substances interact strongly with the carrot tissue 
to produce the equovalent effect of direct radiation on 
the cells. Furthermore, it was shown that products 
derived from sucros by y-irradiation can also produce 
chromosomal aberrasions in Vicia faba and Tradescantia 
paludosa of the kind which would normally be ascribed 
to the direct effects of radiation. The evidence will be 
presented here. 

Experiments whice Demonstrate the Indirect Effects of 
Radiation on Carrot Cells. In the investigation of the 
effects of y-radiatian on the growth of carrot phloem 
tissue in liquid cultere, a control experiment was set up 
in which only the coconut milk growth supplement was. 
exposed to y-radiatien; the results are shown in Tables 2 
and 3. Surprisingly, the higher doses of y-radiation, when 
applied to the cocorut milk supplement alone, produced 
growth responses im the tissue which were qualitatively 
similar (though quantitatively somewhat less) to those 
produced by direct wradiation of the tissue. There were 
almost no cell divisions observed after the 2- and 4-Mrad 
treatments and a definite stimulation of cell division 
followed the treatment at 0-05 and 0-2 Mrad (Table 2). 
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Autoradiographic demonstration of the radiolysis. products from **C-sucrose. 
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Table 2, EFFEOT OF IRRADIATED COCONUT MILK ON THE GROWTH OF FRESH- 
CUT CARROT PHLOEM EXPLANTS IN A BASAL MEDIUM 


Radiation Wt./explant Celis/explant 
(Mrad) (mg) (in thousands) ae pagicell 
Tnitial $8 456 0:115 
explants 
20th day 40 3:4 23-10 6-80 0-148 
2-0 5:8 42: 7°23 0-138 
10 158 191-53 12-14 0-082 
0-5 41-4 722-26 17:50 0-157 
02 61-9 1,08004 17:38 0:057 
0-05 63-4 1,263-03 19:94 0-050 
none 52-2 59:78 18-34 0-054 


Interpretation : The coconut milk, irradiated at the dosages indicated, was 
incorporated into the basal medium, dispensed into the culture tubes and 
these were then autoclaved. The fresh-cut explants were removed aseptically 
from the carrot root and inoculated into the tubes. Growth in weight and 
number of agate was observed after 20 days under standard conditions. All 
recorded r explant and the average for ten explants. Both the 
inhibition at cell d vision at 0-5 Mrad, or greater dosage, and the stimulus 

observed at 0-2 Mrad, or lesser dosage, were statistically significant; where 
cell division is | active, cell sizes tend to be small; Wors cell division is less 
active, cell sizes may increase. 


When the carrot phloem explants were caused to grow 
prior to their exposure to irradiated coconut milk in 
basal medium (Table 3), they acquired a resistance to the 
inhibitory effocts of the irradiated coconut milk supple- 
ment; but there was no sign of stimulated cell division 
over the controls even at the lowest dosage of y-radiation 
used. It is noteworthy that, at the higher doses of radia- 
tion (2 and 4 Mrad), although cell division was noticeably 
inhibited, cell expansion (expressed as ug/cell) neverthe- 
less continued (Table 3). 


— 3. EFFEOT oF IRRADIATED COCONUT MILK ON THE CONTINUED GROWTH 
CARROT PHLOEM EXPLANTS PRE-GROWN (7 DAYS) ON A BASAL MEDIUM 
SUPPLEMENTED WITH NON-IRRADIATED COCONUT MILK 


Radiation Wt. = Cells/explant 


dose (Mrad) (mg) (in thousands) Gelaag pgjcell 

Initial 31 20°75 66 0-151 
explants 

7th day 11-4 290°16 25°44 0:039 

20th day 4-0 131-3 883-19 6-72 0:148 

2-0 159-5 1,185°74 741 0-135 

1-0 161-3 1,27429 7°85 0-129 

0-5 186-5 1.813-33 9-71 0:103 

0-2 199-6 1,961-12 9-80 0-008 

0-05 183-4 2,006-°86 11-43 0-087 

none 192-1 2,14674 11-17 0-089 


Psa sonal : After the prior gly period of 7 days, the cultured 
explants were transferred aseptically to a medium containing irradiated 
coconut milk prepared as in the arma i nadie of Table 2. After 20 days the 
was measured and the data expressed In the same manner as 
and as the mean of ten replicates. Even at dosages of 0:5 or more 


Mrad, gubstantial cell division continued in these cultures but, since divisions 


aina shone. 


Having recognized the indirect effects of radiation which 
could be elicited by irradiation of the coconut milk supple- 
ment, the effects of radiating the basal medium were next 
investigated. The basal medium alone was exposed to 
y-radiation and it was then supplemented with non- 
irradiated coconut milk and inoculated with fresh-cut 
carrot phloem explants. Again, as with the irradiated 
coconut milk, growth of the explants was markedly 
inhibited by irradiating the external basal medium (Table 
4). Similar radiation treatments of the medium which 
received pre-grown (10-day cultured explants in coconut 
milk medium) explants did not completely suppress their 
cell division and their continued cell enlargement was 


Table 4. EFFECT or IRRADIATED BASAL MEDIUM ON THE GROWTH OP 
CARROT EXPLANTS AS 


FRESH-OUT STIMULATED BY NON-IRRADIATED COCONUT 
Radiation Wt./explant Cells/explant 
dose ) (mg) (in thousands) Cells/ug ngoan 
Initial 3:8 20:40 5:37 "186 
explants 
20th day 40 3-2 33: 10:52 0:095 
20 3:3 80-62 9-18 0-109 
1-0 2-9 29-78 10-27 0-098 
0-5 34 82-57 9-58 0-104 
0-2 83-5 287-12 8-57 0-167 
01 85-6 937-64 10-98 0-091 
0-05 97-5 1,291-38 13-37 0-075 
none 115:7 943-57 8-17 0-123 
: The medium, irradiated at the dosages indicated 
was supplemented with non-irradiated coconut milk and the subsequen 
ures followed of the experiment of Table 2. At dosages of 0-2 
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Table 5. EFFECT oF IRRADIATED BASAL MEDIUM ON THE CONTINUED GROWTH 
or CARROT PHLOEM EXPLANTS PRE-GROWN (10 DAYS) ON A NON-IRRADIATED 
BASAL MEDIUM SUPPLEMENTED WITH COCONUT MILK 


Radiation Wt,/explant Cells/explant 
Mrad) 


dose ( img) (in thousands) Cells/yg wgicell 

Initial +5 40°36 8-9 111 
explants 

10th day 251 532-05 21-26 0:047 

isth day 1:0 45-7 797-08 17-58 0-058 

0-5 60-7 677°57 11-19 0-090 

0-2 86-7 1,187°78 13:78 0-073 

none 88:9 1.172-51 13°25 0-076 


Interpretation: The procedure was patterned after the experiment of 
Table 3 except that the basal medium, not the coconut milk, was irradiated. 
As will be seen, the effects of radiation which were transmitted to the growing 
cells were also similar to those described in Table 3. 


Table 6. EFFECT OF IRRADIATED SUCROSE ON THE GROWTH OF FRESH-CUT 
CARROT PHLOEM EXPLANTS IN AN OTHERWISE NON-IRRADIATED BASAL 
LIQUID CULTURE MEDIUM 


Culture Wt. /explant ae fi ma 

medium (mg) (in thousands) Ceinia pa/cell 
Basal 4-4 20-29 0-219 
Basal + coconut milk + 1-4 10°91 oo 0-128 

irradiated sucrose 
Basal + coconut milk + 25-8 452-04 17:8 0-057 

non-irradiated sucrose 

1+ coconut milk 78:5 621-30 7-9 0127 


Interpretation: Randomly sampled batches of fresh-cut carrot explants 
were inoculated concurrently into (a) the basal medium alone, (b) the un- 
irradiated basal medium, containing 2 per cent sucrose, plus coconut milk, 
plus the Irradiated sucrose (2 per cent): (e) the same constituents as in b 
except that non-irradiated sucrose was substituted for the i ted material; 
(d) the basal medium, pius coconut milk without any further addition of 
sucrose, After 18 days the dramatic effect on growth by cell division occurred 


whenever irradiated sucrose (at 2-0 Mrad) was present in the um. 


consequently less conspicuous (Table 5). In other words, 
irradiation of the basal medium gave the same type of 
response as radiating the coconut milk or the complete 
system including the tissue. 

Substance which Mediates the Indirect Effects of Radiation 
on the Cells. Systematically, and by elimination, the effects 
of y-radiation on the various components of the basal 
medium were tested and it was revealed that the inhibitory 
effect described was due to an alteration of the sucrose 
moiety of the culture medium (Table 6). Not only were 
the various components of the basal medium and of the 
coconut milk tested separately, but some known products 
of radiolysis of water (for example, hydrogen peroxide) 
were also eliminated as causal agents of the effect in ques- 
tion. Since all the culture media used in these investiga- 
tions were autoclaved, and since autoclaving might be 
considered to be necessary for the indirect effects of irradia- 
tion to become effective, the inhibitory properties of 
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Table 7. EFFECTS OF AUTOCLAVED AND SEITZ-FILTERED IRRADIATED 
SUCROSE ON THE GROWTH OF FRESH-CUT CARROT PHLOEM EXPLANTS IN A 
NON-IRRADIATED BASAL MEDIUM SUPPLEMENTED WITH COCONUT MILK 


Medium Wt./explant S.D. 
Basal medium (control) 173 +22 
Basal (sucrose irradiated and 2-6 +08 
autoclaved) + coconut milk 
Basa! (sucrose irradiated and 4-4 12 
Seltz-filtered) + coconut milk 
Basal + coconut milk (control) 1541 +174 


Interpretation: The procedure in this experiment was patterned after the 
experiment of Table 6. The only difference was that the effects of the irrad- 
iated sucrose were determined after 18 days by the weight of the explants. 
These results confirm those in Table 6 and show that the effect in question 
was not elicited by autoclaving. 


irradiated sucrose, both autoclaved and Seitz-filtered 
(Table 7), were compared. These results show that the bio- 
logical effects of irradiated sucrose, though somewhat ac- 
centuated by autoclaving, do not require this treatment. 

Knowing that irradiated sucrose mediates the biological 
effects which have been observed in the cultured carrot 
tissue, the physicochemical properties of the irradiated 
carbohydrate were investigated. The first change to be 
noted was the appearance of a prominent reducing power in 
the irradiated sucrose. This reducing power was markedly 
increased by autoclaving the irradiated sucrose solution, 
indicating a further breakdown of tho irradiated material 
under these conditions (15 Ib./in.*; 121° C, 15-20 min). 
It was also noted that the originally neutral 
solution of sucrose (pH 7-0) became acid 
(pH 3-3) when it was irradiated. If the 
radiated solution was readjusted to neutral- 
ity with base (0-1 N sodium hydroxide) and 
then autoclaved, the solution again became 
acid (pH 3-5). The ability of the irradiated 
sucrose solution to absorb ultra-violet 
radiation was also noted. As reported for 
glucose by Laurent’ and Phillips et al.*, and 
for other carbohydrates by Phillips’, irradi- 
ated sucrose solutions absorb strongly in 
the ultra-violet region (Table 8 and Fig. 1). 

Using carbon-14 labelled as well as un- 
labelled sucrose, the products of y-radiolysis 
were examined using paper chromatography 
and autoradiography. At a radiation dose 
of 2 Mrad, delivered over a 24-h period, there 
were at least three zones containing unidenti- 
fied radiolysis products derived from the 
original sucrose, along with glucose and 
fructose (Fig. 2). The zone attributed to 
glucose also contained fluorescent materials 
(see Fig. 6) and, although the data are not 
here given, the chromatographic, fluores- 
cence and colour reaction characteristics of 
at least six products of radiated sucrose 
have been determined. There was also 
some generalized streaking of the radio- 
activity along the length of the chromato- 

The composite diagram of Fig. 3 
shows the radiolysis products revealed by 
autoradiogmphy and by standard colour 
reactions. 

Other Biological Effects of Radiation which 
are Mediated Indirectly by Radiolysis Pro- 
ducts of Sugar. This section will record 
evidence to suggest that there are other 
biological effects which may be induced by 
irradiated sucrose; these comprise effects on 
meiotic and mitotic cell divisions (observed 
in Vicia roots and Tradescantia microspores 
respectively) and possible mutations in 
Drosophila. The test of the effects of irradi- 
ated sucrose on chromosomes was made in 
buds of Tradescantia paludosa which were 


which con 


x . . Buds were removed 
exposed to a basal medium that contained 2 microspores made and stained with Gomort's haemotoxylin as 
Wingstand we 


per cent irradiated sucrose; normal non- 


irradiated sucrose was used in control %30: ia 
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Table 8. ULTRA-VIOLET ASSORPTION OF GAMMA-IRRADIATED SUCROSE 
SOLUTI@NS AS AFFECTED BY pH 
Maximum (my) Minimum (my) 
Irradiated (pH 4:5) 263 233 
Irradiated; autoclaved (pH 4:5), 268 240 
diluted 1:5 
Irradiated (pH 11:0) 285 246 
Irradiated; autoclaved (pH 11-0), 286 252 


diluted 1:5 


Interpretation: After irradiation (2 Mrad) the sucrose solution (2 per cent) 
became acid (pH 4:5) and hae a strong ultra-violet absorption with maxima 
and minima that were affected by pH and greatly so by autoclaving. 


cultures employed. The buds were removed daily 
from these cultures and the dissected anthers stained with 
Gomori’s haematoxylin’ and their chromosomesexamined ; 
Fig. 4 shows the cytological abnormalities which were 
observed. It is evidens from Fig. 4 that irradiated sucrese 
mediates chromosoma abnormalities which are similar in 
kind and degree to those attributable to direct radiation 
of the tissue. 

Another experiment was designed to examine the effects 
of irradiated sucrose on mitoses in roots of young Vicia 
faba seedlings. The results in Table 9 show that the pro- 
ducts from irradiatec sucrose act as strong antimitotic 
agents and they also cause abnormal mitoses and chromo- 
somal aberrations. 





Fig. 4. Flower buds of Tradescantia paliaosa were placed aseptically on a basal medium 
tained either 2 per cent irradiated sucrose or, in the controls, the ponrieeeennee 


at three 24-r intervals, the anthers dissected and smears 
described by Melander and 

ties vr this meiotic situation a e 
apparent chromosomal bridges (cf. 
of micronuclei (cf. é, g and í) 


form of fragmentations (ct. a, b, c); 
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Table 9. EFFECTS OF IRRADIATED SUCROSE ON MITOSIS IN Roots or Vicia 
faba SEEDLINGS 


A prophase % metaphase % anaphase % telophase 


Zh 753 . Q5 9-3 3-3 
áh 69-2 22-0 1-0 73 
12 h 86-0 TO 2-0 50 
at h §3-0 (17 17-0 (84) 21-0 (89) 9-0 (18) 
48 h 97-6 17 0-8 (40) 0 f 
Control 56-5 16:5 17-5 95 


Interpretation: The roots of young seedlings were immersed ina 2 per cent 
solution of sucrose which had been irradiated (2 Mrads} and, in controls, in 
= per cent normai sucrose. At the intervals specified, smears were made of 
‘Toot tips, and in the stained preparations the percentage of cells in the various 
stages of mitosis was determined. The percentages of abnormal nuclei are 
- indicated in brackets in those instances where these were noted. After 48 h 
_ treatment with irradiated sucrose only very few divisions still occurred, 
-Through the aid of Prof. C. H, Uhl these results were assembled from many 

bile A a they were obtained under supervision by a class in eytological 


A first test (being subject to confirmation) of the pro- 

duction of sex-linked lethal mutations in Drosophila 
| melanogaster when reared on a medium which contained 
irradiated sucrose was carried out by Miss Carol Sachs in 
the laboratory of Prof. Bruce Wallace of this University. 
The results of this experiment are shown in Table 10. 
When analysed statistically, the effect attributable to 
irradiated sucrose failed to reach the level of full statistical 
-sigaificance ; even so the data are suggestive of an increased 
mutation rate in the flies reared on the medium containing 
irradiated sucrose. These results are in substantial agree- 
ment with those reported for the effect of ultra-violet 
radiated glucose on the frequency of mutation in certain 
bacteria” and for the frequency of occurrence of sex-linked 
tethals in cultures of Drosophila which had been reared on 
an irradiated medium??, 

-The data presented on Tradescantia, on Vicia, and on 
Drosophila, concerned with mitotic and meiotic chromo- 
somes of plants and mutation in an insect supple- 
menting the more extensive data on carrot cells in 
Tables 1-7, together comprise impressive evidence of 
the indirect biological effects of radiation that may be 
modiated by sugar—especially sucrose—in the ambient 
medium and presumably also in the cells. Before describ- 
ing some further attempts to characterize chemically the 
biologically active radiolysis products from sugar some 
other information in the literature may be relevant. The 
reported incidence of chromosome aberrations in barley 
embryos'® and roots! grown on irradiated media could be 
attributed to breakdown of the carbohydrate in the culture 
modium in the manner here described. Similarly the anti- 
- mitotic action of extracts prepared from irradiated plants 
< as claimed by Kuzin and Kryukova!® could be due to 
- breakdown products of carbohydrate. Evidence on these 
points awaits further enquiry. 
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Further Attempts to characterize the Biologically Active 
Radtolysis Products from Sucrose. Relatively large amounts 
of carbon-12 sucrose were radiated with cobalt-60 at 2 
Mrads delivered over a 2-h period. The properties of the 
radiolysis products (see Table 8 or Fig. 1) could now be 
used in the attempted isolation of the most active com- 
ponents. The radiated sucrose, after preliminary trials 
and tests by the carrot assay method, was fractionated as 
shown in Figs. 5 and 6. A 

The information contained in Fig. 6 shows the procedures — 
by which the biologically active radiolysis products of _ 
sucrose may be isolated, assayed and eventually purified — 
with the view of their final identification; this work is 
still proceeding. Fig. 7 summarizes the state of the cells, — 
with and without the growth induction due to coconut < 
milk, and emphasizes the effects (direct and indirect). 
of cobalt-60 radiation on them. Prior to the large synthesis | 
of nucleic acid (and formation of ribosomes), which pre- 


37 g of sucrose 


pRadiated as a 10 per cent solution 
ra 
Some loss of carbon y 


during radiation Jets 1R-120' columan 


i | 
a 3 
1 eati 
outed with NOH: ‘Amberlite TR#-45' column 
biologically inactive x 
n 


Absorbed anions 
eluted as NH, salts; 
biologically inactive 


Neutral fraction 
evaporated to a syrup; 200 mil. 
“ of ethanol added 


31-8 g of pure x 
crystalline sucrose; 


HOW TONHA Tani plory Mother liquor concentrated to a 


brown syrup, 673 g wet wt. 
Contains biologically active compounds 


Cellulose powder column 
5-5 x 44 em 


Elated with butanol-acetie acid—water 
(9:1: 2-9) collected In 50 fractions 

of 50 ml. each evaporated and redissolved 
in 10 ml. of water 


Fig. 5. Separation of radielvsis products from sucrose 


Elated with butanol-acetic acid-water (9:1:2:9) collected in 50 fractions 
of 50 mi. each, evaporated and redissolved in 10 ml. of water and combined 
as shown below for biological assay. 






E Fractions 27-50; contain 
hexoses and same sucrose; - 
almost colourless: absorb: |. 
slightly in u.v. Slightly 
growth inhibitory in- 
presence of CM 


‘A Fractions 1-9; absorb 
trongly in ultra-violet. (u.v.) 
265 mz) pigmented vellow; 
contain unknown 1 of 

lo Growth stimulatory 
w tone. in presence 









B Fractions 10-17; slightly 
pigmented yellow: 
somewhat growth inhibitory ; 
u.v. absorption less 
marked 


D Fractions 24-26; contain 
hexose, mainly glucose; 
absorb in uv. and 
fluoresce under u.v. 

(cf. Fig. 3); markedly 
growth inhibitory in 
presence of CM 


C Fractions 18-23; contain 
hexose, mainly as fructose; 
absorb in u.v.; also 
fluoresce under u.v. 
tcf. Fig. 3); markedly 
growth inhibitory in 
presence of CM 





Fraction submitted to 3 consecutive paper 
chromatographic separations in butanol: 
acetic acid : water 





C2 Co-chromatographa with C3 Co-chromatographs with 
glucose, strongly pigmented fructose, pale vellow to 
(yeliow) when autoclaved; colourless, fluaresces blues 
wv. absorption strong; under u.v.; u.v. absorp- 
flucresces blue under tion weak; markedly 


ay, (ef Fig. 1C) growth inhibitory 


C1 Co-chromatographs with 
sucrose; slightly pigmented 
after autoclaving; u.v. 
absorption weak; 
fluoresces blue under 
u.v.; not growth inhibitory 


DI resembles 2 Co-chromatographsa with D3 resembles — 
C1 glucose and C2; not C3 l 
strongly pigmented after i 
autoclaving distinguishabie 
from C2 by fluorescence; 
. 1C); markedly growth 
markedly growth inhibitory inhibitory 


In summary, cobalt-60 radiolysis produces in small amount many new substances; individually they account for only a small part of the weight of 
the sugar. Several of these compounds are strongly unsaturated, fluoresce, and become more pigmented on autoclaving (Fig. 1). Among these substances 
are those which are responsible for the growth-inhibitory properties at higher concentrations and the growth-stimulatory properties at lower concentrations, 
these effects are exerted at the site at which the growth induction due to coconut milk normally acts, They also have other biological effects to which 


reference hag been made. a ee . 
Fig. 6. Properties of radiolysis products from sucrose: sub-fractions of the neutral fraction elated from the cellulose powder column 
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0. EFFECT OF IRRADIATED SUCROSE ON MUTATIONS IN Drosuphila 


melanogaster 
a aa of sex-linked 
ws iethals e lethals 
rradiated sucrose 5/1000 t5 
ontrol sucrose 1/500 0-2 


etation.: This system was set up for the purpose in the laboratory 
race Wallace, SC wild-type flies were grown on a normal culture 
with and without 2 per cent irradiated sucrose (2 Mrad). The male 
‘ny from these populations were mated to Muller-65 females. Mutations 
used by the irradiated sucrose on the Y-chromosome of the SC males will 
be carried in the female progeny of this mating. By brother-sister matings 
nt his programme. the occurrence of scex-linked lethals may be revealed by 

the abnormal proportions of red-eyed male progeny. Thus the test of the 
‘incidence of mutation is the frequency of red-eyed males in the population, 
for a sex-linked lethal, due to the sucrose, would render the red-eyed males 
inviable. From these ‘results the incidences of mutation could be caleuiated, 
E “and these are shown as percentages. 


codes the coll division caused by the coconut milk (that is, 
. days), the cells are very sensitive to cobalt-60 radia- 
Tables 2 2 and 4); subsequent to this time and after 
-are in the dividing state they are much more resistant 
(Tables 3 and 5). There is a suggestive parallel here with 
-eertain work on bacteria’. 
The work here described has a 
currently important biological 










= Coneluding Remarks. 
‘potential impact on 
‘problems as follows: 

(1) A strong antimetabolite from irradiated sugar, 
‘which can overcome the growth induction due to coconut 
milk, or even stimulate it further at low concentration, 
contributes to an understanding of the site of action of the 
growth stimulus and to the interpretation of a balanced 
set. of chemical controls which either release or suppress 
the ability of the cells to grow. 

-(2) If the deleterious effects of radiation on cells 
may be mediated indirectly through its effects on Suge, 
present either in the cells or in the medium, this 
important for the understanding of the mechanism of 
radiation-induced effects. These ideas lead to obvious 
biologieally important questions that may now be in- 
vestigated. In particular, the stability of the radiolysis 
products raises questions concerning their longevity in 
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cells, or organisms, for this has an important 
the relative importance of the direct and the 
effects of radiation. 
(3) The work has «ther and obvious implication 
the radiation sterilization of food, especially in tk 
cases in which the material so radiated is relatively : 
in sugar. If radiation effects may be transmitted to cells 
via stable radiolysis products derived from sugar, one 
should clearly know whether or not these have biologically 
important consequences, both short and long term, before 
there is widespread use of radiation-sterilized foods that 
contain sugar. 


(4) Much more neecs to be known, than is available i ino Pa 


the literature, or in this paper, of the chemical consequenc 
of submitting sugar to radiation, particularly y-radia 
from cobalt-60. Sufficient has, however, been said 
show that the biologically active substances producer 
from sugars by radiation can now be recognized 
isolated and, in the carrot-coconut milk tissue et 








system, there is a precise means available for the assay — sc z 
of their effects on grewth by both cell division and cell 


enlargement. Furtherwork of this kind is now in progress. 

In short, the experiments which started as an investiga- 
tion of radiation-induzed mutations in isolated cells (stil 
a worthy objective to which we shall return) have raised 
biologically importan: questions to which final answers 
should be found. Th» purpose of this article is to make 
these findings widely xnown, for, although the evidence is 
largely drawn from higher plants, it nevertheless has 
obvious potential bearing on other living systems, for it 
stresses that tho effects of the radiation are neither con-— 
fined to their direct effscts on the cella nor to the immediate 
period of exposure to the radiation. | 

During part of this work Dr. Holsten worked under 
pre-doctoral fellowshios of the National Science Founda- 
tion and the National Institutes of Health as directed by 
one of us (F. C. S.) ancl most of the results presented here 
were embodied in his thesis for a Ph.D. degree. 
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ssie culture system, with respect to growth and nucleic acid cntent, which responds to cobalt-60 

ucleic acid content of carrot cells in explants. which undergo the growth induced by coconut milk (+ CM); 

lig in-earrot explants which grow by cell division in the presence of coconut milk (4+ CM) or merely. 

‘Changes in the nucleic acid content of carrot cells in exolants which lack the growth stimulus of: = 
indicates the time of application of cobalt-60: radiation which thereby inactivated the cell division 
ll permitted growth by cell enlargement. 
h owere much more resistant to the radiation. than those which had not undergone prior growth 
. A and C respectively show the nucleic acid content at these times 


“The arrow at (2) indicates the time of ‘application of 
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Dr. M. Sugii, of the Institute for Chemical Research, 
Kyoto University, Takatsuki, Osaka, Japan, was able to 
work on this problem at Cornell University under arrange- 
ments made possible by a grant (GM09609) to one of us 
(F. C. 8.) from the National Institutes of Health, U.S. 
Department of Health Education and Welfare: Dr. 
Sugii’s contribution related to the more chemical fractiona- 

tion of the radiated sucrose. 
__ AHL other laboratory work was made possible by the 
. . Pesearch grant cited. This included the help with the 
aseptic procedures provided by Mrs. M. O. Mapes and by 
< cortain research assistants to one of us (F. C. 8.). 
For the radiation treatments we thank the Geneva 
Experiment Station of Cornell University and also the 
Nuclear Reactor Laboratory at Ithaca, New York, for 
. aceess to their cobalt-60 sources. 
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NATURE OF THE HEPATOMEGALIC EFFECT PRODUCED BY 
ETHYL-CHLOROPHENOXY-ISOBUTYRATE IN THE RAT 


By Dr. R. HESS, W. STAUBLI and W. RIESS 


Research Laboratories, Pharmaceutical Department, Ciba, Ltd., and 
Laboratory of Electron Microscopy, University of Basle, Switzerland 


THYL - a - {p - chlorophenoxy)isobutyrate (CPIB), a 

4 compound with hypolipidaemic properties in man! as 

well as in animal species*, has been found*:* to cause 
enlargement of the liver in male rats when added to the 

. diet at a level of 0-25 or 0-3 per cent. This hepatomegalic 
effect occurred without accumulation of lipids in the liver 
tissue and it was supposed to be a non-specific change 
caused by metabolic conversion of CPIB (ref. 3). In livers 
of rats treated with CPIB fer no longer than one week, 
an increase in the size of the hepatocytes was noted by 
Paget® and this change appeared to be related to an 
accumulation of lysosome-like organelles within the cyto- 
plasm. 

In order to elucidate further the structural basis of 
~~ the hepatomegalic effect, male albino rats on a standard- 
-c ¥zed diet were given daily oral doses of 500 mg/kg CPIB 

for 14 days. This dosage caused a mean 41 per cent 
‘decrease in serum cholesterol concentration and also 
inhibited the animals’ weight gain. As shown in Fig. 1, 
the relative liver weight rose rapidly during the first 
week of treatment and fell again to pre-treatment levels 
after CPIB was withdrawn. At the time-intervals indi- 
cated in Fig. 1, liver tissue was fixed in buffered 2 per 
cent osmium tetroxide using either the technique of 
. Palade* or that of Millonig?. Following embedding of the 
_ » tissue in ‘Araldite’ or ‘Epon 812’ ultra-thin sections were 
prepared on a Porter-Blum (MT 1) microtome, stained 
with either lead hydroxide? or with lead citrate’, and 
xamined in a Siemens Elmiskop I operated at 80 kV. 
Treatment with CPIB for 14 days gave rise to a marked 
crease in liver-cell organelles showing the morpho- 
ical characteristics of mierobodies!*" (Figs. 2 and 3). 
rmal rat liver many of the microbodies contain an 
Wy of tubular elements that form a ‘nucleoid’ or 
yat, In liver cells from treated rats, the microbody- 
ructures were mostly without cores, indicating that 
B had caused the formation of an incomplete and 




















ing CPIB treatment was found to 
nm in normal liver (mean 
mbrane and the appear- 


not visually 


The increased formation of ‘microbodies’ appeared to 
be a very rapid process since these organelles were much. 
more numerous 24 h after the first dose of CPIB. The. 
accumulating “microbodies’, some of them in clusters, 
were distributed throughout the cytoplasm. There was 
no obvious association with other cytoplasmic con- 
stituents except that, in part, the ‘microbody’ mem- 
branes were connected to the smooth-surfaced endoplasmic | 
reticulum by means of short, hook-like or finger-like 
extensions’. CPIB treatment caused no increase in 
‘multivesicular bodies’, that is, particulate structures: 
which have been considered to develop into microbodies. 
By contrast, elements of the smooth-surfaced endoplasmic. 
reticulum proliferated in response to the first dose of. 
CPIB. ; 

Despite the fact that the liver weight returned to 
normal values following the withdrawal of CPIB (Fig. 1), 
there was still an increased number of micrebodies present 
14 days after the cessation of treatment. The microbodies — 
appeared to be broken down in part by the mechanism. 
proposed by Novikoff and Shin'* which leads to the. 
formation of ‘autophagic vacuoles’. In contrast to the: 
slow removal of microbodies, the CPIB-induced pro- 


CPIB (500 mg/kg/day) 





Liver wt. (g/100 g body-wt.) 





pertrophy produced by oral administration of OPEB. 


Fig hypertropi 
C S Bach point represents the mean of values for 2 male rats 
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Figs. 2and 3. Electron Sg ge a of com 

norma! liver cell (Fig. 2) and of liver fi ng treatment with 500 

mg/kg/day of CPIB for 10 days (Fig. 3). Microbody-like structures 
(arrows) are increased in number 


le cytoplasmic areas of 


liferation of smooth-surfaced endoplasmic reticulum 
regressed rapidly after treatment was discontinued. 

Biochemical changes occurring during treatment were 
examined in liver tissue from male rats following daily 
oral treatment with 300 mg/kg CPIB for 7 days. A mean 
29-3 per cent increase in relative liver weight (P < 0-01) 
was obtained and this effect was unaccompanied by sig- 
nificant alterations in liver content of total lipid, phospho- 
lipid, and total cholesterol relative to the wet weight of 
tissue. A decrease in relative cholesterol content (mean 
33 per cent) was attained in a separate experiment after 
4 weeks of treatment with the same dose. In principle, 
these findings agree with earlier reports***. 

Since the protein content per g of liver was the samo 
in treated animals as in the controls (Table 1), it could 
be assumed that the increase in the number of micro- 
bodies had in part contributed to the actual rise in total 
liver protein. These organelles have been shown to 
contain the bulk of hepatic catalase, urate oxidase and 
D-amino-acid oxidase activity'®. In order to follow up, by 


Table 1. 


f 













Protein mg/g wet wt. Catalase | 
1190+ 86 (10 8-20 + 1-55 (6) 
127-8 + 14-4 (20 10-46 + 2-78 (15) 

P<0-05 


; OE paon Na npr omen ta is expressed as 

Rag teeth sclera Of reduced eveocome o ox ME. 
ee al. (re Soy d rnc +S.D. and no. peng (in: ets) are given; significance of diff PCB) is ascertained by t-test., CPIB was 
daily by gavage at a dose of 300 mg/kg for 7 da ys. i 
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Urste oxidase | 


05°12 + 40-7 (8) j 0:313 + 0°13 (5) | 0'86 + 0-058 l 
40°39 + 32-2 (19) 1-95 + 0-42 (7) 1 wie ay 
P<002 ><0001 | 
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means of enzymatic parameters, changes in the population 
of cellular organelles we observed in the electron miero- 
scope, catalase’, urate oxidase’, and cytochrome oxidase 
were assayed in |: 10 (w/v) liver homogenates prepared 
at 0° in 025 M suerese containing tris(hydroxymethy!) 
aminomethane 0°05 M pH 7-4 and 6 per cent ‘Ficoll’ 
(mol. wt. 400,000; Pharmacia, Uppsala). Mitochondrial 
glycerol-l-phosphate dehydrogenase (GPD) activity was 
determined in homogenates from the same livers'’. The 
results (Table 1) demonstrate an increase in specific 
activity of the mitochondrial enzymes cytochrome 
oxidase and GPD, which was accompanied by a decrease 
in urate oxidase activity and a small but significant 
increase in catalase specific activity. Owing to the 
increase in liver weigat, the decrease in urate oxidase 
activity possibly reflects dilution. This appeared to be 
related to the accumulation of microbodies deficient in 
crystalloid cores whick were seen in the electron micro- 
graphs of livers following treatment with CPIB. The 
cores have been tentatively identified as bearers of urate 
oxidase*?+15, 

An attempt was made to separate microbody-like par- 
ticles from mitochond-ia (obtained at 480,000g min) by 
density equilibration centrifugation in ‘Ficoll’ density 
gradients (mixed frora two stock concentrations, each 
containing ‘Ficoll’ in a mixture of isotonic suerose : tris 
buffer pH 7-4 = 2:1) Particles from normal liver were 
fractionated at densities ranging from 1:1728 g/ml. to 
1-1890 g/ml. This resulted in the resolution of catalase 
and urate oxidase actwity in two peaks. By contrast, a 
gradient of lower density (1-1643-1-1748) had to be used 
to separate liver partizles following CPIB treatment. A 
considerable overlap of all the cytoplasmic particles was 
observed in these preparations and no clear separation was 
achieved. This different behaviour of particles from 
normal and CPIB-trested livers might depend on some 
structural alteration caused by the treatment. That this 
may be the case was also suggested by a tendency for 
catalase to be released into the post-mitochondrial super- 
natant of preparations from treated liver. Catalase 
activity has been associated with the structureless ‘sap’ 
of mierobody-like parvicles 5. After centrifugation of 
the particulate fractiors in the fris-sucrose-‘Ficoll’ medium 
at 1-28 x 10°g min tie supernatant fraction contained 
36 per cent of the totel catalase activity of normal liver, 
but 69 per cent of recoverable activity in the case of 
liver from CPIB-treated animals. 

It is not readily apparent whether, in the rat, the 
hepatic enlargement «associated with accumulation of 
microbody-like organelles has any relationship to the 
hypolipidaemic effect ef CPIB. The physiological role of 
these particles remains virtually unknown”. 

The inhibitory effect of CPIB on cholesterol synthesis 
in vivo* might rather be explained by the changes we 
have observed to occur in the endoplasmic reticulum. 
Stimulation of microsomal systems is a property of a 
number of cholesterol synthesis inhibitors*’. According 
to Thorp”, CPIB may act by raising the relative concen- 
tration of thyroxine ia the liver. The increase in mito- 
chondrial activity, particularly of GPD, observed in the 
present experiments, ems to fit in with this assumption. 
It has been shown??? that, at the tissue-level, both 
endogenous and exogenous thyroid hormone is capable of 
selectively stimulatingamitochondrial GPD activity. Both 


Errecr oF CPIB ON LIVER ENZYME ACTIVITIES OF RATS 


Cytochrome oxidase | 






follows: catalase, umoles of Hse decomp. facc.: ura te oxidase, mumoles of urle 
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the latter effect and the hepatomegaly (including the 
accumulation of microbodies) produced by CPIB may be 
attributed to altered co-factor availability since, in pre- 
liminary experiments, the hepatic effects of this dr ug 
eould be inhibited by simultaneous treatment with the 
ATP-trapping agent ethionine? (14 x 250 mg/kg/day) 
but were not affected by puromycin (8 x 3 mg/kg/day) or 
actinomycin D (1 mg/kg/day). (The latter substance was 
kindly eres by Merck, Sharp and Dohme, Inter- 
national.) 
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A LOCALIZED HAEMOLYSIS IN GEL METHOD FOR THE DETECTION OF 
CELLS PRODUCING 7S ANTIBODY 


Detection of Cells producing 7S Antibodies 
by the Plaque Technique 


á Ren kinetics of the appearance of antibody-forming 

cells after the injection of sheep red blood cell (sheep- 
RBC) antigen have been studied by the plaque tech- 
nique**. ‘Lhe number of plaque-forming cells before 
immunization is about 60 per 10° lymphoid cells; but 
after immunization the number rises to a maximum 
between the 4th and 5th day of about 30,000 in 10° 
lymphoid cells. After the 5th day there is a rapid decline 
in the number of plaques so that on the 13th day there 
are only 2,000 per 10° lymphoid cells. The kinetics of 
serum haemolytic antibody appearance are consistent 
with its production by plaque-forming cells. In contrast 
to this, serum haemagglutinating antibody does not reach 
a maximum until the 10th day post-immunization and 
afterwards persists considerably longer than haemolytic 
antibody. The differences between haemagglutinins 
and haemolysins could be related either to antibodies 
directed against different antigenic specificities on the 
erythrocyte or to the heterogeneity of antibodies directed 
against identical specificities, or both. 

It has been found that the antigenic determinants 
evoking haemolysins can be dissociated from those 
evoking haemagglutinins’. When sheep-RBC were 
treated with 0-5 per cent or 1 per cent formalin for a few 
days they lost the capacity to induce haemolysin formation 
but retained unchanged their capacity to induce haemag- 
glutinins. It follows that the haemolysins and haemag- 
glutinins were directed against different antigenic groups. 

In further experiments we have examined the plaque- 
forming ability of 198 and 7S producing cells. 198 
antibodies are known to be much more effective in inducing 
haemolysis than the 78 antibody’. However, Riba 
found that he could increase the haemolytic activity of 
TS antibodies by the addition of an antiserum specific 
-> for the 78 antibodies’. 
<. In the experiments described here we used this principle 


ak 4 in combination with the plaque technique to detect the 


production of 7S antibodies by individual cells. We 
have used the plaque technique previously described®’. 
Cells isolated from the spleen or lymph nodes were washed 
three times and suspended to the required concentration 
in Parker 199 solution with 0-5 per cent human serum 
albumin (HSA) and brought to 42° C. One part of the 
lymphoid cell suspension was added to two parts of agarose 
solution containing washed sheep-RBC (3 parts l per 
cent agarose with | part 6 per cent sheep-RBC; in Parker 
199/HSA) which was also at 42° C. The mixture of cells, 


sheep-RBC and agarose was pipetted dropwise from a 
height of about 60 cm into a Petri dish or on to a slide. 
This resulted in the drop forming a flattened spot with a 
diameter of 18 mm. The spots were allowed to harden and 
were then incubated at 37° C in a humid atmosphere with 
5 per cent carbon dioxide for 6-20 h. After the incubation 
the individual ‘spots’ were overlaid with the anti-yG serum. 
This antiserum was prepared by immunization of a 
different species with the yG from the species the plaque- 
forming cells of which were to be examined. The anti- 
serum was allowed to remain on the agarose spots for 1-h 
at 4° C and was then washed off with veronal buffer*. 
Finally, guinea-pig complement (20 units/ml.) previously 
absorbed with sheep-RBC was added. The anti-yG 
serum was equally effective when incorporated into the 
agarose solution at the start of the procedure, and for 
routine work this procedure is recommended. 

The number of plaques formed varied greatly with the 
concentration of anti-yG serum (Table 1). There was an 
optimal concentration for maximal development of 
plaques; higher concentration resulted in inhibition. 
Plaque formation by 19S-producing cells was also inhibited 
at high concentrations, presumably because of the presence 
antibodies directed to the L cham, which are common 

7S and 19S molecules. 

"ta order to study the morphology of individual cells 
forming 78 and 19S antibodies, the following method was 
used. The medium with cells and sheep-RBC was 
incubated without anti-yG and developed with comple- 
ment. The plaques thus formed (mainly 19S) were then 
marked and the complement washed off; the anti-yG was 
then added and followed by a second incubation with 
complement. 

The kinetics of the appearance of antibody cells detected 
with and without added anti-yG are shown in Fig. 1. On 
the 5th day after immunization with sheep-RBC the 
number of cells detected after the addition of anti-yG 


Table L. INFLUENCE OF ANTI-yG SERUM ON THE NUMBER OF ANTIBODY- 


FORMING CELLS 


Complement Anti-yG serum + complement 

only 1:5 1:50 1:100 
Rabbits (secondary * 23,000 7 121,000 ~—— (a) 
reaction) 6,000 660 75,000 ~~ {a) 
5,508 o 40,000 39,060 (5). 
Piglets (secondary t ba 
reaction) 2,640 -l 21,600 — (a). 
Mice 10 days after as 
primary stimulus ¢ 4,160 ~— 15,330 ~ {b} 


(a) Antiserum added into gel medium. 

(b} Antiserum overlays drops after incubation. 
* Pig antiserum. to rabbit yG. 

+ Rabbit antiserum to pig yG. 

+ Rabbit antiserum to mouse yG. 











greater than the number seen on the addition of 
lement alone. On the 10th day only 27 per cent 
e total plaque-forming cells are detected by comple- 
alone. By the 14th day 92 per cent of the plaques 
detected only if the anti-yG is added. The serum 
haemolysin titres of these mice are also shown in Fig. 1. 
The peak of haemolytic antibody detected by complement 
alone is reached within 5 days and falls after the 10th day. 
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Fig. 1, 
cells in mice. Top, black, percentage of cels detected by complement 
_ only; white, perosntage of celle detected by anti-yG serum and comple- 
ment, Graphs, No. of cells detected by: W--W. complement only; 
W- anti- y-G serum and complement. Titres of serum haemolytic 
antibodies detected by: @-—-@, complement: @ --- @, anti-yG serum 
and complement 
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2-mercaptoethanol. By the same technique it yv 
that serum from mice 14 days after immuniza 
tained predominantly 7S antibody, which was rei 
to treatment with 2-mercaptoethanol. However, it 
be borne in mind that changes in serum antibody 
appear later than chanzes observed at the cellular level.” 
We conclude that the addition of anti-yG increases 
the detection by the gel-technique of 7S antibody-pro- 
ducing cells. This enables us to follow quantitative 
changes in cells producing 198 or 7S antibody. 
J. ŠTERZL 
I. Rina 
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Czechoslovak Acaderny of Science, 
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Use of an Antiglobulin Serum to detect Cells 
producing Antibedy with Low Haemolytic 
Efficiency 


Tue microdroplet aad immunofluorescent techniques 
have been used extensively for the study of antibody 
production by single eells'. Recently, a third method 
has been established which uses a semi-solid supporting 
medium in which antibody-producing cells have been 
incorporated. The basis of this localized haemolysis 
in gel (LHG) technique is to set up a mixed suspension 
of sheep-RBC and dissociated lymphoid cells from an 
animal previously immunized against sheep-RBC. Antie 
body (haemolysin) diffuses from some of the lymphoid -. 
cells and binds to the s1eep-RBC in the medium; comple- 
ment is added and small areas of haemolysis (plaques) 
develop around these ymphoid cells. 

It appears, although it has not formally been proved, 
that the LHG technique is limited to the detection of 
yM antibody*. This ecnclusion is based on the observa- 
tion of a parallel rise and fall of both serum haemolytic 
activity, mainly due to macroglobulin antibody, and 
plaque-forming ability It is also consistent with the 
knowledge that 19S antibody is far more efficient than 
7S in effecting compkment-dependent lysis of sheep- 
RBC?*. O Sade 

This article reports the details of a method devised to = 
adapt the LHG methoc for the detection of cells forming 
antibody with low haemolytic efficiency. Mouse anti- 
body to sheep-RBC, produced by lymphoid cells suspended 
in agarose, is allowed to react with the sheep-RBC in the- 
medium; a rabbit anti#mouse immunoglobulin serum is 
then allowed to react with the complex; finally, comple- 
ment is added and in zenes around certain lymphoid cells 
the sheep-RBCs lyse, forming plaques visible to the naked 
eye. This is illustratec diagrammatically in Fig. 1. 

An antiserum agaimst mouse immunoglobulin was 
raised in Himalayan rabbits, which were immunized with 
a preparation of a normal mouse yG in Freund’s adjuvant, 
followed by intravenoas boosters of the mouse yG in 
saline. The yG was prepared from ascites fluid of CBA 
mice carrying a C3H plasma cell tumour (No. 5563) as 
an ascites. It was sepacated from yG myeloma and other 
serum proteins on a DEAE-cellulose column’. Control 
sera (NRS) were obtained from Himalayan rabbits. 
Fresh guinea-pig serum was used as a source of comple- 
ment. All sera used were absorbed with sheep-RBC and 
in addition the rabbit sera were heated at 56° C for 40 


560 


min to destroy complement. The donors (CBA mice) 
of the lymphoid cells, in this case spleen cells, were 
immunized by a single intraperitoneal injection of 0-5 ml. 
of a 20 per cent suspension of sheep-RBC (2 x 10° cells) 
in Gey’s solution. The technique was as follows: 

(1) Disposable polystyrene Petri dishes, 9 
diameter, were used in these experiments. 

(2) 10 ml. of 1-2 per cent (w/v) agarose (L’Industrie 
Biologique Frangaise) in Dulbecco’s phosphate buffered 
saline were added to each Petri dish and allowed to set 
on a level surface; these plates could be stored for up to 
24h at 2° C. All agarose solutions were made by melting 
the powder in 1/5 the final volume and then adding the 
rest of the buffer, suitably warmed. This was done 
because the smaller volume is more easily managed, 
thus helping to prevent loss of material due to boiling 
over. The prepared plates were warmed to 37° C immedi- 
ately before addition of the medium containing the cells. 

(3) Lymphoid (spleen) cells were suspended in Gey’s 
solution with a very loose-fitting glass homogenizer. 
Cell suspensions were poured through a 150u hole stainless- 
steel wire mesh and the volume adjusted to give 10 x 
10° viable cells per ml. Cell counts were made by phase 
contrast microscopy and estimates of viability were made 
by counting the number of cells which excluded eosin. 
More than 100 x 10° cells per spleen were always obtained 
and of these more than 75 per cent were scored as viable. 

(4) Sheep-RBC in Alsever’s solution (Burroughs Well- 
come and Co.) were washed three times with Gey's 
solution (5-min centrifugation at relative centrifugal 
force of 800g) and then made up to a 20 per cent suspen- 
sion in Gey’'s solution. 

(5) For each plate, 2 ml. of 0-6 per cent agarose in 
Gey's solution were pipetted into a 1-3 x 10 em test- 
tube held in a rack in a water bath at 47° C. 

(6) A tube was removed from the bath, the outside 
dried and 0-1 ml. of the 20 per cent sheep-RBC suspension 
rapidly pipetted into it. The contents were mixed and 
1 ml. (1 x 10° cells) of the lymphoid cell suspension 
added. The contents were mixed again and poured into 
the prepared Petri dish. This top layer was spread by a 
swirling motion and allowed to set on a level surface. 

(7) Plates were incubated for 1 h at 37° C in a moist 
atmosphere of 5 per cent carbon dioxide and 95 per cent 
air. 


em in 





Fig. 1. 
The large circles represent mouse lymphoid toposu) cells producing no 


A diagram to illustrate the theoretical basis of the technique. 


antibody, yM type antibody or yG type anti y. The small circles 

represent p- which was the antigen and indicator cell used in 

these experiments. The broad and narrow bars represent yM and yG 

antibody molecules respectively, both directed against s ep- RBC. 

The bent bars (bottom centre) represent rabbit antibody molecules 
specific for mouse yG globulins 


NATURE 


November 27, 1965 


VoL. 208 








Fig. 2. This figure shows the difference between a control plate (16 

plaques) and a plate treated with 1/10 rabbit anti-mouse immunoglobulin 

serum (548 plaques). The mouse spleen cells used in both these plates 
were obtained 14 days after immunization with sheep-RBC 


(8) 2 ml. of a stated dilution of the rabbit anti-mouse 
immunoglobulin serum were carefully pipetted on to the 
surface of the plate and gently spread. 2 ml. of normal 
rabbit scrum at the same dilution were used in control 
experiments. Further control experiments were carried 
out without the addition of either antiserum or normal 
serum (see top line of Table 1). The plates were incubated 
for 1 h at 37° C. 

(9) The added rabbit serum was then poured off. 
| ml. of a 10 per cent solution of fresh guinea-pig serum 
in Gey’s solution was added to each plate as a source of 
complement. The plates were incubated for 30 min at 
37° Q; 

(10) The complement was poured off, the plates in- 
verted and the plaques counted with dark-field illumina- 
tion with the aid of a slight magnification. This could 
be done immediately or after the plates had been stored 
for up to 24h at 2° C. 

Table 1 shows the effect on the development of the 
plaques of adding either rabbit anti-mouse immunoglobu- 
lin or normal rabbit serum. In each case the number of 
plaques seen are expressed as a factor of the number of 
plaques which developed in untreated control plates 
(see top line of Table 1). At 2 and 4 days after immuniza- 
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unimarizes the results of experiments designed to show the effect 
rabbit serum (NRS) and rabbit anti-mouse yG on the number of 
eveloping in vitro at different times post-immunization of the spleen 
















cell donora 
Days post-immunization of spleen cell donors 

Dilution 2 4 7 11 37 
Control 17 (2)* 688 (8) 199 (3) 62 (2) 9 (2) 
1/10 ozet 0:45 1-03 0-78 0-75 
1/30 0°58 0-76 0-95 1°37 1-00 
1/30 0-60 0-88 1-64 1-10 1:25 
1/270 0-70 O30 089 1:47 1:00 
1810 O80 O98 0-94 1:45 1:50 
mies 1/2,480 O84 35 083 0-82 1:25 
bhit anti-mouse 1/10 0-8 1-26 232 11-45 10:40 
munoglobulin . 1/30 O82 056 3687 1172 10-80 
rum. 1/90 O51 O66 280 13:10 11-00 
ee 1/270 (7 39 231 8-79 8-00 
1/810 0-66 083 1-38 2-51 4:00 
1/2,480 083 0-99 1-06 1-39 2-50 


Bach result is based on two plates from each a two Tonor mie patesj 
and the figure given is a factor = q- of plagues with added serum 


No. of plaques on untreated pilates” 
E ‘tor of 0-08 shows a very marked inhibition of plaques; a factor of 13-02 
- shows a great increase of plaques, compared with controls. 











ion of the lymphoid cell donors the addition of either 
{RS or antiserum depressed the number of plaques 
: formed. At 7 days, NRS neither suppressed nor increased 
-plaque development, but the plates treated with the 
antiserum at a 1/30 dilution showed a greater than 
three-fold increase in number of plaques. Eleven days 
after immunization there was only a slight increase in 
-the number of plaques seen with NRS treatment but a 

very large increase with the addition of the antiserum; 
the optimum antiserum dilution was about 1/90. At 
87. days post-immunization there was still a distinct 
-difference between NRS and the antiserum, the latter 
giving at least ten times more plaques than the NRS 
with both sera at a dilution of 1/30. The effect of adding 
antiserum is shown in Fig. 2. 

We believe that the plaques which appeared when 
the plates were treated with antiserum were due to anti- 
body with low haemolytic activity, such as yG antibody. 
We. base this argument on the following observations: 
(ay the maximum number of these plaques occurred when 
¥M(198) antibody was past its peak level; (b) antiserum 
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had opposite effects or. the development of place 
soon after immunization and those formed lat 
suggests that different types of antibody and/or cel 
being affected; (c) the antiserum was primarily | 
and was probably acting by virtue of its specifie ar 
activity. The antisemum used reacted strongly wit 
F picce (piece III) o a papain digest of a yG myeloma. 
(plasma cell tumour No. 5563), but had only a minimal - 
reaction with the S pice (pieces I and H) which contains — 
the antigenic determinants common to all the Imm pre es 8 
globulins®. It is unlikely that the antiserum deve 
plaques solely because of its low reactivity with con 
determinants. If the serum action did depend on 
body activity against common determinants it wo 
difficult to understanc. how the same serum couid de 
the number of visible plaques at 2 and 4 days post-imm 
ization and yet increase the number of visible pl 
at later times. It therefore seems unlikely tha 
antisorum acts by damaging yM-containing cells 
would otherwise not release their antibody. Hov 
until more specific antisera are used it will be impo 
to know the relative contributions of the cells produci 
different classes of imanunoglobulins. eo : 
We thank Drs. R. B. Tayior and D. R. Bainbridge for” 
suggestions, and Mise Doreen Cross for assistance. Qne cti 
of us (H. H. W.) was sapported by an Arthritis Foundation: 
(U.S.A.) post-doctoral fellowship. ae 
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A NEW MODEL FOR VIRUS RIBONUCLEIC ACID REPLICATION 
By Dr. F. BROWN and Da. $. J. MARTIN 


Animal Virus Research Institute, Pirbright, Woking, Surrey 


 CUBSTANTIAL evidence now exists to support the 
KJ initial observations of Montagnier and Sanders* that 
othe multiplication of virus RNA proceeds via a replicating 
- form. This form is readily differentiated from the RNA 
which is present in the complete virus particles by its 
“-eonsiderably slower rate of sedimentation in sucrose, 
-Jewer buoyant density in caesium sulphate and resistance 
j degradation by ribonuclease. It has been postulated 
that this replicating form permits the preferential syn- 
thesis of new virus RNA (corresponding to the plus 
“<strand) on a primer (minus strand) which is initially 
“-goded for by the ingoing virus RNA. This replicating 
<form is envisaged as containing a double-stranded region 
_ as well as a number of single-stranded tails, corresponding 
< to partially formed plus strands (Fig. la)*-*. Such a 
molecule would possess a lower buoyant density than 
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ficant infectivity. Unless the minus strand is infee 
which is extremely unlikely, the infectivity mv 
contained in the plus strand. In the model whic 






















| Ingoing RNA 
ias Ea 
Double-stranded RNA 
formed 
C Original plus strand is 
| displaced by a new a 8 >” 
plus strand (3o 
7 amg Peal Preferential synthesis 
g - () of plus strands of egual 
length occura (fF) o 
oe e Ribonuelease treatment 
i (b) degrades the ‘tails’ and 
| yields an incomplete 
ae 5 ake ble-strand By 





matic representation. : 


fatic 3 nitation replicating mechaniati of 
rus RICA which is at Wea 


esent accepted 









& 
260 mu 


tn 
Absorbance at 





“On, 
mg 
Ne D n p.e N orgi 


i 2 
| 
t 
} 
i 
t 
1 
i 
{ 
i 
Í 


Counts/100 sec/0-1 ml, x 10 
t 


< 





5 10 15 20 
Fraction No. 
Fig. 2. Sedimentation in sucrose gradients (5-25 per cent sucrose in 
Ul M acetate, pH 5-0) of ‘Sephadex @-200’ filtered RNA from actino- 
mycin D treated BHE cells, 4 h after infection with FMD virus. (A), 
Total RNA; (B), fraction 2 from first sedimentation recycled in a second 
gradient; (C), recycled fraction 4; (D), recycled fraction 6. The RNA 
was centrifuged for 16 h at 20,000 r.p.m. in an SW 25 rotor in a Spinco 
ultracentrifuge at 4°. Unlabeled EHK cell RNA was added to each 
sample before centrifuging to serve as an internal marker 


“present favoured, the plus strand of the ribonuclease-resis- 
tant RNA would not be an intact virus RNA strand but a 
collection of RNA molecules, each shorter in length than 
the virus RNA. All the evidence so far accumulated in a 

“number of laboratories has shown that the intact virus 


_ RNA molecule is required for infectivity?®. Secondly, the 


~ ribonuclease-resistant RNA in the model shown in Fig. 1b 
is a double-stranded molecule which has gaps between 
adjoining segments of the residual plus strands. It is 
questionable whether such a molecule would be stable to 
relatively high concentrations of ribonuclease, for example, 
50 ug/ml’. 

A model for the replicating form which accounts for 
these experimental findings should contain a complete 
double strand as the ribonuclease-resistant part of the 
structure. Additional experimental evidence which we 
have derived from an examination of the RNA molecules 
synthesized in baby hamster kidney cells infected with 
_ foot-and-mouth disease virus supports this supposition 
- and has led us to propose a new hypothesis for virus RNA 
replication. Our hypothesis is based on a cyclic mechanism 
similar to that which is thought to be involved in the 
replication of DNA phages. 

In a previous report from this laboratory, Brown and 
Cartwright® demonstrated that three peaks of 3?P-labelled 
RNA were formed in the presence of actinomycin D 
during foot-and-mouth disease virus replication in baby 
hamster kidney cells. These fractions were separated by 
 suerose-gradient sedimentation and have approximate 
sedimentation coefficients of 378, 20S and 168 (peaks A, 

and. Ç, Fig, 24). 000 2 Be ee re 
_ This. work has now be ended to a more detailed 
investigation of the individual fractions obtained from 
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Table 1. Bask COMPOSITION OF FOOT-AND-MOUTH DISEASE VIRUS RNA- 

Individual fractions from gradients were precipitated with 1 mg yeast RNA 

and hydrolysed in 0-3 N potassium hydroxide for 18 h at 37°. The 73- 

nucleotides were separated by paper electrophoresia at pH 3-5 in sodium 

citrate buffer. The distribution of phosphorur-32 in the ultra-violet absorb- 
ing regions was determined after elution 


Fraction No. Base Spee en aay 100 counts) 


A € 

ł 264 21-8 23-3 28-3 

2 26°7 217 284 28-2 

3 250 22-0 242 27-9 

4 26-9 21-3 23-0 28°38 

& 26°7 217 23-7 27-9 

(i 26-2 21-9 23-9 28-0 

7 26°2 22-2 24:3 27:3 

& 269 21°7 23-2 28-2 

g 26-2 21:9 23-7 28-2 

10 26°8 21-4 23-6 20-2 

il 26-0 21-9 23-3 28-8 

12 255 217 23°6 29-2 

i3 24-8 22-1 24-5 28:6 

14 24°5 23°1 243 28-1 

15 25-4 22-8 23:7 28-1 

Purified virus RNA 26-0 21:8 24-1 27°8 
RNase-resistant RNA 23°8 24-2 256 26-4 
Calculated duplex 24-0 24-0 26-0 26-0 


sucrose gradients. For the determination of the base: 
composition, aliquots of each fraction were precipitated. 
with 2 volumes of ethanol at — 20° following addition 
of purified yeast RNA. The precipitates were then 

hydrolysed in 0:3 N potassium hydroxide and the. 
distribution of radioactivity in the 2’-3’-nucleotides was 
determined. Aliquots of individual fractions were pre- 
cipitated with ethanol in the presence of unlabelled baby: 
hamster kidney cell RNA, which was added to serve as an 

internal marker, and then recentrifuged in a second sucrose 
gradient. The results in Table 1 show that the RNA 
sedimenting in fractions 1-15 of virus-induced RNA has 
the same base composition as RNA extracted from purified 
virust®n, Recycling of the individual fractions showed, 
however, that peak A was not homogeneous but consisted 
of a spectrum of fractions which differed in their sedi- 
mentation coefficients (Fig. 2B, C, D). In contrast, dif- 
ferent fractions of the RNA from purified radioactive 
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Fig. 3, Sedimentation in sucrose gradients of RNA from purified “P- 
labelled FMD virus, (A), Total RNA; (B), fraction 3 from first sedimen- 
tation reeye second gradient; (C), recycled fraction 5; (D), recycled 
fraction 6. “Unlabelled BHE cell RNA was added to each sample before 
centrifuging to serve as an internal marker 
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ined in. a similar way by sedimentation in a 
gradient had the same sedimentation coefficient 
. The spectrum of sedimentation values present in 
nduced RNA has therefore been interpreted as 
due to molecules of different chain-lengths. It is 
sidered unlikely that these differences in sedimentation 
aes, which are not found in RNA from purified virus 
ited by the same procedure, are due to the presence of 
ifferent stable configurations. The results in Figs. 2 
d 3 also reveal that peak A from virus-infected cells 
diments more quickly than the RNA isolated from 
jurified virus. This suggests that the RNA isolated from 
virus-infected cells contains some molecules which are 
“larger than those which are incorporated into the virus 
particles. These molecules, as shown in Table 1, have 
me base composition as virus RNA. Molecules of a 
th greater than that of virus RNA could not be formed 
on the basis of the displacement mechanism shown in 
‘ig. 1. The maximum length that could be obtained by 
his mechanism would be the same as that of the primer 
A. 
~ We have also examined the structure of the ribonuclease- 
~ resistant RNA obtained by two successive centrifugations 
in sucrose gradients of virus-induced RNA which had been 
treated with 0-01 ug RNase/ml. This has a base com- 
position which is in agreement with its being a duplex 
-structure consisting of a plus and a minus strand (Table 1). 
Heating this molecule at various temperatures up to 
110° C for 5 min, followed by rapid cooling, has failed to 
produce any molecules sedimenting at the same position 
as virus RNA (peak A, Fig. 3). A typical result is shown 
cin Fig. 4, which indicates that both heated and unheated 
RNA sediment in approximately the same position. 
= Nevertheless, after heating at 110° C the ribonuclease- 
resistant RNA is degraded by the enzyme. Single-stranded 
RNA isolated from purified virus also sedimented to the 
same position as the ribonuclease-resistant RNA after 
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Fig. 5. Diagrammatie representation of the proposed mocel for virus 
RNA replication eo, 





heating under these conditions (Fig. 4C). Apparently, 
heating single-stranded virus RNA in this manner produces 
structural or configurational changes in the molecule 
which are sufficient to greatly reduce its sedimentation, 
coefficient. The faet that heating the ribonuclease- 
resistant RNA at 11€ C did not produce any molecules 
with sedimentation coefficients smaller than that of heated 
virus RNA has been taken as evidence for the absence of 
a double-stranded structure in which the plus strand. is 
composed of segmente (cf. Fig. 1b). l 

All the evidence at »resent available leads us to proposo: 

a replicating form which will release an intact double” 
strand on ribonuclease treatment and also permit the 
synthesis of molecides with different chain-lengths. = — 
Neither of these reguirements can be met with the 
displacement mechanism at present held. It is postulated — 

that the ingoing viras RNA (plus strand) codes for a 
complementary minus strand (Fig. 5). This minus strand 

takes up the configuretion of a cirele, or is synthesized as 

a cyclic structure. The RNA polymerase which produces 

the new plus strands «an rotate around this cyclic primer 
producing a long chain of plus strand, which is repetitive — 
in sequence. This lorg chain is then broken down by an. | 
enzyme into segments of approximately the correct length 
for viral RNA. Moleeules of shorter length may function 
as specific messenger RNAs for the synthesis of virus 
coat protein. This may be the function of the molecules 
present in peak B of the virus-induced RNA. Only those | 
moleeules of the correct length are finally incorporated — 
into virus. 

This cyclic replicating form is consistent with the 
evidence available at present. On ribonuclease treatment 
the side chain will be removed and the ring probably 
opened at the growing point to yield a complete double 
strand. The hypothesis also explains the presence of 
virus-like RNA in varus-infeected cells that has longer 
chain-lengths than the RNA extracted from purified virus. 
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CYTOPLASMIC ORGANELLES AND CELL GROWTH IN ROOT CAPS 
By Dr. B. E. JUNIPER and Dr. F. A. L. CLOWES 


Botany School, University of Oxford 





PNELLS are the products of expansion and division of 
XA other cells, and so mechanisms must exist for the 
division or the production de novo of cytoplasmic organelles 

- to compensate for increase in the size and the number of 
cells. There are many references to possible mechanisms 
for the duplication or origin of cytoplasmic organelles, but 
no direct visual study has been carried out on their 

numbers in relation to cell growth and development of a 
omogoneous plant tissue. 

e have chosen the cells of the root cap for the investi- 

1-recorded here because they lack large vacuoles, 

his makes it easier to produce good estimates of the 
bers. of cytoplasmic organelles. The cells at the 
eriphery of the cap contain small vacuoles, but they do 
ot possess the single large vacuoles of other kinds of dif- 
rentiated plant cells. In Zea mays, and the Gramineae 
generally, the cap is clearly demarcated from the rest of 

Coo the root by a thick cell wall which we shall call the cap 
¿o junction. In Zea the moristomatic cells of the root cap, 

those nearest to the cap junction, cut off cells distally, 
approximately once every 12 h, and are the most rapidly 
dividing cells of the root. Meristematie activity ceases 
within 100y of the cap junetion, and the cells expand 
from this point onwards, only ceasing to do so at the 
‘periphery where they are sloughed off. Along the axis of 
the cap in the primary roots of Zea there are approximately 

_ sixteen cells in this developmental sequence from initiation 
to detachment; the length of the root cap is about 450u 
and the overall increase in cell size is fifteen-fold. We shall 
-eonsider only a column of non-vacuolate cells, extending 
from the distal side of the cap junction to a region one or 
-two cells proximal to the very tip of the root. Median 
longitudinal sections through this zone have provided the 
material for the counts of organelles. The organelles that 
have been counted and measured are the mitochondria, 
the Golgi bodies, the plastids and the endoplasmic reticu- 
tum (ER). The first three have been counted and measured 
and the area of the ER has been calculated from the length 
of the profiles in the sections. 

The techniques for embedding, sectioning and photo- 
- graphing large sections of plant tissue have already been 

eribed?, Complete mosaies of the eap tissue cor- 
sponding to a region about 4002 long by 100u wide 
have been assembled. Such an area of a median section 
includes practically all of the cells of the cap that are 
non-vacuolate. The cap junction has been used as a base 
line and quadrats corresponding to 1,500u? of tissue 
have been marked off successively until the tip of the cap 
is reached. The numbers of organelles and length of ER 
chave then been counted within each quadrat. We have 
assumed that the sections were a constant 50 mu thick 
iat the depth of focus of the microscope was greater 
bhis.. Allowances have been made for the variation 
ize of the organelles by calculating the numbers of 
occupied by organelles of average dimensions at 
rel along the cap. The results have been expressed 
mo a per unit volume of cytoplasm basis after 
~ making a correction for the volumes of nuclei and secondly 
on a per coll basis using average cell dimensions at a range 
of levels in caps of similar size to-estimate cell volumes and 
eytoplast volumes. The amount of ER is given as an area, 
on the assumption that each profilè seen in the electron 
micrographs is a section through -a sheet of ER as wide as 

‘the thickness of the section. 
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The most striking feature of the quantities per cell is. 
the difference between the numbers of tho plastids on the ` 
one hand and the mitochondria, Golgi bodies and ER on. 
the other. The number of plastids per cell varies very > 
little, about three-fold, whereas the numbers or quantity 
of the other three components are more nearly constant per — 
unit volume and therefore vary about 15-fold on a per cell ` 
basis. This means that the production of most, if not all, of- 
the plastids probably takes place in the dividing cells, 
although growth of each individual plastid continues ino 
the enlarging cells. On the other hand, the division or- 
production of the other components takes place not only | 
in the dividing cells but also in all the cells of the root cap. 
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Fig. 1. Average numbers of organelles and areas of endoplasmic retieu- o: 

lum per unit volume of cytoplasm (log scale) at various levels along the 0» 

length of the root cap of Zea mays. Levels near the cap junction include: > 

the meristematic cap initials and those beyond 4004 are the peripheral 
cells at the tip of the root 
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Ithough the numbers or amount of the components 
‘than the plastids increase as coll expansion proceeds, 
o not all appear to keep pace with the increase in 
lume. Only the ER maintains its lovel per unit 
ne, whereas both the mitochondria and the Golgi 
es fall in numbers per unit volume during the early 
se of cell growth to approximately half the quantity 
found in the meristematic cells. In both, however, the 
~ total per unit volumo in the peripheral cells is practically 
dentical to the total in the meristematic cells. Our 
erpretation of this fall is that the rates of reproduction 
fhe mitochondria and the Golgi bodies do not quite 
yp pace with cell expansion at first but recover their 
‘inal concentration per unit volume as cell enlargement 
and ceases. 
‘he ER maintains its level per unit volume, or even may 
paso it slightly throughout the changes which each 
undergoes in rates of division and growth. This 
ntrasts with the subjective impression gained from the 
lectron micrographs of sparsity in the meristematic cells 
< and abundance in the peripheral cells. In the meristematic 
. cells the profiles of the ER are short and irregularly 
` dispersed; in the cells from 100-300u from the cap 
junction the profiles of the ER are longer and they are 
“most often distributed parallel to the cell wall and to tho 
-yruelear membrane; in the peripheral colls the profiles 
remain long but form irregular rings and loops with no 
obvious orientation. This feature of the peripheral cells, 
a property of ordinary roots, is sirailar to the dis tribution 
of the ER described by Bouck‘ as a product of centri- 
` fugation. 
The mechanisms of origin and division of cytoplasmic 
components are still subjects for dispute. There is 
evidence, for example, for the de nove origin of the mito- 
chondria®-*.) and of the plastids’. There is, however, 
rather more evidonce for the view that both mitochondria 
and plastids always arise by fission except perhaps 1 
special cells. This evidence comes from electron miero- 
scopy? 915.16 from light microscopy! and from the 
radioactive labelling of mitochondrial structural pre- 
cursors in Neurosporal® ti, In the latter the distributi on of 
_the labelling is consistent with fission rather than de novo 
origin. We have no evidence in this tissue for any method 
other than fission for the origin of mitochondria and 
plastids. Many olectron micrographs show images con- 
sistent with such a process for the plastids in the 
meristematic cells and for the mitochondria in both the 
meristematic and enlarging cells. 

The exact mechanism of the sub-division of the Golgi 
bodies is not known and it may well be that a number of 
systems operate. The number of cisternae of each Golgi 
body in this tissue varies from two to seven and this 
-. suggests that the division of the Golgi could be brought 
_ about by the separation of the cisternae. An alternative 
~ mechanism, proposed by Buvat5 for Golgi division in the 
- Jeaves of Elodea canadensis, and illustrated by convincing 
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micrographs, is the davision of a Golgi body a at. 

to the planes of the cisternae. But we have not 

any images which would be consistent with suck ar 

ism in this tissue. Ife cistornal separation (as oppos 

cisternal sub-divisior) mechanism were to operate, 

multiplication of nes cisternae could follow by somi 

process similar to the formation of multiple membrane 

stacks from the nuclear membrane noted by Barer et al.. 
The origin of the ZR is even more difficult to undor- 

stand. Lindegren!® has suggested that in yeast the ER. 

assembled within theenucleus and fed through the nt 

membrane via an ‘extruder duct’. Barer et al, in at 

tissue, have suggested a mechanism in which ble! 

the nuclear membrare are converted either into f 

cisternae or annuli arxi thence migrate into the cy 

We have no evidence in this tissue for either 

processes, but there is nearly always somo ER ly 

to the nuclear membæane in the expanding cells. 
We have demonstrated that plastids differ in 

pattern of division from the three other cytoplasmic — 

components considered. The mitochondria, Golgi bodies. 

and ER appear to 9a closely correlated with cell size. 

However, it is not cnly numbers of organelles that are 

significant when we come to study metabolism. Sime ancl 

differentiation of the organelles may also be important. 

It is well known that the development of the cristae of 

mitochondria varies during differentiation of the cell and — 

generally cristae beccme more prominent in metabolically. 

active cells’, The size and shape of the Golgi bodies also 

vary considerably7:18°*, possibly inrelationtocarboliydrate. ee 

metabolism. Moreover the plastids, although remaining ———_ 

few in number per cell, increase their volume sixty-fold 

within 300 from she cap junction. Therefore the 

estimates of numbers of plastids, mitochondria and. Golgi | 

and area of ER presented here should be considered in 

conjunction with changes of size and differentiation of 

pach kind of organele. 
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Ailuropoda melanoleuca) 


By Pror. A. J. E. CAVE 


Department of Anatomy, St. Bartholomew’s Hospital Medical Colleze, London, E.C.| 


HE bursa pharyngea, first described in man by 

Mayer’, occurs in foetal and young mammals as an 

= insignificant, single, dorso-median recess in the mucosa of 

< the epipharynx below the basioccipital: in the adult it is 
often less readily detectable, or even wanting. Killian? 

narized. the. early knowledge of this structure and 

roso tativ ange of footal and post- 

malian: ; _he apowet 
















either to the. Saad dewey canal or te 


ee occipital component of the basis- 


The morphology of -his structure has, not unnaturally — 
been most intensively studied in the human subject and. 
detailed accounts of its gross and microscopic ane 
therein have been prev ided by Symington’, Jonnesco nd 
others. 

While there is go: neral agreement that the n nar 
bursa pharyngea is without developmental re 











nity ? 
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above the muscular roof (m. palatopharyngeus) of the 
true (oro-)pharynx; it is thus a minute posterior mucosal 
diverticulum of that respiratory chamber which lies 
behind the nasal fossae and above the pharynx proper, 
which is most aptly termed the epipharynx. It would 
appear that, in some mammals at least, the commonly 
insignificant bursa pharyngea may develop into an 
epipharyngeal diverticulum of gross, dissectable size, and 
the existence of such diverticula in bears has long been 
known, their presence having been reported (by Mayer’, 
Rapp’, Alix® and Boulart’) in Ursus arctos, U. americanus, 
U. horribilis, Melursus ursinus and Helarctos malayanus. 
Such ursid diverticula are, however, dual structures 
of unequal size. Thus Alix‘, in Melursus ursinus, 
found the dextral diverticulum to be 5 em long by 
3 em wide, the sinistral diverticulum only 2 em long 
by 0-5 em broad. Such paired epipharyngeal diverticula 
appear to be confined to the Ursidae, for Killian? failed to 
observe any comparable structures in a variety of carni- 
vores (Canis familiaris, Nasua rufa, Viverra civetta, 
Herpestes griseus, Paradoxurus trivirgata, Mephitis mephi- 
tica, Felis domestica, Lutra vulgaris), and recently Davis” 
has noted their absence in Procyon lotor and Ailurus 
fulgens. Davis did, however, observe the presence of a 
pair of unequal bursae pharyngeae in a sub-adult (16 
months old) male specimen (‘Sun Lin’) of the giant panda, 
Ailuropoda melanoleuca, and regarded this finding as 
additional evidence indicative of the ursid rather than the 
procyonid nature of this form. 

In this immature animal the dextral, larger sac had a 
slit-like orifice some 7 mm long, a narrow neck and a 
capacious body: it measured 130 mm in length by 30 mm 
in maximal breadth and its fundus was partially sub- 
divided by a short septum; the smaller sinistral sac was 
only 15 mm long. Both sacs were thin-walled, with a 
longitudinally plicated lining. The larger sac extended 
caudally dorsal to the pharynx and the anterior oesophagus 
and ventral to the basioccipital and the bodies of the 
anterior five cervical vertebrae. 

In 1939, during the post-mortem examination of the 
first Ailuropoda specimen to die in the London Zoo (the 
adult female animal ‘Grandma’), I observed an obtrusive 
patch of thin, reddish-brown, mucous membrane clothing 
the under surface of the basioccipital region and extending 
caudally over the anterior cervical vertebral bodies 
between the bilateral eminences of the powerful longus 
colli muscles. Though the cut edge of this membranous 
patch was unmistakable, its connexions were not then 
ascertainable; it was therefore recorded as something 
unusual and possibly of a pathological nature. Tho 
subsequent examination of additional Ailuropoda speci- 
mens, however, made it clear that this curious mucosal 
patch was nothing other than the adherent dorsal parietes 
of an unidentified epipharyngeal diverticulum (enlarged 
bursa pharyngea) mutilated during necropsy. 

In 1944, the adult (7 years old) female giant panda 
‘Ming’ died in the London Zoo and in 1950 so did the 6- 
year-old male animal, ‘Lien Ho’. By courtesy of the Coun- 
cil of the Zoological Society of London the throat parts of 
these two animals became available for anatomical exam- 
ination. In each specimen a well-developed enlarged 
pharyngeal bursa was present in the shape of a single, 
median, thin-walled, piriform sac, presenting ostium, neck, 
body and fundus. In each specimen this sac lay between 
the basi-occipital and anterior cervical vertebrae dorsally 
and the pharynx and anterior oesophagus ventrally: to the 
former structures the dorsal sac wall was firmly adherent ; 
to the latter the ventral sac wall was only loosely attached 
by blood-vessels and connective tissue. 

The rounded ostium, some 6 mm in diameter, opened 
from the epipharynx immediately above the arcus 
palatopharyngeus: the sac neck was approximately 
30 mm long and was longitudinally plicated intoriorly; 
the sac body measured approximately 55 mm long by 
28 mm in maximal width; the sac fundus overlay tho 
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beginning of the oesophagus. The sacs of the two animals 
agreed in all anatomica! particulars and their morpho- 
logical nature could not be in doubt; they represented a 
particular and remarkable development of the otherwise 
insignificant bursa pharyngea (Figs. 1 and 2). 

It is curious that in Davis's young male Ailuropoda 
specimen (as in bears), two enlarged pharyngeal bursae 
of unequal size should have been present, whereas both 
in the adult male and in the adult female specimen 





Fig. 1. Ailuropoda melanolenca (giant panda) adult female. Dorsal 
aspect of pharynx with opened bursa pharyngea in sifu, White rod in 
bursa ostium, dark rod at junction of neck and body of bursa 
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Fig. 2. Ailuropoda melanoleuca (giant panda) adult male. Dorsal 

aspect of pharynx with bursa pharyngea in situ: short transverse rod In 

opened bursa neck, longer transverse rod between bursa and pharynx, 
vertical rod traversing sac body 
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examined by me, only a single bursa should occur. 
The range of variation of this bursa cannot, however, be 
known until a wider range of Ailuropoda material has been 
investigated. There is, nevertheless, no doubt as to the 
morphological identity of these epipharyngeal diverticula, 
for, whether manifested as single or as dual structures, 
their topographical relationships are identical. 

The occurrence of a comparably developed pharyngeal 
bursa is not recorded for non-carnivores. This may well 
be because of the rarity of suitably fixed material for 
specific investigation and because of the inevitable damage 
inflicted on the pharyngeal region during routine post- 
mortem examination. 

I myself have evidence, however, of the occurrence of 
a large, single epipharyngeal diverticulum (onlarged bursa 
pharyngea) in mammals outside the order Carnivora. For 
in the excised pharynges of an adult male and an adult 
female white rhinoceros (Ceratotherium simum), of an adult 
Indian rhinoceros (Rhinoceros unicornis), of an adult okapi 
(Okapia johnstoni) and of a young giraffe (Giraffa camelo- 
pardalis), the dorsal aspect of the pharynx has, loosely 
attached to it, some portion of the ventral moiety of a 
mutilated but unmistakable pharyngeal bursa, the absent 
portion of which has remained adherent to the skull base 
and anterior cervical spine (Figs. 3 and 4). These (im- 
perfect) diverticula are thin-walled, bluntly piriform sacs, 
communicating anteriorly with the epipharynx above the 
arcus palatopharyngeus; their narrow necks are succeeded 
by expanded bodies and their fundi overlie the anterior 
portion of the oesophagus. Histological examination of 
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Fig. 3. Ceratotherium simum (white rhinoceros) juvenile male. Dorsal 
aspect of pharynx showing in sifu (and separated by white card) remnant 
of ventral wall of bursa pharyngea 
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Fig. 4. 


Giraffa cameloparealis (giraffe) juvenile female. 
soft palate and pharynx, with remnant of ventral wall of bursa pharyngea 
in situ 


Dorsal aspect of 


their longitudinally plicated mucosa reveals a typical 
(that is, psoudo-stratified columnar ciliated) epithelium, an 
abundance of mucous (or muco-serous) glands, often open- 
ing into distinct crypts, an extraordinarily rich, specialized 
vasculature and an irtense infiltration of mucosa and sub- 
mucosa by lymphoid tissue manifesting germinal centres. 
A detailed account of these non-carnivore pharyngeal 
bursae will be published elsewhere. 

Tho presence or absence of specialized pharyngeal bursae 
in mammals generally merits further investigation, as does 
the precise physiolog cal role of the bursae themselves. 

The general function of the mammalian epipharynx is 
partly mechanical (the reception of conditioned air from 
the nasal fossae) anc partly defensive, since therein the 
inspired air is brought into particularly intimate contact 
with an abundance o` highly active, protective lymphoid 
tissue. The elaboraticn of the customary bursa pharyngea 
into @ single or dousle posterior diverticulum of some 
magnitude doubtless enhances the defensive rolo of tho 
epipharynx, but it memains to be explained why such 
diverticula should be developed in some mammalian forms 
and yet be wanting in others. 


' Maver, A. F. J. C., Neue Dvterauchungen aus dem Gebiete der Anatomie and 
Physiologie (Bonn, 1842). 


* Killian, G.. Morph. Jahrb.. 24, 618 (1888), 


* Symington, J., Quain's Elements of Anatomy, eleventh ed.,2, 50 (Longmans, 
London, 1914). 


t Jonneseo, T.,in Poirier and Charpy, Traité d' Anatomie Humaine, second ed., 
4, 162 (Masson, Paris, 1901). 

’ Rapp, W. v., Muellers Archiv. Anat. Physiol., 189 (1839). 

* Alix, E.. Bull. Soc. Philometh., Paris, 1, 47 (1878). 

' Boulart, J. Anat. et Physio. Paria, 6, 535 (1885). 

* Davis, D. D., Fieldiana: Zool. Mem., 3 (Nat. Hist. Mus., Chicago, 1064), 


ELECTRON MICROSCOPE OBSERVATIONS ON THE FREE PROTEIN AND THE 
PROTEIN-POLYSACCHARIDE COMPLEX OF BOVINE SYNOVIAL FLUID 


By Dr. JAMES W. SMITH and Dr. JOHN FRAME 


Department of Anatomy, St. Salvator’s College, University of St. Andrews 


FT “HE two major constituents of synovial fluid are 

hyaluronic acid and soluble protein: in the ox, the 
average concentration of hyaluronic acid is about 0:05 g 
per 100 ml.', while that of soluble protein is about 9 g 


per 100 ml.*. The protein fraction is entirely derived 
from the blood serura’*. The hyaluronic acid exists in 
large measure as tke sodium salt, and this sodium 
hyaluronate is bound to a part of the soluble protein as a 
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hyaluronate-protein complex®. Although the existence 
of this complex is generally accepted, little is known of 
its nature; assessments of the amount of protein which 
the complex contains have varied from 30 per centë to 
2 per cent’, and little is known of the manner in which 
the two parts of the complex are combined. 

When synovial fluid is acidified to pH 3 with acetic 
acid, a mucin clot forms and can be readily separated 
from a clear supernatant fluid*. The supernatant contains 
a proportion of the protein of the synovial fluid*, and very 
little, if any, of the hyaluronate—protein complex*. The 
mucin clot thus certainly contains the greater part of the 
complex but its content of free protein is controversial. 
Free protein can be separated from the clot by various 
means™’, but opinion varies as to whether this is to be 

arded as a separation of distinct compounds or a 
degradation of the complex. 

It was considered that a new approach to this problem 
might be made by electron microscopic examination of 
synovial fluid and its mucin and supernatant fractions 
after suitable precipitation and staining. The use of lead 
salts for the fixation of acid mucopolysaccharides was 
introduced for conventional histology by Holmgren and 
Wilander”, and various modifications of their method are 
now in use. Lead salts have also been used in the past 
few years as stains which enhance the electron-scattering 
properties of biological material"-'*. 

It is well known that the sodium ion with which hyal- 
uronic acid is normally associated in the tissues may be 
exchanged for other cations, the extent of the exchange 
depending on their concentration and valency*:1415, This 
type of exchange is utilized in Hale’s stain'® and in the 
precipitation of hyaluronic acid by hexavalent cobalt 
salts’. When | per cent lead nitrate is added to an equal 
volume of 0-1 per cent potassium hyaluronate or hyal- 
uronic acid (B.D.H.), a fine off-white precipitate forms 
immediately and can be spun down into a discrete pellet. 
On the addition of potassium nitrate the precipitate 
disappears. It is considered that this precipitate is 
insoluble lead hyaluronate. 

At acidities of pH 3-7 small amounts of lead ions cause 
almost complete precipitation of comparatively large 
amounts of protein from solution’. Single lead ions are 
bound to individual carboxyl groups of the protein and 
the reaction, which is reversible, is complete within an 
hour. It is considered, therefore, that lead nitrate causes 
precipitation of both hyaluronic acid and soluble 
proteins. 

In the present investigation, therefore, synovial fluid 
was separated by acidification into mucin clot and super- 
natant. The clot was washed in acetic acid and then in 
distilled water, and afterwards redissolved in water at 
pH 10. The reaction of this solution, and that of the 
supernatant, was adjusted to pH 7-5. Synovial fluid, the 
mucin clot solution and the supernatant fractions were 
then fixed and stained by the addition of equal parts of 
l per cent lead nitrate and 10 per cent neutral formalin 
at pH 5. With synovial fluid a discrete coagulum was 
formed, while with the two fractions diffuse precipitates 
were produced and were afterwards spun down into 
pellets. The coagulum and pellets were then dehydrated 
and embedded in ‘Araldite’, and sections were examined, 
without further staining, in a Siemens Elmiskop I micro- 
scope. 

Fig. 1 shows the appearance in the light microscope of 
a thiek ‘Araldite’ section of synovial fluid, stained with 
toluidine blue. The field is occupied by small particles of 
varying densities. Most appear to be approximately 
spherical and many are linked together to form short 
linear groups. 

In the electron microscope, thin sections of the same 
material exhibit the appearance shown in Fig. 2. It is 
now apparent that the particles are irregular in shape 
and, as would be expected, the linear groupings, though 
still evident, are less frequent. All the larger particles 
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contain two distinct materials, a central group of dark 
(or electron dense) spherical bodies which vary in diameter 
from 300 to 1200 A, being surrounded by a larger volume 
of lighter (or less dense) material. The particles which do 
not exhibit central dark bodies are always small, and 
this is consistent with the view that the dark bodies are 
a feature of all particles and that their apparent absence 
from some is due to tangential sectioning. On the other 
hand, dark bodies have not been observed without the 
enveloping lighter material. 

In Fig. 3 the supernatant fraction is seen to consist 
predominantly of dark spherical bodies similar in both 
size and density to the central dark bodies in synovial 
fluid particles. In addition, there are a few areas which 
consist of lighter material, which has an appearance 
reminiscent of the peripheral material in synovial fluid 
particles. As has been noted, the supernatant contains a 
proportion of the original protein content of the synovial 
fluid and very little, or possibly none, of the hyaluronate— 
protein complex'. On this basis it seems reasonable 
to postulate that the dark bodies in Fig. 3—and by 
virtue of their similar appearance the central dark bodies 
in synovial fluid particles (Fig. 2)—are aggregates of free 
protein molecules. In a very thin ‘Araldite’ section of the 
supernatant material (Fig. 4) it is indeed evident that 
the dark bodies in Fig. 3 are aggregates of smaller rod-like 
units and the dimensions of these are of the same order as 
the calculated dimensions of the molecules of albumin 
and y-globulin!*-*}, 

The appearance of the washed mucin fraction is shown 
in Fig. 5. It is evident that it is morphologically very 
similar to the peripheral light material of the synovial 
fluid particles (Fig. 2), exhibiting the same density and 
the same irregular outline. Moreover, the absence of dark 
bodies comparable with those in the synovial fluid par- 
ticles (Fig. 2) and the supernatant fraction pellet (Figs. 3 
and 4) appears to be absolute. It seems reasonable to 
conclude, therefore, that the washed mucin clot contains 
no free protein, and consequently that both the washed 
mucin clot and the peripheral light material in synovial 
fluid particles consist entirely of hyaluronate—protein 
complex. 

As a result of the present investigation, it is considered 
that in sections of the coagulum formed by treatment of 
synovial fluid with lead nitrate, free protein and hyal- 
uronate—protein complex are both visible in distinet 
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Fig. 1. 


Light bina kat 5 g oo fluid. Toluidine blue. 
xX í 


Fig. 2. Synovial fluid. ( x 20,000) 
Fig. 3. Supernatant fraction after acidification of synovial fluid, Centri- 
fuged pellet ) 


( x 29, 
Fig. 4. The material in Fig. 3. ( x 70,000) 
Fig. 5. Mucin fraction after acidification of synovial fluid. Centrifuged 
pellet. ( x 29,000) A 
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Morms. The coagulum vonsists of particles, variable in 
diameter, joined together as a continuous network by 
mhinner strands. Each particle contains a variable number 
of dark central spherical inasses which are considered to 
Ebe aggregates of free soluble protein molecules. These are 
surrounded by a lighter sponge-like mass of hyaluronate— 
protein complex which is continuous from particle to 
oarticle through the thin connecting strands. It is pre- 
sumed that the different degrees of electron-scattermg 
sxhibited by the soluble protein, on one hand, and the 
Boyaluronate-protein complex on the other, are to be 
«elated to differences in the amounts of lead bound to the 
«wo substances. 

In the natural state, of course, both the complex and 

mhe free protein are much more dispersed, and the con- 
lensation of both moieties into an isolated network is an 
artefact produced by precipitation. Indeed, such an 
uteration from a dispersed state to a condensed network 
seems to be typical of the action of any coagulant fixa- 
jAve???3, The change involves both the binding of 
adjacent molecules to one another and the formation, in 
sertain situations within the tissue, of planes of cleavage 
on either side of which condensation occurs in opposite 
lirections. In synovial fluid particles the dark, free 

gerotein bodies almost invariably le centrally and never 
occur without a covering of hyaluronate—protein complex. 

One possible explanation ıs that ın untreated synovial 

Mluid the free protein molecules and the complex are not 
evenly mixed but are preferentially situated in separate 
zones, and that, on fixation, condensation of both fractions 
makes place with the planes of cleavage occurring always 
through zones occupied by complex. 

It was noted earlier that the composition of the 
Miyaluronate—protein complex of synovial fluid ıs still 
highly controversial. Ogston and Stanier® showed that 

although the mucin clot formed on acidification of synovial 
Kuid contained entrained free protein, after washing, first 
mn 1 per cent acetic acid and then in distilled water, the 
weight of the clot reached a constant value. It then con- 
mained about 70 per cent hyaluronic acid and 30 per cent 
porotein. It was further demonstrated that the residue, 
obtained after filtration of synovial fluid through sintered 
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glass filters, which allowed the passage of free protein, 
again contained between 30 per cent and 25 per cent of 
protein®}*4, These autors considered that any reduction 
m this amount of protein was to be regarded as a degrada- 
tion of the complex rather than a purification by removal 
of free protein. More recently, it has been suggested™? that 
the amount of protein actually combined to hyaluronate 
1s considerably less, being of the order of 2 per cent, and 
this view has been sather widely accepted**-??. The 
results of the present investigation are in keeping with 
the older view of Ogsron and Stanier. The morphology 
of the washed mucin clot suggests that it contains no 
appreciable amount of free protein and is to be regarded 
as identical with the Eyaluronate—protein complex. 
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POSSIBLE RELATIONSHIP BETWEEN TRACE METALS AND BLOAT 
IN RUMINANTS 


By P. J. HARRIS and Pror. F. SEBBA 


Department of Chemistry, University of the Witwatersrand, Johannesburg, South Africa 


ROTHY bloat occurs in ruminants when they are fed 
green lucerne or similar lush green fodder. It is due 

to the formation in the rumen of a froth of remarkable 
soughness and stability. This froth builds up inside the 
rumen, owing to the entrapped gases produced during 
bacteriological fermentation of the feed, until it rises 
above the level of the reflex mechanism and prevents 
sructation. Death usually follows from internal pressure 
an the vital organs lying close to the rumen. Plant 
gees saponins and bacterial polysaccharide and pep- 
ide slimes have severally been suggested, singly or in 
sombinations, as the cause of this stable foam. Nothing is 
known concerning the critical conditions under which 
they may become foam-formers in the rumen, nor the 
art, 1f any, which each plays in the formation of the 


and the following preliminary results suggest a new 
approach to the problem. 

Traces of metal hydroxides and, in some cases, metal 
cations have been shown to affect the stability of foams. 
Lucerne extracts were made up in a sodium bicarbonate 
buffer to simulate the pH conditions inside the rumen, and 
by bubbling air through such solutions, and polarographic 
examination of the foam: fractions, traces of nickel and zinc 
were found to have been concentrated in the foam. 

The foam fractionatidn apparatus (Fig. 1) consisted of 
a large foaming vessel 3-5 in. in diameter and 12 in. in 
height with a sintered glass disk of porosity 4 sealed mto 
the base. A glass ring 1:5 in. in length and of the same 
diameter as the foamirg vessel-was placed on top of ıb. 
Air was bubbled through the solution at a fixed rate, 


oam. Further understanding of this problem require san and at the appropriate zme á í thin copper metal sheet was 


unvestigation of the physical and chemical properties of 


the surface-active agents in green lucerne with particular 
«oference to their ability to produce tough foams. Investi- 
gations of this kind have been started at this university, 


slid between the vessel a and the rmg. The foam fraction 
was thus retained insice’ the ring and could be removed 
for analysis. An identical clean rmg was immediately 
placed on top of the vessel to collect the next fraction of 
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foam. Samples could be obtained every 30 sec and were 
prepared for polarography using the method of Reed and 
Cummings?. The sample was ashed below 500° C, treated 
with concentrated hydrochloric acid and evaporated to 
dryness. The residue was taken up in dilute hydrochloric 
acid and adjusted to pH 4:6 using a glass electrode. The 
solution was then filtered to remove any aluminium and 
iron present and evaporated to dryness. The residue was 
afterwards dissolved in 10 ml. of æ solution of 0-1 N 
ammonium acetate, 0-025 N with respect to potassium 
thiocyanate and of pH 4:6. This solution was examined 
polarographically at a mercury electrode dropping at a 
rate of 1 drop every 1:8 sec. 

Samples of lucerne from two different sources were used: 

(a) Fresh green lucerne was obtained from a Johan- 
nesburg City Council farm. One portion was extracted 
immediately and the juices diluted 10 times in a 0-5 per 
cent sodium bicarbonate buffer of pH 4:5 before foaming. 
The second portion was allowed to dry and age for 
2 weeks before extraction and dilution of the juices in 
the same manner. 

(6) A sample of fresh lucerne, grown in a hot-house at 
the University of the Witwatersrand, was extracted and 
diluted 10 times in the sodium bicarbonate buffer. One- 
half of the solution was immediately foamed, while the 
other half was kept at 4° C for 6 days before being foamed. 

In both cases the foaming rate was maintained constant 
at & fixed rate. 

In order to examine the stabilities of the foams, a 
foam drainage apparatus was used, based on that of 
Ruyssen and Louwers? (Fig. 2). The liquid in the vessel 
was foamed by bubbling air through a small sintered glass 
disk of porosity 3 at a constant rate. As the foam was 
formed, the decreasing level of liquid was periodically 
re-adjusted to 1ts initial height by the addition of liquid 
from the burette. During the drainage of the foam the 
liquid level was kept constant by draining off the liquid at 
definite time-intervals. This permitted the determination 
of the total volume of liquid in the foam as a function of 
time. 

Sample (a). The decrease in stability of the foam formed 
from the aged lucerne in comparison with that formed from 
the fresh lucerne was very noticeable. The foam 
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Fig. 1. Foam fractionation vessel. Á, Glass ring; B, foaming vessel, 
C, solution; D, sintered glass disk 


NATURE 


`” drainage rate. 


November 27, 1965 


VoL. 208 


i 


Fig 2. Foam drainage apparatus. A, Foam drainage vessel; B, burette; 
, sintered glass disk 
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Fig. 3. Sample 1. Concentration of nickel ın foam versus tıme. 
—, Fresh lucerne solution, ----, aged lucerne solution 


from the aged solution was too unstable to give reasonable 
measurements using the foam drainage apparatus. Thé 
foam fractions obtained from these two solutions were 
examined polarographically for nickel and zinc. During 
the first 10 min of foaming the concentration of nickel in 
the foam fractions from the fresh lucerne was five times 
greater than the nickel concentrations in the foam from 
aged lucerne (Fig. 3). Similarly, although not so marked, 
the zine concentrations were higher in the foam than 
in the very much more stable fresh lucerne solution 
(Fig. 4). 

Sample (b). The difference in stability between the 
foams of the fresh lucerne solution and the solution which 
was allowed to stand for 6 days was checked using the 
foam drainage apparatus. During the actual foam frac- 
tionation, samples of the solution were removed at definite 
time-intervals and these were used for measurements of 
drai In Fig. 7 it can be seen that there was a 
definite decrease in the stability of the foam formed from 
the 6-day-old solution. On examination of the nickel 
concentration in the foam fractions it was found that the 
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uckel content had decreased slightly in the older solution 
Fig. 5) while the zinc concentration had-remained more ' 
or less the same (Fig. 6). 

The overall patterns of the nickel and zine concentra- 
ions in the foams are different for the two samples. This 
s possibly due to the different soils in which the plants 
were grown and the different fertilizers used. In each case 
+ decrease in stability of the foam has been accompanied 
oy a decrease in the nickel concentration in the foam. In 
she solution of fresh lucerne the nickel had been con- 
ventrated in the foam whereas in a solution which formed 
an unstable foam the nickel concentration in the foam was 
very much the same as that in the solution. The con- 
sxentration of nickel in the solution was approximately 
3 x 10-? g/ml. and in a stable foam this increased to 
nearly 15 x 10-7 g/ml. The highest concentrations of 
rickel were found in the first four foam fractions only, and 
rom Fig. 7 it can be seen that the stability of the foam 
lecreased with time. 

Examination of the nitrogen content of the foam frac- 
tions of fresh lucerne by the Kjeldahl method showed an 
nerease in nitrogen in the first foam fractions. This 
ndicates that the surface-active agent is initially a protein. 
[t is presumed that it is the negatively charged sites on the 
orotein which combine with the positive nickel ions. This 
sould well be a naturally occurring example of ion flotation 
in which the protein acts as collector and the metal ion is 
she collected’. In the fresh lucerne the nickel appears to 
be available for attachment to the protein, while in the 
aged lucerne, although it is still present, it is no longer in 
an available form. This has been verified in preliminary 
axperiments where small traces of nickel sulphate added 
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Fig. 4. Sample 1. Concentration of zinc in foam versus time. 
—, Fresh lucerne solution; ----, aged lucerne solution 
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Tig 5. Sample 2. Concentration of nickel in foam versus time. 
——-, Fresh lucerne solution; ----, 6-day-old lucerne solution 
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Fig. 6. Sample 2. Concentration of zinc in foam versus time. 
— , Fresh lucerne solation, ----, 6-day-old lucerne solution 
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Fig. 7. Stability (vol. of liqaid after draining for 10 min) of foam versus 
time after foaming commenced. ——, Fresh lucerne solution; - - - - , 
6-da--old lucerne solution 
to aged, and therezore unstable, lucerne solutions 


immediately caused a substantial increase in the stability 
of the foam from this lution. Initial tests show that the 
alkali metals have no measurable effect when added to 
aged lucerne solutions, nor has manganese, but zinc 
increases the stability slightly. However, none of these is 
nearly so effective as nickel in increasing the stability of 
the foam. 

It may be surprising that the element nickel, which is 
not a usual trace mezal in plants, should be found in 
lucerne. It should bə pointed out, however, that the 
quantity present in the lucerne extract is barely detect- 
able, and it is only when concentrated in the foam that its 
presence can be unequivocally confirmed. 

It must be mentioned that foam drainage is not an 
ideal method for measuring foam stabilities, as drainage is 
not the only factor involved. A more refined and accurate 
technique than those available at present is required 
before the effects of various metal ions on the stability of 
the lucerne foam can bə accurately measured. At present 
an apparatus is being developed here which, it is hoped, 
will give a more accurate measure of the factors determin- 
ing foam stability. 

We thank the Livestock and Meat Industry Control 
Board for financing ths work, and Dr. F. M. C. Gilchrist, 
of the Veterinary Research Institute, Onderstepoort, for 
advice. 
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2,6-DIAMINO-3-HY DROXYPIMELIC ACID IN MICROBIAL CELL 
WALL MUCOPEPTIDE 


By H. R. PERKINS 
Twyford Laboratories, Twyford Abbey Road, London, N.W.10 


HE diamino-acids hitherto identified in the cell-wall 

mucopeptide of various bacteria have been diamino- 
pimelic acid, lysine and, more recently, ornithine and 2,4- 
diaminobutyric acid%s Many years ago a species of 
Micromonospora (LSTM) was found to contain a com- 
ponent that moved slowly in paper chromatographic 
systems and gave with ninhydrin the same characteristic 
colour as diaminopimelic acid after chromatograms had 
been developed with methanol /pyridine/hydrochloric acid?. 
Recently, examination of the ccll-wall composition of many 
strains of Actinomycetes showed that some members of the 
Actinoplanes and a strain of Micromonospora contained 
the same “slow-moving component’’. In particular, 
Yamaguchi? reported that the cell walls of Ampullariella 
regularis contained glutamic acid, alanine, glycine and the 
“slow-moving component” with only traces of diamino- 
pimelic acid. 

A culture of A. regularis was obtained from the collection 
of Dr. J. N. Couch. The cells were grown and the cell 
walls were prepared as described by Yamaguchi®. After 
hydrolysis (6 N hydrochloric acid, 16 h, 105° C) samples 
were run on chromatograms in methanol/water/pyridine/ 
conc. hydrochloric acid, 32: 7: 4: 1 (solvent A). The dried 
chromatogram was treated with ninhydrin and heated. 
It showed the expected ‘slow-moving component’, 
(Ltmeso-diaminopimelic acid = 0°67), giving with ninhydrin, 
like diaminopimelic acid, a greenish colour turning to 
permanent yellow. To recover larger quantities of this 
unknown component, 100 mg of dried cell wall was hydro- 
lysed and the hydrolysate was run as a band on a sheet of 
Whatman No. 3 paper (previously thoroughly washed with 
2 M acetic acid and then with water), in solvent B 
(methanol / water / pyridine / 98 per cent formic acid, 
80:19:10:1). This solvent was used instead of A to 
avoid contamination of the product with non-volatile 
pyridine hydrochloride. The ‘slow-moving component” 
gave Rmeso-diaminopimele acid = 0°66. The band was loca- 
ted by applying streaks of 0-025 per cent (w/v) ninhy- 
drin in n-butanol at intervals across the paper. Tho 
unknown substance was eluted with water, the solution 
dried in vacuo and made up to a final volume of 0:2 ml. 

A sample of the unknown substance subjected to paper 
electrophoresis at pH 7 in collidine acetate buffer! gave a 
single neutral spot detectable with ninhydrin. The fact 
that the unknown ran slower than diaminopimelic acid ın 
solvent A but gave a similar colour after ninhydrin 
treatment suggested that 1t might be a derivative with 
some neutral but polar substituent such as hydroxyl. If 
this hydroxyl were adjacent to one of the amino-groups, 
then the compound should be destroyed by periodate 
solution to yield glutamic semi-aldehyde and glyoxylic 
acid. On a similar basis ‘tabtoxinine’, the amino-acid 
from the phytopathogenic toxin of Pseudomonas tabaci, 
was tentatively identified as 2,6-diamino-3-hydroxy- 
pimelic acid’. 1 ul. of the solution of “slow-moving 
component” was treated with 2 ul. of 0-2 M. sodium per- 
iodate and 10 yl. water at room temperature for 30 min. 
Then 2 ul. of 20 per cent (v/v) ethylene glycol was added 
to destroy excess periodate. The mixture was spotted on 
Whatman No. 4 paper and run for 7 hin solvent B. Where- 
as an equal quantity of untreated material gave a clear 
ninhydrin-positive spot, the periodate had completely 


destroyed the unknown substance Confirmation of the 
destruction of the unknown substance by periodate was 
obtained by running two samples in solvent B, and spray- 
ing one with ninhydrin and the other with 0-5 per cent 
(w/v) sodium periodate followed after 5 min by benzidine 
in acetic acid/ethanol®. The white spot on a blue ground 
given by the second spray exactly corresponded with the 
ninhydrin-positive spot. 

The overall length of the chain was confirmed by reduc- 
tion as described by Stewart’. 5 ul. of “slow-moving 
component’? was sealed in a tube with a little red 
phosphorus and 0-2 ml. of freshly redistilled hydriodic 
acid, spec. grav. 1-7. The tube was heated at 120° for 8 h 
and then the excess acid was removed 7m vacuo and water 
added three times and similarly removed. The residue was 
dissolved ın water and shaken with a small portion of 
cation exchange resin ‘Zeo-Karb 225’ (Nat). The resin 
was washed and then extracted with N ammonia solution. 
Ammonia was removed in vacuo and a sample of the 
extract run in solvents A or B gave clear spots of LL-2,6- 
diaminopimelic acid and meso-2,6-diaminopimelic acid 
(presumably mixed with the pp-form$). Similar racemiza- 
tion during reduction of synthetic diaminohydroxypimelic 
acid by hydriodic acid was observed by Stewart’. Thus 
the unknown was clearly a derivative of diaminopimelic 
acid, presumably hydroxylated. 

The unknown substance was also degraded by perman- 
ganate. 4 ul. of “slow-moving component” was heated at 
60° C with 10 ul. portions of 1 per cent (w/v) potassium 
permanganate in 20 per cent (v/v) sulphuric acid (five 
portions in all). The mixture was cooled and neutralized 
with saturated barium hydroxide solution. The concentra- 
ted supernatant gave, in addition to unchanged starting 
material, a spot corresponding to glutamic acid both on 
paper electrophoresis at pH 7 and on chromatography in 
solvent B. On the assumption that permanganate oxidized 
a secondary alcohol group to a carboxyl group, this 
result supported the suggestion from the periodate 
degradation that the compound had a hydroxyl group on 
C-3, an amino group at C-6 and a carboxyl group at C-7. 

Racemic mixtures of the four possible pairs of optical 
antipodes of 2,6-diamino-3-hydroxypimelic acid have been 
synthesized and characterized’®, and crystalline samples 
of these substances were kindly supplied by Dr. John M. 
Stewart. Comparison of these substances with the un- 
known. in solvent A gave the result shown in Table 1. It 
was evident that the unknown could only correspond to the 
slow component of either synthetic isomer B or isomer C. 
The fact that three of the synthetic substances gave more 
than one spot presumably meant that this solvent was 
capable of separating their optical enantiomorphs, just 
as it can separate DD- and Lu-diaminopimelic acid®. The 


CHROMATOGRAM RUN ON WHATMAN NO. 1 PAPER IN SOLVENT A 


FOR 205 H , 
Spots revealed by ninhydrin 
Substance 


“Slow-moving component” from A. regularis 
2,6-diamino-3-hydroxypimelie acid 


Table 1. 


Rimeso-diaminopimetic acid 
0 67 


Isomer A 0-90 
Isomer B Ref. 7 067, 081* 
Isomer C i 0 68,091* 
Isomer D 0 85, 1:01* 
LL-diarunopimelic acid 1:16 


* This compound gave two spots. 
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unknown was evidently not a racemic mixture but one of 
the optically active forms of isomer B or isomer C. 

A further means of comparison of the unknown sub- 
stance with diaminohydroxypimelic acid was offered by 
the reaction with ninhydrin at acid pH values, which gives 
characteristic absorption curves with diamino-acids?°. 
Samples of the unknown, diaminohydroxypimelic acid 
isomer B and diaminopimelic acid, each ın 0-5 ml. water. 
were heated with 0:5 ml. acetic acid and 0-5 ml. of ninhy- 
drin reagent (2-5 per cent (w/v) ninhydrin in a mixture of 
acetic acid/0-6 M phosphoric acid, 3 : 2) at 100° C for 5 min. 
The mixtures were cooled immediately, diluted to 5 ml. 
with acetic acid and read in a colorimeter against a reagent 
blank. The absorption curves given in Fig. | indicate that 
the unknown. substance from A. regularis is the same as 
2,6-diamino-3-hydroxypimelic acid (maxima at 360 mpu 
and 420 mu). The difference from diaminopimelic acid 
{maximum 345 mu) is very marked. 


No 5013 


06 


05 


0-4 


02 


01 


350 400 450 500 


Wave-length (mæ) 


320 


Fig.l Absorption curves given in the reaction with ninhydrin at pH 0 9 
(ref, 10) by. A, “slow-moving component” from A. regularis, B, 2,8- 
tliamino-38-hydioxypimelic acid, isomer B, C, 2,6-diaminopimelic acid 


Stewart’ found that conversion to the 6z3-dinitrophenyl 
derivatives provided the only sure way of separating 
the four’ isomers of 2,6-diamino-3-hydroxypimelic acid. 
Samples of isomers A, B, C, and D and also of the “slow- 
moving component” were converted to their bis-DNP 
derivatives’. They were then run overnight in solvent ©” 
(n-butanol/water/ammonia solution 8.G.0.880, 20: 19: 1) 
giving the following values for Rpnp-isomer p: Unknown 
and DNP-isomer B, 0:51; DNP-isomer C, 0:84; DNP- 
isomer A, 0:94 (DNP-isomer D moved 21-2 cm). This 
result showed that the substance from A. regularis was 
isomer B and could not be isomer C. 

Stewart’? observed that ‘tabtoxinine’ corresponded to 
one isomer of 2,6-diamino-3-hydroxypimelic acid when 
compared as the bis-DNP derivative, and to a different 
isomer when the free amino-acids were run on an ion- 
exchange column!!, indicating that ıt was not either of 
these substances. The “slow-moving component” was 
run in the EEL automatic amino-acid analyser on a 
150-cm column of ‘Amberlite CG 120’ at 50° and in buffer 
at pH 3:25. It was eluted just before cysteine and m 
exactly the same position as isomer B of 2,6-diamino-3- 
hydroxypimelic acid. Mixtures of the two substances 
could not be separated, and furthermore the colours 
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developed with ninhydrin both gave the same ratio of 
extinction at 440 mu compared with 570 mp. This identity 
on column chromatography confirmed the previous 
results and allowed quantitative estimation of the com- 
position of the isolatad cell walls of A. regularis. The 
results are given in Table 2. They show that 2,6-diamino- 
3-hydroxypimelic acid is the only diamino-acid present in 
appreciable quantity in the cell walls of this Actenomycete. 


Table 2 


Molar ratio 
Component Mole/10* g (muramic acid = 1) 

Glucosamine = 2-43 0-70 
Muramice acid 3°49 1 00 
Glutamic acid 3°79 1-08 
Glycine 4:85 1-39 
Alanine 243 0-70 
2,6-Diamino-3-hydroxypimeli- acid 

(isomer B) 2°78 0-80 
Ammonia 2°33 0 67 
2,6-Diaminopimelic acid 0-35 010 
Lysine 01 0 03 


Cell walls of A. regularis were prepared by breaking the organisms with 
glass beads, differential centrfuging, washing, extraction with 0 5 per cent 
(w/v) potassium hydroxide in ethanol (48 h 37°) followed by digestion with 
ti a and pepsin? The w-shed product was freeze-dried, and a sam le 
hydrolysed in 4 N hydrochlorc acid for 4 h at 105°. It was analysed on the 
EEL automatic amino-acid aralyser. 


v 


No other amino-acid was present in a molar ratio greater than 0 17. 


The identification o? the ‘‘slow-moving component” in 
the cell walls of A. regularis as isomer B of 2,6-diamino-3- 
hydroxypimelic acid means that this substance can now 
be added to the list oF diamino acids known to occur in 
the mucopeptides of microbial cell walls. From recently 
published surveys? itis evident that the ‘slow-moving 
component” is present in several strains of Actinomycetes 
and may clearly be of value in taxonomy. In this respect 
the value of the spec-fic solvent and colour reaction of 
Rhuland et al. cannct be over-emphasized. Although 
the substance from A. regularis has been shown to be 
isomer B, it may be that the cell walls of other strains 
contain different isomers of diaminohydroxypimelic acid. 
Almost all these run more slowly than meso-diamino- 
pimelic acid on chromstography (Table 1) and might well 
not have been distinguished by the methods so far applied’. 
Isomer B has the tFreo configuration for the vicinal 
hydroxyl and amino groups and the meso configuration 
for the two amino groups’. The fact that the racemic 
mixture gives two spots on chromatography (Table 1), 
only one of which corresponds to the substance from A. 
regularis, suggests thst the natural compound will be 
optically active. It 13 not possible to say anything at 
present about its absclute configuration. 

Stewart? showed that the substance from Pseudomonas 
tabaci designated ‘tabt>xinine’> was not, in fact, identical 
with any of the four .somers of 2,6-diamino-3-hydroxy- 
pimelie acid. This is therefore the first time that this 
substance has been identified in natural products. 

I thank Dr. J. N. Covch and Dr. H. Gooder for supplying 
the culture of A. reguleris, Miss M. F. Leyland for assist- 
ance, Mr. V. Okoro for preparations of cell walls and Mr. 
M. W. C. Hatton for expertise with the automatic amino- 
acid analyser. I also thenk Dr. John M. Stewart for samples 
of the four isomers of 2,6-diamino-3-hydroxypimelic 
acid. 
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HETEROGENEITY OF WATER-SOLUBLE STRUCTURAL COMPONENTS 
OF HUMAN RED CELL MEMBRANE 


By Pror. M. D. POULIK and Dr. P. K. LAUF 


Child Research Center of Michigan, and Department of Pediatrics, Wayne State University School of Medicine, Detroit, Michigan 


rT “HE methods available for extraction of water-soluble 
mucoids adopt enzymatic! and chemical procedures. 
Phenol?, phenol-water?-5, methanol—chloroform® or ethanol 
extraction’ have also been used. To prepare protein com- 
ponents stroma has been extracted with ether (Soxhlet)®. 
This latter method is efficient and a number of protein 
components were separated in starch gel containing 
urea’. Unfortunately, such material is not water-soluble 
unless urea is present in the solvent. The application of 
n-butanol for extraction of enzymes from muscle tissues 
by Morton’ opened a new approach to the preparation 
of structural components of cells and biomembranes. 
Maddy! used this technique for the isolation of carbo- 
hydrate-rich proteins of ox red cell membranes. Harris!* 
used a similar method for the isolation of antigens of liver 
cell fragments associated with rejection of transferred 
allogeneic lymph-node cells. This method was therefore 
chosen for the extraction of the water-soluble components 
of human red cell membranes in this laboratory. 
Out-dated blood of the major blood types which was 
collected in ACD-solution served as the starting material 
for the preparation of stroma by the method, slightly 
modified, of Dodge, Mitchell and Hanahan™. Stroma 
routinely so prepared contained less than 3 per cent 
haemoglobin. The leucocyte count in a typical prepara- 
tion before haemolysis was less than 10 per cent of the 
original count. All preparations were screened also for 
bacterial contamination and spot tests were made with 
phase-contrast microscopy and electron microscopy to 
assess the integrity of the ghosts. Several methods for 
preparing the water-soluble protein of the ghosts were 
investigated. Removal of the lipid with n-butanol at 
— 2° C was the procedure of choice because of its mildness. 
The effect of reductive cleavage in the absence or presence 
of urea™15 on the recovery and solubility of the water- 
soluble material after butanol extraction was explored. 
The results are reported in Table 1. A typical recovery 
after butanol extraction of the treated and untreated 
stroma ranged from 70 to 80 per cent. The highest yield 
of the water-soluble material was obtained after reduction 
and alkylation ın the absence of urea (16-18 per cent). 
Ether extracted stroma (Soxhlet) yielded a similar amount 
of water-soluble material after subsequent butanol 
extraction. A high degree of solubilization of the intact 
stroma was obtained in tris-mercaptoethanol mixture 
(0-55 M irts/HCl buffer, pH 8-2, containing 0-2 M mer- 
captoethanol) as used for the reductive cleavage. Irre- 
spective of the method of preparation the water-phase 
material retained a high degree of solubility in aqueous 
solvents after lyophilization; low-speed centrifugation, 
however, was required to obtain a clear solution. 
Purification of the water-phase material was attempted 
by gel-filtration on ‘Sephadex G-200’ using distilled water 
or saline as eluents. Two major peaks were separated 
(Fig. 1) with the water-phase of stroma which was reduced 
and alkylated in the absence or presence of urea prior 
to butanol extraction and of butanol-extracted stroma. 


Table 1. THE YIELD OF WATER-SOLUBLE MATERIAL AFTER BUTANOL 
EXTRACTION 


(Expressed in per cent of starting material) 


Stroma 
Stroma Stroma (reduced and 
(untreated) (reduced and alkylated in 
alkylated) 8 M urea) 
Water-phase 110 16:3 108 
Butano]-phase 30°6 35:0 33'8 
285 250 32 4 


Interface material 


Ultra-violet absorption spectra of the peaks were compared 
with the starting material and revealed marked. differences 
as shown in Fig. 2. Similar ultra-violet absorption spectra 
were found also with the water-phases of stroma which had 
been reduced and alkylated in the absence or presence of 
urea. The maximum of the first peak was that of a protein 
(276 mu); the maximum of the second peak suggested 
the presence of lipid. This possibility was supported by 
the determination of the nitrogen content, where peak A 
contained 7-8 per cent and peak B 0-3 per cent nitrogen, 
respectively. Haemoglobin content was also determined 
in the three phases. On the dry-weight basis the water- 
phase usually contained between 1 and 3 per cent, the 
butanol-phase less than 2 per cent, and the interface 
approximately 3 per cent, haemoglobin which was detected 
as a haemochromogen—pyridine complex}!*. Small amounts 
of this complex were also found in the water-phase after 
gel-filtration. The biological activity of the water-phase 
preparations was now tested with the aid of the haemag- 
glutination inhibition method using the Takatsi-micro- 
haemagglutination plates. The results of stroma and its 
phases of blood group A are presented in Table 2. It is 
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Fig. 1. Separation of water-phase material on ‘Sephadex G-200’ 
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s mye 
Fig. 2. Uitra-violet absorption spectra of water-phase (interrupted 


line) before and after gel-filtration. Peak A 
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Table 2, SEROLOGICAL ACTIVITY OF DIFFERENTLY TREATED STROMA 
BEFORE AND AFTER EXTRACTION WITH n-BUTANOL 


Inhibition of four haemagglutination doses 


No. 5013 


Material Anti-A Anti-Rh,(D) Anti-M  Anti-N 
Stroma (untreated) + + + + 
F Water-phase + -= + + 
Interface + - - - 
È Butanol-phase + - - = 
Peak A + n.t. + + 
M Peak B + nt n.t. n.t. 
Stroma (reduced and alkylated) + - + + 
= Water-phase + - + + 
= Interface + - - - 
= Butanol-phase + = - - 
A + n.t, n.t, n.t. 
wa Peak B + n.t. n.t n.t. 
Stroma (reduced and alkylated 
in 8 M urea) 4 - + - 
Water-phase + = + 
Interface + o- -— — 
Butanol-phase + -= - — 
Peak A + n.t n.t. n.t. 
fs] Peak B E3 nt. n.t, nt. 
Stroma (ether extracted) + - + + 
n.t., Not tested. 


evident that the Rh, (D) antigen is destroyed by reductive 
cleavage as well as by butanol extraction alone. Both 
complete and incomplete antibodies were used for testing. 
Moreover, Rhy (D), M and N antigens were not detected 
in the interface layer material or in the butanol-phase. 
The A-antigen was found in the interface, in the water- 
phase and also in both peaks obtained by gel filtration as 
well as in the butanol-phase. Irrespective of the pre- 
treatment of the stroma, the M and N activity was found 
in the water-phase and in the peak A of this material 
after gel filtration. 

The presence of M and N antigens in the water-phase 
and their absence in the interface indicated a separation 
of water-soluble surface antigens. The water-phase was 
therefore analysed for its carbohydrate content. Three 
stroma preparations were compared and the results are 
tabulated in Table 3. It is evident that butanol extraction 
is able to release a water-soluble material which contains 
more than 90 per cent of the sialic acid of the stroma used. 
The interface contained a small amount of sialic acid as 
well as hexose and hexosamine as seen in Table 3, and is 
thus believed to contain a considerable amount of glyco- 
protein. It is to be noted that the content of sialic acid 
in the water-phase varied from preparation to preparation 
and it was considerably lower when determined in the 
water-phase of stroma which were reduced and alkylated 
prior to butanol extraction. Work is being carried out to 
explain the cause of these discrepancies. 

The results suggested that water-phase material may be 
complex in nature, and were therefore investigated further 
with the aid of electrophoresis in starch gel containing 
urea and/or mereaptoethanol. Material from group A 
stroma obtained in the three phases as well as on the first 
peak was therefore subjected to starch-gel electro- 
phoresis in buffers containing 8 M urea and 0-07 M 
mercaptoethanol. Two acidic buffers (sodium formate and 
aluminium lactate) were used. The patterns are shown in 
Fig. 3. A number of well-defined zones could be separated 
when untreated lyophilized stroma was dissolved in the 
reducing solution and applied to the gel (Fig. 34). No 
differences were found among the major blood groups, 
regardless of whether the sodium formate or the aluminium 
lactate buffers were used for the electrophoretic experi- 
ment (ef. ref. 18). 

Table 3. CARBOHYDRATE- AND NITROGEN-ANALYSIS OF DIFFERENT STROMA 


PREPARATIONS, A, B, C, BEFORE AND AFTER EXTRACTION WITH n-BUTANOL 
(Expressed as weight per cent) 


", Sialic % Hexos- b Total 
acid % Hexose amine nitrogen 
(21) (22) (23) 

Stroma 12 8:7 13 6-5 
A Water-phase 12:8 44 41 51 
Interface material 03 5-6 13 105 
Water-phase, peak A 17-6 n.t. n.t. 78 
B Water-phase 19:8 8:3 44 74 
Interface 0-2 2-0 1:5 8'8 
ae Water-phase 81 3-6 3-9 74 
' Interface 02 21 2-1 D0 


* Reduced and alkylated in absence of urea. 
n.t., Not tested. 
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Comparison of patterns obtained with lyophilized 
stroma and with interface prepared by butanol extraction 
did not reveal any significant differences (Fig. 34 and B). 
Patterns of Soxhlet-extracted and untreated stroma were 
similar in the distribution of the separated components 
(Fig. 3A and F). The pattern obtained with water- 
phase material was less complex and most of the (Fig. 3C) 
zones present could be identified with those given by 
stroma. The constans feature of such a pattern was the 
presence of a component migrating to the anode. This zone 
is poorly represented m Fig. 3C due to the uneven thick- 
ness of the gel, but is clearly evident in the subsequent 
patterns (Fig. 3D and Æ). The pattern obtained with 
material in peak A differed only slightly from that of the 
water-phase; the mobility of the anodically migrating 
component was increased (Fig. 3D). Reduction and 
alkylation of the water-phase material afforded a pattern 
quite similar to that of unreduced water-phase and peak A 
material (cf. Fig. 32). The anodically migrating compon- 
ent was also found. It should be noted that the patterns 
of these three materials (Fig. 3C, D and Æ) were further 
characterized by a ‘white’ zone which extended from the 
application point to the slowest of the cathodically 
migrating zones. 

This phenomenon is most pronounced in the reduced 
and alkylated watersphase. A similar zone was also 
observed repeatedly with the water-phase material of 
other blood groups. The studies indicate that a reasonable 
amount of water-soluble serologically active material can 
be extracted with n-butanol. The yield could be increased 
by pre-treatment of the stroma by reductive cleavage, and 
yields up to 20 per cent were obtained depending on the 
content of haemoglobin in the original material. Inhibi- 
tion of four haemagglutination doses of anti-A-serum 
was accomplished with 4-40 ug nitrogen of the water- 
phase of blood group A. Approximately four times this 
amount was necessary to inhibit the same dose in the case 
of blood group A interface material. The latter result 
may be dependent on she relative insolubility of the inter- 
face material rather than a reflexion of low content of 
A-substance. The less of the Rh, (D) activity after 
reductive cleavage, reported by Green"’, is corroborated 
in this work. Furthermore the Rh, (D) activity is also 
destroyed by butanol. or Soxhlet-extraction. This is an 
indication that a lipid as well as a protein component 
is probably implicated in its structural integrity. The 
serological activity of the M and N substances present 
in the water-phase was not destroyed by the chemical 
treatment used. It s to be noted that no M and N 
activity was found in the interface. This finding is 
supported by the low sialic acid content of the material. 
Since about 75 per cent of the recovered nitrogen was 
present in the interface, the material was re-extracted 
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Fig. 3. Starch-gel electraphoretie patterns of A, stroma; B, in 

C, water-phase; D, peak A (cf. Fig. 1); E, ee (reduced and 

alkylated in absence of urea); F, ether extracte 

Gel prepared in aluminium lactate buffer (0-015 M; 
& M urea and 0-07 M mereaptoethan 








phowtie t peer ‘however, i is “improved after repented 
extraction. 

The application of urea starch-gel electrophoresis to the 
imvestigation of the red cell membranes®!* offers new 
insight to the complexity of the constituents of such 
membranes. In spite of the fact that none of the zones 
except haemoglobin can be linked with definite functions 
as yet, the means are now available for monitoring further 
_subfractionation of the water-soluble material. The 
number of separable zones may vary, depending on the 
age of cells, mode of preparation and electrophoretic 
eonditions. Comparative investigations will now be 
feasible with mucoids and other membrane constituents 
obtained by the method described or by other methods. 
On the basis of electrophoretic results some purification of 
the water-phase was achieved by gel-filtration (cf. Table 1). 
Peak A contained A, M and N substances. These mater- 
ials are included in small amounts in the gel. Hence 
their molecular weight cannot be accurately estimated. 
However, their molecular weights must be higher than 
those obtained by Kathan and Winzler™. Despite the 
~~ fact that this finding controverts the results obtained by 
-a these authors, the type of cells used and methods of their 


. preparation may play a part in the final chemical state of 


such substances. Our results are, however, in agreement 
with.those obtained by Lisowska”? with respect to the 
‘ultra-violet absorption spectra and the molecular weight. 
‘The heterogeneity of each of the phases as demonstrated 
“by starch-gel electrophoresis indicates a need for isolation 
and characterization of each of the components. Only 
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PECTIC POLYSACCHARIDES IN THE GROWTH OF PLANT CELLS: 
MOLECULAR STRUCTURAL FACTORS AND THEIR ROLE IN THE 
GERMINATION OF WHITE MUSTARD 


By SHEILA E. B. GOULD, Dr. D. A. REES, N. G. RICHARDSON and |. W. STEELE 


Chemistry Department, University of Edinburgh 


T ee part that the plant cell wall plays in growth has 
ZA beon discussed very thoroughly by plant biologists in 
- -pecent years'. Much of the speculation and experiment 
has stemmed from the hepe that wall extensibility, 
which must play a major part in cell growth and which 
may have a controlling influence on it, might be adjusted 
through one set of molecular interactions. ‘Cross-link- 
ages’ between pectic components of the wall have often 
been suggested to have this kind of key role; a discussion 
of the molecular interactions which could exist between 
pectic polysaccharides in the cell wall is therefore given 
here from a chemical point of view together with a pre- 
liminary account of a chemical approach to the investiga- 
tion of these interactions in one system. 
The possible nature of the association between pectic 
. molecules in the cell wall is suggested by the gels that these 
substances form in vitro. Such gels contain a network of 
macromolecules that is cross-linked at various points; the 
number of cross-linkages need only be small, provided 
they are strong enough to withstand disruptive forces 
such as osmosis and coulombic repulsion. The presence 
of repulsive forces is necessary if the gel is to exist in a 
swollen state. When the galacturonic acid units are 
mothyl-esterified, gels can be formed in the presence of a 
high concentration of a low-molecular-weight solute such 
as sucrose, glycerol or ammonium sulphate®. Minor 
changes in molecular structure can prevent gelation, 
suggesting that the cross-linkages are secondary valence 
forces between parallel polysaceharide chains that contain 





largo numbers of consecutive methyl galacturonate units 
in close contact. The strength of the association in this 
type of gel is probably, therefore, affected by the distribu- 
tion of the methyl galacturonate units available for. 
bonding (that is, not carrying any other substituent). 
Gel formation can occur whethsr or not esterification: 
is complete*, but a proportion of any non-esterified units: 
must occur largely in the undissociated state, or in 
association with divalent cations (see following). The 
gol must be stabilized by the presence of solutes whieh- 
presumably act, in large part at least, by diminishing 
the osmotic pressure which would otherwise be disrupt- 
ive. : 
A different type of gel formation occurs tn vitro in th Bee 
presence of divalent cations such as calcium when the 
polysaccharide is de-esterified to a sufficient degree ; 
Although charge neutralization might be one factor mo 
the mechanism, it seems likely that other effects such as- 
hydrogen bonding between chains and/or co- ordination 
of the cation by hydroxyl groups are also involved: 
Otherwise it would be difficult to understand why partial- 
acetylation should affect gel formation®?, why cation 
binding should be influenced by the stereochemistry. 
the uronic acid units, and why acidic polysaccharie 
such as polysaccharide sulphates should not form g 
with divalent cations. The strength of the assovlatt 
in this type of gel is dependent on the intermolecul: 
and possible intramolecular, distribution of io 
uronic acid units?, E 

















November 27, 1965 


Neutral sugars occur in two types of covalent combina- 
tion in galacturonans. Units of rhamnose, and possibly 
of other sugars, occur (normally in small amounts) as 
interruptions in the galacturonan chain; without a more 
detailed understanding of the stereochemistry of the 
secondary bonding involved in cross-linking, their effect on 
gel properties cannot be predicted. ‘The second type 
13 in side-chains which are sometimes very large; it 
appears that they can often be isolated by degradation 
of the galacturonan chain with alkalil®. These side-chains 
would be expected to prevent the alignment of galac- 
turonan chains, and polysaccharides with numerous such 
side-chains might lose the capacity to form a stable gel 
structure in the cell wall, or to do so by different mechan- 
isms. A number of plant slimes appear to be examples 
of this type. These are laid down in cell walls, often 
associated with cellulose microfibrils!®. In water they 
swell to such an extent that the cell ıs burst; but this 
effect is not observed if the water contains solute to 
diminish the osmotic pressure sufficiently. The swelling 
might be due to an inability to form a compact gel 
structure, owing to the lack of strong inter-chain binding 
between the molecules. The slimes seem often to contain 
a high proportion of neutral sugar units in the main 
‘galacturonan’ chain, numerous short side-chains also 
being present (for example, cress seed!? and linseed}4 
mucilages). A similar effect of increased branching in 
preventing alignment and aggregation of polysaccharide 
chains has been noted with certain arabinoxylans!®. In 
the ‘normal’ pectic polysaccharides that have so far been 
thoroughly studied!®:16:17, relatively few side-chains occur 
(although this proportion seems rarely to be negligible), 
and the continuity of the galacturonan chain is less inter- 
rupted by other sugar units. 

This brief discussion of the chemistry of pectic sub- 
stances indicates the way in which these molecules are 
likely to be associated in the middle lamella and perhaps 
also in the cell wall proper, though here especially their 
association might be modified by the presence of other 
types of molecule. The fact that naturally occurring 
pectic substances are often highly esterified?® suggests 
that association via methyl-esterified galacturonic acid 
units might sometimes be important. The polysaccharide 
molecules might be synthesized and laid down such that 
there 1s a higher proportion of intermolecular relative to 
mtramolecular cross-linkages than can be achieved in 
synthetic gels The structure might not then need to be 
stabilized to exist, as ıt must în vitro, by the control of 
solute concentration, pH and/or cations present. Even 
should osmotic stabilization be required, it might be 
provided by other wall components such as different 
polysaccharides!®. Calcıum, and perhaps other cations, 
probably participate in the natural cross-linking of pectic 
polysaccharides. This is suggested by the maceration 
and improved extraction of pectic substances that is 
brought about by chelating agents and agents that pre- 
cipitate calcium ions?®?! and by the co-occurrence of 
calcium and pectic substances in the same region?®??, 
Such ‘cation bridges’ might add extra stability to a ‘methyl 
ester linked’ gel, or function independently. The presence 
of covalent ester linkages between wall polysaccharides is 
another possible type of cross-linkage to be borne in mind. 
There are therefore many types of molecular change which 
would alter the association between pectic substances 
un vwo, including changes in the molecular distribution of 
acetyl and methyl ester groups and neutral sugar units. 
Although the metabolic control of extensibility could 
conceivably be achieved through only one of these, it 
is equally hkely that the situation is more complicated. 
The discussion presented here has been simplified by 
considering only the association between pectic poly- 
saccharides, and no attention has been given to the role 
of other wall components which might indeed be more 
important, especially in some species where the concentra- 
tion of pectic polysaccharides is very low??. 
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Against this background, we have undertaken a chemical 
study of the pectic polysaccharides of white mustard 
cotyledons, to look for molecular changes which might 
correlate with biological changes in the cell walls during 
germination™4.25, Ths pectic extract was readily separated 
into & neutral araban and a mixture consisting chiefly of 
acidic polysaccharides*‘. Several types of structure are 
consistent with the results of structural studies on the 
araban, but it is only relevant here to give one of them 
(Fig. 1). The other possibilities contain the same struc- 
tural units in the same proportions, but differ in the way 
in which the units are arranged. After germination, the 
araban was present .n smaller amount and methylation 
analysis coupled with quantitative gas chromatography 
showed that the proportion of branched units in the ‘main 
chain’ (Fig. 1) has dmminished from 56 to 40 per cent. 


L-Araf 
1 
y 
5 -Araf l—5 a fl—5 ar ig f1—5 t-Araf1—>5 a es 1-5 a Fes 
t t f t 
1 1 1 1 
L-Araf L-Araf T-Araf L-Aray 


Possible structure for mustard araban: note that this 1s only one 


Fig 1 
of the types of stracture consistent with present evidence 


The acidic polysaccharide fraction is very complex and 
contains several components which appear to be related 
in that they give similar mixtures of sugars on hydrolysis. 
The main structural features indicated by experiments 
on the mixture are shown in the form of a composite 
typical molecule (Fig. 2). The average degiee of branching 
18 quite remarkable, and might be related to the observa- 
tion that the cotyledcm cell walls appear to swell markedly 
at the onset of germination (cf. the discussion of plant 
slimes here). One of the acidic pectic components showed 
a specific tendency to aggregate in the presence of low 
concentrations of calzium ions, with the formation of an 
insoluble gel. This behaviour was most conveniently 
examined using the ultracentrifuge. The relatrve concen- 
tration of this aggregating component increased very 
much during the germination. period. 


Z 
1 
{ 
a J—4 Deg ia I—4 D-GalpA 1—4 a fa 1—2 L-Rhap 
t a T 
1 1 1 
Z Z Z 


where Z 1s D-Xylp ... or highly branched side-chains contaimng onlv 
arabinose units, perhaps resembling the neutral araban shown in Fig 1 


Fig. 2. Structural units p-esent in the mixture of acidic polysaccharides 
m mustard embryos 

The general conclusions to be drawn from these experi- 
ments are as follows. During the early stages of germina- 
tion, the pectic polysaccharides in the cotyledons remain 
little changed in terms of total amount present, sugar 
composition on hydrmlysis—and even in electrophoretic 
mobuiity which imples similarity with respect to such 
properties as charge Censity and perhaps degree of esterifi- 
cation. Dramatic changes are only revealed by more 
detailed examination of the chemistry of the wall com- 
ponents. The araben, a highly soluble polysaccharide 
which by analogy wich other systems would be expected 
to have little capacity for intermolecular bonding, de- 
creases in amount during germination to about one- 
third of the original level. At the same time, the degree of 
branching ıs diminisned and therefore the capacity for 
cross-linking of the =raction of araban that remains is 
probably increased. The acidic polysaccharides (very 
much the major pecte components) change ın such a way 
that they would appear by their aggregation behaviour to 
have an increased capacity for intermolecular bonding 
by ‘cation bridging’ after germination. These various 
factors would be expested to result in a firmer, less-extens- 
ible overall association. A decrease in the deformability 
of the cell wall woulc be expected on biological grounds, 
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because the period in which the alteration in visible form 
of the sall was most rapid was complete at the point 
at which cotyledons were taken for analysis (after 4 days, 
germination). In view of this correlation, it seems possible 
that pectic polysaccharides are involved in the metabolic 
control of cell enlargement; their role could either be 
confined to the middle lamella, or be more general 
throughout the whole wall. The detailed chemistry of 
the process is not yet clear, but the general factors that 
might apply are outlined in the first part of this article 
and the evidence suggests that the chemistry is more 
complicated than has often been imagined in previous 
discussions. This function of the pectic polysaccharides 
would not exclude the possibility that enlargement is 
dependent on other biochemical changes as well. 
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QUANTITATIVE GAS CHROMATOGRAPHY OF AMINO-ACIDS AS 
TRIMETHYLSILYL DERIVATIVES 


By Pror. EDGAR D. SMITH and HOWARD SHEPPARD, jun.* 


Graduate Institute of Technology, University of Arkansas, Little Rock, Arkansas 


ECAUSE of its speed, accuracy and sensitivity, gas 
chromatography offers substantial advantages over 
other methods at present in use for the determination of 
amino-acids. <A critical review of the literature on this 
problem so far is given by Lamkin and Gehrke!. In this 
review, however, the pioneering work of Ruhlmann on 
the synthesis and separation of the trimethylsilyl deriva- 
tives?-§ is given little attention because of the reported 
instability of these derivatives. Although Ruhlmann 
himself is credited with having stated that these derivatives 
were too unstable for satisfactory quantitative analysis‘, 
we feel that this statement is entirely too broad and is 
possibly in error. It is the purpose of this article to present 
results showing that quantitative analyses of amino-acids 
are possible with at least three representative protein 
amino-acids. 

(A) Synthesis of amino-acid derivatives. Three methods 
of synthesizing the trimethylsilyl (TMS) derivative of 
D,L-leucine were briefly explored as follows: 

(1) The leucine was mixed with a 50-mole per cent excess 
of hexamethyldisilazane (HMDS) and refluxed until a clear 
solution was obtained and the evolution of ammonia 
practically ceased. The excess HMDS was removed by 
distillation at atmospheric pressure, the pot residue cooled, 
and the TMS-leucine distilled at 10-mm mercury pressure. 

(2) The leucine was mixed with 100-mole per cent excess 
HMDS and refluxed as in method 1. The resulting solution 
was cooled to room temperature, diluted with about an 
equal volume of dry petroleum ether, and 50 mole per cent 
of triethylamine added to serve as a hydrochloric-acid 
scavenger. Finally, 50-mole per cent of trimethylchloro- 
silane (TMCS) was added dropwise with vigorous agitation, 
and the mixture stirred continuously for 2 h This 
reaction, mixture was then filtered under a nitrogen 
atmosphere to remove triethylamine hydrochloride and 

* Present address E., I du Pont de Nemours Co , Old Hickory, Tennessee 


the clear filtrate distilled as in method 1. This method 
is a slightly modified version of the procedure proposed 
by Brrkofer and Ritter’. 

(3) The leucine was mixed with a 30-mole per cent excess 
of trimethylailyldiethylamine (TMSDEA) and refluxed on 
a Nester-Faust semi-micro spinning band still until the 
overhead temperature dropped to 55-5° C, the boiling-point 
of pure diethylamine. The diethylamine was then removed 
ata 10 : l reflux ratio. The overhead temperature remained 
practically constant until the theoretical quantity of 
diethylamine had been removed and then rose rapidly to 
126-5° C, the boiling-point of pure TMSDEA. The excess 
TMSDEA was removed at this temperature, after which 
the pot was cooled and the crude TMS-leucine distilled at 
10-mm mercury pressure as before. This procedure con- 
stitutes a minor variation of the procedure described by 
Ruhlmann*. The TMSDEA used in this work was synthe- 
sized in about 50 per cent yield by the method described 
by Hurwitz, Park and Benneville®. 

All fractionations of the TMS8-leucine derivative were 
carried out on the Nester—Faust still mentioned in method 
3. The purified product yield in method 1 was only about 
33 per cent of theoretical and was contaminated with a 
white solid. Our tests indicated that this solid was pure 
leucine, confirming the observations of Birkofer and 
Ritter. These workers believed that this product formed 
in the distillate because of the incomplete conversion of 
the amine group to the TMS derivative; two moles of the 
partially silylated amino-acid reacting to yield a fully 
silylated product plus free amino-acid. 

The two-step synthesis procedure (method 2) was 
designed to eliminate the difficulty mentioned here and 
did lead to slightly better yields and appreciably lower 
contamination of the distillates. However, method 3 was 
clearly superior to method 2 in our hands and gave nearly 
quantitative yields of pure TMS-leucine. The former 
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Table 1.  PHYSIOAL PROPERTIES AND YIELDS OF TRIMETHYLSILYL 
DERIVATIVES 

Relative 

No. TMS-Derivative Yield % BP ° C/ retention 
of of theory press (mm) time * 
1 D,L-Alanine 61 76/15 100 
2 Glycine 82 88/15 1:06 
3 D,L-Valine 78 104/10 1-72 
4 D,1-Leucine 87 108/10 207 
5 L-Proline 76 87/55 2°63 
6 D,L-Serine 50 114/4 3 07 
7 D,L-Aspartic acid 95 113/4 470 
8 b,L-Methionine 89 184/5 4°72 
9 D,L-Phenylalanine 91 145/5 5°72 
10 L-Lysine 81 147/4 6-67 


* On 1 meter column of 10 per cent DC 200 on Gas-Chrom Z, programming 
from 92° to 200° C at 4 degrees/min, flow rate 100 ce /min helium. 


method was therefore used in synthesizing the amino- 
acid derivatives listed in Table 1. It should be noted in 
this connexion that the yields of derivative shown in this 
table are the actual yield of purified product obtained. No 
attempt was made to account for losses due to still hold- 
up, intermediate cuts, etc. Ruhlmann has indicated yields 
of 82-97 per cent for all the amino-acids tested, and we 
feel that his figures are probably more nearly correct than 
ours. 

(B) Gas chromatographic analysis conditions and pro- 
cedure. As noted in Table 1, columns of ‘DC 200’ fluid 
(12,500 centistoke viscosity) on ‘Gas-Chrom Z’ gave 
good separations of most of the TMS amino-acid derivatives 
synthesized in this work. A number of other partition 
liquids were briefly tested and symmetrical peaks were 
obtained on such standard materials as “DC 710’, “Apiezon 
LD’, ‘SH 5? and ‘Q/-1’. However, none of these partition 
liquids was any better than ‘DC 200’ fluid. Attempts to 
use other standard partition liquids containing active 
hydrogen atoms, such as polyglycols or polyesters, failed 
to give recognizable peaks even after repeated injections or 
after attempts to react these partition liquids with excess 
TMSDEA before preparing the columns. In view of the 
distinct possibility that the TMS derivatives might prove 
to be too unstable or too reactive for gas chromatography 
anyway, it was decided to carry out a preliminary quanti- 
tative evaluation on the ‘DC 200’ column. It was further 
decided to carry out these analyses under isothermal con- 
ditions to eliminate errors which might occur due to non- 
reproducible programming of temperature. D,L-Leucine, 
D,L-serine and D,L-aspartic acid were the amino-acids 
chosen for this work as being representative of a neutral, 
hydroxy-, and acidic amino-acid respectively. An Aero- 
graph model A-350-B dual column temperature-program- 
med gas chromatograph equipped with a dual 4-filament 
detector cell was used with a Sargent model SR recorder. 
Helium was used as the carrier gas and 2 metres of standard. 
0:25-in. diameter copper tubing was used to contain the 
packing of 10 per cent ‘DC 200° fluid (12,500 centistoke 
viscosity) on ‘Gas-Chrom Z’. The carrier gas flow-rate was 
set at 100 ml./min, and the column temperature at 160° C, 
in order to obtain a clean separation of the three amino- 
acids in an over-all analysis time of 8 min. Initially the 
injector and detector cell blocks were both set at 230° C, 
but a few preliminary semi-quantitative tests soon showed 
that better peak shapes and shghtly more reproducible 
responses were obtained with on-column injection. The 
injector block temperature was therefore reduced to 160° C 
in subsequent quantitative work. In view of the known 
sensitivity of the TMS-amino-acid derivatives to traces of 
moisture, peak responses were also checked semi-quanti- 
tatively before and after the installation of a Matronic 
X F-100 gas chromatography scrubber in the carrier gas 
line between the helium tank and the gas chromatographic 
column. This unit is designed to remove traces of moisture, 
ol and dirt often found in commercial tanks of helium. 
Comparison of the data with and without the scrubber 
showed that the sample responses increased by nearly 
40 per cent with the scrubber in place. This definitely 
showed the desirability of scrubbing the helium for this 
work even though it was not possible to detect any gain in 
weight in conventional magnesium perchlorate drying 
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tubes after the passage of 30-401. of this gas through them. 

Standard samples of the TMS derivatives of leucine, 
serine, and aspartic azid were prepared by injecting each 
of the pure derivatives into a dry, tared, and nitrogen- 
flushed vial through g self-sealing silicone-rubber septum. 
The vial was re-weighad after each injection, and finally a 
calculated volume of TMSDEA was injected to bring the 
final solution to the desired concentration and the vial 
again weighed. In this way the weight per cent of the final 
solution could be caleuated accurately. 

Reproducibility of sample size injection was checked by ` 
injecting replicate 2, £, and 8 ul. samples into a tared vial. 
The vials were re-weighed after cach injection so that both 
the reproducibility oZ injection and the average sample 
weight per injection could be calculated. The assumption 
was made in subsequent work that these average weights 
were also injected into the gas chromatograph. Thus, the 
size of each amino-azid component could be calculated 
from a knowledge of the weight-per-cent composition of 
the sample mixture. Calibration curves were then prepared 
by injecting triplicatesamples of 2-8 ul. of several standard 
mixtures. Under the gas chromatographic conditions 
specified, the elution times of the three amino-acids 
chosen for analysis were 2:2, 3-3, and 6-8 min for leucine, 
serine, and aspartic ecid respectively. 

Finally, several mixtures of leucine, serine and aspartic 
acid were weighed out and converted to their trimethyl- 
silyl derivatives by she following procedure: a mixture 
of 80-300 umoles of each of the three amino-acids was 
suspended in 4-5 ml of TMSDEA in a tared distillation. 
flask. The suspension was refluxed on a Nester—l'aust 
micro spinning-band still for 5-10 min, and then the 
resulting clear solutic was slowly distilled so as to collect 
2-3 ml. of distillate over a period of 50 min. Initially 
the overhead distillete temperature was 55°-60° C, but 
it gradually climbed so about 120° C at the end of the dis- 
tillation time. The dot contents were removed from the 
still and the flask re-weighed so that the amino-acid 
content could be calzulated. An aliquot of this solution 
was injected into tke gas chromatograph and analysed 
under the conditions previously described. 

The statistical correlations observed between the sample 
size of pure TMS-der-vative injected and the average peak 
areas or peak heightsare summarized in Table 2. Attempts 
were made to improve the precision of the peak area 
measurements by dcubling the recorder chart speed, but 
no significant imprcvement was observed. It was con- 
cluded that the major cause of the relatively poor precision 
(95 per cent confidence limits were about +10 per cent 
of the actual amount present) was due to the non-repro- 
ducibility of samp:e injection. This conclusion was 
confirmed by the folowing facts: (1) in every case where 
an unusually high or low response was obtained for leucine, 
correspondingly high or low responses were also obtained 
for serine and aspartic acid; (2) when analyses were cal- 
culated on a relativ, rather than on an absolute, basis, 
the precision of ths analyses was markedly improved 
(95 per cent confidence limits were +0-6 per cent of the 
actual amount present). 

Table 3 summarizes the results obtained on analysing 
four synthetic mixtures of pure leucine, serine and aspartic 
acid. Recorder peek height responses were used in, this 
work since there seemed to be no advantage of the more 
complicated peak area determinations. Minor variations 
of the procedure des2ribed in the experimental section were 
used in these runs, and it is felt that the reproducibility 
shown in this table zould be improved by strict adherence 


Table 2. STATISTICAL GORRELATION OF SAMPLE SIZE AND RECORDER 
RESPONSE FOR PURE TMS DERIVATIVES * 
Peak heights Peak areas 
Amuno-acid Corr. coeff. S.D. Corr. ceeff. S.D 
Leucine 095 0-019 0 995 0-019 | 
Serine 0195 0-019 0-996 0 018 
Aspartic acid 0 995 0 022 0:996 0 019 


* Range of sample size- was 0-10—0:70 «moles for each amino-acid, 
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Table 3. ANALYSIS OF SYNTHETIO AMINO-AGID MIXTURES 


Absolute amount in Relative amount 


Sample moles h 
No. Component Present Found % Dev. Present Found % Dev. 
1 Leucine 101 81:4 —19°4 33:6 344 + 2-4 
Serine 00 78-8 —214 332 30:2 -~90 
Aspartic acid 100 76-5 —23°5 332 382-4 —24 
2 Leucine 100 67°2 — 382-8 32.8 31-9 —2-7 
Serine 80 64°) — 32°4 262 265 +11 
Aspartic acid 125 84-4 — 32:5 41-0 417 +1-7 
3 Leucine 91-1 66-7 —268 288 29-1 +1-0 
Serine 93-9 66 0 — 29-7 29-7 29°4 —1:0 
Aspartic acid 131 92 2 —29°6 415 41°56 00 
4 Leucine 38 114 —17°4 23°2 24 3 +47 
Serine 162 131 -191 27-2 27-9 +26 
Aspartic acid 296 225 — 24-0 49-6 47°7 —3°8 


to a single procedure. Nevertheless, the data in Tablo 3 
are useful to demonstrate two points: (1) the average yiold 
of amino-acid derivative via the procedure used was 
roughly 75 per cent for each of the three amino-acids; 
(2) the relative percentage composition of the mixtures 
could be calculated with an average precision of +3 per 
cent (95 per cent confidence limit). The latter fact appears 
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to substantiate the conclusion that all three amino-acids 
were being converted equally to trimethylsilyl derivative. 
In summary, we feel that this work strongly indicates 
that the trimethylsilyl derivatives may yet prove to be 
the simplest and best derivatives for the gas chromato- 
graphic analysis of amino-acids. Work is continuing to 
extend this method to additional protein amino-acids 
and to refine the analytical procedures outlined in this 
article. 
This work was supported by U.S. Public Health 
Service research grant GM 09776 from the National 
Institutes of Health. 
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IN IRRADIATED CRYSTAL LATTICES 


By Dr. LEWIS T. CHADDERTON and IAN McC. TORRENS 
Physics and Chemistry of Solids, Cavendish Laboratory, University of Cambridge 


We crystalline matter is bombarded with energetic 
radiation—protons, neutrons, «-particles, electrons, 
fission particles, etc.—the atoms of the lattice are dis- 
turbed and some are displaced, either singly or collect- 
ively, to form defects. The detailed examination of these 
processes is the physics of radiation damage, in which 
interest has been stimulated by the onset of the nuclear 
age, and with the realization of the importance of crystal 
defects in many solid-state devices!?. Only comparatively 
recently, however, has close attention been paid to the 
fact that the atoms of an irradiated crystal are arranged 
in an ordered way on & three-dimensional lattice, though 
as long ago as 1957 Silsbee predicted that this would be 
of profound importance’. 

The way in which the regularity of the erystal can 


modify the problem is perhaps best seen in a qualitative - 


way by considering a primary radiation damage event; 
that is, a collision between an incoming particle and a 
lattice atom. If the collision is a close one, then sufficient 
energy is communicated to the struck atom to displace it 
and, indeed, a cascade or shower of subsequent displace- 
ments may ensue. If the energy of. the ‘primary knock- 
on’, however, is not so great, then the surrounding lattice 
is able to impose rigid conditions on the possible modes 
of momentum transfer. Thus, when the struck atom 
cannot penetrate the surrounding lattice it can only 
transfer energy and momentum to one of its immediate 
neighbours, and so the possibility of collision correlation 
becomes apparent. More particularly, where close-packed 
rows of atoms exist in the crystal, one may expect an 
energy pulse, or a sequence of collisions, to be propagated 
along them. This is the phenomenon of focusing, first 
suggested by Silsbee? and discovered in practice more 
recently through a series of elegant experiments por- 
formed by M. W. Thompson et al. at Harwell‘~*. The 
bundle of energy which passes down a row of atoms is 
called a ‘focuson’, and it is said to have propagated by 
means of a ‘focused collision sequence’. If the close- 
packed row of atoms is bordered by nearby atoms, then 
these also may exert some influence on the behaviour of 
the focuson, and an ‘assisted focusing’ process, which is 
very similar to the action which a simple thin converging 
lens exerts on a beam of light, may occur. When the 
nearby atoms lie close to the ‘optic’ axis, then the atomic 
lens is strong, focusing is enhanced, and the effective focal 
length is small. Moreover, if the focused collision sequence 


is sufficiently energetic, then it can be accompanied by a 
series of sequential atomic replacements.” This is called 
a dynamic crowdion. Afterwards, of course, owing to the 
dissipation of energy to the atoms comprising the atomic 
lenses and because of thermal vibrations of all the atoms, 
& dynamic crowdion is degraded into a focuson, an inter- 
stitial atom is deposited, and the focuson fades away’. 

One other very important process derives from the 
existence of close-packed chains of atoms in the crystal, 
or rather from the open layers, or channels between them. 
If a primary knock-on enters and moves down such a 
channel, its interaction with the lattice will be small. It 
will travel long distances in an almost force-free space 
and will be constrained to stay there by an effectively 
infinite potential well created by the atoms in the close- 
packed chains. By analogy with the focuson, where the 
particular nature of the process was also emphasized 
through a high degree of energy localization, a primary 
of this kind has been called a ‘channelon’?. The chan- 
nelon, like the dynamic crowdion, but unlike the focuson, 
always transfers energy and mass. 

The one single factor which perhaps best serves to dis- 
tinguish between the phenomena of focusing and channel- 
ling is the energy at which they occur. Thus, while 
focusing is essentially a low-energy process (of the order 
of a few hundred electron volts in the close-packed 
metals), channelling is generally more favoured at higher 
energies (of the order of several keV); without any 
essential upper energy limit. 

Computer methods. Both focusing and channelling are 
amenable to some kind of analytical treatment’, but a 
comprehensive and accurate analysis is ruled out by the 
difficulties encountered in allowing for many simultaneous 
atomic interactions—the very core of the correlation 
problem. Moreover, our knowledge about the interaction 
potential itself is not very satisfactory, so that in many 
circumstances a numerical approach can be of greater 
value at this time. For this reason, Vineyard et al. at the 
Brookhaven National Laboratory have initiated computer 
calculations of radiation damage in face-centred cubic 
metals*-1, and the work has since been extended by 
Erginsoy and others to the body-centred cubic structure??. 
The computer is asked to consider a crystallite containing 
a reasonably large number of atoms which interact with 
realistic forces. Atoms on the surface of the crystallite 
are supplied with extra forces simulating the reaction of 
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atoms outside, as though the crystallite were embedded 
in an infinite crystalline matrix, and a radiation damage 
event starts with all atoms on their lattice sites and all 
but one at rest. That one atom is initially endowed with 
arbitrary kinetic energy and direction of motion, as 
though it has just been struck by an incoming particle. 
The computer then integrates the classical equations of 
motion for the set of atoms, showing how the knock-on 
transfers energy to neighbouring atoms, how the dynamic 
stages evolve, and how the kmetic energy finally dies 
away and the atoms of the set come to rest in a damaged 
configuration. 

Our own interest is the particular problem of fission 
fragment damage in crystals and in determining the part 
which focusing and channelling are likely to play in the 
different crystal types. For this reason a computer pro- 
gramme has been established which is similar in general 
form to that of Vineyard et al. but which differs in detail. 
In particular, a section is taken across the crystallite by 
tho computer and the projected orbits of atoms originally 
at rest on lattice sites in that plane are automatically 
plotted. The programme is so constructed that 1t is a 
rolatively simple matter to change the section taken, the 
nature of the material—element or compound, and the 
nature of the binding. The energy of the primary event 
is very easily controlled. The computation begins with 
the struck atom directed along a major crystallographic 
direction and the orbits of all the disturbed atoms in the 
plane selected, including the struck atom, are plotted out. 
After a sufficient interval of time the computation is 
arrested and the direction of the initial knock-on in the 
primary plane is slightly changed, so that ıt now makes 
a small angle with the original major crystallographic 
direction. The programme is then reset and restarted 
and a further set of atomic orbits are plotted out on the 
same diagram. This procedure is continued, the same 
increment of angle being added to the previous direction 
at each resetting, until such time as a full 360° has been 
covered in the plane or, if the plane contains one or more 
axes of symmetry, until the diagram contains all the 
necessary information. A new section through the crystal- 
lite—a new crystallographic plane—is then selected, 
and the entire computation followed through again for the 
same initial atom, and another diagram obtained. Each 
of these composite diagrams, which we call ‘energy cor- 
relation diagrams’, contains information about the 
importance of focusing and channelling following primary 
radiation damage events in the crystal at that particular 
energy. The idea is best illustrated by choosing a few 
examples. 

We begin by considering an alkali halide lattice— 
potassium chloride. This is a face-centred cubic structure 
with singly charged potassium and chlorine ions (both 
electronic configurations identical with argon) arranged 
alternately at the lattice points of a simple cubic lattice. 
The ions are close-packed with an inter-ionic spacing of 
3-14 A; so we would expect focusons to be favoured and 
channelons to be rare. Fig. 1 shows the 80-eV correlation 
diagram for a struck potassium ion in the {100: plane. 
All the events depicted were run under identical con- 
ditions, and continued for the same length of time 
(1-2 x 10-3 sec) so as to allow any focusons created to 
leave the immediate vicinity of the knock-on. The dia- 
gram illustrates very effectively the relative importance 
of the low-index directions in the focusing of energy away 
from a primary event. In particular, the predominance 
of the [110] assisted focusing is extremely marked and 
much more intense than the [100] focusing. The main 
[110] lines carry some energy from almost all the events, 
and a large fraction of the energy from some initial 
projections close to 45°, whereas in the [100] case, only 
events where the ion is set moving at under 20° focus 
energy over more than about three lattice spacings. 
Study of the diagram reveals that subsidiary [110] 
focusing in adjacent lines is beginning and, if the events 
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were permitted to continue into the relaxation period, 
this would undoubted:y become more obvious. Disturb- 
ance of the [110] lensss by the traversal of a focuson is 
clearly illustrated. “he size of the disturbed region, 
moreover, is governel by the energy of the primary 
knock-on, and in the potassium chloride, structure the 
symmetrical spread of =hıs region is very marked. Activity 
is concentrated along or near to the principal focusing 
&Xes. 

Now consider a lattice which is characterized by a 
measure of covalent binding—lead iodide. This possesses 
a hexagonal crystal stzucture of the cadmium hydroxide 
group (a) = bo = 4:54 A, co = 6-86 A) and consists of 
‘sandwiches’ of planes parallel to the basal (0001) plane, 
each sandwich being composed of a plane of lead atoms 
between two planes ef iodine atoms. The atoms are 
packed somewhat loosly if we compare the lattice with 
potassium chloride, so that channelling of atoms, rather 
than focusing, might be expected to be a possibility. 
Fig. 2 shows the 80-e/ correlation diagram for a struck 
lead atom in the (1210 plane. Strongly assisted focusing 
occurs ın one of the svents for atoms moving in the 
[1011] direction, since a lead atom travelling in this 
direction passes throuzh an assisting lens of two iodine 
atoms, which aids the <ocusing. However, the distance it 
must travel before coll:ding with its successor in the chain 
is 10-43 A, and consequently it does not require to be 
more than a few degrees off-axis in order to defocus 
rapidly, due to over-cerrection by the iodine/iodine lens. 
Some subsidiary focusirg takes place in the [0001] direction, 
but this is generally skort-lived, due to the asymmetry of 
the adjacent lines of asoms. The relatively long range of 
the secondary knock-ons which the diagram reveals, and 
the lack of regularity in the spreading of the disturbance, 
are both consequences of the high spacings in the open 
lead iodide lattice. This contrasts markedly with Fig. 1, 
though undoubtedly scme trajectories would cross in this 
diagram if the events vere run into the relaxation period, 
where [110] replacemants and diffusive ionic motions 
would occur. 

So far we have only referred to examples where the 
correlated atomic mctions lead to the generation of 
focusons. Now we consider the case of channelling, for 
which we shall in general require higher energy correlation 
diagrams, though, of course, we dare not go to such high 
energies that energy -osses to electrons would become 
important, since the programme does not acknowledge 





Fig 1  80-eV correlation Jiagram for a struck potassium ion in the 
{100} plane of the potassium chloride structure. The diagram consists of 
many superimposed atomi: trajectories Both simple and assisted 
focusing occur str ngly, in the |100] and [110] directions respectively 
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‘the existence of a fine atomic structure. Here we intro- 
duce the concept of a primary energy correlation diagram, 
in which only the orbits executed by the primary knock-on 
are plotted out. This is simply a device to remove the 
background of the many secondary orbits which in this 
case would only complicate the issue. Fig. 3 is the 80-eV 
primary correlation diagram for the events shown m 
fig. 2. The orbits of the knocked-on lead atom show 
minor variations with angle but do not vary significantly 
in length. Fig. 4, on the other hand, which is the 1,000-eV 
primary correlation diagram for a struck lead atom 
exhibits primary orbits with a very marked angular 


variation in length-and shape. These indicaté that within - 


two angular bands of about 30° channelling occurs in the 
<I011> directions. There ‘is a transverse oscillation 
superimposed on atomic motion ‘along this channel, and 
this tends either to decrease in amplitude (‘active’ chan- 
nelling), or to increase rapidly until the atom is knocked 
out of the channel. This oscillation of an imperfect 
channelon about the axis, if extrapolated to three dimen- 
sions, becomes a spiralling’ movement, though it is 
somewhat irregular since the atomic ‘lenses’ are rather 
astigmatic. ; 

Conclusion. The primary energy correlation diagram, 
which is essentially a polar plot of channelon probability, 
is of value to those interested in this particular pheno: 
menor. The displacement energy correlation - diagram, 
however, which we have not so far discussed, will be of 
more general interest. In this, for a knock-on directed at 
a particular angle, the atomic orbits are plotted out for 
the lowest energy leading to production of a permanent 
Frenkel pair. Information about this displacement energy, 
and about the final positions of the vacancy and inter- 
stitial, is stored before the computer is instructed to add 
another increment of angle. The displacement energy 
correlation diagram: may then consist of a plot of those 
atomic orbits which lead to displacement, including the 
positions in the lattice of the vacancies and interstitials 
produced, and, if necessary, of a true polar plot of the 
displacement probability. , 

While the methods which have been’ described here 
have been developed with a specific purpose in mind, we 
believe that the correlation diagram can be of use to 
workers in the general field of radiation damage. Since 


~ 
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Fig. 2. 80-eV correlation diagram for a struck lead atom in the (1210) 

plane of the hexagonal lead iodide lattice. Strongly assisted focusing 

occurs in the:40° event for atoms moving in the [1011] direction, but this 

requires projection within a small angle of this direction, otherwise de- 

focusing takes place immediately. The relatively long range of: the 

secondary knock-ons is a couaeauence of the, very open-lattice of lead 
e 
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Fig. 3. 80-eV primary correlation diagram for the events shown in Fig. 
2’ Only the orbits executed by the primary: knock-on are plotted Dut, 
and though these show minor variations with angle they do not vary 

significantly in length 
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Fig. 4- 1,000-eV primary correlation diagram for a struck lead atom in 
the (1210) plane of the lead iodide lattice. Orbits with a very marked 


~ angular variation in length and shape indicate that within two angular 


bands of about 30° channelling occurs in the <1I011> directions 


the computer programme can be easily adapted to 
different structures, a first step might be to catalogue the 
non-displacement cerrelation diagrams for the principal 
planes in the elemental crystal lattices—cubic, tetragonal, 
hexagonal, monoclinic; etc. This would make’ available 
a neat, but qualitative, summary of the relative prob- 
abilities of focuson propagation along the major directions 
in crystals of the elements. A second step would be to 
see how these diagrams vary with the nature of the 
interatomic binding—metallic, ionic, covalent, etc.—in 
going from an element, to a compound, and with atomic 
mass. Thirdly, and somewhat more sophisticatedly, it 
might be informative to introduce defects—dislocations, 
interstitials, impurities, stacking faults, ete.—of the-type 
to’which the particular crystal is susceptible. _ 

We thank Dr. F. P. Bowden for his advice, the Ministry 
of Education, Northern Ireland, for a research ‘scholar- 
ship (I. McC. T.), and the Science Research Council for 
the award of a research grant. f 
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LETTERS TO THE EDITOR 


PHYSICS 


A Wave Mechanical Approach to the Plasma 
: Interaction Problems 


Ween an object moves rapidly in an ionized gas, its 
rface, if electrically conducting, will become charged due 
to the differential in mobilities of the electrons and ions 
inthe gas. Assuming that the medium is in thermodynamic 
equilibrium and consists of singly charged particles 
only, the surface will acquire a negative potential. The 
squilibrium surface potential will be reached when the 
incident fluxes of electrons and ions become equalized 
by. the biased surface potential. A charged body influences, 
by electrostatic interaction, the trajectories and con- 
centrations of the neighbouring charged particles which, 
in turn, modify the potential field by their presence as 
space charges. This electrodynamic phenomenon, which 
occurs in the immediate vicinity of a body moving rapidly 
in a rarefied ionized medium, is the plasma interaction of 
interest. A variety of scientific experiments have led to 
the discussion of this problem. As an example we may cite 
the measurement of the upper ionosphere by the use of 
a satellite probing scheme. The ionospheric quantities of 
interest, for example, electron density and temperature, 
must be inferred from the planned measurements made at 
the satellite body which is, of course, shielded by a cloud 
of charged particles and their associated potential field. 
The theory of measurement, therefore, must be based on 
an understanding of the specific plasma interaction 
developed. 

The conventional approach to the problem consists of 

treating the Poisson equation which governs the potential 
field jointly with the Boltzmann equations which determine 
the concentrations of the charged particles in questien. 
These equations are coupled by the space-charge terms of 
the Poisson equation and the external-force term of the 
Boltzmann equation. It would be out of place to review 
the extensive publications on the subject. Interested 
readers are referred to the recent review by Al’pert et al.}. 
Generally speaking, the method of iterative approxima- 
tions is used starting with a quasineutral particle solution 
for the particle concentration. Some pertinent references 
which are exceptions to the iterative approach are 
discussed later. 
_ Ishall present here an alternative approach to the plasma 
interaction problem which leads to a more rigorous 
treatment of the charge-field coupling effect, thus shedding 
more light on the physical process of interaction. In this 
approach, the motion of the particles is represented by 
the Schridinger wave equation instead of the Boltzmann 
equation as used in the conventional approach. In the 
present communication, we are interested in the stationary 
state of the intersection, thus eliminating the considerations 
of hydrodynamic stability and wave excitations. The 
absence of magnetic field is also assumed although the 
formulation can be generalized to include the effect of 
magnetic field. This omission is justifiable if we are inter- 
ested in the particle distributions in the zone close to a 
body moving in a weak magnetic field. 















‘onsider a rarefied plasma flowing toward a fixed 


stream velocity V, is much larger than the thermal velocity 
of the ions and much smaller than that of the electrons. 
Tt. is assumed that the characteristic dimension of the 
body is small compared with the minimum mean free 
path of the charged particles. Thus the partiele flow in 





(conducting) body at hypersonic speed such that the free’ 


this zone close to the beady can be treated as collisionless.. 
To make our problem de‘inite we postulate that the surface. 
of the body absorbs and neutralizes the encountering ». 


electrons and ions respectively. This is a reasonable — 

















assumption for particles impinging with energy of. the A ee 


order of a few electron volts. It is further assumed tha 
the body is electrically charged to a high negative poten 
hence the electron density (ne) can be PR DEORE ; 
the Maxwell-Boltzmann: distribution: ; 


ne(r) =r, expleg(n)/k Te] 


where e, k, Te, ọ and na denote the electron charge, 
Boltzmann constant, 2lectron temperature, electrical 
potential and electron density at infinity where o=90, 
respectively. 

The Schrédinger wave equation for an ionic particle (m) 
in steady motion is: 


hy2h(r) + 8r2m[E — eg(r)]¥(r) = 0 (i) 


where h denotes Planzk’s constant; , potential; Æ; 
total energy of the particle in question. The wave function 
vi) has meaning? such that |d/*dr is the probability of 
finding a particle in volume element dr at r. Thus if there 
are n non-interacting iGentical particles per unit volume, 
n|y|* represents the probable number density at r. It 
can be shown that for the ionic particles of interest in the 
plasma interaction problem here concerned, the dë 
Broglie wave-length is negligibly small compared with the 
Debye shielding distanco?! in which ọ varies significantly. 
We may therefore simplify the solution of equation (1) 
by using a short-wave-length approximation. In so doing 
all the ‘diffraction’ effezt (a term borrowed from opties), 
which is important for the shadow (wake) zone of the flow 
field, vanishes in this limit, as might be expected. In other 
words, in the present -evel of approximation, we limit 
our discussion to the flow field in the frontal zone facing the 
stream. It is noted from geometric optics that if the co- 


ont 
efficient of the )-term were a constant, say «, exp[ta(B-r)] 


would be a solution tc equation (1), where B is a unit 
vector in the direction of propagation. This result, to- 
gether with the Wentzel~-Kramers—Brillouin—Jeffreys | 
approximation to equation (1) in the one-dimensional 
case, suggests the follewing form for y (if several rays. 
pass through a pa we may write instead of (2): 


= LAexp[zWi(r)], 


the sum edie one term for each ray through the 


point): 
Y = Aexpl{iWir)] (2) 


Equation (1), after the substitution of (2), becomes: 
i Wy — e/2W] = 8r'm(E — eo) 
which reduces by short-wave-length approximation to 
(J WY = 8r2m(E — eg) (3) 


The first-order partial differential equation (3) for W is. 
equivalent to a system. of ordinary differential equations 
for the rays (or trajectcries) of the particles. It is a form 
of Hamilton-Jacobi equation in classical mechanics, as 
might be expected’; V is proportional to the action 
function. The possible trajectories of ions are orthogonal — 
to the surfaces of constant W and hence to the surfaces of 
constant prose of the wave function p. The formal 
solution for ọ can be written: 


W(t) = f2n«/2mh4 {E — eg[r(s)]}t ds (4) 
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where s is a parameter in terms of which the trajectories 
of ions are described. 

The advantage of the present method results from the 
fact that the Schrödinger equation for 4 is linear for a 
given ọ. [tis admitted that the Hamilton-Jacobi equation 
can be exactly and generally integrated only in a few 
simple cases. On the other hand, particular solutions with 
correct initial conditions can often be fairly easily obtained 
by numerical or graphical methods. In the following we 
shall illustrate the use of the present method in a plasma 
interaction problem for which an exact solution for the 
potential field can be obtained. 

Cons der a rarefied hypersonic plasma stream with 
properties as already described impinging on a large 
conducting plate at a small angle 0 to its normal, the x- 
axis. It is assumed that the plate, which absorbs and 
neutralizes the electrons and ions respectively, is large, 
hence the edge effect is negligible and the potential field 
can be treated one-dimensionally, ọ = ọ(x). We have 
now the Schrédinger equation for the motion of the ions: 


ay a Bazm.. À E 
g + Gye t ae A — eey = 8 (5) 
and the Poisson equation governing the variation of o: 
d? i i 
aa = —4zen,[lŅ|? — exp(eo/k T.)] (6) 


with the boundary conditions: 
ọ = 0, dọ/dr = 0, at v = 


Let 4(x,y) = ¥,(x)b,(y) be substituted into equation (5), 
wo obtain the separated equations: 


— QQ 


d?y 8rm ' = 
a5 tp [E — eg(x))}, = C; (ia) 
and 
d'y 
at = C (7b) 


where Q? is the separation constant. Using the short- 
wave-length approximation (or WKBJ-method) and the 


upstream condition : 
at z= —@,) ~ exp[2ni(2m E£/h*)}) (x cos0 + y sinp) 
and also |)|?= 1, ọ = 0 we obtain from (7): 
ly]? = (1 + eọ/E cos*6)-! (8) 


It is interesting to note that the result (8) agrees with 
that obtained by Hays*, who used the Boltzmann equation 
method. It is also of interest to compare the present result 
with that of Ginzburg‘, who studied a special case (0 = 0) 
using hydrodynamic equations derived from continuum 
flows. They check when 9 is put equal to zero in (8) and 
the pressure-term contribution in Ginzburg’s result is 
neglected to comply with the hypersonic assumption. 

Equation (6) re-arranged’, after |4|? is replaced accord- 
ing to equation (8), and multiplied by do/dz, is integrated 
to: 


£ — To = f[(8xn,)t[2L(1 — ep /kT.)t — 2E —kTe + 
kT,expleo/kTe)}3do (9) 


where 9, denotes the potential at x = zx; the total ionic 
energy E = mV ,?/2. In equation (9) we have the structure 
of the electrical potential shield in front of an inclined 
plate with negative surface potential p, facing a hypersonic 
plasma. 

The generalization of the present approach to incident 
ions having a thermal velocity which is small but not 
negligible compared with V, should not prove difficult 
in view of Bohm and Vigier’s interpretation of quantum 
theory in terms of a fluid with irregular fluctuations®. 

In rarefied-gas dynamics, an issue of much controversy’ 
exists as to the limit of validity of the hydrodynamic 
equations. With charged particles the appearance of 
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collective phenomena which arise because of the long: 
range electrostatic forces between charges tends to 
widen the range of validity of the continuum hydro- 
dynamice equations, Still, the discussion has been at the 
best qualitative. The present formulation helps to shed 
some light on the transition from micro- to macro- 
mechanics of plasma flows. Furthermore, the present 
method appears natural for the treatment of some un. 
solved problems, such as: (1) unsteady plasma flows; (2) 
the distribution of ions with bound orbits. In fact it was 
during an investigation of these problems that I was 
attracted to the idea of using the Schrédinger equation. 

This work has been supported by research grant 
NsG660 from the National Aeronautics and Space 
Administration. I thank Ming-Young Yu for his help 
in the calculations. 
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Soviet Phys 


Direct Ultramicroscopic Observation of 
Thermal Scattering in Sodium Chloride 


THERMALLY scattered light emitted from nominally 
very pure single crystals of sodium chloride is directly 
seen in ultramicroscopic exeminsetion of impurity centres!” 
using illumination at right angles to the direction of 
observation (Fig. 1). 

This is proved by photographic intensity measurement 
of the light scattered by è crystal region which is free 
from individuel scatterers. For the reference photograph 
the intensity of the illuminating light is optically attenu. 
ated to 10-4 of its original value with « specially designed 
system using neutral density filters, multiple reflexions 
and optical sampling. 

The relative intensity of the scattered light is determinec 
with an experimente] error of + 15 per cent for the wave 
lengths of 400 nm and 546 nm of a high-pressure mercury 
discharge lamp. The results comply with the theoretica 
values’. 

L. Taurelt was able to show this by careful selection 
of the illuminated portion of the crystal measuring thi 
total intensity of the light emitted by it. With thi 
method one cannot distinguish between the therma 
scattering itself and the contributions of individua 
scattering centres which are due to impurities in the 
crystal. The measurement presented here overcomes this 
difficulty. 





Fig. 1, Illuminated portion of sodium chloride crystal as observed with 
an ultramicroscopic arrangement, exposure time 18 h, Only some few 
scattering centres show up in the right-hand side of the scattering volume 
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GEOLOGY 


Corona Structures in the Basic Igneous 
Masses of East Aberdeenshire 


THs presence of corona structures in the east Aberdeen- 
shire intrusions is well known. Read! described and 
Kigured such reaction relations from olivine-gabbros of the 
Huntly mass. Stewart? noted in the Belhelvie mass 
common reaction rims surrounding the olivines of the 
ttroctolites, the inner being colourless orthopyroxene, the 
router amphibole. Sadashivaiah® described from ultrabasic 
rocks of the Bourtie area of the Insch mass ‘Very beautiful 
double coronas . . . are developed around the olivines at 
the contacts with feldspar; the narrow inner rim is usually 
of orthopyroxene and the broader outer rim of fibrous 
amphibole ...’. Read, Sadashivaiah and Hag‘ recorded 
from olivine-gabbros of the Insch mass “intergrowths of 
various kinds and reaction-associations are beautifully 
developed. ... The discontinuous reaction series involved 
in the reaction association consists of the following mem- 
bers: olivine, hypersthene, augite, hornblende and 
biotite.” In my investigation of the southern end of the 
Huntly mass I have observed in troctolites double coronas 
of enstatite and hornblende, and in olivine-gabbros and 
olivine-norites double coronas of hypersthene and horn- 
blende. 

These facts are of considerable importance in the light 
of recent investigations into the effects of pressure on the 
melting of enstatite by Boyd, England and Davis®. From 
the results presented, they suggest that “‘. . . rocks which 
show textural evidence of an olivine-liquid reaction 
relation have developed this relation at relatively shallow 
depth, probably less than about 9 km”. 

Stewart? stated that the most reasonable explanation of 
the form and banded nature of the Belhelvie mass is 
“that of gravitative differentiation in place, and subsequent 
tilting to an almost vertical position”. Blundell and Read’, 
from palaeomagnetic evidence, state ‘“There is no signifi- 
cant difference between the magnetism of any of the basic 
masses, and it is therefore suggested that they have re- 
mained relatively undisturbed since their formation”. 
Stewart and Johnson’ “‘. . . feel that the evidence in favour 
of differentiation in place and subsequent folding, pro- 
vided by the primary igneous structures, is strong”. 
Read et al.4 advanced a provisional conclusion for the 
Insch mass that crystal-fractionation of gabbro magma 
occurred in place. 

From the results obtained by Boyd, England and Davis’, 
it would appear that the basic intrusives of east Aberdeen- 
shire are high-level types, and do not represent a large 
‘Bushveld type’ layered intrusive broken up at depth. 
The presence of perfect corona and other reaction struc- 


tures in each of these masses suggests @ common factor . 


in their crystallization history; perhaps as one fractiona- 
tion sequence, for example, Read et al.4 “*. . . the exposed 
basic masses of north-east Scottish Province might make 
one huge sheet”; perhaps as individual bodies of magma 
crystallizing under similar conditions of depth and 
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metamorphism. Stewart and Johnson’ suggest that the 
‘older’ rocks near the western margin of the Huntly mass 
south of Knock Hill «re in reality ‘younger’. If this 1s 
correct, and indeed if the Port Soy ultrabasics are also 
‘younger’ and hence correlate with the southern end of the 
Huntly mass, crystallzation of these rocks must have 
occurred before some, at least, of the regional metamor- 
phism. In contrast, the thermal aureole surrounding 
part of the Insch masa shows it to be younger than the 
MacDuff Slates. 

In the symposium: *‘Depth and Tectonics as Factors 
in Regional Metamorpkism’’, it was suggested by Chinner® 
that: “‘On the load pressure assumption, kyanite-sillimanite 
sequences appear to require not only low geothermal 
gradients ... but also depths of burial of the order of 
30 kilometres”. Any d=pth burial approaching this figure 
is at odds with the evidence of the presence of corona 
and reaction structures in the Aberdeenshire basic masses, 
which suggest late-tecronic, high-level crystallization. 

Variation in regional metamorphism in the country 
rocks surrounding each of these masses, coupled with 
investigation of the vaziation of contact aureoles and the 
nature of the reaction structures present in each mass, 
will be necessary before the general history of these masses 
is elucidated. 
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Oligocene in California ? 


RECENTLY, Eames, Banner, Blow and Clarke! stated 
that strata of Oligocene age are missing in most of America. 
To support their conclusions, they noted that the Relizian 
Stage of California waz Aquitanian in age and correlated 
it with the Chickasawchay Formation of the Gulf Coast 
region. They also noted that the Tumey Formation of 
California, formerly considered as Oligocene, contains 
Eocene Discocyclina clarki. By ignoring the strata between 
the Tumey Formation and rocks of the Relizian Stage in 
the context of a “Broef Review of Significant Faunas 
from Important Parts of the Central American Region’’, 
they created the impression that California also lacks 
strata of Oligocene age. Indeed, for America they “con- 
clude that in the whoe region we have considered (and 
even as far north as tae state of Washington), there are 
no published records ofstratigraphical sections of fossilifer- 
ous marine beds which can be dated as Oligocene”. 
Kleinpell long ago suzgested that his ‘Miocene’ stages 
below the Relizian were equivalent to the Oligocene of 
Europe?. Later, K-einpell and Weaver? discussed 
‘Oligocene’ molluscs and benthonic foraminifera from 
part of California, but stated that their local sequence did 
not necessarily coincice in age with that of the typical 
European Oligocene. 

. Planktonic foramin-fera, indicative of the Oligocene 
Globigerina oligocaenica Zone (= G. selli Zone) of Eames 
et al., have been found in rocks assigned previously to the 
Zemorrian Stage of the California ‘Miocene. These 
strata occur immediately below the type section of the 
overlying Saucesian Stage and above the Vaqueros 
Formation in Los Sauces Creek, Ventura County. 
California. The bentaonic fauna has been documented 


886 


previously, but the planktonic foraminifera have been 
largely ignored‘. 

The planktonic foraminiferal fauna of this section is 
listed in Table 1 together with the stratigraphic distribu- 
tion of the species according to Hames eż al. Although 
certain of the species of Eames et al. are regarded as 
synonyms of others, I have utilized their names without 
reviewing the taxonomic complications for lack of space. 


Table 1. STRATIGRAPHIC DISTRIBUTION OF PLANKTONIC FORAMINIFERA, 
ACCORDING TO EAMES et alt, OogTREINS IN THE Globigerina olagocaenica 
ONE 


Species also occurring in the Zemorrian Stage at Los Sauces Creek are 
indicated Zones, characterized by species of Globigerina, and their age 
assignments are from Eames et al? 


U. Eocene L. 
G Oligocene Miocene 
G. oligo- GQ. ampla- 
eaenica pertura 
zone zone 


turritilina 
turritilina 
zone 


Species 


Pseudohastigerina micia 
X Globigerinita unicava primitua 
Globigerinita pera 
 Globorotaka (Zurborotalia) incre- 
bescens 
Globigerina yeguaensis pseudovene- 
zuelana 
Globigerina yeguaensis yeguaensis 
Globigerina senilis 
Globigerina ouackitaensis gnaucki 
Globigerina turruilina turntilina 
Globigerinita dissimilis 
Globorotalordes suteri 
Globorotalia (Turborotalia) permicra 
Globorotalia (Turborotalia) opima 
nana 


xx 


rm 


Glongerina ampliapertura amplia- 
pertura . 

Globigerina ampliapertura euaper- 
tura 

Globigerina ouachilaensis ouachit- 


aensis 

Globigerina officinalis 

Globygerina tripartita tripartita 

Globigerina praebullordes leroyi 

Globigerina praebulloides occlusa 

ig ina pracbulloues praebul- 
8 


Globigerina angustiumbilreata 
Globigerinita martini scandretli 
Globorotala (Turborotalia) postere- 
tacea 
Globigerina tripartita tapuriensis 
Globigerina oligocaenica 
Cassigerinella chipolensis 
Globigerina ouachitaensrs ciperoen- 
818 


bbae Py be be Pe Buby hy Piede 
by Dubabybyby Pe by Py Buby ty byby baba ht by bay 


Pohyb Dybydy Bybybybyby ba by by Bybybybybybybyhy By byby hy by 
by Pybabybyby Pe by Dao bybybaby 


bhh by aby 
baby 


The Globigerina oligocaenica Zone, according to Eames 
et al., is characterized by the restricted occurrence of 
Globigerinita martini scandretti, Globorotalia (Turborotalia) 
postcretacea, Globigerina tripartita tapuriensis, and G. 
oligocaenica; by the last appearances of Pseudohastigerina 
micra, Globigerinita unicava primitiva, G. pera, Globorotalia 
(Turborotalia)  <increbescens, Globigerina  yeguaensis 
yeguaensis, G. yeguaensis pseudovenezuelana, Q. senilis, 
G. ouachitaensis gnaucki and G. turritilina turritilina; and 
the first appearances of Cassigerinella chipolensis and 
Globigerina ouachitaensis ciperoensis. As can be seen in 
Table 1, the species listed by Eames et al. from this zone 
which were not found at Los Sauces Creek have strati- 
graphic ranges broader than the G. oligocaenica Zone. Of 
the missing species, only the absence of Pseudohastigerina 
micra is critical as the zone is most clearly defined by the 
overlapping ranges of this species and Cassigerinella 
chipolensis’. However, in view of the abundant occurrence 
in the Los Sauces Creek section of all the species elsewhere 
restricted to the G. oligocaenica Zone, and the overlapping 
ranges of Cassigerinella chipolensis with Globigerinita 
unicava primitiva, Globorotalia (Turborotalia) increbescens, 
Globigerina ouachitaensis gnaucki, G. senlis, G. yeguaensis 
pseudovenezuelana and G. turritilina turritilina, these 
strata cannot be assigned to any other than Eames et al.’s 
G. oligocaenica Zone. 

This fauna clearly establishes the presence of Oligocene 
marine sediments in California, contrary to previous 
implications and statements. Together with the now 
established presence of this zone in the Gulf Coast region’, 
these results suggest that widespread uplift, resulting in 
non-deposition of sediments throughout these parts of 
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America as suggested by Eames et al.1, did not occu 
during the Oligocene. JERE H. LIers 
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GEOCHEMISTRY 


Enrichment of Iron during Accretion in the Sola 
Nebula 


THE anomaly between the abundances of iron in the 
solar system derived from solar spectra and of that fror 
meteorites is well known. Relative to silicon, the 
abundance of iron in the chondritic meteorites appears tc 
be several times larger than that observed in the Sun 
Normalization to any other common element introduces £ 
variation by a factor of two at most. The data are giver 
in Tables ] and 2. The solar and chondritic abundance: 
of cobalt and nickel show a much smaller and perhaps 
not significant variation. Pottasch? determined the 
abundances of several elements in the solar corona 
finding an increased abundance of iron relative tc 
silicon, compared with the abundances derived from 
the photosphere by Aller et al.34. These workers 
who have provided the most recent estimates oi 
solar abundances, conclude, after careful examinatior 
of the problem, that “there seems no escape from the 
conclusion that the solar Fe/silicon ‘or Fe/Fe group ratic 
is smaller than in the meteorites’4. Results by Fowle 
et al.511 on the relative abundances of the iron-grour 
elements predicted from theories of nucleosynthesis, whick 
correctly reproduce isotope ratios, are in substantia 
agreement with the solar-derived iron abundance. The 
chondritic iron/silicon and iron/cobalt/nickel ratios are 
securely based on extensive chemical analyses and are 
unlikely to be seriously in error. 

It is assumed in the following discussion that the solar 
abundance of iron is close to that of the original solai 
nebula and that the meteorites have been enriched in 
iron. It is not proposed to argue the alternative, which 
seems less likely from consideration of the overall element 
abundances and the relative amounts of material involved. 
It is difficult to devise methods of fractionating iron from 
nickel and cobalt in geochemical processes. For example, 
reduction processes? will preferentially concentrate nickel 
in the metallic phase and thus processes involving addition 
or removal of such a phase will not account for the observed 
discrepancy in iron/nickel ratios. These chemical diffi- 
culties indicate that probably other processes have been 
effective in causing the enrichment of iron in chondritic 
meteorites. 

Latimer’ and Urey! showed that elements in the original 
solar nebula would be oxidized at the prevailing low 


Table 1 Atomic IRon/SMICON RATIOS IN THE SUN AND CHONDRITIC 


METEORITES 
Fe/Si 


e 
Chondrites (high fron group) (ref. 1) 0 80 
Solar photosphere (ref 3) 0-12 


Solar corona (ref. 2) 0 44 
Table 2. ATOMIC CHONDRITE/SOLAR ABUNDANOE RATIOS FOR SEVERAL 
ELEMENTS ` , 
Chondrite (high 
iron group) (ref. 1) Solar (ref. 3) Chondri te/solar 
Sı 10° 10° 10 
Mg 0-6 x 10° 7:9 x 105 1-22 
Al 6-0 x 104 5:0 x 104 1 20 
Ca 4-9 x 104 4°46 x 104 1:10 
Ti 8,120 ,514 2 06 
Fe 8'0 x 105 1-18 x 10° 6°78 
Co 1,990 1,380 1:44 
Ni 4-8 x 10! 2:6 x 104 1-85 
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emperatures, and also showed that the common metals 
vould occur as oxides. According to the data of Ringwood®, 
ron would exist as magnetite, and partly in iron silicates, 
elow temperatures of about 400° K. Magnetite is ferro- 
nagnetic and retains this property to low temperatures 
lespite a transition to an orthorhombic form at 133° K. 

Recent workers on the early history of the solar system, 
iotably Hoyle et al.*-"', have appealed to a magnetic torque 
oupling between the early Sun and the disk of dust and 
ras, to solve the long-standing problem of transfer: of 
mgular momentum from the Sun to the planets. In 
Toyle’s model the transfer of angular momentum causes 
he material of the disk to move out to the region of the 
najor planets, leaving the region of the terrestrial planets 
and meteorites) free of dust and gas. Condensed bodies 
arger than a metre or so in diameter are left behind. The 
naterial forming the meteorites and terrestrial planets 
nust have condensed prior to the removal of the dust 
ind gas. If accretion takes place during the outward 
novement of material in a magnetic field as proposed by 
Toyle®, then ferromagnetic material may preferentially 
sccumulate. If the field is non-uniform, such aggregations 
nay trigger the condensation process for non-magnetic 
naterial. It is hoped to investigate several possible 
nodels in detail. 

Magnetite can thus be selectively enriched. Nickel and 
balt oxides are not ferromagnetic and will condense 
n proportion to their original abundances, in the solar 
iebula, with the other non-volatile elements. Probably 
ninor amounts of nickel and cobalt will be incorporated 
n the magnetite, depending on conditions in the nebula. 
[his could account for the apparently higher chondritic 
sbundances for these elements, if the differences are 
significant. Magnetite from the Orgueil carbonaceous 
shondrite is nickel-rich, but the entry of nickel could have 
»ecurred during recrystallization. Thus iron can become 
selectively enriched by this process and afterwards 
2ccreted into the parent bodies of the meteorites and, 
sresumably, the terrestrial planets. This process, which 
8 unlikely to be uniform, provides an additional possi- 
oility to explain the varying density of the terrestrial 
planets. 

I thank Prof. W. A. Fowler for his advice. 
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CHEMISTRY 


Diffusion or Hydride Component of Hydrogen 
Overpotential at Platinized Platinum and 
Palladized Palladium Cathodes 


ArT suitably activated palladium cathodes, the diffusion 
or hydride component of hydrogen overpotential y, (or 
na) can be separated conveniently from the total apparent 
overpotential, y, by extrapolation of plots against time 
of changes in the open circuit potential, E, measured after 
cessation of electrolysis}~°. 
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Compared with palladium, the generally much lower 
solubility of hydrogen in platinum cathodes is reflected 
by much more rapid changes of E following electrolysis. 
This, taken together with inexact knowledge of the bulk 
solubility of hydroger. in platinum as a function of 
electrode potential near-25° C, and of the diffusion constant 
governing hydrogen in platinum, makes it more difficult 
to assess directly the magnitude of overpotential com- 
ponents reflecting the hydrogen content of either the 
surface or of the bulk of platinum cathodes. 

In Fig. 1, values of y, as functions of current density 
i (m.amp cm-2), at pletinized platinum cathodes (in the 
form of 2-cm lengths cf wire) are compared with both n 
and the component na: recorded at geometrically similar 
palladized palladium cethodes under similar experimental 
conditions, ın 1-0 N hydrochloric acid, over a low range of 
current density where vg can be the major component of 4. 
The catholyte was saturated and stirred by a stream of 
bubbles of hydrogen. Both y and E were measured with 
respect to a platinum/hydrogen electrode immersed 
beside the specimen. Palladium specimens were palladized 
from a solution of 1 per cent palladium chloride in 0-1 N 
hydrochloric acd: olatinum was platinized from 
chloroplatinic acid containing 1 per cent platinum chloride 
and 0-2 per cent lead acetate at current densities from 
15 to 150 m.amp cm- for l1 min. 

Fig. 1 illustrates thas for wires of equivalent diameters 
there is good agreement between plots of log 7 against 
both y and na for palladized palladium and y for platinized 
platinum. Also illustzated in Fig. 1 are experimental 
values of na compared with plots of na = 0:0295 log 
(i + iaio in which 7, equals 2PFk,/N, where P is the 
pressure under which hydrogen is dissolved, F and N 
are Faraday’s constans and Avogadro’s number respec- 
tively, and the rate constant ko has been calculated from 
measurements of the open circuit potential Æ of the 
palladized palladium electrodes in the hydrogen-saturated 
catholyte prior to cathodization®*. The plots in Fig. 1 
indicate that, again for wires of the same diameter, 
experimental values cf for platinized platinum also 
would show good agreement with the appropriate plot 
of log (å + %)/¢). This corollary seems sound evidence that, 
over this relatively low range of current densities, the 
total overvoltage ņ at platinized platinum can be com- 
prised primarily—as a limiting case—of the component 
‘a, Which is in turn governed by the transport: of hydrogen 
molecules away from the cathode through the Brunner- 
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Fig. 1. Plots of 7 against ing i for platinized platinum cathodes. (*, 

010 mm; +, 0:25 mm; x 0-457 mm diam. wires). Also, » (barred 

symbols) and na plotted agcinst log 2; and ya (filled symbols) against 

log (îi + ĉo) for palladized palladium — (O,0 122 mm, and ©, 0 274 
mm diam. 
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Examples of fluctuations of 7 with time found with platinized 
platinum cathodes as recorded during electrolysis with a specimen of 
0:25 mm diam Current any Sere eni g: O, 5:20; @, 2:27; A, 1:47; 


Fig 2. 


Nernst boundary layer?:*; this conclusion lends support 
to a similar interpretation by Kandloer, Knorr and Schwit- 
zert of their results obtained at ‘bright’ platinum cathodes 
in 2:0 N sulphuric acid. 

The lower value of 2, obtained with the larger diameter 
palladium wire, and the consistently higher values of n 
at a given current density for the platinum wires of larger 
diameter, are both typical of the findings in repeat experi- 
ments. These results seem consistent with the increase in 
the effective thickness, 8, of the Brunner—Nernst layer 
with increased wire diameter, reported by Fallon and 
Castellan’. 

Electrode-potential measurements were recorded using 
a ‘register printer’ (Solartron model ED 1176) printing 
12 readings per sec, fed from a digital voltmeter (Solartron 
model LM 1010); and over these short time-intervals 
substantial fluctuations of the total overvoltage, 7, at 
platinized platinum cathodes were revealed—as shown, 
for example, in Fig. 2 (results plotted in Fig. 1 represent 
mean readings). The rapidity of these fluctuations was 
very much reduced by interrupting the stirring of the 
solution, but slow oscillations of ņ with time still remained. 
In analogous experiments with palladized palladium 
these fluctuations of y were not observed (nor have they 
been observed in preliminary measurements with ‘bright’ 
platinum cathodes): it seems possible that they reflect 
local changes of the hydrogen content of the surface, 
which, paralleling the low solubility of hydrogen in 
platinum, may be expected to be relatively sensitive to 
variations in the rate of desorption of hydrogen molecules 
away from the surface by a transport mechanism—which, 
in turn, is governed by the stirring conditions prevalent 
at all points on the cathode surface. 

M. N. Huis 
F. A. Lewis 
Department of Chemistry, 
The Queen’s University of Belfast. 
*Clamroth, R., and Knorr, O. A, Z. Elektrochem., 57, 399 (1958). 
* Barton, J. C., and Lewis, F. A., Z. Physik. Chem. Neue Folge, 38, 99 (1962). 
*Green J. A. S., and Lewis, F A , Trans. Faraday Soc., 60, 2234 (1964). 
‘ Sree igen C. A., and Schwitzer, C., Z. Physik. Chem. Lpz., A, 180, 
* Fallon, R. J., and Castellan, G. W., J. Phys. Chem , 64, 4 (1960). 


Electron Spin Resonance Spectrum of Cut+ 
in Diamine Oxidase 


THE electron spin resonance spectrum of hog kidney 
diamine oxidase (DO) has been measured. DO 1s a cupric 
enzyme and is similar in properties to histaminase and 
monoamine oxidase (MO). The electron spin resonance 
spectrum of the cupric 10n in MO was reported by Yamada 
et al.t. They have shown that copper is the only ion of 
those tested (Cutt, Fet+, Fettt+, Cott, Nitt, Znt+) which 
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was able to reactivate their MO. The work reported here i 
additional evidence that copper is associated in som 
manner with the activity of amine oxidases. This worl 
indicates that Cut++ forms either a chelate binding one o 
the DO prosthetic groups (pyridoxal phosphate or flavi 
adenine dinucleotide) to the apoenzyme, or else a chelat: 
which holds the DO in a configuration in which it is ar 
active enzyme. Changing or breaking this chelate in 
activates the enzyme. 

Powdered and liquid (100 mg DO/10 ml. 0-1 M phosphat: 
buffer at pH 7-10) samples of DO were examined usin} 
a Varian V-4500 X-band spectrometer with 100 ke/se 
magnetic field modulation. Fig. 1 shows spectra fo) 
powdered and liquid samples of active DO at room 
temperature. The lines shown are characteristic of Cut 
in tetragonal symmetry. Table 1 gives the experimental 
values for the g-factors and the hyperfine constants. 

The powdered sample showed two other resonances, a 
very broad (~600 gauss) slightly asymmetric line at 
g = 2:05 (+0-05), and a symmetric line at g = 2-02 
(+0-02) which was 28 gauss wide. These lines did not 
appear in the liquid sample. My DO was rather impure 
and, when dissolved in the buffer, a large amount of residue 
collected in the bottom of the sample. This residue is 
probably protein impurity and was filtered out of the 
liquid sample. The fact that these lines did not appear in 
the filtored liquid sample indicates that they are probably 
the result of some magnetic 1on or ions (probably Fe+++) 
associated with the protein impurities. The liquid spec- 
trum resembles very nearly the electron spin resonance 
spectrum for Cut+—histidine complexes reported by 
Malmström and Vanngard?. 

When the powdered and liquid samples of DO were 
heated for 1 min in a temperature bath at 70° C, the 
cupric spectrum disappeared. At lower temperatures the 
spectrum faded more slowly as shown in Fig. 2. This is the 
temperature range in which DO loses its activity. This 
disappearance could result from two factors: (a) the Cut 
could be reduced to Cut; (b) the crystal structure surround- 
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Fig. 1. Electron spin resonance spectrum of room temperature samples of 
diamine oxidase’ (A) liqiud sample; (B) powder sample. The arrow 
indicates the resonance position of free electrons 
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Fig. 2. Electrons apie resonance Sen of powder samples of diamine 
oxidase heated for various times 1n a temperature bath at 55° C 


ing the Cutt could change in such a fashion as to cause 
the spectrum to disappear. The latter choice is preferred 
for reasons given here. Cutt normally co-ordinates strongly 
with four ligands ın a square-planar structure. In such a 
structure the Cutt valence electrons could form covalent 
bonds in such a way as to have no unpaired electrons 
(diamagnetic). If, however, the bonds are more ionic, 
the Cutt can also co-ordinate less strongly, with two 
ions perpendicular to the plane, thus forming a distorted 
octahedral structure with tetragonal symmetry. The Cutt 
in this case is paramagnetic. Lifschitz et al.? have shown 
that differences in stability of the two forms are in some 
cases very slight, since a given complex of chelate may be 
converted between the diamagnetic form (covalent dsp? 
electron states) and the paramagnetic form by only a 
slight change in conditions‘. 


Table 1. THE g-FACTORS AND HYPERFINE CONSTANTS FOR Cutt IN DIAMINE 
OXIDASE AND OTHER Cutt-PROTEIN COMPLEXES 
All data except for DO are from Malmstrom and Vänngård (ref. 2) 


Protein gL gil Asem’) Aj\(cm-*) 
Diamine oxidase 2 05 2 25 $0°004 0 021 
Hist Adine 2:063 2:2380 018 
Lac 2 048 2:197 0 009 
Gerüloolamin 2 056 2 209 0:008 


The experimental values of gj, gj, and A) given in 
Table 1 can be used to calculate several parameters which 
indicate the degree of covalent bonding of Cut to its 
neighbours. An investigation by Maki and McGarvey® 
has shown that a parameter a? (related to gj) is reduced 
in value from a maximum of one as the covalency in the 
s- and x-bonds in the plane of the ligands becomes stronger. 
Another parameter 4/7 a’? + xis reduced by the covalency 
of in-plane o-bonding. The results for DO (a? = 0-60 and 
4/7a’? + x = 0-83) indicate that there is some covalent 
bonding of Cutt to its ligands, especially -bonding 1n the 
plane. Nitrogen is known to form stronger covalent bonds 
than oxygen, and the value of a? for DO conforms to those 
reported by Malmström and Vanngard? when Cut is in a 
plane of four N. This result is certainly not conclusive. 

Malmström and Vanngard have found that the hyperfine 
constant Ay in laccase and ceruloplasmin is much smaller 
than in other protein—copper complexes. In these two 
enzymes the copper changes valence when the enzyme 
performs its catalytic action. If the unpaired electron of 
Cut+ in these enzymes were highly delocalized, this would 
facilitate the valence change and could also reduce the 
value of A}. However, in DO, A) is very large, indicating 
that the unpaired electron is not free for valence changes. 

In summary, it appears that Cut is necessary as a chelat- 
ing agent in active DO. The Cu** in the active enzyme is 
co-ordinated strongly with four ligands (probably N) in a 
plane, and loosely with two ligands perpendicular to the 
plane. When the enzyme 1s de-activated by heating, the 
Cutt forms diamagnetic covalent bonds in the plane, and 
is no longer co-ordinated perpendicular to the plane. The 
unpaired Cutt electron of the active enzyme is not deloca- 
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lized as it is in other enzymes that change valence during 
their catalytic action (-accase and ceruloplasmin). 
ALAN VAN H&UVELEN 
Department of Paysics, 
New Mexico State University, 
University Park, 
New Mexico. 


Yamada, H., Yasunobu, K., Yamano, T., and Mason, H. S., Nature, 198, 
1092 (1963). 


? Malmstrom, B. B., and Vannzard, T., J. Mol. Brol., 2, 118 (1960). 
? Lifschitz, Bos, and Dijkema, Z., Anorg. Chem., 242, 97 (1939). 


t See a discussion of this in Martell, A. E., and Calvin, M., Chemistry of the 
Metal Chelate Compounds “Prentice-Hall, Inc., New York, 1952). 


5 Maki, A. H., and McGarvey, BD. R., J. Chem. Phys.,29, 31 (1958). 


Use of Dimethyl Sulphoxide in Liquid 
Scintillation Counting 


DimetHyn sulphoxide is a polar solvent which is 
miscible with many ov-ganic solvents including toluene. 
It is an excellent solvent for polysaccharides, proteins 
and macromolecules generally. Though we expected that 
it would be a quencher ve thought that its solvent proper- 
ties might make it useful for holding water-soluble 
substances in solution n liquid scintillators. 
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Fig. 1. Effect of dimethyl salphoxide on counting efficiency of toluene 
phosphor 


Dimethyl sulphoxide, far from being a serious quencher, 
is itself a scintillation sclvent, albeit an inefficient one. To 
obtain the results showr in Fig. 1, phosphors were made by 
dissolving 40 mg polyphenol oxide and 5 mg 1,4-bis-2- 
(5-phenyloxazolyl)-benz=ne in 10 ml. of a varying mixture 
of toluene and dimethyl sulphoxide. The activity added 
was in the form of carban-14-labelled hexadecane and was 
counted in the Packard “Tricarb’ model 3303. Though 
there is no obvious explanation of the shape of the early 
part of the curve it is clear that up to 13 per cent of 
dimethyl sulphoxide enhanced rather than quenched the 
scintillations. The results are sufficiently encouraging 
for us to continue investigations on the use of dimethyl 
sulphoxide as a solvent- for counting tissues. 

Evan WRIGHT 
K. R. MILLAR 
Wallaceville Animal Research Centre, 
Private Bag, Welling-on, New Zealand. 


Rate of Micelle Formation of Sodium Alkyl 
Sulphates in Water 


THE description of tks properties of aqueous detergent 
solutions in terms of a chemical equilibrium between 
monomers and miceles has proved very fruitful. 
Thermodynamic as wel- as transport behaviour has been 
analysed from this poirt of view. The detergents most 
extensively investigatec in the past are the sodium alkyl 
sulphates, and for thess a satisfactory explanation may 
be given of critical micelle concentrations (c.m.c.), 
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micellar weights, and the influence of temperature, 
electrolyte concentration and the like, on these quantities. 

Less attention has been paid to the kinetics of micelle 
formation, that is to the question of how long it takes to 
reach chemical equilibrium in & solution at a given tem- 
perature, pressure and total detergent concentration. 
This question becomes important when the conditions 
vary with place and/or time, such as during diffusion in a 
soncentration gradient. Another example is the adsorption 
of a detergent, primarily of monomer molecules, on a 
freshly-formed oil—water interface as, for example, in 
suddenly-formed emulsions: micelles have to dismtegrate 
to maintain, the equilibrium monomer concentration. 
Apart from this, micelle formation ın itself is an interesting 
multi-step consecutive chemical reaction. 

Some recent papers have been devoted to this subject. 
From flowing-junction experiments Jaycock and Ottewill? 
concluded that the time of micelle disintegration of 
sodium dodecyl sulphate and of alkylpyridinium salts 
was certainly shorter than 10 millisec. Nagakawa and 
Inoue? performed nuclear magnetic resonance measure- 
ments on a number of w-phenylalkyltrimethylammonium 
bromides; the average time a monomer forms part of a 
micelle was found to be shorter than 10~ sec. 

We have made a direct measurement of the relaxation 
time of micelle formation for sodium dodecyl sulphate 
(SDS) and sodium tetradecyl sulphate (STDS) in water. 

Chemical relaxation was studied with the pressure-jump 
method as developed by Strehlow and Becker’, This 
method can. be used if a chemical reaction is accompanied 
by a change in electrical conductivity. This condition is 
satisfied in the case of SDS and STDS, the equivalent 
conductivity of the micelles being about one third of that 
of the monomers; the same property was selected by 
Jaycock and Ottewill! to observe micelle disintegration. 
An additional (though not necessary) circumstance that 
favours application of the pressure-jump method ıs the 
appreciable influence of pressure on the micellar equilib- 
rium: the partial specific volume of micellar SDS exceeds 
that of monomeric SDS by about 5 per cent. 

The method is based on the principle that the primary 
effect of a sudden pressure increase, in. a solution originally 
in chemical equilibrium, is an equal relative increase in 
concentration of all species; the ratio of the concentrations 
therefore remains the same. Subsequently, in a way 
determined by the kinetics of the particular chemical 
reaction, the concentrations will change to their new 
equilibrium values which correspond to the new pressure 
and the new total solute concentration (which is higher, 
owing to the compression). These processes are followed 
conductometrically. For small deviations from equilibrium 
the chemica] reaction may be described in terms of 
chemical relaxation times Te, of which there are as many as 
there are independent reaction steps. 

Experimentally an‘instantaneous pressure-jump cannot 
be brought about. In general an exponential pressure 
decrease is applied; the relaxation time, rp, of this 
decrease has a lower limit of about 5 x 10-5 sec. In the 
original apparatus, which was a copy of Strehlow’s*® 
instrument except for a few details to be described elsewhere, 
only t,-values down to this value could be measured. 

Measurements on SDS solutions with this apparatus 
did not reveal any chemical relaxation; for SDS, therefore, 
Te is certainly smaller than 5 x 10-5 sec. 

By introducing a simple but essential change in the 
way of following the conductivity change, we were able to 
lower the limit of measurable t,-valuesto about stp. To 
explain this, the principle of the measuring device, a 
Wheatstone bridge, is shown in Fig. 1. Cell m contains 
the solution (in this case SDS in water) to be investigated, 
cell b a solution of a reference electrolyte (KCI) the con- 
ductivity of which changes exactly in phase with the 
pressure. 

By means of a simple calibration one finds the relation 
between V, the measured voltage difference between the 
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points 1 and 2, and AR(t), the unbalance of the bridgs 
In the simple case when there is only one chemical relaxe 
tion time AR(¢) obeys the following equation: 


AR(E) = Rmo + Enlt) _ Roso = Eelt) 
= — Rat = 0)| Ky(L — e-ti) — 


(A a) (a = Te e- tte + Th ety ) | 
z Te — Tp Te — Tp 


+ Rolt = 0)K,(1 — e-t} (Il 


provided the bridge ıs in balance before the pressur 
release. The constants K, and K, are related to equilibriur 
properties of the systems in cells m and b, respectively. Th 








quantity A Ax represents the difference between th 
x 


relative conductivity changes (for a pressure change equi 
to the total pressure-jump) of the particular SDS solutior. 
above the c.m.c. and that below the c.m.c.; the valves c 


A - can be found from separate experiments. 


One sees that in this original arrangement the more 1 
decreases, the more AR approaches a simple exponentis 
function of ¢ governed by Tp. 

We then decided to have the bridge in balance not onl 
before releasing the pressure but also at the end of th 
relaxation processes. Equation (1) shows that the onl 
way to do this is by changing R,(t = 0), that is by vary 
ing the KCl-concentration in cell 6 until this requiremen 
is met; K, depends on the type of electrolyte in cell 
but not on its concentration. If conditions for balanc 
before and after the release are satisfied, the expressio 
for AR(t) becomes: 


Te 


AR(H) = Balt = 0)(A*) me © ap [o-i — ote] 


and the bridge signal will, temporarily, differ from zer 
only if there is a chemical relaxation. ~re is then easil 


found from the extreme value, ARextr, of A(t). Fror 
equation (2) one derives: 
_*P__ 
Afextr (A a Qu — Te ( 
Rn(t = 0) x Tp 
OSCILLATOR 
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Fig.1 Diagram of experimental arrangement 
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Fig 2 Bridge signals for SDS and STDS. Time proceeds from left to 

right. Pressure release starts at the arrows. Frequency used 30,000 

cps. The c.m ce of SDS is at 0 23 per cent w, that of STDS at 0 06 per 

cent w. a, SDS, T=15° C, conc. 0-3 per cent w, b, SDS, T=15° C, cone, 

0 18 per cent w; c, STDS, T =35° C, cone. 0 095 per cent w, d, STDS, 
T =35° C, conc. 0 048 per cent w 


SDS solutions, investigated in this arrangement, did 
show chemical relaxation, but only at concentrations 
exceeding the c.m.c. This indicates that micelle formation 
is responsible for the relaxation signals, for only above the 


Ax .. 
2.m.c. does A — differ from zero. 
x 


Representative oscillograms are shown in Fig. 2. For 
SDS at T = 25° C and a concentration of 0-5 per cent w, 
and for a 50 atmospheres pressure drop, we found: 


Ax A Rex 
ASE ai , extr. = 0-0008 + © 
= = 0:0060; Ralf = 0) 8 + 0-0003 


With tp = 6-5 x 10-5 sec this leads to: 
Te = (1-3 + 0-5) x 10-5 sec 


The Te values scarcely depend on the SDS concentration 
and they decrease only slightly with increasing tempera- 
ture; we made experiments at 15°, 25°, 35° and 45° C. 
The average value for all experiments is: 


te = (1-2 + 0-5) x 10-5 sec (SDS) 


Analogous results were obtained for STDS, which was 
only investigated at T = 35° C. We found: 


te = (2-0 + 0-5) x 10-5 sec (STDS) 


A complete account of this work, as well as a discussion 
of the kinetics of micelle formation, is being prepared. 
Here we will mention one problem: the signals of the type 
shown in Fig. 2 were analysed as if they were caused by one 
relaxing mechanism only. Admittedly, a more detailed 
analysis, even. in terms of as few as two relaxing mecha- 
1isms, would have been impossible. Still, our procedure is 
sorrect only if from a whole set of relaxation times, 
numbering n — 1 in the case of micelles containing n mono- 
mers, a single one predominates completely. Calculations 
on, the kinetics which will justify or invalidate our pro- 
cedure are now being carried out. 


P. F. MIJNLIEFF 
R. DITMARSCH 
Koninklijke/Shell-Laboratorium, 
Badhuisweg 3, Amsterdam-N. 
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Polarization and Hybridization 


Two types of polarization that can occur by bond 
formation. are: (i) the result of concentration of charge 
lue to the overlap of atomic orbitals; and (ii) the actual 
dolarization of the basis orbitals. Mulliken} has described 
shis second type of polarization and its effect as a function 
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of the overlap integra. for certain diatomic molecules. In 
all cases it was observed that the addition of a given 
amount of a 2p Slater type orbital (STO) into a hybrid 
orbital produced the -argest change in the overlap if the 
hybrid orbital was a £s STO. This observation led to the 
well-known phrase “A. ittle hybridization goes a long way”. 
The lowering of the energy of the system due to the 
increase in the overlad integral must be larger than the 
increase in energy incurred by the inclusion of the higher 
energy 2p STO if the polarization is to be useful. We are 
inclined to reserve the word ‘polarization’ for this type of 
hybridization for the following reasons: (a) the process 
described displaces thy centroid of the electronic charge 
distribution from the nucleus; (b) this concept can be 
readily extended to Dolyatomic molecules and is not 
dependent on the ‘lozalized bond’ approximation (this 
will prove particularly useful for molecules containing 
lone-pair electrons); (c) it distinguishes this type of 
hybridization from tke hybrid orbitals obtained from 
molecular orbitals by a unitary transformation. 

It will be useful te» have a measure of polarization 
in the proceeding discassion. As an example, let us set 
up the four molecular orbitals for H,O (ignoring inner 
shell orbitals) using a minimal basis set of orbitals con- 
sisting of 2s and 2p STO’s on oxygen and Ie orbitals (h) 
on each hydrogen. This is the most general set that is 
useful to the chemist: 


Pı = Ay[(28) + a(2pr)] + i(i + ha) 
Pe = Ag([B(28} + (2pz)] + palhy + ha) 
Pa = Az(2py) + ps(Ai — he) Ps = (22) 


where the oxygen nucleus ıs the origin of the co-ordinate 
system and the x axis bisects the H-O-H angle. The 
polarization of the valence shell orbitals on oxygen will 
be defined as the coeficient of the product (2s) (2p) 
obtained by squaring each orbital 9: and adding. This is 
basically a function of x and B. This type of polarization 
is not possible for atoms in molecules with highly sym- 
metrical environments such as carbon in methane. In 
methane the hydrogen orbitals can be polarized in this 
way. 

Mulliken’s results are all included in this type of polar- 
ization as long as there are no lone-pairs in the valence 
shell. Thus we should cistinguish between bond polariza- 
tion, specifically conedered by Mulliken, and shell 
polarization, as already described. Bond polarization is 
well defined for a few diatomic molecules because each 
bond involves just two nuclei, but in general it is not 
particularly useful sinse other hybridizations may be 
involved, the hybrids may not necessarily lie along the 
internuclear axis of a >ond, and more than two nuclei 
may be included. 

It has been customary to assign similar electron dis- 
tributions? for the series of molecules CH, NH,, H,O and 
HF. As Ellison and Shui? showed, hybridization does not 
necessarily determine the molecular geometry for H,O. 
More recently, Bader snd Jones‘-* have seriously ques- 
tioned even a suggestion of similarity by observing that 
the lone-pair electrons in their calculations possess the 
maximum amount of s sharacter. It seems qualitatively 
useful to compare the p larization of the valence shell for 
the various calculations on these molecules. 

The calculations of Eople and Duncan’ on NH;, H,O 
and HF are frequently quoted to support the concept of 
directed lone-pairs. If she electron distribution of NH,+ 
is similar to NH,, the valence shell of nitrogen must be 
polarized to substitute fər the removal, and the associated 
polarizing effect, of a proton. Since it seems natural to 
define positive polarization along the symmetry axis 
towards the protons, tris polarization is negative. In 
Table 1, the polarizatiors extracted from the calculations 
of Pople and Duncan’ are given. Bond polarizations are 
also given, but since tEese contain other hybridizations 
only the sign is pertinert. 
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Table 1 
Molecule Shell polarization Bond polarization 
NH, —0:93 0:037 
H,O —0 88 0-071 
Hk (8=95°) —0 56 0-296 
HF (f=1158°) — 0°52 0:105 


Since, as Mulliken! showed, positive bond polarization. 
is conducive to larger overlap, this might compensate for 
the comparatively large negative polarization. Although 
the expectancy of negative shell polarization is reasonable 
for molecules with lone-pair electrons, the same expectancy 
for at least positive bond polarization is not realized in 
recent calculations. For example, bond polarization for 
HF is negative in recent work (for example, — 0-27 
(ref. 8), —0-46 (ref. 6)) as it is for the shell polarization 
(for example, — 0-46 (ref. 8), — 0-25 (ref. 6)). The principle 
of maximum. overlap’ is obviously not a good criterion 
for these molecules. i 

There is some justification to write the equivalent 
orbitals for mothane to a good approximation in the form: 

p; = Alcos c» (28) + sin c» (20:)] + uha 

where 2p; is an STO defined with its axis along a line 
connecting carbon and the ¿th proton. The bond polar- 
ization is certainly positive in this case. This type of 
polarization is reflected by an expansion or contraction 
of the valence shell on bond formation. This possible 
difference in sign of the bond polarization between 
methane and hydrogen fluoride suggests that overlap is 
not of the same importance in these two molecules. In 
Table 2, a comparison of selected calculations on water 
is given. Strict comparison is not possible owing to the 
different requirements that the different electron densities 
reproduce. 


Table 2 
Reference Shell polarization S] Sa Y Lp. 
7 — 0'87 234 0 791 (28)—0-612 (2pz) 
3 — 0:54 1:87 0-962 (28) — 0'272 (2px) 
5 — 0 28 1:6 (28) 
11 0 1 0 492 (2s}+ 0-871 (2pz) 


dz.p. is one of the lone-pair orbitals, the other being the 
2pz STO, and S, is the overlap integral S for the zero 
polarization case. All but the first calculations indicate 
negative bond polarization. 

A number of points for discussion derive from Table 2. 
As shell polarization becomes less negative, so the overlap 
decreases. If we maintain that large polarizations are 
energetically unfavourable, it seems that the lone-pair 
electrons must be involved in the bonding. Bader?® has 
already reached this conclusion, but prefers to use the 
term ‘binding’ rather than ‘bonding’. However, whether 
binding, for lone-pair electrons, or bonding, for bonding 
electrons, both are functions of the energy. There does 
not seem to be any convenient way to determine a value 
for the shielding so that a comparison with the overlap 
can be made. Bader has plotted the difference between 
a proposed molecular density distribution and one 
obtained from the original atomic densities centred on 
the same nuclear configuration, to show, in the case of 
water, that for sm.1ll polarizations (— 0-28) there is an 
excess charge build-up in the binding region for the 
molecule. Significantly, there is charge loss in this region 
for large overlap (— 0:87). The binding region is within 
the H-O-H triangle, the region where the lone-pair 
electrons are concontrated for small polarizations (see 
Table 2). Obviously, the more positive the polarization, 
the more lone-pair electron density will be put into the 
binding region. Unless we know the relative importance 
of each term and the effect on the energy, further quali- 
tative discussion is purely speculative. However, it 
appears that a small amount of negative polarization for 
the valence shell is reasonable. The actual amount will 
depend on the geometry of the molecule and the number 
of lone-pair elections (NH, — 0-34 (ref. 4); H,O —0-28 
(ref. 5); HF —0-25 (ref. 6)). 

Some of the more pertinent conclusions are: (a) the 
long-range electrostatic fields involved in molecules with 


NATURE 


November 27, 1965 


lone-pair electrons may invalidate the localized bond 
approach dependent on the principle of maximum over- 
lap; (b) the shielding of the lone-pair electrons in the 
binding regions of the molecule can more than compensate 
for loss in the overlap of atomic orbitals involved in 
bonding; (c) in terms of orbitals so important to chemists’ 
theories of electronic structure the principle of ‘A little 
polarization goes a long way’ seems to be important for 
the valence shell of atoms containing lone-pair electrons. 
I thank Dr. K. E. Banyard for his advice. 


; T. A. CLAXTON 


Department of Chemistry, 
University of Leicester. 
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Breakdown of Simple Hydrocarbons subjected 
to a Silent Electric Discharge 


THE gassing tendencies of insulating oils used in the 
electrical industry are assessed by measuring the rate of 
gas evolution or absorption when they are exposed under 
an atmosphere of hydrogen in an electiodeless discharge 
tube of the Siemens Evers-type. Previous investigations}-4 
have been confined to the investigation of a wide variety 
of commercial oils and the effect of additions of aromatic 
rich oil fractions and other additives chosen for their 
ability to impart a desirable hydrogen gas absorbing 
characteristic to the mixture. The different hydrocarbon 
types present in the oils, paraffins, naphthenes, olefines 
and aromatics cause the discharge reaction to be a complex 
competitive process in which the gas evolved by the 
paraffins and naphthenes is partially or completely 
absorbed by the olefinic and aromatic fractions. To 
avoid this complexity and enable a clearer understanding of 
the reaction processes to be reached, certain pure saturated 
and unsaturated hydrocarbons representative of the types 
found in oils have been selected for investigation. The 
experiments have shown that the discharge reaction is 
closely related to the corresponding radiolytic breakdown 
of simple hydrocarbons. 

A new design of gassing cell (Fig. 1) was used to measure 
the gassing rates. No radical change has been made in 
the basic design, since the concentric electrode system, & 
feature common to most othor cells, has been retained. 
The design is such that hydrocarbons can be saturated 
with hydrogen after being transferred to the cell. Simi- 
larly, the more rigorous pre-treatment involving degassing 
at a pressure of a few microns prior to saturation with 
hydrogen gas, necessary for the more viscous commercial 
oils, can be carried out on the sample in the cell. In this 
way all risk of contamination with air or grease from taps 
and joints is avoided. The rate of gas evolution or absorp- 
tion is followed by observing the rise or fall of the liquid 
under test in the central manometer tube. 

After saturating the hydrocarbon with hydrogen by 
bubbling the gas through the liquid for 5 min at the test 
temperature, maintained by a metal heating block, a 
stress, calculated to be 43 kV/cm in theum-ionized gas 
phase, was applied at a voltage of 12 kV root mean 
square. Two distinct types of behaviour were observed. 
The saturated hydrocarbons, both straight-chain and ring 
structure, evolved gas at a constant rate, while the 
unsaturated hydrocarbons, including benzene, absorbed 
gas at a constant rate, after the first few minutes of 
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GAS EVOLUTION AND ABSORPTION RATES FOR SIMPLE HYDRO- 
CARBONS 


Unsaturated 
hydrocarbons 


1 decene 

1 octadecene 
1:19 eicosadiene 
Benzene 


The rates were measured at 40°C using an applied voltage of 12 kV which 
gave a calculated stress of 43 kV/cm in the un-ionized gas phase. 


~ 


Table 1. 


Saturated 
hydrocarbons 


Cyclohexane 
Decane 
Hexadecane 


Rate of gas 
evolution m! /min 


0'020 + 0 001 
0013 
0 006 


Rate of gas 
absorption m!'./min 


0:047 + 0 001 
0 016 
0-010 
0 012 


reaction. Values of the rates obtained at 40° C are shown 
in Table 1. Vapour-phase chromatographic analysis of 
the gaseous products from n-decane showed that the 
major product was molecular hydrogen (96-4 per cent) 
while the remainder consisted of methane, ethane, propane 
and butanes. The main reaction must therefore be the 
production of molecular hydrogen by C—H scission 
while some C—C scission occurs yielding the small quan- 
tities of lowoer-molecular-weight hydrocarbons. This 
suggests that the reaction is similar to that observed in 
the racdiolytic breakdown of liquid hydrocarbons! where 
the molecular hydrogen yield has been accounted for by 
regarding the dominant reaction as the formation in situ 
of hydrogen atoms which then take part in competitive 
abstraction and addition reactions. Gas evolution rates 
for the discharge reaction of the saturated hydrocarbon 
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3°5 


n-decane and mixtures containing low concentrations of 
the congruent unsaturated hydrocarbon l-decene obey 
the same form of kine:ic equation as that proposed for 
the radiolysis process”: 


l (decane) 


EFdecane — Emixtrre Ea (1-decene) ie 


where k represents the rate of gas evolution measured in 
ml./min and A and C sre constants (Figs. 2 and 3). 

A. slow stream of hydrogen gas, passed through an 
empty cell, the inner clectrode of which had been pre- 
viously dusted with molybdenum trioxide, reduced this 
oxide to the blue oxide when the electric stress was 
applied. This confirme that atomic hydrogen is formed 
in the gas phase under discharge conditions and affords 
further evidence for the suggested reaction mechanism. 

Arrhenius plots of rete against absolute temperature 
(Fig. 4) for 1 octadeceme and n-decane gave values of 
2-5 keals/mole and 2-9 keals/mole for the respective activa- 
tion energies, values Ebout eight times those for the 
radiation-induced reactions in hydrocarbons. 

These experiments sregest that the discharge reaction 
is explicable in a similer way to the radiolytic reaction, 
although the existence of a gaseous phase, a gas liquid 
interface and the lower energy of the electric discharge 
give rise to different reaction conditions, such that 
thermal collision processes are more prominent, as is 
evident from the highe> activation energies. By exam- 
ining other hydrocarbon mixtures and working under 
different gas atmospheres at different temperatures, it is 
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hoped to elucidate the reaction mechanism further and 
calculate absolute rate constants for comparison with 
those obtained radiolytically. 

I thank Dr. A. L. Williams, director of research and 
engineering, British Insulated Callender’s Cables, Ltd., 
for permission to publish this communication, and Dr. 
R. M. Black and Mr. E. H. Reynolds for their advice. 

P. E. Cross 
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Central Research and Engineering Division, 
38 Wood Lane, London, W.12. 
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BIOCHEMISTRY 


Molecular Weight of Urokinase 


UROKINASE is a proteolytic enzyme in human urine’. 
Its ability to activate plasminogen has stimulated interest 
in its potential clinical use as a thrombolytic agent. 

Investigations were initiated in this laboratory to 
further characterize urokinase. Purified preparations of 
urokinase of specific activity approximately 7,000 Ploug 
units/mg dry weight (ref. 2) were obtained from Leo 
Laboratories (London) and other samples used were 
prepared from human urine. As a crystalline urokinase 
of about 100,000 C.T.A. units/mg protein (1 C.T.A. unit 
(ref. 3) = 0-7 Ploug units) has been described’, the material 
we have employed cannot be regarded as pure. 

We have estimated the molecular weight of urokinase 
by a gel-filtration method’. Columns of ‘Sephadex G-75’ 
and ‘G-100’ were prepared and the elution volumes deter- 
mined for a number of pure proteins by monitoring the 
ultra-violet absorption of the column, effluent. The buffer 
routinely used was 0:05 M tris-HCl (pH 7-5) containing 
0-1 M potassium chloride. Proteins used for calibration 
of the columns were cytochrome C, ribonuclease, myo- 
globin, soya-bean trypsin inhibitor, «-chymotrypsinogen, 
B-lactoglobulin, ovalbumin, serum albumin and y-globulin. 
The relation between elution volume and log;, mol. wt. 
was linear over the molecular weight-range investigated 
(12,000-70,000) for both columns (Fig. 1). 

The elution volume of various urokinase samples was 
determined on both ‘G-75’ and ‘G-100 Sephadex’ columns. 
As it was known that the enzyme preparation was impure, 
detection of protein in the column effluent by ultra- 
violet absorption was not used. Instead, the urokinase 
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Fig. 1. Molecular weight calibrations of columns of ‘Sephadex G-75’ 
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Fig. 2. The elution profile of a sample of urokinase on ‘Sephadex 
G-100’ at pH 7:5 


present was assayed by its ability to activate plasminogen 
using the fibrin plate method’®. The elution volume 
obtained on ‘G-75 Sephadex’ was 114 + 2 ml. and on 
‘G-100 Sephadex’ was 138 + 2 ml. (Fig. 2). In each case 
this corresponds to a molecular weight of 34,500 + 2,000 
for urokinase. 

Evidence that some urokinase samples were con- 
taminated with a small quantity of high-molecular-weight 
material capable of activating plasminogen was observed; 
but the possibility that this represents urokinase bound 
to a high molecular weight material could not be excluded. 
This material was completely excluded from both gels 
and therefore had a molecular weight of at least 100,000. 
No contamination of the urokinase by other proteolytic 
enzymes of less than 100,000 molecular weight was 
observed. 

In order to minimize the possibility of the observed 
urokinase elution volume being modified by absorption 
effects, a similar experiment was performed using a 
‘G-75 Sephadex’ column equilibrated with borate buffer 
at pH 10. An experiment was also performed on ‘G-100 
Sephadex’ at pH 7-5 in the presence of 0:7 M potassium 
chloride instead of 0-1 M potassium chloride. In neither 
case was any change observed in the estimated molecular 
weight of urokinase. 

These experiments indicate that the molecular weight 
of urokinase is approximately 35,000. This is much lower 
than the value of 53,000 recently reported for a crystalline 
sample of urokinase by Lesuk et al.4, based on ultracentri- 
fugation measurements. The reason for the discrepancy 
between these two estimates is not clear. 

R. A. BuRGES 
K. W. BRAMMER 
J. D. COOMBES 
Biochemical Research Department, 
Therapeutic Research Division, 
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Localized Strand Separations within 
Deoxyribonucleic Acid during Selective 
Transcription 

MoLEcCULES of deoxyribonucleic acid isolated under 
gentle conditions are found to possess a double-stranded 
helical structure, in which the bases of each DNA strand 
are exactly paired within the interior of the helix with 
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complementary bases of the opposite strand’. During 
gene transcription n vivo or under gentle conditions 
in vitro, only one of the two DNA strands serves as a 
template for new RNA synthesis*. Furthermore, within a 
well-differentiated tissue, only a fraction of loci within 
the total genome are transcribed in vivo, each such selec- 
‘tion of loci being characteristic of the particular tissue’. 
It has recently been demonstrated that stable localized 
strand separations are induced. within the double-stranded 
DNA helix during selective gene transcription within 
higher organisms*>, Within such localized separation 
loops, one DNA strand appears to function as a template 
for RNA synthesis®. The complementary DNA strand 
of each separation loop appears to function as a binding 
site for specific de-repressor RNA molecules’ in an 
epigenetic control mechanism which selectively restricts 
gene transcription to only such strand-separated portions 
of the genome" §, 

During cell interphase in higher organisms, the DNA 
molecules of the cell nucleus are found arrayed either within 
condensed messes of heterochromatin”! in which RNA 
synthesis is repressed’-*®, or within extended microfibrils 
of euchromatin’:*® in which RNA synthesis is activo’. 
When. such repressed-heterochromatin and active-euchro- 
matin complexes of a single tissue are each isolated in 
parallel under identical gentle conditions’, the isolated 
heterochromatin retains its original repressed and con- 
densed state’, while the isolated euchromatin retains its 
original active and extended state’. The native associa- 
tions between DNA and the other molecular species of 
chromatin, such as repressor histones, de-repressor RNA, 
and endogenous RNA polymerase, have been examined 
within isolated heterochromatin and isolated euchromatin 
in & variety of physical, chemical, and metabolic investi- 
gations*:®, 

DNA molecules isolated from either type of chromatin 
of one tissue are not significantly different in their base 
composition! * or in their thermal denaturation profiles‘. 
Similarly, both types of chromatin contain the same 
quantities and patterns of histones in relation to their 
DNA contents’®. By contrast, active euchromatin 
contains an excess of such nuclear polyanions as RNA‘, 
phosphoproteins?®, and phospholipids!!, and localizes 
testosterone during stimulation of RNA synthesis by this 
steroid hormone?*. 

When DNA molecules are examined while within the 
active euchromatin complex, they display a 60 per cent 
reduction of their usual thermal hyperchromicity‘, 
indicating a significant degree of separation of the strards 
within their DNA double helices®*. By contrast, such 
DNA molecules of the sample display an entirely normal 
degree of thermal hyperchromicity when they are first 
isolated away from the histones and polyanions of the 
euchromatin complex before being examined’. Such 
contrasting behaviour suggests that the DNA strand 
separations observed within the intact euchromatin 
complex depend on an association with the other molecular 
species of euchromatin for the stabilization of such strand 
separations®:*. The regaining of normal hyperchromicity 
following DNA isolation also suggests that these strand 
separations are only partial or looped within any given 
DNA double helical molecule, with some portion of each 
helix remaining in exact register during selective gene 
transcription. In parallel investigations under identical 
conditions, the DNA molecules while within the repressed 
heterochromatin complex do not reveal any reduction of 
their usual hyperchromicity*, but display an increased 
stability to strand separation while within the hetero- 
chromatin complex‘. 

Both active euchromatin and repressed heterochromatin 
contain equal amounts and types of polycationic histones 
in relation to their polyanionic DNA‘ *. Such histones 
function as non-specific repressors of the template function 
of DNA by interacting electrostatically with the negative 
phosphate groups on the exterior of the DNA double 
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helix?*14. This histcne-DNA interaction neutralizes the 
multiple negative charges along the length of the DNA 
molecule!*»14, overcoming the mutual repulsion otherwise 
present between these highly charged DNA molecules", 
and favouring the Zormation of condensed masses of 
repressed heterochromatin®!*, In such an interaction, 
the histones cross-link two or more DNA strands?’, thus 
stabilizing the double-stranded DNA helices against 
strand separation and consequent transcription}. 

The polycationic nistone repressors can be partially 
displaced from the DA double helices by several types of 
those polyanions fourm! in excess within active chromatin‘. 
In such action, these polyanions function as natural de- 
repressors, permitticg the now-charged DNA double 
helix to assume the sxtended state® and to undergo its 
normal degree of spontaneous strand separations?*. 
Strand separation locps formed spontaneously appear to 
be stabilized and perhaps extended within specific loci 
of the genome by tae co-operative binding of specific 
de-repressor RNA mclecules to one of the two separated 
DNA strands at thee loci'*, The remaining comple- 
mentary DNA stranc within the separation loop is then 
free to serve as a template for selective RNA synthesis®:*. 

These investigations indicate that the physical state of 
the DNA molecules during selective transcription in higher 
organisms is characterized by local stabilized separations 
of the strands of the DNA double helix within specific 
portions of the genomet. By contrast, repressed portions 
of the genome are cheracterized by an increased stability 
of the DNA helix’, wich no evidence of strand separations® 
or of active transcrDtion’®, and appear as condensed 
masses of heterochromatin during cell interphase’, 
Later in the cell cy!=le, during DNA replication, these 
same repressed heterschromatin portions of the genome 
display a late phase >f DNA synthesis compared to the 
rest of the genome”®. Since in vivo DNA replication in- 
volves some degree of strand separation of the replicating 
DNA molecules*!, the delay in DNA replication observed 
within these repressd heterochromatin regions may 
reflect the increased stability of the DNA helices within. 
these regions found eazlier in the cell cycle during selective 
transcription‘. 

Still later in the cel- cycle, after the completion of DNA 
replication, these sams repressed heterochromaiin regions 
of the -genome”? may now extend and form secondary 
constrictions*® in local. zed areas of the metaphase chromo- 
somes??. Such secondary constrictions map identically 
within each of the sster chromatids’, indicating that 
each daughter cell reseives an identical complement of 
chromosomes the DNA of whichis physically altered in those 
same gene loci that were repressed in transcription and 
delayed in replication m the maternal cell’. Indeed, follow- 
ing cell division, it has been shown that at least some of the 
same gene loci that were repressed for transcription in the 
maternal cell are similarly repressed in each of the 
daughter cells for many subsequent cell generations, 
indicating a continuity of the specific transcription selec- 
tion through the entre course of many cell divisions’. 
Such a continuity cou.d be mediated by the passive sym- 
metric transfer of masernal de-repressor RNA species to 
each of the daughter -ells during cell division®:*5, 

The strand separation loops within the DNA molecules 
of active euchromatic are the likely sites of action of 
those molecular specms which increase or decrease the 
rate of RNA synthesis non-specifically*. Thus, such 
steroid hormones as oestradiol and testosterone bind 
preferentially to the. single-stranded form of DNA’, 
tending to stabilize tae strand separation loops within 
DNA?**, and non-speciically increasing the rate of RNA 
synthesis within pre-sdected loci of the genome’. In this 
regard, testosterone is found localized preferentially 
within active euchromatin during the stimulation of 
nuclear RNA synthesis by hormone!?. Conversely, such 
inhibitors as histones!, actinomycin D?!, acridine orange?®, 
and chloroquine?’ all bind preferentially to the double- 
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stranded form of DNA, tending to stabilize the DNA 
helix against strand separations, and non-specifically 
decreasing the rate of synthesis of all RNA species®. 

Recent investigations suggest that the strand separation 
loops within active euchromatin may be sensitive sites 
of action during radiosensitization®! and during the 
interaction of the host genome with oncogenic viruses*. 

This work was carried out during the tenure of a research 
career development award (CA-17857) from the U.S. 
Public Health Service. 
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Rockefeller Institute, New York. 
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Properties of Hyaluronic Acid from a 
Human Myxosarcoma 


It is known that the degree of polymerization of 
purified hyaluronic acid depends on the sources of prepara- 
tion and the method of isolation. Caputo and I previously 
reported! the occurrence in Rous sarcoma of highly 
polymerized hyaluronic acid complexed with protein. 
Investigations of the effect of proteolytic enzymes on. this 
complex have revealed the prominent part played by the 
protein in the molecular conformation of the complex’. 

This communication reports some properties of a very 
special hyaluronic acid which I have purified from a 
human myxosarcoma. 

The polysaccharide was isolated by precipitation with 
cold, acid acetone, according to the technique previously 
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Table 1. MOLECULAR CHARACTERISTICS OF A HYALURONIC AOID-PROTFBIN 
COMPLEX ISOLATED FROM HUMAN MYXOSARCOMA 
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SM, to * 16-8 x 107”? 
Dao, WT 5-7 x 1077 
y 0-710 

Mw 2°5 x 105 


S2&,w, sedimentation coefficient; Dst, diffusion constant; ¥, partial 


_ Specific volume; Mw, molecular weight. 


* Extrapolated to zero protein concentration. 
Ņt Protein concentration 5 mg/ml. 


reported!. At the end of the preparation several further 
attempts to reduce the nitrogen content of the compound 
failed, and therefore it seemed certain that the poly- 
saccharide was stably complexed with a protein. The 
resulting material behaved as a monodispersed system in 
the free boundary electrophoresis and was homogeneous 
in the ultracentrifuge. When compared with other types 
of hyaluronic acid, the sedimentation boundary of the 
myxosarcoma polysaccharide was always found to be 
perceptibly less sharp and to have a great tendency to 
diffuse. Some molecular characteristics of myxosarcoma 
hyaluronic acid—protein complex are given in Table 1. 

The molecular weight of 2-5 x 105 is very low compared 
with values of about 1 million described previously for 
the same polysaccharide isolated from different sources. 

After treatment with hyaluronidase, a decrease in the 
viscosity of the hyaluronic acid complex solution and 
the disappearance in electrophoresis and the ultra- 
centrifuge of the homogeneity of the boundary were 
observed. 

Preliminary chemical analyses have shown that the 
protein content of hyaluronic acid complex from myxo- 
sarcoma is about 45 per cent. Until now this value is the 
highest found for all types of hyaluronic acid—protein 
complex. 

The fact that proteolytic enzymes have a very weak 
effect on the hyaluronic acid complex from myxosarcoma 
provides strong evidence that the polysaccharide occurs 
in this tumour in a completely different molecular state, 
not only from that isolated from normal sources, but also 
from Rous sarcoma. Stronger evidence for this hypothesis 
has been provided by additional chemical analyses of the 
amino-acid composition of the protein moiety of the com- 
plex. In this connexion it is interesting to note that 
hydroxyproline was found in the hydrolysate, among 
seventeen different amino-acids. The fact that myxo- 
sarcoma hyaluronic acid containing hydroxyproline has a 
low molecular weight indicates that there is a similarity 
between this polysaccharide and that already isolated 
from vitreous humour and that it is completely different 
from that previously isolated from the Rous sarcoma. 


Marra LUISA MARCANTE 


Instituto ‘Regina Elena’ per lo 
Studio e la Cura dei Tumori, 
Rome. 
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Oleic Acid labelled with lfodine-I31, and 
Triolein De-iodination in vitro 


THE de-iodination of ™1J-labelled Rose Bengal! and 
thyroxine? has been studied before, and it can be assumed 
that a thermostable factor is present in the organs in 
different concentrations! and that some proteins? have a 
stimulative effect on the de-iodmation. 

This experimental work was carried out to study 
the de-iodination in vitro of 1*1I-labelled oleic acid and 
triolein, widely used as diagnostic radiopharmaceuticals. 
Some variable results obtained in the investigation of 
fatty-acid metabolism with these radiocompounds could 
be related to the de-iodination im vivo. 

The tested rat organs were homogenized with saline 
to give a final organ concentration of approximately 
200 mg/ml. (wet organ weight). Three series of experi- 
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Liver 


Blood Intestine Kidney Lung Stomach 


Iodine-181 found as iodide after 15 h incubation 1, *J-labelled 
triolein; 2, '*4I-labelled oleic acid 


Fig. 1 


ments using !*!I-labelled triolein (specific activity 29 uc./mg) 
and three other series using }°1I-labelled oleic acid (specific 
activity 38 uc./mg, were performed. 10 lambdas of the 
labelled compound (approximately 50 uc.) were added 
to each series of test-tubes containing 0-5 ml. of homo- 
genate and 0-2 ml. of isotonic phosphate buffer, pH 7-2. 
In each series a test tube containmg the same activity in 
0-2 ml. of isotonic phosphate buffer pH 7-2 and an equal 
volume of saline instead of the homogenate were used 


as a blank. All the tubes were incubated under the same ` 


conditions: 15 h at 37° C with occasional stirring and 
avoiding the evaporation. 

After the incubation was completed, 2 ml. of ethyl 
alcohol was added to each tube and then stirred and 
centrifuged. The residue was washed once with 1 ml. 
of ethyl alcohol and finally extracted twice with 1 ml. 
of ethyl ether. The alcohol and ether extracts were 
mixed and a sample of it was analysed by paper electro- 
phoresis. Under these experimental conditions the formed 
iodide as well as the labelled oleic acid or triolein are 
completely extracted from the tissue residue. 

The electrophoresis was performed using Whatman 
3 MM paper, sodium bicarbonate, 0-2 per cent, as a buffer 
and with a voltage gradient of 12 V/cm. After 1 h 
the iodide migrated approximately 6 em while the labelled 
triolein or oleic acid remained at the starting line. 

The scanning of the electrophoresis was carried out 
using an automatic graphic recorder. In this way it was 
possible to evaluate, by integration, the percentage of 
activity corresponding to each peak (iodide and labelled 
oleic acid or triolein; no other intermediate compound 
was detected). Fig. 1 gives the values corresponding to 
the formed radioiodide (as percentage of the total activity 
present) after 15 h of incubation at 37° C. No iodide 
formation was found in the blank test-tubes. 

The 391]-labelled oleic acid was rapidly de-iodinated by 
liver and blood homogenates; the 1*1I-labelled triolein was 
more stable. Intestine was twice as active for 1*1I-labelled 
triolein as for 181J-labelled oleic acid. The stomach had 
practically no action on ™!J-labelled triolein and }*1J- 
labelled oleic acid in vitro. 

As a result of these experiments it can be stated that the 
blood and liver are rich in the dehalogenase responsible 
for the de-iodination of both labelled compounds. 

LEOPOLDO JOSE ANGHILERI* 
Comision Nacional de Energia Atomica, 
Buenos Aires. 


* Present address. Institut du Radium, Laboratoire Cure, Paris, France 
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Heat Production in-a Cardiac Contraction 


THe energetics of cardiac contraction, a field of much 
physiological interest. has remained incompletely devel- 
oped because of the d-fficulty of performing heat measure- 
ments on a heart muscle preparation. We have recently 
succeeded in solving come of the technical difficulties and. 
have developed a procedure for myothermic measurements 
on isolated papillary muscles of the rabbit heart. 

The papillary muscis used are about 1:0 mm in diameter 
and 4-8 mm in lengtk. To obtain an adequate thermopile 
output, a sufficient number of junctions has to be situated. 
in this range of lengths. The present pile has 32 active and 
4 ‘protective’ junctions of silver constantan. over a length 
of 5 mm; it has an ousput of 815 uV/°C. The junctions are 
situated at the bottom of a hemicylindrical trough, about 
1 mm diameter, that holds the muscle. 

The problems associated with myothermic measure- 
ments have been diseussed in detail by Hill-*. A major 
difficulty encounterec with cardiac heat measurements is 
the large heat capacisy of the thermopile relative to that 
of the small muscle. This heat capacity was determined, 
on the one hand, by l berating a condenser discharge or an 
RF current pulse int a saline-gelatine rod placed in the 
thermopile groove; on the other hand, using the cardiac 
pile, measurements were made on a 20-mg strip carefully 
dissected from a frog sartorius muscle on which heat 
measurements had previously been made with a standard 
thermopile. Both mezhods agreed; the present thermopile 
has a heat capacity equivalent to 3-0-L0-5 mg of muscle. 
The muscles themselves generally weigh 3-10 mg. The 
average heat loss frcm the muscle-thermopile system is 
13 per cent per second; this is corrected for electronically. 
The correction methcd and the tecbnique for thermopile 
construction will be described. by one of us (N. V. R.) in a 
later paper. The muscles were bathed in a modified 
Tyrode solution containing 4:0 mM calcium/l. and aerated 
with 98 per cent oxygen and 2 per cent carbon dioxide. 
The experiments were run at room temperature which was 
between 18 and 22° ©. The muscles were not left out of 
solution longer than 15 min and were never stimulated at 
frequencies above 60 beats/min. 

In the work recordad here we have concerned ourselves 
solely with the magnitude of heat production, and some of 
the results obtained are given in Table 1. Our main 
objectives were to determine: (1) the rate of resting heat 
production; (2) the relationship between heat production 
and tension development; (3) if there was a heat equiva- 
lent to the activation heat of skeletal muscle. Resting heat 
was measured by firs: zeroing the amplifier input with the 
thermopile immersec in solution. The papillary muscle 
was then brought into contact with the pile and the change 
in input voltage was measured when the bath was drained 
of Tyrode solution. The heat output was measured over a 
period of several mirutes. The experiments were all run 
with a resting tensior of 1-0 g on the muscle and hence the 
measurement makes no distinction between the basal 
resting heat and the heat due to the existence of tension 
in the resting muscle‘. The mean value of seven individual 
measurements was 28:7 mcal/g muscle/min. 


Table 1 
Acti- 
Blotted Pl, Pl, Resting vation Heat* 
Exp. weig — — heat heat (moal Tension 
No. (mg) M H (mcal/ (mcal/ g/twitch) (g) 
g/min) g/twitch) 
1 5:0 433 4 05 — — 1-59 3°3 
2 6:5 270 4-0 26 0 — 1-53 25 
3 8-0 525 5.8 366 0 96 2°04 53 
4 3-2 750 5:1 25 0 80 2°14 80 
5 61 496 5-5 35 0 47 2 46 6-0 
6 4-5 392 6-1 24 4 0 61 1-38 19 
7 59 395 58 15:4 0-31 1°52 2-9 
8 4-5 555 5-7 38:6 0-61 23 49 
Mean 55 477 5-2 28 7 0-63 1 87 3-7 


* Tension and heat mesured in a single contraction after a pernod of 
stimulation at 80 beats/mir. 
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Records of heat produced during a cardiac contraction 
are shown in Fig. 1. The rate of heat production seems to 
be much slower than in skeletal muscle, but at present we 
cannot be certain that this is not an artefact. The muscle 
was first stabilized at a chosen frequency. Stimulation 
was then stopped; the heat quickly returned to its resting 
level. A single stimulus given at this point gave a tension 
output similar to that in the steady state and the heat 
produced was measured a few seconds after the contraction 
was completed. The heat production so measured was 
10-20 per cent less than that determined from the total 
heat produced in a long series of contractions divided by 
the twitch number. There can be at least two reasons for 
this: (1) the resting heat production may increase during 
prolonged activity, a possibility suggested by Whalen’ m 
his oxygen consumption studies, or (2) there may be a 
small and slow phase of delayed heat that we miss by 
reading too early efter a smgle contraction. To investigate 
this point we need a thermopile with more output and one 
that possesses an accurate exponential heat loss over 
several minutes. The relationship between isometric ten- 
sion and the heat produced can either be curvilinear as 
shown in Fig. 2 or linear, and seems to resemble skeletal 
muscle 1: this property*. 

Activation heat was determined either by allowing the 
muscle to shorten until little or no active tension was 
developed on stimulation’, or by eliminating tension 
development with Tyrode solution made hypertonic with 
sucrose’. The mean of six such measurements was 0:6 
mceal/g. 

The results so far obtained allow interesting preliminary 
comparisons to be made to frog sartorius muscle. The lesser 
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Fig. 1. Records of tension developed (top trace) and heat production 

(lower trace) The heat records are corrected for heat loss. Traces from 

three muscles a, b, c and d. The filter cut-off frequency was 25 c/sec mn 
(b) and (d) and 4 cycles in (ec). 


In (a) a 10 msec RF pulse; bottom abscissa 10 sec, ordinate 10 aV; 

(b) a contraction; top: abscissa 2 0 sec, ordinate 10g; bottom abscissa 

2:0 sec, ordinate 01 Y, (c) a contraction; top abscissa 20 sec, ol- 

dinate 0'4 g, bottom: abscissa 2 0 sec, ordinate 0 2 uV, (d) a contraction. 

top: abscissa 0-5 sec, ordinate Bey g, pR abscissa 0'5 sec, ordinate 
2u 
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Fıg. 2. A plot of heat production against twitch tension Tension varied 
by altermg stimulus frequency, muscle length and Tyrode tonicity. 
Aluscle-length 8 mm, blotted weight 4 5 mg 


activation heat, 0-6 as compared with 1-2 mcal/g (ref. 9), 
possibly correlates with the lesser capability for tension 
development. The slower rate of heat production in a 
twitch, if confirmed, might have a two-fold cause: the 
slower onset of the active state!®, and the fact that the 
aerobic recovery heat is presumably not a separate entity 
but occurs in close temporal association with each twitch 
to which it belongs. The latter circumstances would also 
explain why the ratio Pl/H is 5:2 rather than close to 10 
as found by Hill". 
We thank Dr. W. F. H. M. Mommaerts for his advice. 
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Somesthetic and Visual Responses of Superior 
Colliculus Neurones 


APART from visual responses!, somesthetic responses 
have been repeatedly observed in the superior colliculus?. 
We have previously reported that under chloralose 
anaesthesia the somesthetic responses to forelimb stimule,- 
tion recorded with gross concentric electrodes could be divi- 
ded into a short-latency group (9 ms) and a long-latency 
group (70 ms), and that long-latency responses disappeared 
after ablation of the visual cortex’. This indicated a 
convergence of two somesthetic pethways towards the 
colliculus, as well as a convergence of somesthetic and 
visual afferent pathways. A microelectrode analysis has 
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axtent of these 


| ‘alone (80 mg/kg) 
tered intravenously, placed in a stereotaxic head 
and later paralysed with ‘Flaxedil’ and artificially 
ired. A hole drilled in the skull over the visual 
x, plugged with a 4-per cent solution of agar to reduce 
pulsations of the brain, allowed the penetration of 
iNary microelectrodes filled with 3-M potassium 
ride. Punctures were made only in the central part 
the superior colliculus, mostly along the line 42, L3, 
H+ 45 to H + 2:5 to the zero plane’, thereby 
ding the insecurity in studying responses near the 
‘gins of the nucleus. Stimulation of the contralateral 
was a 500-ms flash obtained from a neon tube. The 
il was dilated with 1 per cent atropine chloride. 
ectrical stimuli were delivered to each of the four limbs 
hhrough a pair of hypodermic needles thrust into the 
skin. At the end of the experiment the brain was perfused 
vith saline, followed by 10 per cent formalin, and the 
ipproximate locations of the electrodes tips were checked 
m frozen sections. 
: Extracellular records were analysed in 82 units, all of 
vhich maintained a constant spike height and responded 
0 at least one of the stimulations used. 
_ Somesthetic responses were observed in 79 of the 82 
sells examined. These responses showed short or long 
atencies. In both cases they were characterized by slow 
waves that after their onset gave rise to a burst of spikes 
usually two or three but sometimes more). With forelimb 
itimulation the onset of the slow wave for short and long 
atency responses began after 9 ms and 68 ms respectively. 
it may be appreciated that the values for latencies of the 
slow waves are similar to those of responses recorded with 
gross concentric electrodes. The mean average latency 
0 the first spike for the short-latency responses was 
[8 + 5 ms (forelimb stimulation) and 23 + 5 ms (hind- 
imb stimulation), and for long-latency responses was 
72+ 12 ms (forelimb stimulation) and 81 + 12 ms 
hindlimb stimulation). The histogram in Fig. 1 shows 
ihe distribution of latencies of the first spike of response 
appearing with short and long latency in a series of colli- 
ular neurones. Among the 79 units included in the histo- 
mam of Fig. 1, 18 responded only with a short latency 
Fig. la); 47 responded only with a long latency (Fig. ic) 
ind 14 responded with a double response, in which the 
atencies of the two components fell within the range of 
ihe two previous groups (Fig. 1b). Somesthetic units 
yelonging to the various groups already described here 
ney be indistinetly found at variable depths of the 
superior colliculus. However, more than half of the short- 
atency responses (including those followed by a long- 
atency one) were encountered in the lowermost third 
of the superior colliculus (Fig. 2). This finding may 
suggest some degree of topographical distribution of these 
lifferent types of cells along the vertical axis. Sections of 
pinal dorsal funiculi at the level of T8 did not modify 
responses to stimulation of any leg. Qn the other 
id, ablation of the visual cortex and surrounding 
tical areas above the colliculus suppressed the long- 
atency ones. 
These results confirm that the superior colliculus 
‘eceives two independent groups of somesthetic impulses: 
me of these groups seems to depend on a relay in the 
visual cortex, and thus on cortico-collicular connexions; 
other one is probably conveyed by the spinotectal 
way. In addition, it is apparent that a large number 
jllicular neurones receive a convergent input from 
» two pathways. 
sual Fomponnes. | were oe in 72 of the ee units 
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strated when tested on a response sinesthotic stimula: — 
tion. These effects were independent of the type: of 
somesthetic response one (short-latency, long- latency. a 
double). | 
Considering the whcle sample of neurons studied, i 
ean be seen that only 3 units responding to visual stimul 
were not activated by somesthetic stimuli, and 4 were in. 
the reverse situation. The other 75 units received visual 
and somesthetic inputs. Once again the distribution of thi 
neurons along the vert:cal axis did not seem to be cori 
lated with their responsiveness to somatic or visua 
stimuli (Fig. 2). 
Thus at the cellular level there is a high degree of ¢ co 
vergence not only between the two somesthetic pathwa: 
but also between the somesthetie and visual pathway 
Since the colliculus has a dual visual input? * (sor 
impulses reaching it directly from the retina, others 
relating in the visual cortex), a part of the observed occi 
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Fig. 1. Histograms of latencies of su 
stimulation. The abscissa corresponds to the latencies of the responses in 
msee and the ordinate to the number of units discharging at given iaten- 
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fm 
Lane: 





erior collicuius units to samesthetic 


cies. Two populations of cells according to their latencies are clearly 
shown by the histograms. The units responding with both short and 
long latency are included in both histograms. Latency for each unit is 
average for stimulation of all four extremities, n, Namber of unite 
studied in each group. The upper figures give examples of the firing of 
each type of unit: (a) cell firing only with short latency; (b) with both 


short and long latency: (c) with long latency alone. Calibration: 50 inset 
and 1 m¥ 
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Fig. 2. Distribution of units in the superior colliculus. Histograms 

represent the number of units recorded at different levels of the superic 
colieulue expressed according with the type of stimulation ‘visual: 
somesthetic) and the latencr of somesthetic responses. White bands 
units responding to visual st:muli; dotted bands, units responding wit 
long-latency somesthetic responses; black bands, units responding wit! 
short-latency samesthetic responses, Units responding with both shor 
and long latency to somestketic stimuli were. included in both dott 





and black bands. The number of each type of units is expressed at: the 
top of each band. The levsis corres h to; piereotaxie co-ordinates 
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convergences can occur in the visual cortex. But another 
part must obviously occur in the superior colliculus 
itself, as, for example, the convergence between spino- 
tectal and retino-collicular impulses. 

Anatomical studies? have eninhanined that retina and 
visual cortex project to more superficial collicular layers 
than spino-tectal fibres. Thus it is interesting to find 
so few ‘modality-specific’ neurones: that is, neurones 
responding only to visual or only to somesthetie stimula- 
tion. Further investigations, and especially, better local- 
ization of the electrodes tips, may tell if the ‘specific’ 
neurones were missed because of their small size or their 
anatomical localization. Perhaps another possibility 
might be that intracollicular connexions were responsible 
for the fact that nearly all collicular neurones studied 
received visual and somesthetic inputs. 

I thank Dr. P. Ascher for his advice. This work was 
supported by a grant from the Consejo Nacional de Investi- 
gaciones Cientificas y Técnicas, Argentina, and by grant 
AF-A FOSR-656-65 from the U.S. Air Force Office of 
Scientific Research. 
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PHARMACOLOGY 


Thromboses in Large Veins and Pulmonary 
Embolisms induced by Catecholamines or 
Serotonin 


Ir has recently been noted that a singular thrombo- 
haemorrhagic phenomenon can be elicited in rats by the 
intravenous injection of various metals or sulphated 
polysaccharides (which act as ‘sensitizers’), followed by 
subcutaneous treatment with catecholamines or serotonin 
(which act as ‘challengers’). The basic structural lesions 
always consist of multiple haemorrhages and micro- 
thromboses, thus resembling those of the Sanarelli 
Shwartzman phenomenon (induced by two properly 
spaced injections of bacterial endotoxins). In its simplest 
form, this thrombohaemorrhagic phenomenon is obtained 
by tho intravenous administration of a sensitizer (for 
example, indium chloride) and the concurrent sub- 
cutaneous injection of a challenger (for example, adren- 
aline). In this case the lesions occur topically at the site 
of challenge; however, after similar sensitization, the 
systemic administration of suitable challengers can pro- 
duce thrombohaemorrhagic lesions more or less selectively 
at various sites such as the salivary glands, heart, lung, 
kidneys, intestinal tract or even transplantable neo- 
plasms'-*. 

The question arose whether this technique could be 
adapted to the production by naturally oceurring com- 
pounds (such as catecholamines or serotonin) of experi- 
mental thromboses in large veins with subsequent 
pulmonary embolisms. 

Eighty female Sprague Dawley rats with a mean initial 
body-weight of 100 g (90-100 g) were subdivided into 
eight equal groups and treated as indicated in Table 1. 
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Table 1. PRODUCTION or VENOUS THROMRBI BY SYSTEMIC SENSITIZATION 
WITH ScCl, AND TOPICAL CHALLENG# BY CATECHOLAMINES OR SEROTOND 
Incidence (%) of 
Treatment thrombosis In femoral vein 

NaCl 0 

Adrenaline 0 

Noradrenaline 0 

Serotonin 0 

ScCl, + NaCl 0 

ScCl, + adrenaline 100 

SeCl, + noradrenaline 100 

Setvl, + serotonin 100 


20 ug of adrenaline (adrenaline bitartrate, Brickman anc 
Co.), 20 ug of noradrenaline (‘Levophed’ bitartrate, Win. 
throp Laboratories) and 200 ug of serotonin (serotonin 
creatinine sulphate, Nutritional Biochemicals, Ltd.) were 
used as challengers. All these amines were injected in 
0-1 ml. of physiological saline into the musculature of the 
left thigh just underneath the femoral vein before its 
entrance into the inguinal canal. For control purposes, 
physiological saline was administered in the same manner, 
Scandium chloride (ScCl,, K and K Laboratories)—a 
particularly potent sensitizer for the production of het 
thrombohaemorrhagic phenomenon'—was injected at a 
dose of 4 mg in 1 ml. water under light ether anseethasia 
into the jugular vein 1 min before the administration of 
the challengers. All the animals were killed with chloro- 
form 24 h later. The presence of thrombi was verified by 
inspection with a dissecting loupe and subsequent histo- 
logical investigation of the femoral veins using the periodic 
acid—Schiff and multipurpose polychrome stains‘. 

As shown in Table 1, by itself the intramuscular 
injection of NaCl, adrenaline, noradrenaline or serotonin 
never produced thrombosis in the adjacent vein, while 
after sensitization with ScCl, all three biological amines 
(unlike the solvent itself) consistently gave positive 
results. The thrombi thus obtained were easily detectable 
by the naked eye (Fig. 1). They consisted of a white 
‘head’ and a red ‘tail’. On histological examination, the 
‘head’ proved to be composed of aggregated platelet 
strands (Zahn’s lines) surrounded by degenerating poly- 
morphonuclear leucocytes; the ‘tail’ consisted of erythro- 
cytes and fibrin threads. The ‘heads’ of the thrombi 
always pointed towards the heart and their composition 
was the same, irrespective of the challenger used. 

The experiment was repeated afterwards under essen- 
tially similar conditions; but now the challengers were 
injected into muscles adjacent to the vena cava just 
distally from the origin of the renal veins. Here, large, 
almost occlusive thrombi of the cava were regularly 





Fig. Large thrombus occluding the left common iliac vein. The gio 
line areas dividing the white ‘head’ from the red ‘tail’ is clearly vial 
through the vesse! wall 


November 27, 1965 


No. 5013 





i ` 
DE. 


Fig. 2. Large embolus exposed by reflecting the lateral wall of the right 
ventricle. The white ‘head’ is lodged in the tricuspid valve (long 
arrow) while the red ‘tail’ protrudes into the pulmonary cone 


obtained in the scandium-sensitized animals (but not in 
the controls) given adrenaline, noradrenaline or serotonin. 

In a third experiment, thrombi were produced in the 
iliac veins of ten rats given the same amount of ScCl, 
intravenously and then adrenaline into the pelvic muscles 
adjacent to the left iliac vein. Twenty-four hours later, 
the injection site was exposed under ether anaesthesia 
through a suprapubic incision and the thrombi mobilized 
by gentle massage with the thumb applied to the thigh 
pushing towards the inguinal ligament. In each instance, 
the detachment of the thrombus and its propulsion into 
the vena cava could be followed by naked-eye inspection. 
Somewhat unexpectedly the resulting large emboli did not 
kill any of the rats, although autopsy of five animals 
15 min after mobilization of their thrombi showed these 
firmly lodged in the almost totally occluded pulmonary 
artery (Fig. 2). In the remaining five animals, which were 
killed 24 h after the operation, the lysis of the pulmonary 
emboli was virtually complete. 

In all these as well as in many similar experiments, it 
was incidentally noted that (irrespective of any additional 
treatment) after death the blood of rats sensitized with 
SeCl, clots in the vessels much more rapidly than that of 
normal controls. This is of interest in connexion with the 
currently popular view that the haemorrhages in various 
thrombohaemorrhagic phenomena—including the Sanar- 
elli-Shwartzman reaction—are due to a “consumption 
coagulopathy’’*. According to this concept the clotting 
factors are largely used up during the thrombotic phase, 
whereupon the blood gradually becomes incoagulable. 
This explanation does not appear to be easily applicable 
to the metal-induced type of thrombohaemorrhagic 
phenomena with which we are concerned here. 

This work was supported by the John A. Hartford 
Foundation and the Canadian Heart Foundation. 
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Labelled Depolarizing Drugs in Normal and 
Denervated Muscle 


THE antagonism be-ween d-tubocurarine and depolar- 
izing relaxant drugs has been investigated by means of a 
decamethonium derivative labelled with radioactive 
iodine, the uptake of which in muscle is reduced in the 
presence of the antagenist'*. The present investigations 
have shown that d-tubocurarine also reduces the uptake 
of decamethonium ard of carbachol which have been 
labelled with tritium, and, in addition, the muscles have 
been sectioned so that a localized concentration of drug 
in the region of the nerve endings could be demonstrated, 

Fig. 1 shows the uptake of 6 uM decamethonium di- 
chloride (N-methyl-*H) in isolated rat diaphragm. After 
2 h at 38° C the muscle was removed, secured to a strip 
of aluminium and frezen on a block of solid carbon 
dioxide. The nerve ceuld be seen in the frozen musele. 
The tissue was trimmed with a razor blade to provide a 
rectangle of muscle, which was then sectioned transversely 
between tendon and rib at intervals of 1 mm. The sections 
were weighed, dissolved and counted by methods used 
previously’. The uptaxe in each section was expressed as 
mi./g, being (activity per g muscle)/(activity per ml. 
solution). The uptake shows a pronounced peak in the 
section which contained the nerve and a similar distribu- 
tion was found in 20 muscles which were sectioned. The 
presence of d-tubocurarine in a concentration of 7 uM 
reduced the uptake as shown by the shaded portion of 
Fig. 1, though the peak was not entirely abolished even 
with high concentraticns (up to 70 uM) of the antagonist. 

The uptake of decemethonium by the phrenic nerve 
was found to be low and not affected by 7-uM d-tubo- 
curarine, and the peak in Fig. 1 may be attributed to the 
presence of the endplates which are known to be in & 
narrow zone close to the nervet. Decamethonium injected 
into mice has been shcwn to become localized in the end- 
plates of the diaphragm muscle**. 

The unshaded part of Fig. 2 shows the uptake of 
labelled decamethonium in a diaphragm musele of the 
guinea-pig, which is pharmacologically more sensitive to 
decamethonium than the rat’. In the guinea-pig the 
terminal branches of tae phrenic nerve are not distributed 
in a regular manner. A flattened peak was found in all 
guinea-pig diaphragms which were sectioned, and this 
peak appeared to be abolished in the presence of a high 
concentration of d-tubocurarine (Fig. 2). 

The light shading of Fig. 2 shows the uptake of deca- 
methonium in a musele which had been denervated 10 
days previously by section of the left phrenic nerve in 
the thorax. The uptake is markedly increased, and a 
similar raised level of radioactivity was found in denerv- 
ated muscle as compared with the control in each of 12 
pairs of muscles which were tested. In most cases no 
peak could be demonstrated in denervated muscle. The 
increased uptake of the drug may be correlated with the 
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Fig.1. Radioactivity ofra diaphragm cut transversely after 2 h in 6-4M 

labelled decamethonium. Tse eotane is given as ml/g. The section which 

contained the nerve is indieated by the arrow. The shaded area shows 

the uptake of another strip of muscle from the same diaphragm in the 
presence of 7-4M d-tu 
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Fig. 3. Uptake of labelled carbachol in rat diaphragm (2 h in 1 4M). 

The arrow indicates the section which contained the nerve. The shaded 

portion shows the uptake in apeene Soak which was treated with 7-4M 
-tubocurarine 


increased pharmacological sensitivity of denervated 
muscle*:*, In similar experiments it was found that 
d-tubocurarine was also effective in reducing the uptake 
of labelled decamethonium in denervated guinea-pig 


hragm. 

A localized peak was not found in the case of carbachol 
(carbaminoyl choline chloride, N-methyl-*H). Fig. 3 
shows the uptake of labelled carbachol in rat diaphragm 
at a concentration of 1 uM. The radioactivity of the 
muscle shows little variation from tendon to rib, and a 
similar distribution was found with concentrations of 
5 and 50 uM. Diffuse application of depolarizing drugs 
to the muscle is known to produce depolarization along 
the whole fibre’. Fig. 3 shows that d-tubocurarine 
(7 uM) also diminished the uptake of labelled carbachol 
as compared with the control, and a similar effect was 
found in each of six pairs of muscles which were tested. 

This work was supported by U.S. Public Health Service 
grant NB 00738, and also by a Wellcome research travel 
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Conversion of the Inconvertible -l 
Lymphosarcoma to Ascitic Form 


Durine the course of experiments with the L-I 
lymphosarcoma it was often desirable to have large 
numbers of single cells available. Suspensions of cells 
dissociated from minced tumour by standard techniques 
(cytosieve', trypsinization*, ete.) contained variable 
numbers of morphologically dead cells and required large 
inocula (>10* cells) to induce growth on subcutane- 
ous re-inoculation. It seemed that the required numbers 
of free cells might be obtained if the tumour was con- 
verted to ascitic form. Following the method described 
by Klein and Klein’, cell suspensions prepared from the 
tumour by various techniques were intraperitoneally 
injected into strain A/J hosts. At graded intervals afte: - 
wards, the mice were killed, the open peritoneal cavity 
washed, and the collected washing re-inoculated into 
new mice. This was repeated for several fluid-transfer 
generations. In a course of moro than twenty-five 
such attempts, a small growth of ascites was obtained in 
only a single instance. This one ascites grew slowly for 
three fluid-transfei generations and then failed to multiply 
on the fourth re-inoculation. In all other attempts, this 
procedure failed to produce ascitic growth. In many 
animals, however, nodular growths were obtained at the 
site of injection of the initial suspension, or on the 
peritoneal surface. 

During the course of previous investigations in this 
laboratory, it was found possible to obtain relatively 
small numbers of highly viable tumour cells by trypsiniza- 
tion of minces of the liver and spleen, using the method 
described by Hewitt'. Comparable cell suspensions 
were also obtainable from the blood by modifications of 
the technique of Romsdah! et al.*. While neither of these 
techniques provided sufficient cells for certain of our 
requirements, it was reasoned that cells collected in this 
manner might be more amenable to the establishment of 
an ascites. Accordingly, a number of mice was injected 
with suspensions of cells collected in the foregoing two 
ways. In both groups, the peritoneal washings from 
almost all of the mice gave rise to the development of 
ascites when re-inoculated into new hosts. 

Lines selected from these ascites have been serially 
transplanted at intervals ranging from 1 to 2 weeks for 
over one year and have continued to show good growth. 
Other lines, prepared by the same techniques, have also 
been successfully maintained for shorter periods. The 
ascites is composed predominantly of reproductively 
active cells, requiring somewhat less than ten cells on the 
average, to induce tumours in 50 per cent of previously 
untreated strain A/J mice (7'D-50) when injected under 
the capsule of the kidney. The T.D-50 for intraperitoneal 
injection is about an order of magnitude higher, while 
subcutaneous injection requires a yet larger inoculum. 
Although this aspect has not been examined in detail, 
it appears that the solid tumours resulting from the in- 
jection of ascites are morphologically similar to the 
origina! tumour and do not displey any marked deviations 
in radiosensitivity, although they grow somewhat more 
rapidly. Interestingly, the lines initiated from circulating 
cells have consistently shown more rapid growth, both in 
solid and ascitic forms, than those started from cells 
obtained from the liver and spleen. 

Of the various explanations for the foregoing results, a 
selection process seems most likely. Thus, cells which 
successfully enter the blood and which continue to cireu- 
late and, to a lesser extent, those which have travelled 
through the lymphatic or haematogenous circulation to 
lodge in the visceral organs, represent a selected population 
of cells which are better able to survive (and proliferate) 
in the free state. On the other hand, it may be that less 
mechanical damage occurs during the freeing of the cells 
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lodged in the organs or collected from the circulating 
blood, so that a greater percentage is capable of reproduc- . 
tion. Also, the smaller number of dead cells and decreased 
amount of cellular debris in these cell suspensions may 
decrease the possibility of deleterious interaction with 
partially damaged cells. 
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Primary Tissue Phase of Plasmodium berghei 
in Different Experimental Hosts 


In a previous communication}, we reported the finding 
of pre-erythrocytic tissue schizonts of P. bergher in the 
liver of an experimentally infected young hamster. The 
forms observed were few in number, involving examination 
of many hundreds of stained liver sections. The sporozoites 
used in the former experiments were derived from experi- 
mentally infected Anopheles quadrimaculatus. In this 
laboratory vector only small numbers of viable sporozoites 
reached the salivary glands. The introduction of Anopheles 
stephensi as an experimental vector of P. berghei? has 
greatly facilitated and advanced our work, for in this 
mosquito species invasion of the salivary glands by very 
large numbers of sporozoites takes place with regularity 
after exposure to gametocyte carriers and maintenance 
at 21° C. 

Using techniques of homogenation of infected A. stephensi 
or the trituration of infected salivary glands and midguts, 
we have been able, by intravenous and intraperitoneal 
inoculation, to inject large numbers of viable sporozoites, 
and we have easily found pre-erythrocytic growth forms 
of P. bergherin parenchyma cells of the liver of experimental] 
rodent hosts. 

Tissue schizonts have been found in liver sections stained 
in Giemsa colophonium® in experimentally 
infected laboratory-bred tree rats (Tham- 
nomys surdaster), in hamsters (Mesocricetus 
auratus) in young albino rats‘ 5, and in 
white mice. 

The inoculation of 500,000-750,000 spor- 
ozoites in each of these mammalian hosts 
of P. berghei has produced four to seven 
tissue schizonts per histological section 
(1 em x 0-5 cm in diameter and 4p in depth). 
The pre-erythrocytic schizonts show similar 
morphological features in the different 
hosts. Growth forms of 18 h, 22 h, 36 h, 
48 h, and mature schizonts 51-52 h old 
were found in the different experimentally 
infected animals. A search for the early 
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stages of 3-18 h is now in progress. ¿80 
The regular experimental production of 80 9 
pre-erythrocytic tissue stages of rodent 300 7 
malaria under well-defined laboratory 70 i 
conditions may facilitate research in the iso J 
chemotherapy and chemoprophylaxis of 604" 


mammalian plasmodial infections as well 
as in other fields of malaria research. 50 

A detailed description of the exo- 
erythrocytic development of P. bergher 
and the techniques involved will be pub- 
lished shortly. 

This work was conducted under the 
sponsorship of the Commission on Malaria, 
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Virus Aetiology for Down’s Syndrome 
(Mongolism) 


For many years ncw, we have been working on the 
epidemiology of Downa’s syndrome (mongolism) in the 
State of Victoria, Aussralia, and have charted its occur- 
rences during 1942-64. Peaks of incidence, of 2-year 
duration have been recorded at 5-7 year intervals from 
1942 until 1957 and, a3 a result of this, a further peak of 
occurrence for this congenital anomaly was forecast for 
1962-63. This was the first time ever that such a forecast 
had been able to be made and, in fact, this eventuated??. 
On the basis of our original findings)*, we had postu- 
lated a hypothesis of an infective virus, of long 
incubation, affecting mostly, but not exclusively, the 
ovum of the ageing mother, either directly or through 
some immunity pattern. Our reasons for this were not 
only the perception by one of us (A. 8.) of a possible 
clinical relationship between the exposure of the mother 
to infective hepatitis prior to conception, but also the 
epidemiological findings that cases of mongol births 
clustered significantly in time and place, that urban peaks 
of annual incidence were in every cease greater than rural 
peaks (higher contact zates), and rural peaks followed on 
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one year after urban peaks (suggesting a slow spread of 
infection out of the high-contact urban areas into the rural 
areas). Our latest investigations have consisted of an 
attempt to match the annual occurrence of mongolism in 
the Melbourne area with the annual occurrence of notifiable 
infectious diseases during 1952-64, 1952 being the year 
that infective hepatitis first became notifiable in the 
State of Victoria. Of all infectious diseases, the incidence 
of infective hepatitis, charted nine months prior to that 
of mongolism, has alone shown concordance (Fig. 1); 
another link in the chain of evidence we had forged relat- 
ing mongolism to the virus of infective hepatitis, or somo 
process associated with the infection, affecting the ovum 
prior to, or about the time of, conception. The correlation 
coefficient between the incidences of mongols, per 100,000 
live births, and those of infective hepatitis, per million 
of population, was 0-81, significant at the level of P < 0-01 

We would, in fact, postulate that such a process of 
virus/human interaction could well be the basis of other 
genetic anomalies. We have already noted some degrec 
of concordance between peaks of hydrocephaly and 
mongolism', even though, in the former, no visible chromo- 
somal abnormality is apparent. A prospective clinical 
investigation is being put into operation _to test the 
association between infective hepatitis and the occurrence 
of mongolism; and immunity patterns for this virus, as 
soon as feasible, will need to be tested on a large group of 
mothers ‘at risk’. Meanwhile, also, examination of the 
effects of viruses on human cells in culture, and of ovarian 
tissue in particular, might well open up an undreamed-of 
prospect of obtaining insight into the production, and 
thence prevention, of many gene disturbances. 
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RADIOBIOLOGY 


Modification of Radiation ‘Cerebral Death’ 
by Hypoxia 

PROTECTION from radiation damage by induction of 
brief periods of hypoxia at the time of irradiation has been 
demonstrated for a number of intact mammalian tissues!-. 
There is at present no information available concerning 
this ‘oxygen effect’ in the central nervous system. This 
knowledge is essential if radiotherapy under hypoxic con- 
ditions is planned for cerebral tumours. Cerebral damage 
in the experimental animal following single doses of 2,000- 
3,000 rads does not normally appear for 6 months or more, 
so in our attempt to demonstrate this phenomenon we 
used much higher doses of radiation that give survival 
times of the order of hours and minutes. 

Young adult male Swiss albino mice from a closed 
colony were used. The animals were anaesthetized with 
‘Nembutal’ (60 mg/kg intraperitoneally) 15 min before 
irradiation, and irradiated singly in a ‘Perspex’ box fitted 
with a gas supply. The box was inserted into a pressed 
wood block so that the mouse was irradiated head on by a 
beam of 8-MeV electrons (delivered from the Medical 
Research Council Linear Accelerator at Hammersmith 
Hospital) at a dose-rate of 1,600-1,800 krads/min with 
doses ranging from 50 to 400 krads. Dosimetry was carried 
out with ‘Perspex’ disks, and the maximum absorbed dose 
was recorded at a position level with the brain, 1 cm in 
from the animal’s snout. 

Control irradiated mice were supplied with air at a flow 
rate of 3-5 |./min. Mice irradiated under hypoxic condi- 
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tions were given pure nitrogen to breathe for 50 sec, with 
the irradiation given in the last half of this period so that 
the end of the irradiation coincided with an immediate 
change back to air. Five seconds or so after irradiation 
the mice were removed from the chamber and if necessary 
given positive-pressure artificial respiration with oxygen 
for 2~3 min or until they breathed spontaneously. One 
group of animals was given oxygen at 1 atmosphere (A) 
to breathe for at least a minute before and during irradia- 
tion and another set were injected with cysteamine (20( 
mg/kg, intraperitoneally) 15 min before irradiation in air. 
All survivals were timed from the end of irradiation. 

The figure shows the fitted regression lines of log sur- 
vival time on dose for air-breathing, air-breathing after 
cysteamine injection, oxygen-breathing and hypoxic ani. 
mals. With air-breathing animals, a straight-line response 
was obtained over a dose range of 50-230 krads. Eack 
point represents results from 6 to 9 animals. The regressior 
lines of the air-breathing and air-breathing-plus-cysteamine 
animals were identical (P<0-:001). The ‘oxygen’ line, 
although parallel to the ‘air’ line, was not identical with it. 
but showed a shift to the right. The slope of the ‘nitrogen 
line was not parallel to the ‘air’ line (P<0:001) anc 
extrapolated below 50 krads crosses the ‘air’ line at 3t 
krads. Thus at approximately 50 krads the empirica. 
radiosensitivity of air- and nitrogen-breathing mice would 
appear to be the same, while the protective effect oj 
nitrogen increases with increasing dose. If one uses the 
ratio of the regression coefficients from the lines fitted for 
doses of radiation greater than 50 krads, then the dose 
modifying factor for nitrogen obtained here is 1-79 (95 pe 
cent confidence limits, 1:64-1:94). 

If radiosensitivity is judged by period of survival it ıs 
clear that nitrogen breathing has produced a definite 
protective effect for very high doses of radiation, but the 
detailed interpretation of the curves is extremely difficult 
The apparent lack of effect of nitrogen breathing on radio 
sensitivity below 50 krads might be due to the dose ap 
proaching the ‘plateau’ section (10-30 krads) of the curve 
that Rajewsky® described for survival time-dose on a log 
log plot. (The survival times for air-breathing animal: 
obtained here with 8-MeV electrons are in good genera 
agreement with Rajewsky’s data using 50-kV X-rays at 
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108 r. /min.) An alternative suggestion is that the whole 
ffect is due to the consumption of oxygen by the radiation 
«s domonstrated by Dewey and Boag*. They showed that 
vpproximately 60,000 rads were required to consume all 
he oxygen dissolved in an agar gel which was in equili- 
rium with air at one atmosphere pressure. A mammal 
sreathing air contains much oxygen in its oxyhaemoglobin 
ind oxymyoglobin and is continually renewing its supplies 
xy breathing. Thus, even with the very hi gh dose rates 
ised here, ıt is probable that the consumption of oxygen 
əy radiation is of little significance in air-breathing 
mimals. The situation is, however, different for the 
inimals at the end of a period of breathing nitrogen, for 
10t only is the animal’s oxygen content reduced but the 
supply of oxygen is cut off. The consumption of oxygen 
oy the radiation might now be all-important. It would 
1ave to be argued that the oxygen tension is not reduced 
ko a level that significantly affects radiosensitivity until 
£0 to 60 krads have been delivered. Thereafter, increasing 
loses increasingly render the tissues hypoxic. If this idea 
ns correct it implies that nitrogen breathing, which is 
Known to produce radio-resistance of other tissues, does 
mot under these conditions directly produce radio- 
wesistance in the central nervous system, and that to 
demonstrate an effect some other additional method of 

consuming oxygen must operate. 

The lack of effect of cysteamine is not surprising in view 
of the demonstration that the uptake of **S-labelled 
«cysteamine in the mouse brain 15 min after injection 
weached only 1/5 of the amount taken up by the kidneys, 
Kiver and gut’. 

The slight protective effect of oxygen cannot be ex- 
wlained. Protective cerebral vasoconstriction as a defence 
ragainst Oxygen poisoning was suggested in 19218 and there 
ig experimental evidence that breathing O, at 1 atm. 
results in cerebral vasoconstriction® and decreased cerebral 
blood flow?®, But polarigraphic studies show increased 
brain oxygen tension when O, at 1 atm. is given” !*, Rectal 
‘temperature measurements of anaesthetized mice placed 
in a stream of O, show, in our hands, no greater fall than 
«do those of mice in a stream of N,, so a differential cooling 
effect is not involved. 

In conclusion, we can say that nitrogen breathing 
produces a marked change in radiosensitivity to massive 
doses of radiation. The mechanism by which this change 
is brought about is not yet understood, and probably 
awaits greater knowledge of the fluctuations in available 
tissue oxygen in the brain. 

We thank Mrs. Ann Silvester, Cyclotron Unit, Ham- 
mersmith Hospital, for carrying out the irradiations, and 
for the dosimetry of these experiments. The work was 
supported by a grant from the British Empire Cancer 
‘Campaign for Research. 
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Acute Radio-sensizivity as-a Function of Age 
in Mice 


To understand the ‘ageing’ effects of the irreparable 
component of radiationinjury, it is essential to accumulate 
much base-line data on natural chronological ageing. 
Earlier work! was designed to determine radiation sensi- 
tivity at different ages, asing the fractionated dose method, 
which allows for biolog@al repair between acute exposures. 
With this type of exposure, which is primarily a measure 
of repair from bone marrow injury, radio-resistance 
remains relatively stale through the first half of adult 
life and then deteriorates quite rapidly to the end of 
normal life expectancy+. The work described here was 
designed to investigate variations in sensitivity to single 
acute X-ray exposures in various age-groups of mice. 

Some 2,900 RF-stræin virgin female mice of 14 age- 
groups were used (Takle 1). Animals in each age-group 
were randomly divided_into a minimum of 5 and a maxi- 


mum of 12 acute X-ray exposure groups to bracket the 


LD; dose. X-ray exposures were made with a 250- 
kVp X-ray machine wizh a beryllium window tube under 
conditions of 30 m.amp, ‘Thoraeus IT’ filter, 2-6 mm 
Cu HVL, 60 cm target-to-specimen, distance, and 50 
rads/min dose rate. 


Table 1. £D?8 VALUE FOR EF-STRAIN VIRGIN FEMALE MICH AT VARIOUS 
AGES THROUGHOUT THEIR pepe LIFE SPAN 
Age (weeks) No. of mice so (rads) Standard error 
3'6 £26 598 14-6 
6-0 TR6 647 18-9 
8:0 £10 691 14:8 
12°8 I90 733 13-5 
21-4 a0 697 15-8 
80-0 £338 634 20°3 
42°8 Bl 487 18°7 
51-4 O 547 35:9 
60-0 B7 537 160 
68 6 5 453 5°16 
771 E79 424 22:8 
857 H9 442 17:6 
04:3 D2 441 12°5 
103-6 E12 343 18°6 


To avoid seasonal e‘fects, LD}; evaluations on all 14 
age-groups were made within a 60- day period. Standard 
exposure methods desc-ibed earlier? for determining DD{; 
values were used. Mice were observed for 30 days after 
exposure, and lethality data were analysed by standard 
methods of probit anazysis* to obtain the LD}, for each 
age-group. 

Results are presented in Table 1 and Fig. 1. Radio- 
resistance increased with age from age 3:6 weeks, reaching 
maximum resistance ai 13-17 weeks. At about 18-20 
weeks of age, resistance declined throughout the remainder 
of the life span, reaching a minimum at 104 weeks. There 
was no apparent peried of relative stability in radio- 
resistance, as was shown earlier! with the fractionated 
technique. Fig. 1 shows increased variability in radio- 
resistance with increased age after approximately 1 year 
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Age (weeks) 
Fig. 1. Log plot of variatica in radio-sensitivity with age in RF-strain 
vitgin female mice 
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is reached. This is a characteristic commonly associated 
with advancing age. An exponential function was a 
better fit to the data than a linear one. This also is 
characteristic of many biological parameters. 

The difference in, response to radiation exposure with age 
by the acute LD}; and the fractionated mean accumulated 
dose (MAD) methods is not surprising. The sub-lethal 
fractions given in the fractionated method primarily 
affect the bone marrow, causing the destruction of one or 
more stages in the maturation sequence of the erythrocytic 
series. However, body functions are maintained by the 
mature radio-resistant erythrocytes in the circulating 
blood until the bone marrow recovers sufficiently to 
provide new cell replenishment. Death from a series of 
widely spaced sub-lethal doses of ionizing radiation is 
due primarily to repeated damage to the bone marrow 
to the point at which the red blood cell level is reduced 
below that necessary to sustain life. Single acute exposures 
(used in the LD; method), which result in lethality, cause 
injury to lymphatic tissue and gut, as well as to the bone 
marrow, and at the time of death in the majority of cases 
the total erythrocyte count is within the normal range or at 
least well above a lethal level. In short, death from expo- 
sure Lo ionizing radiation administered by the two different 
methods is the result of damage to different physiological 
functions. The comparative results of this and the earlier 
study? suggest a relatively stable repair rate from sub- 
lethal exposure throughout the first half of the normal 
life span but waning with age in the last half. However, 
there appears to be a constantly changing sensitivity in 
terms of lethality (irreparability) in the critical organs 
with increasing age. These results are in quite good 
agreement with those of Crossfill et al.4 and of Storer’. 
Pertinent literature in this field has been discussed else- 
where! :*)4-7, 

This work was performed under the auspices of the U.S. 
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Distribution and Effective Half-life of 
Cobalt-58 in Habrobracon 


COBALT isotopes appear in the wastes of reactor installa- 
tions and are widely used in the control processes of other 
industries. They have also featured in biology and 
medicine for nutritional trace-element studies, particu- 
larly those involving vitamin B,, (refs. 1 and 2). As an 
external source of y-rays for therapeutic and experimental 
purposes, cobalt-60 has offered many advantages®. How- 
ever, even though several cobalt isotopes occur in plankton, 
clams and fish near Bikini‘, surprisingly few studies of 
the biological consequences of radiocobalt ingestion have 
appeared’ * Even the behaviour of inorganic cobalt 
has been neglected, despite interesting features of meta- 
bolism and transport’. Our observations made on a 
braconid wasp reveal differences between the insect and 
mammalian pattern of retention and suggest serious 
consideration of the role of insect vectors in dispersal of 
fourth period nuclides from contaminated areas. 

Young habrobracon (Bracon hebetor) females from 
Whiting Stock No. 33 were fed a single meal from a mixture 
containing 100 ue. of carrier-free **CoSO, per ml. of 
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C.p.m. x 10° 





0 5 10 15 20 25 30 
Days 
Fig 1. The average daily radioactivity in cpm of four groups of 


habrobracon females fed **CoSO,. Values are corrected for background 
but not for physical decay. Open circles which represent counts made 
on three dead wasps demonstrate the slight effect due to physica] decay (72 
day half-life). No. of wasps used in sub-samples: A, 6, B, 10; C, 9; D, 6 
saturated sugar water. Thus, the average wasp weighing 
1-32 mg ingested about 0:5 uc. of radiocobalt. The radio- 
activity of each of a sample of 31 wasps was determined 
daily until death, using a conventional scintillation well 
counter connected to an integrating decade scaler. 
The eggs deposited by these females were collected daily 
and their hatchability determined after 48 h. Another 
sample of 70 wasps provided groups of 5 individuals 
which were killed each day for the first nme days plus 
groups which were killed on days 13, 14, 16, 20 and 25. 
By counting, the radioactivity was assessed for the whole 
individual. Then the anterior and posterior parts tran: 
sected at the petiole were counted separately. Finally, the 
gut, the fat body with urates and the genital system 
obtained by dissection were counted. Routinely the 
average of three counts per specimen was calculated. 

Fig. 1 shows the pattern of decline in radioactivity for 
four sub-samples of wasps followed until death. The 
average life-span for wasps fed cobalt-58 was 25-6 + 3-1 
days, which compares well with 26-4 + 2:0 days for 
controls. To avoid pooling individuals of extremely high 
and low radioactivity, the 31 females were divided into 
sub-samples according to their initial counts. Neverthe- 
less in all sub-samples the effective half-life was attained 
by the third day followmg a meal containing cobalt-58. 
During this period most of the radioisotope was abdominal, 
falling from 98 per cent of the first 2 h through 94 per cent 
at the end of the first day to 90 per cent on the third day. 
Even after 20 days, 89 per cent of the cobalt-58 burden 
was abdominal. 

The level of radioactivity of the gut and its contents 
paralleled that of the abdomen. On the first day, 46 per 
cent of the abdominal radioactivity was localized in the 
gut. On the twentieth day the gut still held 43 per cent 
of the abdominal radioactivity. Much of the remainder 
was associated with the fat and urate complex. The 
radioactivity of this tissue climbed from 35 per cent on 
day 1l to 42 per cent by day 3, and continued to increase 
in a long sloping plateau to a high of 47 per cent achieved 
on day 16. After the twentieth day, values fell to a 
35 per cent average, understandable on the basis that 
only live survivors were considered. 

Neither ovaries nor eggs became appreciably radioactive, 
although up to 20 per cent of the abdominal radioactivity 
during the first three days was associated with the poison 
apparatus. In contrast, by the third day, ovaries were 
barely above background, never having contained more 
than 3 per cent of the abdominal radioactivity. Egg 
radioactivity follows a simple pattern apparently corre- 
lated with the radioactivity of the mother: 


Day 1 2 3 4 5 6 7 and later 
Counts/min. 5°62 2°03 2°39 073 0 43 035 Not aNG back- 
groun 
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Unimpressive egg incorporation differs strikingly from the 
quantity of phosphorus-32 eliminated via oviposition® and 
also from the notable third-day peak characteristic of 
zinc-65 experiments’. 

Hatchability was low only on the first day (76 per cent). 
On the second day 98 per cent of the eggs hatched. This 
and subsequent values were not significantly different 
from control values. 

In mammals, cobalt has been demonstrated to be one 
of the ‘liver-seeking’ elements!°™, and on the basis of a 
rough analogy, localization in the insect fat body might 
be expected. In addition, the insect tissue has a propensity 
for storing excess amounts of metabolic products, not only 
as nutritional reserve but also as storage excretion. Thus 
histological conditioning towards a persistent radioiso- 
tope burden exists. Such an aspect of insect physiology 
helps to explain an effective half-life several times that in 
vertebrates where up to 67 per cent of a comparable 
radiocobalt dose is excreted by the end of the first day!?; 
but there is also a prolonged association of cobalt with 
the wasp gut not entirely explained by the Malpighian- 
tube association. Most of the isotope can be precipitated 
along with the protein from homogenates of ground wasps 
Such preparations on resuspension yield little dialysable 
cobalt-58, which suggests a firm association of cobalt-58 
with tissue components. Furthermore, autoradiographs 
of ingested nickel-63 demonstrate that transition elements 
are retained by the cytoplasm of the cells of the mid-gut 
wall??, Recently, Wiser and Nelson! have reported a 
considerably longer time for the elimination of cobalt-60 
from crayfish. Here integument adsorption plays an 
important part in addition to absorption by the gut and 
hepatopancreas. 

Investigations of the bioaccumulation of isotopes of 
the transition elements appear to be essential for an under- 
standing of potential environmental hazards in an ‘atomic 
age’, even though reproductive capacity 1s not specifically 
threatened. 

This work was supported by U.S. Atomic Energy Com- 
mission contract AT'-(40-1)—2836. 
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Experimental Infections of Cattle with 
Fasciola hepatica: a Comparison of Low 
and High Infection Rates 


Ir has previously been demonstrated, in single infec- 
tions of cattle with 200-1,300 metacercariae, that an 
increase in the infection level does not alter the percentage 
of the infection which becomes patent and that a few of 
the flukes are inhibited in the damaged parenchyma, 
particularly in the ventral lobe where a preferential 
migration of the parasite occurs?. In subsequent investi- 
gations, parasite-free calves were given single infections of 
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Table 1 
Infection Perentage Mature to Infection 
level take immature ratio length 

2,500 m B 6to1 24 and 30 weeks 

5,000 m 3.5 1 to 13 30 weeks 
15,000 m D-2 3 to 4 56 weeks 

1,800 m + 29 20 tol 23 weeks 


2,500, 5,000 and 15,090 metacercariae and killed 24-56 
weeks post-infection. 

The percentage takes, relative proportions of immature 
to mature fluke from calves which received 2,500, 5,000 
and 15,000 metacercamae, and were killed 24, 30 and 56 
weeks post-infection, Ere shown in Table 1 and compared 
with previous infections of calves with 1,300 metacer- 
cariae, killed at the 23x1 week. When the level of infection 
is increased to 2,500 or more, the numbers of fluke reaching 
the bile duct is drastically reduced and at the higher 
levels of infection (5,)00 and 15,000), many immature 
flukes are trapped in tue liver parenchyma. That a large 
percentage of the infections proceeded to the parenchymal 
migrating stage is corfirmed by the greater extent and 
severity of the cirrhosis present in the 2,500-15,000 infec- 
tion livers compared with that present in the 1,300 group. 
The severity and extent of the fibrosis in the bile ducts 
in the high-level infections are considerably less than that 
present in infections of 1,300 metacercariae, and this 
observation, in conjun-tion with the absence of anaemia 
in the high-level infsctions compared with & severe 
anaemia which developed in the 1,300 infection group in 
association with the Hle duct state infection, confirms 
that very few of the parasites in the high-level infections 
reached the bile ducts. 

As was previously cbserved in lower level infections, 
the distribution of the Grrhosis produced by the migrating 
fluke was mainly confired to the ventral lobe of the liver. 
This preferential migracion in the ventral lobe of the liver 
must, in high-level infections, enhance the local reaction 
and produce inhibitior in the later migrating parasites. 
Many of these inhibited parasites were observed to be 
trapped within granu-omatous tissue and many were 
dead and in varying stages of disintegration. Within 
these fibrous lesions corsiderable bile-ductule proliferation 
was observed and in some instances fluke eggs were 
present, undicating thas a few parasites achieve patency 
within the granulomatous mass. 

The inhibition phenomenon observed in these high-level 
infections may explain the rare occurrence of acute 
fascioliasis in cattle as compared with its high incidence 
in sheep. With massive infection levels in cattle there 
1s quite considerable destruction of liver tissue, and it 
may perhaps be important to assess minimum liver tissue 
requirements in cattle if pathogenesis is to be fully 
understood. 
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Haemoglobin in Ceriodaphnia quadrangula 
(O. F. Müller) 


In the reports on the presence of haemoglobin in some 
of the representatives oï the Daphniidae!-*, I have found 
no data concerning ha2smoglobin in Ceriodaphnia quad- 
rangula (O. F. Müller), quite frequently found jn ponds 
and lakes. 

In the marginal areas of ponds, large concentrations of 
this crustacean are quise often observed just below the 
surface of the water, giving it a red hue. I observed such 
a phenomenon in the m_ddle of July in the ponds located 
on the park surrounding Białystok Medical ‘Academy. 
Hydrochemical data of shese ponds are given in Table 1. 
Tt is significant that tha surface layer of the water con- 
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Table 1 
Temperature °C 
Colour mg/l. Pt 


p 

O, mg/l (surface) 

Oxidizability mg/l. O, 1 
Cl mg/l. 8 


Fe mg/l. 
N NOS mgjl. 
(NH;) mg/l 
O, mg/l, 
Ca mg/l. 
Alkalinity mg/l. CaCO, 
Total hardness mg/l. CaCO, 


oo 
ae wp 
2900! agog 
nOA OSDO 


won 
Oot 
Oo 
a 


tained 0:6 mg O,/1. whereas at a depth of 0-10 m no oxygen 
was found. 

The population of this crustacean consisted chiefly of 
mature specimens of the typica form. The majority of 
specimens were 0-:713-1-:120 mm long. Haemoglobin ex- 
traction was performed by the eyanide micromethod®*¢ 
after which the absorption curve was determined by means 
of a Beckman ‘DU’ spectrophotometer. It was seen from 
this curve that maximum absorption occurs at a wave- 
length of 418 mų (Fig. 1). 

For comparison, the maximum absorption of haemo- 
globin of Daphnia magna Straus was determined. It 
should be mentioned that Hildemann and Keighley’, 
using the same solvent, obtained maximum absorption 
of Daphnia magna haemoglobin at a wave-length of 415 
my. It has frequently been noted that, although two 
species of the same genus do not essentially differ morpho- 
logically, their haemoglobin has a different maximum 
absorption. I noted this phenomenon in larvae of the 
genus Tendipes’, 

In addition to the above investigations, an attempt was 
made to determine the amount of haemoglobin present in 
one specimen of Ceriodaphnia quadrangula. For the stan- 
dard curve, crystalline haemoglobin produced by ‘Ried!’ 
was used. The four estimates obtained were 1:0, 1-1, 1-1 
and 1-2 y/individual (mean 1:1 y). The amount of haemo- 
globin in one specimen varies between 1-0 and 1:2 y. 


012 
415 
O11 
b 
0-10 
2 
A 1-1 [0-09 
ksa] 
Ti 
S 
& 10 $008 
0-9 418 
0:8 aq 
400 410 420 430 


Wave-length (my) 


Absorption curve of the haemoglobin of (a) Cenodaphnia quad- 
rangula and (b) Daphnia magna 


Fig. 1. 
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These findings should be considered in relation to the 
environment, particularly with the amount of oxygen 
dissolved in it, since cases are known where the amount of 
haemoglobin increases where there is a small amount of 
oxygen in the environment?®:®19, 

Red specimens of Leydigia acanthocercoides (Fischer) 
were found in summer, 1963, in the layer just above the 
bed of Lake Sniardwy. The region round the heart, and 
the embryos in the spawn, were of a particularly intensive 
red colour. 

These observations suggest that the presence of haemo- 
globin in invertebrates is usually associated with the 
occupation of ecological niches containing very little 
oxygen. 
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Kinesis 

STUDIES on the behaviour of two stored-products 
beetles, Carpophilus dimidiatus F. and C. hemapterus L. 
(Col., Nitidulidae}, in humidity gradients prompted a 
consideration of orientation mechanisms. It was evident 
that some clarification of the generally accepted classifica- 
tion!” and 1ts amended forms®- was required, particularly 
with respect to the definition and interpretation of the 
various components of kinetic responses. 

Kineses, that is variations in random locomotory activity 
due to changing intensity of stimulus, are classified into 
ortho- and klino-kineses*. The former are defined as 
variations in either activity, speed or both. The activity 
of an animal is generally recognized as its frequency of 
movement. There appears, however, to be some confusion 
regarding the speed component, which indicates the 
animal’s rate of movement, that is, the distance it covers 
in unit tıme. In many studies the time spent motionless 
by the animal is often included in the time factor of the 
relationship, distance covered in unit time. Consequently 
the animal’s speed will also involve its frequency of move- 
ment (activity) and in this context it may be considered 
as representing a parameter approaching the ‘overall’ 
orthokinetic response. Use of this interpretation of 
speed, will thus invalidate comparison with other species, 
as it will not be known to what degree the animal’s 
frequency of movement is contributing to the speed 
component of orthokinesis. The exclusion of resting 
periods (that is, time spent motionless) from the time factor 
in the relationship, distance covered per unit time, will 
therefore indicate the animal’s true speed, completely 
dissociated and independent of activity. An interpreta- 
tion of this nature provides an objective basis for any 
comparative studies. 

Another point worthy of mention concerns klinokinesis, 
the concept of which ıs based on the work of Ullyott, 
where alteration in rate of change of direction (r.c.d.), 
later termed angular velocity’, results in aggregation. 
It was assumed that changes in angular velocity reflected 
changes in rate of turning, a parameter which has been 
the subject of many studies. Alteration in angular 
velocity, however, may also be brought about by altera- 
tion in size of turn alone or by both rate of turning and 
size of turn. A mathematical analysis of Ullyott’s data 
by Patlak” indicated that it was the size of turn and not 
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the rate of turning which altered, and hence invalidated 
tthe previous assumption that alteration in r.c.d. (angular 
velocity) reflected a change in rate of turning. It is clear 
Khat both rate of turning and size of turn must be taken 
into account when analysing klinokinesis. Further details 
are to be published fully elsewhere. 
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In investigations to determine the existence and nature 
of kinesis orientation mechanisms, apparatus is invariably 
employed with little or no regard to the type and nature 
of the sub-stratum on which the behaviour of the experi- 
mental animal is to be observed. Such an item in experi- 
mental design may be considered of little importance in 
affecting behaviour, particularly as Chapman® demon- 
strated that the surface texture of a heated hardboard 
plate was unimportant in group formation in nymphs of 
Locusta. It ıs possible that the animal’s behaviour 
will be distinctly different when observed on various types 
of substratum, such as perforated zine, brass wire gauze, 
steel screening, voile, bolting silk, nylon net and filter 
paper, all of which have been used in behavioural investi- 
gations. Moreover, the position of the apparatus relative 
to its immediate environment is relevant. Graham 
and Waterhouse’? found that minor inclinations in a 
‘Perspex’ trough resulted in a downward slipping of 
Tribolium castaneum and a significantly uneven distribu- 
tion. Consequently, studies preliminary to an investiga- 
tion on kinesis orientation mechanisms in Carpophilus 
hemipterus L. (Col., Nitidulidae) were undertaken in 
which two of the four parameters of the kinesis response 
(see above), namely linear velocity (orthokinesis) and rate 
of turning (klinokinesis), were studied, with respect to 
two types of substratum. 

Untreated adults of C. hemipterus, bred at 25° C and 
65-70 per cent relative humidity and 7—21 days old, were 
examined individually under dim diffuse red illumination 
in uniform humidities of 100 per cent and 0 per cent 
relative humidities maintained in a round ‘Perspex’ 
chamber similar to that used by Gunn and Kennedy”. 
The time and route taken by each individual on the cam- 
bric (closely woven cotton fabric) false floor and the 
‘Perspex’ roof of the chamber were recorded with a grease 
pencil on the ‘Perspex’ roof. Routes taken near and at 
the sides of these two regions were not taken into considera- 
tion, as were those made on the side walls of the chamber, 
because of the probable limiting influence of the apparatus 
on the animal’s behaviour’. A number of tracks were 
obtained for each individual and these were then trans- 
ferred to paper where the distance covered and the 
number of turns made per track were computed with 
respect to time. At least five individuals of each sex were 
studied for each humidity and substratum condition. 
An analysis of variance of linear velocity (cm per sec) 
and rate of turning (turns per sec) for the different condi- 
tions of humidity and substratum was carried out and a 
summary of the results is given in Table 1, where H, S and 
P represent humidity, sex and substratum factors 
respectively. 

It can be seen from Table 1 that the type of sub- 
stratum significantly affects linear velocity, and further 
analysis showed that a higher linear velocity occurred on 
cambric (0-51 cm/sec) than on ‘Perspex’ (0-42 cm/sec). 


Table 1. SUMMARY OF RESULTS FOR ANALYSIS OF VARIANCE ON LINEAR 
VELOCITY (LY) AND RATE OF TURNING (RT) oF C. hemipterus 


d.f. Variance ‘F’ ratio 
Nature ofeffect Source LV RT LV RT LV RT 
Main factors H 1 1 00483 70x10 83:3 17x10 
S 1 1 00793 0-0285 5:4 * 0'7 
P 1 1 05076 0-4379 34:8 t 10°5* 
Interaction AxsS 1 1 00281 0:0668 19 16 
between pairs HxP 1 1 0:0083 0-0995 086 2-4 
PxS 1 1 00218 0:0067 1-5 0-2 
Interaction of HxSxP 1 1 0:0371 0-386 2-5 0:9 
all factors 
Replication Residual 287 280 00148 0-0417 


Total 244 237 


* Significant at 1 per cent level. 
t Significant at 0-1 per cent level. 
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It is interesting to note that there is a sex reaction differ- 
ence which was founc to be due to the females being 
faster (0:47 cm/sec) than males (0-44 cm/sec). The effect 
of humidity on linear velocity was not marked, being 
significant only at the 10 per cent level, with a tendency 
for a higher rate of movement at 0 per cent relative 
humidity (0-47 cm/sec) than at 100 per cent relative 
humidity (0-44 cm/sec}. The rate of turning was only 
affected by a difference in substratum with further 
analysis indicating a Ligher rate of turning on cambric 
(0-45 turns per sec) than on ‘Perspex’ (0-36 turns per sec). 
A factor which may be of 1mportance in interpretation is 
the dimension in which the behaviour was observed, that 
is, vertical/horizontal, as it is known that, for example, 
the activity behaviour of Porcellio scaber differs between 
the horizontal and vertical planes. The behaviour of 
C. hemipterus individuels was studied in the same hori- 
zontal plane when or the two types of substratum, 
although their primary orientation? was different, as they 
were moving upside dewn an the ‘Perspex’ roof of the 
chamber whereas on tae cambric false floor they were 
orientated normally. t is believed, however, that the 
differences in behaviour reported here are due principally 
to the difference in ths type of substratum. Although 
concerned with only tvo kinetic orientation parameters, 
these results lend further support to the view that more 
consideration should be given to the type of substratum 
on which the animal’s behaviour is to be investigated. 

Part of this work was carried out while I was in receipt 
of a Treasury bursary.. 


T. G. Amos * 


Department of Natural History, 
Queen’s Colleze, 
University of St. Andrews, 

Dundee, Angus. 


* Present address: Tropical Stored Products Centre, Ministry of Overseas 
Development, London Road, 3lough, Bucks. 
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Generation of Nutational Movements 


In 1953, Arnal! desezibed a characteristic of nutation 
in Triticum coleoptilee whieh had been hitherto un- 
reported. His observation was that the movement of the 
coleoptile consisted of the propagation of a wave of 
bending, of more or less constant amplitude, from the 
tip of the growing zone towards the base of the organ. 
He noted that the increesing displacement of the tip from 
the mean position is caused by the increasing distance 
of the bend from the tip rather than by an increasing 
intensity of curvature of a fixed region of the organ. 
The organ was sometimes observed to possess two or more 
curvatures of opposite e=nse at different points along the 
length of the growing zone. 

The purpose of this communication is to report a similar 
characteristic of the nodding nutations of seedlings of two 
varieties of Phaseolus multiflorus (runner bean). The 
observations reported here were made by means of time- 
lapse photographic techniques. The experimental condi- 
tions are outlined in Table 1. Bean seedlings at the 
Ist—2nd internode stage photographed under these condi- 
tions exhibited waves of bending as shown in Fig. 1. This 
shows silhouettes of been seedlings at 15-min intervals, 
drawn from the time-lapse photographs. The numbered 
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brackets trace the course of each successive bend as it 
passes down from the tip. The positions of the bending 
regions were determined by careful comparison with the 
preceding frame. The rate of propagation of the bend 
was 1n all cases in the region of 2cm/h. A similar pattern 
of movements has also been observed by me in horizon- 
tally growing, etiolated potato stems shown in a commer- 
cially available film Plant and Light?. 
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Silhouettes of ‘Prizewinner’ beans at 15-min intervals 


Fig. 1. 
numbered brackets trace the course of each bend 


From the rate of travel of the waves of bending, it 
is likely that the nutational oscillations are transmitted 
through some mechanism similar to the auxin transport 
system. ‘The theory put forward by Arnal’, which sug- 
gested that the nutational oscillation was a modulation 
of auxin production at the tip, has been disproved by 
Joerrens’, who observed nutation to occur in decapitated 
Triticum coleoptiles supplied with auxin—lanolin paste. 
It is possible that such patterns of movement could be 
generated by a modulation of the volume of polar trans- 
port, with the oscillations of opposite sides of the organ 
180° out of phase. These observations are also com- 
patible with Gradmann’s‘ theory which describes 
nutation as geotropic ‘hunting’ of the growing organ for 
the vertical position. This interpretation is doubtful 
in the case of the two varieties of Phaseolus examined by 
me which frequently do not ‘overshoot’ the vertical position, 
but ‘nod’ to one side only. Moreover, in the case of the 
orthogeotropic oscillations described by Bennet-Clark and 
Ball’ in Aegopodium podagraria rhizomes, the oscillations 
induced by a change from the normal orientation rapidly 
damp out whereas the oscillations of nutating plants 
continue throughout the growing period. 


Series 2 
‘Desirée Stringless’ 


Table 1 
Series 1 


Variety ‘Prizewinner’ 


Lighting 


Fluorescent Continuous, 10 lm /ft.? 
Additions None 


Film 


12/12 h photoperiod, 20 lm fft.: 
2x 200 J., 400 usec duration. 
Electronic flash at 5-min intervals 
ford HP 3 35 mm roll Kodak Tri-X reversal 16 mm 
fil ciné film 
Temperature 19° + 2° © 20°+1° C 
The experimental work of Series 1 was carried out in the 
Department of Botany of the University of Birmingham 
and was supported by a Department of Scientific and 
Industrial Research studentship. I thank Dr. D. B. Idle 
for his advice. 
Davip G. HEATHCOTE 
Department of Botany, 
University College of South Wales and Monmouthshire, 
Cardiff. 


Arnal, C., Ann, Unw. sarav , Naturw. Sci., 2, 92 (1958) 


? Flm directed by Calibec, J., available from Educational and Television 
Films Ltd , London. 


‘Joerrens, G , Z. Bot., 49, 403 (1959) 
‘Gradmann, H., Jb. Wiss Bot , 65, 224 (1926). 
‘Bennet-Clark, T. A., and Ball, N. G., J. Exp. Bot ,2, 169 (1951) 
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Thermal Contraction in Twigs 


CHANGES in linear dimensions or volume of plant parts 
often are assumed to represent changes in growth. How- 
ever, plants routinely undergo reversible changes in size 
resulting from hydration and thermal effects. Sometimes 
such reversible changes are not very large and do not 
complicate growth studies. At other times, however, they 
may actually exceed changes resulting from 
accretion through meristematic activity. 
For this reason more attention should be 
given to distinguish between total dimen- 
sional changes of plants and those caused by 
tissue growth alone. Hydration effects on 
plants are considered elsewhere’?. The 
present discussion deals primarily with 
thermal influences on dimensional changes 
in woody plants. 

As early as 1906 Weigand?’ noted that 
woody plants shrank considerably after 
exposure to cold. Daubenmire and Deters‘ 
demonstrated that unseasonal drops in tem- 
perature not only decreased cambial activity 
but also caused considerable stem contrac- 
tion. When temperatures dropped abruptly 
in the winter, contraction of tree stems 
occurred rapidly and often amounted to 
much more than the amount of cambial 
growth the previous summer. Such shrink- 
age was primarily a function of species and stem size". 
Byram and Doolittle’ noted in North Carolina that, 
shortly after a cold spell beginning on January 19, the 
outer layer of living tissue of Pinus echinata stems con- 
tracted about 10 times as much as the mean daily shrinkage 
that occurred during the period of rapid spring growth. 
During the winter Small and Monk’ found highly signifi- 
cant correlations of average radia] change of Fraxinus 
stems and air temperature. The highest temperatures 
usually occurred at noon, and major radial increases 
occurred at the same time. These experiments have been 
extended to compare the influence of low temperatures on 
twig diameters of both gymnosperms and angiosperms. 

In the first experiment 10 twigs, each 6 in. long and 
0-6-0-9 in. in diameter, were collected from each of 6 
species including Pinus sylvestris L., P. strobus L., P. 
ponderosa Laws., Acer platanoides L., Betula papyrifera 
Marsh., and Quercus robur L. To minimize loss of water the 
cut ends of the twigs were coated with shellac and all twigs 
placed in sealed pclythene bags. Small plastic disks had 
been glued to opposite sides of each twig to identify the 
points of measurement. A micrometer gauge with fine 
anvils and very light pressure override was used to deter- 
mine twig diameters to 0-001 mn. Small sections of bark 
were removed from each twig for determinations of thick- 
ness. After 2 days at 20° C the diameters of each twig were 
determined and the specimens were then transferred to a 
cold room at — 20° C. Diameters were remeasured daily 
for three successive days and the twigs were then returned 
to a room for thawing at 20° C and final measurement. 

After transfer from 20° C to — 20° C stem contraction in 
all species, except Panus sylvestris, was most marked after 
24 h (Table 1). Thereafter further contraction was small 
Retransfer to 20° C causecl expansion, and in most cases 
diameters after thawing exceeded the original diameters. 
This anomaly probably resulted from some experimental 
error associated with loss of the plastic disks during 
thawing. Large differences in thermal contraction occurred 
among species. Shrinkage varied from less than 1 per cent 
of the diameter in Pinus strobus twigs to near 5 per cent 
in Acer platanoides. Twigs of angiosperms as a group 
contracted much more than those of gymnosperms. This 
was consistent with data of Winget and Kozlowski’, who 
noted a much lower winter contraction of stems of Tsuga 
canadensis than those of several species of angiosperms. 
In the work recorded here, thickness of bark did not 
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rrelate well with thermal contraction. Bark was about 
as thick in Pinus ponderosa as in Quercus robur, but twigs 
of the latter species shrank much more. Pinus sylvestris 
- had the thinnest bark of the three pines examined; but its 
twigs contracted more than those of Pinus strobus and less 
-than those of Pinus ponderosa (Table 1). 

-= Tn-another experiment 10 branches, each 8 in. long and 
--0-T-~1-0 in. in diameter, were collected from each of three 
species including Quercus robur, Acer platanoides, and 
Fagus sylvatica. The bark was then removed from five 
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of the specimens of each species. All specimens. 
coated with shellac te minimize loss of water, and. plast 
disks were positioned at opposite sides of each specimer nta 
identify points of diameter measurement. Initial diameters 
were recorded in a roam at 20° ©. The specimens were then ooo 
placed in polythene bags and transferred to a cold room at= = = 
— 4° C for remeasurerment. The temperature was then de- 
creased to — 20° C ard diameters were measured twice ato 
24-h intervals before transfer of the specimens to a room. 
at 20° C. Then the twigs were stored for 14 days at — 20°C 
and afterwards thawed at 20° ©. Diameters of specimens 
with and without bark were measured in these warm and 
cold environments. After transfer from a warm to a cold: 
environment all specamens with bark shrank much more. 
than those without bark (Fig. 1). Twigs with bark often 
contracted several times as much as those without. bark, 
even though bark taieckness was much less than wood 
thickness. This emphasized that most of the contraction 
occurred in the bark. Some contraction of wood alone - 
occurred, but this was usually a small amount. oO 
To determine how much the bark alone would contact 
and expand in warm and cold environments, small samples 
of bark, each 2in. x lin. x 0-5 in., of Quercus robur were 
used. Points for measurement were marked on each sample 
prior to coating them with shellac to minimize loss of 
water by evaporatioa. To test the efficiency of the seal 
the specimens were kept at 20° C for 24 h and then trans- 
ferred to a cold room at — 20°C. Thickness measurements 
were made at 20° C immediately after sealing, 24 h later 
at 20° C, and after 24 h at — 20° C. The specimens were 
then thawed at 20° C for remeasurement. They were 
measured again 48 h later at 20° C, and once more 6 days 
later at 20° C, when taey appeared to have lost considerable. 
moisture. They wers then transferred to ~ 20° C for dB hoo 
and remeasured. Five specimens of each species were then 0 
placed in polythene bags and 5 were left exposed. Final = 
measurements were made after an additional 48 h at 20°C. > 
Marked shrinkage of the pieces of bark occurred during 00 
the first 24 h at 20°C because of water loss (Fig. 2h ae — 
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shrinkage was accelerated in the cold room at — 20° C. On 
thawing the specimens expanded to the thickness at which 
freezing began, but shrinkage continued as water thereafter 
was lost at 20° C. The amount of contraction in the final 
freezing was negligible in comparison to that which occur- 
red earlier, and recovery was slight. No recovery was 
observed in the five exposed specimens, and slight but not 
complete recovery occurred in the specimens in the poly- 
thene bags. This indicated that loss of water was occurring 
from the exposed specimens causing further contraction 
rather than expansion. 
I. J. McCracken 

Department of Forestry, 
Commonwealth Forestry Institute, 

University of Oxford. 
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University of Wisconsin, 
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Occurrence of Gnetalean Pollen Grains in 
the Katrol Formation (Upper Jurassic) 
of Kutch, India 


WHILE carrying out palynological investigations of the 
samples from the Katrol formation (Upper Jurassic) of 
Kutch, pollen grains with close morphological affinity to 
Ephedra and Welwitschia pollen grains were observed 
along with plenty of Upper Jurassic spore pollen types and 
microplanktons (Hystrichosphaeridium, Baltisphaeridium, 
Michrystridium). 

The samples consisted of black carbonaceous gypsiferous 
shales. These were digested in hydrofluoric acid for 24 h 
and the residue treated for 12 h with nitric acid and 
potassium hydroxide. The lighter fraction was separated 
by means of a heavy liquid of specific gravity 2-3 (a 
mixture of potassium, cadmium and zine iodides). Per- 
manent slides were prepared in glycerine jelly and sealed 
with vinyl acetate solution. 

Ephedroid grains (Figs. 1-3) are perprolate, 48-106 x 
22-42 in size, ends rounded, exine thin with 14—24 ridges. 
The ridges were 2—3y think, narrowing and converging 
towards the poles, 1—2y apart, alternating with furrows. 
Hyaline lines are not visible in any of the grains. Exine 
is characteristically Gnetalean. The morphological 
characters of the sporomorphs show close similarities to the 
pollen grains of Ephedra. 

The sporomorphs with a morphological similarity to 
Welwitschia (Figs. 4 and 5) are perprolate, monocolpate 
colpa extending from one end to the other of the larger 
axis, exine scabrate, thick, marked by thin ridges com- 
paratively close-spaced, size 67—50u x 28-20u. 

The order Gnetales has a poor macrofossil record. In 
recent years, however, considerable evidence has been 
obtained on the occurrence of the group in the geological 
past throughout the world, based on pollen finds. The 
earliest. record so far of pollen grains related to Gnetales 
comes from the Middle Permian of Oklahoma. Wilson! 
designated them as Ephedripites sp. and Vittatina sp., 
and considered them to be the ancestral forms of Ephedra 
and Welwitschia. 

From Indian sediments, Bharadwaj* reported the 
occurrence of Gnetalean pollen in the Raniganj stage 
(Upper Permian), East Raniganj Coalfield; Ghosh et al.* 
recorded Hphedra-type pollen from the Dharmsala beds 
(Lower Miocene to Oligocene) of Kangra District, Punjab; 
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Wodehouse* recorded pollen from the Pleistocene of 
Kashmir. 

That the distribution of Ephedra during the Jurassic 
period extended as far as Kutch (22° 45’ N. and 24° N. Lat. 
and 68° 15’ E. and 71° E. Long.) is interesting, for its 
present-day distribution is restricted to Kashmir and 
north-west India. It may be mentioned that Ephedra, 
a xeric plant, is to be found in dry regions, warm areas and 
also at high altitudes in the mountains. 

Welwitschia, a monotypic genus, is restricted only to 
certain regions of south-east Africa, where extreme desert 
conditions prevail. 

We thank Shri M. C. Poddar, deputy director of geology, 
for the collection of samples and advice. We also thank 
Shri V. V. Sastri, superintending geologist, Oil and Natural 
Gas Commission, for advice. Y. K. MATHUR 

Palynology Laboratory, ia SLAMOM 
Oil and Natural Gas Commission, 
Dehra Dun. 
! Wilson, L. R., Oklahoma Geol. Notes, 18, No. 2, 35 (1959). 
: Bharadwaj, D. C., The Palaeobotanist, 9, Nos. 1 and 2, 68 (1960), 
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Increase during Winter in Capacity for Root 
Regeneration in Detached Shoots of Fruit- 
tree Rootstocks 


THE ability of plants to form adventitious roots in 
detached portions of shoots has provided the horticulturist 
with a ready method of multiplying plants vegetatively 
by cuttings. 
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ing tho dormant season, are aly ed ever 
sible, however, mainly because elaborate control of 
‘rooting environment is not necessary to ensure their 
rvival, 

‘he traditional time to plant hardwood cuttings in 
tland is in the autumn’, when soil conditions are most 
able; but recent experiments with fruit tree root- 
ks have shown that the capacity of the shoot to 
generate roots is at a low level at that time, but in- 
ases to a high level prior to regrowth the following 
ing (Fig. la, b,c). Hardwood cuttings of ‘Crab C’ 
d ‘M.26’ apple rootstocks and ‘Myrebalan Æ plum 
rootstock showed an increase in the nuraber of rooted 
ttings, and usually in the mean roots per cutting and 
mean root weight during winter. So far it has not been 
“possible to observe this effect clearly when planting 
cuttings directly into the soil, as is the usual custom, 
because the environment changes markedly throughout 
the winter; but the development of a rooting environ- 
ment for hardwood cuttings*:’, in which they are sub- 
jected to a standard period of controlled temperature, 
S has new overcome this difficulty. 

_ Preliminary experiments involving low-temperature 
‘storage and bud removal suggest that this increase in 
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Fig. 1. Pereentage rooting of 24-in. basal hardwood cuttings collected 
from tandomized portions of hedges on the occasions shown and, after 
treatment with a root-promoting substance AEA Bll indolyl}-butyri c acid) 
rooted for 23 days in a peat-sand compost at. um: bottom heat 

‘1963-64 and 70° F minimam bottom heat in eae EF is the mean 
me between. the beginning and end as leaf-fall, and -B the inclusion of 
welling buds on the cutting. Each value is the: plicates of 
{ -eastings ; trends ‘alignificant, J F< 9-06 *M.26'; 
















NATURE 







rooting is associated with the y 
in the buds following winte Bi 
other workers to be important®”. ae 





East Malling Research Station, 
East Malling, Maidstone, 
Kent. 


‘Hartmann, H. T., and Brooks, R. M., Proc, Amer. 
127 (1958). 


Soe. Hort. Sei 


or on, i 


* Zimmerman, P, W., and Hischeock, A, E., J. Geront.,1, 27 (1846). Se 
j E das Agricultural wsotany, sixth ed., 260 (Duckworth and Con TS 









‘ Hatcher, E S J., and Garer, R. J., Rep. East Malling Res. Sta. for 1956, 
a7 Fig cnet Y 
ae i H., and Garner R, J., Rep. East Malling Res, Sta, for 


t Lek, H. A. A. van der, Meded. LandbH cogesch, Wageningen, 38, (2 


W ane, P. F., and Smith. N. G., Rep. Forest Res., Lond., for 3 
1963), a 


VETERINARY SCIENCE 


Carcinogenic Activity of Bracken. 


Tue bracken plant (Pteridium aquilinum) is know ne 
to contain radiomimetic activity. Ingestion by eattle 
of the whole plant, o> of extracts, produces a syndrome _ 
in which there is panmyeloid bone-marrow damage, 
pyrexia, and often gut-lining damage and uleeration’; = 
also typical are the widespread petechial haemorrhages? EES 

Rosenberger® reporsed the presence of haematuria in. 
cattle fed bracken over long periods, and that changes of 
a polypous-tumorous. nature occurred in the bladder . 
mucosa. Georgiev’ obtained an extract from the urine of oo 
cattle fed hay from haematuria. districts, which, when © — 
introduced into the vrinary bladders of dogs, produced — 
changes similar to a haemangioma. Applications of the 
same extract to the skin of white mice produced papilloma- 
type excrescences. Since many radiomimetic chemicals 
have a delayed carcmogenic effect it was felt worth- 
while to test the possible carcinogenic activity of bracken 
directly. 

Bracken frond was collected in June 1964 and oven- 
dried at 40° C for 48 4, after an initial period of 60 min 
in a tumbler dryer at 50° C, which removed most of the 
moisture. This material was then milled, mixed with. 
milled Levers No. 4 ret diet in the proportion diet 66 per 
cent and bracken 34 pər cent by weight, made into pellets 
and dried to avoid meuld growth. S 

This diet was fed to 7-woek-old, Glaxo strain, hooded. 
Lister non-inbred rats. twenty of each sex (average male < 
weight 125 g, female 110 g). It was found impossible to 
estimate the amount consumed due to the wastage in- . 
eurred, but no other ‘ood was offered and the diet 
ad Wb. for 64 days, from August 14 to November 
1964, inclusively and from January 8 to 18, 1965; tk 
rats were then returned to the normal diet. i 

Sinee bracken also has a thiaminase enzyme. gt 
distinct from tho ‘cattle factor’, it was necessary to pri 
extra-dietary B, This was given by subcutar 
injection of B, (3 mg in 0-2 ml. physiological salin : 
in the flank, while the animals were under light: ether- E 
anaesthesia, on September 30, October 14 and October = 
30, 1964, respectively. Forty control animals of the =- 
same age and weight receiving the normal rat diet. were or se 
given the same treatment; all these animals are alive and e 
healthy. 3 £ 

To date (July 26, 1965) all 20 male rats and 14 ọ 
females from the group fed the bracken diet have 
or have been killed ir. poor condition, the first 3 
dying 29 weeks after =he start of the exporiment. 

Post-mortem exammation revealed the preser 
numerous multiple tumours protruding into the. 
of the intestine; these occur throughout, the small 
tine, but predominantly in the ileal region. While m ees 
of the order of 5-18 mm in \ dismote (is. 1), ten of the = 
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Fig. 1. 


Ileum opened longitudinally, showing adenocarcinomata 


animals had developed a very large tumour 2-4 om in 
diameter, as well as the other smaller widespread tumours. 
Frequently the larger tumours protruded through 
the muscle wall of the intestine, often with adhesions 
to the surrounding tissues and organs. Most of the animals 
scoured badly and some had intussusceptions caused by 
one of the tumours; in other cases a diverticulum or a 
ballooning of the intestine was found. The only animal 
not conforming to this general pattern was a female 
which developed a mammary tumour. One Paisu has 


been found so far in four white rats fed the diet, but of 


50 Swiss white mice fed, 
effects. 

Histological examination of these tumours has revealed 
proliferation of the epithelial layer of the intestine. 
Numerous mitoses can be seen in the columnar cells and, 
while the original structure of the villi is visible, the 
cells are more closely packed and several layers thick. 
Dr. R. Schoental of the Medical Research Council Toxi- 
cology Research Unit, Carshalton, kindly examined both 
animals and sections prepared from the tumours, and 
confirmed the presence of malignant adenocarcinoma of 
the mucosa. 

Intestinal tumours in rodents are rare, although 
Schoental®* reports induction by polycyclic aromatic 
hydrocarbons and irradiation. Of interest is a recent 
private communication from Mr. W. H. Parker and 
Mr. ©. T. McCrea (Veterinary Investigation Centre, 
Thirsk, Yorkshire) noting that in the course of a survey 
on the causes of death in sheep on the North Yorkshire 
Moors’, a number of older animals from bracken-infested 
areas were found to have died of the same type of tumour. 

Work is now in progress to find the causative agent by 
trials with bracken extracts; the residue of fibrous 
material after extraction is also under test, to eliminate 
the possibility of an irritant action. 

We thank Dr. Schoental and other members of the 
Toxicology Unit for their help and advice, Mr. I. 8S. Farr 
for the photography and Mrs. N. Mason for histological 


none has yet shown any 





Table 1, 
| Norma! values 
Chemical estimations average in 8 l 
| guine a-pigs 
tos Blood pyruvic ac id (yeg/ ml.) ME 24 42) 
(2) Ketoglutaric acid in tissues (ug/g 
moist tissue) 
Heart 15-7 (10-0-20-4) 52-8 
Liver 19-2 (15-7-24-6) 58:2 
Spleen 18-9 (10:0-27-6) 82-4 
Kidney 17-2 (10-8-31:8) 242 
Adrenal | 24-04 (13-4-38-8) 89g 
(3) a-Ketoglutaric acid in blood (ug/ml. )} 42-7 (30-50) -— 
(4) Dose of diphtheria toxin (MLD) — 10 
(5) Weight of guinea-pig (g) — 300 | 











° * Figures i in parenthe ses indic ate the per cent increase over the normal a ave erage values. 
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KETO-ACIDS IN NORMAL AND DIPHTHERIA-INTOXICATED GUINEA-PIGS 





2 3 4 j 6 i Average Difference * 
| values | 

33 10 49 40 26 | 35 | 37°] No difference 
32-6 35-0 29.0 18-3 75 | 218 28:6 Increase (82-1) 
33-1 26-0 368-1 20-1 293:5 23:2 | 318 Increase (65-8) 
21-7 95-0 68-4 42-7 707 57-0 76:5 Increase (304-7) 
41-7 40-0 401 24:6 25:0 | 20-1 32-2 Increase (87-2) 
56°3 42-0 57:8 52:2 30-0 | 374 | 52:2 Increase (112:9) 
— 37-0 45-6 $9-0 20-0 33:0 36:9 No difference 
40 70 18 18 70 I8 

500 450 270 320 460 230 
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MICROBIOLOGY 


Accumulation of Keto-acids in Tissues during 
Diphtheria Intoxication 


An earlier investigation’ revealed that during citrate 
dissimilation by non-proliferating suspensions of Klebsiella 
aerogenes, diphtheria toxin caused increased accumulation 
of pyruvic and «a-ketoglutaric acid. This observation 
suggested that diphtheria toxin acts by diminishing the 
utilization of keto-acids in tissues. It was, therefore, 
decided to investigate the effect of diphtheria toxin on the 
keto-acid content of blood and tissues in guinea-pigs. 

A solution of Pope’s purified diphtheria toxin was 
prepared by dissolving the toxin contained in a vial 
(kindly supplied by Dr. C. G. Pope) in 5 ml. distilled water. 
The solution contained 4,200 Lf/ml. Different doses of 
purified toxin were injected subcutaneously into guinea- 
pigs. After 18-24 h the animals were killed by stunning 
and bleeding from carotid arteries. Various_ tissues, 
including heart, kidney, adrenals, spleen and liver, were 
immediately removed. Tissue slices weighing approxim- 
ately 0-5-1 g (or the entire organ when it weighed less 
than 0-5 g) were used in keto-acid estimations. 5 ml. 
blood was collected by cardiac puncture, immediately 
before killing the animals, for estimating keto-acids in 
blood. The tissue slices were homogenized in trichloro- 
acetic acid, and «-ketoglutaric and pyruvic acids 
were determined by the method of Friedemann and 
Haugen®. Similar techniques were used in normal 
guinea-pigs. 

The results (Table 1) show that in diphther ia intoxica- 
tion there is an increase in keto-acids in guinea-pig tissues. 
This is observed in liver, heart, spleen, kidney and 
adrenals, but it is fairly marked in spleen and adrenals. 
There is little or no increase in blood keto-acids. 

It still remains to be seen as to how far this observation, 
that is the diminished utilization of keto-acids in diphtheria 
intoxication, can be interlinked with another observation 
reported earlier* that diphtheria toxin inhibited acetyl- 
choline synthesis in rat brain slices and this was probably 
due to a diminution in the content of the parent substrates, 
acetyl CoA and choline, which are necessary for acetyl 
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in th conversion of Pato. intò ane Cod 

ing in increased accumulation and non-utilization 
pyruvate and diminished synthesis of acetyl CoA. 
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VIROLOGY 


Inhibition of Influenza Virus Haemagglutina- 
tion by Polymerized Orosomucoid 


Tar inhibition of haemagglutination by indicator 
influenza virus using mucoprotein inhibitors is a well- 
established observation’. It has been proposed that for a 
‘molecule to inhibit viral haomagglutination it must not 
only contain sialic acid as an end-group susceptible to 
neuraminidase, but also be of ‘minimum size’?. Orosomu- 
-eoid*, a serum glycoprotein containing 11 per cent of 
-neuraminidase-susceptible sialic acid, however, does not 
inhibit viral haemagglutination*. It has been suggested 
-that orosomucoid may fail as an inhibitor because its 
molecular weight of 41,000 is too low?. We have found 
that incubation of this glycoprotein at 80° C caused it to 
polymerize in solution and to become an active mhibitor 
of certain strains of influenza virus’. Further observations 
on this phenomenon are reported here. 

=c Orosomucoid was isolated from the urine of adult 











‘patients with the nephrotic syndrome, by means of 


‘chromatography on DEAE cellulose. The preparation 
had been shown to be of high purity by electrophoretic, 
ultracentrifugal and immunochemical analysis*. Solutions 
‘of orosomucoid were prepared, 1 per cent in 0-9 per cent 
saline, and subjected to incubation for 1 h at the following 
temperatures: 37°, 56°, 66° and 80° C. A control solution 


was maintained at a room temperature of 20° C. Each of 


these solutions were then tested against indicator influenza 
virus as detailed here. 

A further solution of orosomucoid in saline was sub- 
jected to analysis in the analytical ultracentrifuge before 
and after heating at 80° C for 1 h. In addition another 

. solution of orosomucoid in 0-9 per cent saline was prepared 
“of 1-6 per cent concentration and incubated at 37° C for 
24h. After specific time intervals, samples of the solution 
“awere withdrawn for testing against influenza virus 
< A[ENG/1/63. These samples were then stored at 4° C 
for one month and then, with normal laboratory handling, 
--re-tested against the same strain of virus. The control 
solution in this series was a solution of identical concentra- 
tion in saline and stored at 4° C. 

Indicator viruses were a Sala as follows: 

= Influenza A/PR8, A 1/ENG/55, A »/ENG/1/63 and an A, 
~ isolate of 1957 were diluted lin 5 im borate—citrate buffer 
` (Clarke and Lubs’s borate buffer? pH 8-5, 1 vol, 0-2. per 
© cent sodium citrate in 0-9 per cent saline, 9 vol.)® and heated 
- at 56° C for 30 min. Influenza B Lee strain was heated in 
undiluted allantoie fluid at 56° C for 30 min. Sufficient 
. material was produced to carry out all titrations of 
- orosomucoid at one time, except where samples of orosomu- 
© coid were re-tested one month later, when fresh indicator 
- viruses were prepared under identical conditions from the 
< original seed viruses. 
“indicator viruses were used with the exception of the Lee 
“strain where four were used, Serial two-fold dilutions of 
“ orosomucoid were made from 1: 100 to 1: 51,200 for the 
heated preparations and from neat to 1: 512 for the un- 
treated controls. The cell suspension was 1 per cent fowl 
- red blood cells. The unit volume was 0:25 ml., and the 
_ diluent was veronal buffered saline pH 7:2. 
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Table 1. INHIBITION OF INFLUENZA. VIRUS BY HEATED OROSOMUCOID » 
(Orosomucoié.1 per cent in 0-9 per cent saline) l 
; Haemag- 

Virus glutination Sn- Hacmagglutination inhibition titres * 

strain dose heated  37°/1h  56%ih 67ih a 1 h 
AVE NG/1/63 8 I8 512 >$,192 >8,192 > 25 600 
AWE NG! 55 8 Meg. Neg. Neg. Neg. < AD 
Aor 8 Teg. 2 2 i 
ALPRE 8 8 32 2,045 >g, 18 12,800 | 


* Expressed as reciprocal of initial orosomucoid solution diluted with 
yveronal buffer, 
Table 2. INHIBITION OF INFLUENZA VIRUS As ENG 63 BY OROSOMUCOLD 
INCUBATED AT 37° C 
(Oroesomucoid 6 per cent in 0-9 per cent saline) 


Incubationmperiod Haemagglutination 
h} inhibition titres 
Control 160 
1 820 
3°25 1,280 
52E > 1,280 
65 2,500 
10-5 5,120 
24 > 6,120 < 10,240 





A haemagglutination dose of 8 units was used. 


The results of ultracentrifugation are given in Fig. i es 


and the inhibition investigations in Tables 1 and 2. 

The interesting feature of the polymerization of 
orosomucoid on incubetion at 80° C is the extent and dogree 
of specificity of the reastion. Of the original monomer some 
72 per cent had polymerized to a polymer of sedimentation 
constant 20-LS. Althcugh y-globulins are known to poly- 
merize on incubating, the extent of polymerization is 
usually much smaller and of a much less specific nature’. 
These results were confirmed on two preparations of 
orosomucoid from individual patients. The results of 
inhibition (Table 1) confirmed that native unheated. 
orosomucoid is not a significant inhibitor of haemagglutina- 
tion by influenza virus. However, the heated material 
strongly inhibited haemagglutination by the strains 
A/PR8 and A,/ENG/1/63 but not A,/57 or A/h5. The 
possibility of orosornucoid becoming active against 
influenza virus at physiological temperatures is evident 
from Table 2, showing the results of incubation at 37°C. 

Independent work by Morawiecki and Lisowska!® has 
also demonstrated innibition of haemagglutination by 
influenza B virus (Les strain), using orosomucoid poly- 
merized by heating at 50° C for 24 ha 5 per cent solution 
in phosphate-acetate ‘buffer pH 4-3 containing 1:3 per 
cent acetaldehyde. However, these workers stated that 
their heated ‘control’ solution, in acid buffer without 
acetaldehyde, gave polymers so unstable that the in- 
hibiting effect against the Lee strain disappeared after 
2-3 h. All the original incubated solutions described 
here retained their inkibition titre for several days, and 
it was specifically reccrded that the solutions incubated 
at 37° C did not lose their activity against virus strain 
A,/HNG/1/63 when stcred for 4 weeks at 4° C. 

Morawiecki and Lisowska? recorded an increase of 
600-fold inhibition usiag their system of polymerization 
against their Lee strain of influenza virus. The present 





36 16 


Unheated g.4= 28 8 Heated, major peak &,=20-1 8 


Fig. 1. The ultracentrifugation of crosomucoid (1:6 per cent in T per 
cent saline) before and after izcubation at-80° C for 1h. The figures below 
each photograph give the time of spinning in minutes 
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work would suggest that the net inhibition increase varies 
with tho strain of virus. Of the strains listed here, the 
inhibition against the PR8 strain was increased by a 
factor of 1,600, against the A,/HNG/1/63 by 200, and 
against the Lee by 160. However, no increase was re- 
corded for the A,/57 and A/55 strains. 
Electron microscopic observations on the fraction heated 
at 80° C and negative stained with potassium borotungstate 
y recorded structures of diffusely fibrous appear- 
ance which were never present in the unheated material. 
The observations recorded here must add new 
sigrificance to the ‘criteria of viral inhibition’ as developed 
earlior by Gottschalk*. However, it is still conceivable 
that polymerization is not the cause of this new biological 
property of orosomucoid, as other physical or chemical 
changes as yet undetected may ultimately prove re- 
sponsible. 
We thank Dr. D. R. Stanworth of the University of 
Birmingham for his assistance in the ultracentrifuge 


investigations. 
ga P. H. WHITEHEAD 
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CYTOLOGY 


Demonstration of the Spiral Structure of 
Human Chromosomes 


CHROMOSOMES have generally been regarded as consist- 
ing of coiled chromonemata. Although a number of 
cytological observations on the structure of chromosomes 
in plant germ cells have been conducted, as well as many 
studies on the fine structure of animal chromosomes at 
the molecular level, structural relations of chromonem:a 
and its molecular components are still poorly defined’. 
Since the Denver Conference of Human Chromosomes 
Study Group, a number of morphological investigations 
have been carried out on the identification of each chromo- 
some to establish the standard normal human karyotype, 
particularly with respect to the sites and relative fre- 
quencies of secondary constrictions*-*. There is genoral 
agreement regarding the normal karyotype; however, 
little or no morphological evidence has been presented to 
confirm the spiral structure of human somatic chromo- 
somes. As an innovation to the technique for chromosome 
preparation, the following method has been developed 
which clearly demonstrates somatie coils through the 
partial dissociation of human chromosomes. 

Peripheral blood leucocytes, harvested and maintained 
by standard methods, were used. Three-day cultures wero 
treated with colchicine (final concentration of 0-06 pg/ml.) 
for 1 h at 37° C and the cells were suspended by shaking. 
The leucocytes were then concentrated by centrifugation 
in 15-ml. tubes and the supernate was discarded. The 
partial dissociation of the chromosomes was effected by 
treatment with 2-3 ml. of a 4:2: 1 mixture of equimolar 
solutions of KCl, NaNO, and CH,COONa. Originally, 
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this solution was developed by Matsuura et al.* to obtain 
clear demonstrations of chromosome structure of the 
pollen mother eells of Trillium. Their procedure utilized 
0:33 molar concentrations of these salts for 1-5-2-0 min. 
The optimal chromosomal dissociation of human leucocytes 
was obtained only after testing many combinations and 
ranges of the three parameters: concentration (range from 
0-041 to 0-33 moles), time (20-150 min), and temperature 
(4°-50° C). The application of 0-055 mole of the three salts 
in the 4; 2:1 ratio already described for 90 min at room 
temperature (21°-22° C) appeared to yield the best results, 
showing clear spiral figures without serious distortions of 
the chromosomal configuration (Fig. 1). 

The salt coneentration was found to be critical. Higher 
concentrations gave more severe uncoiling but did not 
give a clear figure. Lower concentrations gave slender, 
well-defined chromosomes but no visible spiralization. 
High temperature (37°-50° C) produced an indistinct 
chromosomal outline. 

At tho end of this treatment, 5 or 6 ml. of freshly 
prepared cold fixative solution (3 parts absolute methanol : 
1 part glacial acetic acid) were added to this cell suspen- 
sion, followed by a very gentle mixing with a pipette. 
About 30 min later, the fixative was exchanged with a 
fresh solution at least three times. One or two drops of 
cell suspension containing an adequate cell number were 
then dropped on a clean slide and allowed to dry. The 
preparations were scanned at this stage using phase 
contrast microscopy. After 1 or 2 h, slides were lightly 
stained with Giemsa, avoiding the loss of details by over- 
staining. Slides wore then washed with running water for 
a few seconds and allowed to stand at room tem ture 
for complete dehydration. After slides had been dipped in 
xylene for about 5 min, the coverslips were mounted with 
‘Permount’. The chromosomes were photographed using 
bright-field microscopy (Fig. 1) for an analysis of the num- 
ber of gyres and the appearance of the secondary con- 
strictions (Fig. 2). 
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Fig. 1. Metaphase from a cultured blood cell of a male. The spiral 


structure (somatic coil) is clearly demonstrated 


Fig.2. Chromesome Nos. 1, 9, 11 and 16 from the cell in Fig. 1 at higher 
magnification. Arrows indicate the loci at which secondary cons ons 
appear, Note the configuration of the chromonemata 
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In addition to confirming the hypothetical helical con- 
figuration of human chromosomes, this study demon- 
strated that secondary constrictions aro less tightly coiled 
regions of the chromonemata. Moreover, this technique 
offers the possibility of a more quantitative analysis of 
chromosomes at the chromonema level. If a reproducible 
gyre number is established, coil counts may become a more 
accurate method of determining arm ratios. The analysis 
of chromosome breaks or translocations, induced by_treat- 
ment with chemicals or ionizing radiation, may be des- 
etibed more accurately with partial dissociation of the 
chromosomes. Quantitative studies regarding the number 
of hehces and the measurement of the length and diameter 
of the coils are now in progress and will be published 
elsewhere. 

This work was aided by grant GAB-15 from the U.S. 
National Science Foundation, administered by Dr. 
Donald E. Rounds. I thank him for his advice. 

This communication is dedicated to Prof. Sajiro Makino, 
Zoological Institute, Hokkaido University, Sapporo, 
Japan, ın honour of his sixtieth birthday on June 21, 1966. 
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GENETICS 


Chimerical Nature of the Entire-leaf Variant 

in the Potato Variety ‘Majestic’ 

Tae docken, or entire-leaf variation (Fig. 1), like several 
other variations for leaf shape in potatoes, has not been 
shown previously to be a chimera. Leaf shape in potatoes 
is largely determined by the constitution of L, (ref. 1), and 
the two standard methods of investigating potato 
chimeras, breeding behaviour and eye-excision, give 
information on L, in the variant and not on Z,. It is thus 
not possible by these two methods to show that L in a 
variant is unchanged. Information of L, may, however, 
be obtained by X-ray treatment?. 

Crossing ‘Majestic’ docken-leaf with ‘Ulster Prince’ 
resulted in a family with a segregation of 23 seedlings with 
entire leaves: 17 seedlings with compound, pinnate leaves 





a b 


Fig. 1, (a) Docken-leaf and (b) normal, compound pinnate leaf of shoots 
after X-ray treatment 
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(the control cross of normal ‘Majestic’ with ‘Ulster Prince’ 
gave 53 seedlings wita compound, pinnate leaves and none 
with entire leaves). 

Hye-excision expszriments with docken-leaf tubers 
produced only plarts with entire leaves, no normal 
‘Majestic’ plants bemg obtained. Root buds, produced 
by the method of Howard’, also resulted only in plants 
with entire leaves. It thus seems that docken-leaf in 
‘Majestic’ results from a mutation for entire leaves in the 
L, layer and that the L, layer also now has the same con- 
stitution as that of La; a similar replacement of L, by L, 
cells has been obsarved in triploid-hexaploid potato 
chimeras}. 

Five apical (rose) eads of tubers of docken-leaf ‘Majestic’ 
were given an X-ray dosage of 3,500 r. Four of them 
produced plants anc one of the four had a mixture of 
normal and docken-.eaf shoots. The production of the 
shoots with normal leaves was presumably because in the 
docken-leaf variant ZL, is still normal, unchanged 
‘Majestic’. The frequency (about 12-5 per cent) of shoots 
with all layers with tre constitution of L in the variant is 
similar to that of full “Red King’ from normal ‘Red King’ 
and of white from “Bcnte’ sports after X-ray treatment?. 

The finding that tae docken-leaf sport is a chimera in 
which L, is still normal ‘Majestic’ suggests that certain 
other variants, such as wildings, feathery wildings and 
bolters, which do net appear to be chimeras from the 
results of eye-excisicn experiments, may be chimeras in 
which L, and L, have the mutated character but in which 
L, is still unchanged. H. W. HOWARD 


Plant Breeding Institute, 

Trumpington, Cancbridge. 
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Estimation of the Frequency of Functioning 
Gamezes in Monosomics 


WE regret that the estimates of p and q of the furiction- 
ing male gametes wita n and (n—1) chromosomes respect- 
ively given in our rezent communication! are not consis- 
tent. The correct estamates should be as follows. 

On applying the maximum likelihood method, the 
estimate of p may be-obtained by taking the positive root 
of the quadratic equetion: 

PLN (p’ — 9')] + pig (e + G2) pN + a,)] +a.p’=0 (1) 
and the variance of the estimate will be: 
Soe = He OE es (2) 

(pg + py’)? (œg? + asp?) + apg — p) 
where a1, @, and a; (Cı + @a + a} = N) are the observed 
frequencies of disomic, monosomic and nullisomic respect- 
ively and p’ and q’ (p’ + g’ = 1) are the relative frequencies 
of the functioning -emale gametes with n and (n—1) 
chromosomes respect-vely. 

The square root of Vp will give the standard error (S.Z.) 
of the estimate. 

It can be shown that: 

when p =g =#4 


Vp 


and the variance of tne estimate will be reduced to su 


By using (1) in ou? numerical example!, we obtain: 
— 59-28p- + 12:08p + 3:12 = 0 
giving p = 0-3529 ard q = 1—p = 0-647]. 
Similarly, from (2) we have 
Vp = 0-00324967 
and S.E = 0:0570 
It may be observed that the estimate of p is not signifi- 
cantly different from the experimental results? 0-39. 
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According to the correct estimates of p and q, the 
expected frequencies of disomic, monosomic and nullisomic 
presented in Table 2 in our communication! will be as 
follows: 


Types Disomic Monosomic Nullisomic x? 
Chromosome No (42) (41) (40) Total (d.f. 1) 

Obs. 13 48 58 114 

Exp. 9 66 48-28 56°06 114:00 1°80 


A. K. Roy CHOUDHURY 
Bose Institute, Calcutta. 
J. G. BHowau 
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New Delhi 12. 


1 Bhowal, J. G., and Roy Choudhury, A. K., Nature, 206, 1067 (1965). 
* Bhowal, J. G., Canad. J. Bot., 42, 1321 (1964). 


PSYCHOLOGY 
Memory Changes with Age 


Many studies have shown that increasing age results in 
a deficiency in ability to acquire new skills and informa- 
tion. However, the commonly held view that older people 
manifest an impairment in the retention of acquired 
material has received equivocal support from laboratory 
investigations??. Even Inglis’s recent demonstration’ of 
a loss with age in short-term memory is confined to an 
hypothesized storage system with a limit of approximately 
4 sec. I wish to direct attention to the results of an 
experiment which suggests that the aged show special 
defects in the remembering of acquired material stored 
over longer periods of time. These defects seem to be due 
to a loss in ability to retrieve memories from storage 
rather than a deficiency in the storage system itself. 

The material for the experiment consisted of two lists 
of 24 words. The words were presented on a screen 
at intervals of 4 séc. Memory was tested by the voluntary 
recall method on one list and the recognition method on 
the other lst immediately after the last word on a list was 
exposed. For the recognition. method, subjects were shown 
the 24 learning words, each in & group of four other words, 
and asked to underline those previously seen on the screen. 
One hundred and thirty-four subjects, aged between twenty 
and seventy-five, participated in the experiment, with 
approximately half the group performing the recognition 
test first, the others beginning with the recall test. 

The scores showed no significant differences between 
results on the recognition test when this preceded or 
followed the recall test on the alternate list. Similarly, 
there was no difference between recall scores when these 
were obtained before or after a recognition test. The 
results on the two lists have, therefore, been combined. 

Table 1 shows that there is no deterioration with age in 
the recognition scores, while there is a consistent drop in 
the recall scores. The differences between recognition and 
recall scores shown in the final column have a o cor- 
relation with age groups of +1:00. The Pearson product 
moment correlation between individual recognition minus 
recall scores and age is +0:66 (P <0-001). 

The age disparity between recognition and recall scores 
cannot be due to a difference at the acquisition stage since 
this should affect both types of memory tests. The dis- 
parity must, therefore, be the result of the different 
demands of the two testing procedures. The psychological 
distinction between voluntary recall and recognition seems 
to be that the former requires retrieval from storage while 
the latter does not. In the recognition test, a response is 
provided and the subject needs only to match a stimulus 


Table 1. MBAN RECOGNITION, RECALL, AND RECOGNITION MINUS RECALL 
SCORES BY AGE 


Recognition 

Age range No. Recognition Recall minus recall 
20-29 36 20:01 13-78 6°42 
30-39 23 19°48 12 30 717 
40-49 32 19 53 10:01 9°47 
50-59 21 19°90 9:57 10°24 
60 + 22 20 09 7-50 12 59 
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with the stored trace. These findings, therefore, suggest 
that age-related impairment of long-term memory may 
be confined to situations which involve the retrieval of 
acquired material from storage. 

The work described was supported by grant APA-89 
from the Canada National Research Council; the testing 
was carried out by Miss Betty-Anne Robertson. 

DAVID SCHONFIELD 


VOL, 208 


Department of Psychology, 
University of Alberta at Calgary, 
Calgary, Alberta, Canada. 


1 Welford, A. T., Aging and Human Skill (Oxford Univ. Press, 1958). 

2 Jerome, E. A., in Handbook of Aging and the Individual, edit. by Birren, 
J. E. (Univ. Chicago Press, 1954). 

3 Inglis, J., Nature, 204, 103 (1964). 


MISCELLANEOUS 


Ethology and the ‘Baconian’ Method 


Among the many stimulating ideas elaborated by Sir 
Peter Medawar in his Presidential Address! to Section D 
of the British Association for the Advancement of Science 
is the claim that the foundation and subsequent develop- 
ment of what has come to be known as ‘ethology’ have 
“demonstrated the sterility of the old experimental 
approach” of test-stimulus and response, and illustrate 
“the danger of doing experiments in the Baconian style; 
that is to say, the danger of contriving ‘experiences’ 
intended merely to enlarge our general store of empirical 
knowledge rather than to sustain or confute a specific 
hypothesis or pre-supposition”’. 

This rejection, by one with Sir Peter’s authority, of the 
notion of a unique ‘scientific method’ applicable to all 
natural enquiry will fall gratefully on the ears of many. 
Nor can it be denied that the ‘older experimental method’ 
exemplified the weaker aspect of Bacon’s incompletely 
worked out ‘inductive method’. But does not Sir Peter 
imply a contrast that is in fact absent ? For, in describing 
the ‘new’ and, in his view, effective ethological method, he 
says, “They [the pioneers of ethology] studied natural 
behaviour instead of contrived behaviour, and were thus 
able for the first time to discern natural behaviour struc- 
tures or episodes—a style of analysis helped very greatly 
by the comparative approach.” In the Distributio Operis 
prefixed to the Instauratio magna Bacon says, “‘all depends 
on keeping the eye steadily fixed upon the facts of nature 
and so receiving their images simply as they are. For 
God forbid that we should give out a dream of our own 
imagination for a pattern of the world.” 

That this ideal did not suffice to effect the so-called 
‘scientific revolution’ is now abundantly clear; nor is it the 
method by which sciences greatly advanced by reason of 
their simplifying assumptions can be further enlarged. 
But, where an almost infinite number of possible variables 
leads to an almost limitless possibility of complexity, 
there is no alternative but to “‘sit down before facts like 
a little child” (Faraday)—but all the facts, in as great a 
variety of natural circumstances as possible. “Then, 
and only then”, Sir Peter concludes, “was it possible to 
start to obtain significant information from the study 
of contrived behaviour . . . for it is not informative to 
study variations of behaviour unless we know beforehand 
the norm from which the variants depart.” Being more 
interested in the “mastery of Nature for the relief of Man’s 
estate’, Bacon applied the method of comprehensive 
observation to the wrong data. But, so far from giving 
support to the now fashionable use of the term ‘Baconian’ 
as a wholesale term of disparagement, Sir Peter has shown 
how fertile, even indispensable, the ‘Baconian’ method 
may be in the appropriate context. 

Warm P. D. WIGHTMAN 
Department of History and Philosophy of Science, 
King’s College, 
University of Aberdeen. 
1 Nature, 207, 1327 (1965). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


No 5013 


Monday, November 29 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at Savoy 
Place, London, W.C 2), at 10 a m —Colloquium on “Integrated Circuits’. 


_ INSTITUTION OF MECHANICAL ENGINEERS, RAILWAY ENGINEERING GROUP 
at 1 Birdcage Walk, Westminster, London, S.W 1), at 6 p m.—Discussion 
m “Specification and Inspection of Railway Materials”. 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, W.C 2), 
at 6 pm.—Prof Colin Cherry. “The Future of World Communication”. 
‘Last of three Cantor Lectures on ‘‘World Communication” ) 


ROYAL SOCIETY OF MEDICINE (at 1 Wimpole Street, London, W 1), at 
5 p.m —Prof. R.H S Thompson’ “A Biochemical Approach to the Problem 
of Multiple Sclerosis” (Jepheott Lecture) 


INSTITUTION OF ELEOTRICAL ENGINEERS, LONDON GRADUATE AND STUDENT 
SECTION (at Savoy Place, London, W C 2), at 6 30 Pm.—Symposium on 
“Control and Its Applications”. 


PLASTIOS INSTITUTE, LONDON SECTION REINFORCED PLASTICS SUB-GROUP 
at the Wellcome Building, Euston Road, London, N W.1), at 6.30 pm— 
Mr. B A. Clark and Mr. D F. Batley: “Some Aspects of Design and Con- 
struction of Reinforced Plastics Building Panels”. 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S W 7), 
ae ond p.m.—Mr A. R WHanbury-Tenison ‘From the Orinoco to the 
e”. 


Tuesday, November 30 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C 2), at 930 am and 230 pm—Colloquium on 
“Artificial Reverberation Techniques”. 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University 
pela Street, London, W C.1), at 1.15 p.m.—Mr. H. S Smith 
of Nubia”. 


ROYAL Soorety (at Burlington House, Piccadilly, London, W 1), at 
2.30 p m.—Anniversary Meeting. 


UNIVERSITY OF LONDON (at King’s College, Strand, London, W C.2), at 
> pm-—Prof. Imari Hustich (Finland): ‘‘Finland—a Developed and 
Underdeveloped Country” * 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, London, 
5.W.1), at 5.30 p m.—Mr. S. E. H. Ford and Mr. S C. Eliott “Investigation 
and Design of Plover Cove Water Scheme”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 5 830 p.m.— 
Prof. G. Porter, FRS “Chaos and Chemical Equilibrium”. (Afternoon 
lecture for Sixth Form Boys and Gurls from Schools in London and the 
Home Counties. To be repeated on December 1, 7 and 8.) 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C 1), at 6 30 p.m.— 
Prof. E. Boyland: “The Causes of Cancer”. (Tenth of fifteen lectures on 
“The Scientific Basis of Medicine’ organized by the British Postgraduate 
Medical Federation )* 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMATIC CONTROL GROUP 
at 1 Birdcage Walk, Westminster, London, S W 1), at 6 p.m.—Discussion 
yn “Relevance of Control Theory to Optimum Design in Engineering”. 


SOCIETY FOR ANALYTICAL CHEMISTRY, A'TOMIO-ABSORPTION SPECTROSCOPY 
JROUP (at the Chemical Society, Burlington House, Piccadilly, London, 
W.1), at 6.30 p.m.—Annual General Meeting, followed by Mr. G. I. Good- 
‘ellow: “Some Observations on the Application of Atomic Fluorescence 
Spectrometry to Trace Analysis”. 


College, 
“The Story 


Tuesday, November 30—Wednesday, December | 


TRON AND STEEL INSTITUTE (at the Hoare Memorial Hall, Church House, 
Great Smith Street, London, S W.1, and at the Offices of the Institute, 
z Si OSeror Square, London, 8.W.1), at 10 am. daily—Autumn General 

eeting. 


Wednesday, December | 


INSTITUTION OF TELECTRICAL ENGINEERS, ELECTRONICS DIVISION (joint 
neeting with the I.E.R.E, at Savoy Place, London, W.C 2), at 2 p m.— 
Discussion on ‘“Telemetiy in Medicine”. 


SOOIETY FOR ANALYTICAL CHEMISTRY, THIN-LAYER CHROMATOGRAPHY 
aROUP (at the Chelsea College of Science and Technology, Manresa Road, 
London, S W.3), at 215 pm.—Annual General Meeting, followed by Mr. 
J. W. Grindlay, Mr P.M Wraighte and Mr. J. C. Wright. “A Study of the 
Jxidation of Nitroso-Aromatics to Nitro-Aromatics in Propellant Stabilisers 
one T.L C. and Mass-Spectrometry”; Mr. G. B. Campbell: “The Deter- 
nination of Antioxidants and Other Additives in Plastics by T.L C”; 
Mr. J. Scotney: “Study of the Auto-Oxidation of Lanosterol by T.L C.”. 


_ INSTITUTION OF MECHANICAL ENGINEERS, AUTOMATIO CONTROL GROUP 
at 1 ey Walk, Westminster, London, S W.1), at 4.30 p.m —Three 
apers on “‘High-Reliability Servos”. 


ROYAL STATISTICAL SOCIETY (at the London School of Hygiene and 
Fropicsl Medicine, Keppel Street, Gower Street, London, W.C.1), at 5 pm 
T E. Seneta: “Stationary Distribution and Time-Reversion in Gene- 
ieg” 


UNIVERSITY OF LONDON (at Kıng’s College, Strand, London, W.C.2), at 
> p.m.—Prof. Ilmari Hustich (Finland). “The Polar Timber (Forest) Line”. * 


ROYAL SOCIETY OF MEDICINE, HISTORY OF MEDIOINE SECTION (at 1 
Wimpole Street, London, W.1), at 515 p.m—Prof. A. Sorsby. “Gregor 
YWendel—Some Biographical Aspects’; Prof. E. B. Ford: “Mendelian 
Heredity and the Polymorphism Concept in Medicine” (Mendel Com- 
memoration Meeting). 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, W.1), 
+b 5.30 pm.—Mr. A S Plane: “Calculation and Measurement of Quantities 
xf Oil and Gas Evolved ın Five-Stage Separation of Reservouwr Crude”. 


INSTITUTION OF CIVIL ENGINEERS, HYDROLOGICAL GROUP (at Great 
yeorge Street, London, S.W.1), at 530 pm.—Informal Discussion on 
‘Obtainable and Desirable Accuracies in Gauging Structure” introduced 


2y Prof. J R. D. Francis 
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INSTITUTION OF ELECTRICAL ENGINEERS, POWER DIVISION (at Savoy 
Place, London, W.C.2), at 5 £0 pm —Mr. N W Notani, Mr. T. B. Burne 
and Mr. J. H. Cheetham: “Parallel Operation of Transductor-Controlled 
Silicon-Rectifier Equipment with Waterwheel-Driven DC. Generators 
Supplying an Aluminum Potline”’, 


INSTITUTION OF ELECTROND AND RADIO ENGINEERS, ELECTRO-ACOUSTIOS 
GROUP (at 9 Bedford Square, London, W.0.1), at 6 p m.—Dr. F. G. Welsby 
“Non-Linear Effects in Acoustics, Radio and Optics”. 


PHARMACEUTICAL SOOYETY DF GREAT BRITAIN (at 17 Bloomsbury Square, 
London, W 0.1), at 6p m—Mr A. Q. Fishburn: ‘The Future of the Pharma- 
ceutical Sciences” (Harrison Memorial Lecture). 


SOCIETY OF ENVIRONMENTAL ENGINEERS, PACKAGING GROUP (in the 
Mechanical Engineering Department, Imperial College, London, S W.7), 
at 6 pm—Mr D. G. Evang “Atmospheric Corrosion”. 


Thursday, December 2 


TRON AND STEEL INSTITUT, ENGINEERS GROUP (at 4 Grosvenor Square, 
London, § W.1), at 10 a.m.—_leeting on “Weighing ın Iron and Steelworks”. 


ROYAL INSTITUTION OF N_VAL ARCHITECTS (ın the Weir Lecture Hall, 
10 Upper Belgrave Street, L-ndon, S.W 1), at 5 pm.—Prof. E. V Telfer 
oo ne Parsons and the zaval Architect” (Sir Charles Parsons Memorial 

ecture). 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.C.2), 
at 5.30 p m —Mr J. A. Ratclife, F R 8S . ‘“Appleton’s Contribution to Radio 
Science” (First Appleton Lecture). 


UNIVERSITY OF LONDON (a the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gawer Street, London, W.C.1), at 530 pm— 
Dr. G. Alan Rose “Some Thoughts on Osteoporosis and Osteoma acia” 
(Eleventh of fifteen lectures cn ‘‘The Scientific Basis of Medicine” organized 
by the British Postgraduate Medical Federation.)* 


INSTITUTE OF REFRIGERATION (at the National College for Heating, 
Ventilating, Refrigeration and Fan Engineering, Southwark Bridge Road, 
London, S E 1), at 6 pm.—r. W. A. Hines: “The Control of Air Condi- 
tioning Plant Noise in Buildings”. 


INSTITUTION OF MECHANICAL ENGINEERS, EDUCATION AND TRAINING 
GROUP (at 1 Birdcage Walk Westminster, London, S W.1), at 6 p.m.— 
Perce ap “Should Engtheering Science be a G.C.E. Subject Taught 
in Schools ?” 


SOCIETY OF CHEMICAL INDISTRY, LONDON SECTION (joint meeting with the 
Microbiology Group, at 14 Eslgrave Square, London, 8.W.1), at 6 pm— 
Dr. W. Howard Hughes ari Dr. P N. Cardew: “The Techmque and 
Application of Timelapse Cinemicrography”’; Mr. R S. M. Revell: “The 
Use of the Electron Microsccoe ın Microbiology”. 


SOCIETY FOR ANALYTICAL CHEMISTRY, THERMAL ANALYSIS GROUP (at 
the Chemical Society, Burimgton House, Piccadilly, London, W.1), at 
6.30 p.m.—Annual General Meeting, followed by Dr. D. Fitzgerald: ‘Coal 
Carbonization Kinetics—Sin>le Thoughts on a Complex Matter”; Di. 
S.C Bevan and Mr. S. Thornurn: “The Analysis of Volatile Materials by 
Mass Detection Gas Chiomazography’’. 


ROYAL INSTITUTE OF CHEZISTRY, LONDON SECTION (joint meeting with 
the Northampton College Chemical Society, at the Northampton College of 
Advanced Technology, St. John Street, London, E.C.1), at 7 p m —Prof. 
C. E. H. Bawn, F R S.: “Cationic Polymerisation’”’. 


SOCIETY OF COSMETIC CHEXISTS OF GREAT BRITAIN (at the Royal Society 
of Arts, John Adam Street, Adelphi, London, W C 2), at 7.30 p.m —wMr. 
R Stokes: “The Selection o` Scientific Personnel”. 


Thursday, December 2—Friday, December 3 


ROYAL PHOTOGRAPHIC SOSIETY (in conjunction with the Polytechnic 
School of Photography, at the Polytechnic, Regent Street, London, W 1)— 
Symposium on ‘Techniques m Apphed Photography”. 


Friday, December 3 


NUTRITION SOCIETY (at the Nuffield Institute of Comparative Medicine, 
Outer ene Regents Park, London, N W.1), at 10 a.m.—Original Com- 
munications. 


UNIVERSITY OF LONDON (a> the Postgraduate Medical School of London, 
Du Cane Road, London, W.15), at 4 pm.—Prof. W. S. Peart: “The Renin/ 
Angiotensin System”. * 


ROYAL ASTRONOMICAL SOCERTY (at Burlington House, Piccadilly, London, 
W 1), at 4.15 p m.—Sir Edward Bullard, F R S.. “Electromagnetic Induction 
Within the Earth” (Third Hæold Jeffreys Lecture). 


ASSOOIATION OF SOIENTIFI WORKERS (in the Kent Room, Caxton Hall, 
Westminster, London, S W._), at 630 pm— Discussion Conference on 
“Technology and the Nation’= Needs” opened by Lord Snow, C.B.E. 


SOCIETY OF CHEMICAL INDUSTRY, FINE CHEMICALS GROUP (at 14 Belgrave 
Square, London, S W.1), at 630 pm.—Dr. D. Jack “Physicochemical 
Aspects of Drug Activity” 


TELEVISION SOCIETY (1n th» Conference Suite, I.T.A., 70 Brompton Road, 
London, 5.W.3), at 7 p.m.—Mr. B Eastwood, Mr. A. Landman and Mr 
P. L. Mothersole. “A Survey of Television Receiver Development”. 


Saturday, December 4 


ASSOCIATION OF CLINICAL BIOCHEMISTS, SOUTHERN REGION (at Charing 
Cross Hospital Medical Sch-ol, 62 Chandos Place, London, W.C.2), at 
10 a.m.—Meeting on ‘‘Steroid Determination in the General Clinical Labora- 


tory”. Chairman. Prof C. T. Gray. 


INNER LONDON EpucaTICN AUTHORITY (at the Horniman Museum, 
London Road, Forest Hill, Landon, § 8.283), at 3 30 p.m.—Dr. I. M. Lews’ 
‘‘Somaliland—Peoples and Poets”. * 


Monday, December 6 


UNIVERSITY OF LONDON (as the Postgraduate Medical School of London, 
Du Cane Road, London, W._2), at 4 pm.—Dr J. ©. Gilson: “Asbestos, 
Recent Work on the Biological Importance of Fibre Type” * 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C 2L at 5 30 p m.—Discussion on ‘‘Acoustic-Wave 
Amplification” opened by Dr E. G. S Paige and Mr. O. P. Sandbank, 
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INSTITUTION OF MECHANICAL ENGINEERS, THERMODYNAMIOS AND FLUID 
MECHANICS GROUP (at 1 Birdcage Walk, Westminster, London, S.W.1), at 
6 p.m.—Discussion on “Is Heat Transfer Theory of Any Use?” 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 8.W.7), 
at 6 p.m.—‘‘The Underwate: Search” (Colour film). 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (joint meeting with 
the Heavy Organic Chemicals Group, at 14 Belgrave Square, London, 
S.W.1), at 6.30 pm—Dr. H. L. Riley: “Recent Developments in the 
Tonnage Production of Aromatic Chemicals”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

CHAIR OF BOTANY AND HEAD OF THE DEPARTMENT—The Registrar, Uni- 
versity of Leicester, Leicester (December 4). 

CHAIR OF THEORETICAL PHYSIOS—The Registrar, University of Leicester, 
Leicester (December 4). 

LECTURER and an ASSISTANT LEOTURER (graduates in sociology, psychology 
or history) IN THE DEPARTMENT OF SOCIOLOGY—The Registrar, University 
of Leicester, Leicester (December 4). 

SENIOR LECTURER IN CONTROL ENGINEERING—The Registrar, University 
of Leicester, Leicester (December 4). 

LECTURER IN THE DEPARTMENT OF Purn MATHEMATICS—The Registrar, 
University College of North Wales, Bangor, North Wales (December 6). 

LECTURER (with a medical qualification) IN PHYSIOLOGY; and a JUNIOR 
LECTURER (with a medical qualification or an honours degree in physiology) 
IN PHYSIOLOGY—The Secretary, Trinity College (University of Dublin), 
Dublin 2, Republic of Ireland (December 6). 

PROGRAMMER (with a degree or equivalent qualification, at least two years 
prozramming experience, and preferably a knowledge of Algol, Fortran or 

lliot 803 machine code) IN THE COMPUTING LABORATORY to help in the 
provision of a computing service, by advising on the use of programmes 
and writing new programmes—The Registrar, University College of North 
Wales, Bangor, North Wales (December 6) f 

SENIOR LEOTURER (with high academic qualifications and appropriate 
teaching and/or research experience) IN PHysIos—The Principal, Lanchester 
College of Technology, Priory Street, Coventry (December 6). 

LECTURERS IN PURE MATHEMATIOS—The Registrar, The University of 
Warwick, Coventry, Warwickshire (December 10). 

CHAIR OF PHySIcS—The Secretary, The Queen’s University, Belfast, 
Northern Ireland (December 15). 

LECTURER IN SooroLoay at the University of Singapore—The Inter- 
University Council, 83 Bedford Place, London, W C1 (December 15). 

LECTURER or ASSISTANT LECTURER (medically qualifled or non-medically 
qualified candidate) IN MEDICAL GENETICS to be responsible for cytogenetics 
—The Registrar, The University, Manchester, 18, quoting Ref 196/65/Na 
(December 15) 

CHAIR OF MICROBIOLOGY—Secretary to the University Court, University 
of Glasgow, Glasgow (December 18). 

SENIOR LECTURER (preferably with considerable teaching and research 
experience) IN THE DEPARTMENT OF PHILOSOPHY, University of Ghana—The 
Assistant Registrar, Ghana High Commission, Higher Education Section, 
15 Gordon Square, London, W.C.1; or The Registrar, University of Ghana, 
P.O Box 25, Legon, Accra, Ghana (December 18). 

LECTURERS (2) (with a good honours degree and preferably with 2 minimum 
of two years experience in industry and/or research) IN THY DEPARTMENT 
OF CIVIL ENGINEERING—The Registrar, Queen Mary College (University of 
London), Mile End Road, London, B 1 (December 20). 

RESEARCH ASSOCIATE (with a degree, preferably Ph.D., in physics, 
chemistry or metallurgy) IN CRYSTAL GROWTH IN THE DEPARTMENT OF 
PHYSICAL METALLURGY, to join an established research group working 1n 
the general field of crystal growth ın metals and non-1etala—The Assistant 
Registrar (Science and Engineering), University of Birmingham, Birming- 
ham, 15 (December 22). 

BOTANIST or AGRICULTURAL BOTANIST (with a good honours degree) IN 
THE BIOCHEMISTRY DEPARTMENT, to study the factors affecting the produc- 
tion and extraction of leaf protein from agricultural crops and other plants 
Gans ce a Rothamsted Experimental Station, Harpenden, Herts 

anuary 1). 

LECTURER (with a good honours degree and preferably teaching experience 
and a qualification and interest in logic) IN PHILOSOPHY at the University 
of Newcastle, New South Wales, Australia—The Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
S W.1 (January 1). 

CHAIR OF AGRONOMY within the Faculty of Agriculture, University of 
Western Australia—The Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, 8.W.1 (Australa and 
London, January 15) 

ENTOMOLOGISTS (2), NBMATOLOGISTS (2); a PLANT PATHOLOGIST (Mycolo- 
gist); a Som CHEMIST; and a STATISTICIAN (Scientific Officer or Senior 
Scientific Officer grades)}—The Secretary, Rothamsted Experimental Station, 
Harpenden, Herts (January 15). 

PROFESSOR OF GEOPHYSICS (Solid Harth) at Victoria University of 
Wellington, New Zealand—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, S.W.1 (New Zealand 
and London, January 15). 

LECTURER or ASSISTANT LECTURER (man or woman graduate, preferably 
with qualifications and interest in social psychology) IN PSycHOLOGY—The 
Secretary, Bedford College (University of London), Regent’s Park, London, 
N.W 1 (January 30). 

SENIOR LECTURER or LECTURER (electrical engineer with experience of 
control problems in one of the process industries) IN CONTROL ENGINERRING 
IN THE DEPARTMENT OF SYSTEMS ENGINEERING—The Secretary, University 
of Lancaster, Bailngg House, Lancaster (January 31). 

RESEARCH TECHNICIAN or SENIOR TECHNICIAN (woman, with a knowledge 
of histological and general laboratory techniques) for work with a medical 
research group—The Administrator, Department of Zoology, University of 
Oxford, Parks Road, Oxford. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Bulletin of the British Museum (Natural History). Entomology. Vol. 17, 
No. 2. Diptera from Nepal, Empididae. By Kenneth G. V. Smith. Pp. 
61-112. 20s. Vol. 17, No. 3: An Introduction to the Aleyrodidae of Western 
Africa (Homoptera). By L. A. Mound. Pp. 118-160. 18s. Vol. 17, No. 4: 
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Cicadelline Types in the British Museum (Natural History), Homoptera: 
Cicadellidae. By D. A. Young. . 161-199 18s. Historical Series. Vol. 
3, No. 3: Supplementary Letters of Sir Joseph Banks, Second Series, Edited 
by Warren B. Dawson. Pp. 71-93. 9s. Zoology. Vol. 18, No. 2: Japanese 
and other Ophiruroids from the Collections of the Múnich Museum. By 
Ailsa M. Clark. Pp. 87-71+1 plate. 148. Vol. 13, No. 3° The Freshwater 
Gastropod Molluscs of West Cameroon. By ©. A. Wright. Pp. 73-98+ 
plates 1-8. 16s. (London: British Museum (Natural History), 1965.) [110 

The Overseas Development Institute, Ltd. British Private Investment 
in East Africa: Report of a Survey and a Conference. By D. J. Morgan. 
EP. pa: (London: The Overseas Development Institute, Ltd., T 

8. 6d. 

The Institute of Navigation. Annual Report 1964-65. Pp.20. (London. 
The Institute of Navigation, 1965 f [110 

The Institution of Mechanical Engineers. Engineering Among Schools: 
School Activities in Applied Science and Engineering—a Survey of 290 
Schools. By G. T. Page. Pp. 328. (London: The Institution of Mechanical 
Engineers, 1965) 16s. [110 

H M. Treasury. Report of a Committee Appointed to Review the Organiza- 
tion of the Scientific Civil Service. Pp.28. (London: H M. Stationery Office, 
1965.) 2s. 3d. net. [110 

On the Nature of African History. By Prof. J. D. Fage. (An Inaugural 
Lecture delivered in the University of Birmingham on 10th March, 1965.) 
Pp. 20. (Birmingham: The University, 1965.) 28. 6d. [110 

The Radiochemical Centre. Catalogue of Radioactive Products, 1965/ 
1966. Pp. 208. Descriptive Brochure. Pp. 24. (Amersham: The Radio- 
chemical Centre, 1965 ) {110 

UFAW News-Sheet, No. 1 (September, 1965.) Pp. 12. (London The 
Universities Federation for Animal Welfare, 1965.) , [410 

British Broadcasting Corporation BBO Engineering Monograph No. 
59: The Acoustic Design and Performance of a New Free-Field Sound 
Measurement Room. By D. E. L. Shorter, Dr. C. L. S. Gilford and H. D. 
ne Pp. 23. (London: British Broadcasting Corporation, 1 è 
8. 
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Other Countries 


United States Department of the Interior’ Geological Survey. Profes- 
sional Paper 422-G: The Distribution of Branches in Rover Networks. By 
Ennio V. Giusti and William J. Schneider. Pp. iii+10. 20 cents. Profes- 
sional Paper 448-C: Cretaceous Aquifers in the Mississippi Embayment. 
By E. H. Boswell, G. K. Moore, and L. M. MacCary. Pp. iv+37+ plates 
1-8. Professional Paper 451: Geology and Artesian Water Supply, Grand 
Junction Area, Colorado. By S. W. Lohman. Pp. v+149-+ plates 1 and 2. 
Professional Paper 459-B: Ore Deposits of the Antler Peak Quadrangle, 
Humboldt and Lander Counties, Nevada. By Ralph J. Roberts and D. C. 
Arnold. Pp. v+94+plates 1-19 Professional Paper 465: Tectonic and 
Igneous Geology of the Northern Shoshone Range, Nevada By James 
Gilluly and Olcott Gates With sections on Gravity in Crescent Valley by 
Donald Plouff, and Economic Geology by Keith B. Ketner. Pp. vi + 153+ 
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operating conditions. 


Four versions of Series 104 are avail- 
able which cover everyday analytical 
applications, including steroids, fatty 
acids, wide boiling range mixtures and 
high boilers. g 

The Pye Series 104 Chromatograph 
gives faster analysis with warm-up rates 
of up to 48°C per minute and operating 
temperatures as high as 500°C, easier 
analysis due to excellent oven accessi- 


PYE PANCHROMATGGRAPHS AID RESEARCH 
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detector combinations and column 
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column effluent splitting device which 
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outputs. Numerous optional features 
including temperature programming, 
pyrolysis, preparative scale and radio- 
chromatography are available. The Pye 
Panchromatograph is the first choice 
for an all-purpose instrument for re- 
search. 
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bility and design of controls, and 
cheaper analysis with lowest possible 
outlay and maintenance costs. 
Moreover, the Pye Series 104 is de- 
signed for continuous development and 
updating as new techniques emerge. 
Please send for the new 20 page 
illustrated brochure which provides all 
the technical facts and figures includ- 
ing oven performance data. 
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SCIENCE, INVENTIVENESS AND CREATIVITY 


N a reference to Sir Peter Medawar’s Tizard Memorial 
Lecture when addressing Section L (Education) at the 
Jambridge meeting of the British Association for the 
Advancement of Science, Sir Edward Boyle expressed 
ihe hope that Sir Peter would later develop, at greater 
ength, his comment that the more creditable part of our 
‘everence for pure science might derive from the accident 
ihat in Britain the quintessential form of activity had 
ilways been poetic invention. Sir Edward appeared to 
greo with Sir Peter that imaginative thought played an 
mportant part in discovery and invention, and also that 
magination could be trained and guided and deliberately 
itocked with material for imaginative use. However, 
ieither he nor Sir Peter pursued further the place which 
he imagination holds in creative work. Sir Peter, indeed, 
juestioning the view of Coleridge as expounded in The 
toad to Xanadu, insisted that poetic inspiration was no 
ralid guide to imaginative activity in all its forms. 

Earlier in his Lecture, Sir Peter had recognized that a 
icientist must be freely imaginative and yet a sceptic, 
‘reative yet critical. His reference to the imaginative and 
‘reative aspect of scientific activity, to the distinctions 
vhich Haslett, Coleridge and Shelley had drawn between 
cience and poetry, was designed essentially to support 
us argument that applied or commissioned science was 
n no way inferior to what we characterize as ‘pure’ 
cience. This creative or imaginative aspect was, however, 
yursued in other addresses at Cambridge to the same 
jection and also to Section X (General) at the pragmatic 
evel. Mr. Gerd Sommerhoff revealed it in his address, 
‘Creative Technology”, when he described tothe Education 
Section some of the work and philosophy of the Technical 
Activities Centre which he directs at Sevenoaks School. 
[he theme was maintained, at the philosophical] level, by 
Mr. A. Koestler in an address to Section X on evolution 
and revolution in the history of science. It also received 
some passing comment in Dr. Magnus Pyke’s presidential 
iddress to the latter Section on “Scientific Understanding 
and the Chief End of Man”. 

Dr. Pyke early in his address repudiated the charge of 
naterialism that is often brought against science. He 
apreed that scientific understanding had relieved us of 
much of the need to pre-occupy ourselves with pro- 
viding food and that it could equally remove the burden 
of earning a living—if ‘burden’ is an appropriate word to 
ase in that context. The most powerful impact of applied 
science on the daily life of human society lies in the 
reduction it makes possible in the proportion of time 
necessarily spent on paid work, but, as Dr. Pyke con- 
sinued, food, health, material prosperity, and a happy 
communal life, though desirable in themselves, are not 
the chief end of man. A civilized community should also 
direct its efforts towards developing the general powers 
of the mind, which makes possible the attainment of a 
higher purpose. 

To such a goal, scientific thinking has much to con- 
tribute, and it is at this point that, after quoting a passage 
from Robert Oppenheimer about the delight of a scientist 
in the experience of discovery, which reflects the motif of 
Sir Cyril Hinshelwood’s opening address, Dr. Pyke con- 


sidered the way in which science shared the same attributes 
as art as one of mans creative activities. He did not 
suggest that this applied to all scientific work and he 
made a scathing comment about published scientific work 
which failed to advances scientific understanding. Unlike 
Sir Edward or Mr. Koestler, he did not refer to Prof. 
Kubn, but in this pessage of his address Dr. Pyke’s 
thoughts obviously ran on similar lines to those expressed 
by Prof. Kuhn in his book, The Structure of Scientific 
Revolutions *. Dr. PyEe passed on swiftly to urge that 
modern society had been created by the peculiar appli- 
cation of intellectual logic and imagination in search of 
truth. The real schism in our culture, he believed, was 
between those who based their behaviour on dogma and 
assertion and those who put their faith in reason and the 
conviction that the exercise of reason aided by imagina- 
tion in search of truth is the basic human goal. The 
whole universe of science is built on the belief that this 
is & rational universe. 

Dr. Pyke affirmed his own belief that the chief end of 
man is a moral one. While he contended that scientific 
understanding was not morally neutral but must radically 
affect our attitude to moral values, he agreed with Prof. 
D. M. MacKay, of the University of Keele, that it was 
the concern for truth end the like which begot science, 
not science which begot the concern for truth. He stated 
that such ethical values were essential to the practice of. 
science, and the more people we taught to be scientists 
the more we should disseminate these values. At every 
point, scientific understanding, with its fundamental 
insistence on intellectual honesty, has a bearing on moral 
values. In its essentiak, the search for truth, the chief 
end towards which man is finding himself driven to 
strive, is the pursuit of a moral goal. Dr. Pyke quoted 
Dr. A. Szent-Gyorgyi’s observations that morals are the 
simple prescriptions which make living together possible 
and that the basic moral rule of the living society of 
scientists is mutual respect, intellectual honesty and good- 
will. Because scientifc understanding compels a re- 
appraisal of the codes we learned mostly as children it is 
not destructive of mora behaviour. 

Mr. Koestler began his lecture by referring to the 
framework he has deveioped at length in his book, The 
Act of Creation, at leas sufficiently to insist that any 
discussion of creativity must start with a frame of rofer- 
ence for the ordinary routines of behaviour, and to argue 
that organic life, in all iss manifestations, 1s governed by 
rules, whether innate or acquired, which are represented 
in coded form at various levels from the genetic code to 
the structures in the nervous system responsible for 
symbolic thought. He stggested that spontaneous insight 
usually means the emergence of a new synthesis of a whole, 
at a higher level than that of the parts which combined. 
and fused into it. The combinational activity he regards 
as the key to creativeness and he appears to draw the 
line between solving routine problems and creative 
originality in much the same way as Prof. Kuhn does in 
The Structure of Scientifte Revolutions. 


* The Structure of Scientific Revolutions. By Prof. Thomas S. Kuhn 
Pp. xiv+172. (Chicago and London: University of Chicago Press, 1964 
Originally published 1962.) 1.60 dollars; 10s. 6d. not. 
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As criteria of what we call ‘creativity’, Koestler usod, 
as in The Act of Creation, four factors: originality; the 
lack of relation between the matrices which enter into the 
combination or, in other words, improbability; the mter- 
vention of extra-conscious processes; and the construc- 
tive—destructive element, which Koestler, like Kuhn, 
regards as characterizing any scientific revolution. The 
true scientist, he observes, like the true artist, is an 
uneasy mixture of the adventurer and the pedant, and he 
again reminds us that science is made by scientists and 
not scientists by science. His overall view of science as 
advancing by evolutionary and revolutionary cycles, a 
zig-zag progress, not a curve approaching its asymptote, 
thus closely resembles that of Kuhn. 

Obviously this view of scientific advance and of 
creativity has implications both for the relations of 
science and technology and for their teaching, particu- 
larly when the whole content of syllabuses is under 
review. Kuhn insists that a new theory, for example, 
however special its range of applications, is seldom or never 
just an increment to what is already known. Its assimila- 
tion requires the reconstruction of prior theory and the 
reconstruction of prior fact, an intrinsically revolutionary 
process that is seldom completed by a single man and 
never overnight. The unexpected discovery is not simply 
factual in its import and the world of the scientist is 
qualitatively transformed as well as quantitatively en- 
riched by fundamental novelties sither of fact or of 
theory. 

Prof. Kuhn is nı t directly concerned with this teaching 
aspect or with the relations between science and tech- 
nology. He is concerned rather with the scientific com- 
munity, which he regards as unique among professional 
communities in the extent to which individual creative 
work is addressed to and evaluated by other members of 
the profession. Moreover, this is facilitated by the com- 
parative insulation of the scientific community from 
society in general. In this context, Prof. Kuhn’s remark 
that, unlike the engineer and many doctors, the scientist 
need not choose problems because they urgently need 
solution or without regard for the tools available to solve 
them indicates the distinction he does in fact draw 
between the pure and the applied scientist—a distinction 
which he also draws between the former and the social 
scientist. 

This effect of insulation from the larger society does 
lead Prof. Kuhn to touch on education, though apart 
from the remark that scientific training is not well 
designed to produce the man who will easily discover a 
fresh approach, he is concerned chiefly with the trans- 
mission of knowledge through text-books. These, he 
asserts, are systematically substituted for creative 
scientific literature, until the very last stages in the 
education of a scientist. That statement is certainly more 
open to challenge than a comment about the neglect of 
the historical aspects, where fortunately there are now 
indications that the past neglect is being repaired, but 
more important, perhaps, is Kuhn’s comment on the 
implications of authority in science. 

The very existence of science depends on vesting the 
power to choose between paradigms or the conceptual 
framework within which a discipline functions in the 
members of a special kind of community. The very 
tenuousness of humanity’s hold on the scientific ‘enter- 
prise’ indicates how special that community must be if 
science is to survive and grow. If authority alone, and 
particularly non-professional authority, were the arbiter 
of paradigm debates, the outcome might still be revolu- 
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tion; but it would not be scientific revolution. Neverthe- 
less, while Prof. Kuhn recognizes also that the bulk of 
scientific knowledge is a product of Europe in the past 
four centuries and that no other place and time has sup- 
ported the very special communities from which scientific 
productivity comes, he does not follow Dr. Pyke or draw 
the conclusion which Dr. Pyke has done about the moral 
basis of such a community or society. 

Valuable as a clear understanding of the creative pro- 
cess may be, neither Kuhn nor Koestler establish the 
desirability of creativity as an important objective in our 
educational system. The important matter here is to 
ensure that society provides sufficient opportunities for 
fruitful creative work in science and technology, as in 
art, and that those opportunities are available to trained 
men and women at an early stage in their professional 
career (or, as Prof. R. V. Jones puts it, to bring them to 
the frontiers of their subject before they are so exhausted 
by their journey through knowledge already won that they 
cannot make the next advance). It is, of course, essential 
that their education and their professional training should 
be such as to encourage the capacity for clear and ın- 
dependent thought as well as to develop the critical 
faculty and sound judgment. This applies to university 
or higher education generally, however, and is now being 
realized in the technical colleges as well as in the colleges 
of technology and the universities, as not only the con- 
tribution of Mr. A. D. C. Peterson on liberal education 
and the British technologist but also Mr. F. Metcalfe’s 
on'the idea of a technical college plainly showed. Mr. 
Metcalfe was fully aware of the difficulties and handicaps 
of the technical colleges, but his-paper was noteworthy 
because it gave a most encouraging picture of the way in 
which these colleges are now tackling the human problems 
of developing a new maturity in their students. Such a 
maturity should do much to ease the problem of com- 
murication between different disciplines and illuminate 
and encourage the understanding of the social values of 
their work. It is perhaps here, even more than in the 
universities and colleges of technology, that we must look 
for scientific understanding to make its fullest impact on 
the moral and the social values of the society in which 
we live. 

The importance of a clearer and wider understanding 
of the creative process is also shown by 2 recent article 
in Ohemistry and Britain (1, 449; October 1965). Under 
the title “Planning for Invention in Science-Based 
Industry”, what is discussed is not so much the climate 
for invention, but rather the equally importaut problem 
of selecting the right projects; curiously enough, how- 
ever, there is no reference to the difficult problem of 
deciding when to break off a project. It is true that the 
writer recognizes the importance of selecting staff with 
the right mental requirements and of ensuring effective 
communications, but the value of the article hes not in 
its contribution to the promotion of creative work but in 
its emphasis on the changes which the selection of prob- 
lems now requires in the administration of research. 

Now that most of the ‘easy’ problems have been solved, 
it is harder to obtain successful results in research, and 
this factor increases the importance of the research team, 
including specialists, in various disciplines. The more 
penetrating background knowledge now available has, 
however, greatly increased the chances of solving the 
newer and more difficult problems. However, while 
research and invention remain as easy or difficult, and as 
challenging a routine because the two factors offset each 
other, the administrator of research must increasingly 
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strive to see that ideas are sought in the desired fields, 
and to choose those special fields correctly. It is obvious 
shat this, in itself, could have profound implications for the 
balance between pure and applied science. 

Leaving that aspect, however, the article in itself 
shows how timely is the decision which has led to the 
Summer 1965 issue of Daedalus, the journal of the 
American Academy of Arts and Sciences, being devoted 
to the subject of creativity and learning. Some of the 
sssays, notably those of J. B. Wiesner on education for 
creativity in the sciences, Prof. L. S. Kubie on unsolved 
problems of scientific education, Dr. P. H. Abelson on rela- 
tion of group activity to creativity in science, and Prof. 
E. P. Torrance on scientific views of creativity and factors 
affecting its growth, manifestly overlap with discussions 
at the Cambridge meetings of the British Association. 
This is also true, to a lessor degree, of Prof. D. Hawkins’s 
3ssay On science education, “The Informed Vision”, Prof. 
L. EHiseley’s discussion of Darwin, Coleridge and the 
sheory of unconscious creation, which is supported by an 
admirable bibliography, and Prof. J. D. Brown’s essay 
on. the development of creative teacher—-scholars, on those 
who provide the vital core of a dynamic teaching 
university. 

Not only does Prof. Brown maintain that a creative 
scholar provides a flow of new ideas, drawing on deep 
resources of accumulated knowledge; the art of teaching, 
well performed, is itself creative. He is well aware that 
he is concerned with only a small but precious minority, 
and that, while we can encourage the development of 
some attributes like the power of analysis and accumula- 
tion, the practice of self-discipline, or introspection, and 
resistance to external authority, with others lke the 
inquiring mind, and most important of all, intuition, we 
san only hope to avoid dulling or repressing. He does not 
attempt to write a prescription for the development of 
a faculty of creative teacher—scholars but rather to point 
Jut some of the dangers which administration should seek 
to avoid; however, he recognizes that leadership and 
tradition have a contribution to make. Moreover, Prof. 
Brown reminds us that the true test of a good teacher is 
what he does to his students—developing their powers of 
clear thinking, analysis, orderly accumulation, evaluation 
and re-creation of ideas in their own terms. Higher 
education which fails to do just this is missing its objective 
and becomes a waste of precious resources. 

There are other challenges to the thought and practice 
at present accepted in higher education in Britain, 
whether in science or technology, or in other fields, to be 
found in this symposium. Dr. Abelson, for example, con- 
siders the crucial element in creativity in science to-day 
is not dramatic illumination but_judgment—a view which 
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would appear to put him with Koestler and Kuhn— 
though he does not ignore the importance of motivation 
and self-discipline. Torrance believes we have long known 
enough about the factors affecting creative growth to 
make a much better effort at creative education. His own 
investigations have convinced him that different kinds of 
children learn best when given opportunities to learn in 
ways best suited to their motivations and abilities, and 
he suggests that significant changes in methods of teaching 
could lead to many moze people achieving a higher level of 
education as well as greater dignity and mental health in 
our society. 

One of the most interesting contributions is that from 
Dr. Wiesner, who begins with some challenging remarks 
about professional obsolescence. Admittedly, he limits 
his assertion to the research or design engineer, but it 
may well be questionsd whether ten years is, in fact, 
the longest time such a technologist can expect to be 
effective to-day withcut a continuing education or a 
major effort to refurbish his basic and specialized pro- 
fessional skills. If that is true, the validity of the original 
professional training may well be questioned, though no 
one would doubt that most new ideas come from a 
very small number of working scientists and technologists 
or that there is a scarcity of those with developed creative 
gifts. 

Dr. Wiesner draws a distinction between creativity and 
productivity which is saggestive of Prof. Kuhn’s thinking. 
A new idea or concept may be creative in a philosophical 
or artistic sense but, to be considered scientifically pro- 
ductive, it must also meet the criterion of being logically ` 
related, in quantitative terms, to the body of science. 
From this, he argues that creativity is a more general 
term than productiviry and that when ‘creativity’ or 
‘creative’ are used in association with science and tech- 
nology, it is to be easumed that productivity is also 
involved. 

The point is scarcely developed at sufficient length to 
command general assent before Dr. Wiesner proceeds to 
discuss the kinds of creative activity which society 
expects from scientist and technologists. Limiting that 
expectation, as he does, to scientific research, to applied 
scientific and technolozical research, and to engineering 
design, his thesis may perhaps be more readily accepted. 
Pointing out, however, that the student with a large fund 
of knowledge, polished techniques, and a total lack of 
creative ability is too 7ommon a product of our system, 
he emphasizes the need, at both school- and university- 
level, for education reform based on an adequate pro- 
gramme of research, if we are to develop the latent 
creative ability of our students—a conclusion which was 
also implicit in the Cambridge discussions. 


TECHNICS AND THE NATURE OF MAN“ 
By LEWIS MUMFORD 


President of the American Academy of Arts and Letters 


HE last century, we all realize, has witnessed a 
radical transformation in the entire human environ- 
ment, largely as a result of the impact of the mathematical 
and physical sciences on technology. This shift from an 
empirical, tradition-bound technics to an experimental 


* Substance of a paper read during the bicentennial celebrations commem- 
orating the birth of James Smithson, held in Washington during September 
16-18 (see Nature of October 28, p. 321). 


scientific mode has opened up such new realms as those 
of nuclear energy, supersonic transportation, cybernetic 
intelligence, and instaxtaneous planetary communication. 

In terms of the currently accepted picture of the relation 
of man to technics our age is passing from the primaeval 
state of man, marked by his invention of tools and weapons 
for the purpose of ackieving mastery over the forces of 
Nature, to a radically Ccifferent condition, in which he will 
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not only have conquered Nature but detached himself 
completely from the organic habitat. With this new 
macro-technology, man will create & uniform, all-envelop- 
ing structure, designed for automatic operation. Instead 
of functioning actively as a tool-using animal, man will 
become a passive, machine-serving animal whose proper 
functions, if this process continues unchanged, will either 
be fed into a machine, or strictly limited and controlled 
for the benefit of depersonalized collective organizations. 
The ultimate tendency of this development was correctly 
anticipated by Samuel Butler more than a century ago: 
but it is only now that his playful fantasy shows many 
signs of becoming a far-from-playful reality. 

My purpose in this article is to question both the 
assumptions and the predictions on which our commit- 
ment to the present form of technical and scientific 
progress, as an end itself, has been based. In particular, 
I find it necessary to cast doubts on the generally accepted 
theories of man’s basic nature which have been implicit 
during the last century in our constant over-rating of the 
role of tools and machines in the human economy. I 
shall suggest that not only was Kar] Marx in error in giving 
the instruments of production a central place and a 
directive function in human development, but even the 
seemingly benign interpretation by Teilhard de Chardin 
reads back into the whole story of man the narrow tech- 
nological rationalism of our own age, and projects into 
the future a final state in which all the further possibilities 
of human development would come to an end, because 
nothing would be left of man’s original nature that had 
not been absorbed into, if not suppressed by, the technical 
organizations of intelligence into a universal and omnipo- 
tent layer of mind. 

Since the conclusions I have reached require, for their 
background, a large body of evidence I have been marshal- 
ling in a still unpublished book, I am aware that the 


following summary must, by its brevity, seem superficial - 


and unconvincing. At best, I can only hope to show that 
there are serious reasons for reconsidering the whole 
picture of both human and technical development on 
which the present organization of Western society is 
based. 

Now, we cannot understand the role that technics 
has played in human development without a deeper 
insight into the nature of man: yet that insight has itself 
been blurred, during the past century, because it has been 
conditioned by @ social environment in which & mass of 
new mechanical inventions has suddenly proliferated, 
sweeping away many ancient processes and institutions, 
and altering our very conception of both human limita- 
tions and technical possibilities. 

For a century man has been habitually defined as a 
tool-using animal. This definition would have seemed 
strange to Plato, who attributed man’s rise from & primi- 
tive state as much to Marsyas and Orpheus as to Prome- 
theus and Hephaestos, the blacksmith-god. Yet the 
description of man as essentially a tool-using and tool- 
making animal has become so firmly accepted that the 
mere finding of the fragments of skulls, in association 
with roughly shaped pebbles, as with Dr. L. S. B. Leakey’s 
Australopithecines, 1s deemed sufficient to identify the 
creature as a proto-human, despite marked physical 
divergences from both earlier apes and later men. 

Two substantial errors are embedded in this general 
interpretation. The first is the unintentional distortion of 
evidence, through the fact that the only durable remains 
of either early man or his hominid ancestors are an 
extremely scanty supply of bones and stones, presumably 
tools—though, apart trom grubbing, pounding and ripping, 
one can only guess what purpose they served. The 
durability of stone artefacts has given this part of man’s 
technical equipment a prominence it could never have 
claimed if the far richer store of organic materials, which 
oarly man shared with many primate ancestors, had been 
preserved. But it ıs an illusion to suppose that man’s 
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technical development was confined to exploiting stone 
quarries, to flint-chipping, to the manipulation of tools 
alone: for the source of man’s early technics was the 
whole natural environment—edible plants and animals, 
vines, leaves, shells, reeds, twigs, bark, fibre, skins—al)} 
of which, save the last, can be utilized without other tools 
than man’s own unaided teeth and hands. 

By fastening attention on the surviving stone artefacts, 
many anthropologists and ethnologists have gratuitiously 
attributed to the shaping and using of tools the enlarge- 
ment of the human brain and therewith the development 
of man’s higher intelligence, though motor-sensory co 
ordinations involved in this elementary manufacture 
do not call for or evoke any considerable mental acuteness. 
Since the sub-hominids of South Africa had a brain 
capacity about a third of Homo sapiens, no greater indeed 
than that of many apes, the capacity to make tools neither 
called for nor generated early man’s rich cerebral equip- 
ment, as Dr. Ernst Mayr of Harvard has recently pointed 
out. 

The second error in interpreting man’s nature is a less 
pardonable one, since Francis Bacon should long ago have 
put scientists on guard against it; and that is, the present- 
day tendency to read, back into prehistoric times modern 
man’s overwhelming interest in tools and machines, to 
the exclusion of equally important items of technical 
equipment. Tools and weapons are specialized extra- 
polations of man’s own organs for pushing, pounding, 
crunching, cutting, stabbing—all basic motor activities 
No one can doubt that these dynamic processes, which 
man shares with many other species, formed an essential 
pert of his earliest technical complex. 

But just because man’s need for tools is so obvious, 
we must guard against over-emphasizing the role of tools 
hundreds of thousands of years before they became func- 
tionally efficient. In treating tool-making -as central to 
the palaeolithic economy, ethnologists have underplayed, 
or neglected, a mass of activities in which many other 
species were for long far more knowledgeable than man. 
Despite the contrary evidence put forward by R. V. 
Sayce, Daryll Forde and Andre Leroi-Gourhan, there 1s 
still a tendency to identify tools and machines with 
technology: to substitute a part for the whole. Even im 
describing only the material components of technics, 
this practice overlooks the equally vital role of containers: 
hearths, pits, houses, pots, sacks, clothes, traps, bins, 
byres, baskets, bags, ditches, reservoirs, canals and cities 
These static components play an important part in every 
technology, not least in our own day, with its highe 
tension transformers, its giant chemical retorts, 1ts atom1- 
reactors. 

In any comprehensive definition of technics, it should 
be plain that many insects, birds and mammals had made 
far more radical innovations in the fabrication of con- 
tainers, with their intricate nests and bowers, their geo- 
metric beehives, their urbanoid ant-hills and termitaries, 
than man’s ancestors had achieved in the making of tools 
until the emergence of Homo sapiens. In short, if techni- 
cal proficiency were alone sufficient to identify potential 
intelligence, man would, for long, have been frated a hope. 
less duffer alongside many other species. The consequences 
of this perception should be plain; namely, that there was 
nothing uniquely human in early technology until it was 
modified by linguistic symbols and. aesthetic designs 
At that point the human mind, not just the hand, made a 
profound difference. 

At the beginning, then, I suggest that the human race 
had achieved no special position by reason of its tool 
using or tool-making propensities alone. Or rather, mar 
at the beginning possessed one primary all-purpose too. 
that was more important than any later assemblage: 
namely, his own mind-activated body, every part of it 
not just those motor activities that produced hand axe: 
and wooden spears. To compensate for his extremely 
primitive working gear, early man had a much more 
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mportant asset that widened his whole technical horizon: 
1e has a far richer biological equipment than any other 
inimal, a body not specialized for any single activity, 
out, precisely because of its extraordinary plasticity, more 
‘ffective in using a larger portion of both his external 
mvironment and his internal psycho-sematic resources. 

Through man’s over-developed and incessantly active 
srain, he had more mental energy to tap than he needed 
‘or survival at a purely animal level; and he was, accord- 
ngly, under the necessity of canalizing that energy, not 
just into food-getting and reproduction, but into modes 
of living that would convert this energy more directly 
and constructively into appropriate cultural—that is, 
symbolic—forms. Cultural work, by necessity, took 
orecedence over manual work; this involved far more 
shan the discipline of hand, muscle and eye in making 
and using tools. It likewise demanded a control of all 
nan’s biological functions, including his bodily organs, his 
motions, his sexual activities, his dreams. Even the 
hand was no mere horny work-tool: it stroked a lover’s 
body, held a baby close to the breast, made significant 
zestures, or expressed in ordered dance and shared ritual 
30me otherwise inexpressible sentiment about life or death, 
a remembered past or an anxious future. Tool-technics 
is but a fragment of bio-technics: man’s total equipment 
for life. 

On this view, one may well hold it an open question 
whether the standardized patterns and the repetitive order 
which came to play such an effective part in the develop- 
ment of tools from an early period, as Braidwood has 
pointed out, derive solely from tool-making. Do they not 
rather derive even more, perhaps, from the forms of ritual, 
song and dance-forms which exist in a state of perfection 
among primitive peoples, often in a far more exquisitely 
finished state than their tools ? There is, in fact, wide- 
spread evidence, first noted by Hocart, that ritual exacti- 
tude in ceremony preceded mechanical exactitude in 
work: that the first rigorous division of labour came 
through specialization in ceremonial offices. 

These facts help to explain why simple peoples who 
easily got bored by purely mechanical tasks which might 
improve their physical well-being, will, nevertheless, 
repeat a meaningful ritual often to the point of physical 
exhaustion. The debt of technics to play and to play- 
toys, to myth and fantasy, to magic rite and religious rote, 
which, called attention to in ‘““Technics and Civilization”, 
has still to be sufficiently recognized, though J. Huizinga, 
in Homo Ludens, went so far as to treat play itself as tho 
basic formative element in all culture. 

Tool-making, in the narrow technical sense, may, 
indeed, go back to our hominid African ancestors. But 
the technical equipment of Chellean and Acheulian times 
remained extremely limited until a more richly endowed 
creature, with a nervous system nearer to that of Homo 
sapiens than to any primaeval hominid predecessors, had 
come into existence, and brought into operation not 
alone his hands and legs but his entire body and mind, 
projecting them, not just in tools and utensils but in more 
purely symbolic non-utilitarian forms. 

In this revision of the accepted technological stereo- 
types, I would go even further: for I submit that at every 
stage, man’s technological expansions and transforma- 
tions were less for the purpose of increasing the food supply 
or controlling Nature, than for utilizing his immense actual 
resources, and expressing his latent potentialities, in order 
to fulfil more adequately his own unique super-organic 
needs. When not threatened by a hostile environment, 
the elaboration of symbolic culture wes a more imperious 
need than control over the external environment— 
and, as one must infer, largely pre-dated it, and for 
long out-paced it. 

On this reading, the invention of language—a culmina- 
tion of man’s more elementary forms of expressing and 
transmitting meaning—was incomparably more important 
to further human development than the chipping of a 
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mountain of hand azes. Beside the relatively simple 
co-ordinations require for tool-using, the delicate inter- 
play of the many organs needed for the creation of articu- 
late speech was a far nore striking advance, and must 
have occupied a great part of early man’s time, energy 
and mental concentration, since its collective product, 
language, was infinitely more complex and sophisticated 
at the dawn of civilizasion than the Egyptian or Mesopo- 
tamian kit of tools. For only when knowledge and practice 
could be stored in sym olic forms, and passed on by word 
of mouth from generation to generation, was it possible to 
keep each fresh cultural acquisition from dissolving with 
the passing moment cr the dying generation. Then, and 
then only, did the domestication of plants and animals 
become possible. Neel I remind you that this decisive 
technical transformaticm, sometimes termed a revolution, 
was achieved with no better tools than the digging stick, 
the axe, the mattock ? The plough, like the cart-wheel, 
came later as a speciahzed adaptation to the large-scale 
field cultivation of gran. 

To consider man as primarily a tool-using animal, then, 
is to overlook the mam chapters of human prehistory. 
Even when one considers the technical milieu alone, this 
concentration on the dynamic components results in our 
having long treated as negligible that vast area of tech- 
nics ın which man’s control of chemical changes 
through heat and fermentation, leaching and sterilizing— 
as in brewing, burning, melting, tanning, cooking— 
favourably modified the conditions of human existence. 
Opposed to this stereorype is the view that man is pre- 
eminently a mind-using, self-mastering animal; and the 
primary locus of all hē activities is his own organism. 
Until he had made something of himself, he could make 
little of the world arourd him. 

In this process of self=hscovery and self-transformation, 
technics, in the narrow sense, served well as a subsidiary 
instrument, but not as the main operative agent in man’s 
development; for technics was never until our own age 
dissociated from the larger cultural whole in which man— 
as man—has always functioned. Early man’s original 
development was based on what Andre Varagnac happily 
called “the technology of the body”: the utilization of 
man’s highly plastic bodily capacities for the expression 
of his still unformed ard uninformed mind, before that 
mind had yet achieved, through the development of 
symbols and images, ite own more etherealized technical 
instruments. From the beginning, the creation of signifi- 
cant modes of symbol expression, rather than moro 
effective tools, was the >asis of the further development 
of Homo sapiens. In approaching this conclusion I 
happily find myself reeching, by a quite independent 
route, Prof. Levi-Stratss’s conception of cultural de- 
terminants. 

Unfortunately, so firmly were the prevailing nineteenth- 
century conceptions committed to the notion of man as 
primarily Homo faber, the tool-maker, rather than Homo 
sapiens, the mind-maker, that, as is known, the first 
discovery of the art of the Altamira caves was dismissed 
as a hoax, because the lsading palaeo-ethnologists would 
not admit that the Ice Age hunters, whose weapons and 
tools they had recently Cciscovered, could have had either 
the leisure or the mental inclination to produce art— 
not crude forms, but mages that showed powers of 
observation and abstract-on of a high order. But when we 
compare the carvings aad paintings of the Aurignacian 
or Magdalenian finds, with their surviving technical 
equipment, who shall ssy whether it is art or technics 
that shows the highest development ? Even the finely 
finished Solutro laurel leaf points were plainly a gift of 
aesthetically sensitive artisans to functional efficiency. 
The Greek form for ‘techniques’ makes no distinction 
between industrial production and symbolic art; and for 
the greater part of human history these aspects were 
inseparable, one side resdecting objective conditions and 
functions, the other respcnding to subjective needs. 
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Our age has not yet overcome the peculiar utilitarian 
bias that regards technical invention as primary, and 
aesthetic expression as secondary or superfluous; and 
this means that we have still to acknowledge that tech- 
nics derives from the whole man, in his intercourse 
with every part of the environment, utilizing every 
aptitude in himself to make the most of his own biological 
and ecological potentials. 

Even at the earliest stage, trapping and foraging called 
less for tools than for sharp observation of animal habits 
and habitats, backed by a wide experimental sampling of 
plants and shrewd interpretation of the effects of various 
foods, medicines and poisons on the human organism. 
And in those horticultural discoveries which, if Oakes 
Ames was right, must have preceded by many thousands 
of years the active domestication of plants, taste and 
formal beauty played a part no less than their food value; 
s0 that the earliest domesticates, other than tho grains, 
were often valued for the colour and form of their flowors, 
for their perfume, their texture, their spiciness, rather than 
merely for nourishment. Edgar Anderson has suggested 
that the neolithic garden, like the gardens in many simple 
cultures to-day, was probably a mixture of food plants, 
dye plants and ornamentals—all treated as equally 
essential for life. 

Similarly, some of early man’s most daring technical 
experiments had nothing whatever to do with the mastery 
of the external environment: they were concerned with 
the anatomical modification or the superficial decoration 
of the human body, for sexual emphasis, self-expression, 
or group identification. The Abbé Breuil found evidence 
of such practices as early as the Mousterian culture, which 
served equally in the development of ornament and sur- 
gery. Plainly, tools and weapons, so far from dominating 
man’s technical equipment, as the petrified artefacts too 
glibly suggested, constituted a small part of the bio- 
technical assemblage; and the struggle for existence, 
though sometimes severe, did not engross the energy and 
vitality of early man, or divert him from his more central 
need to bring order and meaning into every part of his 
life. In that larger effort, ritual, dance, song, painting, 
carving and, above all, discursive language—arts which 
utilize all the organs of the body—must for long have 
played a decisive role. 

At its points of origin, then, technics was related to 
the whole nature of man, and that nature played a forma- 
tive part in the development of every aspect of technology: 
thus technics at the beginning was broadly life-centred, 
not work-centred or power-centred. As in all ecological 
complexes, other human interests and purposes, other 
organic needs, restrained the overgrowth of any single 
component. As for the greatest technical feat before our 
own. age, the domestication of plants and animals, this 
advance owed almost nothing to new tools, though it 
encouraged the development of clay containers. But it 
owed much, we now begin to realize, since Edouard Hahn, 
to an intense subjective concentration on sexuality in all 
its manifestations, abundantly visible in cult objects 
and symbolic art. Plant selection, hybridization, fertiliza- 
tion, manuring, seeding and castration were the products 
of an imaginative cultivation of sexuality, the first 
evidence of which one finds tens of thousands of years. 
earlier in the emphatically sexual carvings of palaeolithic 
woman: the so-called Venuses. 

But at the point where history, in the form of the written 
record, becomes visible, that life-centred economy, a true 
polytechnics, was challenged and in part displaced in a 
series of radical technical and social innovations. About 
five thousand years ago, a monotechnics, devoted to the 
increase of power and wealth by the systematic organiza- 
tion of workaday activities in a rigidly mechanical pattern, 
came into existence. At this moment, a new conception 
of tho nature of man arose, and with it a new stress on 
the exploitation of physical energies, cosmic and human, 
apart from the processes of growth and reproduction, 
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came to the fore. In Egypt, Osiris symbolizes the older, 
life-oriented techniques: Atum-He, the Sun God, who 
characteristically created the world out of his own semen 
without female co-operation, stands for the machine- 
centred one. The expansion of power, through ruthless 
human coercion and mechanical organization, took 
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‘precedence over the enhancement of life. 


The chief mark of this change was the construction of 
the first complex, high-powered machines; and therewith 
the beginning of a new regimen, accepted by all later 
civilized societies—though reluctantly by more archaic 
cultures—in which work at a single specialized task, 
segregated from other biological and social activities, 
not only occupied the entire day, but increasingly en- 
grossed the entire lifetime. That was the fundamental 
departure which, during the past few centuries, has led 
to the increasing mechanization and automation of all 
production. With the assemblage of the first collective 
machines, work, by its systematic dissociation from 
the rest of life, became a curse, a burden, a sacrifice, a 
form of punishment: and by reaction this new regimen 
soon awakened compensatory dreams of effortless 
affluence, emancipated not only from slavery but from 
work itself. 

The machine I refer to was never discovered in any 
archaeological diggings, for a simple reason: it was com- 
posed almost entirely of human parts. These parts were 
brought together in a hierarchical organization under the 
rule of an absolute monarch, the commends of whom, 
supported by a coalition of the priesthood, the armed 
nobility, and the bureaucracy, secured a corpse-like 
obedience from all the components of the machine. Let 
us call this archetypal machine—the human model for all 
later specialized machines—the ‘Megamachine’. This 
new kind of machine was far more complex than the 
contemporary potters wheel or bow-drill, and it 
remained the most advanced type of machine until the 
invention of the mechanical clock in the fourteenth’ 
century. 

Only through the deliberate invention of such a high- 
powered machine could the colossal works of engineering 
that marked the Pyramid Age in both Egypt and Meso- 
potamia have been brought into existence, often in a single 
generation. This new technics came to an early climax 
in the Great Pyramid at Giza. That structure, as J. H. 
Breasted pointed out, exhibited a watchmaker’s standard 
of exact measurement. By operating as a mechanical 
unit, the 100,000 men who worked on that pyramid 
generated ten thousand horse-power: this human mechan- 
ism alone made it possible to raise that colossal structure 
with the use of only the simplest stone and copper tools— 
without the aid of such otherwise indispensable machines 
as the wheel, the wagon, the pulley, the derrick or the 
winch. 

Two things must be noted about this new mechanism, 
because they identify it through its historic course down 
to the present. The first is that the organizers of this 
machine derived their power and authority from a 
cosmic source. The exactitude in measurement, the 
abstract mechanical order, the compulsive regularity of 
this Megamachine sprang directly from astronomical 
observations and abstract scientific calculations: this 
inflexible, predictable order, incorporated in the calendar, 
was then transferred to the regimentation of the human 
components. By a combination of divine command 
and ruthless military coercion, a large population was made 
to endure grinding poverty and forced labour at dull 
repetitive tasks, in order to ensure “‘life, prosperity and 
health” for the divine or semi-divine ruler and his 
entourage. 

The second point is that the grave social defects of the 
human machine were partly offset by its superb achieve- 
ments in flood control and grain production, which laid 
the ground for an enlergement in every area of human 
culture: in monumental art, in codified law, and in system- 
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atically pursued and permanently recorded thought. 
Such order, such collective security and abundance as was 
achieved in Mesopotamia and Egypt, later in India, 
China, in the Andean and Mayan cultures, was never 
surpassed until the Megamachine was re-established in 
a new form in our own time. But conceptually the 
machine was already detached from other human functions 
and purposes than the increase of mechanical power and 
order: with mordant symbolism, its ultimate products in 
Egypt were tombs and mummies, while later, in Assyria, 
the chief testimonial to its efficiency was typically a waste 
of destroyed cities and poisoned soils. 

In a word, what modern economists lately termed the 
‘Machine Age’ had 1ts origin, not in the eighteenth century, 
but at the very outset of civilization. All its salient 
characteristics were present from the beginning in both 
the means and the ends of the collective Megamachine. 
So Keynes’s acute prescription of pyramid building as 
an essential means of coping with the insensate produc- 
tivity of a highly mechanized technology, applies both 
to the earliest manifestations and the present ones; for 
what is a space rocket but the precise dynamic equivalent, 
in terms of our present-day theology and cosmology, of 
the static Egyptian pyramid? Both are devices for 
securing, at an extravagant cost, a passage to heaven for 
the favoured few. 

Unfortunately, though the labour machine lent itself 
to vast constructive enterprises, which no small-scale 
community could even contemplate, much less execute, 
the most conspicuous result has been achieved through 
military machines, in colossal acts of destruction and 
human extermination; acts which monotonously soul the 
pages of history, from the rape of Sumer to the blasting 
of Rotterdam and Hiroshima. Sooner or later, I suggest, 
we must have the courage to ask ourselves: Is this associa- 
tion of inordinate power and productivity with equally 
inordinate violence and destruction a purely accidental 
one ? 

Now the misuse of Megamachines would have proved 
intolerable had they not also brought genuine benefits 
to the whole community by raising the ceiling of collective 
human. effort and aspiration. The least of these advan- 
tages was the gain in efficiency derived from concentra- 
tion on rigorously repetitive motions in work, already, 
indeed, introduced in the grinding and polishing processes 
of neolithic tool-making. This inured civilized man to 
long spans of regular work, with higher productive 
efficiency per unit. But the social by-product of this new 
discipline was, perhaps, even more significant; for some 
of the psychological benefits, hitherto confined to religious 
ritual, were transferred to work. The sterile repetitive 
tasks umposed by the Megamachine, which in a patho- 
logical form we associate with a compulsion neurosis, 
nevertheless served, like all ritual and restrictive orders, 
to lessen anxiety and to defend the worker himself from 
the often demonic promptings of the unconscious, no 
longer held in check by the traditions and customs of 
the neolithic village. 

In short, mechanization and regimentation, through 
labour armies, military armies, and ultimately through 
the derivative modes of industrial and bureaucratic 
organization, supplemented and increasingly replaced 
religious ritual as a means of coping with anxiety and 
promoting psychal stability in mass populations. Orderly, 
repetitive work provided a daily means of self-control: 
more pervasive, more effective, more universal than either 
ritual or law. This hitherto unnoticed psychological 
contribution was possibly more important than those 
gains in productive efficiency, which were too often offset 
by absolute losses in war and conquest. Unfortunately, 
the ruling classes, which claimed immunity from manual 
labour, were not subject to this discipline: hence, as the 
historic record testifies, their disordered fantasies too 
often found an outlet in reality through destruction and 
extermination. 
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Having indicated she beginnings of this process, I 
must regrettably pass over the actual institutional forces 
which have been at work during the past five thousand 
years, and leap, all too suddenly, into the present age, 
in which the ancient forms of biotechnics are being 
either suppressed or supplanted, and in which the con- 
tinued enlargement of she Megamachine itself has become, 
with increasing compulsiveness, the condition of scientific 
and technical advance if not the main purpose of human 
existence. But if the clues I have been attempting to 
expose prove helpful, many aspects of the scientific and 
technical transformation of the last three centuries will 
call for reinterpretation and judicious reconsideration. 
For, at the very least, we are now bound to explain why 
the whole process of technical development has becomo 
increasingly coercive, totalitarian, and—subjectively 
speaking—compulsive and irrational. 

Before accepting the ultimate translation of all organic 
processes, biological functions, and human aptitudes into 
an externally controllable mechanical system, increasingly 
automatic and self-expanding, it might be well to re- 
examine the ideological foundations of this whole system, 
with its concentration >n centralized power and external 
control. We must, in Tact, ask ourselves if the probable 
destination of this system is compatible with the further 
development of specifically human potentialities. 

Consider the alternatives now before us. If man were 
actually, as present-day theory still supposes, a creature 
whose use of tools alone played the largest formative part 
in his development, or what valid grounds do we now 
propose to strip mankird of the wide variety of autonom- 
ous activities historical_y associated with agriculture and 
manufacture, leaving the residual mass of workers with 
the trivial task of watchmg buttons and dials, and respond- 
ing to one-way communication and remote control? If 
man actually owes his intelligence mainly to his tool- 
using propensities, by what logic do we now take his 
tools away, so that he w-ll become a functionless, workless 
being, conditioned to accept only what the Megamachine 
offers him: an automaton within a larger system of 
automation, condemnec to compulsory consumption, as 
he was once condemred to compulsory production ? 
What in fact will be left of human life if one function 
after another is either taken over by the machine, or else 
genetically suppressed, -f not surgically removed ? 

But if the analysis of human development, in relation to 
technics sketched out in this article, proves sound, there 
is an even more fundanental criticism to be made; for 
we must then go on tc questions that would now shift 
the locus of human activity from the organic environment 
and the human group to the Megamachine, and eventually 
reduce all forms of life and culture to those that can be 
translated into the current system of scientific abstrac- 
tions, and transferred on a mass basis to machines and 
electronic apparatus. We are now in a position to question 
the dubious assumptione that have too long been treated 
as axioms, for the system of thought on which they are 
still based, antedated by three centuries anything lke the 
present comprehension—scientific, humanistic and historic 
—of man’s nature and svecial gifts. From the Pyramid 
Age to the so-called Nuclear Age, we note, the inventors 
and controllers of the Megamachine have been haunted 
by delusions of omniscience and omnipotence; and these 
delusions are not Jess irrazional now that they have at their 
disposal all the formidable resources of exact science and 
a high-energy technology. 

The Nuclear Age conception of ‘absolute power’ and 
infallible intelligence, exercised by a mulitary-scientific 
elite, corresponds to the Bronze Age conception of divine 
kingship; and both belorg to the same infantile magico- 
religious scheme as ritual human sacrifice. Living organ- 
isms can use only limited amounts of energy, as living 
personalities can utilize only limited quantities of know- 
ledge and experience. ` ‘Too much’ or ‘too little’ is equally 
fatal to organic existence. Even too much abstract 
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knowledge, insulated from feeling, from moral evaluation, 
from historic experience, from responsible, purposeful 
action, can produce a serious unbalance in both the per- 
sonality and the community. Organisms, societies and 
human persons are nothing less than delicate devices for 
regulating energy and putting it at the service of life. To 
the extent that our Megatechnics ignores these funda- 
mental insights into the nature of organisms and human 
personalities, it is pro-scientific in its attitude toward the 
human personality, even when not actively irrational. 
When the implications of this weakness are taken in, a 
deliberate large-scale dismantling of the Megamachine 
in. all its institutional forms must surely take place, with a 
re-distribution of power and authority to smaller units, 
under direct human control. 

If technics is to be brought back again mto the 
service of human culture, the path of advance will lead, 
not to the further expansion of the Megamachine, but to 
the development of all those parts of the organic environ- 
ment and the human personality that have been suppressed 
in order to magnify the offices of the pure intelligence 
alone, and therewith to maximize its coercive collective 
exercise and quantitative productivity. The deliberate 
expression and fulfilment of human potentialities requires 
a quite different approach from that bent solely on the 
control of natural forces, and the modification of -human 
nature m order to facilitate and expand the system of 
control. We know now that play and sport and ritual 
and dream-fantasy, no less than organized work, have 
exercised a formative influence on human culture and 
even on technics. But make-believe cannot for long 
be a sufficient substitute for productive work: only when 
play and work form part of a larger cultural whole, as in 
Tolstoy’s pictures of the mowers in Anna Karenina, can 
the many-sided requirements for full human growth be 
satisfied. 
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Instead of liberation from work being the chief con- 
tribution of mechanization and automation, I would 
suggest that liberation for work, for educative, mind- 
forming work, self-rewarding even on the lowest physio- 
logical level, may become the most salutary contribution 
of a life-centred technology. This may prove an indis- 
pensable counter-balance to universal automation: partly 
by protecting the displaced worker from boredom and 
suicidal desperation, only temporarily relievable by 
anaesthetics and sedatives, partly by giving play to 
constructive impulses, autonomous functions, meaningful 
activities. 

Relieved from abject dependence on the Megamachine, 
the whole world of biotechnics will at once become open 
to man; and those parts of his personality that have been 
crippled or paralysed by insufficient use should again come 
into play. Automation is Indeed the proper end of a 
purely mechanical system; and in its place, subordinate 
to other human purposes, automation will serve the 
human community no less effectively than the reflexes, the 
hormones, and the autonomic nervous system—Nature’s 
earliest experiment in automation—serve the human body. 
But autonomy is the proper end of organisms; and further 
technical development must aim at re-establishing 
autonomy at every stage of human growth by giving play 
to every part of the human personality, not merely to 
those. functions which serve the machine. 

I realize that in opening up these difficult questions I 
am not in a position to provide ready-made answers, nor 
do I suggest that such answers will be easy to fabricate. 
But it is time that our present wholesale commitment to 
the machine, which arises largely out of our one-sided 
interpretation of man’s early technical development, 
should be replaced by a fuller picture of both human 
nature and the technical milieu, as both have evolved 
together. 
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OF MANAGEMENT 


By JOHN J. HAYWOOD | 
Kingston College of Technology, Kingston on Thames 


T is known that management confrontation with 

problems is a daily event, yet doubt exists as to how, 
when, or if they are solved. Events generating problems 
and forces aiding their solution are marshalled both 
internally and externally with regard to the phenomenon 
of management. Its activity and involvement can be 
seen in & three-dimensional perspective. The individual 
unit, the firm, comprises the first dimension. In this 
sphere of management, establishment and control of 
problem-solving aids reflect growth and significance of 
those internal problems which management recognizes. 
Accordingly, the firm’s individual and peculiar expertise 
is recruited as a personnel function. 

The second dimension of management involvement 
concerns the group, & nucleus of individual firms. More 
and different problems are here involved, necessitating a 
wider and better source of expertise supply, reflecting 
more diverse problems, different methods of problem- 
solving, and differing aspects of the same problem found 
in the first dimension of management. 

The third dimension of management involvement 
concerns industry, both nationally and internationally. 
The first two dimensions operate within internal con- 
straints. They are introversive approaches to management 
of enterprise, while the third dimension is essentially 
extroversive. This outer-directed approach takes cogniz- 
ance of environmental factors, determined by political, 
economic, social, and technical forces interacting to 
produce change, disturbing a given climate within which 
enterprise may function. 


In this dimension, management needs to supplement 
individual firm and group expertise by use of external 
supplies of aid to combat those complex problems with 
which no one enterprise is fully equipped to deal. There is 
evidence that major problems arise externally, and are 
more difficult for management to control, a factor lending 
greater importance to investigation into sources and use 
made of external aids. Thus a decision was made to 
investigate and assess both quantitatively and qualita- 
tively sources of external aids, institutional and non- 
institutional, formal and informal. 

The Department of Scientific and Industrial Research 
financed a twelve-month pilot survey of firms and organiza- 
tions in the Kingston area of Surrey, and completion was 
effected in May 1965 (Table 1). No fewer than 362 contact 
attempts were made, on a random sample basis. The local 
Ministry of Labour area was used for geographical defini- 
tion. In all, 241 interviews were obtained, including 25 
telephone interviews which were, however, excluded from 
the survey data. This left data on 189 organizations and 
27 aid bodies interviewed in person. ‘There were 68 firms 
who refused co-operation, 65 who could not be contacted, 
and 15 offered interviews but were unacceptable, primarily 
owing to distances involved. Non-contact firms were 18 
per cent and refusals 18-75 per cent of the sample, leaving 
a 63°25 per cent coverage. A representative sample with a 
cross-section of industries and trades was grouped in 
conformity with the Standard Industrial Classification. 
Analysis of refusals of co-operation revealed that, of these, 
21 confirmed some use of external aids, while 25 gave no 
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lata, and the remaining 22 showed no common. character- 
istics. 

For purposes of analysis, firms were divided into 
manufacturing, service, and distributive trades, and 
differentiated over seven variables, inter alia with regard 
to size, type, technology, ownership and management 
sharacteristics. External aid bodies were grouped into 
research and trade associations, management and tech- 
nical consultants, Government and public bodies, and 
trade suppliers. Interviewees consisted of managing direc- 
tors or general managers. 

After five revisions a suitable questionnaire pro forma 
report form was developed, while preliminary findings 
indicated the need for ‘depth’ interviews with four or five 
employees to obtain a more reliable guide as to aid usage. 
Many of the data gained in the investigation could well 
have been distorted by interviewees attempting to conceal 
ignorance or to maintain secrecy. Yet confidence was 
preserved throughout, and no evidence of unreliable data 
has emerged. 

This investigation reveals a recognizable national 
and international amalgam of external aid-bodies, cover- 
ing a wide variety of specialist services. This extant 
market of external aid, both produced and consumed, 
comprises the third dimension of management. Yet poor 
communication robs it and Britain of benefice con- 
sequent on full impact. Ignorance by management 
personnel of where, when, and how to obtain relevant 
assistance is a functional malady partly due to their 
inadequate reading, the professional ethic, and indiffer- 
ence of Government agencies. 

Nevertheless, our data reveal that advice and assistance 
were sought from 19 management consultants, 13 tech- 
nical consultants, 35 professional bodies, 5 international 
bodies, 31 research associations, 53 Government bodies, 
and 23 miscellaneous bodies, which represents a minimal 
use of institutional aids of encouraging magnitude. 

In conformity with expectations, it appears that large 
firms in all sectors used proportionally more external aids 
than medium- and small-sized firms. The manufacturing 
sector demonstrates that large firms consumed propor- 
tionally more external aids than medium-sized firms, and 
more absolutely than small firms, the most marked differ- 
ence being use of management consultants. 

A. similar trend occurs within the services sector, but 
a more complex pattern of aid-consumption arises in the 


Table 1. ANALYSIS OF 189 INTERVIEWS BY EXTERNAL AID USED, 1963-65 





Owner- Total 
ship R.A. T.A. M.C. T.C. Gov. Supp. firms 
Manufacturing sector 
0-49 Employees I 5 8 0 1 10 11 17 
S 3 2 1 0 I 3 4 
50-999 Employees I 12 26 5 6 17 18 29 
S 8 15 6 9 11 9 20 
1,000 + Employees I 6 7 3 8 6 5 7 
8 9 11 6 8 11 11 I4 
Total 43 69 21 27 56 57 / 9% 
Services sector 
0-49 Employees I 2 7 2 8 12 11 23 
S 0 3 0 1 2 3 
50-999 Employees I 6 12 1 3 10 10 16 
S 3 4 1 3 3 5 8 
1,000+ Employees I 4 7 4 4 5 4 7 
S 0 1 1 0 0 1 1 $ 
Total 15 84 9 19 32 34 / 60 
Distributive sector 
0-49 Employees I 0 11 0 1 4 13 18 
S 0 0 0 0 0 2 2 
50-999 Employces I 2 5 4 1 4 4 8 
S 1 4 2 0 0 3 4 
1,000+ Employees I 6 6 4 3 4 5 6 
S 0 0 0 0 0 0 0 
Total 9 26 10 5 12 27 wf 38 


Aggregate usage 67 129 40 51 100 118 189 


T.A., trade association; 
M.C , management consultant; T O., technical consultant; Gov., Government 
and public bodies; Supp., trade suppliers. Ownership: I, independent; 
8, subsidiaries. g 

This table only indicates minimum use of external aids, since firms may 
have used them more than once, in the past two years. 


Abbreviations: R.A., research association; 
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distributive sector. In general, largo firms used pro- 
portionally more aids, but the incidence of particular 
aid-consumption varies. There is a marked tendency for 
greater consumption o? research association and technical 
consultant services by ‘arge firms compared with medium- 
sized firms, and a much greater consumption of research 
association and manegement consultant services over 
small firms. 

Certainly large firms can better afford consultants’ 
fees, and may need greater exposure to consultant exper- 
tise than smaller firms, which are less prone to complex 
organizational, production and marketing problems. 
Consumption of research association services seems more 
widespread in the manufacturing sector than in either 
services or distributive sectors. This points to a greater 
awareness of research benefits, and a more even deploy- 
ment of internal techn>cracy in firms engaged in manu- 
facturing activity. Yet it may also reflect a wider gap 
between the best and sverage performance firms in both 
the service and distrikutive sectors. Increased produc- 
tivity in the latter sector would contribute much to 
national economic growsh. But size, per se, is an indicator 
neither of effectiveness nor of competence within given 
areas of enterprise, desdite the assumed greater technical 
expertise and resources available to management. In 
the science-based incustries with dynamic growth- 
records since the Second World War, some small and 
medium-sized firms hav3 made contributions to industrial 
growth out of all propcttion to their size. This suggests 
that they make use of group resources, which are usually 
available to large organizations. 

In the manufacturicg sector, subsidiary firms used 
proportionately more aids than independently owned 
firms, especially of consultants and research associations. 
No trend was discernible in service trades, butb subsidiaries 
were greater consumers of management consultant aids 
than independent firms in the distributive sector. This is 
encouraging, in that subsidiaries apparently seek the best, 
rather than the most acessible aids, that is, involvement 
in second dimension aczivities is supplemented by third 
dimension. involvement. 

In order to assess quantitative use of external aid, 
interviewees were requested to enumerate and evaluate 
usage. Informants invariably did not record usage, and 
though many felt able to evaluate benefits of aid, this 
was necessarily done in a.superficial and subjective fashion. 
They all found difficulty in isolating the impact of external 
aid over long or short periods, and they also hesitated to 
evaluate their firm’s efficiency and stability though the 
latter proved less difficalt. Perhaps Prof. J. Johnson’s 
article on the productivity of management consultants', 
regarding a quantitative analysis of the benefits of 
consultants to managemant, is indicative of the problems 
involved here. 

Our investigation revealed an unawareness by top 
management of the extemt to which its organization made 
use of external aid bodies, notably of trade and research 
associations. Similarly, reasons given for joining these 
bodies reflect a misunderstanding of the nature of services 
they can properly supply to management. Furthermore, 
incorrect use of consultants was not uncommon, for it 
was not recognized that consultants serve in a therapeutic 
role, are not magicians and cannot serve as a substitute 
for good management. 

Government agencies are sometimes viewed with con- 
tempt and hostility, yet sheir utility is obvious in export- 
ing activity, and in dissemination of technical knowledge 
in its customer/supplier relationships. Not least, the 
Ministry of Technology is responsible for numerous 
research stations, associations and national laboratories. 

This pattern of using the right aids for the wrong 
reasons, and wrong aide for the right reasons, reflects 
ignorance and suspicion of external help in problem-solv- 
ing. It produces a two-Ðld reaction. Internal resources 
and expertise may be under-utilized, while industry and 
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national opportunities fall short of what they could and 
should be. 

External aids are the vehicle of technical and managerial 
advance via dissemination and propitious use of the latest 
techniques, systems and, above all, in the moulding of 
responsive attitudes. 

While there is not necessarily a functional relationship 
between greater alertness and knowledge in management, 
and its willingness and ability to implement, some rela- 
tionship does persist. Perhaps the momentum of inter- 
national competition will stimulate the former and acceler- 
ate the latter. 

If the impact of external aid consumption on manage- 
ment efficacy was difficult to measure, its incidence proved 
impracticable to quantify. The role of trade suppliers as an 
informal, non-institutional aid is probably a more active 
element in the incidence of aid, than any other. Such aid 
sources underline the quest for long-term relationships by 
management as does membership of trade and research 
associations. There appears to be a significant correlation 
between size and length of business relationships between 
supphers and their customers, and the amount of tech- 
nical aid received. Again, the earlier pattern of aid con- 
sumption is repeated, in that small and medium-sized 
firms, unable to order in bulk, lose benefits of research and 
development undertaken by suppliers, especially in 
diversifying the use of raw materials. In so far as large 
suppliers use external aids fully and incorporate such help 
in their products and services, they spread the incidence 
of third-dimensional involvement to trade buyers. 
Although analysis of such benefit is problematical, its 
importance cannot be overlooked. 

In this pilot investigation, only eight firms alleged non- 
usage and non-involvement in external aids to manage- 
ment problem-solving. Analysis of their data and 
characteristics showed no clear pattern of trends, except 
that seven were very small, four were old-established 
independent firms, and only two had modern equipment. 
Subsequent behavioural characteristics of their top 
management revealed a comparative abnormality of 
attitudes for all eight firms, varying from excessive 
greed for power, to an obsessive desire to save money. 
The latter found expression in self-design of product 
packaging, self-advertising and extensive modification of 
standard machinery products imported from its parent 
firm. Apparently, management time and effort thus 
expended was regarded as a cost-free service to the firm. 


NATURE 


December 4, 1965 


Again, the impact on management from non-involvement 
in the third dimension was exceedingly complex and 
difficult to quantify. 

But this survey has shown a different, probably more 
important, magnitude discernible in terms of the socio- 
logical and psychological aspects imbued in management, 
involved in third-dimensional activities. This is the 
unquantifiable element of management attitudes, the 
imagery formed from those impacts on the personality 
moulded by an environmental intercourse on an industrial, 
national and international plane. Attitudes are difficult 
to. define and rarely expressed, but are the most vital 
component of receptiveness to change. This capacity 
interacts with innovational motivation, which in all 
functions and levels of management reveals the key to 
greater productivity. If continual confrontation with 
and involvement in the third dimension of management 
activity highlights individual shortcomings in knowledge 
and performance, compared with industry and world 
leaders, then perhaps the gap between the best and aver- 
age performances can be narrowed. In this manner, 
elusive increases in productivity can fall within our 
grasp. Certainly if every firm increased its productivity 
by only a small amount, in aggregate national growth 
objectives would be realized. Enlightened management in 
leading British firms in all sectors can compete with their 
foreign rivals, a fact which holds good in the building 
industry as well as in the chemical and man-made fibres 
industries. 

The third dimension of management in the form of 
supply and consumption of a variety of specialized services 
has potentially a powerful part to play in the improvement 
of industry and national performance. In this,connexion, 
social and psychological aspects of impact and incidence 
on management imagery are vitally important for Britain’s 
economic future; although not lending themselves to 
quantitative assessment, they are of such significance that 
more time and thought should be given to them. 

This pilot investigation has many imperfections, but 
it is a beginning; more research resources are needed in 
this neglected field of management activity. For, while 
quantitative method has its place in management science, 
rigid attitudes of management towards its present role, 
and future responsibilities and needs, can seriously delay 
that improvement which is so urgently desired by industry 
and by Britain as a whole. 

1 Johnson, J., J. Roy. Stat. Soc., 126, IT (1963). 
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STRUCTURES INSIDE A LUNAR CRATER PHOTOGRAPHED BY RANGER VII 
By Captain VERN G. SMALLEY* and LUCIANO B. RONCA . 


Lunar-Planetary Research Branch, Air Force Cambridge Research Laboratories, 
L. G. Hanscom Field, Bedford, Massachusetts 


he number 199 of Ranger VII’s camera A reveals 
three structures in a 235-m diameter crater. These 
features have been the subject of considerable controversy, 
and their origin is the subject of this article. Fig. 1 is an 
enlargement of this crater, and the three structures and 
associated shadows are indicated by numbers and letters, 
respectively. 

The features were analysed in three different ways, 
using three-dimensional clay models, tonal contour maps, 
and over-exposed under-developed prints. The first 
method involved the fabrication of scale models (1 : 1,500) 
illuminated at an angle of 23° to the horizon, corresponding 
to the angle of illumination of the lunar surface when the 
pictures were taken by the spacecraft. Using a Polaroid 
Land camera, the model was photographed at the Ranger 
VII angle of altitude and azimuth. Then, using a stereo- 
viewer, we simultaneously viewed the model photograph 

* At present at the Cosmic Radiation Branch. 


and the Ranger VII photograph, not trying to see a 
three-dimensional picture, but attempting to simultane- 
ously compare the two photographs. In this manner one 
is able to pay very close attention to even small differences 
in the fine details in both photographs. 

It was found that the shadows in this feature are so 
related that the placement of one shadow greatly influences 
the position of others. Changing the elevation of any one 
feature in the model results in a change of shadows which 
in turn results in a change of other elevations which in 
turn results ın the change of other shadows, ete. By 
making innumerable modifications in our models, we made 
the photographs of the model match the Ranger VII 
photograph. To obtain an independent appraisal of this 
feature, we obtained the assistance of a professional 
artist, Mr. Emihus Ciampa, a sculptor trained in the 
investigation of light-and-shadow effects. Mr. Ciampa’s 
model was identical in major outline to ours, strengthening 
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the validity of the final interpretation, a stereo photo- 
graph of which is shown in Fig. 2. 

The second phase of our investigation involved a tonal 
kontour study. Using a first-generation 35-mm master 
megative of Frame A-199, we obtained a micro-analyser 
trace of the 235-m crater. The effective spot size was 
11-2u, and the traces were spaced 25u apart. The output 
iof the analyser was then digitized, and the results were 
plotted in a two-dimensional array and contoured (Fig. 3). 

The third method of analysis undertaken was that which 
involved over-exposed and under-developed prints (Fig. 4). 
‘We found that by long exposures (5-6 min duration at 
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f/5-6) of high contrast paper (Kodak /'/5), and by pulling 


the print from the developer prematurely, we were able 
to assess degrees of darkness of shadows which are 
normally completely lack. The results thus obtained 
from these three investigations were analysed for clues 
which may suggest a probable origin. 

A number of conclusions were obtained 
investigation : 

(1) All three structuves, Nos. 1, 2 and 3, are illuminated 
by primary sunlight. The possibility of at least one of the 
structures being illuminated by reflected light was 
discarded after an examination of scale-models which 


from this 





Fig.1. Magnified detail of photograph 199 of Ranger V/T's camera A. 


Positive structures 1, 2 and 3 and shadows 4, B, C, D, and E are indicated 
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were fabricated by the professional sculptor. In order to 
have reflected lighting, a steep cliff, shown as a dashed 
line in Fig. 1, would have to be the reflecting surface. 
From geometrie considerations, it is difficult to explain 
reflected light to any one of the three structures and to 
maintain shadows A and B (Fig. 1) so extremely dark. 
Further, it is unlikely that the material of this structure 
could have a sufficient albedo to reflect the large amount 
of light necessary. Our conclusion is that all three 
structures are illuminated by direct lighting. 

(2) The smooth portion of the 235-m crater floor is of 
lighter tone than the surroundings. It is impossible to 
reproduce the light tone of the crater floor without either 
tipping it strongly toward the light source or increasing 
the albedo. As the crater floor is unlikely to be steeply 
inclined, an increase in albedo is necessary. 

(3) A lengthy examination of the results revealed that 
there were several steep slopes associated with the three 
structures. The northern side of structure 3 is very steep, 





Fig. 2. Stereo pair of clay model 





Fig. 3. Tonal contour map, The cross-hatched areas indicate shadows; areas with 
hachures indicate bright areas 
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and an indication of this is seen in Fig. 1. There is no 
projection west of shadow C, but this shadow is seen to 
partially lie north of structure 3. This can only be 
explained by having a trench at that point. In other 
words, the north side of structure 3 is steep enough to 
have the terrain immediately north of it in shadow. This 
was easily verified in the three-dimensional analysis. 

The southern slope of structure 3 is likewise steep. 
Shadow A is reasonably symmetrical about an east- 
west line which passes through the eastern-most point of 
that shadow. We argue that the slope south of structure 
3 can only be steep, in view of the symmetry of shadow A 
and the close proximity of the dark portion of shadow A. 
A slight slope could not explain the sudden difference in 
quantity of reflected light, nor is it consistent with the 
geometry shown in the three-dimensional model study. 

The west sides of structures 1 and 2 are thought to be 
steep, because gentle slopes could not account for the 
darkness of shadows A and B. The north and south sides 
of structure 2 are likewise thought to be 
steep. We experimented with various slopes 
and geometries, and found that only very 
steep slopes could reasonably account for 
the shape of shadow A. 

We concluded, therefore, that very steep 
slopes, with more than 70° of inclination, 
exist on the north and south sides of structure 
3, steep slopes with inclination of 45°—60° 
exist on the east sides of structures 1, 2 and 
probably on the north and south sides of 
structure 2. 

(4) The steep slopes in some cases do not 
stop at what would normally be the basin 
of the 235-m crater, but appear to be related 
to topographic lows, which are lower than 
the crater basin. These lows are also sug- 
gested by the over-exposed under-developed 
prints, which indicated uncommonly dark 
zones. The intensity of the darkness sug- 
gests that there exist topographic lows in 
these shadow zones, and that they are lower 
than the undisturbed floor of the crater. 
The darkness of a shadow is not linearly 
proportional to the depth of the low; but, 
other things being equal, the greater the 
depth within the shadow, the greater will be 
the intensity of darkness of the shadows. 
Considering this, and the topography of the 
terrain adjacent to the shadows, we conclude 
that shadows A and B traverse terrain 
which is lower than the adjacent terrain. 
This is supported also by the fact that, in 
order to place properly the eastern border 
of shadow B in the three-dimensional 
analysis, the terrain immediately to the 
east of this border had to slope slightly 
downward (see broad arrow in Fig. 1) 
towards structure 1. 

(5) We were able to suggest a reasonable 
depth of the 235-m crater as a result of the 
three-dimensional model examined. We 
found the depth at the centre of the basin 
to be of the order of 40-50 m. Structures 1, 
2 and 3 have heights above the basin of 
approximately 30, 20 and 20 m, respectively. 
The minimum volume of structure 1, that is, 
the portion which appears to rise above the 
floor of the crater, was determined by cutting 
that portion of the clay away with a sharp 
knife, rolling it into a ball, and measuring 
the diameter. The minimum volume was 
thus found to be 68,000 cubic metres. 

(6) We also found that what was de- 
picted as a circular summit crater on 
structure 1 in the Aernonautical Chart 
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‘ig. 4. Over-exposed under-developed print, showing the extremely dark areas, which 


are interpreted as being topographie lows 


id Information Center’s lunar chart, RLC 4, is in reality 
U-shaped valley, extending downward to the north- 
ist, and, rather than occurring at the summit, it occurs 
ulf-way down the gentle slope of that structure. 

We therefore conclude that all three structures, 1, 2 
id 3, are illuminated by primary sunlight; that the three 
ructures are not the rims of, or are not due to, several 
inor craters in the 235-m crater; that associated with 
£h of the three structures there is at least one steep 
ype; and that there are topographic lows within this 
ater that are lower than the crater floor. With this 
iantity of the topography known, we shall now proceed 
interpret this information and suggest what we believe 
@ reasonable origin. 

Conceivably, the structures in the main crater could 
tve one of the following origins: 

(1) The structures are pre-crater buried highs which 
are exposed during the formation of the crater. 

(2) The structures are contemporaneous or pene- 
ntemporaneous with the crater. That is, they are the 
mnants of the projectile which caused the crater or 
ey are chunks of local material dislodged by the impact. 
(3) The structures are post-crater. (a) The structures 
e the result of primary, secondary or tertiary impact in 
pre-existing crater. (b) The structures were caused by 
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an endogenous process in a pre-existing 
crater. 

It is unlikely that the structures are pre- 
crater, beeause the topographic lows, deeper 
than the door of the main crater, and the 
steep slopes of the structures are unlikely 
to have survived an impact severe enough 
to have created a 235-m crater. 

The secend possibility, that the structures 
are contenporaneous or pene-contempor- 
aneous with the main creter, also seems 
unlikely. Whether the structures tumbled 
down the slope of the crater immediately 
after its formation, or are the remnants of an 
impacting body, it would be surprising if 
they retained their large dimensions and 
steep slopes after undergoing the shock of 
either tumbling or deceleration. Lunar 
surface material is supposed to have low 
cohesive st*ength at this scale! and the angle 
of repose & not affected by the low lunar 
gravity®. 

Another argument against these structures 
being Cconsemporaneous or pene-contem- 
poraneous is based on the occurrence of 
other simiar features. The mechanisms 
which we aave discussed up to this point 
should be common to all other craters. We 
find it stramge that the occurrence of struc- 
tures in the basins of other similar craters 
is so rare. A reasonable conclusion is that 
the structures did not form, or were not 
placed, at the time of the formation of the 
crater, but at a later date. Thus, we are led 
to consider post-crater processes. 

If we assume the structures to be post- 
crater, ther could have been formed by 
either of tavo mechanisms: impact on a 
pre-existing crater or endogenous ectivity 
in à pre-existing crater. 

The main objection to impact on a pre- 
existing cracser is again the steepness of the 
walls of the structures. Whatever the 
origin of the 235-m crater (meteoritic impact, 
volcanism or collapse), it is likely that the 
material was brecciated. Impact on an 
already breeciated area should not have 
resulted in the stacking of material in three 
neat piles with nearly vertical walls. 

Finally, endogenous activity is the last 
mechanism. There are several known volcanic processes on 
the Earth which would result in vertical walls and tall 
masses located near topographic lows, bearing in mind that 
on the Moon there may bə other processes not known on 
Earth. It is not necessary to call for deep-rooted vol- 
canism, as the structures could have been caused by a 
‘rootless activity centre’, shat is, a pocket where the gas 
content of a mare flow was unusually high. Ignimbrite 
flows on Earth are known to have such phenomena”. 

It is also possible that the structures could be the result 
of deposition of minerals dae to water percolating through 
the surface layer; the lows might be due to violent release 
of volatiles. 

The structures inside e 235-m crater have therefore 
been carefully analysed. The conclusion that they are 
the result of an impact appeared unlikely due to the 
presence of steep-walled structures and topographic 
lows. The endogenous tħeory is favoured, and it is 
suggested that mechanisms such as rootless volcanic 
activity, real volcanic act vity, or venting volatiles are 
responsible for this feature 


*Gault, D. E., and Quaide, W., Forty-sizth Annual Meeting American 
Geophys. Union, Paper No. 145 (1965). 

* Halajian, J. D., The Lunar Surface Layer, 67 (Academic Press, 1964). 

* Cotton, C. A., Volcanoes as Lands-ape Forms, 416 (Wiley, 1952). 
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NEWS and VIEWS 


tT The Royal Society of London: Medal Awards 


Tus following awards.of medals have been made by 
«President and the Council of the Royal Society: 
Phe Copley Medal, to Prof. A. L. Hodgkin, Foulerton 
research professor of the Royal Society (working in the 






k ; Physiological Laboratory, Cambridge), “for his discovery 


of the mechanism of excitation and impulse conduction 
in nerve, and his outstanding leadership in the develop- 

ment of neurophysiology; The Davy Medal, to Prof. 
-H W. Thompson, professor of chemistry in the Physical 
Chemistry Laboratory, Oxford, for his distinguished con- 
tributions to infra-red spectroscopy and its application 
to chemical problems; The Hughes Medal, to Prof. D. H. 
Wilkinson, professor of experimental physics in the 
University of Oxford, for his distinguished experimental 
and theoretical investigation in nuclear structure and 
high-energy physies. 


Chemical Pathology at Guy’s Hospital Medical School : 
Prof. Sydney Cohen 


Dr. 8. Conen, reader in immunology in St. Mary’s 
Hospital Medical School, has been appointed to the chair of 
chemical pathology at Guy’ s Hospital Medical School, in 
succession to Prof. R. H. S. Thompson, who has been 
appointed to the Courtauld chair of biochemistry in the 
Middlesex Hospital Medical School (Nature, 205, 1053; 
1965). Dr. Cohen, a graduate of the Universities of 
Witwatersrand and London, spent a year at the Post- 
graduate Medical School at Hammersmith in 1947--48 
and e year as Nuffield Dominion Fellow at the National 
Institute for Medical Research, 1954-55, so that he was 
familiar with London before he decided to come here 
permanently and to accept an appointment to the 
scientific staff of the National Institute in 1957. Dr. 
Cohen had been interested for some time in protein 
metabolism, and in collaboration with Dr. A. 8. 
McFarlane he continued this work using experimental 
animals, but he also organized a Metabolic Unit for the 
Medical Research Council at the Archway Hospital so that 
this work could be extended to human subjects. He made 
important contributions during this period, particularly 
to knowledge of the metabolism of the immunoglobulin, 
and not surprisingly this aroused his interest in the 
rapidly developing field of immunology. In 1960 he 
became reader in the newly formed Department of 
Immunology at St. Mary’s Hospital Medical School, 
where he played a large part in getting the teaching and 
research under way, and he soon established an inter- 
national reputation in what quickly became a highly 
competitive field of research. Although still primarily a 
laboratory worker, he inereased his clinical interests and 
he introduced several diagnostic techniques which were 
of great value to the hospital. This combination of 
clinical interest with high attainment in laboratory work is 
not very common in English medicine and there is no doubt 
that. Guy’s Hospital has been fortunate in finding in Dr. 
Cohen a person well equipped to make the most. of the 
wider opportunities which this new position offers him. 


Pharmaceutical Technology in the University of Strath- 
clyde: Prof, P. H. Elworthy 


Dr. P. H. ELwortuy, senior lecturer in pharmaceutical 
chemistry in the Department of Pharmacy in the Univer- 
sity of Strathclyde, has been appointed to the new chair 
of pharmaceutical technology at the University from 
January 1. Dr. Elworthy was educated at Mercers’ 
School, Holborn, London, and at the School of Pharmacy, 
University of London, where he graduated with honours 


in 1953, and where he was awarded a Ph.D. degree fo 
research in physical chemistry in 1956. After a perio: 
on the staff of the School of Pharmacy, London, h 
became a lecturer in the Department of Pharmacy in th 
then Royal College of Science and Technology, Glasgow 
in 1959. He was appointed senior lecturer in pharma 
ceutical chemistry at the University in 1964. In 196 
he spent three months’ leave of absence from the Univer 
sity in various pharmaceutical companies studying th 
application of physical chemistry to problems of pharma 
ceutical formulation. Six months’ leave of absence 
granted during 1964, enabled him to work at the Univer 
sity of Southern California as a visiting lecturer on som 
properties of detergent solutions. Dr. Elworthy’s researc; 
interests lie in investigations of the mode of action. ¢ 
detergents as emulsifying and suspending agents i 
pharmaceutical preparations, in producing models of th 
cell membrane, and in the relation of shape of certain dru 
molecules to their biological activity. His published wor. 
has resulted in the award of a D.Se. degree this year. 


Transport and Technology 


THE debate in the House of Commons on the Queen’ 
Speech on November 16 was concerned mainly wit. 
matters of transport and, to a lesser extent, of technology 
The Minister of Transport, Mr. T. Fraser, in referring t 
the studies in the co-ordination of transport which wer 
in hand, emphasized his belief that very great socia 
benefit would arise from reversing the present trend am 
putting traffic now carried by road on to the railways 
apart from the full utilization of our investment in ou 
railway system. He emphasized also that we could no 
continue to waste our resources on unproductive services 
but in dealing with closures he said he had not looke 
merely at the loss incurred. He hoped shortly to announce 
an arrangement under which British Railways and Britis 
Road Services will jointly operate a new parcels an 
sundries service throughout the country, each contributin, 
the part for which it was best fitted. He was seekin 
further measures of freight co-ordination by which th 
railways would undertake the longer hauls for which the 
were best suited, and he was in touch with all mai 
transport authorities in an endeavour to improve rail—roa: 
co-ordination for passengers. He also added, in reply t 
a question, that the practicability of the proposals fo 
road pricing in the Snead report was being intensivel, 
investigated. Apart from some questioning of the estak 
lishment of the Ministry of Technology and of the failur 
to set up the Industrial Research and Developmen 
Authority recommended by the Trend Committee, ther 
was little mention of technology, as distinct from trans 
port, in the debate. 


Management Training in the Civil Service 


In a written answer in the House of Commons o 
November 12, the Financial Secretary to the Treasury 
Mr. N. MacDermot, stated that he had appointed 
working party, with Mr. 8. P. Osmond as chairman, t 
consider the traming needs for middle and higher manage 
ment in the Civil Service and to submit recommendation 
on the length, content and organization of such training 
taking account of the long-term future of the Centre fo 
Administrative Studies and the desirability or otherwis 
of setting up a Civil Service Staff College. The member 
include Prof. Jean Blondel, Prof. D. C. Hague and Proj 
E. A. G. Robinson, with R. Haynes, R. Hayward, ©. D.E 
Keeling, R. B. M, King, W. McCall, J. Parsons, C. H 
Sisson, L. Williams, G. P. Hampshire and I. G. Gilber 
(secretary). 
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Regional Economic Development 


In a written answer in the House of Commons on 
November 18, the Joint Under-Secretary of State for 
@conomic Affairs, Mr. W. Rodgers, stated that the 
National Institute for Economic and Social Research had 
deen, commissioned to carry out a three-year project 
under the direction, from the late summer or early autumn 
of 1966, of Prof. A. J. Brown, “to build up a theoretical 
and empirical framework for the analysis of regional 
əconomic development and the consideration of regional 
policy in the United Kingdom especially in relation to 
problems of national economic development”. He had 
also recently discussed the priorities for regional research 
with representatives of regional planning councils, who 
were now considering which projects they would regard as 
most urgent. The Department was also prepared to 
consider proposals for projects on regional economic 
matters from those working in the field. 
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British Productivity Council 


In support of a proposed National Campaign for 
Quality and Reliability, plans for designating a Quality 
and Reliability Year (QRY), October 1966—September 
1967, were announced on October 29 by the British 
Productivity Council and the National Council for Quality 
and Reliability. Details of the scheme are available from 
the British Productivity Council, Vintry House, Queen 
‘Street Place, London, E.C.4. The campaign is to be 
Naunched throughout Britain and its object is to emphasize 
the benefits of quality with built-in reliability, and the 
ways and means of achieving it. The turnover of British 
manufacturing industry in 1964 was £10,114 million. It has 
been shown that adoption of the methods which will be 
advocated during QRY can produce savings in the range 
of 1-5-5 per cent of gross turnover, while maintaining or 
caising product quality. Even on the lowest percentage, 
savings of £150 million a year should be well within the 
grasp of manufacturing industry. The technique which 
will be the raison d'étre of the campaign, and which, as is 
rightly pointed out, must begin at the design stage of the 
product, involves: reduction of costs; reducing scrap and 
re-work; considerably reducing Britain’s ımport bill for 
raw materials; ensuring that delivery dates are kept or 
improved; increasing earnings, not by harder work but 
by increased efficiency and “doing it right first time”; 
and giving more customer satisfaction by consistency of 
product. The Quality and Reliability Year is already 
assured of widespread support by representative indus- 
trial, national and professional bodies in Britain. Its 
patron is H.R.H. Prince Philip, Duke of Edinburgh, who, 
un the course of a message sent to the organizing council, 
commented that a good reputation for well-designed goods 
or components, fit for the purpose, which do not fail or 
break down, is the criterion for certain success. A bad 
ceputation is a very costly luxury which Britain cannot 
afford. 


Overseas Development Institute 


THE Overseas Development Institute, set up in 1960, 18 
an independent non-Government body aiming to ensure 
wise action in the field of overseas development. It is 
financed by grants from the Ford Foundation, British 
foundations, and by donations from British industrial and 
szommercial concerns. Its declared functions are: to 
orovide a centre for co-ordination of studies on develop- 
ment problems; to direct studies of its own; to be a 
forum for all concerned with development problems to 
facilitate contacts, discussions, and sharing of ideas; to 
spread information collected as widely as possible among 
shose concerned with development problems; and to 
xeep the urgency of such problems before the public and 
‘esponsible authorities. An instance of one of the most 
‘ecent activities of the Institute is provided by a pub- 
ication entitled British Private Investment in East Africa, 
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by D. J. Morgan (Pp. 63. London: The Overseas Develop- 
ment Institute, Ltd., 1965. 7s. 6d.). The argument is 
that private investment overseas is a matter of con- 
troversy. It is sometimes blamed for balance of payment 
difficulties; the rate of such investment in developing 
countries is on the dechne; Africa, in particular, has been 
affected by this changng pattern. For this reason, East 
Africa was chosen as a special area for study. This 
pamphlet is, in effect. a report of a survey and a con- 
ference. The survey vas undertaken by the Institute ın 
conjunction with the Federation of British Industries and 
the Dulverton Trust, and involved sending a question- 
naire to 1,500 British frms concerned in East Africa; the 
replies are analysed and, at a conference held during June 
1965, various obstacles to investment in that area were 
discussed and some vital economic questions posed. 
Among the latter are Is East Africa a growth area ? 
Are profit margins high enough to attract British invest- 
ment ? ‘How important are tax and other concessions ? 
What are the politicel risks? All these questions are 
examined in this pamplet and to a large extent answered, 
but the conclusions reached still leave unsolved the basic 
problem of declining nvestment in East African enter- 
prises, unless combined action by the African Govern- 
ments concerned, the British Government, and equally 
important, British industry itself, materializes. 


Science Papers of the Victorian Era 


THE great majority >f John Dalton’s manuscripts were 
presented to the Manchester Literary and Philosophical 
Society in 1864 by his literary executor, William Charles 
Henry. More than three-quarters of the original collection 
was destroyed during the Second World War and many 
of the surviving iteme are ın such a charred and brittle 
condition that their future preservation is problematical ; 
careful separation and sorting of the charred sheets was 
a lengthy but necessary preliminary to the actual cata- 
loguing of the collecsion. Subsequent to this partial 
destruction, the Society has received various gifts, ın- 
cluding a collection originally presented to Dalton Hall, 
a hall of residence cf the University of Manchester. 
These manuscripts m she possession of the Society have 
now been microfilmed, occupying four spools of a total 


. length of 340 ft., of which printed matter occupies about 


320 ft. The material consists of lecture notes, papers, 
notebooks, meteorolog:cal records, correspondence, domes- 
tic accounts and some rare printed items such as lecture 
syllabuses. The micrcfilm is available either in negative 
or in positive form; the former is judged to be more 
legible. The Society kas also made available a microfilm 
of letters from J. P. Joule and John Mercer to Lyon 
Playfair dealing with scientific topics during 1841-49. 
The film consists of about 16 ft. of correspondence from 
Joule and 16 ft. of cozrespondence from Mercer. 


Laboratory Photochemical Reactor 


A PHOTOCHEMICAL reactor suitable for small-scale photo- 
chemical research in tniversities and industrial research 
laboratories is now available from Engelhard Hanovia 
Lamps (Slough, Bucks). This welcome addition to their 
range of ultra-violet ecuipment was shown as a prototype 
at the Oxford International Congress of Photo-Biology in 
June 1964 and is now available from stock. The reactor 
consists of a three-necxed glass flask fitted with standard 
ground glass sockets. Dne of these receives a clear quartz 
thimble which in turn holds a smaller quartz thimble 
containing the ultra-violet lamp. There is provision for 
water-cooling of the ace between the inner and outer 
thimbles, and for nitrogen flushing of the lamp chamber 
to eliminate ozone. Use of high-purity synthetic quartz 
in the thimbles ensures good ultra-violet transmission 
characteristics. Two lamps are available for the reactor, 
a 100-W medium pressure lamp emitting a range of 
radiations from 185 to 366 mp and a 2-W cold-cathode 
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low-pressure lamp emitting mainly at 185 mp and 254 mu. 
Both lamps heve synthetic quartz envelopes. The reactor 
will undoubtedly be valuable for physical chemistry 
research as well as biological work, and the cone and 
socket arrangement makes it suitable for use also in the 
study of reactions in the gaseous phase. By circulating 
oxygen or air around the lamp it could, of course, be used. 
as an ozone generator. 


Alaskan Mammals 


A USEFUL brochure entitled The Distribution of Alaskan 
Mammals, by R. H. Manville and S. P. Young, has been 
published by the U.S. Bureau of Sport Fisheries and 
Wildhfe (United States Department of the Interior: Fish 
and Wildlife Service. Bureau of Sport Fisheries and 
Wildlife. Circular No. 211. Pp. iv+74. Washington, 
D.C.: Government Printing Office, 1965. 50 cents). A 
map showing the distribution within the State is given 
for each species, together with notes on the complete 
range of the species, its habitat, the races found in 
Alaska, and- on related species. A black-and-white 
drawing illustrates each species competently; the 
scraper-board figures greatly exceed in effect those 
in pen and ink; that of the porcupine, Erethizon dor- 
satum, and especially that of the bearded seal, Erignathus 
barbatus, are splendid. The Cetacea are not treated 
in detail bul are given an overall note and a list of 
recorded species. The introductory matter includes a 
short article on the distribution of Alaskan mammals, 
another on the mammalian fauna in general, and a hst of 
102 species in systematic order. The rapid opening up of 
the State to travel and tourism, and the establhshment 
of the University and other centres of scientific activity, 
give great opportunities for an intensified study of 
Alaskan mammals, for which this publication will provide 
a valuable foundation. 


Conservation of the Bee Orchis 


RARE bee orchises (Ophrys apifera) were discovered on 
the Dykes of the Avebury Stone Circle, Wiltshire, during 
July 1965, by one of the custodians of the Office of Works, 
Mr. Hulbert, and the curator of the Museum, Mr. H. M. V. 
Young, who inimediately alerted the headmistress of the 
parochial school, and her assistants and caretaker, all 
keen naturalists. The teachers found that the plants were 
flowering in the same spot in which they had appeared 
eight years ago, widely scattered over an area of 300 
square yards. Seventeen were counted in bloom, and 
investigation showed that there had been at least twenty- 
two. Of the five known casualties, two had been picked 
by local adults and three were found discarded, probably 
by a coach party who may have carried some others 
away. Only nine Avebury people knew of the bee orchids 
and they agreed to conserve them if possible. Photo- 
graphs were taken and further counts were made by the 
headmistress, who thinks one more was picked during 
the next week. Fourteen days from the first discovery, 
only one in the fruiting stage was seen, and this had 
well-formed seed pods. Bad weather and long grass 
prevented a prolonged search, but it is hoped that a few 
more remained to set seed. This small effort at conserva- 
tion was prompted by a lecture on the Nature Conserv- 
ancy Trust given by the Countess of Radnor to the Wult- 
shire Rural Studies Association. Further information can 
be obtained from Miss E. Dampier-Child, School House, 
Avebury, Wiltshire. 


The International Commission on Radiological Pro- 
tection 


THE following have been elected officers and members 
of the International Commission on Radiological Pro- 
tection for the period 1965-69: Chairman, Dr. E. E. 
Pochin (United Kingdom); Vice-Chaerman, Dr. ©. G. 
Stewart (Canada); Council, Prof. L. Bugnard (France), 
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Prof. O. Hug (Germany), Dr. H. Jammet (France), Pro 
A. A. Letavet (U.8.8.R.), Prof. B. Lindell (Sweden), D 
J. F. Loutit (United Kingdom), Dr. K. Z. Morgan (Unite 
States), Dr. H. B. Newcombe (Canada), Dr. C. C. Powe 
(United States), Dr. L. S. Taylor (Umted States) an 
Prof. B. Windeyer (United Kingdom); Chairman Eme 
itus, Prof. R. M. Sievert (Sweden); Scientific Secretar: 
Dr. F. D. Sowby (Canada). The Commission’s secretaris 
is at Clifton Avenue, Sutton, Surrey, England. 
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The National Institute of Sciences of India 


THe following have been elected members of tk 
Council of the National Institute of Sciences of India fc 
1966: President, Dr. V. R. Khanolkar; Vice-President 
Dr. Atma Ram and Dr. 8. Bhagavantam; Treasure 
Prof. R. C. Majumdar; Foreign Secretary, Prof. B. F 
Seshachar; Secretaries, Prof. F. C. Auluck and Dr. N. E 
Panikkar; EÆduor of Publications, Prof. P. Maheshwar» 
Members of Council, Sri S. Basu, Prof. P. N. Bhadur 
Prof. P. L. Bbatnagar, Prof. R. N. Chakravarti, Frof. N. F 
Dhar, Dr. K. R. Dixt, Dr. T. R. Govindachari, Dr. A, C 
Jhingran, Dr. M. S. Krishnan, Prof. T. S. Mahabale, Pro 
K. ©. Mukherji, Dr. K. R. Nair, Dr. B. P. Pal, Dr. R. E 
Pal, Prof. T. R. Seshadri, Prof. 8. M. Sircar, Prof. « 
Venkateswarlu, Prof. P. N. Wahi and Dr. H. J. Bhabh 
(past president, ex-officio). 

The Year Book of the National Institute of Sctences c 
India, 1964 (Pp. 133. New Delhi: National Institute o 
Sciences of India, 1965), includes, besides an account of th 
foundation. of the Institute and the calendar for 1964, list 
of the Council senior office staff, of Fellows, of th 
members of committees, and of representatives on othe 
organizations. The rules and regulations of the Institut 
are also included as well as lists of the Institute’s medak 
lectures and publications. 


University and College News: Cambridg 


Tex following have been elected to fellowships a 
Churchill College: Title A, Dr. I. T. Drummond (mathe 
matics); Title E, Dr. B. B. Roberts. 


Edinburg 


THE following lecturers have been appointed: J. Di 
Penman (animal health); Dr. J. 8. McKinley (bic 
chemistry). i 


University College of Swanse 


THe following lecturers have been appointed: D» 
R. C. V. Macario and D. Bell (electrical engineering). 


Announcements 


A symposium on “CNS-Drugs° will be held at th 
Regional Research’ Laboratory, Hyderabad, durin 
January 24-30. Further information can be obtaine 
from Dr. P. B. Sattur, Regional Research Laboratory 
Hyderabad 9. 


A symposium on ‘‘Regulation of the Antibody Re 
sponse” will be held in Toronto during January 20-2: 
Further information can be obtained from Dr. B. Cinaden 
Subdivision of Immunochemistry, Division of Biologics 
Research, O.C.I., 500 Sherbourne Street, Toronto 5. 


A ONE-DAY symposium on “‘Engineering the World’ 
ort Passenger Terminals” will be held at the Institu 
tion of Civil Engineers, London, on January 25. Furthe 
information can be obtained from the Secretary, Institu 
tion of Civil Engineers, Great George Street, Londor 
S.W.1. 


A ONE-DAY symposium on “Food Safety”, organized b, 
the Luton College of Technology and the Institute c 
Biology, will be held in the College on January 2: 
Further information can be obtained from Dr. F. C 
Webber, Luton- College of Technology, Tark Square 
Luton, Bedfordshire. 
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CENTENARY OF THE QUEKETT MICROSCGPICAL CLUB 


HE Quekett Microscopical Club celebrated its 

centenary with an exhibition at the Central Hall, 
Westminster, during October 8-9. This club, named in 
commemoration of Prof. John T. Quekett of the Royal 
College of Surgeons (1815-1861), has fostered the interests 
of microscopists by holding meetings and promoting field 
work throughout the past hundred years. 

Foremost among the exhibits were a number of family 
relics loaned by Captain -Charles Quekett, the great- 
grandson of John Quekett. Several examples of Quekett’s 
work, including the manuscript of the Catalogue of the 
Histological Collection and a small selection of his micro- 
scopical preparations, were displayed by the Royal College 
of Surgeons. A fine display of microscopes made before 
1865 was shown by Dr. H. Heywood. Mr. E. P. Herlihy’s 
exhibit of portable microscopes, many of which dated 
from the past century, emphasized the great part these 
models have played in the history of the Club by facilitat- 
ing the demonstration of microscopical preparations at the 
meetings. The historical display also mcluded numerous 
examples of instruments and accessories designed or made 
by past members, and the work of Richard Beck, Andrew 
and Thomas Ross, Powell and Lealand, J. W. Stephenson, 
F. H. Wenham and Julius Rhemberg was well represented. 
Dr. Savile Bradbury contributed a special display devoted 
to E. M. Nelson—one of the Club’s most famous members; 
and we were reminded that Ernst Abbe had been an honor- 
ary member of many years standing. 

The rest of the space in the main hall was devoted to 
members’ and guests’ individual exhibits. The light 
reflexion in the eye of the spur dogfish was shown to be 
due to the presence of guanine crystals in the layer known 
as the silvery tapetum. Two exhibits of electron micro- 
graphy in the investigation of neurophysiology and 
neuropathology were shown by Drs. Bradbury, Harris 
and Salmon. Prof. Booth from Saskatoon demonstrated 
his Kerr-effect microscope for the visualization of magnetic 
domains. Dr. Gahan gave a demonstration of the cyto- 
chemistry of chromosomes. These were but a few of the 


exhibits, which also inzluded beautiful mounts of diatoms 
and mosses among ths ‘showpieces’. 

The versatility and skill of members was shown by 
various pieces of apparatus for aiding microscopical 
techniques. These intluded various kinds of magazine 
slide-carriers, a home-constructed mounting cabinet 
incorporating an electrically driven ringing turntable, a 
simple but very effectrve mechanical finger for aiding the 
arranging and mounting of diatoms and similar minute 
objects, and a tube-lenzth corrector mounted in the body- 
work of a microscope. Three members showed micro- 
scopes made by themeelves. An original display showed 
the use of paper-sculttures to illustrate microscopic and 
natural-history specimsns. A number of excellent draw- 
ings and paintings of entomological and botanical subjects 
were shown by Miss Lorothy Fitchew. 

A programme of films included a 16-mm sound colour 
film on modern freeze-eectioning by the Pathology Depart- 
ment of the Royal CoLege of Surgeons, and another, by a 
member, dealing with crystal growth. Sessions of micro- 
projection on a home-built machine by Mr. H. S. Hender- 
son aroused admiration. 

A trade exhibition was held in the smaller hall and 
many firms displayed their latest models of microscopes 
and photomicrographi2 apparatus. Many teaching aids 
for microscopy were on-view, and a display of live Daphnia 
and, Volvox projected by Flatters and Garnett evoked 
much interest. Disseztion microscopes and equipment < 
were shown in addit-on to knife-sharpening machines 
and an automatic staming apparatus. 

It ıs estimated that about a thousand people attended 
the exhibition. These included a number of young people 
from schools and technical colleges, and it is anticipated 
that many will, in the suture, want to join this flourishing 
club. The general opinion seemed to be that the centenary 
of the Club that commemorates that foremost micro- 
scopist of the past cerctury, Prof. John T. Quekett, had 
been worthily celebrated. i 

G. J. CUNNINGHAM 


TEACHING IN THE HISTORY AND PHILOSOPHY OF SCIENCE 
By Dr. W. MAYS 


Department of Philosophy, University of Manchester- 


N 1960 a questionnaire was sent out to British and 
Commonwealth universities to determine what teach- 
ing was being done in the history and philosophy of 
science!. As it was felt that some of the information 
was now out of date, it was decided in Aprıl 1965 to make 
a further survey, restricting it this time to British and 
Irish universities. Since 1960 a number of new universi- 
ties have been established; there have also been numer- 
ous debates on the so-called ‘two cultures’. It was, 
therefore, of interest to see whether these factors had had 
any significant effect on the development of the subject. 
In all 34 replies were received. These covered the greater 
part of the universities to which circulars were sent, and 
they can be said to give a representative picture of the 
state of teaching in the subject at the moment. 
What general impression does one gain when one 
looks over the replies? First, it seems clear that there 


have been no dramatic developments. The past five 
years have been a period of consolidation rather than 
rapid advance. There has, it is true, been the establish- 
ment of two new deparzments in the history of science and 
technology. One at the Imperial College of Science and 
Technology, the othee at the Manchester College of 
Science and Technology. A Department of the History 
and, Philosophy of Science has also been set up at Queen’s 
University, Belfast. 

The consolidation has perhaps been greatest in those 
institutions where independent appointments have been 
made. Where the teachmg has been largely on a voluntary 
basis, there has in some cases been an actual decrease in 
activity, either due to the interested member of-the staff 
leaving the institution or getting disheartened. As was 
noted in the 1960 survey, one of the reasons why the 
subject has not grown commensurately with its educational 
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value is that it usually had to be a subsidiary enterprise of 
one or two interested people, who have not always been 
able to muster sufficient support for the subject. 

Since the last survey there has been an increase in 
appointments, and a number of them have been in 
departments of philosophy. It would seem that philoso- 
phers are now taking a greater interest in the subject, 
at least in the philosophy of science, than are scientists 
and historians. This seems to reverse the trend noted 
previously, when scientists and historians appeared to be 
showing a greater interest. Some philosophers even com- 
plained that they found scientists not always willing to 
co-operate with them. 

Although philosophers are now supporting the subject 
by the creation of appointments in their departments, 
there still is, however, something to be said in favour of 
separate departments of the history and philosophy of 
science. In some philosophy departments there could be 
a tendency to undervalue the history of science, thus 
overlooking that historical techniques can provide an 
intellectual discipline of a high order. In departments of 
history or history of science, there may be a tendency to 
neglect the philosophical aspects of the subject, and to 
regard them as speculative. Both aspects seem necessary, 
if one is to develop a balanced perspective of the nature of 
science. 

In view of the debates on the ‘two cultures’ it is sur- 
prising that there has not been greater interest in the 
history and philosophy of science in universities. One 
would have thought that to offer courses in it was one way 
of getting arts students to learn something about the aims 
and methods of science, and of bridging the alleged gap 
between the ‘two cultures’. As students can now take 
history and philosophy of science as a subject for the 
General Certificate of Education, one would have assumed 
that an increased provision of courses at the university- 
level might have stimulated more of them to take it at 
school. 

It was noted in the 1960 survey that interest in the 
subject seemed dependent on the size of the university, 
date of foundation, and the priority given to cultural 
questions vis-d-vis bread-and-butter ones. To this one 
must add that the subject has a chance to grow in universi- 
ties where departmental boundaries are flexible and inter- 
faculty co-operation exists. In universities with excessive 
departmentalism, inter-disciplinary subjects may be faced 
with difficulties. Teachers of established courses may feel 
that with a limited number of students to go round, the 
development of the history and philosophy of science can 
only be at the expense of their own subject. 

At Oxford and Cambridge there has been a steady 
increase in activity. Oxford is developing the subject 
at a number of levels, and forging links with historians 
and philosophers. The history of science can, for example, 
be taken as a special subject by third-year historians. 
Classes and lectures of postgraduate standard go on 
throughout the year. These are taken by candidates for 
the B.Phil. and the diploma in the history and philosophy 
of science. 

Cambridge has now replaced the certificate in the history 
and philosophy of science, which could be taken as a 
post-Part I, by a Part IT of the natural sciences tripos 
(general honours) in which there is a choice of four papers 
from a panel of six, three of which emphasize the historical 
side and three the philosophical side. In addition the 
subject can be taken as an option in Part I of the natural 
sciences tripos. It is also planned to have an option in 
the projected M.Phil. 

So far as the newer universities are concerned, Sussex 
seems to be the only one at which appointments have 
been made, and it teaches the history as well as the 
philosophy of science. York expects to have philosophy 
of science available as an optional paper from 1966 
onwards, to be taken by undergraduates reading for the 
B.A. in a combined honours course. Lancaster hopes to 
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provide an optional undergraduate course in the philo- 
sophy of science and another in the philosophy of mathe- 
matics. The physics department there ıs providing a 
course in the basic ideas of physics for students majoring 
in the arts and sciences. 

Warwick intends to put on & common course for all 
freshmen to deal with the nature and methods of the 
humanities and the natural and social sciences, and it is 
hoped to develop philosophy of science as a special option. 
East- Anglia plans to give an optional course in the 
philosophy of science in the School of Mathematics and 
Physics in 1967; Kent hopes to have an option for 
philosophy and science students in 1965, and is also 
starting courses in science and religion and the methodo- 
logy of science. As only a limited range of subjects can 
be taught in the newer universities, the older-established 
studies would seem to stand a better chance of beng 
included in the syllabus. However, the philosophy 
departments of some of these universities intend to 
develop teaching in the philosophy of science and to 
appoint staff to teach it. 

Among the other universities, the sub-department ın the 
University of Leeds is very active. The subject 1s taught 
to undergraduates in the Faculties of Arts, Science and 
Technology, and with five staff members it can cover a 
range of topics. Both Belfast and Dublin gave courses in 
which the historical and philosophical aspects were equally 
stressed. Durham has appointments in both the history 
of science and the philosophy of science, and plans to 
integrate more closely the teaching of these subjects. 
In Wales, both Bangor and Aberystwyth have courses in 
the philosophy of science and the foundations of mathe- 
matics. Leicester gives a one-year course in the history of 
science, which can be taken by students in any faculty or 
year, and it also provides a course in the philosophy of 
science. 

In London there are now three main university centres : 
the London School of Economics, University College and 
the Imperial College of Science and Technology. The 
latter, which is a new department, will give undergraduate 
courses and provide research facilities for the Ph.D. 
and M.Sc. degrees. In Scotland, Aberdeen shows some 
expansion in staff and courses; it also runs classes in 
conjunction with the Medical Faculty. 

It is interesting to note that the courses offered by 
Cambridge and Dublin include topics in what might be 
called the ‘history and philosophy of psychology’, for 
example, the mind—body relationship and the unconscious. 
Furthermore, in view of the development of sociology in 
British universities in recent years, it would probably 
be worth while to have more courses in the history and 
philosophy of the social sciences. One gains the perhaps 
mistaken impression that the subject is sometimes rather 
narrowly interpreted in terms of the physical sciences. 
It might well be the case that the history and philosophy 
of the biological and social sciences would not only be more 
acceptable to mathematically unsophisticated arts 
students, but also more profitable educationally for them. 

In conclusion, progress certainly seems to have been 
made during the past five years, though perhaps it has 
not been spectacular. Taken in conjunction with develop- 
ments in the colleges of advanced technology (we know, 
for example, of one new department and a number of 
new appointments here) progress in the teaching of the 
subject is appreciably greater than would appear from 
our survey. It is probable that the increased activity 
in the colleges of advanced technology may feed back 
again into the universities and stimulate further interest. 

Mention in detail cannot be made here of the other 
universities which provide, or intend to provide, teaching 
in the subject. These include Birmingham, Bristol, 
Exeter, Keele, Manchester, Newcastle, Nottingham, 
Liverpool, Reading, St. Andrews, Sheffield, Southampton 
and Swansea. 


1Mays, W., Nature, 189, 971 (1961). 
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EDUCATION AND APPLICATION OF THE 
MATERIALS SCIENTIST 


T has recently been said! that in an economy which is 
no better than its best materials, there is no lack of 
mmployment for the materials scientist. The Materials 
Science Club, composed as it is of members from a variety 
of disciplines, has endeavoured to direct attention to the 
‘actors that enable the country to benefit by the most 
i\dvantageous utilization of the materials scientist. Con- 
sideration has already been given to collaboration between 
ndustrial and academic bodies?, and it was a natural 
levelopment to consider ““The Education and Application 
Xf the Materials Scientist’? as a main topic during the 
hird Banbury Conference of the Club during October 1-3. 
This was also the occasion of the presentation of the 
‘lub’s A. A. Griffith Medal to the first recipient, Dr. A. H. 
Yottrell. The A. A. Griffith Medal will be awarded 
innually by the Materials Science Club to a British 
icientist who has made a distinguished contribution to 
she study of materials science or technology. In making 
ihe presentation, the Club president, Mr. L. Holliday, 
vaid tribute to the generosity of Rolls-Royce, who had 
inanced the fabrication of the medal die. Briefly sketching 
she career of A. A. Griffith, who is to be considered a 
xoneer in the field of materials science because of his 
work on crack propagation and the strength of materials, 
Mr. Holliday recalled that it was in 1917 that Griffith 
was presented with his first medal. Between 1914 and 
[939 Griffith had a distinguished career at the Royal 
Aircraft Establishment, Farnborough, then moving to 
Rolls-Royce, Ltd., where during 1939 until 1960 he was 
mgaged on advanced research, particularly in the field of 
vertical take-off aircraft. In 1941 he was elected to the 
Royal Society. 

Turning to the distinguished career of Dr. Cottrell’, Mr. 
Holliday said that it was in 1954 that he was awarded 
iis first medal, the Rosenhain Medal, and was elected a 
Fellow of the Royal Society in 1955. In research, Dr. 
Yottrell has been concerned with the plastic deformation 
»f metal crystals, with creep and fracture phenomena, 
ind more recently with whisker and composite materials. 
[his year, Dr. Cottrell left the Department of Metallurgy 
ut Cambridge, where he was Goldsmith professor, to take 
ıp the post of deputy chief scientific adviser to the 
Ministry of Defence. In presenting the Medal, the presi- 
lent referred to the fact that it was now forty-five years 
ifter the publication of the Griffith theory of crack 
oropagation in brittle materials, and added by way of 
inticipation that he felt that by the year 2010 there 
would be somewhere an A. H. Cottrell Medal. 

In thanking the president and the Club, Dr. Cottrell 
xxpressed his pleasure at being associated with A. A. 
3riffith in this way, since he had long been his admirer, 
yarticularly with regard to the theory of fracture and 
‘rack propagation. He considered the original treatment 
legant and the power of the method profound. It was 
vith regret that he was unable to deliver a lecture at the 
sonference, but the pressures of his recent appointment 
nade it necessary to defer this to a future meeting of the 
~lub. 

The opening lecture was given by Prof. D. D. Eley, on 
‘Adhesion’’; he spoke immediately after the annual Club 
linner. After briefly tracing the events which led to his 
nvolvement in this subject, which can conveniently be 
tudied as a branch of surface shemistry, attention was 


then directed to the classification of the process of joint 
formation: (1) wetting of the solid surface; (2) setting 
of the adhesive; (3) deformation to release any stress set 
up in the previous step. Consideration was given to the 
thermodynamic work o7 adhesion and to the measurement 
of heats of immersion by highly accurate calorometric 
methods. In order to sssess joint strength it is necessary 
to devise some form of standard joint, which has resulted 
in the Napkin ring test, and the various techniques 
involved were describel. The penetration of the liquid 
adhesive into the poreus solid and the nature of the 
adherend are of prime importance, and a variety of treat- 
ments to give an increase in surface area were considered. 
In determining the heats of wetting to this surface a 
variety of the problems involved were indicated and in 
particular the tıme to complete the research work was 
constantly emphasized. Prof. Eley indicated that this was 
the type of research that was perhaps only possible in a 
university, because the cost would be a severe drain on 
the financial resources Cf any industrial concern. Finally, 
the strengths of the mclecular forces involved were con- 
sidered. At the conchision of the lecture a series of 
exhibits were passed ta the audience which illustrated a 
variety of the uses of the modern adhesive, and in par- 
ticular their use in the aircraft industry. j 

In the four papers whch were next presented, a pattern 
for the future training >f the scientist competent in the 
materials field gradually-emerged. The first, by Mr. D. M. 
Cunningham (Woolwick Polytechnic), on “Prospects in 
Materials Science’, presented the results of a statistical 
survey, the objects of which were: (a) to test attitudes 
and opinions about this zecently defined study; (b) closely 
connected with the firs; object—to obtain some idea of 
the kind of training thought most suitable for future 
materials scientists; (c) io make some kind of quantitative 
estimate of the number of people engaged in materials 
science, together with come growth projection into the 
future. 

Mr. Cunningham exp-ained the manner in which the 
survey had been conducted, together with the various 
tests which had been zpplied to establish randomness 
of samples and confidence in the results. It would appear 
that there is substantial agreement that materials science 
is a combination of ‘pu’ and ‘applied’ science and that 
physics and chemistry skould provide the basis for under- 
graduate courses. The sudy of materials science as such 
should, in general, be reserved for the postgraduate level. 
It was of interest to note that approximately 5 per cent 
of pure scientists and ths same proportion of mechanical, 
electrical and chemical engineers claim that their work 
directly encompasses m3terials science. Thus by 1968 
there could be about 10,000 scientists and engineers 
effectively concerned in materials science. About 4,000 
of those might well be chemists and/or physicists and 
about 5,000 engineers, tte remainder being metallurgists, 
mathematicians, etc. There is a possibility that the 
demand for scientific workers in the field of materials 
science may well rise mare rapidly than the demand for 
all scientists and techno-ogists. This demand will have 
to be met, during the next three years, from the present 
resources since the output of materials scientists 
trained as such is likely to be small. Mr. Cunningham 
emphasized that the foregoing conclusions are rather pre- 
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cariously based on relatively small samples and that the 
estimates of the total numbers in particular should be 
regarded as approximate. 

The part played by the schools in equipping candidates 
at advanced level with the necessary educational back- 
ground is of fundamental importance in the structure of 
further-educational courses. Dr. J. E. Spice (Winchester), 
in his paper “‘Physical Science as an ‘A’-Level Course”, 
described the progress that has been made in this science 
teaching project which is sponsored by the Nuffield 
Foundation. It was Dr. Spice’s view that physical science 
could be a more satisfying and exciting ‘A’-level subject 
than physics or chemistry separately. It could be taken 
together with either mathematics or biology, so that it 
would be possible to satisfy university entrance require- 
ments for courses in science, medicine and technology 
with two ‘A’-level passes at a high enough level instead of 
three as at present. This would allow the better sixth- 
formers to take a third, unrelated subject at ‘A’-level, for 
example, economics or a modern language. Perhaps as 
important, it would also enable the choice of a university 
course to be deferred until later in a student’s school 
career than at present. 

The Nuffield Science Teaching Project has now set up 
a Joint Committee for the Physical Sciences at ‘A’-level, 
which is co-ordinating the work of three separate groups. 
These groups are producing Nuffield-style ‘A’-level 
courses m physics, in chemistry, and in physical science, 
and it is hoped that trials will begin in selected schools in 
September 1966. 

The physical science course would have a small number 
of key concepts (such as energy, and the structure of 
matter) as unifying themes. At the same time, it would 
introduce pupils to all the topics and techniques which 
entrants to honours courses in physics and chemistry 
should know. It is also hoped to introduce the pupil to 
experiments so designed that he is taught to find things 
out for himself and become less dependent on memorized 
facts. : 

Prof. R. W. Cahn next spoke about the teaching of 
materials science at the University of Sussex. He began 
by explaining the system of schools of study which was 
used for all teaching in the new University. Students who 
were going to specialize in materials science took pre- 
liminary courses in structure and properties of matter as a 
principal subject (an atomistic approach to physics and 
chemistry), mathematics and either chemistry or further 
mathematics. Thereafter, materials science would be 
taken as a major subject in either the School of Applied 
Sciences or the School of Molecular Sciences. 

In the School of Applied Sciences, materials science 
courses were accompanied by a variety of courses in 
engineering topics such as electronics, mechanics of fluids, 
automatic control theory, etc. The planned materials 
science course included first a detailed course devoted to 
the electrical and magnetic properties of matter with 
detailed emphasis on semi-conductors and ferro-magnetic 
materials and to the mechanical properties and the 
physical factors determining them. Consideration is 
also given to the various techniques for preparing and 
refining materials and assessing their properties. The 
materials specialists also have an introduction to physical 
metallurgy with special emphasis on nucleation and 
transformation, and of course crystallographic and 
diffraction techniques. A great deal of emphasis was to 
be placed on laboratory experiments, and Prof. Cahn 
explained his philosophy about such experiments and 
emphasized their importance as a means of “‘costing out 
fear? of unfamiliar techniques while also developing 
dexterity and an awareness of the source of error. 

It was also possible to major in materials science in the 
School of Molecular Sciences, and here the emphasis would 
be scientific rather than of an engineering nature. The 
programme included lectures on quantum mechanics, 
erystal chemistry, molecular spectroscopy and topics in 


NATURE 


December 4, 1965 


inorganic chemistry, all given by physicists or chemists. A 
materials scientist would be responsible for a detailed 
course in crystallography and defect theory with specia) 
attention to dislocations, and there would also be a 
course surveying the methods of mechanical and physica) 
characteristics of materials. Students would, of course, 
attend a basic course on electrical and magnetic properties 
jointly with students of the School of Applied Sciences. 
In conclusion, Prof. Cahn said that it was too soon to 
say which of the two alternative ways of preparing a 
materials science specialist would prove to be more 
successful and more popular, and it might well be that 
one or other of these would prove to be so superior to 
the other that only one approach would eventually be 
offered. 

The title “Management of Materials Science Research” 
enabled the next contributor, Dr. F. J. P. Clark (U.K. 
Atomic Energy Authority), to convince the Club that it 
should have a half-day’s conference on management. He 
pointed out that in the majority of industrial concerns 
the expenditure on people attending management con- 
ferences is relatively much less than on technical con- 
ferences. It has been maintained by Holloman, among 
others, that good management is so important that it 
matters little whether the principles involved are applied 
to research and development or, for example, running a 
pickle factory. If management principles are as important 
as this example suggests, then more attention should be 
paid to them. 

Examples were then given of some of the primary 
functions of a research manager. To begin with, a dis- 
tinction was made between three levels of management: 
first, the most senior level at which general objectives are 
determined; secondly, the executive level at which a 
decision is made on how these should be achieved; and 
thirdly, the responsibility of the day-to-day organization 
of the work. Dr. Clark then particularly directed his 
remarks towards the second category in management. 
The primary job of a research manager is to define 
objectives, and the advantages of clearly defined objectives 
are numerous. Two were mentioned in particular: (1) 
diffuseness in research is prevented; (2) clear definition 
of objectives can provide opportunities for scientists to 
exercise responsible freedom in their research. In an 
example it was shown that scientists, given freedom to 
involve themselves in divergent research, in fact con- 
verged their research on objectives if those objectives had 
been sufficiently well defined. Another function of a 
manager is to provide the organizational and intellectual 
environment in which the objectives can be obtained. 
This means removing potential sources of frustration 
inherent in poor organization. On the intellectual side, 
this means an appreciation of the fact that the best results 
are obtained by a sharing of the thinking that leads to 
decisions. The speaker finally argued that there was 
definite experimental evidence supporting the contention 
that the efficiency of scientists as scientists was increased 
by their participation in administrative jobs, perhaps to 
the extent of a quarter of their total time. 

The first of four papers on specific materials and prob- 
lems ın the materials field was given by Dr. H. Fessler 
(University of Nottingham) and was entitled ‘Some 
Problems in Strain Measurement of Non-Linear Materials”. 
Dr. Fessler discussed the way in which the mechanical 
engineer, to utilize fully the capacity of a material, wishes 
to know the stress to failure within very fine limits. In 
considering the phenomena of confined plastic deforma- 
tion and shape of mechanical components, reference was 
made to the unexpected failure of materials. The plastic— 
elastic distribution can only be obtained by direct measure- 
ment of the strain of the material in the component form; 
several techniques, such as point measurement, field 
methods, brittle coatings, Moiré fringe patterns and the 
birefringence of photo-elastic materials are all at present 
being used. 
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The photo-elastic method is of particular importance 
o the mechanical engineer, and Dr. Fessler made a plea 
or some effort to be directed towards the improve- 
nent of the materials at present available for this 
echnique. 

Factors which influence the choice of such a material 
nay be listed as follows: 

The model constructed in the photo-elastic material 
aust reproduce the strain in the original. 

The model must be loaded so as to imitate the structural 
omponent. Good optical sensitivity is required, it being 
esirable to increase the amount of birefringence for each 
iven strain at least ten-fold. 

The material should be chemically and mechanically 
table, and preferably not very hygroscopic and should 
xhibit negligible volume change on setting. It should be 
S ee and as isotropic as the material bemg 
‘opied. 

The material should be castable in blocks by a curing 
eaction which should not be excessively exothermic since 
his could produce an undesirable initial birefringence, 
md the glass/rubber transition temperature should not 
© far removed from laboratory temperatures. 

A Poisson’s ratio of about one-third would be most 
‘onvenient. 

The part played by the epoxy resins as photo-elastic 
naterials was then indicated, particularly in the light of 
he previous suggestions. 

The examination of photo-processes is of obvious 
elevance to photoactive materials such as photographic 
mulsions, photosynthetic plants, photo-conductive elec- 
ronic and laser devices. In his paper ‘‘Photoprocesses 
n Materials” Dr. D. J. Morantz (Woolwich Polytechnic) 
lso emphasized the important information concerning the 
nicrostructure of materials that may be obtained by the 
tudy of these processes, three examples of photo- 
yrocesses: being discussed: 


(a) The production of metastable excited states. This 
yhenomenon, which is well known, enables the inversion 
f the population of electronic states in photoactive 
naterial. This inversion is normally removed by spon- 
aneous emission; alternatively, in a suitable optical 
‘avity, inversion enables the onset of laser action. 


(6) Photochromism. This refers to the production of a 
‘eversible colour change on exposure of a substance to 
ight. The mechanism may involve a metastable state, a 
reometrical isomer or, more usually, a reversible chemical 
thange. Such phenomena may be used for the photosensit- 
zed control of light transmission (for example, crypto- 
yanin in Q-switched lasers), and photochromism has been 
xroposed for use in memory devices for computers. 
Although use of such devices is unlikely with present tech- 
1ology, Dr. Morantz proposed that, on a molecular level, 
nteraction between photoactive chromophores in polymer 
+hains may in the future provide feasible systems. 


(c) Photo-ionization. The photo-ejection of electrons 
m irradiation may be followed by reaction in a liquid or 
jas medium. In a solid the electrons may be trapped and 
nay subsequently be induced to recombine with the 
yositive ions by thermal or radiational activation of the 
raps. The ionized material may be coloured and the act 
f recombination may result in luminescence. Dr. 
Worantz described work in his laboratory on the investi- 
ration of luminescence intensities, life-times and spectra, 
rom which evidence is available that each of these 
,arameters is dependent on the nature of the solid material 
which provides the trapping sites. 


In concluding, correlations were discussed with the 
naterials requirements of the previous speaker, when it 
vas generally agreed that the use of photo-stimulated 
mission may lead to a more sensitive method. 

A picture of present-day technology in the light of 
levelopments in solid-state physics was given by Dr. 
H. G. Howell (British Plaster Board Holdings, Ltd.) in 
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his paper, “Some Ma-erial Thoughts on Gypsum”. In 
introducing the topic, Dr. Howell described the physical 
chemistry underlying tihe changes involved ın going from 
rock gypsum to hemih-drate and then to dihydrate, with 
particular reference tc crystal structure of the species, 
and the influence of hydrogen bonds on the crystal 
cleavage plains. In tke case of hemihydrate it is found 
that properties are exnibited which are sensitive to the 
method of preparation, in spite of materials being identical 
with regard to their X ray structures. The need for con- 
trolling the set of «-plaster and the part played by crystal 
size and habit in this operation are closely connected, and 
the elimination of voids becomes important with regard to 
realization of ultimate mechanical strength. lt was 
interesting to learn thet plaster of Paris is as strong as 
cement and could be -ts rival as a structural material 
except for its unfortunete solubility, and that many other 
hydrates form equall} attractive structural materials. 

In his paper, “Unorthodox Structural Materials”, Mr. 
N. J. Parratt (E.R.D.E_, Waltham Abbey) examined the 
strength of traditional materials, where the mean elastic 
bond strain at failure may be between 0-1 and 1:0 per 
cent and the tensile strength 1s therefore about that 
fraction of the Young’s modulus. Since most structures 
are intended to be light -n weight, as a first approximation 
Young’s modulus divided by specific gravity may be used 
as a comparative criterion. The common structural 
materials have E/s.g. close to 3-9 x 10° lb./in.?, but this 
figure may be improved_on by some high-specific modulus 
materials such as aluminium nitride, boron, carbon whis- 
kers, silicon carbide and particularly silicon nitride, which 
has the figure 17 x 10%15./mm?. Mr. Parratt then explained 
how these materials may be exploited in the form of 
whisker crystals as reinforcing agents. To be of general 
use, an economic process for the mass production of 
whiskers would be desirable, and the developments 
towards this from laboratory expermments to semi-scale 
plant were described. 

Delegates at the conference were able to visit a special 
exhibition of materials dealing with “Materials Science 
Technology at Aldermason’’, which was organized under 
the direction of Dr. D. Deverell, of the Atomic Weapons 
Research Establishment. The range of work in materials 
carried out at Aldermasson is very wide and it is impos- 
sible to do more than nention some of these most inter- 
esting exhibits: glass-fibre reinforced concrete—to solve 
the problem of designing a non-magnetic clamping system 
to withstand repulsive rces between collector plates of 
a megajoule discharge bank; optical materials—special 
techniques have been «leveloped to obtain high-grade 
optical properties in stainless-steel mirrors for high-speed. 
cameras and in special ight-weight aluminium mirrors; 
composite materials—remforced metal matrices using 
whisker crystals, particularly with aligned fibres, the 
apparatus and product o? each technique being displayed; 
joining—welding of less common metals, a variety of 
uranium and beryllium j»ints were shown, together with 
an example of a specia! technique, the electron beam 
welding of titanium-back=d polythene. 

In addition to these specialized subjects were examples 
of general materials reseerch in the fields of, for example, 
adhesives, foam plastics. cellular rubbers, encapsulants, 
surface coatings and isostatic pressing. Since U.K. Atomic 
Energy Authority staff were in attendance at the stands, 
delegates were afforded the welcome opportunity to 
discuss in detail the varDbus materials and techniques in 
the exhibition. 

It would now seem oppertune to direct attention to next 
year’s Banbury Conference, when some consideration 
will be given to ““The Selection of Engineering Materials”, 
and to add that sugges-ed contributions may now be 
submitted. G. F. FREEGUARD 


1 Discovery, 26, No. 7, 41 (1965). 
£: Nature, 204, 831 (1964). 
3 Nature, 208, 19 (1965). 


942 


NATURE 


December 4, 1965 


VoL. 208 


EVIDENCE FOR STRUCTURES RESEMBLING CRYSTALLINE CARBONS AT 
THE ACTIVE CENTRE OF ENZYMES 


By Dr. E. D. WACHSMUTH 


Institut für Biochemie, Universitat Frankfurt am Main, Germany 


HE bondings between the even-numbered members 

of a homologous series of aliphatic acids, amines and 
amino-acids are relatively stronger than those between 
the odd-numbered ones. This can be illustrated by the 
alternating melting points of such a series of compounds. 
Parallel to the melting points there is also an alternation 
in the adsorption of a series of hydrocarbons and of a 
series of aliphatic acids?»? on porous carbon. Thus non. 
crystalline structures are also apparently most stable when 
even-numbered chains of carbon atoms are adsorbed. 
Therefore an investigation of the effects of inhibitors and 
substrates containing hydrocarbon side-chains of different 
lengths should cast light on the steric configuration around 
the active centre of-enzymes. This influence on an enzyme 
has been interpreted until now only as a hydrophobic 
interaction between enzyme and substrate. For example, 
of all the amino-acids existing in Nature, derivatives of 
leucine are very easily hydrolysed by the leucineamino- 
peptidase described by Smith and Spackman‘ because of 
its most hydrophobic side-chain. In the case of alcohol- 
dehydrogenase, an increase in the size of substrate, or 
branching in the side-chain of the substrate, results in 
reduced activity’-*. These two types of enzymes were 
thus selected for detailed investigations to determine 
whether the molecular form in addition to the hydro- 
phobic character of the substrate is important for inter- 
action with the enzymes. 

Inhibition experiments with pure aminopeptidase of pig 
kidney show that the longer is the side-chain of aliphatic 
acids, amines and amides, then the greater is the inhibition 
of hydrolysis of the leucine derivatives!®. In contrast to 
the classical leucineaminopeptidase! the aminopeptidase 
used in this work was prepared by a method! which 
avoided the use of denaturing agents. Since the inhibitions 
are competitive, the longer-chain inhibitors seem to be 
better able to replace the substrate on the hydrophobic 
binding site on the enzyme!*. Such a competitive displace- 
ment is no longer possible when the substrate lacks 
a hydrophobic side-chain as is the case with glycine. Thus, 
when glycine derivatives were used as substrates!® the 
inhibition was un-competitive and showed an alternating 
pattern depending on the length of the side-chain of the 
inhibitor, as demonstrated in Fig. 1 for aliphatic acids. 
The even-numbered derivatives had relatively higher Ky 
and V’max values than the odd ones and paralleled the 
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Fig.1. Inhibition of enzymatic action by aliphatic acids. AP: V’ max of 
aminopeptidase in the presence of 0-5 M inhibitor. ADH. K, of liver 
alcoholdehydrogenase™*. F. melting points of aliphatic acids 


melting points of those inhibitois. As for liver alcohol 
dehydrogenase, aliphatic acids and amides are also knowr 
to have an alternating effect on the enzymatic reaction 
but these results were previously thought to be due tc 
experimental errors!” (Fig. 1). Fig. 2 shows that the K'ẹ 
values of a series of amino-acids used as inhibitors for the 
enzymatic hydrolysis of glycine p-nitranilide by amino 
peptidase also closely parallel the melting points. 
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Fig 2. Hydrolysis of glycine p-nitranilide by aminopeptidase measured 
in the presence of 0-01 M solutions of amino-acids. The Michaelis con- 
stants (molar) and maximal rates of hydrolysis (at 37°) in the presence of 
amino-acids are designated Kar and Vmax and were measured from 
Lineweaver and Burk plots. + --- +, melting points of amino-acids 


The best criteria for judging the degree of interaction 
between an enzyme and its substrate are the Vmax 
values. They represent directly the dissociation of the 
enzyme-substrate-complex, whereas the interpretation of 
Km values is more complicated. Fig. 3 shows these con- 
stants for the hydrolysis of various amino-acid amides by 
aminopeptidase. The curve demonstrates that the even- 
numbered, amino-acid amides are relatively more rapidly 
hydrolysed than the odd-numbered ones. The Ka and 
Vmax values for alcoholdehydrogenase of liver (Fig. 4) 
have been measured and show similar variations according 
to the length of the hydrocarbon side-chain. The results 
in Fig. 5 illustrate the existence of similar relations for 
different alcohols used es substrates for yeast elcoholde- 
hydrogenase. The oscillating variation of both the melting 
points and the Vmax values with liver alcoholdehydro- 
genase ceases with alcohols longer than pentanol®®. 

As for aminopeptidase of pig kidney, aleoholdehydro- 
genase of yeast and beef liver, a change in the length of 
the side-chain of the substrate results in relatively better 
substrates if the hydrocarbon side-chain is even-numbered 
than if it is odd-numbered. Very similar variations were 
found in the inhibitors. This parallels the melting points 
and, the adsorption on porous carbon of all hydrocarbon 
derivatives tested. Since the melting points are decom- 
position points, they ilustrate the adsorption of hydro- 
carbons on one another and analogously on porous carbon. 
Thus, it must be concluded, there should be a structure on 
the enzyme surface, which resembles that of a crystalline 
carbon. 

By comparing aminopeptidase with the alcoholdehydro- 
genases it is apparent that both the adsorption of the 
substrates by the enzymes and the maximum rates of 
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Fig. 5. The constants for the dehydrogenation. of various straight 
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substrates offer the optimal orientation and this’: hee ee 
least steric hindrance for the conformational change’ OP 
the enzyme-substrate-complex which occurs during the ~ 
enzymatic reaction. This orientating effect islackinginthe 

case of the single carbon atom substrates, glycine and — 
methanol. Bound substrates with more than two carbons: 

in the backbone of ths molecule present a greater steric 
hindrance to conforraational change. In the case. of 

liver alecholdehydrogenase this hindrance is not apparent 

unless there are more shan four carbon atoms in the sub: 

strate molecule®.®. 


Table 1. Kinetic Constants OF YRAST ALCOROLDEHYDROGENASE WITH 
VARIOUS ALCOHOLS 


(For experimental! conditions see big 13) 


Ka (molar) 
Alcohol x 10+ {in % Vr ethanol) 
dehydrogenation) 

n-propanol 2-2 29 
iso-propanol 20-8 a G 
n-butanol 1:5 21 
sec.-butanol 18-2 8-6 
tert-butanol e 0 
n-butanol 6 21 
methyl-eellosolve 52 0-5 
n-amylaleohol 13 3 
ethyl-celiosolve 10-4 OS 


These results, as a whole, show-~analogous to the ait T 
ing points and the adsorption effects on porous carbo aad ee 
that there is a high degree of order on the surface of these 
enzymes in the neightourhood of the active centre w 
closely resembles the structure of erystalline carbon 
the orientation of the hydrocarbon side-chain starts 
the tightly bound reactive part. of the substrate mole 
the side-chain can either inerease (even-numbered 
decrease (odd-numbered) the hydrophobic interac 
between the enzyme binding site and a substrate. 4 
inhibitor. | 
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THE WOLF CREEK IRON METEORITE 
By Prof. S. R. TAYLOR 


Department of Geophysics and Geochemistry, Australian National University, Canberra 


HE discovery of the crater due to meteorite impact 
near Wolf Creek, Western Australia, was first re- 
ported by Reeves and Chalmers'. Guppy and Matheson? 
gave a fuller description. The Wolf Creek crater (Fig. 1) 
is situated at long. 127° 48’ E. and lat. 19° 11’ S. (co- 
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Fragments of Wolf Creek iron meteorite showing size and form. Note the many 
angular fragments 


ordinates of south-east sector of rim) 2,800 m. east of 
Wolf Creek in the East Kimberley District, Western 
Australia. The nearest town is Halls Creek, 66 miles 
north of the crater. The crater diameter (rim to rim) 
varies between 870 and 950 m (ref. 3). This size is 
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Aerial view of Wolf Creek metearite crater, looking north 


exceeded only by the Arizona meteorite 
crater (Canyon Diablo meteorite) among 
craters with associated meteoritic mater- 
ialt, 

Guppy and Matheson’, Cassidy’, LaPaz‘ 
and McCall? have described the nickel-rich 
oxidized meteoritic material which was 
moderately abundant, but has now been 
extensively collected. No typical metallic 
meteorite specimens have been reported 
previously, although Guppy and Matheson* 
recovered trace amounts of metallic iron 
from the oxidized material, end LaPaz“ 
reported streaks and granules of metal in 
two large (120 and 125 kg) oxidized 
masses. 

The purpose of this article is to report 
the discovery of fragments of a typical iron 
meteorite near the crater. In June 1965, 
Dr. P. Kolbe and Mr. E. H. Pedersen, of 
this Department, mapped Wolf Creek crater 
as part of a survey of Australian meteorite 
craters. In August 1965, Mrs. J. Moyle of 
Carranya Station, about 3 miles south- 
west of the crater, forwarded a small piece 
of iron meteorite found by Andy Timperley 
and a companion who are employed at the 
station. Following identification of the 
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fragment, the locality was visited by 
Mr. E. H. Pedersen and myself. On 
August 30 and subsequent days, 1,343 g 
were collected, 

The fragments were found lying on the 
surface among small pebbles, overlying a 
calcareous clay soil without pebbles or 
meteorite fragments. The ground is 
partly covered by spinifex (Triodia sp.) 
but is otherwise barren. The fragments 
were found mainly in an elliptical erea 
with axes of 30 and 20 m, 3,900 m south- 
west (235°) of the crater. The distance 
west from the creek on this bearing is 
1,100 m. Other fragments were found 
about 100 m to the west and a large frag- 
ment (70 g) about 500 m west of the creek. 
Much of this area was traversed using a 
mine detector, but no large buried masses 
were located. A low ridge with a calcare- 
ous Gapping rises about 100 m north of the 
principal locality. Small sinkholes, not 
to be confused with impact features, 
have developed near the edge of the scarp 
facing the creek. 

Fig. 2 shows the size-range collected, and 
the typical forms of the fragments. The largest piece (top 
left) weighs 72-6 g and the four smallest (bottom right) 
weigh 0-114, 0-114, 0-269 and 0-128 g 1espectively. The sur- 
face of the fragments is heavily oxidized. Their shape com- 
monly is oriented parallel to the Widmanstatten structure 
developed parallel to octahedral planes. There is no 
definite evidence of modification by fusion of the surface, 
and the regular outlines, with occasional projecting spikes, 
are interpreted as due to secondary fragmentation of a 
larger mass, cleaving along the octahedral planes. 

Fig. 3 shows polished and etched surfaces of four speci- 
mens, displaying well-developed Widmanstatten structure 
with alternating broad lamellae of kamacite (nickel-poor 
body-centred cubie or «a-iron) and taenite (nickel-rich 
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Polished and etched sectionashowing Widmanstatten structure 


face-centred cubic or y-iron). The average width of the 
kamacite lamellae is sbout 0-9 mm. This falls within the 
range of kamacite band-widths (0-5-1-5 mm) of the medium 
octahedrite class of mon meteorites*. Chemical analysis 
gives a nickel contert of 8-6 and 0-4 per cent of cobalt, 
rather close to the average of all iron meteorites reported 
by Mason‘, and confirming the classification as a medium 
octahedrite. 

t Reeves, F., and Chalmers, R. O., Austral. J. Sei.,11, 154 (1948). 

* Guppy, D. J., and Matheson, R. 5., J. Geol., 58, 30 (1950). 

* Kolbe, P. (personal communication), 

t Mason, B., Metzorites (John Wiley, 1962). 

* Cassidy, W. A.. Meteoritica 1, 197 (1954). 


* LaPaz, L., Meteoritics, 1, 20 (1954), 
’ McCall, G. J. H., Anu. N.¥. Acad. Sci., 123, 970 (1965). 


INITIATION OF CHAIN REACTION UNDER AN ULTRASONIC WAVE 
EFFECT 


By Pror. |. E. ELPINER, A. V. SOKOLSKAYA and M. A MARGULIS 


Institute of Biological Physics, Academy of Sciences of the U.S.3.R., Moscow 


HEMICAL processes which proceed in an ultrasonic 
wave field are mainly conditioned by cavitation 
phenomenon. According to existing theories, gases, 
molecules of water and other compounds, penetrating 
into a cavitation bubble, undergo ionization or activation 
as & result of large electrical tensions! or large pressures*. 
The oxidation and reduction reactions usually observed 
in sonicated aqueous media are related to the appearance 
ef ions and short- or long-living radicals. To a great 
extent, the character of these reactions depends on the 
nature of the gas which saturates the sonicated aqueous 
solution. Moreover, it transpires that the character of 
ultrasonic reactions also depends on the nature of rare 
(noble) gases that are present in solution. Thus, oxida- 
tion processes proceed in an ultrasonic wave field not 
only in presence of oxygen but also in its absence if the 
sonicated solution has been previously saturated with 
argon or krypton (but not with helium)*-*. A suggestion 
was made that krypton or argon, excited in an ultrasonic 
field, ‘catalyse’ the process of splitting water molecules 
with the result that activated OH-radicals are formed 
which participate in oxidative reactions. 
These observations revealed new possibilities of the 
control over ultrasonic chemical processes and suggested 


a way of investigating the elementary phenomena which 
form the basis of ultrasonic reactions. The problem of 
the intensifying of -hə reactions remains the urgent 
one. 

We present here dasa which show that atoms and radi- 
cals, initiating reactions with large-quantum yield, can 
be formed by means of an ultrasonic wave effect. By 
‘initiating reactions’ we mean the initiation of chain 
reactions, or, more precisely, the possibility of obtaining 
active particles which are necessary for chain formation. 
It has been suggested that for some admixtures (initiators), 
dissociation in the cavitation bubble with the concomi- 
tant formation of ators or radicals provides the beginning 
of chain reactions undr the influence of ultrasonic waves. 
This has now been corfirmed by the following experiment. 

We investigated the possibility of initiating a stereo- 
isomerization effect in sthylene ‘raw’ compounds (ethylene- 
1,2-dicarboxylic acid and its dimethyl ether) when placed 
in an ultrasonic wave jield. 

It should be noted that the isomerization reaction of 
maleic acid with the concomitant formation of fumaric 
acid proceeds under tne influence of ultra-violet light or 
visible light in the oresence of an initiator—a small 
amount of bromine. This process has the characteristic 








after 18 h (see Table 1). 








4 
porran: 






: | | 
HOOC---CH H-—-C—COOH 
HOOC-——C-—H 
i + Br 
H—C—COOH 


E eai be seen that the primary reaction here is the 
appearance of Br- atoms. Bromine atoms react with 
omer molecule with the formation of free radicals: 





HOOC—-CHBr 


| 
HOOC—CH 


which is transformed into more stable trans-isomer. 

< In darkness, isomerization of maleic acid into fumarie 
-acid does not occur under the conditions mentioned even 
Later some experiments on 
‘sonication. of the investigated mixtures were carried out 
in darkness. 

In our work, ultrasonic oscillations having a frequency 
of 860 ke/s were used; 33 per cent aqueous solutions of 
maleic acid were sonicated in the presence of a small 
amount of bromine (0-0079 mole of Br, was added per 
mole of maleic acid). The sonicated solutions were satur- 
ated previously with oxygen, hydrogen, helium, argon or 
nitrogen. 

Control of the course of the reaction is possible, owing to 
the fact that the fumarie acid formed, unlike maleic acid, 
is poorly soluble in water and precipitates as white needle- 
like crystals. Quantitative analyses of fumaric acid were 
carried out by the weighing technique. 

As Table 1 shows, isomerization of maleic acid with the 
formation of fumaric acid proceeds at comparatively 
short exposures to ultrasonic waves. (The melting-point 
of the product obtained is 286° C, which corresponds to 
that of fumaric acid.) At the same time it appears that 
the reaction is inhibited if the reaction mixture has been 
previously saturated with oxygen. In the presence of the 

latter the reaction proceeds more slowly than in the 
presence of a rare gas. 


fable 1. THE AMOUNT OF FUMARIC ACID, PRODUCED ACCORDING TO THE 
ee NATURE OF THE GAS, SATURATING THE AQUEOUS SOLUTION OF MALEIC ACID 
? 5 SONICATED IN DARKNESS 


a “five mi. of aqueous solution containing maleic acid (33 per cent) and 0-5 ml. 
© at of. Bromine. water were sonicated mk frequency of 860 kejs and intensity 
ae er Wiem? 





Amount of fumarie acid produced on sonication in presence of: 
He 


Ar e Os H, N, 
coon u Gni. g Ya g Ya g Yo g %~ g %o 
a eo eey 11-9 01472 BR 0 -~ 01606 96 01434 86 
40" 02084 122 01812 109 0 -~ ©1383 83 02133 12-8 
ES. 2818 16-9 02161 130 0 — - 02462 148 ©1811 109 
BS ee ee D PR OO: ee a a a 
BB — ee ORB BB ee 
20* 0 0 
400%.. 0 0 0 
ight 0 B a 


i E ‘Bonteation was carried out in the absence of bromine. 
“= The solution studied was maintained in darkness and not sonicated, 


Similar results were obtained when aqueous solutions of 

dimethyl ether of maleic acid were subjected to ultrasonic 
‘waves in the presence of catalytic amounts of bromine. 
Precipitation of small erystals of the dimethyl ether of 
fumarie acid occurred 2-3 min after the sonication com- 
menced in darkness (after recrystallization m.p. was 
151° C, which is characteristic of this compound). 


af life ot we Br- is of the order ioi 107-104 A 





smaller than the period of applied ultrasound or small 
than the duration of life of the cavitation bubble, 
interaction between bromine atom and cis-isomer molect le: 
should be considered to occur on the bubble-fluid interface. 
On the given interface the molecules of oxygen, pene- 
trating into the cavitation bubble, halt the chain reaction. 
which has begun, and form intermediate peroxide-inactive:, 
compounds with reaction products**, : 

Later it was found that by ultrasonic chemical trans- 
formations some bromine-containing aliphatic compounds 
release atomic bromine which also initiates the chain: 
reaction of isomerization of maleic acid into fumarie 
acid. The experiments were carried out on 1,2-dibromo- 
ethane (C,H,Br,) and -hexyl bromide (C,H,,Br); 5 ml. 
of a 33 per cent aqueous solution of maleic acid plus 
0-5 ml. of water, saturated at 60°~-70° C with dibromo- 
ethane or n-hexyl bromide, were treated with ultrasonic 
waves. 

The results of the investigation using dibromoethane 
are given in Table 2. 













Table 2. THE AMOUNT OF FUMARIC ACID, PRODUCED ACCORDING TO THE 
NATURE OF THE GAS, SATURATING THE AQUEOTS SOLUTION OF 33 PER CENT 
MALEIC ACID SGNICATED IN DARKNESS 


Five mi. aqueous solution plus 0-5 ml. of water saturated with CHBr 
were sonicated under a frequency of 860 kejs and intensity 12 W/em 


Amount of produced 
fumaric acid (g) 


Time of soni- 


Gas, present 3 
cation (min) 


during sonication 


Hydrogen 75 0 
Hydrogen 120 9 
Argon 40 O72 
Argon 60 0-057 
Oxygen 30 0-035 
Air 60 0:050 


In this case, it also seems that the bromine atoms are 
formed in a cavitation bubble where dibromo-ethane (or: 
n-hexyl bromide) penetrates owing to the high elasticity: 
of its vapour. However, the splitting of atomic bromine 
apparently proceeds with the participation of atomic 
oxygen and, in the case of argon (at the interaction with 
OH-radicals), products of water molecule splitting. The 
energy of the Br-—C bond is much greater than that of the. 
Br-—Br bond. It accounts, probably, for the fact that the 
process of accumulation of a sufficient amount of fumarie 
acid proceeds more slowly than in the presence of bromine 
molecules. It is suggested that the oxygen molecules 
which are present in the cavitation bubble are mostly used. 
for the breakage of the C—Br bond; owing to this they do. 
not influence further development of the chain reaction of 
the isomerization of maleie acid into fumarie acid. 7 

It should be emphasized that we failed to initiate any 
isomerization reaction by means of bromo-benzene or 
sodium bromide instead of dibromo-ethane. 

Thus, initiation of chein reactions in an ultrasonic 
wave field is probably due to the direct excitation of the 
initiators of these reactions, which penetrate into cavita- 
tion bubble. In some cases chemical transformations can 
bring about the formation. of the intermediate reactions, 
the products of which can be initiators of chain chemical 
processes. 


+ Prudhomme, R. O., and Grabar, P., J. Chim. Phys. Phys.-chim. Biol., 48, 
323 (1949). 

? Neppiras, E. A., and Nolting, B. B., Proe. Phys. Soc., 64, B, 384 (1951). 

? Bipiner, I. E., Ultrazvuk, Fiziko-khimicheskoe i biologicheskoe Deistvie, 
Fizmatgiz (Moscow, 1963): Ulirasound, Physical, Chemical, and Piolngieal 
Effects (Consultants Bureau, New York, 1964). 

Elpin, I- E., and Sokolskaya, A. V., Dokl. Acad. Nauk U.S.S.R.,119, 1180 

ë Sokolskaya, A. V., and Elpiner, I, E., Akust. Zhur., 6, 263 (1960). 

* Po 5 B., and Sokolskaya, A. V., Dokl. Acad. Nauk U.S.S.R., 158, 200 


* Rentov, O. A.. Teoretizheskie Osnovi Organicheskoy Chimii, 284 (Moskow 
Universitet, 1964), 
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DENCE FOR MICROFOSSILS IN THE ALAIS AND ORGUEIL 
CARBONACEOUS METEORITES 





By SAM L. VanLANDINGHAM 


Department of Biology, University of Louisville, Kentacky 














id. Orgueil carbonaceous chondrites, 
hydrofluoric acid or 6 N hydrochloric 
ion of saturated potassium chlorate 
nitrie acid (Schulze’s solution), resulted 
tho isolatior ofa number of acid-resistent particles 
ich morphologically resemble organized elements 
described by Claus and Nagy', Staplin?, Timofejev* and 
Paliks Some of these particles appeared to be morphologi- 
y identical with the microstructures described by tho 
y investigators and were found, by Nagy et alt, to be 
artially mineralized. A few of the acid-resistant particles 

re identified as recent terrestrial contaminants; how- 

r, the majority of them appeared to be indigenous 
‘rofossils on morphological grounds. The fact that. 
some of the microstructures in the Alais meteorite are 
i lentical with those in the Orgueil meteorite (obtained 
from a different museum) and that no microstructures 
were found in the Bruderheim meteorite (a non-carbon- 
aceous chondrite used as a control) serves as a further 
indication of a possible indigenous origin of the micro- 
fossils. 

Approximately 670 mg of the Alais meteorite, 470 mg 
of the Orgueil meteorite and 680 mg of the Bruderheim 
meteorite were obtained from Dr. George Claus, New 
York University. These samples originally came from 
the American Museum of Natural History, New York, from 
the Smithsonian Institution, Washington, and from the 
University of Alberta, Canada, respectively. The Alais 
meteorite fell in 1806 in France, and was chemically 
studied by Berzelius® in 1834. The Orgueil meteorite fell 
in: 1864 in France and it has been the subject of extensive 
investigations in recent years. The Orgueil meteorite 
contains hydrocarbons’, fatty acids*, porphyrins®, and 
organic material which shows optical rotation’. Free- 
carbon radicals of possible biogenic origin were also found 
evenly distributed in some meteoritic organie phases". 
Mineralogical investigations!** have shown that its 
parent body had an aqueous, low temperature, slightly 
alkaline and somewhat reducing envirenment. The 
interior of the meteorite did not seem to be affected by the 
heat generated during the fall through the Earth’s atmo- 
sphere. Tho Bruderheim meteorite fell in Canada in 1960 
and it has been used widely in recent chemical and 
physical investigations. It is a non-carbonaceous chondrite 
containing minerals of high-temperature origin only; 
consequently it appears to be a suitable control for the 
present studies. 

The Alais meteorite was crushed in a glass mortar. The 
powder was first treated with 75 ml. of concentrated hydro- 
fluoric acid for 24 h at room temperature and then washed 
and siphoned six times with distilled water, allowing 2 h 
for each settling between siphonings. The distance of 
settling was 40 em. The purpose of the hydrofluoric 
acid treatment was to remove silicate minerals. The 
material was then treated with approximately 75 ml. of 
uulze’s solution in order to bleach concentrated organic 
i ns. After approximately 24 h in the Schulze’s 
tion, the samples were washed and siphoned six 
€ a allo ing 2 h for each settling between siphonings. A 
H wm- of the cleaned organic and insoluble 
rial was mixed with ‘Clearcol’ resin on glass cover- 
Se The cover-slips were then placed on glass slides and 
allowed to dry. Fragments of the Orgueil meteorite were 
treated only with Schulze’s solution. 






































reatment of powdered samples of 








In another exporiment, approximately 373 mg of the : oe 


Alais meteorite were erushed in a glass mortar and treated 
with 75 ml. of concentrated hydrochloric acid for. 
‘The samples were washed and siphoned six times, & 
2 h for each settling ef 40 ml. The acid-resistant rem 
were then mounted i ir ‘Hyrax’ resin. The same proce 


was also followed for the Bruderheim and the Orgueil a 


meteorites. 

A microscopie examination of fifteen slides revealed 
some terrestrial contaminants. A fungus spore and some ~ 
spores or pollen grains were noted in the Alais and Orgueil — 
meteorites. The contamination level appeared to be low; 
only five slides out of the fifteen microscopic preparations 
showed microstructupes that could be identified possibly 
with recent organisms. In the Bruderheim meteorite no 
contaminants were observed. 

Figs. 1-4 show phosomicrographs of some of the acid- 
resistant particles separated from the Alais and Orgueil 
carbonaceous meteorites. Thirty indigenous forms were 








Figs, 1-4 




















rm is Tiom the 





described by Claus and Nagy from the Orgueil 
and Ivuna meteorites", Fig. 2 shows a flat, disk-shaped 
‘body with perforations and spines. The body has a diameter 
of 10-5u. This form was found in the Alais meteorite. 

Fig. 3 shows a spherical body, 28-31u in diameter, exhibit- 
oe thin-wall strueture. This eee was found in the 
reteorite. Fig. 4 shows an oblong body which is 
© granulose and which has a conspicuous 
ubular wall thickening resembling a canal-like 
ie wal is thin. This pclae has pease oF 














Ib be a aea hére, 
rk recorded here confirms earlier findings regard- 
‘presence of microstructures in car ponheous 





rs as only biological contaiainantell 17," The EZAC origin 


aote, anal it it is éausiaered: to be identical with | 


‘mineral artefacts. 
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INHIBITION OF TRANSPLANTABLE AND SPONTANEOUS MURINE 
TUMOURS BY THE M-P VIRUS 


By Dr. NORMAN MOLOMUT and Dr. MORTON PADNOS 


Waldemar Medical Research Foundation, Inc., Woodbury, Long Island, New York 


Ta years ago we reported that while studying sub- 
-acA cellular fractions of Ehrlich ascites carcinoma 
(EAC), we noted that after 105,000g centrifugation the 
- supernatant fluid was capable of transmitting EAC when 
injected into mice. Subsequent investigations revealed 
“viable cells with vacuolated cytoplasm and nuclei com- 
pressed into evaginations of the cell wall present in the 
supernatant fluidi. 

Filtration of the final supernatant fluid on a 220-myp 
~‘Gradocol’ membrane removed these cells and the filtrate 
did not transmit EAC when injected into mice. However, 
the filtrate, after injection, caused a mild disease grossly 
< ¢haracterized by lassitude, ruffled fur, and swollen abdo- 

omen (ascites fluid) from which the mice recovered within 
40-18 days varying with each inbred strain of mouse. 
~The peripheral blood exhibited a marked lymphocyto- 


penia, and our subsequent investigations determined the 


presence of a virus®?. 
major findings accompanying the viraemia in all 
trains of mice consist of a marked lowering of the 
ioral blood lymphocytes, reduction. in cells and size 
the spleen, lymph nodes and thymus accompanied by 
development of peritoneal and pleural fluids in Swiss 
jce. These reactions occur also in rats, and to a limited 
extent in young cats and dogs where the dose of virus 


| S ce may be too small to induce more marked symptoms. 
“The peripheral blood lymphocytopenia is sustained on 
'-“pe-infection with virus given prior to development of 


| "neutralizing antibodies’. 
In eentrast to the effect on lymphocytes and lymphoid 
tissues in vivo, the virus is not cytopathic for normal 
-~-mnouse cells in culture. We have quite recently observed 
that, after two culture passages in a primary isolate from 
_@ transplanted mouse passage lymphosarcoma, the M-P 
“virus (designation of the new isolate) was cytopathic for 
-the lymphosarcoma cells. The cytoplasm became vacuo- 
lated, cells swelled, nuclei appeared granular and many cells 
became multi-nucleated. The M-P virus appears to differ- 
‘centiate between normal and malignant cells of the same 
type, and we propose to pursue this aspect further. 
The physical and chemical preperties of the virus determ- 


a = ined so far are the following: stable at — 20° C in serum 





for 16 months (the period of time so far tested); labile at 
56° C in serum after 30 min, and in saline dilution it loses 
its infectivity rapidly, with retention of activity for less 
than one week at — 20° C; filtration on 180 mp ‘Gradocol’ 
membranes retains the virus; the supernatant fluid after 
5 h centrifugation at 105,000g in a Spinco model L is 
still infective for mice; the virus will not haemagglutinate 
bovine erythrocytes, which differentiates it from the Reo 
III and related viruses; it is not inactivated by RNase 
treatment; and is labile at pH 3-0 in glycine hydrochloride 
buffer. 

The post-viraemic serum and organs of mice yield a 
haemagglutinin for sheep red blood cell (SRBC), which is 
not produced in cell culture. The haemagglutinin has 
been separated by differential filtration and absorption. 
on SRBC from the M-P virus particle. Neutralizing 
antibody for the M-P virus does not react with the haemag-. 
glutinin and the haemagglutinin does not neutralize the 
M-P virus. 

Serological tests utilizing haemagglutination inhibition, 
complement fixation, and infectivity neutralization 
methods were used to examine this agent. Serological 
cross-reactions were noted with antisera to the mouse 
leukaemia viruses of Moloney, Rauscher, and, to a lesser. 
degree, the Friend virus. However, when these antisera 
were absorbed with normal mouse thymus cells, there 
were no cross-reactions. 

No cross-reactions were noted with the following viruses; 
mouse hepatitis (MHV), Kilham (K), mouse pneumonitis 
(PVM), Reo III, and polyoma. Complement fixation 
tests with the antiserum to the M-P virus and LCM virus 
antigen indicate that there is a serological commonality 
between them. The control mouse sera from normal 
mice gave an anomalous reaction in that one of the sera 
was also positive for LCM virus antigen. The LCM virus 
is not infective by intracerebral inoculation in mice 
previously immunized to the M-P virus. The m vivo 
pathology induced by the LCM agent, however, in suscept- 
ible non-immune mice differs strikingly from that caused: 
by the M-P virus. This would lead us to believe that the 
M-P virus and the LCM virus may both be part of a class 
of viruses which have some characteristics m common, 




















ee our topenia indii to the ee anti- 
f this virus and. afterw ards to its effect 


mais induced oe metho ioliclantbione | in 
960; Ehrlich ascites carcinoma obtained 
ain 1960; a spontaneous C,H mammary 
10 Second mouse Posega; ; spontaneous 


equal numbers of lymphoid cells in 
trol Wiee injected with a single dose of M-P 
irus (500 x IDy) administered 24 h after inoculation 
f the leukaemic cell result in a mean increase of 40 per cent 
n survival beyond the controls, and with the smaller 
_ transplanted dose of leukaemic cells, 55 per cent of the mice 
survived the leukaemia. No survivors had evidence of 
leukaemic involvement at 18 months. 
8 ‘Following the same experimental model with Ehrlich 
ascites carcinomi, 80 per cent of the M-P virus treated 
_ mice survive as compared to only 18 per cent controls*. 
Table I summarizes results from the second passage 
i braneplant of the spontaneous C,H mammary carcinoma. 
____The experimental model varied with respect to the time 
of virus injection and tumour transplantation; one day 
_ prior to tumour transplant, and 12 days after tumour 
- transplant when the graft was palpable, with appropriate 
S tumour graft controls. 
_ The virus-treated mice show a marked slowing of the 
- progression of the subcutaneous transplant when the 
_ Virus is administered one day before as well as 12 days 
_after tumour graft. (Statistical probability less than 
0-01 per cent, due to chance.) The tumour graft did not 
-grow in four of the mice injected with M-P virus one day 
_ prior to tumour graft. 
= In an investigation (now in its tenth month) control 
mice have developed and died of lymphatic leukaemia, 
while two groups of mice treated with M-P virus 
(administered a single intraperitoneal injection of the 
MPV), one group treated at three months of age and 
another group treated at six months of age, reveal marked 
inhibition of leukaemia with the latter group showing 
-complete suppression (Table 2). 
The effect of the M-P virus in suppressing spontaneous 
C,H mammary carcinoma is current, with the following 
data in hand; female mice from our C,H breeding colony 
were weaned from their third litter, separated into a 
control and treated group using litter mates; one month 
after weaning, mice of one group were treated with a 
single intraperitoneal injection of the virus, and their 
` respective litter mate controls were injected with the diluent 
only. The data at six months since the injection of the 
“virus are presented in Table 3. 








M-P VIRUS ĮSHIRITON OF TRANSPLANTED MAMMARY CARCINOMA 
IN C,H MICE 


(Second mouse passage from spontaneous tumour) 


` Table. L 


500 Dia 
No. Virus dose Average tumour size P(%) 
mice injected mm? (after 1 month) 
“Pumour control 100 None 308 + 20-1 
: Virus and tumour graft 95 1 day prior 202 + 165 0-01 
Virus and tumour graft 120 12 days after 175 + 11/8 0-01 






graft 
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No, of No. of mice dead with leukaemia’ 
mice Sex * Total mice 

28 F 17/28 

23 M 4/23 

21 F 11/21 

8 M 0/8 
21 F 0/21 
18 M 1/18 


n ce reduced by early deaths due to injuries resulting from 
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No. of 

mice 
Control ag 
Virus treated * 26 


* Litter mates were paired for each respective group, 


The results from tke experiments with transplante and: 
spontaneous tumours in mice, so far, encourage us to. 
continue to examine the influence of this virus on other | 
experimental tumour-host systems and to investigat he 
underlying mechanism for this antitumour action. 0 00 

The most apparen* and marked difference between this 
newly isolated virus and other reported mouse viruse 
in the pathological sequelae of the viraemia indu 
mice. The pathological effects associated with thi 
differ from those knewn to be associated with the vi : 
of mouse hepatitis, Reo HI, the leukaemogenic murine 
viruses and the LCM virus. as 

The fifth to eighth gay ofthe acute viraemia is character- e N 
ized by a significant fall in total white blood cells, primarily = 
the lymphocytes. Sabsequent to this, the lymphocytes 
return to normal. Tbe rise in total white blood cell count 
to levels greater than pre-infection is probably due to the- 
stimulus of the infectious state itself. Virus is detectable 
in the circulating blood from 24 h to approximately 4 weeks 
after infection. After the 28th day no live virus is recover- 
able from either the blood or organs. The generalized 
l ymphocytopenia aecompanying infection with this ~ 
virus is present in all strains of inoculated mice, but 
affects Swiss mice tc a greater degree than any of the 
others. ae 
A detailed report o? the pathological sequelae of the MP. 
virus infection has been reported’. Thereisanatrophy of 
the spleen to }-} the size of the normal organ resulting 
from two changes: first, a sharp reduction in the lympho- = 
cyte content of the pulp and of the follicles, and second, a 
curious gelatinoid «degeneration of the perifollicular 
stroma with an increase of atypical megakaryocytes with 
multilobulated hyperchromatic nuclei. Essentially the 
same effects are seen n the lymph nodes and the thymus, 
and a degree of toxic hepatitis ranging from fatty degenera- 
tion to occasional central necrotic changes is also seen. 

Both peritoneal amd pleural fluids occur between the 
seventh and ninth dar of the acute infectious stage (Swiss 
mice only). Live viras is recoverable from the exudate, 
circulating blood, ard all internal organs of infected 
animals. In C,H and 57BL/6 mice, in which the infection 
is usually less severe aad which survive the acute viraemia, 
there is evidence of choriomeningitis in 5-7 per cent of 
the mice, but no actual cerebral changes are encountered. eee 

The lymphocytopenia in the organs and blood is. 
replaced by a lympkoid regeneration and hyperplasia _ 
with moderate congestion of the splenic pulp and dis- 
appearance of the acalophilic homogeneous matrix seen 
in the acute viraemic stage. E 

We have isolated and partially characterized a heretofore a 
undescribed virus whæh differs from other viruses’ from j 
murine sources. We have designated it the M-P virus. | 
This virus does not nduce any cytopathic changes’ in 
normal mouse cell cultures and, when inoculated: into 
susceptible mice, induees a viraemia which is accompanied 
by a marked lymphcrytopenia in the peripheral | blood ; 
and lymphoid organs. Another intriguing property is 
the ability of this virus to suppress transplanted and spon- 
taneous tumours in mice. Present experiments indicate. . 
that the M-P virus, though isolated from a murine sou 
is infective for rats, young cats and dogs, causing 8! 
toms similar to those found in mice during the : 
viraemia with no evidence cf disease. Si 

In considering the passibility that the M-P virus- may E 
an agent worthy of tzial for human anti-cancer theta a = 
(especially leukaemias and lymphomata), we are aware of 
the fact that there are serious limitations to be borne 
in mind. These la-ter were „commented on in an 
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ingin order’ to assay hor the ‘ole of the lympk 
in such phenomena. 

We thank Miss Violet Satory, Mr. Gerard Shimonask 
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course of these experiments. B 
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STUDIES ON THE 


AUSTRALIAN ECHIDNA (Tachyglossus aculeatus) 
By Dr. E. DIENER* 


Walter and Eliza Hall institute of Medical Research, Melbourne 
AND 


Dr. E. H. M. EALEY 


Department of Zoology and Comparative Physiology, Monash University, Melbourne 


HE phylogeny of the immune system has been 
investigated in some detail in lower vertebrates of 
difforont species by Good! and his co-workers and others. 
In the lower vertebrates, including bony fishes and 
Elasmobranchii, there is nothing corresponding to the 
peripheral lymph nodes of mammals. In the Amphibia 
we find for the first time in the phylogenetic series struc- 
tures resembling lymph nodes, the so-called jugular 
bodies, the embryological development of which was 
described by German anatomists such as v. Braunmiihl® 
in 1925. More recently, Kent et al. described the presence 
of pyroninophil cells in the jugular bodies of B ufo marinus 
after antigenic stimulation. Work on this species has been 
extended by Diener and Nossal‘ with regard to the 
selective uptake and distribution of flagellar antigen and 
the antibody response. 

There is general agreement that mammals probably 
derive from the mammal-like therapsid reptiles of the 
Triassic and Jurassic periods. However, anatomical 
investigations, such as those by Goodrich? on the circula- 
tory systems, demonstrate that mammals could not have 

= evolved from any group closely related to modern reptiles. 
-This would mean that the therapsid reptiles were derived 
separately. from either labyrinthodont® or microsaur? 
Amphibia. The evolutionary origin of the monotremes is 
obscure, but it has been suggested that they arose from 
=: the Docodonta along a line of evolution unrelated to the 
_ Pantotheria from which present-day marsupial and 
< placental mammals are derived. It was of obvious interest 
EO: xamune the immune system of the most readily avail- 
able monotreme, the echidna or spiny ant-cater 
“o {Tachyglossus aculeatus), to determine whether there were 
any features intermediate between those of Amphibia and 
of eutherian mammals. 
oa ‘This article deals principally with the histo-anatomical 
pects of the project. Preliminary results from an 














l -extensive experimental programme are mentioned only 


where relevant. 

The work was based on a total of ten animals selected 
from a colony of 70 echidnas which is currently being used 
for physiological studies by the Department of Zoology 
and Comparative Physiology at Monash University, 
~Melbourne. Seven echidnas were used for histological 
Investigation which included examination of the distribu- 

tion pattern of colloidal carbon and '**I-labelled flagellar 
antigen from Salmonella adelaide, using the autoradio- 
. graphic method described by Nossal, Ada and Austin®. 
In order not to deplete the colony, most tissue samples 
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were obtained by biopsy. Three other echidnas have so 
far been subjected to studies on serum antibody forma- 
tion. Echidnas were kept at 20° C and maintained normal 
body-weight and growth rates on a diet of pulped egg, 
beef and milk mixed with earth and vitamins. For 
histological investigations colloidal carbon and radio- 
iodinated flagellar antigen were injected subcutaneously 
into the neck region for labelling peripheral lymph noduli 
which were sampled by repeated biopsies. Colloidal carbon 
was injected into the jugular vein and spleen biopsies were 
carried out. Tissues were fixed in 10 per cent formal- 
saline and sections stained with Unna~Pappenheim stain, 
toluidine blue, haematoxylin—eosin and periodic acid~ 
Schiff stain. For the studies of humoral antibody- 
production sheep red cells were injected intraperitoneally ; 
bovine serum albumin (BSA) and flagellar antigen were 
injected intramuscularly. Antibody titration was per- 
formed by the immobilization technique described by 
Nossal, Ada and Austin’ for aniiflagellar antibodies, by 
standard haemagglutination methods for sheep red cells 
and by BSA-precipitation methods using the technique of 
Farr, However, neither haemagglutinin against sheep 
red cells nor BSA-precipitin was obtained. Even a 
secondary injection with alum-precipitated BSA could 
not demonstrate detectable antibody. The only antibody 
formation obtained in the echidna was after inoculation 
with 1 mg of dagellar antigen. However, the peak titres 
demonstrated by three echidnas treated with this antigen 
were remarkably low as compared with the normal anti- 
body response of laboratory rats or mice. Treatment of the 
total antibody peak titre with 2-mercaptoethanol (ME) 
demonstrated the presence of 75 per cent ME-resistant 
antibody. Results of an extended experimental investiga- 
tion of the antibody-forming capacity in the echidna will 
be presented e'sewhere. 

Lymphoid system of echidna. The major organs of the 
echidna, spleen, thymus and appendix, are found in the 
same anatomical situations as in the higher mammals. 
The spleen is of characteristic tri-radiate shape (Fig. 1). 
Great differences in spleen size in different individuals 
have been observed which may be the expression of 
different physiological states. The blood vessels supplying 
the spleen were large and numerous, suggesting a high rate 
of blood flow. Further evidence of this was found in the 
numerous thick-walled arterioles in the red pulp. 

The most interesting feature was the presence of small 
and very numerous nodules of lymphoid tissue in most of 
the sites where lymph nodes would be expected in placental 
mammals. 
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They are present throughout the chest, neck and pelvic 
region characteristically in fatty tissue closely related to 
the main blood vessels. They can often be seen macro- 
scopically to be related to a network of rather large 
lymphatic vessels. The mesenteric lymph nodules are 
very numerous and are solitary, although some are often 
larger than the nodules in peripheral tissues. They are 
interlinked in a web of lymphatic vessels. Tonsillar tissue 
was identified in the pharyngeal region closely associated 
with submandibular salivary glands (Fig. 2).  Peyers 
patches of the gut could not be found. 

Histological findings 

(1) Lymph nodules. The highly vascularized lymph 
nodules are the most interesting feature of the echidna 
lymphatic system, because they seem to be intermediate 
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in histological organization between the jugular-bodies of 


the Amphibia and the eutherian lymph nodes. The 
jugular bodies of Bufo marinus merely contain an agglo- 
meration of lymphatic cells throughout a reticulum: 
moreover, they have no cortical or medullary structure, 
neither follicles nor circular sinus. However, there is a 


A 





—i 

icm 
Fig. 1. Diagram of the echidna spleen showing the typical tri-radiate 
shape, Sections were taken out from parts indicated A, B, C and D 
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Fig. 2. Accumulation of lymphatic tissue in close relationship to the 

pi ta ey ag of the submandibular part of the pharyngeal region. The 

milarity with the tonsils of higher mammals is evident, (Periodic 
acid-—Schiff stain: x 60) 
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Fig. 3. Typical echidna lymph nodule showing a highly vascularized 
cortical zone of small lymphocytes, We believe the pale area of the 
(Haematoxylin and eosin: 


nodule to be a germinal centre. xé. 67) 





Fig. 4. Germinal centre of an echidna lymph nodule, Characteristic 

features of such centres are orimitive cells often to be seen in mitotic 

activity. Note ‘tingible body macrophages’ indicated by arrows, (Haema- 
toxvlincand eosin: xe. 167) 


striking difference between the lymph nodes of the 
eutherians and the monotremes. (Histological prepara- 
tions obtained from the other existing species of Mono- 
treme, the platypus, Ornithorhynchus paradoxus (kindly 
provided by the Fisheries and Wildlife Department, 
Victoria), were similar to the ones obtained from the 
echidna.) Whereas in -ho eutherians a series of follicles 
is grouped within the diffuse cortex of each node, in 
the echidna each nodule appears to act as a single 
follicle. There is a peripheral cortical region of small 
lymphocytes enclosing a medullary zone which seems 
to represent a germinal centre containing primitive 
cells (Figs. 3, 4). After injection of colloidal carbon, 
the label accumulated within a well-developed circular 
sinus and the peripheral zone of the nodule, showing 
the fine web of phagocytic processes (Fig. 5), retained the 
carbon particles (as has been described in lymph nodes 
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of rats by Miller and Nossal''). However, whereas in the 
rat lymph node the carbon retention occurs in close rela- 
tionship to primary follicles, in the echidna the particles 
accumulate around the periphery of the entire nodule 
within 24 h and seem to spread undifferentially towards 
the centre. Later on, carbon can be seen throughout the 
medullary zone within periodic acid—Schiff-positive cells, 
sometimes seen particularly in association with the larger 
blood vessels which are evident in some of the nodules. 
Further investigation using the method of injecting ***I- 
labelled flagellar antigen and subsequent autoradiography 
of the sections is in progress. Results so far have shown 
nothing comparable to the areas at the periphery of 
primary lymphoid follicles in the rat where antigen is 
selectively retained!*. Evidence of an immune response 
may, however, often be seen in the form of clusters of 
pyroninophil cells within zones of small lymphocytes. 





Fig. 5. Uptake of carbon at the periphery of the lymph nodule of the 

echidna, 24 h after injection. e web-like structure throughout the 

cortical zone may be produced by cytoplasmic processes, retaining carbon 
particles. (Toluidine blue; x 416) 





Fig. 6. Lymph nodules of echidna seen within the lumen of a lymphatic 
vessel. (Haematoxylin and cosin: x 60) 
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Fig. 7. Appendix of echidna showing lymphoid follicles each divided 

into cortical and medullary zone. Note the crypt in the centre of one of 

the follicles filled with polymorph nuclear cells (arrow). (Hacmatoxylin 
and eosin: x c. 41) 


In addition to this unique structure of the echidna 
lymph nodule it is of great interest that, in some regions at 
least, nodules are seen to be suspended within the lumen of 
a large lymphatic vessel (Fig. 6). This varies in its content; 
sometimes being empty, or with only a few lymphocytes, 
sometimes filled, perhaps as a result of trauma, with 
lymphocytes and red blood cells. It will be of great 
interest to follow the embryological and early post- 
hatching development of these structures. The appearance 
described might well arise by invagination of the lymphatic 
vascular wall into the lumen of the vessel. Subsequent 
vascularization of the invaginated wall could provide 
the appropriate meshwork, into which lymphatic cells 
could settle down to form a lymphatic nodule. Since the 
lymph nodule in the echidna seems to represent a single 
lymphoid follicle, one could think of a gradual evolutionary 
tendeney of such follicles to fuse together to form the 
characteristic lymph node of eutherian mammals. That 
this process may oven take place in the echidna is sug- 
gested by the occasional occurrence of such nodules which 
show more than one germinal centre. Autoradiographic 
studies of antigen distribution as well as embryological 
work will be necessary to work out the implications of the 
histological appearances. 

(2) Thymus. Each half of the thymus is divided into 
numerous highly vascularized lobules. Each lobule has a 
cortical and medullary zone comparable with higher 
mammals. There are numerous Hassall’s corpuscles in the 
medulla. As no significant difference in structure between 
the thymus of the echidna and that of Eutheria was recog- 
nized, further detail is not included in this article. 

(3) Spleen. The echidna spleen was subjected to biopsies 
from five different positions indicated in Fig. 1. The 
relative proportion of white pulp to red pulp at these 
locations does not indicate significant structural differences 
within the organ. Erythrocytes can be seen not only 
within the red pulp but also dispersed in a characteristic 
way within the follicles of the white pulp, between the 
marginal zones and the germinal centres. These latter are 
similar to those found in the Eutheria, in that they contain 
primitive pyroninophil cells. Twenty-four hours after the 
intravenous injection of carbon, phagocytic cells contain- 
ing carbon particles were scattered throughout the red 


pulp. 





Fig. 8. High-power micrograph of the central medullary field of an 
an Note the cluster of epithelial cells among the lympho- 
cytes and reticulum cella. (Haematoxylin and eosin: xe. 527) 


As in Bufo marinus and the Eutheria the white pulp 
was devoid of carbon. 

(4) Appendix. In the appendix (Fig. 7), the lymphoid 
follicles generally resemble the nodules seen in subcutane- 
ous tissue, but a very conspicuous feature in some is a 
central accumulation of epithelial cells (Fig. 8). The 
impression still to be confirmed by further investigations 
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is that each follicle may have arisen as an accumulation of 
lymphocytes around an epithelial and that, as it 
developed, the structare of the erypt was gradually lost. 
In most, however, there are undoubted epithelial cells 
even though they are dispersed as single cells among a 
great excess of lymphocytes. The striking similarity 
between the appendix of the rabbit and the bursa of 
Fabricius in birds has been discussed by Archer, Suther- 
land and Good'*. Ir comparison, the appendix of the 
echidna shows the same similarity in so far as there is a 
clear separation of the follicles into cortical and medullary 
zones. There is no reason, however, to suggest an 
homology between the echidna appendix and the bursa of 
Fabricius in birds. The anatomical situation is quite 
different, and palacon:ological opinion is that birds were 
derived from the same archaic group, the Diadectomorpha, 
as modern reptiles and are far removed from the line of 
monotreme evolution. 

We thank Sir Macfarlane Burnet for his advice, and 
Misses Carol Austin, Yera Hillel and Jenny Watson for 
their help. 
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PHOSPHORUS EXCRETION OF CATTLE FED ON HIGH-ENERGY DIETS 
By W. D. C. REED and Da. R. C. ELLIOTT 
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AND 


Dr. J. H. TOPPS* 
Department of Agriculture, University College of Rhodesia and Nyasaland, Salisbury, Rhodesia 


IGH-ENERGY diets composed mainly of cereal 
grains are now widely used in beef production in 
Britain’. Such diets have been shown to be the type of 
ration utilized most efficiently by ruminants for fattening’. 
Rhodesia is a maize-exporting country where yields are 
high; for example, 6,000 lb. of maize grain per acre are 
frequently gathered. In the past, some of this cereal has 
been fed to cattle in conventional diets, which consisted 
of grass hay, maize silage and a balanced concentrate 
containing maize grain. Recently, interest has been given 
to feeding large quantities of maize in a complete high- 
energy diet to growing and fattening beef cattle. In 1964, 
several thousand head of cattle were fattened for slaughter 
in this way. 

An investigation of the metabolism of cattle, fed on 
diets principally composed of maize, showed phosphorus 
excretion to be distinctly abnormal, while symptoms 
typical of acidosis were apparent. A summary of the 
findings is given in this article. 

A balance trial was carried out with four l-year-old 
Africander steers, average live-weight 550 Ib. They were 
given four concentrate diets based on maize meal with a 
protein—mineral—vitamin A supplement. A four-unit 
Latin square design was used. Each diet contained a 
different amount of roughage, namely 0, 10, 20 and 30 per 
cent respectively of the quantity of concentrate. The 
roughage was grass hay of low nutritive value. The diets 

* Present address: Rowett Research Institute, Bucksburn, Aberdeen, 


and their preparation will be described in full in another 
communication. Each steer received each diet for a 
four-week period, in the last week of which the nitrogen 
and mineral balance of the animal was determined. The 
results, which show the phosphorus balance of the steers, 
are given in Table 1. 

These results show two striking features. The steers 
excreted a large amouat of phosphorus in their urine 
whereas with conventional diets cattle excrete very little. 
Tillman et al.*:* found that l-year-old Hereford steers 
excreted only 2—4 per cent of their phosphorus intake in 
thoir urine. Although the diets contained liberal amounts 
of phosphorus (0-38—0-47 per cent phosphorus) compared 
with suggested requirements of 0:21-0:28 per cent 
phosphorus (National Research Council’), the young 
rapidly growing steers retained relatively small amounts. 
In contrast, l-year-old dairy heifers given 3-3 g phosphorus 
per 100 Ib. live-weight have been found to retain 1-0 g 
phosphorus per 100 Ib. live-weight*, while young steers 
examined by Tillman et al.’ showed a phosphorus retention 
Table 1. MEAN VALUES (G/24 Hor INTAKE, FAECAL EXCRETION, URINARY 


EXCRETION AND RETENTION OF PHOSPHORUS FOR Foun STEERS GIVEN Four 
DIFFERENT DIETS 


E 
Diets Intake Faecal Urinary Retention 
All concentrate 152 6:3 72 1:7 
Concentrate + 10%, roughage 19-2 9-6 71 2-5 
Concentrate + 26°, roughage 19°6 11-9 50 27 
Concentrate + 30% roughage * 18-2 11/3 3-9 3-0 


* Mean valnes for three steers. 
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Titratable acidity of urine (ml. N NaOH = 24 h sample) 
Fig. 1. Relationship between titratable acidity and phosphorus content 


of the urine of cattle given high-energy dicts, Log y= ~0°74+0-0086 « 
of 35 per cent of intake. High urinary excretion and low re- 
tention were most pronounced with the all-concentrate diet. 

In a second trial, four mature Africander steers, average 
live-weight 1,450 lb. and fitted with rumen cannulae, were 
given four diets which were similar to those used in the 
balance experiment except that roughage was supplied 
by high-quality lucerne hay. Each steer received each 
diet for a 4-week period (Latin square design). During one 
day of the final week urine was collected and its titratable 
acidity, pH value and phosphorus content determined. 
Appreciable quantities of an amorphous white solid, which 
was found to be phosphate, followed the neutralization of 
many of the urine samples with sodium hydroxide in the 
determination of titratable acidity. A close relationship 


(Fig. 1) 


am. 














~0-74 + 00036x where y is the urinary exer 
phosphorus in g/24h and x is the titratable serdi 
the daily output of urine in ml. N NaOH. - 

Abnormally high amounts of acidic phosphate, H,P 
are excreted in some forms of metabolic acidosis in humans. 
Through this loss, which is based on the reaction HPO, +. 






















H+ + H,PO,-, the body excretes H+ and conserves basic: 
ions such as Nat and K+. The close relationship found. 
between the acidity of the steers’ urine and its phosphorus: 
sontent indicates the presence of a similar effect in cattle: 
fed on high-energy diets. It is relevant to note that 
Elam, Ham and Dyer’ found that the phosphorus content: 
of urine was significantly increased when steers were given 
potassium acid phosphate. | 

The results of the two trials show that cattle given diets 
rich in maize excrete between 10 and 20 times the normal 
amounts of urinary phosphate, and that the titratable 
acidity of their urine is high. This is characteristic of 
metabolic acidosis. Previous workers" have found that 
cattle fed cereal-rich diets suffer from a form of acidosis 
which is associated with depressed appetite and a stiff, 
inco-ordinated gait in the hind limbs. Attempts to 
alleviate this condition by the provision of basic sodium 
and potassium ions in the form of sodium and potassium 
acetates? or sodium bicarbonate? have not been successful. 
The results of the work recorded here suggest that artificial 
increase in the phosphorus content of high-energy diets 
may counteract acidosis and maintain the food intake of 
the animal. Such practice may be needed also to supply 
rapidly growing young animals with sufficient phosphorus 
to meet metabolic requirements, since the retention of 
phosphorus supplied in high-energy diets appears to be 
relatively low. 

This work was supported by the Rockefeller Foundation 
and we thank Dr. J. Oliver for advice. 
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© HYPERLIPAEMIA FOLLOWING VIRAL INFECTION IN THE CHICKEN 
ae EMBRYO: A NEW SYNDROME 
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Department of Microbiology, Cornell University Medical College, New York, and Service de Physiologie Microbienne, 
- Institut Pasteur, Paris 


URING investigations of viral interference with 
-AZ Japanese encephalitis (JE) virus in the chicken 
_ embryo, it was noted that plasmas from JE virus-infected 
embryos were turbid. This cloudiness rapidly progressed 
in relation to infection so that, by the third day after 
allantoic inoculation of virus, plasmas appeared creamy 
- {Fig..1). This opalescence occurred within two days after 
fection whether embryos were inoculated into the 

-- allantois at 12, 13, 14 or 15 days of embryonic life. A 
` search of the literature has not revealed any report of such 
a phenomenon, even by workers studying growth of JE 
virus in the chicken embryo!*. In such investigations, 
however, either strains of virus were used which were 
rapidly lethal for the embryo!, or embryos were utilized 











-aban early stage of their development*? when they were 


a unable to resist the virulent effects of JE virus’. 


The JE virus strain 5/596 used in these investigations 
produced an inapparent infection in chicken embryos 
12 days or older*:*, This strain of virus was isolated fram. 
mosquitoes naturally infected in Japan® and had been 
through 9-10 passages in suckling mouse brain. Stock 
virus was prepared as a 10 per cent suspension of suckling 
mouse brain in Hanks’s salt solution containing 0-1 per 
cent bovine albumin, penicillin, 100 units/ml., and 
streptomycin, 100 ug/ml, and stored in soaled glass 
ampoules at — 60° C. Virus was diluted in Hanks’s solution 
with 0-1 per cent bovine albumin, penicillin, and strepto- 
mycin, Diluted virus (0-1 ml. containing 10° or 10? LDyq) 
was inoculated into the allantois of White Leghorn chicken 
embryos previously incubated at 38° C; infected embryos 
were subsequently incubated at 35° C. Embryos were bled 
into plastic syringes wetted with either heparin or 0-2-M 
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Table 1. GROWTH OF JAPANESE ENCEPHALITIS (JE) VIRUS IN THE CHICKEN 
EMBRYO AFTER INTRA-ALLANTOIC INOCULATION * 
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Embryonic Titre of JE virus after inoculation t 
material 6h 24h 48h 
Allantoic fluid 2:5 41 51 
Plasma 19 3:7 48 
Brai -= 2:8 54 
Liver — 2-9 5-6 


è rT 8 log 1LDs in inoculum. 
wLDs/ml. calculated from the mortality of mice following intra- 
E noculation (0:03 ml.) of decimal dilutions (5 mice/dilution) of pools of 
material taken from 4 embryos at each time interval. 
tSupernatant of a 20 per cent suspension (centrifuged at 800 g) made In 
O1 per cent bovine albumin in Hanks's salt sclution with penicillin and 
streptomycin. 


versene from an allantoic vein through a window cut in the 
shell. Blood from four to nine embryos was usually pooled 
at a given bleeding, and the plasmas stored at — 60° C. 

JE virions inoculated into the allantois, an extra- 
embryonic organ, multiplied rapidly, then gained access 
to the embryonic circulation, and subsequently grew in 
intra-embryonie organs, for example, brain and liver 
(Table 1). Afterwards interferon was found in organs in 
the embryo and was thought to account for survival of 
the embryo until the time of hatching’. Infected embryos 
dolayed their hatching an additional 1-2 days beyond the 
usual 21-22 days, under the temperature and humidity 
conditions used. Infected chicks could peck a hole in the 
shell and appeared to breathe and cheep normally. Only 
a rare chick was able to peck its way completely out of the 
shell; for those which could not, removal of the shell 
allowed them to hatch. However, all chicks were unable to 
stand and were considerably smaller than uninfected 
hicks. Although no gross deformities or organic abnor- 
malities were evident, the chicks usually died within 
another 48 h. 

The remarkable opalescence of the plasma of JE virus- 
infected embryos was reminiscent of the fat-laden serum 
of diabetic patients in acidosis. To prove that turbidity 
was due to the lipid material, a series of experiments 
nvolving gravimetric analysis, thin-layer chromatography, 
and gas chromatography were instituted. Before these 
ould be performed with safety, it was necessary to free 
ihe plasmas of infectious JE virus. Since JE virus contains 
ipids’, its infectivity should be readily inactivated by 
reatmoent with diethyl ether*. However, after treatment 
of infected plasma with as much as 5 volumes of ether 
at 4° C) for 2 h, 1-5 log,, LDz of JE virions remained of 
he original 5-5 logio LDso. The plasmas, therefore, also 
rad to be heated at 60°C for 60 min to free them of 
lotectably infectious virus. Heating was afterwards 
neorporated into tho first step of the extraction procedure. 

Extraction and gravimetry were done by a modification 
f the method of Entenman® using ethanol-ether extrac- 
ion at 60° C followed by filtration, evaporation to dryness 
mder nitrogen, and re-extraction of the residue. The 
‘esults of gravimetric analysis of a representative oxpori- 
nent are shown in Fig. 2 where very marked increase in 
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Day of infection 
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Fig. Progressive appearance of lactescence in the plasmas of chicken embryos infected 
with ‘Japanese encephalitis virus in contrast with those of uninfected control embryos 
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Fig. 2. Results of gravimetme analysis of total lipids in the plasmas of 


chicken embryos infected with Japanese encephalitis (JE) virus and in 
plasmas taken simultaneeusly from uninfected control embryos 


the amount of total plasma lipids was noted in JE virus- 
infected chicken embrye plasmas. A minimal increase in 
total plasma lipids of urinfected embryos was noted over 
a longer time period. 

Thin-layer chromatography of total plasma lipids was 
performed on silica gel by standard methods’ utilizing 
petroleum ether/ethyl ether/acetic acid (90/10/1) or 
chloroform/methanol/water (65/25/4) as developing sol- 
venis. Spots were detectoad after development of the plates 
by two methods in sequence: (1) spraying with 2,6- 
dichloro-fluorescein for examination under ultra-violet 
light; (2) spraying with concentrated sulphurie acid and 
heating at 130°C for 3D min to char areas containing 
carbon. Plates were spotzed with 300-ug samples dissolved 
in 100 ul. ether. In normal plasmas there was a progressive 
increase of cholesterol esters with time and a decrease in 
triglycerides, free fatty acids, cholesterol, and phospho- 
lipids, in agreement with published data". In JE virus- 
infected embryos, however, there was a drop in cholesterol 
and cholesterol esters 3-< days after infection, while there 
was an increase in triglyzerides and phospholipids. 

For gas chromatographic analyses, plasma lipids were 
hydrolwsed, freed of non-saponifiable 
matter, and methylated with the use of 
boron trifluoride, as described in detail 
elsewhere'*. The ester mixtures were 
then analysed by gas chromatography 
using « Perkin—Elmer model 154-D 
fractometer fitted with a 2-metre 0-25- 
in. cokimn with diethylene glycol 
succina'e as a stationary phase. The 
analysis of the fatty acids recovered 
from a 16-18-day pool of normal em- 
bryonic plasmas showed the presence 
of tetradecanoic, hexadecanoic, hexa- 
decenoie, octadecanoic, octadecenoic 
and octedee-dienoiec acids in proportions 
that ae in accord with published 
18 data™. Analyses of fatty-acid mixtures 
from the plasmas of Ji virus-infected 
embryos of similar age revealed increases 
in the amounts of hexadecenoie and 
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= proteins, | ‘inhibit the hacindeplutination of S pA virus, 


among other group B arboviruses. It was of interest to 











determine whether the increased lipids found could be 
associated with plasma protein components. 


Standard 
rophoresis* on normal and infected plasmas was 
in agar gol using 0-05 M veronal buffer at pH 8-2 
ins were stained with azocarmine, and fats with 
black. A striking increase in ß- -lipoproteins and the 
ciated with them was noted by day 3 in JE virus- 
d plasmas. 

er this response of the chicken embryo to JE 
fection is a specific one is of interest. Preliminary 
rations indicate that influenza virus and Escherichia 
culated into the allantois produce some lipaemia 
omparable to that seen with JE virus, whereas 
aphylococcus and Rous sarcoma virus do not. 








; ‘The mechanism of the remarkable hyperlipaemia fol- 


f ‘lowing Japanese encephalitis virus infection initiated in 


f: the allantoic sac is not clear. 


It ig possible that this neurotropic virus destroys fat- 
‘vich neural tissue with subsequent mobilization into the 


: - circulation. Histopathological study of the major tissues of 


the embryo did not show any inflammatory or destructive 


- ¢hanges in neural tissue, but a hepatitis became evident 


by days 3 and 4. This was characterized by marked 
variation in fat distribution, diminished appearance of 
total fat, greatly increased haematopoiesis, and a few 
haemorrhagic lesions. No other organ was noticeably 
involved at this time. This hepatitis, heretofore un- 
reported following JE virus infection in the chicken 
embryo, became evident long after the lipaemia was 
already pronounced, but the pathology seen undoubtedly 
reflects earlier sub-microscopic lesions. 

‘The chicken embryo might be said to be on a relatively 


high fat. diet, mobilizing lipids from the yolk for oxidative 


catabolism or lipid anabolism. Since many of the lipids of 
the embryo are produced as well as withdrawn from the 


- gireulation by the liver and partly by the yolk sac mem- 


brane’!5, it is very possible that dynamic imbalances 


‘between the two processes may result in hyperlipaemia. 


ne < Another possibility is that embryonic cells in liver and 
_ elsewhere are only sufficiently damaged by viral infection 


: ` been demonstrated in cell culture", 
release of lipids into the circulation. 


to initiate an increase in intracellular lipid stores, as has 
with subsequent 
. The most attractive 
hypothesis, which does not exclude the above pos- 


oe sibilities, i is that a specific host enzyme or enzyme system, 


y for lipid metabolism, is suppressed by JE viral 





infection. The depression of host protein synthesis and 
enzymatic activity, which occurs early in viral infection, is 





a Ponal peas sie did show lipase : 
A viral-induced lipoprotein lipase deficiency would focus 
the defect in endothelial cells in which JE virus has beon 
shown to multiply*®. 

It is tempting to speculate that such a lipaemia playa a 
role in host resistance. Certain lipid-containing, and 
therefore lipophilic viruses, bind to cholesterol, palmitic 
acid or hexadecylamine with varying affinities'*., Lipid 
inhibitors in serum might act by proferential bindin f 
virions and thereby limit adsorption of virus to the li 
proteinrecoptorsfor virus whicharenormally presentin cells. 

Since the preciso mechanism(s) involved remains 
obscure, the association of hyperlipaemia, hepatitis, and 
JE viral infection merits further study. 
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CHROMOSOME MARKER STUDIES ON THE DEVELOPMENT OF THE 
HAEMOPOIETIC SYSTEM IN THE CHICK EMBRYO 


By M. A. S$. MOORE and Dr. J. J. T. OWEN 
Physical Anthropology Laboratory, Department of Human Anatomy, University of Oxford 


_ NUMBER of investigations have shown that placental 





LA _ interchange of blood in multiple mammalian preg- 


nancies resulta in blood cell chimaerism in the adult 
animal!~*, In addition, there is evidence that movement of 
erythrocyte precursors occurs during avian embryogenesis. 


_ Thus erythrocyte mosaicism has been demonstrated in 
Chicks derived from double-yolked eggs® and from eggs 


-parabiosed during incubation’. 


These investigations sug- 
gest not only that there is movement of blood-forming 
ċèlls between embryos sharing a common circulation, but 


oa also that euch cells may become established and persist 





into adult life. However, a direct study of the populatior 
of embryonic haemopoietic organs by blood-borne cells 
has not been made. 

For a number of reasons the chick embryo provides an 
ideal subject for such a study. First, male (ZZ) and 
female (ZW ) avian cells can be readily distinguished from 
each other in good chromosome preparations as the Z 
chromosome is the only large mediocentric element 
present. Secondly, avian emery oe can be parabiosed at 


(Continued on page 989) 


Supplement 


No. 5014 


TOWARDS A PUBLIC 
UNDERSTANDING OF SCIENCE 


The Architecture of Molecules 

3y Prof. Linus Pauling and Roger Hayward. Pp.x+117 
57 full-page drawings). (San Francisco and London: 
V. H. Freeman and Company, 1964.) 70s.; 10 dollars. 


i E are now living in an atomic age. In order to 
understand the world, every person needs to have 
iome knowledge of atoms and molecules.” 

This is the begmnıng paragraph of a fascinating work 
f art: The Architecture of Molecules, by Linus Pauling 
ind Roger Hayward. The question as to how some 
inderstanding of science, however superficial, can be 
xrought to the man and woman in the street has exercised 
nany organizations as well as individuals. At a practical 
evel, of course, it 1s unnecessary to know anything about 
lectric currents in order to turn a switch and bring on 
ihe hight. ‘Babies love to do it before they are one year 
id. But for all too many people science is still magic 
ven when they are twenty-one. They eat their food and 
10pe that it will be digested. They give their car petrol, 
nl and water and expect that it will go. They put their 
rote into a ballot-box and leave someone else to make all 
olitical decisions for them. Furthermore, so long as 
here 1s @ doctor to write out a prescription, a garage 
rand to look at the motor when it stalls, a strike-leader to 
ell them when to stop work or a horoscope to tell them 
when to expect a change for the better, why worry ? 

Well, Linus Pauling worries. He thinks, quite rightly, 
ihat young people ought to want to know why the ‘lead’ 
Xf a pencil comes off on to the paper, what an atom of 
rydrogen or uranium ‘looks like’, how many different 
cinds of atoms there are and why a scientist refers to 
alver as Ag, why so many different models are used to 
‘epresent molecules and what holds atoms together in 
nolecules. He goes on to discuss the valencies, sizes and 
shapes of molecules, from H, to the antiviral aureomycin, 
JeetHogOgN.Cl, and the even larger myoglobin and haemo- 
rlobin. He explains in terms of the strain of bent bonds 
ind the eclipsed orientation of the hydrogen atoms why 
yyclopropane is a better fuel for rocket propulsion than 
‘yclopentane or cyclohexane. He also shows how molecular 
shape may be responsible for disease and abnormality 
n human beings. Roger Hayward’s drawings are superb. 
Every crystallographer will want to possess this book and 
(0 gloat over them. Undoubtedly many an arts sixth- 
former will pick the book off the school library shelf and 
vill learn a great deal by browsing through it. So indeed 
will those science students who are bound to read anything 
shat Linus Pauling writes. (Incidentally, it is a pity that 
n the definition of ligancy, in section 29, the word is 
misprinted ‘lignancy’.) 

It will be interesting to see whether the book will appeal 
most to those who are already scientists or to the man-in- 
she-street for whom it seems to be intended. To an 
»xperienced reader this book tells a great deal about the 
nterests of Linus Pauling himself. It is just a little 
lifficult, otherwise, to explain the absence of benzene 
and the presence of Pt,(CH;),,, or of the catenane 
'CzaHesO:2 + Cz4Hes). The linking of molecular structures 
and of crystals with the Platonic solids, and hence with 
she ancient symbols for earth, air, fire, water and the 
ther, 1s historically interesting, but one feels uneasily 
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that it could also be misleading. Nevertheless, it is 
difficult to be critical for long of a book with such unusual 
personality about it. I is too fascinating. 

KATHLEEN LONSDALE . 


AFRICAN STLDENTS IN BRITAIN 


New Commonwealth Szudents in Britain 

With Special Reference to Students from East Africa. 
(A P.E.P. Publication.) Pp. 253. (London: George 
Allen and Unwin, Ltd., 1965.) 35s. net. 


N October 1964 thera were 64,169 overseas students 
in the United Kingcom, of which 42,323 came from 

Commonwealth countrizs—the East African contingent 
numbering approximately 4,000. The figures for 1965 
are not yet available >ut they are likely to show an 
increase. Moreover, there are probably as many again in 
other countries in Western Europe, the United States, 
India and in Communst countries. The magnitude of 
the problem does not seem to be appreciated by the 
general public, although it is a source of continuing 
anxiety to the authorities and organizations which have to 
deal with the students. 

Political and Economic Planning has sponsored a 
study by a research team into the problems of East 
African students in Britain, financed by a generous grant 
from the Ford Foundation. The report which covers the 
thoroughgoing investigation is a valuable contribution 
to our understanding of the problem. It is not possible 
in a short review to cover the whole report and we must 
confine ourselves to a fSw salient points. 

First we may enquire why there is an influx of Hast 
African students on this scale. The most obvious reason 
is that despite the considerable and costly expansion of 
post-secondary educaticnal establishments in East Africa, 
it is quite insufficient to meet the demand. The newly 
independent countries are in a hurry to ‘Africanize’ and 
are doing everything possible to step up the output of 
secondary schools. In Kenya, for example, the Govern- 
ment plans to provide an additional 21,000 secondary 
school places by 1970, and Tanzania and Uganda are doing 
likewise. It seems most improbable that the University of 
East Africa and techrical training establishments will 
expand sufficiently rap-:dly to meet the greatly increased 
demand for places. The inevitable answer is to seek 
places in educational establishments overseas. That this 
is recognized by the lccal governments is demonstrated 
by the fact that in Kanya the Ministry of Education’s 
vote for post-secondary scholarships has been increased 
by £480,000 per annum. Another reason 1s that a number 
of students consider that an overseas qualification has a 
prestige value greater than one gained in their own 
country, although som» suffer disillusionment when they 
return home and find that their degrees or diplomas are 
not of the standard required by theic own Governments. 
This is not, however, the case with most qualifications 
gained in the United Xingdom, the standards of which 
are acceptable. Even 30, in order to gain a professional 
qualification students sometimes have to learn subjects 
which are useless to them. For example, students training 
in England as accourtants have to study the British 
income tax laws. But such anomalies do not deter those 
who are often more concerned with gaining an acceptable 
qualification than with what they have to learn. 
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_ The chapters of the report which are of particular 
interest and importance are those dealing with the life 
in Britain of new Commonwealth students. The report 
makes it clear that despite what students are told they 
find themselves in many important respects treated as 
foreigners and lead a life very different to that of British 
students. The material conditions—finance, climate, 
health, food and accommedation—are very different from 
those to which they are accustomed at home. This 
emphasizes the importance of adequate preparation 
before they leave their own countries. Of particular 
importance is the choice of a suitable course of study. In 
the past most students who come to the United Kingdom 
with Government scholarships have been free, on their 
return home, to choose such employments as they fancy. 
But now the tendency is for Government scholarships to 
be ‘bonded’, which means that successful students will 
be required to enter a career chosen for them by the 
Government of their country, at least for a number of 
years. There are many who disapprove of this inter- 
ference with the individual freedom, but the Kenya 
Government thinks otherwise and this adds emphasis to 
the great care needed to ensure that a student studies a 
subject for which he has aptitude. 

Government-sponsored students are usually provided 
with sufficient funds to live without being unduly troubled 
with financial worries and in any case they have their 
High Commissioners to turn to when in difficulttes. On 
the other hand, private students are left to their own 
devices. In many cases they are financed by their parents 
or relations, who make great sacrifices on their behalf. 
The cost of study abroad is often underestimated and 
private students frequently find themselves genuinely 
short of money and have to earn in their spare time, which 
inevitably reduces their capacity for study. Except when 
looking for accommodation or work, coloured students do 
not complain unduly of racial discrimination, although it 
exists more than it should in places of entertainment, 
restaurants and public houses. The impressions students 
take home of attitudes of people in the United Kingdom 
are bound to affect their outlook and there is much scope 
for improvement in the relationship of the people of the 
United Kingdom with the overseas students in their 
midst. 

Finally there is a formidable list of recommendations 
as to what the British Government, the Overseas Govern- 
ments and the educational and other institutions in the 
United Kingdom should do to improve matters. The list 
is too long to comment on here, but all who have anything 
to do with overseas students should read this report and 
study the recommendations with the view of assisting in 
the alleviation of the lot of these men and women who are 
destined to play a vital part in the future of their own 
countries. ‘T'wINInG 


VIEWS OF NINETEENTH-CENTURY 
SCIENCE 


Science in the Nineteenth Century 

Edited and with a Preface by René Taton. (A General 
History of the Sciences.) Pp. xix+623+69 plates. 
(London: Thames and Hudson, Ltd., 1966.) 126s. 


()* no period more than the nineteenth century is the 
lack of a synoptic treatment of the history of science 
more marked; for that reason alone the appearance of the 
volume under review, purporting to be a translation of 
Volume 3 of Histoire Générale des Sciences, aroused in my 
mind keen expectations of interest and profit: it must 
be confessed that these expectations were realized only 
in a very limited degree. 

In the “Préface générale” to the first volume of the orig- 
inal edition René Taton stated that the aim of the series 
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was to provide “un tableau objectif et suffisament précis d: 
Vévolution d’ensemble de l'histoire générale des science 
et des techniques considéré comme lun des aspect 
essentiels de l’histoire des civilizations’. In the volum 
under review the reader is prepared for the survey o 
“one of the most essential aspects of the history of civiliza 
tions” by means of three pages on “‘The Spirit of th 
Nineteenth Century”. The result may well be imagined 
but when we are told, inter alia, that ‘‘until 1815 huma 
geniuses were few and far between . . . in the nineteentl 
century, however, geniuses were both numerous ant 
identifiable” it is difficult to avoid a feeling of chill as tx 
what lies ahead of us. These fears are unfortunately soor 
realized. ‘There are, for example, in the subsequen 
chapters far too many ‘births’, ‘re-births’, ‘true births’ 
etc.—the ‘real birth’ of projective geometry was witl 
Poncelet (p. 20), but only with Chasles (p. 21) was “thi 
projective doctrine truly born”; “geometrical optics wa: 
born in the 17th century” (what then had Ptolemy anc 
ibn al-Haitham been doing ?); “the science of electricity 
began at the end of the 18th century” (p. 100), but (p. 178 
“by the end of the 18th century all the basic principle: 
of electrostatics and magnetostatics were known”. Komu 
of these parturitions seem to have involved irregula: 
intra-uterine interference; for although spectrum analysu 
was ‘born’ only in 1859 (pp. 146-7) ıt was “given a tre 
mendous boost’ in 1814 (p. 146). In fairness to the 
authors of these and many similar doubtful statements 
the possibility could not be ruled out that some change o 
emphasis had occurred in translation; so having read th: 
whole of the English version I turned to the Frenc] 
original with which I had had no previous acquaintance 
By chance my first comparison was in respect of thi 
statement (p. 250) that “it follows from the precedin; 
discussion [Carnot cycle] that the work done m an} 
reversible process must be zero”. In the French origina 
(p. 279) there is no reference to ‘work done’ ; the discussio1 
has merely to do with the emergence of the concept o 
entropy. 

The discovery of such apparently gratuitous alteratio 
of the French original (resulting in this case in a statemen 
that is literally false) made it necessary to compare mor 
than a score of similar cases. The results can only b 
described as disconcerting. A few examples must suffice 
a footnote omitted (p. 50); the discussion of what th 
translator calls Poincaré’s ‘‘commodism”’ (‘conventional 
ism’ ?) follows (p. 107) lines quite different from thos 
of the French (p. 118); “courant électrique” (p. 130 
becomes “electromagnetic [-motive ?] force” (p. 118) 
“théorie électromagnetique . . . de la lumiére” (p. 162 
becomes ‘“‘discovery of the electromagnetic effect’ {p 
145); a paragraph is omitted (p. 157); “à ce sujet” (p. 194 
becomes “his explanation” (p. 171); the exposition c 
Raoult’s work (p. 288) is largely rewritten (p. 258); “cor 
ception métaphysique” (p. 303) becomes “metaphysics 
fog” (p. 272). On p. 477 the translator, perhaps with th 
British market in mind, intercalates more than a page o 
the Huxley—Wilberforce incident to which there is n 
specific reference in the original. Finally, disconcerte 
by what seemed to me an oversimplified and inadequatel 
supported version (allegedly by Taton, from whom on 
was surprised to find such a statement) of the organizatio 
of science in Great Britain, I was shocked to discover th 
complete omission of a scrupulously worded warning b 
Taton that, because of the paucity of detailed studie 
(Dr. Cardwell’s excellent work finds no mention in h 
bibliography), the account presented must be accepte 
with great caution. Nor was this all: Taton’s accour 
had been so re-phrased as to convey the impression the 
the Cavendish Laboratory had been set up by the Britis 
Government instead of, in Taton’s words, ‘‘grace à de 
fonds privés”—incidentally of a member of the despise 
Establishment (sie referring to 1872 !). 

The translation of a work of this kind calls for very wid 
knowledge; and in providing a smooth and readabl 
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ersion A. J. Pomerans has risen to the challenge. But 

hope enough has been said (and much more could be) 
o justify the complaint that the publication of this 
ook ‘as a translation’, without any indication in the 
\ibliographical note on the verso of the title-page that it 
3 far from being so, constitutes a grave injustice to the 
riginal authors and does a signal disservice to British 
cholarship. 

In the space at my disposal I can do no more than 
resent a few personal impressions—with the caveat that 
hey are based on the book which I have been called on to 
‘eview and not on what the authors may or may not have 
yritten. 

Apart from the brief but useful sketches of “Science and 
Society in Russia” (A. P. Yushkevitch and the late V. P. 
Zubov), “United States’? (I. B. Cohen), “The Muslim 
World 1450-1900” (B. Ben Yahia), all the contributors 
we French; yet there is a marked freedom from national 
ojas: M. Jacques Levy’s evaluation of the Le-Verrier— 
Adams case is a model of human and technical insight. 
From the section (77 pages) on mathematics (Taton, 
[tard and Darmois), highly technical as at many points 
it inevitably becomes, a reader with no more than the 
very meagre mathematical understanding that I myself 
possess should be able to gain a valuable idea of the 
progressive ‘arithmetization’ and increased abstraction 
whereby mathematics acquired more and more relevance 
to natural science. M. Bauer’s remarkable survey of the 
whole of “Electricity and Magnetism” from Galvani to 
Lorentz is nicely balanced between the ‘continental’ view 
and Faraday—Maxwell innovation (see p. 216). The 
“ ‘Rebirth’ [original Essor] of Chemistry’? by Daumas 
and Jacques is about as good as could be expected in 34 
pages (out of 153 for “Physical Science”, excluding 
mechanics and astronomy!), but Wilhelm Ostwald, 
for example, gets only a passing nod. The splitting of 
science into the traditional ‘subjects’ has the serious 
consequence that the long struggle to perfect the idea 
of ‘atomicity’ as such falls between ‘chemistry’ and 
‘molecular kinetics’; hence (together with the complete 
omission of Herapath and J. J. Waterston) the misleading 
statement on p. 265. The part played by “‘Geological 
Sciences’’is attractively sketched by MM. Orcel and Furon. 
But the appalling problem of presenting a ‘unified’ but not 
over-simplified view of nineteenth-century biology has 
not yet been solved; I was struck by the fact that only 
where judicious citations of the original works were 
provided (as by M. Piveteau in “Comparative Vertebrate 
Anatomy’’ and “‘Vertebrate Palaeontology”) did the history 
really come alive. The presentation of a mass of ‘system- 
atic’ information (though well done by Mle. Tétry) seems 
out of place in a work of this kind; similar remarks apply 
to almost the whole chapter on “Medical Sciences” (M. 
Astruc). 

Among many old favourites there are some excellent 
lesser-known illustrations. The “Bibliography” should be 
very useful, as should the indexes of names and subjects; 
in the latter, however, the only possible reference to 
“Alternation of Generations in Plants’ (pp. 467-8) is 
“Alteration”, and this turns out to refer only to animals. 
One regrets the omission of ‘life-spans’ in the name index, 
and throughout the book there is a paucity of cross- 

references and, in many chapters, of dates. 
W. P. D. WIGHTMAN 


RACES, GOALS AND ALL THAT 


Heredity and the Nature of Man 
By Dr. Theodosius Dobzhansky. Pp. x+179. (London: 
George Allen and Unwin, Ltd., 1965.) 25s. net. 


OBZHANSKY’s new book is based on a series of 
“Holiday Science Lectures” given under the auspices 
of the American Association for the Advancement of 
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Science, in the spring of 1963 and 1964. The purpose of 
these Lectures is “to brouden the scientific horizons of the 
audience, and to commuricate to them some of the excite- 
ment and inspiration of she scientific endeavour”. What 
one may expect, therefore, and what one gets in full 
measure from Dobzhansky, is popular science writing at 
its best. It would be improper to look for any radically 
new additions to the general theory of evolution, on which 
Dobzhansky 1s one of the world’s foremost authorities. 
Nor do we find any quits novel suggestions as to how our 
understanding of evolutionary processes should be apphed 
to human affairs. 

The first half of Heredity and the Nature of Man 1s 
mainly devoted to givng a summary sketch of basic 
facts. Even in this Cobzhansky reveals his judicious 
middle position, by devoting much more space than is 
usual in elementary texs to the contributions which the 
environment, as well as the genes, make to the character 
of the final adult organism. He shows m simple and 
convincing terms that ıt is nonsense to attribute over- 
whelming importance eisher to heredity as some eugenists 
have done, or to suppcse that any human individual is 
infinitely malleable by suitable traning, as some anthro- 
pologists have tended <o argue. It ıs, however, in the 
second part of the book, when he applies the basic prin- 
ciples of genetics to sich questions as human equality 
and race, that he best Jemonstrates his skill at steering 
between Scylla and Charybdis. The danger of a middle 
position 1s of wriggling out of a difficult situation by an 
exercise in ‘double-thinx’. Occasionally one may get the 
impression that somethmng of the kind is going to happen. 
For example, in discussng the relevance of the undoubted 
genetic differences between individuals to the concept of 
human equality, Dobzhansky writes, “The partisans of 
equality . . . simply failed to understand that to be equal 
is not the same thing ss to be alke”. However, he goes 
on to state explicitly what this implies, and demonstrates 
that 1t is by no means merely a semantic quibble: equality 
is an ethical and sociological, not a biological, ideal, and 
its practical effect is to give to each man an equal dignity 
and an equal opportun-ty to develop just because he is a 
unique (that is, ‘unecual’) individual. Dobzhansky is 
not afraid to point out that equality of opportunity does 
not mean mere uniformity. The opportunity must be 
judged in relation to the potentialities to which it is 
offered; the schooling provided for the average of the 
population may represent a most unfair deprivation for 
individuals who happen to be particularly talented in 
mathematics, music or various other special fields. 

He ıs equally sensible about the other major areas in 
which genetics has impinged on public affairs. Yor 
example, he deals very justly with the evolutionary 
dangers of the extra mutations produced by ionizing 
radiation, which seemed so urgent when we first had to 
consider the effects of bomb fall-out. Discussing race, he 
castigates both “the recists who believe that culture is a 
matter of race .. . of the genes of the carriers of that 
culture”, and the belie? that, “as far as cultures and their 
changes are concerned, all people are genetically so 
completely identical that their genes may just as well be 
left out of consideratzon’’. The truth is somewhere in 
between the two and, although we do not know exactly 
where, it must be much nearer the second than the first. 
He makes the essential point that “human genetically 
secured educability enables most individuals of all races 
to be trained for most occupations”. In his final chapter 
he is, I think, a trifle too conservative in his attitude to 
some of the more unronventional genetical procedures, 
such as the use of actificial insemination with selected 
gametes. 

In all the great haman questions that Dobzhansky 
discusses, genetics 1s only one aspect of a complex problem 
which also involves tke human sciences, and politics and 
morals in addition. For example, the most important 
question about race ac present seems to be the speed at 
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which the change of cultural level can be brought about 
by social means. Cultures certainly have a property 
analogous to inertia, and the problem now is not whether 
there is any genetical reason why you could not train 
an adequate number of Congolese or Indonesians to be 
efficient modern administrators and managers—Dobzhan- 
sky argues convincingly enough that there is no such 
reason—but how to do 1t as fast as possible and with the 
minimum damage to other important values such as 
‘equality’. Problems of this kind fall outside the scope 
of the book, but if the reader realizes that he must not 
expect to find the final answers to all problems, he can be 
assured that Dobzhansky provides, in a form suitable for 
the general reader, including scientists from other fields, 
a clear, concise and judicious summing-up of the main 
conclusions that genetics has come to about human nature 
and human affairs. C. H. WADDINGTON 


FROM FORSTER TO FISHER 


Education and the Labour Movement 1870-1920 

By Brian Simon. (Studies in the History of Education.) 
Pp. 387+29 plates. (London: Lawrence and Wishart, 
1965.) 50s. net. 


A light industry of scholarship often obscures the 
fact that history is really concealed prophecy. 
Mandates to explain how things came about imply 
opinions as to where they are going. Those who accept 
them cannot avoid seeing their subjects in terms of the 
future. At the present our educational future is very 
much in the mind. Are we, the post-Robbinsians, struc- 
turing the ‘open conspiracy’ of which H. G. Wells was 
such a fervent advocate? Will our future Samurai of 
scientists, engineers and teachers demand an equally 
radical approach to those who sell the labour of their 
hands? What are we doing to counter the growth of 
Orwellian ‘proles’? Will they transform themselves 
out of existence as we have known them ? 

Such questions need a long cool look at the role of the 
Labour movement in our recent history, and everyone 
will agree that in Mr. Brian Simon it has found a, historian 
of outstanding merit. All his previous work has con- 
tributed to this role. His A Student’s View of the University 
(1943) is now a minor classic; his Intelligence Testing and 
the Comprehensive School (1943) a pioneer work; his 
Common Secondary School (1955) offered a classic paradigm 
of the comprehensive school; and his Psychology in the 
Soviet Union (1957) brought together expositors from 
fields too little known in Britain. 

Education and the Labour Movement 1870-1920 is 
virtually a continuation of an earlier, and by now 
standard, work: Studies in the History of Education 
1780-1870 (1960). It charts the development of Labour’s 
aspirations up to the end of the First World War. As 
with its predecessor, it splices telling iJlustrations into a 
crisp and sparkling text, spikes narrative with pointed 
documentary evidence, and laces controversial issues by 
mature judgments and shrewd comments. If there are 
Omissions (and Francis Galton is one) these have been 
in the interests of a flowing story. Huis story embraces 
the rise of Socialism, the pressures of the ‘protean’ working- 
class groups, the institutional and legislative embodiments 
of their aspirations, assessments of their abreaction to 
existing institutions, and their influence on the develop- 
ment of the welfare services. 

The ‘New Feudalism’ of the settlement movement, the 
‘consolidation of caste’ in the public and grammar schools, 
the pejorative adjective ‘elementary’, the muitancy of the 
churches and the spice of sect all glow balefully in these 
pages as Mr. Simon threads his way, like an experienced 
galactic traveller, through the misty ways of educational 
debate and intrigue. He plots a fascinating course, since 
his characters were working for the future. His story is, 
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if anything, an apt illustration of the truth that you ca 
only understand a movement by pointing to what it wa 
before it becomes that which it will presently cease to be 
For though writing about the period from Forster t 
Fisher, he is giving us the necessary canvas of the perioe 
from Fisher to Crosland, a canvas which I sincerely hop 
he will find time to pamt to complete what will un 
doubtedly be a formidable trilogy of volumes. 

For Socialism, as William Morris observed, could onl: 
be won by educating people into wanting it and the 
organizing them into claiming it. But educating peopl» 
into wanting it was not as easy as organizing them int« 
claiming it. Consider only Sidney Webb, surely the mos! 
mobile competitor in (and later the improver of) the 
nineteenth-century examination stakes. “Discreetly 
following behind the imperialist banner” (to quote 
Mr. Simon), Webb helped anaesthetize the school boards 
themselves a nursery of working-class politicians. Webt 
was more a portent than an educational apparatchik. 
Many another was to come up in twentieth-century 
Britain through the ladder he so eagerly runged. Those 
who profited by education did not always remember the 
steps by which they had ascended. 

H. G. Wells described the Education Act of 1870—the 
year in which Mr. Simon begins his history—as one “to 
educate the lower class for employment on lower class 
lines”. But he also wrote in the year after Mr. Simon’s 
story ends: “Science will endure and rule, but Labour 
with a capital ‘L’, as the name of a class of human being: 
organized for distinctive class ends, will pass away” 
Labour’s efforts tend to their own extinction. As a formei 
editor of Nature (to whom Wells wrote those words) 
replied, “If labour will but listen and act it may become 
the most potent moving force of the future, but if it 
concentrates attention entirely upon scrambling with 
capital for the pennies in Tom Tiddler’s ground of industry, 
the wise men around will give to it merely a tolerant 
smile”. 

Mr. Simon’s story of how the Labour movement re- 
sponded to this appeal will be eagerly awaited if it is 
written with the same verve and charm as this one. 

W. H. G. ARMYTAGE 


KEPLER’S DREAM 


Kepler’s Dream 

By J. Lear. With the full text and notes of Somnium, 
sive Astronomia Lunaris Joannis Kepleri, translated by 
P. F. Kirkwood. Pp. 182. (Berkeley and Los Angeles: 
University of California Press; London: Cambridge 
University Press, 1965.) 40s. 


PBSI written in 1609, but published only in 1634 
four years after his death, Kepler’s Somnium, sive 
Astronomia Lunaris introduces his ideas on the geography 
and physics of the Moon with a half allegorical, half 
science-fiction tale involving a “Daemon” who describes 
his travels there; the device of a didactic trip to the 
Moon had previously been used by the Greek writer 
Lucian in the second century A.D. Based on Copernican 
principles and therefore theologically ‘hot’, the Latin 
manuscript of 1609 was designed for limited circulation 
among scientists who were expected to divine the meaning 
hidden beneath the allegory. Unfortunately, the effect 
was precisely the opposite of that intended, since it was 
wholly ignored by scientists but fell into the hands of 
malicious persons in the small Wurttemberg town of 
Leonberg, who very probably seized on a fanciful reference 
to the hero’s mother’s ability to conjure the “Daemon” 
and twisted it in order to accuse Kepler’s own mother of 
witchcraft. A copy of the manuscript was also believed 
by Kepler to have found its way to England, and its 
possible influence on contemporary English literature has 
been explored by Prof. Marjorie Nicolson, but the evidence 
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hat this happened ıs not conclusive. During the decade 
etween his mother’s eventual acquittal ın 1621 and his 
wn death, Kepler took time off from the preparation of 
is major works of this period to embellish the original 
ext of the Dream with several times its own length of 
dotnotes giving those literary and scientific explanations 
f the narrative that had been proved necessary by bitter 
xperience. 

Most of the scientific part of the Dream is a sober 
xploration of the astronomical phenomena observable 
rom the Moon as a result of 1ts orbital motion with one 
ace permanently turned towards the Earth; this part 
vould be entirely acceptable to-day apart from the fact 
hat the Sun’s distance is underestimated by a factor of six. 
Towever, Kepler also believed that the Moon had air, 
vater and inhabitants who sheltered from the extremes 
f heat and cold in caves; the arguments on these sub- 
ects in the notes, and the precautions suggested for the 
ourney to the Moon, throw an interesting sidelight on 
uls Impressive physical knowledge. 

John Lear has performed a useful service in commis- 
sloning this excellent translation and in providing a 
‘ascinating introduction in which the importance of this 
‘orgotten work is pointed out and the baleful effects of 
she misinterpretation of the 1609 manuscript are recon- 
structed for the first time on the basis of the notes in 
the 1634 edition. My only criticism refers to one passage 


where Lear seems to have confused nautical miles with ’ 


statute miles and consequently credits Kepler with a less 
accurate estimate of the Moon’s distance than he actually 
possessed. BERNARD PAGEL 


MOON AND PLANETS 


Lunar and Planetary Surface Conditions 

By N. A. Weil. (Advances in Space Science and Tech- 
nology, Supplement 2.) Pp. ix+222. (New York and 
London: Academic Press, 1965.) 80s. 


HE majority of books devoted to so wide a subject 

as planetary physics are composed of specialist 
sections that an editor attempts (rarely with high success) 
to weld together. Perhaps, in such cases, the initial 
conditions are not sufficiently firmly stipulated to ensure 
uniformity of style; or the authors who are selected are 
not able to present a full cross-section of the field defined 
in the title, and hence there are glaring omissions from the 
presentation. 7 

Possibly these drawbacks may be overcome if one man 
alone prepares the whole account. Yet, with the rapidly 
multiplying amount of lunar and planetary literature, 
can one author have a sufficiently wide knowledge of the 
many and varied subjects involved to be in a position to 
present an authoritative review of the astronomy, physics, 
geology, and biological aspects of the planets? In 
Lunar and Planetary Surface Conditions Dr. Weil has 
bravely attempted this task. 

An introduction serves to review the present hypotheses 
on the origin of the Solar System and describes the methods 
of acquiring planetary data. Approximately one-third of 
the book pertains to lunar studies—principally the surface 
aspects of the Moon—and the remainder deals with the 
conditions on the terrestrial and Jovian planets. 

There has been drastic selection of the 293 references 
from the fund of available literature, but they have been 
well chosen and, pleasingly, there has been emphasis on 
recent work. Omissions from Dr. Weil’s arguments are 
extensive and frequently yield to a biased account. For 
example: ‘Three theories exist regarding the origin of 
the maria” (p. 44). According to the author, these are 
Gold’s, Urey’s and Baldwin’s. In fact, there are others— 
that of von Bülow, for example—that receive no mention 
although they may be even more important. Again, both 
the optical measurements of the way different parts of the 
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Moon scatter light and tne polarization measurements on 
flat and inclined parts of the Moon point to a remarkably 
uniform structure of ths Moon’s surface layer, yet Dr. 
Weil writes, ‘‘. . . for exposed lunar surfaces, a totally 
different terrain is expected to be encountered on the 
maria as compared to tke highlands” (p. 92). The inclu- 
sion of some arguments st the expense of others may have 
been imposed by the nzcessity for brevity, but is this 
justified in a review costing 80s.? Because of faults of 
this nature the book—wnich has a good index—will be of 
limited use to research workers. But the present work 
may be described as ar excellent skeleton on which to 
build a future, somewhst enlarged, edition. If a second 
edition were to include € wider and deeper understanding 
of many of the vitally mteresting points touched on by 
Dr. Weil, it could undoubtedly become of great use as a 
reference work. G. FIELDER 


A SURVEY OF THE EARTH 


A Planet Called Earth 
By Prof. George Gamow. Pp. x+ 257. 
millan and Co., Ltd., 1965.) 35s. net. 


ORE than twenty years ago the book Biography of 
the Earth, by George Gamow, achieved wide 
popularity as an introduction to earth science written 
for the layman. There have been many scientific advances 
since then, and the author has wisely re-written the book 
completely instead of urying to patch up the original. 
The general plan remains the same; like 1ts predecessor, 
A Planet Called Earth is informative and well written, 
so that it will no doubt >e equally successful. 

The first three chapters are mainly astronomical, and 
concern the formation of the Earth and other bodies of 
the Solar System, together with brief descriptions of the 
Moon and planets. This section is needed, because the 
Earth 1s, after all, onFy one of nine planets, and the 
comparisons between it and our neighbour worlds are well 
worth making. It is interesting to note that the author 
tends to favour the thecry that the Earth and Moon were 
once one body, and that the Moon broke away in the 
fashion supposed by George Darwin in his book written 
during the nineteenth century. Most authorities have 
the gravest doubts abut this process, but Gamow is 
careful to emphasize that there is no general agreement 
about the birth of the Moon. 

The rest of the text deals with the Earth itself; its 
internal constitution, <he shaping of the world map, 
weather and climate, ani the atmosphere. The nature and 
origin of life, and the Earth’s future, are also dealt with 
in a readable, concise Manner. 

The material has been selected with skill, and has been 
presented in a most atcractive form, so that the reader 
with no previous scientific knowledge will be able to 
follow ıt throughout; mathematics are to all intents and 
purposes excluded. Th» line drawings are good, and the 
photographs are satisfactorily reproduced. It must be 
added, unfortunately, that there are a few slips, mainly 
in the astronomical secsion; for example, there are more 
than the stated 40,090,000,000 stars in our Galaxy 
(p. 22), and it 1s surely misleading to refer to a solar flare 
as “a tongue of flame” (p. 181). On page 43 the author 
falls into the trap, common among non-selenographers, of 
rejecting the volcanic theory of lunar craters simply 
because these main featares of the Moon differ in form from 
Earth volcanoes such as Vesuvius. 

These are, however, minor points, and in no way detract 
from the excellence of the book. Within its scope, it 1s 
probably the best of its kind, and it will further enhance 
Prof. Gamow’s reputation as one of the most skilful of 
modern scientific writezs. It deserves a wide circulation, 
and will certainly run to many editions before it, too, 
needs complete re-wriczing. PATRICK MOORE 


(London: Mac- 


962 


LILIENTHAL’S ATOMIC YEARS 


The Journals of David E. Lilienthal 

Vol. 1: The TVA Years, 1939-1945, including a Selection 
of Journal Entries from the 1917—1938 Period. Pp. xxxi 
+ 734. Vol. 2: The Atomic Energy Years, 1945-1950. Pp. 
x+666. (New York and London: Harper and Row, 
Publishers, 1964.) 150s. 


HESE volumes contain the diary records of a great 

American, usually written by him in shorthand and 
later transcribed by a secretary. They were started during 
his freshman years as a youth of seventeen, and continued 
throughout the period when he was a director of the 
Tennessee Valley Authority (T.V.A.), and chairman of the 
United States Atomic Energy Commission. The entries 
were “jotted down at irregular intervals and in all manner 
of places at odd moments”, in aeroplanes, even on holi- 
day m Martha’s Vineyard or Florida—holidays often 
interrupted by telephone calls from the T.V.A. or the 
Atomic Energy Commission. 

Volume 2 opens with the appointment of Lilenthal, 
together with three others, to advise Dean Acheson, the 
Assistant Secretary of State, on action to be taken on the 
Truman—Attlee—King declaration of November 15, 1945, 
proposing the establishment of a U.N. Atomic Energy 
Commission to develop a proposal for international control 
of atomic energy. 

After less than two months the ‘Acheson—Lilienthal’ 
Report proposed the establishment of an international 
atomic energy authority to have the exclusive control of 
all ‘dangerous’ aspects of atomic energy. The ‘dangerous’ 
areas included the operation of uranium mines, reactors, 
diffusion plants. The United States proposals were at 
once hindered by the appointment of Bernard Baruch, at 
the age of seventy-five—referred to in subsequent notes as 
“the old man”’—as the member of the United States of 
the United Nations Atomic Energy Commission. Baruch 
immediately appointed his own panel of advisers, who had 
somewhat different views from the Lilienthal group. One 
of their early proposals was that the United Nations 
“should organise a world survey of raw materials and to 
send 50 Two-Man-Teams all over the world. In this way 
they would find out what was going on in Russia.” The 
Baruch team appeared also to be obsessed with the idea 
of vetos and punishments for infringements. However, 
Acheson and Lilienthal were able to resist most of the 
proposals of the Baruch group. 

Gromyko countered for the U.S.S.R. by proposing an 
international convention against atomic weapons, but 
without any inspection for clandestine activities. The 
East-West positions were incompatible and with ow 
knowledge of the climate in the U.S.S.R. in the post- 
war years the United States plan was doomed to failure. 

In September, 1945, after considerable congressional 
opposition, Lilenthal was appointed chairman of the 
Atomic Energy Commission established by the McMahon 
Act. An extremely difficult organization had been laid 
down. in the Act—five Commissioners were jointly respon- 
sible for policy, but the chairman had no formal executive 
responsibility, this being devolved on a general manager. 
This form of organization led later to some difficulties, 
especially with Admiral Lewis Strauss, who was often m a 
minority of one. He sometimes refused to accept the 
majority decisions and intrigued outside the Commission 
to have their decisions overthrown. 

The first major disagreement came over a trivial matter 
—the export of radioactive isotopes to Norway. This was 
agreed to by the Commission by a majority of 4 to 1, but 
Strauss attempted to take the decision to the State 
Department and to secure its reversal. This incident 
showed the dangers of a lack of scientific understanding in 
men in high places. 

The journals give an account of co-operation with the 
United Kingdom. War-time collaboration had, of course, 
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been very close, and through ıt Britain had obtained : 
complete knowledge of the theory and construction o 
atomic bombs and nuclear reactors of outputs of up to ¢ 
few megawatts. Britain was not allowed information 
about plutonium production plants; but this was of nx 
great consequence. Churchill and Roosevelt at Hyde Parl 
in 1944 agreed that the atomic bomb would continue to bc 
constructed only in the United States, and that the 
United States would not use the bomb without the 
consent of the United Kingdom. The United State: 
agreed to co-operate fully with the United Kingdom ano 
Canada in post-war military and commercial atomic 
energy development unless and until terminated by 
Government agreement. The information about this 
agreement was not passed down by the President, and was 
not even known to Mr. Stimson, Secretary of State for 
War, six months later. The United States Senators were 
informed for the first time about this agreement by 
Lilienthal in December, 1946, and this came as a con- 
siderable surprise. ‘Technical co-operation had, in fact, 
largely ceased after the passage of the McMahon Act. 
However, the agreement on the sharing of uranium 
supplies, operated by the Combined Development 
Authority, continued, and gave rise to some difficulties in 
the Senate, since in the years up to 1950 the United States 
was short of uranium supplies for its rapidly expanding 
programme of fissile material production, including the 
building of more Hanford reactors for the production of 
plutonium and the construction of more diffusion. plants. 

Eisenhower, who at this time was Chief of Staff, is 
quoted as saying that “denial of Atomic Energy informa- 
tion to the British was harsh and unfair’. Luienthal was 
in favour of increasing co-operation and was supported by 
the State Department, and in January 1948 a modus 
vivend? was arrived at in which co-operation was agreed in 
a number of areas. Some of these areas, such as health 
and safety, and nuclear physics, were unclassified areas. 
One of the important areas was co-operation on ““Reactors 
in which the power was not wasted”. This allowed dis- 
cussions on power-producing reactors to proceed, but 
excluded discussion on production reactors such as 
Hanford. At this time ideas on power production were, in 
fact, rather nebulous, though E. O. Lawrence 1s quoted as 
saying that power could be produced by the Hanford 
reactors within a year—at that time the cooling water 
emerged at rather low temperatures. 

The President, Mr. Truman, spoke to Lilienthal “of 
what wonderful things we could do with our stocks of 
nuclear material. I’ve been dreaming of T.V.A.’s in the 
Euphrates Valley to restore that country to fertility and 
beauty of ancient times, and also a T.V.A. in the Yangtze 
Valley and in the Danube. These things can be done 
and, don’t let anyone tell you different”. 

Lewis Strauss again opposed co-operation: “He feels 
Britain is far to the left and might give away the secrets to 
the communists”. 

Towards the end of 1949 the modus vivendi was extended 
in time and the United States was given a greater share of 
ore as a guid pro quo. Britain refused, however, to transfer 
bomb production to the United States and continued to 
ask for a complete interchange of all technical information. 

In point of fact Britain was very little handicapped by 
lack of information from the United States on the nuclear 
reactors or on any civil application. Britain could, how- 
ever, have been saved some expense and time by inter- 
change of military information. 

The journal records the conflict between the Atomic 
Energy Commission and the Department of Defence on the 
issue of civil versus military custody of atomic weapons. 
A. crucial meeting was held between the President, the 
Heads of Service Departments, and the Commission. The 
Secretary of Air, Mr. Symington, remarked: ‘‘Our fellas 
at Sandia think they ought to havethe bomb. They think 
they might get them when they need them and they 
might not work”. The President replied: “You have to 
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nderstand that this is not a military weapon. It is used 
) wipe out women and children and unarmed people and 
ot for military purposes. Se we have got to treat them 
ifferently from rifles and cannons and ordinary things 
ke that”. The President decided that the Atomic Energy 
fommission should retain custody. 

In October 1959, after the explosion of the first Russian 
tomic bomb, the issue of the hydrogen bomb known as 
he “Super” was debated within the Atomic Energy 
‘ommussion’s General Advisory Committee, chaired then 
yy Robert Oppenheimer. The General Advisory Commit- 
ee was very much divided. Conant was flatly against it: 
‘We have built our Frankenstein’; Oppenheimer was 
gainst; Rabi was for; Lilienthal against. We know from 
ater evidence that there were doubts about its technical 
easibility and that later work transformed the situation. 

A special committee of the National Security Council, 
\cheson, Johnson (Secretary of Defence) and Lilienthal, 
eported to the President, who ruled in favour of develop- 
ng the “Super” (January, 1950). 

Lilienthal was almost continuously attacked and vilified 
xy some members of the Joint Congressional Atomic 
nergy Committee. Senator Hickenlooper charged the 
Yommission in 1949 with gross mismanagement, and a 
Yommittee investigation proceeded under the glare of tele- 
rision lamps for several weeks. Complete trivialities were 
liscussed, such as the loss of a few milligrammes of 
mriched UO, at the Argon Laboratory, later found in a 
lustbin. A great fuss was made about a March of Time 
ilm containing pictures already released in 1945. The 
Yommittee insisted on a full F.B.I. clearance for A.E.C. 
Tellows appointed for basic research in Universities. At 
me meeting of the Committee, ‘7 Senators and 8 Congress- 
nen were busy reading a security file on a Miss B. 
smployed at Los Alamos—about her drinking habits and 
where she slept—the great issues of co-operation with the 
U.K. had to wait”. 


President Truman told Ialienthal, ‘‘Don’t let this 


empest in a teapot get your goat, Dave. You let it get ~ 


ander your hide and you'll get like Forrester [committed 
suicide May 22, 1949]; no need worry about it”. 

The diaries reveal Lilienthal as a very humane man, 
much troubled by the implications of the nuclear bomb 
for the world; striving always to ensure that their implica- 
Lions were discussed at the highest policy-level. Truman 
's revealed as a very shrewd person; & person of vision, 
frm in decision and well able to handle military depart- 
ments and their demands. J. D. CocKOROFT 


QUASARS 


Quasi-Stellar Sources and Gravitational Collapse 
(Including the Proceedings of the First Texas Symposium 
on Relativistic Astrophysics.) Edited by Prof. Ivor 
Robinson, Prof. Alfred Schild and Prof. E. L. Schucking. 
Pp. xvii+475. (Chicago and London: The University of 
Chicago Press, 1965.) 10 dollars; 72s. 


UASI-STELLAR Sources and Gravitational Collapse, 

appearing 18 months after the first Texas Symposium 
on Relativistic Astrophysics to which it refors, is already 
a historical document. It has been overtaken by the 
second 1964 Conference, by preparation for the third and 
by a series of discoveries of such moment and at such a 
pace that the normal media of publication have been more 
than usually inadequate. 

In 1960 the combined work of the radio and optical 
astronomers led to the identification of the radio source 
known as 3C 295 (the number in the Cambridge Catalogue) 
with a cluster of galaxies in Bootes. This was the most 
remote object known—about 4,500 million light years 
distant with a red shift of 0:47. There seemed no im- 
mediate hope that a significant increase ın the penetration 
of the telescopes might help to resolve the arguments 
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about the type of cosmology applicable to the real 
universe. Yet the searca for more distant objects which 
was then in progress is really the starting point of this 
book. 

Palmer and his collabcrators at Jodrell Bank had found 
that two radio sources in the Cambridge Catalogue 3C 
48 and 286 had anguler diameters less than 2 sec of 
arc—much smaller thar that of the Bootes source and 
hence by impheetion more distant. Accurate positional 
measurements of these sources at Cambridge and at the 
California Institute of Technology enabled Sandage to 
identify 3C 48 late ın 1960 as a sixteenth magnitude 
blue star. For more than a year it seemed that 3C 48 
and the other objects smularly identified were luminous 
blue stars in the Milky Way. Then early in 1963 came 
the famous announcement that the ‘stars’ were, in fact, 
objects with exceedingly large red shifts. 

So much has happened since then that it 18 important to 
remember that at this Texas Symposium in December of 
that year only half a dozen of these quasi-stellar radio 
sources, or quasars, had been discovered and the red 
shifts of only four obtaired. This included the red shift of 
0-545 for 3C 147, makinz it the most distant object then 
known. Thus the observational and theoretical papers in 
this volume are based onthese data, which are a small part 
of the information available to-day on the quasi-stellar 
sources. (At least 40 are now known with 18 red shifts.) 

The theoretical papers are predominantly concerned 
with the properties of massive objects and with the possi- 
bility that the great energy of the radio galaxies and 
quasars (more than 1(® ergs in some cases) may be 
released through the processes of gravitational collapse. 
Of course, the energy difficulties existed for the radio 
galaxies long before the discovery of the quasars, but the 
latter added the additional problem. of the energy needed. 
to sustain the great lcminosity of these objects. The 
papers offer no real solusion, neither is any known to-day, 
although a repetition of this discussion would be likely to. 
be far more critical of the gravitational collapse theory 
and speculate on possibilities of highly efficient nuclear 
burning or total annihilation as sources of the energy. 

The observational papers include, of course, those con- 
cerned with the quas-sources and give the detailed 
arguments that the red shift is a cosmological effect and 
not a gravitational shi-t. There are, too, the valuable 
papers on the identification of the radio sources as a whole 
and their nature which have stood the test of time better 
than the papers on the quasi-sources. 

Nearly all the papers in this volume are now reprints of 
existing or subsequent publications mainly from the 
Astrophysical Journal cœ Nature. The fortuitous timing, 
of the conference does. perhaps, justify to some extent 
this collection as a unique mark of yet another revolution 
in astronomy and astrcphysics which has already led to 
the discovery of objects with red shifts four times greater 
than those discussed here. The collection also enables one 
to express overall adm-ration for the outstanding obser- 
vational and theoretical work of the authors, which has 
created a situation of unparalleled interest and potential 


in astronomy, astrophysics and cosmology. 
BERNARD LOVELL 


HURWITZ—COURANT 


Funktionentheorie 
Von A. Hurwitz und R. Courant. Mit einem Anhang 
von H. Rohrl. Vierte vermehrte und verbesserte Auflage. 
(Die Grundlehren der Mathematischen Wissenschaften mn 
Einzeldarstellungen, Band 3.) Pp. xiv+706. (Berlin: 
Springer-Verlag, 1964.) 49 D.M. 
HE first edition 11922) of Funktionentheorte con- 
tained three parts. Parts 1 and 2 were based on 
lectures of Hurwitz. Part 1 (130 pages) expounded the 
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Weierstrass approach to function‘theory through power 
series. Part 2 (110 pages) gave a fairly full account of 
elliptic functions, including modular functions and trans- 
formation theory. Part 3 (150 pages), due to Courant, 
supplemented the Hurwitz development by chapters in 
the geometric spirit originated by Riemann. 

Even in the first edition Part 3 was largely independent 
of Parts 1 and 2, and in the second edition (1925) Courant 
expanded Part 3 into a self-contained presentation. In 
the third and fourth editions this tail has outgrown the 
dog, and I shall suggest later that two well-proportioned 
creatures could with advantage replace the one which has 
grown in an uncontrolled way. 

Part 3 now fills nearly 300 pages and is an account, 
mainly of interest to the specialist, of the development of 
topological function-theory. There are other important 
branches of function-theory (for example, integral and 
meromorphic functions) for which one must look else- 
where. 

The preparation of this new fourth edition is due to 
Prof. H. Rohrl, of Minnesota. He has revised and brought 
up to date the text of the third edition and has added an 
appendix of 150 pages (in two chapters). The additions 
expound the theory in the more abstract setting in which 
the work of the past two decades has placed it. Chapter | 
of the appendix deals with some problems of conformal 
representation, in particular new knowledge about prime- 
ends (introduced by Carathéodory in 1913) and quasi- 
conformal mappings. The l-1 conformal representation of 
Riemann surfaces leads to a discussion of the Fuchsian 
groups involved. Chapter 2 of the appendix contains a 
clear account of selected recent investigations of compact 
and non-compact Riemann surfaces. 

I suggest that the book, which has become unwieldy and 
costly, should, in future editions, become two. Parts 1 
and 2 would form an excellent presentation of Weierstrass’s 
theory for the undergraduate. Actually he would be 
unlikely to need so much of the detail of elliptic functions 
and a radical surgeon could excise some sections of Part 2. 
Only exceptional undergraduates would find time to 
read Part 3, and the others should not have to buy a large 
book for the sake of a small part of it. Any research 
worker interested in Part 3 will know what is in Parts 1 
and 2 and would not refer to them except perhaps as a 
model of style. J. C. BURKILL 


AN ADVANCED THEORY OF 
VIBRATIONS — 


Vibrations 


By Prof. D. K. Magnus. Pp. xi+299. (London: Blackie 
and Son, Ltd., 1965.) 65s. 


V [BRATIONS certainly differs from other books 

about the same subject, inasmuch as it classifies 
the vibrations according to the mechanism from which 
they originate. This is reflected in an identical mathe- 
matical treatment and similar final solution. According 
to this classification the subject-matter is sub-divided 
into the following groups: (i) natural vibrations; (ii) 
self-excited vibrations; (iii) parametrically excited vibra- 
tions; (iv) forced vibrations; (v) coupled vibrations. This 
classification enables the author to deal with a variety 
of problems both in the mechanical andthe electro- 
technological field in a relatively small and inexpensive 
book, and it seems astonishing that the subject-matter 
covered should form the syllabus of only one term (about 
four months) in a German university or technical univer- 
sity. 

Throughout the book the emphasis is on as thorough 
and general a treatment as possible. For example, the 
section on “Damped Vibrations” covers viscous, Coulomb 
and square-law or turbulence friction and also non-linear 
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vibrations. Later in the book the response of lines 
systems to non-periodic inputs is dealt with, making us 
of Duhamel’s integral. Statistically distributed excite 
tions are also considered. 

Wherever possible, exact mathematical methods ai 
used. Extensive use is made of the phase-portra 
(velocity-displacement diagram), thus, as in other way: 
providing a link with control systems analysis. Howeve 
powerful and frequently indispensable approximatio 
methods, such as the method of small oscillations, < 
harmonic balance (known as the describing functio 
method ın control systems analysis), the Ritz, the Rayleig 
and the Van der Pol method of slowly varying amplitudes 
are not ignored. 

Most of the book is devoted to single-degree-of-freedor 
problems and the most important methods are demon 
strated on them. The treatment of systems with severe 
degrees of freedom then offers no major difficulties. 

Systems of an infinite number of degrees of freedor 
involving partial differential equations are only touche 
on in the few final pages (except the taut string which wa 
considered at the beginning of the book), but at this stag 
the intelligent reader should already have grasped th 
most important aspects of vibrations, enabling him t 
embark on further problems with relative ease. 

Vibrations includes carefully selected exercises for eac] 
chapter and their solutions, this making it a suitable text 
book for use in English-speaking universities. The trans 
lation is competent, although the translator adheres is 
places too closely to German wording and phrasing 
It would have been helpful if, when quoting books o 
reference, English equivalents or existing English transla 
tions of German standard works were used, and in th 
case of books which had been translated from Englisi 
into German, if the original titles (instead of back-trans 
lated one) were given. To sum up, it can be said tha 
Vibrations is a valuable complement to existing treatise 
on vibrations and it can be highly recommended to al 
who want to penetrate more deeply into the field o 
vibrations. K. R. Weiss 


VIBRATION PROBLEMS IN 
ENGINEERING 


Vibration 

By Prof. R. E. D. Bishop. (Based on Six Lecture 
delivered at the Royal Institution, London, Decembe 
1962.) Pp. 1204+20 plates. (London: Cambridg 
University Press, 1965.) 30s. net; 5.50 dollars. 


IBRATION 1s a lightheartedly written, completely 
non-mathematical book which arose from Christma: 
Lectures given at the Royal Institution to a mainly young 
audience. The primary purpose of the book is to explair 
what is involved in the profession of an engineer, anc 
vibration was chosen as a particularly suitable field tc 
do this. An introduction of this kind into the wide anc 
complex field of vibrations could only be successful i 
supported by a number of experiments and demonstra. 
tions; these in fact accompanied the lectures, whick 
must have been extremely interesting (and certainly 
sometimes amusing). The spirit of the lectures is reflected 
in the book, although experiments have to be described, 
aided by numerous plates and figures. Prof. Bishor 
covers many important aspects of vibrations such as: the 
effect of vibrations on the human body; the resistance oł 
metals to vibration (fatigue, Wohler diagram); free 
vibrations; modes of vibrations (for example, demon- 
strated on the air-liner ‘VC 10’); imposed vibrations in- 
cluding random vibrations; self-excited vibrations; shocks 
and waves. 
The problems chosen as examples underline the impor- 
tance of vibrations in engineering with their sometimes 
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sectacular effects as, for example, the resonance built up 
y soldiers marching in step across bridges, this having 
xd to several disasters; whirling of shafts; the collapse 
f the Tacoma Bridge; fatigue failure in crankshafts and 
>t engine compressor blades; rocking of railway trains 
nd the wind-excited oscillations of electric transmission 
nes (causing short-circuiting), or of steel chimney stacks 
xausing their collapse). 

Returning to the basic purpose of the book—to explain 
vhat is involved in engineering—I should like to quote the 
ollowing passage with which I heartily agree: “The 
lea ... that progress is made by pure scientists having 
leas, and engineers making them work, is ludicrously 
uperficial. A successful flutter analyst has to make impor- 
ant decisions as a physicist, as a mathematician and as an 
ngineer. .. . Rapid progress in any branch of engineering 
—not just flutter analysis—becomes possible when those 
vho are engaged on research can cross the ill-defined 
rontier between pure and applied science without realizing 
hat they have done so”. 

The book will be particularly useful to the young reader 
ooking for a comfortable way to make himself familar 
vith the broad aspects of vibration, or to get an idea of 
vhat is involved in engineering. He may soon, if his 
raining or profession lies in this field, feel the need to 
tudy a more comprehensive theoretical book (one of 
vhich has been written by the same author). Also the 
nore advanced reader may find Prof. Bishop’s elementary 
»00k pleasant reading and this may perhaps prevent him 
rom ‘“‘not seeing the wood for the trees”. 

K. R. WEISS 


EXPERIMENTAL PLASMA PHYSICS 


2lasma Diagnostics with Microwaves 

3y Dr. M. A. Heald and C. B. Wharton. (Wiley Series 
n Plasma Physics.) Pp. xvii+ 452. (New York and 
“ondon: John Wiley and Sons, Inc., 1965.) 102s. 


HE interaction of electromagnetic waves with a 

plasma constitutes a very useful method of measuring 
hree important parameters of a plasma—the electron 
lensity, the electron temperature and the magnetic field 
nside the plasma. The purpose of Plasma Diagnostics with 
Microwaves is to give a summary of the basic theory 
>f this interaction, together with a description of the 
xxperimental techniques and apparatus involved. Most 
f the material presented has appeared in research reports 
written by the authors, who have been very active in 
she application of microwave diagnostics. However, the 
oresentation here is in a manner and of sufficient detail 
to provide an excellent introduction to an experimentalist 
new in the field. 

As implied by the title, the authors limit themselves 
to electromagnetic waves in the microwave region, though 
‘he theory and the basis of the experimental techniques 
sresented are applicable to infra-red and optical wave- 
engths. Probing of a plasma at these wave-lengths 
nas come into extensive use recently since the advent of 
nasers and lasers. The plasmas under consideration are 
‘hose characterized by high temperature, that is, those of 
aigh degree of ionization and low collision frequencies, 
and of dimensions greater than the electromagnetic 
wave-length. However, the diagnostics described are 
applicable to other plasmas. 

The first six chapters are concerned with the probing 
of a plasma with radiation generated externally. In 
Chapter 1, an account of the theory of electromagnetic 
wave propagation through a cold plasma is given. in the 
aext two chapters the treatment is extended to warm 
plasmas, and has a detailed discussion of collision processes 
in a plasma. Chapter 4 is concerned both with bounded 
plasmas and spatial non-uniformity. The choice of 
antenna systems for particular applications is also con- 
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sidered. In Chapter 5 plasmas confined in wave-guides 
are treated. Included ıs a discussion of wave-guide 
propagation in a plasma pf both space-charge and electro- 
magnetic waves. An extensive discussion of experimental 
techniques in general use is given in Chapter 6. The next 
two chapters are concerned with radiation in the micro- 
wave region emitted by the plasma. Both a theoretical 
description of the various processes by which this radia- 
tion is emitted and the details of the experiments con- 
cerned with this radiatian are discussed. This is followed 
by a description of the experimental apparatus and the 
special circuits used ın microwave diagnostic experiments. 
The final chapter is diferent in content and approach 
from the rest of the book. It consists of a list of some other 
plasma diagnostics with the ranges of their applicability. 
However, the discussion is limited to those diagnostic 
techniques which provide information similar to that 
obtained by microwaves. There are two appendixes— 
review of electromagnetic wave propagation and tensor 
and matrix algebra. 

The book is very readable. The presentation is lucid 
and coherent. The reference list ıs very comprehensive 
and is designed to provide a means of following up those 
topics which of necessizy could not be discussed fully. 
It 1s a very useful addision to the growing list of books 
available to the experimental plasma physicist. 

A. E. DANGOR 


ASPECTS OF RHEOLOGY 


Proceedings of the Fourth International Congress on 
Rheology 

Brown University, Providence, Rhode Island, August 
26-30, 1963. Edited by E. H. Lee and Alfred L. Copley. 
Part 1: Pp. x+373. 150s. Part 2: Pp. xii+714. 226s. 
Part 3: Pp. xiii+ 637. 196s. Part 4: Symposium on 
Biorheology. Pp. xi—634. 189s. (New York and 
London: Interscience Publishers, a Division of John 
Wiley and Sons, Ine., 1365.) 


BOUT ten years ago, a fellow-rheologist commented 
to me: ‘You know, there are two kinds of rheologist, 
the ‘P Q’ rheolog:sts anc the ‘i f’ variety”. Until recently, 
the former, mainly concerned with direct relations between 
experimentally applied. pressures and induced rates of 
flow, formed a large majority. From the Proceedings of 
the Fourth Congress on Rheology, one concludes that the 
main interest now lies in tensor theory, except perhaps in 
the comparatively new and popular field of biorheology, 
which has scarcely reached this stage. One reason for this 
development is that in «arlier times most rheologists were 
trained as chemists. Tk» new generation is composed, as is 
proper, of young physic3sts with a prime interest in applied 
mathematics. 

The Proceedings of thz Fourth Congress are so extensive 
that it was necessary -o publish them to four volumes, 
but the arrangement ic not altogether a happy one. At 
first sight it sounds sersible: Part 1, invited papers and 
general lectures; Part 2, papers from members of the 
(American) Society of Rheology; Part 3, other contributed 
papers; Part 4, a biarheological symposium. But, in 
fact, biological subjects are to be found in Parts 1 and 
3 and other subjects arefairly evenly scattered throughout 
the first three volumes. These three are edited by Prof. 
E. H. Lee, and the fourth, independently, by Prof. A. L. 
Copley. , 

It is difficult, ın a short review, to do justice to nearly 
200 papers ranging in subject-matter from aluminium 
as an unstable solid tc the properties of the skin of the 
hippopotamus. Suffice it to say that, throughout, the 
standard is very high. Perhaps the most outstanding 
contribution 1s that of Erof. C. Truesdell, who was awarded 
the Bingham Medal for zhe year. His “Rational Mechanics 
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of Deformation and-Flow’’ is clearly of fundamental 
importance but 1s very stiff reading. 

In all volumes except the first, the papers are grouped 
according to subject-matter. For some reason, Prof. 
Truesdeli’s lecture appears ın Part 2 and ıs followed by 
sections on continuum mechanics, testing techniques, 
stress and strain distribution analysis, birefringence, 
metals, technology, polymers, polymer fiuids, glasses, 
dispersions. Part 3 has sections on continuum theory, 
testing techniques, stress and strain distribution analysis, 
metals, technology, polymers, polymer fluids, polymer 
solids, glasses, dispersions. 

The biorheological symposium (Part 4) (which is dedi- 
cated to Prof. Robin Fahraeus) ıs sub-divided as follows: 
general lectures, laminar flow, cytoplasmic streaming, 
haemolysis and sap movements, pulsatile flow, blood 
flow in branching and tapered tubes, measurements and 
observations, haemorheology of red cell suspensions, 
medical biorheology. n vivo haemorheology, tissue 
materials, blood clotting and low shear haemorheology. 

Jt ıs inevitable, but a pity, that the price of this massive 
work will limit its circulation almost exclusively to 
hbraries: the Proceedings of previous congresses have been 
much more condensed; but such ıs the present-day 
trend. 

This is certamly a work the usefulness of which will long 
outlive the period before the fifth congress in Japan in 
1968. As a classic, it ıs also good that the production, 
printing and style are excellent throughout. 

G. W. Scorr BLAIR 


MAGNETOHYDRODYNAMIC 
POWER GENERATION 


Magnetohydrodynamic Electrical Power Generation 
(Proceedings of an International Symposium held in Paris, 
July 1964.) Vol. 1: Papers Communications, Sessions 1 
and 2, Pp. 469; Vol. 2, Sessions 3, 4 and 5, Pp. 470-1048; 
Vol. 3, Sessions 6, 7 and 8, Pp. 1049-1721; Vol. 4: Techni- 
cal Discussion, Pp. 1722-2042. Edited by J. A. Satkowski 
and H. B. Smets. (Paris: Organization for Economic 
Co-operation and Development, 1965.) 220s. 


T 1935 the Hungarian applied, scientists, Karlowitz 
and Halasz, patented the idea of generating electricity 
from the combustion of fossil fuels by means of a cycle 
involving the compression of the combustion air followed 
by the highest possible pre-heat in a heat-exchanger, 
followed in turn by combustion to raise the temperature 
as high as possible. The high-temperature combustion 
products were then to be expanded adiabatically to a 
pressure approximately atmospheric and passed at super- 
sonic velocity through a magnetic field. Provided the gases 
had sufficient electrical conductivity after the adiabatic 
expansion, the system would thus generate d.c. as originally 
proposed, by the Faraday effect owing to the presence 
of the strong magnetic field, and the energy for this current 
used in an external circuit would come from the destruc- 
tion of the greater part of the directed kinetic energy of 
the fast-moving gases. Karlowitz worked on this with a 
large American organization until the work was closed 
down by the Second World War, but the basic difficulty 
was the insufficient electrical conductivity of the gases. 
I published essentially the same idea independently in 
my inaugural lecture in Sheffield in 1954, and gradually 
during the 11 years since then pilot plant experiments both 
on the small and large scale have been designed and 
presented in a number of countries, including the United 
States, France, Britain, Germany, Hungary, Poland and 
the U.S.S.R. Similarly, engineering conferences on the 
subject of electricity generation from fossil and fissile 
fuels have been held during the past 10 years, several in 
Britain (the first at Sheffield in 1959), in the United 
States and in the U.S.S.R. 
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The most ambitious international symposium ol 
magnetohydrodynamic (MHD) electrical power genera 
tion was organized by the European Nuclear Energ: 
Agency and the French Institut National des Science 
et Techniques Nucléaires in 1964. It was attended bi 
400 people from 25 countries, and 114 papers were pre 
sented divided into eight technical sessions. The Pro 
ceedings have now been published in the form of fou 
thick paper-back volumes with more than 2,000 pages 
The titles of the eight sessions were as follows: Session 1 
“Physical Properties of the MHD Working Fluid (Com 
bustion Gas)”. Session 2, “Physical Properties of th 
MHD Working Fluid (Closed-cycle Fluid): (a) Elementary 
Processes and Plasma Diagnostics; (b) Non-equilibriun 
Aspects”. Session 3, “Study of Magnetohydrodynami 
Flows and Power Conversion Processes (Continuous Ga: 
Flows): (a) Fluid Dynamic Aspects; (b) Conversion Pro 
cesses’. Session 4, “Liquid Metal and Unconventiona 
MHD Conversion and AC Power Generation: (a) Striatec 
Flows and Explosive; (b) AC Power Generation; (e) Liquic 
Metal MHD Converters’. Session 5, “Production oi 
Magnetic Fields”. Session 6, “Problems of Materials” 
Session 7, “‘Open-cycle Converters: (a) Experimenta 
Aspects; (b) Prospects’. Session 8, “‘Closed-cycle Con 
verters; (a) Experimental Aspects, (b) Prospects”. 

The classical method of electricity generation from hea 
involves passing the heat through a boiler tube to generat 
high-pressure steam, the steam then expanding anc 
pushing against turbine blades and producing rotation 
which is mechanically coupled to a rotating generato: 
in which copper windings are pushed through a moder 
ately strong magnetic field. Compared with this, the 
open-cycle magnetohydrodynamic system has the 
obvious advantage that the temperature and use of the 
heat are not limited either by the need to pass the heat 
through a pressure-tight wall or by the need to have the 
hot working fluid pushing against metal blades. The 
fundamental disadvantage of the MHD system 1s the fact 
that the metallic copper conductor is replaced in it by the 
working fluid and that ıb is extremely difficult to obtair 
the necessary conductivity in the gas, which has to be of 
the order of 100 mhos/m. As a result of the work done in 
the past decade, reported in this symposium, it is now clear 
that for the open-cycle MHD, where the working fluid 
contains the triatomic molecules of combustion products, 
it ıs not possible to have non-equilibrium ionization, so 
that the necessary conductivity can only be obtained by 
having gases at a temperature of the order of 2,500° K 
and with a seeding of a low-ionization potential material 
(potassium is the only economic element and even that 
would have to be recovered with better than 99 per cent 
efficiency, although fine dusts with low-work functions 
are also being considered). This temperature and seeding 
must exist under the conditions of the gases when they 
pass through the magnetic field; whether one uses an 
impulse or reaction expansion cycle, the proportion of 
the enthalpy of the gases which can be converted ideally 
to electricity depends on the total temperature drop from 
upstream of the nozzle to the end of the magnetic field, 
so that to have a large temperature drop is desirable from 
the point of view of output. It is also necessary even 
with this conductivity to have a very high magnetic field 
since the power generation per unit volume of the magnetic 
field depends on ov?H?. Schemes in the fifties usually 
involved either iron-cored magnets with a maximum field 
strength of 10,000 gauss, or alternatively higher fields 
with water-cooled copper coils and no cores. A whole 
session was devoted to magnetic fields in this conference 
and work is now directed towards achieving 100,000 gauss 
over large volumes usually with super-conducting coils. 
For these very high fields iron is not much use and the 
papers deal both with the optimum design of the coil, 
methods of cooling to have a super-conductor near a very 
hot MHD channel and other design features. These very 
high gas temperatures also involve very severe materials 
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roblems. The British work has mainly been concen- 
rated on water-cooled walls and electrodes with a smell 
mount of insulation, while the French work mainly uses 
ot walls. The cold-wall system gives large electrode 
otential drop of the order of 100 V. There is a very 


‘ig-scale effect and 1t might well be possible on the scale ° 


f 1,000 MW to have water-cooled walls while smaller 
ystems, for example of 200 MW, might require hot 
valls with considerable continuous erosion. 

Although the conference was organized largely under 
he auspices of nuclear energy, and much of the work in 
ll countries of the world is going on in nuclear agencies, 
‘et there is considerably more pilot-plant work being 
arried out on open-cycle systems aimed at combustion- 
eated fossil fuel usage than on the closed-cycle systems 
7hich are being considered for nuclear heat. The closed- 
ycle systems have the advantage that one can choose the 
hermodynamic working fluid to have the optimum 
‘roperties, for example, helium. In this case it is possible 
o work at appreciably lower temperatures and have 
on-equilibrium ionization to give the required gas con- 
uctivity, and although seeding is still needed it is now 
ossible to use caesium. For the open cycle one can clearly 
lassify all the work being done into three categories; 
he least exciting is that ın which one expects a very 
nall Mach number, for example 0:8, for the gases for the 
1agnetic field, and with only about 10 per cent of the 
nergy of the fuel converted into d.c. by the MHD system 
hile the remainder is converted into electricity by means 
f a conventional boiler using the heat of the exit gases 
°om the MHD duct. It is probable that this system can 
e made to work, although it may well be that the small 
1crease in efficiency of electricity generation from the 
ssil fuels obtained in this way (with a substantial 
crease in capital cost) will be overtaken by improve- 
nts in economy of conventional steam generation from 
ssile fuels. The second category of open-cycle MHD 
evelopment from combustion is that which aims at 
1ore than 50 per cent direct generation efficiency in the 
‘HD generator either by using a very high efficiency 
re-heater capable of transferring heat from waste gases 
t about 1 atm. pressure and 2,500° K to air at some 
0 atm. and rising in temperature to nearly 2,300° K. 
hese systems would have to be combined with either a 
48 turbine or a steam turbine cycle for the lower tempera- 
ires at least to produce the compression power for the 
w. Thirdly, we have the more sophisticated cycles, to 
rhich a whole session was devoted. These included, in 
articular, the separation of the thermodynamic working 
uid into striations, an idea which was first put forward 
' Britain and is now being actively worked on in France, 
1e use of detonation waves to give a high-temperature, 
ectrically conducting shock and the very interesting 
yuid metal converters in which the hot-combustion 
ases are used to impart a high velocity to a highly 
mnducting liquid metal. It is my opinion that within the 
ext five years there will be a break-through in one or 
ther of these more sophisticated cycles which will change 
1e whole situation. M. W. TERING 


ADVANCES IN FLUID DYNAMICS 


esearch Frontiers in Fluid Dynamics 

dited by Dr. Raymond J. Seeger and Dr. G. Temple. 
nterscience Monographs and Texts in Physics and 
stronomy, Vol. 15.) Pp. ix+738. (New York and 
ndon: Interscience Publishers, a Division of John 
‘ley and Sons, 1965.) 230s. 


(onua UH Frontiers in Fluid Dynamics is a collec- 
tion of some twenty articles on various aspects of 
odern fluid dynamics, each written by an acknowledged 
‘pert in his field. It ıs directed at the graduate student 
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and “intended to give him a panoramic view of some of 
the exciting research vistas’ in the subject. The title 
is, in fact, slightly misleading. By no means all the 
research frontiers in flud mechanics are covered and, of 
those omitted, some are very important and fashionable; 
for example, there is scarcely any mention of turbulence, 
instability of flow, supersonic flow, merged layers m 
hypersonic flow and ths magneto-sphere. On the other 
hand, a number of very interesting fields of research are 
described, not all of whith would be obvious to the young 
worker but all well worch his attention as possible areas 
in which useful work m-ght be done. 

It is not possible to dscuss all the contributions and so 
I shall pick out a few which are of particular interest to 
me, asking the reader to bear in mind that it is a personal 
choice with which others might disagree. The longest 
chapter, by Prof. J. V. Wehausen, is on free surface flows 
and describes in reasonable detail the advances that have 
been made in this rapidl7 expanding field during the past 
few years. He covers exact mathematical theories, 
cavitating flow, ship waves, stratified and rotating fluids 
and approximate theories. Not least in importance is the 
list of about 600 papers in the bibliography giving the 
interested reader an excellent start in a subject which can 
be strongly recommended to graduate students. Dr. ter 
Haar has written an interesting article on the dynamics 
of liquid helium, ẹa fielé in which fluid dynamicists led 
by C. C. Lin have begua to make notable contributions 
in recent years. It does not seem that the possibilities of 
the two-component mocsl for helium II have yet been 
exhausted and it may well prove a basis for explaining 
its unique and fascinatina dynamic properties. 

Dr. Guderley gives a zomprehensive account of hodo- 
graph methods in two-dimensional transonic flow, includ- 
ing the question of the existence of potential flows past 
profiles at high subsonic speeds. By way of contrast, in 
methods of describing research frontiers, Dr. Freeman 
describes one particular -juestion in hypersonic flow—the 
nature of the asymptote flow past bluff bodies—which 
involves a fascinating matching problem in mathe- 
matical analysis and whrh is still largely unsolved. One 
aspect of this question n»t discussed by the author is the 
possible appearance of sacondary shocks. 

For the more mathematically inclined student, there is 
a clear exposition of singular perturbation procedures, 
that is, Lighthill’s stramed co-ordinates and matched 
asymptotic expansions. The necessity for such sophis- 
ticated methods occurs too frequently in fluid mechanics 
for any theoretical worker not to have it in his armoury, 
and the account present=d here is a good introduction. 
Further, the large como>uter is makmg an increasing 
impact in the subject end promises to be of decisive 
importance in the future. The article on numerical 
analysis by Dr. Polachek is therefore timely, for, what- 
ever branch of fluid meckanics the student elects to work 
in, he will find the ideas in this chapter of assistance. 
There is, however, one omission, for Dorodnicyn’s method 
of integral relations, which has had a number of successes 
in blunt-body aerodynemics and in boundary-layer 
theory, is not mentioned. 

The remaining articles are: engineering aspects (W. R. 
Hawthorne); molecular sheory of fluids (H. S. Green); 
viscoelastic fluids (R. S. Eivlin); anomalous viscosity (M. 
Reiner); second-order etects (M Reiner); shock-wave 
phenomena (D. C. Pack); magneto-fluid dynamics (C. K. 
Chu and H. Grad); application of the Boltzmann equation 
of low-density flows (G. X. Patterson); high-temperature 
phenomena (J. D. Teare): high-density phenomena (J. 8. 
Dahler); meteorology (©. G. Sutton); astrophysical 
phenomena (L. H. Aller) and fluid-dynamicel problems 
associated with interplanetary space (E. N. Parker) 
Generally the contributers show a high standard of 
authority in their articles and infuse the reader with a 
feeling of the excitement, dynamism. and the wide sweep- 
ing character of fluid meehanics. It should certainly be 
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put into the hands of postgraduate students to fire their 
enthusiasm for the field, but regrettably, it is doubtful 
whether there are any who can afford to pay the price 
asked. K. STEwWARTSON 


PALAEONTOLOGICAL TECHNIQUES 


Handbook of Paleontological Techniques 

Edited by Bernhard Kummel and David Raup. Pp. 
xili +852. (San Francisco and London: W. H. Freeman 
and Co., 1965.) 130s. 


ALAEONTOLOGICAL techniques, in the broadest 

sense, include searching for fossils, their collection, 
preparation, examination and eventual publication. 
Examination includes physical activities such as measure- 
ment, drawing and photography, and matters such as 
statistics and taxonomy. Publication involves writing 
and illustration. There is also storage and cataloguing. 
Palaeontologists generally work out methods suited to 
the fossils they are investigating by a combination of 
common sense and trial and error, although the larger 
museums and university departments have built up a 
repertory of techniques. There seems to have been an 
increasing number of new methods in recent years, 
taking advantage of new apparatus and materials, but 
most of the basic techniques and a number of specialized 
ones have been known a long time. Many papers describe 
individual techniques, but there has been no complete 
guide since the modest book by Camp and Hanna (Methods 
in Paleontology, University of California Press, 1937), 
which gave useful accounts of many techniques, with 
emphasis on vertebrates and micropalaeontology. Hand- 
book of Paleontological Techniques is a new attempt to 
cover a field nearly as wide as that defined at the head of 
this paragraph. 

The book consists of five parts: (1) procedures and tech- 
niques applicable to major fossil groups; (2) descriptions 
of specific techniques; (3) techniques in palynology (the 
study of pollen); (4) bibliography on palaeontological 
techniques; (5) list of bibliographies of stratigraphy and 
palaeontology. Each part consists of a number of short 
articles. Part 1 includes 21 essays covering most of the 
major fossil groups, although the ammonoids are a con- 
spicuous omission. The essays range from chatty personal 
reminiscences to systematic notes on collecting and prepara- 
tion. For the reader seeking practical information this is 
possibly the least useful part of the book, although several 
papers, notably that on ostracods, describe techniques in 
detail. 

Part 2 is dıvided into sections on collectıng, mechanical 
and chemical preparation, radiation techniques, casting 
and illustration. Most of the 13 articles in the section on 
collecting are either elementary (with remarks such as 
“Fossils are most commonly found in sediments or 
sedimentary rocks”) or very specialized. The section on 
mechanical preparation has two omissions. Mechanical 
chisels have long been used at some laboratories, but it 
has been difficult to get satisfactory apparatus. An 
account of available machines, or constructional details, 
would have been useful, but only the Burgess vibro-tool 
is mentioned. Many makes of ultrasonic cleaning gear 
are now available and the palaeontologist needs guidance 
as to the merits of different frequencies, wide or narrow 
frequency ranges and different powers for cleaning fossils, 
but this is not given. The section on chemical methods is 
short (two papers) and deals only with acid treatment. 

The section on radiation techniques is a good introduc- 
tion for the worker contemplating the use of X-rays, 
ultra-violet or infra-red light, or electron microscopy in 
the examination of his fossils. The section on casting and 
moulding also gives a good account of the chief materials 
and methods. A fuller account of materials used for 
impregnating friable fossils would have been worth while. 
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Four of the seven articles on illustration are concerne 
with photography. There ıs also an account of ways c 
whitening fossils for photography, but some of the materia 
in it is repeated in other articles throughout the book 
This kind of duplication unfortunately affects a numbe 
of topics, for example micropalaeontology. The article o 
preparation of plates for publication ıs less useful tha 
the notes for authors issued by the Palaeontologics 
Association. 

Part 3 seems to cover the specialized subject of paly 
nology thoroughly. It occupies, however, no less than one 
third of the book, an unduly large proportion. There woul 
have been a case for devoting other parts of the book t 
major branches of the subject. Micropalaeontology occu 
pies about 130 pages scattered through the book. Woul 
it not have been better to bring this material together 
As it is, the information in the book is assembled partl 
under techniques and partly under fossil groups, whic 
results in duplication. 

Statistics might legitimately have been included. Ther 
is a useful article on sampling, but the only other paper o 
statistics is in the palynology section and has mathematic 
beyond most palaeontologists. Similarly, zoologic: 
nomenclature concerns every palaeontologist, and a 
exposition of the main points of the latest rules of nomer 
clature would have been handy. 

The difficulties of co-ordinating the work of 80 cor 
tributors are obvious. One wonders whether so man 
were really necessary, and whether a smaller numbe 
might not have resulted in a more compact, equall 
useful, book at a lower price. D. T. Donovan 


SOME ASPECTS OF BORON 


Boron, Metallo-Boron Compounds and Boranes 
Edited by Roy M. Adams. Pp. xxiii +765. (New Yor 
and London: Interscience Publishers, a Division «< 
John Wiley and Sons, 1964.) 207s. 


HE present upsurge of interest in the chemistry « 

boron—until 10 or 15 years ago a very neglecte 
element—has created a genuine need for the recent] 
amassed knowledge to be made readily available to tt 
enquirer and for the demands of teachers and researc 
workers in particular to be supplied. Fortunately tł 
compilers of such volumes have not been idle, and sever: 
unrelated books about boron have appeared in recer 
years, not one of which, however, provides us with a con 
prehensive account of the chemistry of the element as 
whole and in true perspective. For this we must wai 
and, indeed, there are so many new and unexpecte 
fundamental facts about the element still being discovere 
that ıt is doubtful whether such a volume (or volume 
would be well timed to appear at the present momen 
We must therefore be all the more grateful for the appea 
ance of books that deal well with certain aspects of borc 
chemistry, of which Boron, Metallo-Boron Compount 
and Boranes is an excellent example. 

This book is in fact a collection of eight reviews t 
several experts, under the general editorship of the princ 
pal contributor, Roy M. Adams. In spite of a certa: 
unevenness—the first two reviews are relatively slight- 
the impact of the book as a whole is considerable, tI 
result of careful scholarship. The scope of the book 
perhaps best conveyed by its chapter headings, which ar. 
“History and Technology of the Borax Industry”, t 
W. A. Gale (27 pp., 141 references); ‘“Heterogeneot 
Equilibria in Aqueous Systems of Inorganic Borates 
by W. A. Gale (24 pp.. 31 references); “Inorganic Boror 
Oxygen Chemistry”, by N. P. Nies and G. W. Camphe 
(179 pp., 980 references); “Elemental Boron”, by A. ) 
Newkirk (67 pp., 374 references); “Refractory Bina) 
Borides’’, by B. Post (71 pp., 160 references); “The Hydr. 
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oron Ions (Iome Boron Hydrides)’’, by R. M. Adams and 
. R. Siedle (134 pp., 624 references); “The Boranes or 
oron Hydrides”, by R. M. Adams (186 pp., 804 refer- 
nces);, “Toxicology of Boron Compounds”, by G. J. 
evinskas (45 pp., 182 references). 

The book is all the more welcome because, of these topics, 
nly two—elemental boron and the boron hydrides— 
an be said to have been anything lıke adequately covered 
y earlier reviews, and even these are now superseded by 
10 present contributions, which are as comprehensive 
s one could wish. That so much ground was relatively 
ntrodden is a far more important factor than any criticism 
ne might wish to raise against the book on the grounds of 
eterogeneity. This latter characteristic may even be 
mnsidered a virtue if it can be regarded as the outcome of 
msitivity of the editor to former gaps in the fields 
urveyed. One result has certainly been the avoidance of 
verlap everywhere, except to a very minor extent 
etween Chapters 2 and 3. Perhaps the most serious 
spect of the heterogeneity is the consideration that, 
hereas the book is obviously mainly intended for the 
ure chemist, the latter may justly complain that the first 
~d final chapters have little significance for him. This is 
ı part mitigated by the fact that, taken together, they 
mnstitute less than 10 per cent of the book. Certainly 
lege reviews needed to be written—especially the 
nal one, since information concerning the physiological 
stion of boron compounds is not otherwise conveniently 
scessible—but the wisdom of including them in the pres- 
1t book is questionable. 

Deserving of special mention are the chapter on boron— 
cygen chemistry and the chapters on hydroboron ions 
id boranes. That on boranes is sufficiently up to date to 
clude reference to the recent isolations of B,H,., BsH,. 
1d BooHy.,, respectively. The weakest chapter is Chapter 

which is too brief and generalized and markedly below 
ie high standard of the others. 

To conclude, the appearance of this book is welcome and 
mely. It will be frequently consulted by inorganic 
lemists and is a ‘must’ for all serious boron chemists and 
ose who are concerned with the teaching of advanced 
ron chemistry. The style is good and very readable 
roughout. Moreover, the book is supplied with good 
rmula and subject indexes. It is strongly recommended. 

L. H. Lone 


PROGRESS IN PETROLEUM 
CHEMISTRY AND REFINERY 


dvances in Petroleum Chemistry and Refining 

1. 10. Edited by John J. McKetta, jun. Pp. xvi+ 571. 
lew York and London: Interscience Publishers, a Divi- 
on of John Wiley and Sons, 1965.) 210s. 


N my review of Volume 9 in the series Advances wm 
Petroleum Chemistry and Refining, I wrote: “This 
ties of volumes does, within obvious limitations, at 
ust provide a useful means of leisure-study in the 
ecialized subjects so far treated; to this extent it 
idoubtedly fills a gap in contemporary technical litera- 
re of scientific progress of petroleum technology which 
ture volumes may well gradually narrow” (Nature, 207, 
0; 1965). That this gap will not now be bridged is 
ade evident in the preface to Volume 10, where it is 
ited by the editor, John J. McKetta, jun., that this 1s 
o final volume of the series. The initial intent was an 
nual publication spread over the course of several 
ars, during which “... the series of Advances will have 
uched upon all parts of the far-flung industry, and the 
b of volumes will assume the character of a reference 
ok”. Unfortunately, the co-editor, Dr. Kenneth A. 
Ibe, died in November 1958, not long after the series was 
tiated; this was followed by the death in April 1964 ofa 
ominent member of the advisory board, Dr. Cecil L. 
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Brown; in these circumstances one can understand that 
even attaining the goal >f ten volumes must have seemed 
an almost hopeless task, as the present editor remarks. 
So far, the volumes in the series have covered 96 chap- 
ters, nearly 5,600 pages. and have required, the collabora- 
tion of 162 authors. It may be wondered whether another 
reason was instrumenta_in the decision to terminate the 
series at this juncture, namely restriction of sales, at least 
internationally, due to the relatively high cost of each 
volume, to which Volum» 10 is no exception, and to which 
I have previously directad attention. 

‚However, from a technical point of view, the quality 
and particularly the range of subjects discussed in this 
most recent issue are well up to the standards set by 
previous volumes in the series. There is a modern exposi- 
tion on “The Composition of Petroleum” by R. H. Hunt 
and M. J. O’Neal, jun. This ıs followed by-a chapter on 
“Production and Distribution of Liquid Hydrogen”, by 
C. R. Baker and L. C. Matsch. G. P. Hinds, jun., con- 
tributes an interesting paper on “Hydrogen Conservation 
in Petroleum Refining’. “Hydrocarbon Gasification 
Processes” 18 the joint work of G. J. Van den Berg, W. R. 
Dammers, and L. W. ter Haar. Dewaxing of lubricating 
oils has long proceeded, o2 conventional lines but the more 
recent reactions to the problem are admirably summarized. 
by the chapter on “Modern Dewaxing Technology” by 
S. Marple, jun., and L. J. Landry. ‘In the near future 
petroleum may replace coal tar as the primary source of 
naphthalene ... ” is the theme of a dissertation on 
“Naphthalene from Petroleum”, by H. D. Ballard, jun. 
On -the more purely acedemic consideration of contem- 
porary petrochemical processes, there is the chapter on 
‘‘Nonconventional Polymerization of Vinyl Monomers”, 
by N. G. Gaylord, D. &. Hoffenberg, and H. F. Mark. 
Rather tangential, but cone the less a welcome addition 
to the Advances in Pezroleum Chemistry series, is the 
inclusion in this latest ~olume of a lengthy chapter on 
“Nitrogen Fertilizers’, by S. Strelzoff and L. H. Cook: 
this is an excellent summary of the subject which deserves 
a wider audience than it may perchance attract. R. 8. 
Egly and E. S. Starkman give us a general outline of the 
nature, production and ases of nitroparaffin fuels, while 
this volume, and hence the present series, is brought to 6 
conclusion by consideration under the group heading 
“Mechanical Equipment”’ of “Engine Fuel Additives”, by 
M. R. Barusch and J. H. Macpherson. 

The high-level theoretical and practical purpose of this 
series and its execution during the years are unquestioned. 
The present editor and his advisory board deserve praise 
for their persistence, and sympathy in that this ambitious 
project has had to be abandoned ‘midstream’, so to speak. 
It may later on be rev-ved in another context; but I 
suggest that a far wider appeal would be satisfied by the 
inclusion of more authors of international fame (in four 
of the volumes, including this present one, taken at 
random, only five are otter than American, out of a total 
of 65 contributors); and that the price bracket be favour- 
ably reassessed so that many other technologists, besides 
university and oil compary libraries, may benefit from the 
wisdom this series purports to dispense. H. B. MILNER 


CHEMISTRY 1830 TO 1963 


A Hundred Years of Chemistry 
By Prof. Alexander Findlay. Third edition revised by 
Trevor I. Wilhams. (University Paperbacks, No. 115.) 
Pp. 335. (London: Methuen and Co., Ltd., 1965.) 
25s. net. 
O quote Dr. Williams’s preface to the present edition 
of A Hundred Years of Chemisiry: “It is hoped that 
this revised edition will serve the same purpose as its 
predecessors, to show tkat modern chemistry is firmly 
rooted in the past and to present the subject as the product 
of a process of continuous evolution”. 
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The progress of chemistry in the period covered by this 
book (roughly 1830-1963) has been immense. Prof. 
Findlay himself was born only five years after Mendeléef 
and Lothar Meyer’s discovery of the Periodic Law, and 
only nine years after Kekulé postulated the hexagonal 
structure of benzene. In revising the 1947 (second) edition, 
Dr. Williams had the task of extending the range of the 
book by nearly twenty years, and wisely chose to “indicate 
some of the main lines of advance and the more important 
results obtained”, rather than to attempt to deal com- 
prehensively with recent developments. His work has 
been successful, and the book now includes such recent 
developments as isotactic polymers and the synthetic 
herbicides based on dipyridyl. In view of the vast 
research and development expenditure from public funds 
on atomic energy and nuclear weapons, and their profound 
political significance, it is disappointing that ın the chapter 
on “Radioactivity and Atomic Constitution” the atomic 
bomb 1s only mentioned specifically in a footnote reference, 
and the hydrogen bomb not at all. The chemistry involved 
in rocket propulsion and space travel, too, 18 a subject of 
which to-day’s readers might justifiably expect a mention. 
There is some evidence that the authors found difficulty 
in deciding on the likely level of scientific knowledge 
and interest of their readers: for example, a reader nter- 
ested in referring to Volume 8 of Bihang till Kongl. 
Vetenskapsakad. Handlingar would know already that 
photography “‘plays a part of great importance in the 
life of all peoples”. 

The book contains about 800 footnotes, most of which 
are references to the original publication of important 
nineteenth-century contributions to chemistry, and these 
will be valuable to readers wishing to extend their know- 
ledge of chemical history. At the end of the book there 
are about seventy “‘Short biographical sketches of those, 
now dead, who have contributed most conspicuously 
to the work of building . . . the present day edifice of 
chemistry”. The choice of some of the lesser known 
chemists will delight Scottish readers. 

Some minor criticisms do not alter my opinion that the 
book, as a whole, fully justifies the publisher’s claim to 
being “an invaluable and readable history”, and it is 
to be hoped that the success of this edition will encourage 
Dr. Williams to make other revisions of this excellent book 
in the future. R. G, PARTINGTON 


TWO STEREOCHEMICAL KEYS 


Optical Rotatory Dispersion and Circular Dichroism 
in Organic Chemistry 

By Pierre Crabbé. (Holden-Day Series in Physical 

Techniques in Chemistry.) Pp. xv +378. (San Francisco, 

London and Amsterdam: Holden-Day, 1965.) 12.95 

dollars. 


PTICAL rotatory dispersion and circular dichroism 

are two techniques that depend on the interaction 

of polarized light with matter. Together they constitute 

a unique tool for investigating the chirality of molecules 

or (to use a more everyday expression) for distinguishing 

between a chemical right hand and a chemical left hand. 

In a more general sense, they may be considered as two 
keys for unlocking stereochemical problems. 

Until the development of commercial instruments, these 
techniques were the preserve of those who were able and 
willing to build their own equipment, and the techniques 
could not therefore become routine tools for the structural 
chemist. The appearance of commercial instruments for 
optical rotatory dispersion in the United States in 1953 
and for circular dichroism in France in 1960 has changed 
the situation dramatically; for all chemists working with 
optically active materials (organic, inorganic or poly- 
meric) these techniques are now of great and growing 
importance. The instruments, although commercially 
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available, are still ın an early stage of development and ar 
not yet ın very wide use. The potentialities of the tw: 
techniques are therefore still not fully developed. 

The rapid developments during the past ten years hav: 
been due to fruitful collaboration between three differen 
types of worker (although some might wish to be classifies 
under two or three headings). These are (1) the designer 
and manufacturers of instruments; (2) the theoretica 
workers; and (3) the workers who collect experimente 
data. In a field of study which is still in a considerabl 
measure empirical, the services of the last-mentioner 
group (to which I should certainly be allotted by m) 
colleagues) are very necessary for the further developmen 
of the subject. The lack of rapid progress before com 
mercial instruments became available was essentially dw 
to the fact that theoretical workers had no large body o 
data with which to test their ideas. 

Two standard books on these topics have previous); 
appeared: Djerassi’s book on Optical Rotatory Dispersio. 
in 1960 and the book by Velluz, Legrand and Grosjea» 
on Opteal Circular Dichroism in 1965. Dr. Pierre Crabb 
—who has been associated with two of the leading worker 
in the field, Prof. G. Ourisson ın Strasbourg and late 
Prof. Carl Djerassi in Stanford and Mexico—has produce. 
an excellent overall picture of both techniques from th 
point of view of a structural organic chemist. Althoug) 
the techniques are applicable to all types of dissymmetr1 
structures, they are chiefly of value to the natural produc 
chemist or biological organic chemist, since nearly a. 
natural products are dissymmetric. 

After a brief but adequate theoretical and technice 
treatment (Chapters 1--3, 29 pp.), Dr. Crabbé outlines i 
Chapter 4 (22 pp.) the types of problem to which optica 
rotatory dispersion and circular dichroism can give usefi 
answers; these are, first and foremost, absolute configura 
tion, relative configuration, location of functional groups 
and preferred conformations. 

Dr. Crabbé then considers the chromophores which hav 
optically active absorption bands and hence give rise t 
Cotton effects; these chromophores may be divided int 
two classes: (a) symmetrical chromophores, which ar 
perturbed by dissymmetric environment, and (b) inherent], 
dissymmetric chromophores. - 

Chapters 6 and 7 (108 pp.) deal in great detail with th 
saturated carbonyl group, which has proved hitherto th 
most profitable single field for study. Chapter 11 (67 pp. 
deals with the other perturbed chromophores, amon 
which carboxyl and related groups, aromatic functions 
and the nitro group are becoming increasingly important 
and have mdeed been investigated intensively since th 
book was published. 

Chapters 8, 9 and 10 deal with the mherently dissy 
metric: or ‘twisted’ chromophores; these include biary) 
(11 pp.), conjugated dienes (13 pp.), and the unsaturate 
ketones (53 pp.). The amount of the space allotted to th 
last-named group reflects their importance. 

In Chapter 12 (17 pp.), polypeptides, proteins and nucle» 
acids are considered. Here the optical rotatory dispersio 
and circular dichroism techniques are especially valuab) 
for the investigation of helical forms—and with th 
present rapid development of biochemistry any metho 
for studying natural macromolecules can be sure ¢ 
extensive use. There is a final appendix on the automati 
processing of circular dichroism data. 

Optical Rotatory Dispersion and Circular Dichroism i 
Organic Chemistry contains exhaustive references to wor 
in the field, which are especially valuable at a time whe 
optical rotatory dispersion and circular dichroism dat 
are appearing in many structural papers; the reference 
include many to work in the press. The book is we 
printed with numerous structural formulae and diagrar 
of optical rotatory dispersion and circular dichroism curve: 
which are all models of clarity. Many well-prepare 
tables illustrate the value of the two techniques in stru: 
tural problems and emphasize the striking difference 
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ften found between the curves for compounds differmg 
nly ın one stereochemical feature. 

The publishers and printers are to be heartily con- 
ratulated on the speed of production; the preface 1s 
lated December 1964, and the book was published in 
April 1965. 

The subject 1s developmg vigorously and the next few 
roars will undoubtedly see rapid extensions of both 
echniques to shorter wave-lengths and to other functional 
sroups, studies of conformational equilibria and solvation 
—and also (though this is perhaps a more speculative 
ield) studies on magnetic optical rotatory dispersion 
wid circular dichroism, that 1s, the production of what 
night be called ‘artificial’ optical rotatory dispersion and 
urcular dichroism curves, by the application of powerful 
nagnetic fields to otherwise symmetric molecules. 

It cannot be claimed that optical rotatory dispersion 
ind circular dichroism will ever play a part ın as many 
ields of organic chemistry as some other widely used 
echniques (ultra-violet, infra-red, nuclear magnetic 
-esonance and electron spin resonance); none the less, their 
slace 1n the tool kit of the modern organic chemist is now 
ertam. The book will provide a stiumulating guide to 
anyone wishing to enter the field, or wishing to see how 
shese techniques might help his research. Those working 
in the field will certainly have the book already. 

W. KLYNE 


CLASSICAL OPTICS 


Mathematical Theory of Optics 

By Dr. R. K. Luneburg. Supplementary Notes by M. 
Herzberger. Pp. xxx+ 448. (Berkeley and Los Angeles: 
University of California Press; London: Cambridge 
University Press, 1964.) 105s. net; 12.50 dollars. 


ATHEMATICAL Theory of Optics originates in a 

collection of notes for a course of lectures grven in 
1944 by the late Dr. R. K. Luneburg at Brown University 
It replaces mimeographed notes issued later by the 
University, and since the author did not often publish 
his work in the journals, the present book is one of the 
few means of access to his rigorous and original approach 
to the mathematical theory of optics. 

Geometrical and diffraction optics have usually been 
treated as quite separate fields, and often in developing 
them little reference has been made to electromagnetic 
theory. In the first chapter of his book, Luneberg shows 
the way in which, by considering the propagation of 
electromagnetic discontinuities (wave-fronts), one is led, 
through the characteristic equations of Maxwell, to 
the identification of orthogonal trajectories of such 
discontinuities with light rays. He notes that the 
possibility of deducing the principles of geometrical 
optics in this way is not so much because they are in- 
herently contained in Maxwell’s equations but rather that 
in any event only a few of the general premises of a wave 
theory are necessary for this deduction. In this treat- 
ment the laws of reflexion and refraction, Huyghens’s 
construction, Fermat’s principle, and Fresnel’s formulae 
appear in discussion of the transport of discontinuities 
through media of discontinuous optical properties, and 
not, as is more usual in the case of the latter, by the 
consideration of the transport of monochromatic periodic 
waves of small wave-length. 

Two chapters are devoted to Hamilton’s theory of 
geometrical optics, a derivation of the characteristic 
functions, and some instructive applications of this 
theory to special problems. Among the latter the theory 
of Cartesian ovals is discussed. There are a number of 
interesting examples of systems such as Maxwell’s fish 
eye in which refractive index is a function of radius alone, 
and some formulae relating to the final correction of 
systems by aspheric surfaces are derived. Included, also, 
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is a detailed analysis of the ‘Luneburg lens’—a lens of 
varying refractive index which images two spherical sur- 
faces on to one another stigmatically. This type of system 
has, of course, been used for micro-wave antennae. Dis- 
cussion of geometrical optics 1s completed by two further 
chapters on first and third order theory. 

In a chapter on the Ciffraction theory of optical instru- 
ments, expressions are derived for the propagation from 
a periodic dipole, and fcr the resultant diffraction patterns 
near the focus of perfect and aberrent wave-fronts. Fol- 
lowing consideration of the resolution of self-luminous 
and non-self-luminous points, there is a discussion of the 
effect of controlling tha pupil function. This leads, for 
example, to the conclusion that while the contrast of 
the diffraction image of a periodic structure can be 
improved by apodizing, the resolving limit cannot be 
improved in this way. This latter work by Luneburg is 
among the first of 1ts zind. 

One appendix summarizes definitions and theorems of 
vector analysis, and in enother, a vector form of the laws 
of reflexion and refraction developed earlier in the book 
is used to solve some practical problems of ray tracing 
through plane surfaces. From time to time throughout 
the book, reference i¢ made to problems of electron 
optics, and at the end there is a set of supplementary 
notes prepared by Dr. A. Blank which deals with the 
associated theory of electron optics. In a second set of 
supplementary notes by Dr. M. Herzberger the properties 
of optical materials are discussed. 

An advantage of thie book, which perhaps stems from 
the fact that it is based on a series of lectures, 1s that 
there are frequent helpful digressions to prove detailed 
points in the analysis This completeness offsets the 
scarcity of references, and in a similar way the fact that 
there is no index is ofset by a long list of contents of 
what is to be found in each of the chapters, paragraphs 
and sub-paragraphs. 

From all except perhaps the expert mathematician this 
book will demand painstaking study, but the rewards for 
this would be considerable. Despite the fact that, because 
of its earlier origins, modern topics such as coherence, 
wave-front reconstruction, and lasers are not mentioned, 
and that the optics of crystals and metals are not 
included, few will disag-ee with the comment by Prof. E. 
Wolf in the foreword, shat it is a “highly original con- 
tribution to the optical literature’, and one which is “by 
no means a compilation of generally available know- 
ledge”. W. J. BATES 


SUGAR METHODOLOGY AND 
DATA 


Methods in Carbohydrate Chemistry 

Edited by Roy L. Whistler. Vol. 4: Starch. Pp. xvi+ 
335. 96s. 6d. Vol. 5: General Polysaccharides. Pp. 
xxii +463. 118s. (New York: Academic Press, Inc.; 
London: Academic Press, Inc. (London), Ltd., 1964, 1965.) 


Oligosaccharides 

A Comprehensive Accoint of All Known Sugars of the 
Oligosaccharide Class of Compounds. By R. W. Bailey. 
(International Series of Monographs on Pure and Applied 
Biology. Division: Biozhemistry, Vol. 4.) Pp. vi+179. 
(London and New York: Pergamon Press, 1965.) 60s. 
net. 


HE first two volumes are a continuation of the 

now well-known and valuable series of Methods in 
Carbohydrate Chemosiry originated by Profs. Whistler 
and Wolfrom. 

The policy of these sditors is to select an important 
technique or analytical procedure and then invite an 
international authority to describe concisely and accur- 
ately the best proved method for a particular operation. 
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In Volume 4 on starch methods, more than sixty well- 
known carbohydrate workers united to produce seventy- 
five descriptive articles, and the result is a brilliant refer- 
ence book for all those concerned with this important 
foodstuff and industrial chemical. 

There are six divisions in the book which concern the 
preparation of starch and starch-fractions; chemical 
analyses; physical analyses; microscopy; starch degrada- 
tion; starch derivatives and modifications, separate 
methods being provided for whole and modified starches, 
for starch bases, starch fractions and starch hydrolysates. 
The well-proved methods are precisely described in a 
manner very easy to repeat, and important and adequate 
references and cross-references are provided. The 
physical analytical descriptions are outstandingly good. 
No chemist or chemical engineer who deals in any way 
with starch can afford to be without this excellent 
reference book. 

Volume 5, which, for the time being at least, ends the 
series, is concerned with the wider field of polysaccharide 
chemistry and the reader is introduced to new and rapidly 
expanding fields of macromolecules in the polysaccharide 
group. Here some seventy-five authors produced eighty- 
seven methods. Matters dealt with are: general isolation 
procedures, polysaccharide preparations, chemical analy- 
ses, physical analyses, determination of molecular weight, 
structural methods, derivatives, esterification and de- 
acetylation, and etherification. It is difficult to pick 
out parts of the book for special mention, but the section 
on structural methods, Section 6, which includes descrip- 
tions of the methylation techniques, periodic and other 
oxidation techniques, degradation, etc., is of the greatest 
importance. In this section an up-to-date table of 
PES P cues of carbohydrate methyl ethers is of special 
value. 

Both volumes contain a wealth of information readily 
available for immediate reference. The presentation and 
printing are of the highest standards, and the editors, 
the authors and the publishers must be warmly con- 
gratulated on this excellent and valuable series. The 
chapters are extremely well referenced and cross-refer- 
enced, and the books contain suitable general and author 
indexes. 

Oligosaccharides, by R. W. Bailey, will be welcomed by 
carbohydrate chemists. The oligosaccharides consist 
of a few simple saccharides units joined together by 
glycosidic union. It is now comparatively easy to obtain 
these compounds and to decide their molecular structure 
and they can readily be given unambiguous definitive 
names. It is less easy, however, without giving them 
quite trivial names, to speak or write about them. 

Prof. W. Whelan, who writes a brief introductory note 
in this book, invented a series of short systematic names 
based on trivial names, which have been adopted by the 
Biochemical Journal, and the author has made use of 
these names ın this work. The book is mainly an informa- 
tive catalogue or source book (up to 1962) of the oligosac- 
charides, the number of which has grown rapidly in the 
past decade. The many origins, whether from naturally 
occurring compounds or by synthesis, of the compounds 
are first described (Chapter 2), and then in Chapter 3 
their preparation, the methods of determination of their 
properties and structures are given. In a further eight 
chapters, each of which classifies a number of related 
oligosaccharides into a group, the compounds are indi- 
vidually described with key physical properties and 
explanatory notes provided. Where appropriate, the 
properties of derivatives are also given. The author 
has gathered together, evidently following a tremendous 
literature search, a mine of information in this important 
field. Excellent references are provided at the end of 
each chapter and there is also a classified index of oligosac- 
charides and a general index. This book makes quite 
fascinating reading and is a necessity for all reference 
libraries. M. STACEY 
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ACTIVITIES OF ENZYMES AND 
ENZYMOLOGISTS 


Structure and Activity of Enzymes 

Federation of European Biochemical Societies, Symposiun 
No. 1, held in London on 24th March, 1964. Edited by 
T. W. Goodwin, J. I. Harris and B. S. Hartley. Pp 
vui+190. (London and New York: Academic Press 
1964.) 37s. 6d. 


fbe Federation of European Biochemical Societie 
came into being in January 1964. At its first annua 
meeting in London in March 1964 one of the main attrac 
tions was a symposium on the structure and activity of « 
few selected enzymes. Structure and Activity of Enzyme. 
is a record of that symposium. 

Bovine pancreatic ribonuclease provided the first subjec’ 
for discussion. F. M. Richards described attempts tı 
determine which of the 124 amino-acid residues ar 
responsible for the manifestation of catalytic activity 
Ribonuclease is particularly interesting, since it can be 
cleaved into two fragments, the so-called S-peptide anc 
S-protem, which are separately inert but almost fully 
active when mixed. This observation, and the study o 
the behaviour of synthetic fragments of the S-peptide ir 
association with the S-protein, have opened up fascinating 
possibilities of explaining how amino-acid residues interact 
in & polypeptide to determine the molecular conforma. 
tion and, ultimately, the biological activity. Chemica 
modification has indicated that two histidine residues art 
essential for enzyme activity, and this view is supporteo 
by the extensive kinetic studies described by A. P 
Mathias, A. Deavin and B. R. Rabin. While there is 
disagreement about the details and uncertainty about the 
role of some apparently essential residues, the main 
features of the reaction mechanism now seem reasonably 
certain. 

Parallel efforts to determine the amino-acid sequence oł 
chymotrypsinogen by F. Sorm and his colleagues in 
Prague and by B. S. Hartley in Cambridge ere reported. 
The substantial measure of agreement between the two 
schools is a welcome demonstration of the validity of the 
methods for sequence determination when applied to 
fairly large proteins. The similarity of trypsin and 
chymotrypsin, pointed out by T. Hofmann, has been 
further underlined since this symposium was heid (Hartley. 
Brown, Kauffman and Smillie, Nature, 207, 1157; 1965). 
Although X-ray crystallography played a remarkable 
part in the elucidation of the structures of haemoglobin 
and myoglobin, it is clear from two papers that it has 
not yet contributed much to our knowledge of the structure 
of chymotrypsin. 

The third section of the symposium was devoted to in- 
vestigations of the active sites of enzymes, and the variety 
of methods used illustrates the armoury of the molecular 
enzymologist. The technique of inhibiting an enzyme 
with a selective irreversible inhibitor and then determining 
the site of reaction by degradative methods is exemplified 
by investigations on esterases (R. A. Oosterbaan and J. A 
Cohen) and dehydrogenases (J. I. Harris). A comple- 
mentary procedure utilized with carbonic anhydrase 
(B. G. Malmstrém, P. O. Nyman, B. Strandberg and B. 
Tilander) involves the use of inhibitors containing heavy 
atoms followed by X-ray crystallographic investigations. 
The final outcome of this work will be awaited with con- 
siderable interest. In contrast, the site of binding of 
pyridoxal 5-phosphate to muscle phosphorylase and 
glutamic aspartic transaminase has been investigated 
(E. EL. Fischer) by reducing the azomethine linkage, involv- 
ing the aldehyde group of the co-enzyme and the c-amino 
group of a lysyl residue in the protein, to a secondary 
amine which then survived degradative studies. Present 
evidence strongly suggests that azomethine linkages are 
a common method of binding of substrates or co-enzymes 
to enzymes. 
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The final section of the symposium was devoted to 
haemoglobin. While this protem is not an enzyme 
in the sense that it catalyses a chemical reaction, it never- 
theless provides a useful model of several features of 
enzyme chemistry: equilibrium between protein and 
substrate and its dependence on pH, conformational 
changes induced by substrate, and molecular aggregation 
of the protein. All these topics received attention. An 
unexpected result of the X-ray crystallographic studies 
of oxyhaemoglobin and reduced heemoglobin was the 
discovery that the 8-chains are further apart in the absence 
of bound oxygen. 

This is a reasonably priced ‘book which provides 
examples of the techniques used in the progress made by 
molecular enzymologists in recent years. 

D. T. ELMORE 


BIOLOGICAL RHYTHM RESEARCH 


Biological Rhythm Research 

By A. Sollberger. Pp. xx+461. (Amsterdam, London 
and New York: Elsevier Publishing Company, 1965.) 
140s. 


N this lengthy book, Prof. Sollberger sets out to discuss 
a very wide range of biological systems, many of which 
appear to have little in common except their overt 
rhythmical nature. ‘Pure’ physiological rhythms, such 
as heart beat, are featured, with medical examples 
particularly to the fore. Rhythms ‘with external corre- 
lates’, especially those with circadian (diurnal) periodici- 
ties, occupy a central position. But photoperiodism is 
also included, and even population cycles are given a 
place. 

The study of biological rhythms has gained great 
impetus from the comparatively recont discovery that 
many circadian rhythms are remarkably persistent when 
studied in constant laboratory conditions. When free 
from the phase-setting stimulus of environmental cycles 
of ght and darkness, the period of such endogenous 
rhythms usually differs slightly from the 24 h solar day. 
But it still exhibits a striking constancy, often remaining 
virtually unchanged for weeks or months on end. It is 
shis attribute that has led to the common usage of the 
erm ‘biological clock’. Clearly, one of the main goals of 
‘*hythm research is to characterize these ‘clock’ systems as 
dhysico-chemical entities. So far, however, only slow 
srogress has been made in this direction. The relation- 
ships between the environmental input and the output 
>f the various ‘indicator processes’ have been explored 
n a wide range of animals and plants. But the clock 
tself remains a ‘black box’ which has defied further 
legradative analysis into separate components. Indeed, 
ts very whereabouts has remained elusive. In these 
sircumstances it is perhaps scarcely surprising that many 
ohysiologists have turned to the construction of model 
systems, the most popular of which has undoubtedly been 
an analogue, the electrical oscillator. 

A substantial part of Biological Rhythm Research is de- 
voted to laying the foundations for model building. There 
are chapters on theelements of general cybernetics, on servo- 
mechanisms, on oscillators of different types and on 
3quations of motion. This leads into extended surveys 
of physical and mathematical models and of oscillator 
control and interaction. Although the general biologist 
may find this exposition salutary, he would certainly 
wish to be informed of the precise relevance of this 
information in the context of biological rhythms. A 
critical re-assessment of the validity of the proposed 
analogues in the light of the wealth of existing experi- 
mental data would certainly have been welcome. Can 
the models be tested ? Do they permit prediction? Aro 
they only qualitative? Do they materially aid the com- 
prehension of what must be a biochemical system ? 
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Unfortunately, these questions are neither posed nor 
answered. Indeed, the results of physiological research 
are given very cavalier treatment. Rather few biological 
examples are discussed in any detail; and, as a substitute, 
all too many paragraDhs tend to finish in a volley of 
references (for example, p. 138 contains some ten lines of 
text and 175 authors’ rames). 

The sections on phctoperiodism are inadequate. The 
phenomenon 1s never d2fined nor is it clearly distinguished 
from photo-controlled circadian processes. Whether 
rhythmic endogenous mechanisms play any significant 
part in photoperiodic zime measurement is, of course, a 
question which is atsracting considerable present-day 
interest. But this prcblem has not been considered or 
even recognized. The selection of material is also most 
unrepresentative of tke whole field of photoperiodism. 
Yet room is found for much entirely extraneous informa- 
tion on photosynthesis, chromatophore systems, the 
perception of polarized. light, etc. 

Chapters are sub-divided into a series of numbered 
paragraphs. Continuity of thought 1s not assisted by the 
fact that the subject-matter of adjacent paragraphs is 
often quite unrelated. The bibliography is immense 
(123 pages) but is far from being comprehensive. Its 
usefulness could have keen improved by grouping papers 
under subjects. 

As a text on the b ological aspects of rhythms this 
book must be accounted a disappointment. 

A. D. LEEs 


RADIATION PRESERVATION OF 
FOODS 


Radiation Preservation of Foods 

(Proceedings of an Irternational Conference, Boston, 
Mass., September 27-3, 1964.) (Publication No. 1273.) 
Pp. 424. (Washington, D.C.: National Academy of 
Sciences—National Ressarch Council, 1965.) 9 dollars. 


OOD scientists and sechnologists will be interested in 
a new book, Radiation Preservation of Foods. This 
book contains an excellent compilation of papers on the 
subject of the title. Th> conference was divided into four 


.sessions dealing separately with tochnological aspects, 


source facilities, wholesomeness and food legislation, and 
microbiology. The appendix which follows consists of 
further papers dealing w-th the present scope and directions 
of food irradiation reseerch. 

Irradiation of fruits and vegetables appears to be more 
practicable than irradiation of flesh foods, because only 
the surface of the structure need be irradiated to eliminate 
infective yeasts and moulds. This can be done with 
relatively low-energy radiation which would cause only 
the surface of the fruit or vegetable to absorb a high dose, 
whereas the interior would absorb scarcely any radiation. 
200-250 krads is the meximum dose most fruits can 
tolerate without excessive injury. This level of radiation 
decreases the ascorbic aad content slightly but the reduc- 
tion is not nutritionally significant. On the other hand, at 
least 175 krads is necessary for benoficial effects ın most 
fruits. This restricted cose range may make commercial 
fruit irradiators difficuls to build. Off-odours and off- 
flavours may develop and afterwards disappear on storage 
of irradiated fruit. After disappearance of the off-odour 
the irradiated fruit is often rated organoleptically superior 
to the unirradiated maserial. Strawberries seem to be 
the most promising fruit for radiation preservation. 
Similar doses to these are suitable for extending the 
storage life of many species of fish, but radiation steriliza- 
tion of fish does not appear to be possible. Irradiated beef 
develops undesirable organoleptic changes to a greater 
extent than lamb or vea.. These, in turn, are more sensi- 
tive to flavour development than pork or chicken. The 
order of increasing sensitivity to undesirable flavour 
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development is approximately proportional to the 
increasing myoglobin content of the skeletal muscle tissue. 
These effects are to some extent caused by proteolytic 
enzyme changes on post-irradiation storage and.can be 
minimized by pre-irradiation heat treatment. Undesir- 
able pigment changes made radiation pasteurization of 
fresh meat unacceptable. 

For radiation doses up to 1 Mrad most food packaging 
materials already in use are suitable, but above this dose 
some organoleptic changes tend to develop in the food- 
stuff. Only metal containers are as yet suitable for 
sterilizing dosages but research is under way to produce a 
flexible pack. 

In Canada a clearance has been issued allowing commer- 
cial potatoes to receive 15 krads of cobalt-60 radiation, and 
in the United States irradiated canned bacon has been 
consumed. No adverse public reports have been received 
about these commodities, and extensive taste tests carried 
out by the United States army have shown that irradiated 
foods are acceptable as components of normal meals. 

In the United Kingdom we are still awaiting action 
resulting from the recommendation of the working party 
on food irradiation. G. BIRCH 


PHOTOBIOLOGY UP TO DATE 


Recent Progress in Photobiology 

Edited by E. J. Bowen. (The Proceedings of an Inter- 
national Congress held at Oxford, July 1964.) Pp. vii+ 
400. (Oxford : Blackwell Scientific Publications, 1965.) 
708. net. 


HE fourth International Photobiology Congress, held 
in Oxford in 1964, was the largest of the senes and 
was attended by more than 500 scientists who represent 
the vanguard of the many fields of research falling within 
the term ‘photobiology’. The Proceedings of the Congress 
reflect the determined effort made by the organizers to 
restrict the size of the sessions and the number of papers 
being read simultaneously by presenting about one-third 
of the submitted papers in review form, rather than allow- 
ing their authors to read them individually. These 
reviews were made by indeperdent ‘rapporteurs’ who 
each selected about ten papers well before the Congress 
and from these prepared a 45-min summary. Thus the 
papers could be linked and their important features 
brought out while sparing the audience, and the readers 
of the Proceedings, the preambles of each of the authors. 
The successful application of this technique was due 
almost entirely to the efforts of the rapporteurs, who are 
both good writers and leaders in photobiology. The seven 
rapporteur sessions covered the topics: basic photochemis- 
try; photochemistry of nucleic acids; visual processes; 
structure of light-receptors; photo-environment; ‘energy 
conversion in photosynthesis; and micro-irradiation of 
cells. The sessions comprised a 45-min plenary lecture 
by a distinguished speaker followed by the rapporteur’s 
report. The authors of the reviewed papers were then 
allowed a short time to amplify any important points, 
and this led into a general discussion. The Proceedings 
give these sessions in full and also the reports and a few 
papers from the symposia on space photobiology and on 
skin pigmentation. 

This, however, is all that Recent Progress in Photo- 
biology contains, and there is no mention of the papers— 
the majority of those presented—which did not fall into 
the confines of the rapporteur sessions and so were read 
by their authors in separate symposia. The editor points 
out in his preface that authors have been encouraged to 
publish their work in specialist journals, but not even a 
hist of these papers or even a complete list of participants 
is given. It seems unfortunate that these Proceedings 
mention less than half the activities of the Congress. 
It will also be difficult for an interested reader to obtain 
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further information on the work abstracted by the 
rapporteurs, since ın four of their reports no references 
are given, and in only one report are the addresses of the 
authors given. The blank pages separating the sections 
of the book might well have been used to give outline 
addresses of the participants in each session. 

This book ıs well produced and is very reasonably 
priced. The editor and the publishers are to be con- 
gratulated on producing it so soon after the Congress. 
Bearing in mind the restrictions in scope due to limiting 
1ts size, this book forms a valuable and comprehensive 
survey of photobiology to-day. The introductory lectures 
are good reviews of the seven important topics listed, 
and, of these, the lectures of Dr. David Shugar on the 
photochemistry of nucleic acids and Prof. Melvin Calvin 
on energy conversion in photosynthesis deserve special 
mention. The rapporteur reports are easy to read and, 
while givmg a rather hmited picture of present-day 
research, are well worth reading. The book is recom- 
mended to all scientists from physicists to physicians who 
are interested in the action of non-1onizing radiation on 
biological material. A KNOWLES 


ZOOLOGICAL 
MICROPALAEONTOLOGY 


Principles of Zoological Micropalaeontology 

Vol. 2. (International Series of Monographs on Earth 
Sciences, Vol. 20.) By Dr. V. Pokorny. ‘Translated by 
K. A. Allen. Pp. ix+465. (Oxford, London and New 
York: Pergamon Press, 1965.) 80s. 


ICROPALAEONTOLOGY has for a long time 
played an important part in geological science, 
especially as applied commercially. In recent months 
this aspect has been brought more to the notice of people 
in Britain with the present North Sea drilling project for 
oil and gas, and in the investigation of a possible location 
for a Channel Tunnel. 

Besides a purely commercial aspect there is in addition 
a considerable academic interest ın the sphere of micro- 
palaeontology. From both points of view an essential 
tool is a good standard text-book which combines the 
various groups in a more general approach than 1s often 
the case in the specialist publications. 

For some years now, the German edition of Pokorny’s 
Principles of Zoological Micropalaeontology has been avail- 
able as virtually the only book in its field. The English 
translation of these two volumes (of which the book 
under review is the second) has long since been overdue 
and should now prove, to an even greater extent, to be a 
valuable work of reference to students and professional 
workers alike. 

Pokorny has provided in the two volumes a complete 
work on all aspects of zoological micropalaeontology and 
is to be congratulated on a first-class piece of work. 
Because Principles of Zoological Micropalaeontology is a 
straightforward translation of the 1958 German. edition, 
certain aspects of the work are now slightly out of date. 
However, considering the pace with which scientific 
thought progresses these days, surprisingly little has been 
really affected. . 

The treatment, in the first three chapters, of the Porifera, 
Octocorallia and Scolecodonta indicate from the start the 
wealth of information to be found throughout this book. 
This is certainly true for the conodonts, which are dealt 
with in some detail. One point I should like to elaborate 
on here is the separation by Pokorny of the conodonts 
into two distinct groups, lamellar and fibrous. This dis- 
tinction is not at present recognized, since a transition 
between lamellar conodonts and those showing a secondary 
fibrous state has been observed within a number of 
individuals. 
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The major part of this volume is devoted to a detailed 
tudy of the Ostracoda, a group which is becoming 
nereasingly important. This section is introduced by a 
ively and informative consideration of ostracod morph- 
logy, ecology and evolution, together with a historical 
‘é6sum6é of the classification. A common misunderstanding 
urdng palacontologists is to suggest that the two ostracod 
valves are connected along the hinge margin by an elastic 
igament. No such structure has yet been observed in 
iving species. This idea of an elastic ligament is put 
orward in several places by Pokorny without further 
»xxplanation, and all one can suggest is that he is regarding 
hhe,outer chitinous layer of the carapace which passes 
»ver the hinge as having elastic properties in that region. 
Again there is no evidence of this. 

The major part of the ostracod chapter is devoted to a 
jetailed systematic descryption of a large number of 
zenera. Here Pokorny has given the lead in raising the 
Ostracoda to the rank of sub-class and in re-introducing 
G. W. Muller’s grouping (1894) of the Podocopa with the 
Platycopa and the Myodocopa with the Cladocopa, an 
arrangement now adopted by the majority of ostracod 
workers. A useful glossary in English, French, German 
and Russian is appended to this section. Moreover, fish 
otoliths and echinoid and crinoid skeletal remains, con- 
stituents of many muicrofossil samples, are considered in 
the final chapters of the book. 

The author has produced an informative volume which 
is the result of much original thought. The reference 
section at the end will be especially appreciated by those 
wishing to take their studies further. One serious omission 
from this book, m my opinion, 1s a generic index. This 
is really essential when dealing with a large group like 
the Ostracoda. 

On the production side, Pergamon Press have produced 
a book of mgh quality containing a wealth of illustrations, 
the reproduction of which is extremely good. Printing 
errors are rare and unimportant. 

Pokorny’s text-book is still the best in its field and is 
to be recommended to all who work with microfossils. 

' RR. H. BATE 


CHEESE 
Cheese 


By Dr. J. G. Davis. Vol. 1: Basic Technology. Pp. 
viii + 463. 75s. net. Vol. 2: Annotated Bibliography with 
Subject Index. Pp. vii+ 275. 65s. net. (London: J. and 
A. Churchill, Ltd., 1965.) 


ROM time immemorial cheese has been regarded as 
one of the most appetizing and nourishing of foods, 
and has been recognized as one of the best forms in which 
to preserve the greater part of the most nourishing con- 
stituents of milk for future use. To-day, as Dr. Davis 
points out in the preface to the first volume of Cheese, 
about 3 million tons of cheese are made in the world 
every year, and there are now probably more than a 
thousand different kinds. Dr. Davis has done a great 
service to dairy science and to the dairy industry in 
general in undertaking the compiling of this compre- 
hensive work, which in all is to consist of four volumes. 
The first two volumes are already available, the third is 
to deal in detail with manufacturing methods and will’ be 
ready in 1966, and the fourth will give an account of 
scientific aspects of the subject and will appear in 
1967. 

Volume 1 consists of four parts and begins with a most 
interesting historical section which deals with what cheese 
really is, the origins of cheese-making and the develop- 
ment of the industry in Europe and Britain. This is 
followed, still in the introductory section, by a short but 
most informative outline of the scientific basis of cheese- 
making, and by a chapter on classification of cheese 
varieties. This classification in itself is most helpful in 
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these days when so many different types of cheese are 
readily available and wien so many of them, with a great 
variety of names, are row made ın countries other than 
those with which their particular types were first associ- 
ated. Part 2 of Volume 1 deals with milk itself and with 
the importance of 1t¢ physical, chemical and micro- 
biological properties in the manufacture of cheese and 
how these properties aifect the quality of the product. 
Descriptions are also given of the tests that are applied 
to the milk to detect akmormahties in it and of the treat- 
ment to which milk is subjected in a modern cheese 
factory. Since the maxing of cheese depends partly on 
the growth of lactic streptococci and its maturing partly 
on the development of lactobacilli, the author has dealt 
with the occurrence of milks that inhibit the growth of 
these organisms and als with the problem of antibiotics 
in milk. 

Part 3 gives an account of the materials and the equip- 
ment used in the making of cheese. Five chapters here 
are devoted to ‘starters’, what they are, and factors 
affecting their preparation, behaviour and control. 
Another two chapters Ciscuss the preparation, properties 
and use of rennet and tre chemistry of the reaction which 
the enzyme rennin catalyses in milk. The additives that 
may be used in cheese-making, such as salt, annatto and 
other colouring matters, and materials such as wax and 
plastics that may be applied for protective purposes to 
the rind of cheese, are also very adequately discussed. At 
every stage in modern zheese-making scientific control is 
essential to ensure a ficst-rate product, and the methods 
used for this purpose are described in Part 3, which ends 
with a particularly informative chapter on traditional and 
modern equipment usel in the manufacture of cheese. 
Finally, Part 4 gives an account of modern methods of 
packaging and also cf the ripening and storage of 
cheese. 

Throughout this firs volume the author has main- 
tained an excellent balance between the space he has 
given to descriptions cf the older traditional methods, 
which are in themselve so interesting, and the amount 
of space he has devotec to modern developments such as 
the move towards complete mechanization of the Cheddar 
process, the invention of contmuous cheese-making 
machines and the vacuam cheese presses which are now 
being evolved. This first volume is well illustrated with 
a large number of first-rate diagrams and photographs 

Volume 2 consists entirely of ə list of 6,803 publications 
relating to cheese togesher with a most comprehensive 
subject index which ale occupies 47 pages. The refer- 
ences are arranged in a:phabetical order according to the 
name of the first or so-e author, and in addition to the 
usual information, such as date, journal and page number, 
a few words are added beside each reference such as 
“penicillin in milk and starters”, “whey separation” or 
“gorgonzola manufactuze”, to indicate briefly but clearly 
what each paper is abont. As the author of the volume 
rightly indicates in hie preface, when this bibliography . 
and subject index are used together it is possible to 
obtain in a few minutes 3 list of references to the literature 
available on any aspect Df the subject. In the preparation 
of this volume, Dr. Davis was assisted by Miss Doris 
Knight, formerly librarian at the National Institute for 
Research in Dairying, Reading. They have attempted to 
cover the scientific and echnical literature on cheese from 
the earliest times to 1961, and they have endeavoured to 
ensure that the period between 1940 and 1961 has been 
particularly well covered. Volume 4 will bring the biblio- 
graphy up to date by cealing with the period from 1962 
to 1966. 

This bibliography ani index should be of great value 
to research workers, Cairy technologists, teachers and 
students and to all those whose job and interest it is to 
be well informed on cheese and related subjects. As the 
author rightly suggests, it is probably unique, and cer- 
tainly it fills a gap so effectively that the pattern is one 
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that will surely be followed by others. The author and 
publishers are to be congratulated on the excellence with 
which these two volumes have been produced at what is 
in these days a relatively modest price. 

J. A. B. SMITH 


WHEAT 


Wheat 

(World Crops Books.) By R. F. Peterson. Pp. xxiv- 
431+77 plates. (London: Leonard Hill Books; New 
York: Interscience Publishers, Inc., 1965.) 95s. 


yee Is the thirteenth in the World Crops Books 

series and follows the pattern of its predecessors in 
providing information on every aspect of significant 
knowledge from chromosomes to world trade. The 
objective is, to say the least, ambitious although the 
intention 18 stated to be only to give a “broad outline 
of the botany, cultivation and utilization of wheat” and 
to provide for the student a general introduction to wheat. 
For the specialist it is a reference book providing a guide 
to reading outside his speciality, and the text is supported 
by a subject index of fourteen pages for this purpose. It 
would have been impracticable to have given anything 
like a reasonably complete coverage in the bibliography 
of so wide a field of subjects as is dealt with in the book, 
and the relevant eight pages can only be regarded as a 
limited guide to what is probably the most extensive 
literature on any single crop. 

Dr. Peterson, who is head of the Cereal Rusts Section 
of the Agricultural Research Station, Winnipeg, deals 
with his subject in nineteen chapters occupymg 371 
pages of text, and there are three appendixes of tables 
and a useful glossary. In planning a book which attempts 
such a complete picture of a crop it is obviously difficult 
to decide on an acceptable balance of subjects, and the 


final decision is important in giving the book its character. ’ 


The author lays the greatest emphasis on the botany and 
general biology of wheat, including breeding and disease 
resistance, devoting 177 pages to these basic aspects of 
wheat. He then deals with the cultivation and handling 
of the crop in 59 pages, the grain and its utilization in 
30 pages, and economic considerations with a similar 
allocation of space. The book is copiously illustrated by 
77 photographic plates, some in colour; 46 text figures as 
diagrams and maps; and 36 tables. These various aids 
to the text are well chosen, the photographs being very 
good and the figures clear and explicit. 

Of equal importance in gauging the value and use of 
such compendious volumes is the coverage of the indi- 
vidual subjects included and the technical and scientific 
level of treatment. The publishers have produced this 
book for the general reader or the student of agriculture, 
while providing a reference book for the specialist. The 
result is that much of the text dealing with the botany, 
for example, has to be at an elementary level and includes 
information that can be found in a number of standard 
books on agricultural botany. The genetics and cytology 
are similarly treated, starting with the cell and cell 
division. The author does manage to bring to a focus the 
most recent information and interpretation of such 
matters as the cytogenetics of wheat, however, and this 
achievement is valuable for the student and general 
reader. But the overall treatment does mean that it hes 
been thought necessary to include a considerable number 
of elementary figures such as illustrations of plant cells 
and figures depicting mitosis and meiosis. 

The situation is realized by the author, who remarks in 
the opening to the chapter on achievements in wheat 
breeding: “A full account . . . would require several 
volumes written by workers familiar with the details of 
the various breeding programmes”. He deals with the 
subject in 37 pages, with 20 lines devoted to the United 
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Kingdom and just over 7 pages to the North Americar 
continent. It might also be commented that ıt is virtually 
impossible, in my opinion, to deal satisfactorily in 19 pages 
with the objectives, methods and organization of wheat 
breeding on a world basis. It would be easy, for example 
to quarrel with Dr. Peterson’s allocation of space and 
treatment of such subjects as the induction of point 
mutations, hybrid wheat and plant breeding by ‘“‘directed 
training” according to the precepts of T. D. Lysenko. 
However, to produce a book of this kind is a considerable 
task, and Dr. Peterson hes succeeded in writing lucidly 
and attractively on a wide range of topics to provide a 
useful addition to the series on world crops under the 
editorship of Prof. Nicholas Polunin. It would be difficult 
to find comparable information on wheat without con- 
sulting a number of books or even original scientific papers, 
and, no doubt, many enquirers on wheat topics will be 
most grateful for this contribution. G. D. H. BELL 


WEST AFRICAN FLOWERING 
PLANTS 


[Introduction to the Flowering Plants of West Africa 
By M. Steentoft Nielsen. Pp. ix+246. (London: 
University of London Press, Ltd., 1965.) 42s. 


T a time when education in all the West African 
countries is surging ahead, suitable text-books must 
be in great demand. Perhaps of all scientific subjects, 
biology requires books specially written for each area of 
the world. West Africa is now served by several botanical 
works which should stimulate interest in the native plants 
of the region; this is a pre-requisite for an understanding of 
the need to conserve the natural flora and for its most 
suitable utilization. 

Mrs. Steentoft Nielsen begins the work in a conventional 
way for a botanical text-book by describing the morph- 
ology of an easily obtainable plant: the cowpea. (It 
might be mentioned that as the cultivated plant has been 
selected the name Vigna sinensis rather than V. unguicu- 
lata would have been more appropriate.) A useful chapter 
deals with morphological modifications and adaptation 
using West African—although not always common— 
examples. Other chapters tackle classification and 
ecology, while a large one is devoted to an analysis of West 
African vegetation. It is based appropriately on the 
classification of vegetation types used in the Vegetation 
Map of Africa, published by Association pour l'Étude 
Taxonomique de la Flore d’Afrique Tropicale in 1958. A 
curious feature of the ecological section is the frequent 
digression in the text by the author to provide a morpho- 
logical description of an important species not described 
elsewhere. 

More than. half the book is devoted to the description of 
128 families in greater or lesser detail according to their 
“ecological importance’. The same criterion is used for 
the selection of those genera and species discussed and 
described. There may be too much detail for the average 
student, but if his study is backed up by field work and by 
judicious selection by his teacher he will find the inform- 
ation easy to assimilate. The nomenclature and classifi- 
cation are based on the standard Flora of West Tropical 
Africa, using the revised edition for the dicotyledons and 
the first edition, with modifications, for the monocotyle- 
dons. Here and there certain statements and general- 
izations may be questioned, but this is almost inevit- 
able in a work that contains so many small details, and 
occasionally names have been switched. The 68 figures 
by the author herself are a useful feature, providing the 
student and teacher with clear drawings of dissections and 
floral diagrams not easily obtainable elsewhere. However, 
some are ravher stylized and one at least (Fig 48) has 
certain inaccuracies. 
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The publication of Mrs. Steentoft Nielsen’s book is 


something of an event. The author (née Margaret Fox) ` 


herself taught at the University of Ibadan and her book 
should have a wide appeal to university and college 
students, also to school-teachers, interested amateurs, 
foresters and agriculturalists, who will find it a work of 
reference as well as an introduction to West African 
plants. F. NIGEL HEPPER 


A SULPHURETUM OF BACTERIA 


Photosynthetic Bacteria 

By E. N. Kondrat’eva. Translated from the Russian by 
Jean Salkind. Edited by Dr. E. Rabinovitz. Pp. 243. 
(Jerusalem: Israel Program for Scientific Translations; 
London: Oldbourne Press, 1965.) 72s. 


HE photosynthetic bacteria are divided into three 

main families, Athiorhodaceae, Thiorhodaceae and 
Chlorobacteriaceae; the first two are known as the purple 
non-sulphur and purple sulphur bacteria, respectively, 
and the last as the green sulphur bacteria. The Thiorho- 
daceae and Chlorobacteriaceae are strict anaerobes and 
utilize hydrogen sulphide and other sulphur compounds 
as a source of reducing power in photosynthesis, while 
the Athiorhodaceae are generally photoheterotrophes, 
although some are facultative aerobes and can grow in 
darkness. 

The modern era of study of the photosynthetic bacteria 
began with the now classical investigations of van Niel in 
the "thirties; since then these organisms have been the 
subject of numerous investigations relating not only to 
photosynthesis but also to their general metabolism. As 
experimental material for studies on photosynthesis, they 
have many advantages over the more intractable higher 
plants; but in one respect they, themselves, are intractable: 
to my knowledge no one has yet succeeded in producing 
satisfactorily active chromatophore fragments. Compara- 
tive biochemistry has also benefited greatly from studies 
with photosynthetic bacteria. 

Although many excellent reviews exist on various as- 
pects of the biochemistry of photosynthetic bacteria, 
Kondrat’eva’s book is the first comprehensive monograph 
on the subject. His claim ‘‘to sum up the data concerning 
photosynthetic bacteria” is justified if one adds the 
phrase ‘up to early 1962’, when references cease. It can 
therefore be recommended as a satisfactory source book 
of the literature up to that time. The further aim to 
“provide a clearer concept of the prospects of future 
research in the field” is less successfully achieved because 
little or no critical assessment of the data is made and 
because, between the time the author completed his 
survey and its appearance in an English translation, a 
large number of important investigations have been re- 
ported. The topics treated include distribution, isolation, 
cultivation, morphology, chemical composition, physiology, 
photosynthesis and-taxonomy. There is also a separate 
chapter on pigments, which have attracted the attention 
of chemists and biochemists for many years. There is 
unfortunately no subject index—presumably this was 
also missing in the Russian edition—and the bibliography 
is divided into two sections: (a) references to papers in 
Russian (including translations into Russian); and (b) 
‘others’. 

Apart from a few peculiarities, such as the use of ‘oxy’ 
for ‘hydroxy’ and ‘phenazine metasulphate’ for ‘phenazine 
methosulphate’, the translation appears to be very 
satisfactory. A small number of obvious typographical 
errors were observed but errors of fact were few; the 
structures of farnesol (p. 88) and y-carotene (p. 91) are, 
however, incorrect. 

Photosynthetic Bacteria has been produced by a photo- 
offset technique, and while the typography is satisfactory, 
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one or two of the diagrams are not easy to decipher. The 
half-tone plates of electron micrographs are less satis- 
factory and one doubzs if the authors who gave their 
‘kind permission’ for reproduction of plates will feel that 
they have been kindly treated. 

The price is high, 72s. for 243 pages, and compares 
rather unfavourably with the usual present-day cost of 
25-30s. per 100 pages of a conventionally printed book, 
containing about the same number of words per page. 
One wonders whether the photo-offset technique is a 
sensible choice if the price of the final product is not con- 
siderably lower than that of a conventional book. 

In summary, this is a book to be recommended for the 
library of any department concerned with research in 
photosynthetic bacteris. T. W. GOODWIN 


EVOLUTION OF STATE MEDICINE 


Public Hea!th in the Nineteenth Century 

By Prof. C. Fraser Brockington. Pp. viii +287 + 16 plates, 
(Edinburgh and London: E. and S. Livingstone, Ltd.. 
1965.) 42s. net. 


ESTILENCE has slways been a stimulus to public 

health administration and legislation. The edicts of 
Henry VIII, drawn up with the advice of Sir Thomas 
More, concerning plague and the sweating sickness, and 
those of Charles IT and the Corporation of London on the 
Great Plague, are examples of this stimulus. The College 
of Physicians was frequently consulted as epidemics of 
disease were threatened or appeared. In the reign of 
George I, when buboric plague ravaged Marseilles, the 
College appointed, Dr. Mead to report, and he wrote his 
Treatise on the Plague (1720) in which he advocated a 
Central Board of Health with other precautions. The 
plague did not come to England and no action was taken 
on his recommendation. 

In this general study of public health in the nineteenth 
century, Prof. Brockington first directs attention to early 
measures in State medicine which preceded the wider- 
known pubhe health edministration inspired by South- 
wood Smith, Arnott, Xay, Chadwick and John Simon. 

Towards the end of 1804 the Privy Council consulted 
the College of Physicisns as to how best the “Gibraltar 
Sickness” (an epidemic of yellow fever which had spread 
from Africa to Spain and killed 5,733 persons out of a 
population of 15,000) ‘‘might be prevented from extending 
its malignant effects, and what was proper and material 
to be known by the public at large on the subject of 
infectious complaints’. The College promptly replied, 
arguing the case for strict quarantine together with 
services for early diagrosis, treatment and isolation, and 
a strict enforcement of the ‘Cordon Sanitaire’. A central 
Board of Health was also recommended; this was set up 
in May 1805 with the Comptroller of His Majesty’s Navy 
as president. It included the President and four Fellows 
of the College among its members. It established a centre 
of epidemic intelligence and made five important reports 
to the Privy Council. Sir Francis Milman, an active 
member, advocated its being made permanent, but, when 
the continental epidemic ceased, the Privy Council 
terminated the Board. “Frenzied action” was followed 
by torpor, until Asiat-c cholera spread from India into 
Russia, in 1830, and tke College of Physicians was again 
consulted by the Privy Council. 

A Central Board of Eealth was established in June 1831 
with Sir Henry Halford, then president of the Royal Col- 
lege of Phvsicians, as its president, six Fellows of the 
College and five Government officials. This Board was 
responsible for much good work. It investigated the 
disease, described it, advised on precautions against its 
spread and on its treatment, and recommended local 
boards of health, of which 1,200 were set up. In November 
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1831 the “physicians board’? was dissolved through 
dispute with the Privy Council on the duration of 
quarantine. In its stead a Central Board of Health, un- 
connected with the College, was appointed. This Board 
was also short-lived and was dissolved at the end of 
1832. 

The local boards were zealous but lacked money to do 
their work, although cholera had reached Great Britain. 
By the middle of 1832 nearly 5,000 persons had died of 
cholera. The Cholera Act was passed enabling the Privy 
Council to make orders for the prevention of cholera; 
and provided that any expenses incurred in carrying out 
such orders should be “‘defrayed out of the relief of the 
poor of the parish, township or extra parochial place, 
maintaining its own poor”. Still the financial difficulties 
of the local boards continued. 

Lhe Privy Council continued to act as a central health 
administration for a further 18 months and then abdi- 
cated. Public health was ignored as a permanent need. 
Prof. Brockington points out that these early struggles 
in the face of epidemics paved the way for the investiga- 
tions and legislation promoted by Edwin Chadwick and 
John Simon which he describes in the later chapters of 
his book. Much new information is given about the first 
medical officers of health and other early workers in State 
medicine. There are brief biographies and portraits of 
some of the early public health pioneers. These essays 
when first published in the Medical Officer and other 
medical journals were highly appreciated, and Prof. 
Brockington has done well to assemble them in book form. 

A. MacNauty 


PHOTOPHYSIOLOGY 


Photophysiology 

Edited by Arthur C. Giese. Vol. 1: General Principles; 
Action of Light on Plants. Pp. xiii+377. 100s. Vol. 2: 
Action of Light on Animals and Microorganisms; Photo- 
biochemical Mechanisms; Bioluminescence. Pp. xiii+ 441. 
107s. 6d. (New York: Academic Press, Inc.; London: 
«Academic Press, Inc. (London), Ltd., 1964.) 


A the volume of original publications continues to 
expand, so does the need for comprehensive and 
up-to-date coverage of the principles underlying any one 
field ofinvestigation. The two volumes of Photophysiology 
succeed well in doing this. Together they comprise 
twenty-one chapters, each a review of a particular facet 
of the subject, which in his preface Prof. A. C. Giese 
defines as the study of the physiology of the action of 
non-lonizing radiations—ultra-violet, visible, and infra- 
red—on living things. Giese emphasizes that the two 
volumes should be considered as an integrated whole, and 
indeed the basic principles outlined in the opening chap- 
ters of Volume 1 are essential background for the accounts 
both of the action of light on plants, which make up the 
remainder of Volume 1, and on micro-organisms and 
animals in Volume 2. 

The first four chapters will be of particular value to 
those readers whose own research field is not photophysio- 
logy. They provide the basic theory, describe apparatus 
used and discuss the difficulties involved in both experi- 
mentation and interpretation. In a brief historical intro- 
duction, Giese traces the development of photochemistry 
and indicates the various responses of plants and animals 
to radiation. Most photochemical reactions are wave- 
length dependent and it is therefore essential for the 
majority of experimental investigations to have a source 
of high-intensity monochromatic light. In the chapter by 
S. Claesson, light sources, filters and monochromators, 
measurement of light intensity, calculation of quantum 
yield and flash photolysis are described. An excellent 
account follows of the theory of electron spin resonance 
by M. &. Blois, jun., and E. C. Weaver. They describe 
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electron spin resonance, spectrophotometers and indicate 
the difficultzes encountered in making measurements in 
biological systems. A critical evaluation is made of 
electron spin resonance measurements in photosynthesis. 
A. D. McLaren discusses the photochemical effects of 
light on macromolecules, including enzymes, nucleic acids 
and viruses. Data on absorption spectra and action 
spectra are essential for the elucidation of the mechanism 
of action of radiation effects. Mary Belle Allen gives a 
very clear account of the problems which may arise when 
measurements are made using biological systems, the 
instruments used and the mterpretation of the data 
obtained. 

Next there are three chapters dealing with the role of 
hight in photosynthesis. After a brief résumé of the early 
work which led to the demonstration of photosynthetic 
phosphorylation in chloroplasts, Whatley and Losada 
postulate electron flow mechanisms and cite experimental 
evidence for the occurrence and participation of inter- 
mediates. They produce a persuasive account of the one 
quantum—one electron transfer scheme. R. K. Clayton 
follows with a short but informative discussion of other 
possible interpretations of the Emerson effect and enhance- 
ment phenomena, and rightly emphasizes the need for 
an open mind until more experimental evidence is avail- 
able. The ‘biophysical’ problems of photosynthesis, 
behaviour of chlorophyll in vivo and in vitro, absorption 
of light quanta, nature of the excited state and events 
at the reaction centre, form the main bulk of the chapter. 
L. R. Blinks then gives a concise account of the nature and 
role of the accessory pigments. 

The four remaining chapters of Volume 1 each deal 
with quite different topics. Phototropism in higher plants 
18 reviewed by W. R. Briggs. It is of interest that such a 
large amount of experimental work has been carried out 
on such a small range of experimental material. Most 
of the work described has been performed with either oat 
or corn coleoptiles. A very clear account of possible 
relationships between auxin and curvature, action spectra, 
and kinetic studies is given. H.I. Virgin brings together 
much useful information on such diverse topics as chloro- 
phyll formation, chloroplast movements and protoplasmic 
streaming. The photochemical aspects of photoperiodicity 
are discussed by S. B. Hendricks, and biological clocks, 
endogenous daily rhythms and the modifying effects of 
the environment are covered m the final article by J. W. 
Hastings. 

The first chapter of Volume 2, written by A. Wolfson, 
deals with animal photoperiodism. He gives a detailed 
description of the effects of day-length on metabolic 
changes, migration and reproduction in birds and briefly 
records facts regarding other animals. The photoperiodic 
response is extremely complex and the problems involved 
in analysing it are discussed in relation to natural be- 
haviour and to the experimental modification of the 
reproductive cycle by alteration of day-length. R. K. 
Clayton gives a second clear account; this one, on photo- 
taxis in micro-organisms, deals mainly with gréen flagel- 
lates, blue-green algae and purple photosynthetic bactena. 

The following three chapters are concerned with vision. 
The photoreceptor process in lower animals is surveyed 
by D. Kennedy, vision as a photic process by W. A. H. 
Rushton, and the physical limits of visual discrimination 
by H. B. Barlow. These are followed by a chapter by 
A. C. Giese, who provides a comprehensive survey of 
ultra-violet radiation action on animals. Action spectra, 
the nature of possible absorbing substances and the effect 
of physiological status on the types of response recorded 
are discussed and there is an interesting account of the 
use of ultra-violet microbeams to investigate effects on 
different parts of the cell. G. Zetterberg discusses the 
mutagenic effects of ultra-violet and visible light, and C. S. 
Rupert that strange phenomenon, the reactivation of 
ultra-violet light damage by visible light. For the inter- 
pretation of many of the effects on living organisms, 
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lucidation of the effect of ultra-violet on nucleic acids is 
ssential. K. C. Smith provides a critical account of our 
resent knowledge of their photochemistry and clearly 
idicates those areas which stand in need of investigation. 
the final chapter, by A. M. Chase, is devoted to bio- 
iIminescence, and here the biochemistry of the reaction 
2 & varied collection of organisms is described. 

Prof. A. C. Giese is to be congratulated on bringing 
ogether such an excellent and well-balanced selection of 
rticles. The standard of writing and clarity of exposition 
re consistently high. The treatment throughout 1s at an 
advanced level and the volumes should be of interest 
© research workers in neighbouring fields, university 
eachers and senior students. The high price will unfor- 
unately prevent many who might like to possess the 
‘olumes from purchasing them, but they should be found 
m the shelves of most institutional libraries. 

EDITH HARRISON 


THE THYROID 


The Thyroid 

tdited by J. Brach Hazard and David E. Smith (Inter- 
ational Academy of Pathology. Monographs in Pathology, 
Yo. 5.) Pp. xii + 288. (Baltimore, Md.: The Williams and 
Wilkins Co., 1964. Distributed in the United Kingdom 
zy E. and S. Livingstone, Ltd., Edinburgh.) 108s. 


EW organs of the human body have been the subject of 
such detailed and effective investigation during the 
Jast 20 years as the thyroid gland. In particular, the 
ise of radioactive isotopes of iodine has greatly facilitated 
1 wide range of biochemical investigation, and has made 
oossible very many measurements of the kinetics of 
odine metabolism in the thyroid gland or in different 
vody tissues in health and in disease. The applications 
»f radioiodine are so varied and by now so familiar that 
t 18 particularly refreshing to see a work devoted mainly 
0 other aspects of thyroid function and pathology, of 
vhich the examination does not depend on kinetic or 
netabolic tracer studies, but in which progress has been 
qually outstanding. 

For example, the examination of auto-immune processes 
n thyroid disease has thrown light, not only on the forms 
f local or general ‘thyroiditis’ in which they are consis- 
ently involved, and on the development of thyroid defi- 
‘iency without glandular enlargement, but also on auto- 
mmune phenomena generally in human disease. Similarly, 
itudies of the normal pituitary control of thyroid function 
iave failed to explain conditions of thyroid over-activity 
18 pathological exaggerations of the normal mechanism, 
ind the demonstration of an abnormal and long-acting 
timulator replacing and over-riding the normal hormonal 
sontrol is one which may have wider implications than 
n thyroid disease alone. 

The International Academy of Pathology’s monograph 
s based on communications presented by a number of 
wuthors at a meeting on ““The Pathologic Physiology and 
Anatomy of the Thyroid”? held in Cincinnati in 1963. 
Che review is thus a selective one, and deals with a number 
f important and developing subjects, with good co- 
yrdination of treatment and little unnecessary overlap 
yetween the work of different contributors. An excellent 
rroup of four papers deals with aspects of thyroiditis: 
ihe histological patterns associated with different clinical 
orms of the condition, by Woolner; the experimental 
sroduction of comparable lesions, by Witebsky ; the tech- 
1iques of antibody identification, by Beutner; and the 
ypes of immune phenomena occurring in thyroid disease 
xy Senhauser, based on collaborative work with Roitt and 
Doniach. Beierwaltes gives a useful survey of genetic 
actors in thyroid abnormalities, and Brown Dobyns has 
liscussed the pituitary and other stimulator processes 
nvolved in thyroid function and disease, including the 
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still somewhat nebulous ‘exophthalmos producing factor”. 
Prominence of the eyes can be due to so many different 
causes in different circumstances that 1t remains difficult 
to be sure of the relevance to the human condition of 
biological assay methods. Revealing data are given by 
Klinck on the distributicn of normal thyroid tissue outside 
the anatomical gland in man, and the same subject 1s 
referred to by Gorbman in his chapter on “‘Comparative 
Pathology”, which describes also the response of the gland 
to radiation—a subject dealt with in detail by Vickery, 
who discusses autoradiographic methods and artefacts 
with authority. 

Although the papers have been developed and extended 
since their oral presentation, the date of the original meet- 
ing is still reflected in the references cited, of which only 
about 10 per cent are more recent than 1961, with only 
3 per cent since 1962. Reviews do not therefore refer to 
recent findings such as tke curious associations of amyloid- 
producing medullary carcinomata with phaeochromo- 
cytoma, neuroma and a familial incidence of similar 
conditions, or the newer work on the chemistry of the 
thyroid-stimulating hormone and the long-acting stimu- 
lator, and the inter-relattons between the circulating levels 
of these substances in thyroid disease. 

The format and clarity of publication and illustration 
are excellent, with the one unfortunate exception that the 
very clear maps of the geographical distribution of goitre 
prepared by Kelly and Snedden and published in the 
World Health Organization monograph on Endemic 
Gottre, with goitre belts 2learly shown by red hatching on 
grey indications of mourtain areas, have been reproduced 
in monochrome in an >therwise admirable chapter on 
“Geographic Pathology af Thyroid Disease” by Scrimshaw, 
so that ıt is no longer pcssible to distinguish the limits or 
even the presence of goisre areas hatched in black on the 
black of mountainous regions. 

The work remains am important and authoritative 
review of many normal aad pathological aspects of thyroid 
function, and of techniques required in their study, and 
will be of value and stinrulus to many whose interests are 
in the control of organ function and the genesis of disease. 

E. Eric POCHIN 


THE EXPANDING EYE 


Development of the Eye 

By G. V. Lopashov and O. G. Stroeva. Translated from 
the Russian. Pp. 177. (Jerusalem: Israel Program for 
Scientific Translations; London: Oldbourne Press, 1964.) 
728. 


F there is a flaw in tae last movement of the “Fifth 
Symphony”, it is that Beethoven gave it too many 
endings: this book has too many beginnings. But once it 
reaches page 44 it cracke ahead, and it would be a grave 
error if one were to imagine that this is Mann’s or Barber’s 
book on ocular embryolcgy brought up to date. In fact, 
the authors disclaim to have written an ordinary text- 
book although their booE 1s both this and a monograph. 
As a text-book it form3 an approximate introduction to 
the subject. The student who uses it must pray that he 
will not be asked a question on the layers of His and 
Chiewitz, nor on the development of the vitreous (other 
students may be pardoned for whispering prayers regard- 
ing the latter question. As a monograph it offers a 
newly refreshing, 1f mechenistic, outlook onthedevelopment 
of the eye. Organizers have gone out of fashion, although 
“inducing agents” are still with it: there is no index to 
help you remember where exactly they are defined. But 
the basic idea underlying Lopashov and Stroeva’s view of 
the expanding ocular universe is that a shove here, a 
little pressure there will do the trick. What makes the 
tissues shove, what press? Ah—that would be telling. ... 
The approach enables ons to understand why the embry- 
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onic lens is both relatively large and spherical, for ıt 
helps to stretch the retina, thus speeding its differentiation 
into all those layers. It is a thousand pities that this 
subject of embryological mechanization is not pursued as 
regards the bearing it may well have on the aetiology of 
myopia, where deformation of the eyeball may be involved. 
In this context it is sad to report that the authors find that 
“accurate experimental data concerning the origin of the 
scleral mesenchyme is lacking” (p. 110): One also wonders 
to what extent birth is no more than an accident, of which 
the development of the eye, perhaps retarded in myopia, 
may not officially take cognizance. At the same time, the 
authors lead one to revise some older facile explanations, 
such as that of the transparency of the cornea on the 
basis that it is due to arrested embryonic development: 
when pigmented epidermis replaces ectoderm that would 
normally form a cornea, or the eye-anlage ıs transplanted 
under the abdominal dermal epithelium, depigmentation 
and corneal formation follow. Again, while the probabilis- 
tic approach has replaced that of predestination in general 
embryology, it is refreshing to see references to eye formea- 
tion of greater or smaller frequency even though they are 
not quantified. As the probability of most tissues to form 
parts of eyes is almost unity to begin with but. with the 
exception of the chosen few, they lose it rapidly as they 
have other business to attend to, the study of the eye, as 
the authors emphasize, may be of general embryological 
interest. One can almost watch someone compute the 
odds in favour of the formation of a monster—or a thalido- 
mide baby. Lest you think this far-fetched, conditions 
favouring the development of cyclopia and anophthalmia 
are carefully set out. It remains to be seen, however, 
whether the importance tentatively attributed by the 
authors to the blood supply in connexion with the 
formation of the embryonic fissure may not be exaggerated. 
Now for the criticisms. The production of the book is 
provocative. It is printed by a hthography-cum-type- 
writer process so that the right-hand edges are not 
squared off. I welcome this if it reduces cost, for so many 
technical books are produced for the greater glory of their 
publishers; inevitably out of date in two or three years’ 
time, such books contain Vance Packard’s ‘built-in 
waste”. But in this case economy went too far. The 
reproductions of the photographs may be acceptable to 
the Russian eye, but are valueless by Western standards. 
Moreover, it seems utterly fantastic that there is scarcely 
a reference to electron-microscopic studies and no photo- 
graph obtained with the electron microscope. Other 
anatomical writers’ habit of not considering a mention of 
the scale of magnification de rigueur is regrettably shared. 
And why Soviet references should be segregated from the 
rest in a list not free from error remains to be explained. 
The translation 1s adequate even though there is some talk 
about ‘inner ocular pressure’ and ‘accomodation’. Those 
remarks are, however, addressed to the authors. Let the 
reader be told that the book is stimulating, thought- 
provoking and definitely worth owning—for three or 
four years. R. A. WEALE 


CHEMOTHERAPY RESEARCH 


Antimicrobial Agents and Chemotherapy—!964 

Edited by J. C. Sylvester. Pp. xiii+ 789. Proceedings of 
the Fourth Interscience Conference on Antimicrobial 
Agents and Chemotherapy, New York, October 26-28, 
1964. (Ann Arbor, Michigan: American Society for 
Microbiology; London: H. K. Lewis and Co., Ltd., 1963.) 
15 dollars. 


Ar nen AT Agents and Chemotherapy—1964 
contains many of the papers presented at an Inter- 
science Conference in New York in October 1964. Like 
previous volumes in the series, ıt presents work which 
spreadeagles several disciplines, and the raw material from 
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which it ıs manufactured (as is noted in a preface by 
Orville Wyss) is extremely uneven. Nevertheless, most o? 
those who are concerned with chemotherapy, whether as 
clinicians, microbiologists, or chemists, will find in it 
something of interest. 

The book opens with a well-balanced article by Maxwel: 
Finland on “New Drugs and the FDA”. He directs 
attention to the results of two opinion polls on the new 
governmental requirements relating to drug safety, which 
appeared to show that “it was just the ones who raised 
the greatest fuss” (the university clinical research workers’ 
“‘who don’t lıke the idea of being regulated and restricted”. 
Maxwell Finland also directs attention to the important 
role of these research workers in attempts to umprove 
the evaluation of new drugs and makes a plea for pro- 
grammes designed to increase the supply and quality oj 
clinical investigators in this field. 

The first group of papers 1s concerned with the produc- 
tion, structures and biological properties of a number oj 
new antibiotics, most with antibacterial activity but some 
with antiviral and others with antitumour properties. 
The discovery of several members of the lincomycin and 
everninomicin families provides further examples of the 
common finding that a new antibiotic produced by a 
micro-organism turns out to be one of a group of compounds 
which have chemically related structures. 

A further section of the book deals with the new pen- 
cillins and the cephalosporins, mostly with their pharma- 
cological properties and clinical use in man. The value of 
these substances in medicine is now firmly established 
and useful assessments are made of their clinical status. 
However, H. J. Simon’s wish for a ‘panaceamycin’, with 
all the desirable properties of this group of drugs but a 
much broader spectrum of activity, including Pseudomonas 
and the fungi, is unlikely to be easily fulfilled and it is 
arguable that problems of drug resistance may be exacer- 
bated ın the future by the extensive use now of substances 
with very broad spectra of activity. 

Although the penicillins are non-toxic ın the ordinary 
sense one of their disadvantages is an ability to cause 
hypersensitivity reactions. There is some reason to 
believe that the cephalosporins are not cross-allergenic 
with the penicillins in man, although they appear them- 
selves to have caused some allergic reactions. However, 
an article by Paul H. Bunn directs attention to the complex 
nature of allergic reactions to the penicillins, to unvertainty 
about the hapten involved in the most serious of these 
reactions—anaphylactic shock—and to the absence of 
any simple and entirely reliable test for determining 
whether a person will react allergically to penicillin or 
not. Further basic studies of the immunological problems 
in this field are clearly desirable. 

The value of some of the new penicillins and the 
cephalosporins depends on their resistance to hydrolysis 
by B-lactamase (penicillinase) produced by Staphylococcus 
aureus. But chemotherapy by members of these groups 
of compounds has now been extended to Gram-negative or- 
ganisms, and the production by the latter of B-lactamases, 
which differ from the staphylococcal enzyme, has given 
the f-lactamase problem a wider clinical significance. 
M. R. Pollock has contributed a valuable review on the 
enzymes which destroy penicillins and cephalosporins, 
including a discussion of the probable role of conforma- 
tional changes in relation to some of the varying ‘penicil- 
linase’ and ‘cephalosporinase* activities which have been 
encountered with @-lactamases from B. licheniformis and 
Staph. aureus on combination with antibody. He has 
also considered the different approaches which may be 
made, in theory, to the B-lactamase ‘threat’ to chemo- 
therapy. 

Antineoplastic antibiotics are discussed in a series of 
five papers. S. A. Schepartz gives a brief account of the 
activities of the U.S. Cancer Chemotherapy National 
Service Center, established in 1955, which has evaluated 
more than 120,000 fermentation broths and 20,000 plant 
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əxtracts in transplanted rodent tumour systems. Five 
‘ermentation products reached clinical trial and two of 
hem, mithramycin and a quinone, streptonigrin, have 
shown reproducible activity against certain human 
sumours. Although the results of the programme so far 
aro described as encouraging there appears to be no 
strong reason as yet to expect that the systematic sereen- 
ng of natural products will uncover substances which 
san do more than cause temporary remissions. Neverthe- 
ess, until other approaches to the cancer problem show 
creater sign of success a strong case can be made for 
extensive support of this one. 

The remainder of the book contains a section concerned 
with the mode of action of antibiotics, including a paper 
on the effect of vancomycin on cell wall synthesis, and a 
variety of communications on subjects ranging from the 
increasing resistance to penicillin of the gonococcus to the 
quantitative estimations of antibiotics separated by thin- 
layer chromatography. The book 1s not one in which the 
reader will expect to find major contributions to the 
scientific basis of chemotherapy; but it brings together a 
great deal of useful information. E. P. ABRAHAM 


SYNTHÈSE MANQUEE 


Human Senses and Perception 

By Prof. G. M. Wyburn, Prof. R. W. Pickford and Prof. 
R. J. Hirst. Edited by Prof. G. M. Wyburn. Pp. xii+ 
340. (Edinburgh and London : Oliver and Boyd, Ltd., 
1964.) 45s. 


Ta authors of this unusual book occupy respectively 
the chairs of anatomy, psychology and logic in the 
University of Glasgow, and their avowed aim is “‘to make 
readily available within one cover the kind of information 
that a biologist, psychologist or philosopher might wish 
to have concerning those aspects of the subject outside 
his special interests’. This is a praiseworthy intention, 
but one notoriously difficult to translate into practice. 
How well have the authors succeeded ? 

Prof. Wyburn provides an excellent outline of the 
anatomy and physiology of the senses along standard 
text-book lines. It 1s clearly written, agreeably up to 
date, and pitched roughly at the level of a first-year 
university course. While it would do excellently for 
budding biologists or medical students, one may be 
allowed to wonder whether it will prove so satisfactory 
for the students of philosophy or psychology for whom it 
is presumably intended. Already on p. 7 the author deals 
with decremental and non-decremental electrogenesis 
in the nervous system, which might be expected to scare 
the life out of any but the most intrepid philosopher. 
He does not seem to appreciate that students of philosophy 
or psychology, however intelligent they may be, seldom 
understand matters so elementary as basic physical units 
or the nature of the cell. While quick to acquire (and 
even quicker to question) scientific information, they have 
to be inducted into a whole new way of thinking. Indeed, 
what is really needed is a presentation of sensory physio- 
logy designed for highly intelligent scientific idiots. But 
this is no doubt crying for the Moon. 

Prof. Pickford has an easier time, for what he has to 
say is, by and large, understandable to both biologists 
and philosophers. He deals almost wholly with experi- 
mental psychology, particularly ın its application to 
vision. Yet a little more editorial bridging would have 
been a great help. Prof. Pickford’s pomt of view 1s that 
of the traditional psychologist, concerned to delimit 
the conditions of perception with scant regard to its 
anatomical and physiological substratum. Yet psycho- 
physiological bridges do nowadays exist, in neurophysio- 
logy, in clinical neurology and even in the applications of 
information theory to the analysis of sensory processes. 
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A httle more recognition of their existence might well 
have caught the imagination of the young biologist or 
medical student, so often keenly interested ın psychology 
but so often defeated by its seeming lack of coherence 
with the disciplines he understands. 

Prof. Hirst’s contribation is a straightforward essay in 
the philosophy of psychology. While incompetent to 
assoss its technical merits, I believe that it has much to 
teach physiologists anc experimental psychologists, prone 
as they are to flounder-in quasi-philosophical bogs of their 
own making. Philosophy, ıt is true, cannot solve their 
problems, but some acquaintance with philosophical 
method may well shazpen argument and prevent much 
fruitless discussion. For the bright science student with 
an interest in perceptian, this account of the philosophical 
issues involved has mvch to commend it. 

While Human Senses and Perception should have con- 
siderable value, and dces to an appreciable extent justify 
the intention of 1ts authors, ıb cannot be said to provide 
even the hope of a synthesis in the study of the human 
senses. Indeed, it is mot even what is fashionably called 
‘inter-disciplinary’. ‘Lhere ıs no suggestion that any 
of the authors, in dep»ying his own expertise, has been 
influenced in the shght»st degree by that of his colleagues. 
Perhaps this was intensional but ıt might seem the waste 
of an unusual opportunity. For all the many and varied 
merits of this book, those in search of a synthesis must 
still be advised to read their Helmholtz. 

O. L. ZANGWILL 


AGEING IN EASTERN EUROPE 


International Conference on Gerontology 

Edited by A. Balazs. Pp. 939. (Budapest: Akadémiai 
Kiadó, Publishing House of the Hungarian Academy of 
Sciences, 1965.) 19.6C dollars. 


ERONTOLOGICAL research in Britain has progressed 
considerably sinca the third international congress 
was held in London in 1954. However, ıt is extremely 
unlikely that had Britain been host to another congress 
in 1962, it would have been able to provide nearly one 
hundred papers. Thatthis was possible for gerontologists 
in Hungary in that year demonstrates the importance 
which ageing research has attained in that and other 
Eastern European countries. The geographical region 
from which the mayjori=y of the contributors are drawn 1s 
very circumscribed. I% could more rightly be described 
as an Eastern European congress. 94 per cent of the 
p2pers originated from Hungary, Romania, Ozechoslo- 
vakia, East Germany and the U.S.S.R. This does 
not, however, detract Xom the value of the publication. 
In 1964 the British Society for Research on Ageing 
organized a one-day meting in London to which Eastern 
European gerontologisss were invited, with the express 
view of permitting Br-tish workers in this field to learn 
more of work ın progress in Eastern European countries. 
international Conference on Gerontology provides similar 
facilities on a much larzer scale, and, without taking into 
account the intrinsic worth of the individual papers, can 
fulfil two important ftmetions in Britain to-day. First, 
it can act as a check-~ist of the research projects being 
undertaken in these zountries, and secondly, it must 
serve as a warning thet Britain has still failed to appre- 
ciate to the full the importance of the ageing problem to 
the extent demonstrated by other countries with far 
smaller national budgets. 

Two factors militate slightly against the general useful- 
ness of the book. One,a general complaint of all congress 
memoirs, is the restricsed length of each communication. 
This renders the book a specialist tool since no space is 
available for critical aDpraisal of the surrounding fields. 
The second is peculiar to the origin of the book. Nearly 
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8 per cent of the papers are in Russian, and for those 
whose linguistic attainments do not include this language 
rial summaries nor even title are included in any 
other. 

The book ıs divided into three sections dealing broadly 
with the biological, medical and sociological aspects of 
ageing. It would, I thik, be invidious to comment 
individually on selected papers, and the general impression 
given by the three separate sections may be of more help 
to would-be readers. 

Although the biological section ranges from botany to 
palaeo-pathology, the main accent is on vascular changes, 
where the involvement of proteins, polysaccharides, lipids 
and hormonal secretions is considered. E 

The geriatric section ıs, as might be expected, much 
more varied in 1ts approach, ranging from general questions 
of the care of the aged to specific topics and specific 
conditions which require particular control ın aged 
subjects. For British geriatricians 1t is unfortunate that 
this section contains the highest proportion of papers in 
Russian. 

One or two of the papers in the sociological section 
present studies which are peculiar to Hungary or to ageing 
in a socialist republic, but the majority touch on problems 
which are of universal interest. In this section in particu- 
lar, I, as a biochemical gerontologist, found the shortness 
of the papers most frustrating. 

In general this is a mammoth publication which should 
serve as very good general reading for all those concerned 
in similar work. It is only to be deplored that three 
years have elapsed between the congress and its publica- 
tion. Davin A. HALL 


THINKING BROKEN DOWN 


The Pathology of Thinking 
By B. V. Zeigarnik. (The International Behavioral 
Sciences Series.) Translated from the Russian by Basil 
Haigh. Pp. xvi+2l1]. (New York: Consultants 
Bureau, 1965.) 12.50 dollars. 


O those who imagine contemporary Russian psy- 

chology to consist entirely of post-Pavlovian elabora- 
tions, experimental and theoretical, out of touch with the 
actual behaviour of individuals, this book may come as 
something of a surprise. Dr. Zeigarnik presents a great 
deal of empirical data from her investigations of the break- 
down of normal intellectual processes in a variety of 
pathological conditions ranging from schizophrenia to 
arteriosclerosis, and sets them in a framework which 
seems to owe much to the inspiration of Vygotsky, who 
for a number of years exercised more effect in the West 
than in his native land. 

In her introductory chapter, Dr. Zeigarnik accepts much 
from the classical German school of neuropsychiatry of the 
late nineteenth century, notably from Breuler, though she 
is perhaps rather unsympathetic and a trifle doctrinaire in 
stressing the dependence of its views on ‘idealistic’ and 
‘faculty’ presuppositions. Her account of more recent 
American, German and British contributions is sometimes 
so compressed as to impose some distortion. But her 
basic point is clear. ‘Classical’ theories—whether they 
tend, on one hand, to doctrines of cerebral] localization or of 
distinct, innate faculties, or, on the other, to cerebral 
mass-action or a Gestalt principle of function—are inade- 
quate inasmuch as they neglect the essential characteristic 
of thought, which is to issue in action. It is in this latter 
conviction that Zeigarnik approaches the pathology of 
intellectual processes. 

Her methods of investigation are quite largely ones 
similar to those used by others during the past forty years. 
Classification of objects, the perception of exceptions, 
understanding of proverbs, and the arrangement of pic- 
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tured events in logical time sequence are all test pro- 
cedures of proved value and much used by clinical 
psychologists the world over. An interesting fresh 
element 1s, however, provided by the ‘method of picto- 
grams’ (suggested by A. R. Luna) in which the patient 
ıs required to devise his own pictorial aids to memory 
for words, and the character of these aids provides data 
for an assessment of his abstractive capacities and 
tendencies. 

So far as case-material is concerned, Zeigarnik has 
drawn her net wide. It comprises the major psychoses, 
traumata, vascular disease and perinatal injury and in- 
fective conditions. It 1s a pity that relatively little atten- 
tion is paid, in any adequate statistical way, to assessment 
of the test results in terms of differences of pathology. 
But Dr. Zeigarnik’s emphasis (in what is stated at the 
outset to be a students’ text-book) is on the discernment 
of the main lines of intellectual breakdown regardless of 
its cause. These lines are three: (1) of abstraction and 
generalization; (2) of the logical course; (3) of the pur- 
posiveness, of thinking. That these three categories 
emerge so closely similar to the conclusions of other 
workers whose basic assumptions may have differed 
considerably is indeed a hopeful sign. Dr. Zeigarnik 
makes a contribution of considerable value, less on grounds 
of originality than through the admirable and fascinating 
way in which she illustrates her contentions by direct 
reference to her empirical material. Every now and then, 
however, her presentation seems to draw attention rather 
to the stereotyped character of normal behaviour adjudged 
‘correct’ than to the true deviance of abnormal function. 

It seems sad that academic Russian, at least in a field 
hke this, apparently cannot go with any ease into simple, 
direct English. There is a cold didactic atmosphere about 
this translation which may perhaps be unavoidable, but 
which is notably at variance with many people’s experi- 
ence of conversational exchange with Russian colleagues. 
The book ought to be read, not only by those with direct 
concern with the breakdown of thought in pathological 
conditions but also by anyone interested in the analysis 
of the supposedly normal. R. C. OLDFIELD 


PHARMACY IN HISTORY 


Pharmacy in History 
By Prof. G. E. Trease. Pp. vi+ 265. 
Tindall and Cox, Ltd., 1964.) 50s. 


ODERN materia medica is so largely concerned with 
F defined and standardized substances that its 
evolution from the vegetable, animal and mineral materia 
medica of earlier times tends often to be overlooked. The 
isolation of chemical constituents from natural products 
and the evaluation of their biological effects, leading to the 
synthesis and evaluation of analogues, are relatively 
recent developments. It is fascinating, therefore, to 
recall our inheritance from earlier times and the periods of 
progress, stagnation and decline in medicine, science and 
the arts that have occurred. The history of medicine and. 
pharmacy is not one continuous progress. It is important 
to be reminded of this lest we become too obsessed with 
the seeming miracles of modern therapy. ‘There are many 
“diseases of medical progress” and many problems to be 
solved in the safe use of a vast and growing range of 
powerful therapeutic agents. 

Man has learnt much by trial and error through the 
ages, and will doubtless continue to do so, however much 
scientific development encourages the planning of the 
trials. It is very interesting and instructive to read, in this 
concise and excellent monograph by Prof. Trease, of the 
development of pharmacy in history. 

Pharmacy is concerned with medicines, and there have 
been many seemingly strange aberrations in its historical 
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levelopment. There will, doubtless, be many more in the 
uture. 

For centuries, man has separated those plants which 
vere good for food from those which were poisonous. That 
nowledge or “‘wortcunning’”’ provided him with his first 
‘egetable drugs. He learned that spices not only improved 
he taste of food but also had a preservative action 
ixtracts of both plants and animals provided arrow- and 
pear-poisons, and the effects of these and other poisons 
vere noted but not understood. The preparation of drugs 
nevitably became associated with magic and religion and 
nedical practice became the province of witch-doctors, 
riests and physicians. 

Our older materia medica developed empirically from 
he folk medicines which were often beneficial but not 
langerous. It included herbs used for flavouring and 
reserving food (‘spices’), purgatives and remedies for 
xpelling worms and killing lice. But it also included 
nany preparations which were useless and unfortunately 
ome of them are still used especially among poor people 
n many countries. There 1s undoubtedly, however, 
ouch yet to be learnt from investigation of the folk 
nedicines of the world. 

Trease briefly recounts our knowledge of ancient 
Sgyptian materia medica, of the contributions of Greek 
ivilization in the immediate pre-Christian era, through 
he investigations of Hippocrates and Theophrastus, and 
ater, in the Roman Empire, through the work and writings 
f Pliny, Celsius, Dioscorides and Galen. He continues 
rom Galen to the Middle Ages and then to the considera- 
ion of early technology and early alchemy. The develop- 
nent of weighing, of comminution, of pottery, ceramic and 
‘lass, of oils, perfumes and cosmetics, of sweetening agents 
nd fermentation and of colouring matters all contributed 
o the development of pharmaceutical preparations. 
\lchemy, though particularly concerned with the trans- 
nutation of base metals into gold, was also concerned with 
ttempts to discover the ‘pill of immortality’ and the 
slixir of life’. Thus it attracted many apothecaries. The 
vords apotheke and apotheca originally meant a storehouse, 
ut gradually came to mean a storehouse for the com- 
nodities sold by a pharmacist, and in time were applied 
o the whole of pharmacy. From an early date the 
harmacy in Britain included areas for retail sales, for 
torage, and for the preparation of medicines. In medieval 
imes drugs formed part of the miscellaneous collection of 
‘ommodities known as ‘spicery’. Later these were often 
oughly divided into the lighter, more expensive items 
mown as ‘apothecaries’ wares’ and the more bulky and 
ess expensive ‘grocery’. The grocers derived from the 
epperers and spicers, the apothecaries from the spicers, 
ind the chemists and druggists from the alchemists and 
he apothecaries. Trease re-tells the vicissitudes of the 
pothecaries and their long quarrels with the physicians, 
ulminating in the Rose case of 1703-4, which had a pro- 
ound effect on the subsequent practice of both medicine 
nd pharmacy in Britain. The House of Lords found in 
avour of the apothecary, Rose, and against the College of 
*hysicians in respect of the supply of medicines which 
iad not been prescribed by any physician. Thereafter, 
pothecaries became increasingly concerned with the 
rractice of medicine, and the term apothecary gradually 
hanged its meaning from that of a pharmaceutical 
mactitioner to that of a general medical practitioner. 
\lthough apothecaries continued to be interested in the 
reparation and supply of medicines, as well as in the 
dvice of patients for a further two centuries, chemists and 
lruggists developed separately from the apothecaries, 
orming their own associations. Eventually they founded 
he Pharmaceutical Society in 1841, and acquired head- 
juarters for it at 17 Bloomsbury Square, London. They 
stablished there in 1842 the first School of Pharmacy in 
3ritain. 

Trease traces chronologically the development of 
Inglish pharmacy against a concise background of relevant 
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general and social histo-y and in so doing traces, too, the 
developments which have led to our modern materia 
medica and the widening scope for the pharmacist with the 
development of pharmaceutical education. The biblio- 
graphical references, tke quotations from literature and 
the well-selected illustrations add much to the value of the 
book, which should appeal not only to students and 
practitioners of medicine and pharmacy, but also to a 
wider public. FRANK HARTLEY 


SCIENCE IN HUNGARY 


Science in Hungary 

Edited by Dr. T. E:cey-Griz and Dr. I. Trencsényi- 
Waldapfel. Pp. 316438 photographs. (Budapest: 
Corvina Press, 1965.) p. 


HE Hungarian word for science 18 co-extensive with 

the German Wissenschaft and covers all fields of 
systematic study, from mathematics to musicology. The 
Hungarian Academy o= Sciences, founded in 1825, was 
powerfully reorganized in 1949 under its president to 
this day, the eminent medical scientist Prof. Istvan 
Rusznyák, and directs the scientific life of the whole 
country. It has eight sections—Language and Literary 
Sciences, Social and Historical Sciences, Mathematics and 
Physics, Agricultural Sciences, Medicine, Technical 
Sciences, Chemistry and Biology—but in fact its activities 
cover an even wider field, because it has attached to it an 
Institute for Musical Folklore, under Zoltán Kodály. 

The present book, after an introduction by Prof. 
Erdey-Griz, contains nineteen reports by twenty-two 
specialists, extending over the whole vast area of sciences, 
with the notable exception of technology, which is repre- 
sented in the excellent Plates, but not in the text. This 1s 
regrettable, because Hungarian technology has many 
outstanding achievemerts to its credit, such as the flour 
roling mill, the trans®rmer, the rotary converter, the 
first tungsten lamp aad many others. Perhaps this 
will be remedied in a later volume. 

Hungary was long known as the greatest exporter of 
scientists among the small countries: of men such as v 
Karman, v. Hevesy, Bárány, Polanyi, Szilárd, v. 
Neumann, Wigner, Telbr, Szent-Györgyi and v. Békésy, 
with five Nobel Prizewinners among them. After 1948 
the scientific leaders of the war-shaken and impoverished 
country made a determmed effort to stop it scattering its 
treasures and to create she right environment for the rich 
native talent. The result is five universities of arts and 
sciences, six universities of technology and agriculture 
and four universities »f medicine with altogether 650 
departments. Even more important are perhaps the 
125 independent researeh institutes, of which 40 belong 
to the Hungarian Academy of Sciences. The time 1s 
past when outstanding mathematicians and physicists, 
far too many for the few university chairs, had only the 
choice of becoming science teachers in secondary schools 
or of emigration. 

Of the nineteen reparts in Science in Hungary, seven 
can be considered as irside the field of natural science: 
“Physics”, by Prof. Gyulai; “Chemistry”, by Benedek 
and Kardos; “Earth Sdences”’, by Fülòp; “Biology and 
Medicine”, by Törő; ‘ Veterinary Science”, by Mécsy; 
“Agronomics”, by Kolkay and Tamássy; “Mathematics”, 
by Hajós. They all contain historical mtroductions on 
the pathetic struggles of the early pioneers, of great 
interest to all historiars of science, rounded off by the 
much rosier picture of the new institutes in statu nascendi 
or already well establisned, and the achievements of the 
new men. A glance at the photographs of the new 
Medical Research Censre or of the Central Research 
Institute of Physics wil give impressive proof to anybody 
that this small, and, b} Western standards, still not rich 
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country has done everything for science that can be 
done in the way of organization. If one adds to this 
what one knows of Hungarian talent, there can be little 
doubt that these efforts must be followed by a rich 
harvest. ) 
This handsome volume, in impeccable English, 1s not 
for sale through the trade, but scientists interested in 
Hungary may be able to obtain it through the Scientific 
Officer of the Hungarian Embassy, London. 
D. GABOR 


EARLIEST CIVILIZATIONS OF THE 
NEAR EAST 


Earliest Civilizations of the Near East 
By James Mellaart. (The Library of Early Civilizations.) 
Pp. 143. (London: Thames and Hudson, 1965.) 30s. 


HE making of metal tools is a complicated process, 

more especially when the copper is derived from its 
sulphide ore. It would seem reasonable, then, to assume 
that the discoveries which led to the preparation and use 
of metals for tool-making purposes eventuated in only 
one or two places, and thence gradually spread around the 
world. The practice of agriculture and the domestication 
of animals, on the other hand, can result from climate 
changes and could have evolved independently in many 
different regions. Agriculture, especially, gave rise to 
the village and later to the articulated town where different 
groups of people performed different functions for the 
good of the community. Early Neolithic cultures as a 
rule are, therefore, more diverse in development than are 
the early metal cultures, and it is to the Near East that 
we must, perhaps, look for these earliest appearances. 
They succeed the so-called Mesolithic cultures which 
grew up following the changes of climate which took place 
at the end of Palaeolithic times. These in turn gave rise 
to a Protoneolithic period when tentative attempts at a 
simple agriculture and the domestication of animals can 
be observed. Then come the fully developed Neolithic 
cultures with, somewhat later, the manufacture of pottery. 
As has been indicated not a few slightly different develop- 
ments of this true Neolithic civilization can be observed 
in the Near East. In Harlest Civilizations of the Middle 
Hast the author has described many of these for us, and 
the frequent illustrations, often in colour, help the reader 
to visualize how these early folk lived and the sort of 
objects they made. 

In Anatolia a few naturalistic paintings and engravings 
have been observed which have been classed as late 
Palaeolithic, and, following these, there is a spread of 
Mesolithic cultures with typical industries including 
pygmy tools. One of the more evolved of these ıs the 
Natufian culture of Palestine. An illustration gives a 
good idea of the characteristic objects made. The proto- 
neolithic is next considered and the succeeding chapter 
deals with Syria and Palestine in the seventh millennium. 
Here it may be mentioned that in the Near East the 
chronology is considerably ‘longer’ than has, until 
recently, been considered to be the case in the West. 
Almost certainly we in this part of the world will have to 
lengthen out our own Neolithic era. Succeeding chapters 
deal with the ceramic Neolithic period in Syria, Lebanon 
and Palestine, as well as in Mesopotamia and Northern 
Jran. Once again the illustrations are especially useful 
in enabling the reader to visualize the differences between 
the various culture groups. There follows a chapter on 
Anatolia where the author is very much on his own ground. 
Here he points out that it is a mistake to think of Anatolia 
as a barbarian fringe to the “fertile crescent’. On the 
contrary, the region was a great cradle of fine Neolithic 
cultures. The most splendid site is Catal Hüyük, covering 
some 32 acres. There are 12 successive building-levelr 
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dating from 6500 to 5650 B.c. There are wall paintings, ə 
rich industry including necklaces and many pottery 
statuettes of goddesses, etc. There is also a shrine elabor 
ately furnished with bulls’ heads. It would seem, too, that 
woven material was made. Catal Hiyiik was the higł 
spot of the Near East Neolithic and after it the succeeding 
early metal age (Tell Halaf) seems almost to be a come- 
down. Nevertheless, the future, of course, lay with the 
spread of metal industries and the final chapter describes 
some of these in the area. 

Admittedly the title of this little book confines us to the 
Near East, but it is perhaps sad to have to consider these 
regions, however important, without any chronologica 
tie-up with the Neolithic cultures of Europe and else 
where. None the less, this volume makes an admiranle 
introduction to the subject and the author is to be con. 
gratulated. M. C. BURKITT 


ALGEBRA OF THE LATTICE 


Introduction to Lattice Theory 

By Prof. D. E. Rutherford. (University Mathematica 
Monographs.) Pp. x+117. (Edinburgh and London 
Oliver and Boyd, Lid., 1965.) 35s. 


SET of elements 2, y, . . . is partially ordered if there 

is a binary relation x > y which is reflexive, anti- 
symmetric and transitive. This is a wide classification 
In Introduction to Lattice Theory, Prof. Rutherford gives 
as an example, the set of all human beings, when x > 2 
means that either « and y are the same individual or 4 
is & descendant of «. The idea goes back, at least im- 
plicitly, to Boole, whose algebra remained for a long time 
the only system in which the elements need have no 
numerical significance. C. S. Pierce remarked that, if ai 
order relation exists, union and intersection can be 
defined as the least thing which contains x and y, and the 
greatest thing contained in both v and y, that is, as s 
least upper bound and a greatest lower bound, respec 
tively. Schroeder cleared up some of Peirce’s detail, anc 
Dedekind directed attention to the importance of orderec 
sets, and lattices. A lattice is a partially ordered set 
such that any two elements possess both a least uppe» 
bound and a greatest lower bound: for example, the se 
of all positive integers when « > y means that y is a facto 
of x and the bounds are then the lowest common multip) 
and the highest common factor. 

Boolean algebra now appears as the first and still one 
of the most fascinating of investigated lattices. Lattice: 
may be classified into main groups according to the various 
further restrictions laid on their relations, and Prof 
Rutherford gives a very clear and comprehensive picture 
of these types, and their applications to logic, topology 
geometry, and switching circuit theory. His book is 
meant for the undergraduate just beginning to make s 
serious study of abstract algebra, and is better suited fo 
this purpose than its only competitor in English, the 
brilliant but somewhat highbrow volume by Garrett 
Birkhoff in the American Mathematical Society Collo. 
quium Series. Rutherford knows that the omission oj 
steps which would be obvious to the trained and sophisti 
cated mathematician may cause endless trouble to the 
beginner; he therefore gives his proofs in full and adds a 
good deal of informal expository comment, providing 
also some sensible examples for the reader. His text has 
been remarkably well organized to allow him to do al) 
this in little more than 100 pages, but, of course, it still 
demands, as by their nature do all texts on abstract 
algebra, a remarkably high degree of sustained concentra- 
tion on the part of the reader. Granted this, the rewards 
to be obtained from a study of this live and growing 
field are considerable, as a pleasure in itself and as a 
stimulus to constructive work. T. A. A. BROADBENT 
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30d Beyond Time 
3y J. H. Reyner. Pp. 110. 
965.) 21s.; 4 dollars. 


f YOD Beyond Time is a readable and interesting account 
_J of the various tenets which—largely by convention 
md unquestioning custom—we cherish with respect to 
ime. It is an age-long problem, with “Time’s arrow’ 
lways facing towards the future, giving little encourage- 
nent to clear thinking as to the possible effects of time 
eversal and the now generally accepted principle that in 
ertain circumstances entropy may remain constant, or 
ven decrease. 

Some of the most original parts of the work deal with 
tates of mind commonly classed as abnormal: Mr. 
teyner is sure that there is a (real) noumenal world having 
roperties which a purely materialistic science cannot hope 
o reveal. It is certainly true that a subject under the 
afluence of the alkaloid mescaline experiences visions 
kin to those of the biblical witnesses of the Apocalypse. 
sut it is equally clear that these strange events are due to 
aterference with the normal functioning of glucose in the 
rain: it is a matter for serious reflexion what mankind 
rould have been hke if this reaction had been different 
rom what in fact it is. 

Mr. Reyner deals bravely with the ether of space; 
endered needless by the mathematics of relativity, but 
ot thereby necessarily eliminated from the thought- 
rocesses of natural philosophers. Most probably many 
16n of science feel that in ether physics they stand at the 
ery frontier between the observable and the unknowable, 
rhere negative experiment may hide a world into which 
nly metaphysics can enter, if at all. These deep waters 
re probed with a seemly reverence, and a realization of 
1e limits of the scientific method, as commonly under- 
sood. F. I. G. RAWLINS 


(London: Regency Press, 


cience, Faith and Society 
'y Prof. Michael Polanyi. Pp. 96. (Chicago and London: 
Iniversity of Chicago Press, 1964.) 3.75 dollars; 28s. 


lature and God 
y Prof. L. Charles Birch. Pp. 128. 
ress, Ltd., 1965.) 6s. 6d. 


O the second edition of his Riddell Memorial Lectures 

on the meaning and nature of scientific enquiry, 
riginally published in 1946 under the title Science, Faith 
nd Society, Prof. Polanyi contributes a now introduction, 
Background and Prospect’’. In this he cites several 
Titers such as W. I. Beveridge, J. Bronowski and $. 
oulmin, who have published, in the interval, views on 
10 nature of science and pursuit of discovery which over- 
ip his own. He reiterates that we still have no clear 
mnception of how discovery comes about and that the 
reative life of any community organized essentially on 
20 line of scientific life rests on a belief in the continuing 
ossibility of revealing truths still hidden, or, as he now 
refers to express it, in a belief in ‘‘the reality of emergent 
leaning and truth’. Apart from this, Prof. Polanyi’s 
rgument for a symbiosis between thought and society 
ads him to insist that a general respect for truth is all 
iat is needed for society to be free. Moreover, while he 
2allenges the Marxist position as firmly as ever, he 
ems more hopeful of an ultimate rapprochement from 
16 Communist side leading to a modern theory of freedom. 
he introduction and the original lectures are highly 
levant to present-day discussions on the organization 
f science and on planning in general in Britain. Ib is 
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REVIEWS 


from this pragmatic pcint of view, perhaps, rather than 
for its contribution to the philosophy of science, that 
this second edition is welcome. 

The book has in fact much less in common with Prof. 
Birch’s little book than the titles would suggest. While 
Prof. Birch believes thet the supernaturalist tradition in 
theology and traditionél science are being driven farther 
and farther apart, he slso believes that radical changes 
within science and withm theology and philosophy are alt- 
ering the whole traditional position. His book is an attempt 
to explain these changes and the new and constructive 
way of looking at the ratural world, in the light both of 
science and of Christian insights, which these changes 
open up. He begins ky reviewing the successive views 
of the universe from tke sixteonth century to ‘“‘Darwin’s 
century’, which has a chapter to itself. A chapter on 
chance and purpose ccntinues this historical exposition 
and this is followed by one in which he considers the 
modern concept of crestion in the light of the concept 
which is based on The 3ible. The essence of the book is 
in the final chapter on the meaning of creation in which 
Prof. Birch sets forth (without dogmatism) six affirmations 
about the nature and meaning of creation which he 
develops from the chsénges previously described. His 
argument is supported chapter by chapter, by lists of 
references which const:tute an admirable bibliography. 
Whether or not Prof. Birch convinces his readers, he 
stimulates discussion and thought, and his little book 
should shatter complacency and dogmatism on either side. 


Early Seventeenth Cenzury Scientists 

Edited by R. Harré. (Commonwealth and International 
Library, Science and Society, Vol. 1.) Pp. xi+188. 
(Oxford, London and New York: Pergamon. Press, 1965.) 
258. 


dl Re seventeenth century was a golden age in the 
history of science. The telescope had opened up vast 
new spaces in the cosmos and the microscope was revealing 
the infinite variety and wonder of new miniature worlds. 
Various academies of science were in bemg and, in 
particular, the Royal Sariety of London had been founded 
on the Restoration of the Monarchy. Galileo had died and 
Newton been born in the same year, 1642. On every side 
there was the joy in the use of eyes, ears and limbs in 
the study of Nature and the improvement of industry 
and navigation. Mathematics was becoming, to an increas- 
ing extent, both the handmaid and the language of science. 
The end of the Thirty Years War in Europe and the 
Commonwealth in England was marked with a great 
sense of freedom in observation, thought and ım- 
vention, as well as in more trivial matters. By the 
study of seven scientisis the authors present the state 
of science, both in metkod and in content, between 1590 
and 1645. 

The development of ideas of scientific method is followed 
through Bacon and Descartes, the development of the 
rudiments of biochemistry ın Van Helmont, of physics 
in Gilbert, Galileo and Kepler, and of physiology in 
Harvey. Each of these men might be regarded almost as 
the founder of the branch of science in which he specialized, 
and laid the foundatiors on which the modern shapes 
of the respective branches of science were built. The 
“Harvard Case Books” have shown the way to a useful 
treatment of topics in tke history of science. More impor- 
tant than details of the lives of scientists are the climate 
of thought in which shey worked, their methods of 
working, their antecedsnts and advances in scientific 
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method which accrued from their ideas. This method 
allows each scientist to be studied in depth, and each 
biography is sufficiently long for the purpose. The con- 
` tributing authors are R. Harré on Gilbert and Kepler, 
J. J. Macintosh on Bacon, M. Deutcher on Descartes, 
D. Knight on Galleo, D. Goodman on Harvey and J. 
Mepham on Van Helmont. 

The paper-back of only 188 pages must be considered 
expensive when compared with other books of similar 
size. W. L. SUMNER 


Science in History 
By J. D. Bernal. Third edition. Pp. xxvu + 1039. 
(London: C. A. Watts and Co., Ltd., 1965.) 84s. 


OR this third edition, Prof. Bernal has almost com- 
pletely re-written Part 6 of the earlier editions of 
Science ın History, with the exception of the chapter on 
the social sciences in history. Part 7, which contains his 
conclusions and is entitled Science and History, 18 sub- 
stantially unchanged, apart from some factual corrections 
bringing it more up to date and the addition of a section 
“Science in a Rapidly Changing World”, as well as some 
new paragraphs dealing with, for example, the organiza- 
tion of scientists, information services, and secrecy: 
a few paragraphs have been omitted, and others, like that 
on science in the developing countries, revised. Apart, 
therefore, from the bulk of Part 6, constituting some 328 
pages out of a total of 978 and containing in successive 
chapters brilliant reviews of the physical sciences and of 
the biological sciences in the twentieth century, the book 
is substantially unchanged, and reflects the weaknesses 
that have attracted criticism in the earlier editions. 
Prof. Bernal is too enthusiastic an exponent of Marxism 
for his book to be fairly described as history in any true 
sense: his enthusiasm leads him to make the most naive 
and questionable assertions as if they were generally 
accepted propositions. If his failure to discriminate 
between opinion and fact makes part of the book still 
misleading for the immature and less informed, the 
brilliance of those two chapters on the physical and 
biological sciences alone makes the book worth reading. 
The bibliography includes many references to publications 
since the first edition appeared in 1954. R. BrRiGHTMAN 


Mathematical Discovery 

On Understanding, Learning, and Teaching Problem 
Solving. Vol. 2. By G. Polya. Pp. xi+191. (New 
York, London and Sydney: John Wiley and Sons, Ince., 
1965.) 42s. 


NS competent teacher of mathematics can afford to be 
Í ignorant of the sequence of books by Polya on the 
art and science of solving mathematical problems, in 
which the author shows how the seemingly subconscious 
processes of discovery and proof, as described by Poincaré 
and analysed by Hadamard, can be assisted and developed 
by conscious organization. His examples are taken from 
the elementary ranges of school mathematics, but they 
serve to illustrate how to discard blind alleys and find 
through routes, how to search for equivalent and possibly 
simpler results, how to strip away inessentials by looking 
at generalizations, how to acquire by experience the skill 
in selecting the right tool for the job. How would you 
set about finding the volume of the frustum of a pyramid ? 
In the theorem that if three circles having the same 
radius pass through a point, the circle through the other 
three points of intersection has the same radius, how can 
we organize our knowledge in such a way as to lead us 
to the hinge on which the result turns ? The whole book is 
packed with case-histories in the anatomy and psychology 
of mathematical discovery, chosen from simple algebra, 
geometry and trigonometry by one who has proved 
himself a master of recondite research. It should be in 
every school library, to be read by every teacher of 
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mathematics and by every pupil who aspires to a genuin! 
knowledge and understanding of mathematics; and i 
will make all readers envious of those who have had th: 
privilege of attending Polya’s seminars ın problen 
solving, given for high-school teachers at tanfor 
University. T. A. A. BRosDBENT 


The Physics of Ice 

By Prof. E. R. Pounder. (The Commonwealth anı 
International Library: Geophysics Division.) Pp. vic 
151. (London and New York: Pergamon Press, 1965 
17s. 6d. net. 

CE is a substance the properties and peculiarities o 

which are of interest in many fields of science anı 
technology. Its more unusual properties can be attribute: 
to a lack of symmetry and resulting dipole moment o 
the water molecule itself, which 18 preserved in the ic 
lattice. Prof. Pounder has found that the physics of 1¢ 
m its broadest context is too extensive a subject to b: 
discussed within the confines of a paperback, and, in Th 
Physics of Ice, has limited himself to topics related to hi 
own speciality, sea ice. Indeed, the “‘Physica of Se 
Ice?” would have been a much more realistic title, a 
fundamentals are examined only so far as is necessar, 
for an understanding of this subject. The author 1 
professor of physics in McGill University, which has had 
research tradition in 1ce physics since the classic work c 
Barnes on ice structure forty years ago. 

The first four chapters give an account of the formatio1 
break up and climatology of sea and lake ice which wi 
make interesting reading for sixth form students upward: 
The structure of the ice depends on the meteorologice 
conditions during its formation, and analysis of thi 
sections in polarized light enables some deductions to b 
made about its history. The remainder of the bool 
concerned with crystallographic properties of ice, it 
rheology, and the influence of brine inclusions on thermes 
and electrical properties, is discussed at a somewhat highe 
level—to be easily followed by the second year under 
graduate. It is a pity that the author did not lay greste 
emphasis in this section on the role of lattice defects 1 
ice, in view of their fundamental influence on mechanics 
and electrical properties. The literature of this subjec 
is necessarily rather scattered, and the book conclude 
with a list of useful references. Many of these are, how 
ever, in reports which are unfortunately difficult to obtai 

This is a book to be read by the physics student as 
source of interesting problems for discussion, and to ser 
as a useful reference for those more directly concerne 
with polar research. J. HALLETT 


The Special Theory of Relativity 
By Prof. David Bohm. (Lecture Notes and Supplement 
in Physics.) Pp. xiv+236. (New York and Amsterdam 
W. A. Benjamin, Inc., 1965.) 7.70 dollars. 
pane Special Theory of Relativity is neither a populs 
treatment of special relativity nor a convention: 
text-book but lies somewhere between the two. The autho 
does not try to avoid mathematics in the way that a popi 
lar writer does, but on the other hand he only uses mathe 
matics when it is essential, and relies on physical ides 
whenever possible. This makes it a most satisfactory boo 
for background reading for anyone learning speci: 
relativity. Moreover, the author brings to his subject th 
benefit of long experience, both in using the theory an 
in teaching it, so that nearly every detail in the subjec 
has a new and unexpected light thrown on it. His approac 
is by way of electrodynamics and the Lorentz electro 
theory. He uses the difficulty of determining when. event 
are simultaneous in this theory to motivate the Lorent 
transformation, and then he considers at length the wa 
in which our common sense concepts of space and tim 
have to be modified. Various applications of relativity 
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mostly grouped around the equivalence of mass and energy, 
are then considered. The setting up of the theory is taken 
up again in the later part of the book in terms of the 
perception of distant events by means of light signals 
(the so-called radar method or k-calculus). This enables 
him to discuss the clock paradox in a very clear manner. 
There is an appendix on physics and perception in which 
the author tries to extend to large areas of everyday life 
the general ideas (as opposed to specific mathematical 
concepts) that arise in special relativity. In some ways 
this part of the book 1s less satisfactory because less 
complete than the rest. In other ways it is the most 
interesting part because we see here a noted scientist 
trying to use the knowledge which he has acquired in his 
professional capacity to make sense of the whole world 
around him. The experience is a very exhilarating one. 
C. W. KILMISTER 


International Directory of Isotopes 

Third edition. Pp. 487. (Vienna: International Atomic 
Energy Agency; London: H.M.8.0O., 1964.) 54s.; 9.00 
dollars. 


HIS new edition of the International Atomic Energy 
Agency’s International Directory of Isotopes is 
arranged in five main sections: 

(1) An introductory section explaining its purpose and 
layout, and giving the essential information about 83 
isotope suppliers (address and short description of mater- 
ials and services offered). Reactor centres which will 
carry out irradiations are tabulated separately against 
their maximum neutron fluxes. 

(2) An alphabetical list of 186 radioisotopes, showing 
which suppliers offer them and in what form. This 
section has more than 3,000 entries. A summary of the 
radioactive properties of each isotope is given (boxed so 
that it stands out on the page) and the various compounds, 
standard solutions, radiation sources, and so on are listed. 
Brief specifications (specific activity, dimensions) are 
given, but prices are not. 

(3) A list of 250 separated stable isotopes, showing 
the degree of enrichment and quantity available from 
stock. There are only three primary suppliers—Harwell, 
Oak Ridge, and the Soviet export organization Soyuz- 
chimexport—-but several firms offer stable isotopes in the 
form of Mossbauer absorbers or labelled compounds. 

(4) Compounds labelled with the radioisotopes carbon- 
14, tritium, iodine-125, iodine-131, phosphorus-32 and 
sulphur-35. Compounds of other radioisotopes are 
included in Section 2. The supplier and specific activity 
(in me./m.mole) are given. There are nearly 1,800 
compounds labelled with carbon-14 and 650 with tritium. 

(5) Compounds labelled with the stable isotopes 
carbon-13, deuterium, nitrogen-15 and oxygen-18. The 
100 compounds labelled with nitrogen-15 and the 40 
labelled with oxygen-18 are of special interest as neither 
element has a long-lived radioisotope. 

With this arrangement, the Directory admirably fulfils 
its purpose, to’ guide the research worker to the supply 
organization most likely to have the isotopic material he 
wants. It contains less detailed information than its 
predecessors, but it has many more entries. It will be 
useful for two or three years—after which it is to be hoped 
that the Agency will revise it again. 

C. B. G. TAYLOR 


Elements of Chemistry 

By Antoine-Laurent Lavoisier. Translated by Robert 
Kerr. Introduction by D. McKie. Pp. xxxi+1+511+13 
plates. (New York: Dover Publications, Inc.; London: 
Constable and Co., Ltd., 1965.) 3 dollars; 24s. , 


OVER Publications, Inc., have published a facsimile 
reprint of The Elements of Chemistry. This is the 
translation by Robett Kerr, published in 1790, of Lavoisier’s 
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famous Traué élémentaire de Chimie. It is unfortunate 
that the excellent insroduction by Prof. D. McKie 1s 
limited to only 26 pages. Prof. McKie, an eminent 
historian of science and authority on Lavoisier, gives a 
fascinating account of she state of knowledge in chemistry 
when Lavoisier embar=ed on his researches, and provides 
many illuminating comments on Lavoisier’s work which 
fully justify the statement that Lavoisier was the founder 
of modern chemistry, with the Traité as its first text- 
book. 

The Traité itself contains the first explicit statement of 
the law of conservatien of matter in chemical changes, 
the first modern list of the chemical elements, an account 
of the calorimetric exp2riments which were the foundation 
of thermochemistry, end an account and illustration of 
the apparatus used by Lavoisier in his famous experiments 
on the composition of she atmosphere in which he heated 
mercury in a confined volume of air. The illustrations in 
the Traité (there are 13 plates excellently reproduced) 
were from drawings b> Lavoisier’s wife (whom Lavoisier 
married in 1771 when she was aged nearly fourteen, and 
who later married Count Rumford). 

Although a paper-beck edition, the book is well printed 
on good quality paper and is sewn not glued. 

Anyone interested ir the history of science will welcome 
this opportunity of cbtaining Lavoisier’s classic. To 
anyone not interested, I challenge them to read Prof. 
McKie’s introduction end remain uninterested. 

ROGER PARTINGTON 


Nucleotides and Coeqzymes 

By Dr. D. W. Hutchinson. (Methuen’s Monographs on 
Biological Subjects.) Pp. viii+ 136. (London: Methuen 
and Co., Ltd.; New York: John Wiley and Sons, 
Inc., 1964.) 188. net. 


HIS addition to the Methuen monographs is very 
timely. It deals with matters which are central to 
the whole of biochemissry. Dr. Hutchinson has succeeded 
in encompassing the Ege field of nucleotide chemistry 
succinctly but in sufficient detail to convey the real 
chemistry underlying the complex molecules that come 
under his survey. How different this is from the situation 
to be found in so many larger text-books of chemistry and 
biochemistry. There, the structures alone of the nucleic 
acids, the nucleotide coenzymes and the many other 
classes of natural phosphate esters are considered to be 
sufficient for the studert’s understanding of their function. 
In this respect one sispects that this monograph will 
have a much wider appeal than to the undergraduate and 
research student body to whom it is primarily directed. 
Beginning with the nucleosides and mononucleotides, 
the subject is developed through the nucleotide coenzymes, 
including those derived from thiamine and pyridoxal, to 
the oligo- and poly-nucleotides. At each stage the chemi- 
cal and biochemical synthesis is considered, as is the func- 
tion of the compound under consideration. The section 
dealing with the polynucleotides is short but, in the cir- 
cumstances, adequate, as the book is designed as a com- 
panion to the well-established monograph on the nucleic 
acids by J. N. Davids. The bibliography is well chosen 
to lead the student mere deeply into the subject. 
D. M. Brown 


Dictionary of Nutrition and Food Technology 

By Dr. Arnold E. Bender. Second edition. Pp. vii+ 
221. (London : Butterworth and Co. (Publishers), Ltd., 
1965.) 478. 6d. 


HE second edition of this useful reference book 

provides a greatly increased collection of information. 
The sources of informetion are extended and Dr. Bender’s 
wide knowledge of the science of nutrition and the applica- 
tion of nutrition to food technology allows him to give due 
attention to many aspects of the subject. 
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For the nutritionist who works mainly in the laboratory 
it is useful to be able to check the composition of products 
under their trade names, while the nutritionist concerned 
with the practical work of food processing or cooking may 
find the cryptic initials that come into scientific texts need 
interpretation. This 1s provided not only for such as ATP 
(adenosine triphosphate), DNA (deoxyribonucleic acid) 
and EDTA (ethylenediamine tetraacotic acid) but also 
for H.T.S.T. (high-temperature short-time pasteurization) 
and A.F.D. (accelerated freeze drying). The entries from 
‘Abalone’ ( a shellfish) to ‘Zymotachegraph’ (an instrument 
that measures the gas produced in a fermenting dough 
and the amount escaping from the dough) make enlighten- 
ing reading for all who have any interest in nutrition. 
Those who come into the field of food from the technical 
angle of the physicist or the chemical engineer will find 
help in defining unfamiliar terms. 

For the merely curious there aré entries like ‘cibophobia’ 
(dislike of food) or ‘Dipsogen’ (thirst-provoking agent). 
Products such as the Japanese ham and fish sausage are 
described. Fruits, vegetables, cereals, herbs of many 
countries are listed together with products commonly 
derived from them. Diseases due to nutritional failure 
are briefly noticed including coeliac disease, kwashiorkor, 
coronary thrombosis and cretinism. A final table gives 
the calorie contributions of average portions of common 
foods to aid the planning of a slimming diet. 

In fact, this book is clearly so useful as a reference 
volume for many different people that it is unfortunate 
that the increase in size and content has involved an 
increase in price. This may prevent its use as a student 
handbook, but it should have a place on the shelf of any 
library that deals with nutrition. A. M. COPPING 


Les Anticorps de Transplantation 

Par André Govaerts. Pp. 148. (Brussels: Editions 
Arscia S.A.; Paris: Librairie Maloine S.A., 1964.) 250 
Fr.B. 


AT GOVAERTS was the first person to report 
the destruction of target cells in vitro by sensitized 
lymphocytes. In this volume he describes his researches 
at greater length, in the form of a thesis. The introduction 
defines general notions of the biology of homografts and 
introduces us to an extensive bibliography. Though a 
clearly written summary, it is not always accurate—as 
when a proprietary brand of polystyrene dishes 1s 
described as being polyethylene. More serious, in defining 
immunological paralysis the author states that this is 
due to the persistence of depots of antigen which neutralize 
the antibody as fast as it is formed. But there is an 
accumulation of evidence, starting with a paper by Sercarz 
and Coons in 1959, that this is not so, and that a central 
inhibition, akin to that in immune tolerance, must be in 
operation. 

The results themselves will be of much interest to both 
transplantation surgeons and immunologists. The in 
vitro homograft reaction by sensitized lymphocytes has 
now been obtained in several other laboratories. What 
needs further confirmation is Govaerts’s observation that 
immune serum (inactive by itself) would greatly potentiate 
the action of the cells. Furthermore, cells immune 
to unrelated tissue (also inactive by themselves) became 
active when combined with antiserum specific for the 
target tissue. However, these lymphocytes may have 
had a low level of immunity to crogs-reacting antigens, 
so it is a pity that the author did not make the con- 
trol with non-immune lymphocytes. It is also of interest 
that an antibody was detected (by tanned cell haem- 
agglutination) in homogenates of sensitized thoracic duct 
lymphocytes, where none could be found in sera from the 
same animals. Notwithstanding the present interest in 
transformation of lymphocytes to blast cells during 
immune reactions, the author does not mention the 
morphology of the active cells in his experiments. There 
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18 an unbiased discussion, somewhat marred (as is the 
whole book) by too many indiscriminate references. 
R. B. TAYLOR 


The Freshwater Life of the British Isles 
By John Clegg. Third edition. (Wayside and Woodland 
Series.) Pp. 3524+67 plates. (London and New York: 
Frederick Warne and Co., Ltd., 1965.) 35s. net. 

R. JOHN CLEGG’S work has been a most useful 

introduction to limnology since its first appearance 

in the Wayside and Woodland Series in 1952. As a well- 
balanced, elementary text 1t has been greatly appreciated 
both by teachers and students. It is unnecessary here 
to review the text, which remains substantially the same 
as in the second edition of 1959. 

Nevertheless, there are changes; Mr. Clegg has under- 
taken some extensive revisions, such as umprovements 
in the sections on algae, bacteria and fungi, but the 
most noticeable differences are in the overall size of the 
book and in the introduction of some new illustrations. 
The new edition has been given a larger format (page 
size 8$ in. x 5$ in.) and a correspondingly bigger type 
face compared with the earlier pocket size, although the 
pagination is virtually unchanged. This allows larger 
plates, but many will find this new edition rather bulky 
to carry on field trips. f 

A number of colour photographs, chiefly of ecological 
scones, have been withdrawn and have been replaced by 
eight excellent colour plates, by Mr. E. C. Mansell, that 
have already appeared in the author’s Observer’s Book of 
Pond Lafe. These new inclusions are plates illustrating 
planktonic organisms, sponges and Hydra, rotifers, 
cases of caddis larvae, beetles, water mites, frogs and 
toads. Among others, there are also some new black- 
and-white photographs of polyzoa and of the eggs of trout 
and amphibia. Most of the other monochrome pictures 
have been improved through being printed in a larger 
size, but a few have lost their crispness. 

The value of this new edition lies in 1ts excellent new 
colour plates, but those who already have the 1959 issue 
plus the author’s Pond Infe will find little excuse for 
buying this new volume. W. J. REES 


Metaphysik der Naturwissenschaft 
By W. Schapp. Pp. x+141. (Den Haag: Martinus 
Nijhoff, 1965.) 13.90 guilders. 


N Metaphysik der Naturwissenschaft a metaphysician 
seeks to communicate his thoughts over a very wide 
range of subjects to those whose primary interest is physics. 
This is by no means a commentary on natural philosophy 
as such, but rather a meditation on the world, as the 
author sees it, in terms of history and its impact on the 
way in which we regard phenomena. There are three 
main divisions: (1) criticism of cases; (2) colours and the 
world; (3) world, object, concept. From these the main 
trend can be discerned. Much of it is a kind of distillation 
of Einstein and Infeld’s Evolution of Physics, even 
including the familiar cloud of particles constitutmg the 
‘real’ table, which reminds one of Eddington. All this is 
by no means to be dismissed as mere playing with words; 
it resembles the outlook of Goethe in contemporary dress. 
It 1s significant how deeply the place of colour is envisaged 
in the life of mankind, without troubling about any 
quantitative character. (Newton was not blind to beauty, 
but he set about measuring—that is the essential 
difference.) 

There is an element of the numinous here and there, 
which is rather charming: for example, m the introduction 
of thunderstorms in close proximity to a discussion of 
simultaneity. Nobody but a Teutonic scholar would do 
quite that. These are not pages to trouble the down-to- 
earth man of science, but they are well worth studying 
by anybody with the requisite time and patience. 
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various stages of development and afterwards the haemo- 
poietic organs of pairs of opposite sex can be analysed for 
cell chimaerism using the sex chromosomes as markers. 
Recently a technique has been developed in this laboratory 
for the preparation of abundant, clear metaphases from 
various haemopoietic organs of the chick embryo*.’, thus 
making feasible experiments of this design. 

White Leghorn fertile eggs of 6-11 days’ incubation 
were parabiosed using a modification of the technique of 
Hasek**; The use of a tissue bridge was found unnecessary 
for the production of a parabiotic union and vascular 
anastomosis was readily obtained by direct apposition of 
the chorioallantoic membranes. 

After a further 7-13 days’ incubation, each egg was 
injected, by way of the allantois, with 0-1 ml. demecolcine 
solution (containing 0-05-0-1 mg demecolcine according 
to the stage of incubation). Three hours later, parabiosed 
pairs were removed and sexed. Where partners were of 
opposite sex, cells of the thymus, spleen, bone marrow and 
bursa of Fabricius were prepared for chromosome analysis 
using a modified hypotonic citrate—air drying technique’. 
Staining was carried out in lactic-acetic-orcein and the 
preparations were viewed by phase-contrast microscopy. 

In an additional experiment, double-yolked eggs were 
incubated for up to 13 days. Unfortunately, the very high 
mortality found in embryos derived from such eggs meant 
that only two pairs of embryos of opposite sex, of 11 and 
12 days’ incubation, were obtained for investigation. 
Chromosomal preparations were made from cells of the 
various haemopoietic organs as before. 

A very high mortality was observed immediately after 
parabiotic union and this no doubt was due to trauma 
associated with the procedure. The pairs surviving to late 
incubation appeared perfectly normal when sampled. 
Although it is probable that there were histocompatibility 
differences between partners, no macroscopic or micro- 
scopic evidence of an immune reaction between them was 
found. As well as the initial operative mortality some 
embryos were killed by the demecoleine treatment. 
Unfortunately it appears that the dose of demecoleine 
which enables abundant metaphases to be obtained is 
very close to the toxic dose for the embryo. Thus only a 
very small proportion of the original parabiosed eggs were 
eventually analysed. 

In Table 1 it can be seen that in embryos parabiosed at 
6-8 days’ incubation and sampled at 17—20 days’ incuba- 
tion, 14-42 per cent of the dividing cells in marrow, 19-46 
per cent in the spleen and 26-50 per cent in the bursa of 
Fabricius are derived from the opposite partner. The 
percentage in the caso of the thymus is much lower (0-12 
per cent). 
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Fig. 1. Bursa of Fabricius of demecolcine-treated 19-day embryo show- 
ing a large number of mefaphasss oo in the lymphoid follicles. 
x Ê. 


In two embryos sampled at 15 days’ incubation a 
considerable degree ef chimaerism was found in the 
marrow and spleen of both and in the bursa of one. In a 
pair parabiosed as late as 11 days’ incubation, chimaerism 
was found in the spleen and bursa; thymus and marrow 
were not sampled. In the twin embryos investigated, a 
high degree of chimaerism was found within the spleen 
(27-39 per cent), a low degree of chimaerism in the thymus 
and marrow (0-8 per cent), and no chimaerism at all in the 
bursa. 

In order to gain soma idea of the cell type being sampled 
for chromosome analysis, sections of spleen and marrow 
were examined after Jemecolecine treatment and it was 
noted that abundant mitotic figures were distributed 
throughout the whole tissue in both granulocytic and 
non-granulocytic areas. Phase contrast microscopic 
examination of cell suspensions prepared from these 
organs showed that both cell types were present. In 
sections of bursa (Fig. 1) and thymus (Fig. 2) it is quite 
clear that the overwhelming majority of mitoses are 
confined to the lymphocyte series. Bursal and thymic 
suspensions were predominantly lymphoid though a few 
granulocytic elements were present. 

The spleen and marrow have similar haemopoietic 
functions during avian embryogenesis" although the 
spleen develops about 4 days earlier than the bone marrow. 
Both are sites of production of granulocytes, erythrocytes 
and thrombocytes, but, while the spleen is predominantly 
granulopoietic after an initial erythroid phase, tho marrow 
continues to produce both types of cell throughout 
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Spleen Bursa of Fabricius | Thymus 

No. of | Percent- | No. of |Percent- 
cells of 
of of 


oppo- | oppo- 
site sex | site sex 





0 0 
3 3 
6 12 
0 0 
0 0 
0 0 
0 0 
Not sampled 
1 ] 
4 4 
4 R 
1 2 


Note: (1) In those cases where only one embryo is represented from the initial pair the partner had died following demecolcine injection. (2) No metaphases 
were obtained for study from the thymic tissue of three embryos and the spleens of two others, 
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Thymus of the same embryo showing metaphases (arrowed) 
distributed throughout thymocytes. (x e. 900) 


embryogenesis. The rapidity with which chimaerism is 
established in both organs indicates that there is a con- 
siderable inflow of cells into them. That the spleen, 
but not the marrow, is highly chimaeric in the embryos 
derived from double-yolked eggs probably reflects the 
fact that at sampling (12 days’ incubation) haemopoiesis 
is firmly established in the spleen but there are few blood- 
forming ceils in the marrow. There is evidence that an 
inflow of cells to the spleen and marrow occurs in the adult 
animal, Thus chromosome marker investigations have 
shown that there is an afferent stream of cells to both 
organs in the adult mouse!?+!3, 

Similarly, investigations on the repopulation of thymic 
grafts™* and on the movement of haemopoietic cells in 
adult parabiosod mice" using the 7'6 chromosome marker 
system have demonstrated an afferent stream of blood- 
borne cells to the thymus. The chimaerism found in the 
thymus of some embryos in the present investigation 
shows that there are cells entering the avian thymus during 
embryogenesis. 

Considerable interest has centred lately around the 
bursa of Fabricius as a site of production of antibody- 
forming cells!® and possibly of a hormone necessary for the 
maturation of such cells**. Lymphoid development begins 
within the organ at 14-15 days’ ineubation with the 
formation of follicular structures closely associated with 
epithelium, and most subsequent cell proliferation occurs 
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within these lymphoid follicles (Fig. 1). The fact that up to 
50 per cent of the dividing cells in the bursas of parabiosed 
embryos are derived from the opposite partner suggests 
that the lymphoid follicles are largely populated by blood - 
borne cells. The absence of chimaerism in the 11l- and 
12-day embryos derived from the double-yolked eggs and 
in one of the two parabionts sampled at 15 days’ incubation 
is not surprising in view of the fact that at these times very 
little follicular development has occurred. 

In summary, it may be stated that, although there is 
some variability both between and within parabiosed 
pairs, the large number of dividing cells of opposite sex 
found proliferating in the spleen, marrow and bursa of 
Fabricius of most parabionts after various periods of 
incubation indicates that these organs are largely popu- 
lated by blood-borne cells. Chimaerism was found less 
frequently and to a lesser degree in the thymus. The nature 
and origin of the blood-borne cells remain unknown, but 
they could be derived from many embryonic tissues in 
addition to the organs studied. Thus the pancreas, kidneys 
and gonads are all sites of intense granulopoiesis in the late 
embryo” although the avian liver, unlike its mam- 
malian counterpart, is not a site of haemopoiesis. The 
yolk sac produces various types of blood cells from a very 
early stage of embryogenesis and is a possible source of 
progenitor cells. Further experiments using grafting and 
chromosome marker techniques are being carried out in 
an attempt to clarify some of these problems. 

We thank E. M. McDermid, Thornber Bros., Ltd., 
near Halifax, for supplying the double-yolked eggs. 
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ORIGIN OF THE GEOELECTRIC EFFECT IN PLANTS 
By Pro: MALCOLM B. WILKINS and A. E. R. WOODCOCK 


School of Biological Sciences, University of East Anglia, Norwich 


HEN a plant shoot, such as the coleoptile of Avena 
sativa and Zea mays or the hypocotyl of Helianthus 
annuus, is placed in the horizontal position, a potential 
difference develops between the upper and lower surfaces, 
the lower becoming positively charged with respect to 
the upper. This phenomenon, first reported by Bose! and 
afterwards investigated in a number of leboratories*-!, 
is known as the geoelectric effect. In addition, shoots 
which have been placed in the horizontal position develop 
an upward curvature and this geotropic response continues 
until they heve once again attained the vertical position. 
The relationship between the geoelectric effect and the 
geotropic response is obscure, but it has been suggested!!-!* 
that the former may be an essential link between the per- 
ception of a gravitational stimulus by the shoot and the 
induction of the upward curvature. 


Recent investigations of the geotropic response of 
shoots have clearly shown that the increased growth rate 
of the lower half and the decreased growth rate of the 
upper half are due to the development of different concen- 
trations of auxin in the two halves of the organ. This 
concentration gradient is brought about by lateral 
movement of auxin from the upper to the lower half of 
the horizontal shoot" :*4-?7, 

The present investigation was begun to determine the 
relationship between the geotropic response and the 
geoelectric effect since, from a review of the literature, 
it seemed to us that there was a large body of evidence 
which pointed to the geoelectric effect being due to the 
establishment of an auxin concentration gradient across 
geotropically stimulated shoots. This evidence can be 
briefly summarized: (1) The geoelectric effect has little or 
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1othing to do with the primary gravi-perception mechan- 
sm since ıt does not develop in de-tipped Helianthus 
1ypocotyls® which can, nevertheless, perceive a geotropic 
‘ttimulus!®. It must therefore be connected, if it 1s con- 
rected at all, to a later stage ın the geotropic response 
system. (2) The geoelectric effect and geotropic curvature 
vegin to develop at a similar time (about 15 min) after 
she onset of geotropic stimulation?®!*. (3) The character- 
stics of the induction of a geotropic response are closely 
similar to those for the induction of the geoelectric effect 
n @ variety of different experimental procedures? *°. 
Che response in both phenomena ıs proportional to the 
ogarithm of the stimulation time, the presentation time 
‘or each is about 2:5 min and the angle at which the 
naximum response 1s achieved for both the geotropic 
sponse and. the geoelectric effect is about 130° from the 
vertical. Furthermore, in experimental procedures such 
48 those of Zimmermann*! the magnitude of the geotropic 
response and the geovlectric effect undergo closely similar 
shanges??#1, These facts clearly point to the geoelectric 
sffect and the geotropic response being released by stimu- 
lation of the same gravi-perception system. Since the 
yeoelectric effect cannot be connected to the primary 
pravi-perception system for reasons outlined ın (1), the 
evidence in this section strongly suggests that 1t is associat- 
ed with an intermediate stage in the geotropic response 
system. (4) The geoelectric effect does not develop in 
plant tissues in which no lateral movement of auxin occurs. 
De-tipped hypocotyls of Helianthus and other plants do 
not develop a geoelectric potential’, nor do they develop 
a geotropic response even if they are left in the horizontal 
position for 14 h (ref. 18). That the lack of geotropic re- 
sponse is due only to the lack of auxin in the tissue is 
shown. by the fact that a curvature develops in response to 
the original gravitational stimulus when tho hypocotyls are 
restored to the vertical position and then supplied at their 
apical ends with indolyl-3-acetic acid¥*. A similar finding 
has been reported for the perception of a gravitational 
stimulus in coleoptiles of Avena and Zea?*. In the case of 
Avena and Zea coleoptiles, however, Grahm and Hertz®: 1° 
have shown that the de-tipped organs do develop a geo- 
electric potential. Examination of the methods of Grahm 
and Hertz®!° reveals that they removed, only 1 mm of the 
apex of the coleoptile ebout 5 h prior to beginning the 
electrical measurements. In this time a physiological tip 
would have developed!4:15.2?,23 and this would produce 
auxin. which would undergo lateral re-distribution on geo- 
tropic stimulation of the coleoptiles, thus giving rise to the 
observed geoelectric potential. (5) Neither the geoelect- 
ric potential’? nor the geotropic response develops in Zea 
coleoptiles under anaerobic conditions. These observations 
agree with the view that both phenomena are due to the 
occurrence of lateral movement of auxin in horizontal 
shoots since both the longitudinal and lateral transport 
of auxin are totally inhibited under anaerobic conditions™. 
Our hypothesis that the geoelectric effect is due to the 
different concentrations of auxin in the upper and lower 
halves of the geotropically stimulated shoot is amenable 
to direct test by establishing in vertical shoots a lateral 
auxin gradient and determining whether or not this 
gives rise to a potential difference between the two sides 
of the shoot. A lateral gradient of auxin has therefore 
been set up in vertical sections of Zea mays coleoptiles 
by supplying the coleoptiles at their apical ends with an 
asymmetric source of indolyl-3-acetic acid in a manner 
simular to that previously used by Goldsmith and Wilkins*. 
This procedure has been shown to set up in the section an 
auxin gradient which is proportional to the concentration 
of indolyl-3-acetic acid m the asymmetric source’. 
Seeds of Zea mays L. var. ‘Giant White Horse Tooth’ 
were soaked in water for about 8 h, planted in washed 
vermiculite and grown in darkness. Five days after 
planting, the coleoptiles were decapitated twice 
under dim red light of wave-lengths above 595 nm. A 
de-tipped coleoptile was then detached from its mesocotyl 
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by a cut made 2:5-3-5 sm below the top of the coleoptile, 
and transferred to the measurmg device which provided 
support and electrical contact at the base of the coleoptile 
by means of agar-calcium chloride gel. 

The electrode system provided a base-reference electrode 
in contact with the agar—calcium chloride gel. On either side 
of the coleoptile, contact was made by means of a flowing 
5 mM calcium chloride colution to two Calomel electrodes 
(Pye pH reference electrodes, No. 11161). The potential of 
each electrode with respect to the base was measured with 
a ‘Vibron 33B’ electrometer and the output recorded on & 
Kipp-Zonen, ‘2B-Micro7olt’ chart recorder. The base elec- 
trode could be varied atout the earth potential by a poten- 
tiometer incorporated i2 the circuit. The whole electrode 
assembly was screened at earth potential by a zinc metal 
cage and illuminated fom above the coleoptile segment 
with red light of wave-length greater than 595 nm. 

At the begmning ard end of an experiment the two 
electrodes were placed with their tips in contact so that 
by earthing one of the electrodes the potential across the 
whole system could be measured. The contact potential 
was never found to be more than 1 mV and was usually 
02 mV. After the imtial test of the electrode contact 
potential a coleoptile was placed vertically in the system 
and the electrodes placed in contact with either side and 
adjusted until both were at the same distance (usually 
about 3-4 mm) from the top of the coleoptile segment. 
This contact was maintemed for 10-15 min before the 
experiment was begur to ensure that the system had 
attained electrical stebility. The potential difference 
across the coleoptile t tıme zero, that 1s the moment 
before the agar block or lanolin paste is apphed, was takon 
as zero. In practice this potential difference was never 
more than 2mV. Fig. 1 show the changes in this potential 
with time both before end after time zero. The potential 
across the coleoptile was measured at 6—-]2-sec intervals. 

An auxm concentration gradient in the coleoptile seg- 
ment was established by supplying indolyl-3-acetic acid 
to one-half of the apical end of the segment!®. For this, 
two carrying media were used: (1) 1-5 per cent Difco 
“Bacto-agar’ which had previously been dialysed for 
7 days, and (2) anhydrous lanolin. Owing to the low 
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Fıg. 1. The changes in the potential difference across vertical coleoptile 
segments of Zea mays after -he application at time zero of an asymmetric 
supply of indoly]-8-acetic asid (0 02 per cent) in lanolin paste (curve @) 
and of lanolin paste withoct indolyl-3-acetic acid (curve b). Ordinate, 
potential difference across he coleoptile in mV (A-B). Abscissa, time in 
munutes before and after the application of the paste. The arrangement 
of the coleoptile, electrodet A and B and lanolin paste 18 shown ın the 
inset diagram. Curves (a) end (b) are respectively the means of 7 and 5 
individual experiments 
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humidity desirable for the satisfactory working of the 
electrode system the agar block (1 mm) tended to dry 
out rapidly. This was undesirable, since the concentration 
of indolyl-3-acetic acid in the source would thus increase 
with time. In order to overcome this difficulty a paste 
of aqueous indolyl-3-acetic acid solution was made with 
anhydrous lanolin which proved to be a more satisfactory 
carrying medium. The concentrations of indolyl-3-acetic 
acid used were 10-5 M in the agar blocks and 0-02 per cent 
in the lanolin. Control experiments were carried out by 
placing the carrying medium without indolyl-3-acetic 
acid asymmetrically on the top of the coleoptile segment. 

The development of a lateral potential with time after 
the asymmetric application of indolyl-3-acetic acid— 
lanolin paste to the top of a Zea coleoptile segment is 
shown in Fig. 1. The curve labelled (a) is the mean of 
7 separate runs each carried out on a different coleoptile. 
During the first 8-10 min after the application of indolyl-3- 
acetic acid, the side of the coleoptile under the source 
tended to become electronegative with respect to the other 
side. In the mean curve (a in Fig. 1) this difference was 
not significant although it did occur in 4 of the 7 individual 
experiments. It is particularly marked in curve (a) of 
Fig. 2, which indicates changes in the potential difference 
observed in one of the experiments which contributed to 
the mean data presented in Fig. 1. About 15 min after 
the application of the indolyl-3-acetic acid, the side of the 
coleoptile under the source becomes electropositive with 
respect to the other side and the potential difference 
continues to increase for about 20 min. A difference of 
approximately 10 mV is maintained for at least a further 
20 min, but by the end of this time the potential difference 
appears to be gradually decreasing. When lanolin paste 
without indolyl-3-acetic acid is applied asymmetrically 
to the apical end of the coleoptile segment, no significant 
potential difference develops between the two opposite 
sides of the organ. This is shown by curve (b) of Fig. 1, 
which is a mean of 5 individual expermments. The mean 
potential difference developed by the coleoptiles treated 
with indolyl-3-acetic acid and shown in curve (a) of Fig. 1 
is significant at the 0-05 level after 28 min. 

The changes in the potential difference across an indi- 
vidual coleoptiletreated with indolyl-3-acetic acid paste and 
in one treated only with the carrying medium are shown 
in Fig. 2. These data are presented to show the stability 
of the potential difference, if any, across single coleoptiles. 

Earlier experiments using dialysed agar as a carrying 
medium provided similar results, except that the agar 
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Fig 2. Sameas Fig. 1 except that the curves show the change in potential 

difference across individual coleoptles supphed asymmetrically either 

with indolyl-3-acetic acid (curve a) or with the ae medium without 
the rndolyl-3-acetic aed (curve b) 
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alone tended to cause the side of the coleoptile under the 
block to become about 6 mV electronegative to the other 
side. When indolyl-3-acetic acid was present in the 
block, however, the side under the block became electro- 
positive to the other side. This potential developed 
gradually, beginning about 6-8 min after the application 
of the indolyl-3-acetic acid and becoming as much as 
16 mV after 40-50 min. 

The experiments described in this article show that when 
@ lateral concentration gradient of indolyl-3-acetic acid is 
set up across a vertical coleoptile segment of Zea mays, 
the half with the highest concentration develops a surface 
potential at least 10 mV positive to that on the surface of 
the half with the lower concentration. 

When a coleoptile is placed in the horizontal position a 
lateral movement of indolyl-3-acetic acid takes place from 
the upper to the lower half!4-16, This results in different 
concentrations of indolyl-3-acetic acid in the upper and 
lower halves of the tissue, and it is this difference in con- 
centration that gives rise to the upward curvature of the 
coleoptile. It is now clear that the different concentrations 
of indolyl-3-acetic acid in the upper and lower halves of the 
coleoptile also give rise to the geoelectric effect. Our 
results confirm the large body of circumstantial evidence 
summarized in the introduction that the development of 
the geoelectric effect in shoots is due to the lateral move- 
ment of auxin in the tissue during geotropic stimulation. 
The geoelectric effect in shoots must therefore be regarded 
as a side-effect arising as a consequence of a critical 
intermediate stage in the geotropic response system. 

The pattern of the change in the potential difference 
across the coleoptile with time is similar regardless of 
whether the auxin gradient occurs as the result of geo- 
tropic stimulation® or as the result of the procedure used 
in this investigation. Grahm and Hertz® found the lower 
side to become slightly electronegative to the upper side 
during the first 10-15 min after the onset of geotropic 
stimulation. ‘The close similarity in the time required 
for the positive charge to develop on the lower side of the 
coleoptiles in the experiments of Grahm and Hertz® and 
in the side under the source of indolyl-3-acetic acid in our 
experiments is probably fortuitous, since in our experi- 
ments this time is almost certainly a function of the 
distance between the apical end of the coleoptile segment 
and the electrodes. 

Further investigation of the mechanism of the geo- 
electric effect in plant shoots is now in progress. 

This investigation was carried out while one of us 
(A. E. R, W.) was supported by a Science Research Council 
studentship. We thank Dr. Alan Walker for many helpful 
discussions. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Hydrogen Content of Virgo Cluster Galaxies 


INVESTIGATIONS with small radio telescopes? have been 
mable to detect 21l-cm radiation from galaxies much 
yond those in the M 81 group, at a distance of 3 mega- 
varsecs. The uncertainties in the distances of individual 
‘alaxies, and thus in their masses, have made it difficult 
o compare the hydrogen content of different morphologi- 
al types. There are considerable advantages in studying 
‘alaxies in one of the large clusters, for the members can 
œ assumed to be at approximately the same distance. 
n the nearby groups there are no isolated elliptical or 
ther early-type galaxies. A knowledge of the hydrogen 
‘ontent of these systems would be important for an under- 
tanding of their evolution, and in the large clusters there 
re numbers of such early-type galaxies suitable for in- 
vestigation at 21 cm. 

The Virgo cluster of galaxies is the nearest of the large 
lusters, at a distance of about 12 megaparsecs. A pre- 
iminary investigation of 18 member galaxies has been 
nade during 1964 and 1965 with the Australian 210-ft. 
‘elescope. 2] cm radiation has been detected from eight 
of these, including the giant elliptical galaxy NGC 4472. 

The most significant datum yielded by extra-galactic 
21-em observations is the total mass of hydrogen in a 
ralaxy. When the galaxy is much smaller than the tele- 
‘cope beam the hydrogen mass My (ın solar masses) is: 


Mg|/Mo = 3-08 D? (22/A,) fe T,(¥) dv (1) 


vhere Ta(v) is the antenna temperature at frequency v, 
D is the distance in kiloparseecs, A is the wave-length, 
4, is the effective collecting area of the telescope. 


The integration over frequency can be performed by 
using a band-width B wide enough to receive all the 21-cm 
radiation from the galaxy. If the observed antenna 
temperature is Ta: 


J Taly) dv = fae eB 


In the investigation reported here, a band-width of 1-5 
megacycles was used, corresponding to a velocity spread 
of 320 km/sec. This may not be wide enough to receive 
all the radiation from edge-on systems, so that the obser- 
vations then yield lower hmits to the hydrogen masses. 

For the 210-f%. telescope an antenna temperature Ta 
of 0-1° K in a band-width of 1-5 Mc/s would be produced 
by a hydrogen mass of 2 x 10° Mo at the distance of the 
Virgo cluster. A low-noise parametric receiver" was used, 
with a noise temperature of 160° K. An analogue inte- 
grator averaged the receiver output for periods of 100 sec, 
reducing the root mear square fluctuation to 0-035° K. 
The telescope was set a_ternately on the galaxy and on @ 
nearby reference region. This sequence was usually 
repeated for 40 min or more, the errors then being reduced 
to below 0:016° K. In some cases the measurement was 
repeated with another reference region. 

In the preliminary investigations the receiver has been 
switched between two frequencies—one corresponding to 
the optical redshift® of each galaxy, the other either a 
band-width higher or a band-width lower. If the redshift 
of a galaxy differs from that adopted, the measured antenna 
temperatures will be different for the two reference fre- 
quencies. The higher value has been adopted in calculat- 
ing the hydrogen content. 

The results are listeé in Table 1. The line radiation 
from eight galaxies is above the limit of detection, the 
hydrogen masses ranging from 3 x 108 to 24 x 10° solar 


Table 1. 21-CM OBSERVATIONS OF VIRGO CLUSTER GALAXIES 





Magnitude| Optical Signal | Reference 
redshift velocity velocity 
(km/sec) | (km/sec) | (km/sec) 
18-3 1304 1325 1010 0 
1300 1695 0 
10 0 1671 1670 1350 0: 
1670 2040 0: 
10 0 1617 1630 1820 0- 
1680 2040 0 
100 778 770 1100 0 
108 2048 2050 1730 0 
9°3 1013 1010 650 0 
1010 1825 0 
10°1 2120 2120 1790 0 
2120 2520 0- 
11:3 1727 1670 1350 0: 
1730 2100 0- 
10-4 1930 1950 1650 0 
1950 2275 0: 
1045 1835 —0 
1040 1600 —0- 
109 1927 1930 2240 0 
10-1 960 980 650 -0 
1010 1325 —0 
10 3 1752 1750 1450 0- 
1750 2150 0 
90 1207 1320 1010 0- 
1210 1690 0 
10-4 973 970 650 0: 
970 1350 0 
9-9 13889 1320 950 —0- 
1320 1660 0 
10-1 1308 1310 950 0 
1320 1630 0 
10:2 1511 1510 1100 0 
1510 1820 0 
10 2 1364 1360 950 —0 
1860 1660 


a, Reference point 30’ east 
b, a3 3? = 
e, E a 


bd 93 3? 


£, ” »» 1° south 
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masses. The error quoted is the standard deviation of the 
measurement. The distance modulus of the Virgo cluster* 
ig assumed to be 30-5. The ratio of hydrogen mass to 
luminosity, My/L, is the one quantity which is indepen- 
dent of errors in the distance. For NGC 4116 the ratio of 
0-53 (in solar units) agrees well with that found for other 
irregulars*. For the late-type spiral systems My/D lies 
within a narrower range than found for members of nearby 
groups’, with an average value of 0-14. The ratio decreases 
further for the early-type systems, being below 0-01 in 
several cases. 

The total masses Mr of the galaxies have been taken 
from Holmberg’s catalogue‘, or estimated by assuming 
that the mass—luminosity ratio varies from 4 for Se to 
40 for E. For the late-type spirals the ratio My/Mn 
agrees with that found for nearby galaxies. For the giant 
elliptical NGC 4472 My/Mr is 0-0002. well below the limit 
for ellipticals set by the observations of M 32 (refs. 5 and 
6). The other ellipticals examined are less massive and 
no hydrogen could be detected m them; in each case 
My/M>r is less than 0-0006. 

Davies et al. observed the spiral galaxy NGO 4535 
with the Jodrell Bank 250-ft. telescope. They found no 
emission at the expected velocity (1950 km/sec), but 
reported a signal of 0-2° K for a velocity of 1038 km/sec. 
They suggested that this represented emission from an 
intergalactic cloud. In the present investigation a search 
was made for emission at this velocity, taking reference 
points both 1° and 2° east of NGC 4535. The mean 
measured antenna temperature ıs —0-01° + 0-01° K. It 
thus appears unlikely that there is any emission from 
this direction other than that associated with NGC 4535 
itself. 

For some of the galaxies ın Table 1 it would not be 
difficult to measure detailed 2l-cm line profiles with 
narrow-band equipment, and then to determine redshifts 
with an accuracy higher than that available from optical 
measurements. 
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PHYSICS 


Townsend’s First lonization Coefficient for 
Compressed Nitrogen 


THERE is a growing interest in the use of compressed 
gases, especially nitrogen and sulphur hexafluoride, for 
high-voltage insulation. However, there have been few 
measurements of the fundamental parameters, such as 
the Townsend «-coefficient. in gases at pressures above 
atmospheric. Allen? has made measurements at pressures 
up to 4 atmospheres absolute in nitrogen and hes shown 
that, for values of E/p (electric stress/pressure) greater 
than 40 (V/em)/mm mercury, the value of « agrees well 
with results from work at pressures below atmospheric. 
In the work recorded here it has been possible to extend 
measurements in high-pressure nitrogen down to E/p, = 
31-5 (V/em)/mm mercury (p, is the pressure corrected to 
0° C) with pressures up to 10 atmospheres. 
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The pre-breakdown current was measured as a functio 
of electrode spacing d, and « was derived from th 
Townsend relation: 
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1 = t expad 

The initial current 7, was 6 x 10-13 amp and was inducer 
from a nickel cathode by directing ultra-violet ligh 
through a perforated anode of stainless steel. The tote 
current 2 was restricted to less than 2 x 10-1° amp anı 
electrode spacings up to 5 mm were used. The electrode 
had a 2-5-cm diameter plane area with 1-3-cm radiu 
edges. Before assembling the test cell the plane areas o 
the electrodes were polished on a felt disk impregnatec 
with lu diameter diamond dust and were then washed > 
n-hexane. The test cell was evacuated to a pressure o 
about 0-3 mm mercury for several hours before measure 
ments were made. The nitrogen used was 99-9 per cen 
purity (British Oxygen Co., Ltd.). 

The values of a/p, are shown in Fig. 1 and it can b 
seen that they agree remarkably well with previous value 
taken from work at low pressures’. The higher : 
values found by Heylen’ may be due to his use of a very 
high-purity gas sample (99-998 per cent). In this investi 
gation the values for H/p, greater than 38-6 (V/cm)/mn 
mercury were derived from measurements at 2 atmo 
spheres absolute, but work involving the examination o 
individual avalanche growth! has shown that the seme 
values are obtamed at 7 atmospheres absolute. At thi 
lowest value of #/p,, 31-5 (V/em)/mm mercury, measure 
ments were made at 6, 8 and 10 atmospheres absolute. 

As might be expected, these results confirm that ap, 
is @ function of E/p, and independent of pressure 
Measurements at different pressures and constant E |p, 
yielded results of «/p, which agreed to within 4 per cent 
Both E and p, could usuelly be measured with an error 
of less than + 1 per cent, although an error in pressure 
of + 2 per cent may be possible at the lowest pressure 
of 2 atmospheres absolute. 


10- 


a/p, (ions/em)/mm mercury 





30 35 40 45 
Elp, (V/cm)/mm mercury 


a/p, versus Ejpo 1n nitrogen. —, Present work, - - - 


Fig. 1. 
©, ref. 3; Q, ref. 4, A, ref. 2 


, Ief. 5; 


In view of the need for a better understanding of the 
breakdown process in compressed gasos, it would be 
useful to extend measurements of « to much lower values 
of E/p,. However, such measurements may prove difficult. 
At pressures above 10 atmospheres Paschen’s law is no 
longer valid? and current measurements are hampered 
by low and erratic electric strengths. For example®, with 
stainless-steel electrodes and a 1-mm gap in nitrogen at 
26 atmospheres absolute, breakdown was found to occur 
at a stress of about 150 kV/cm, when H/p, = 8-3 (V/cm)/ 
mm mercury. Also, care has to be taken at higher pres- 
sures because the high electrical stresses involved lead to 
field emission. At pressures above 10 atmospheres the 
electric strength as well as field emission becomes de- 
pendent on the nature of the electrode surfaces. Con- 
sequently, a careful choice of electrode material and 
method of electrode preparation will be necessary if 
Townsend’s « coefficient is to be determined for E/p, less 
than 30 (V/em)/mm mercury and p, greater than 7,600 mm 
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iercury. In this work ıt was found important to keep 
10 electrode surfaces reasonably dust-free, and with a 
ickel cathode it was possible to reach a stress of 220 
V/cm without appreciable field emission. Work in this 
‘boratory on compressed methane’ has also shown that 
igh electric strength and low field emission can be 
btained with a heavily oxidized copper cathode. 

This work was supported by the Central Electricity 
enerating Board. I thank Prof. M. W Humphrey Davies 
wr the facilities provided. 
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CHEMISTRY 


Phosphorus-3! Chemical Shifts in Secondary 
and Tertiary Phosphines 


ALTHOUGH several theorctical and empirical attempts’-* 
ave been made to predict the “P chemical shifts of 
hosphorus compounds, these have seldom achieved an 
ccuracy of better than 10-20 p.p.m. For example, Van 
Vazer ef al.’ assigned to alkyl groups the ‘group shift’ of 
-20 p.p.m. in tervalent phosphorus compounds. On this 
asis a tertiary phosphine should have a *!P chemical 
bift of about +60 p.p.m. However, the known values 
or twenty tertiary phosphines (Table 1) vary widely from 
his prediction, ranging from —19-3 to +62 p.p.m. 


able 1. CALCULATED AND OBSERVED CHEMICAL SHIFTS OF TWENTY-NINE 
PHOSPHINES 
Phosphine Caled. A (p.p.m.) Obs. A (p.p.m) Reference 
Me,P +62 +62 3 
tP +20 +20 4 2,5 
n-Pr3P +» 32 +33 6 
n-Bu,P +32 -+ 32-3 5 
q-Pr3P —19 —19°4 * 
cy-Hx,P =s 7 aa 7 6 
h,P + 8 + 8 3 
Ph,WeP +26 +28 7 
Ph, EtP +12 +12 6 
Ph,ft-Pr)P — 1 — 02 * 
Ph,(n-Bu)P +16 +171 * 
Ph,(ey-Hx)P + 3 +44 * 
hMe,P +44 +46 6 
PhEt.P +16 +16 6 
ty esta —10 —10 * 
Ph(n-Bu)sP +24 + 26°2 * 
Phi(cy-Hx)gP — 2 — 2 * 
Me, EtP i +48 +48 6 4 
Kt, MeP +34 +34 6 
Me.PH +99 +99 5 7 
MeEtPH +78 +77 8 
A{e(n-Pr)PH +84 +87 8 
Me(n-Bu)PH +84 +86 8 
MePhPH +72 +723 8 
Et, PH 4-57 +55 5 7 
(n-Bu‘,PH +69 +69 5 6 
(a-Bu’,PH +78 +82 6 
Ph,PH +45 +411 7 


* Our measurements, 


Others! have noted a regular variation in the chemical 

hift of a tertiary, secondary, or halo-phosphine on 
itepwise substitution of the alkyl groups by other alkyl 
rroups. 
i In the course of studies with a varicty of phosphines 
ind their derivatives, we have found that the "1P chemical 
hift (A p-p-m., relative to 85 per cent phosphoric acid) of 
ı tertiary phosphine is given by equation (1) with a 
tandard deviation of 1-0 for twenty compounds 


NATURE 


995 


A (p.p.m.) = 62 -Š On? (1) 
n=1 


of which the shifts have been measured. Further, the 1P 
chemical shift of a secondary phosphine is given by 
equation (2) with a l 


2 
A (p.p.m.) =99—1-5 ÈX or? (2) 
n=l 
standard deviation of 2-3 for the nine compounds for 
which data are available More accurate estimation of the 
chemical shift by use of fractional cP values was not 
attempted since the accuracy of experimental chemical 
shifts is only about + 1 p.p.m. 
Insufficient data on primary phosphines are available to 
give a similar generalizazion for them. 
The values for the constant o? for several organic 
groups are given in column 2 of Table 2. 


Table 2. COMPARISON OF oP CONSTANTS WITH TAFT AND HAMMETT 


CONSTANTS 

R Group oP o* am Gp 
Me 0 00 —0 07 —0 17 
Et -+14 —0°10 —0 07 — 0-15 
n-Pr +10 —0 115 —0 05 —0-13 
a-Pr +27 —0 19 —0 07 —0 15 
n-Bu +10 —0 15 —0:07 —0 16 
t-Bu +7 —0 125 — —0 12 

cy-Hx +28 —0-15 — — 
h +18 +0 60 +0 06 +0 01 


Fig. 1 shows the observed chemical shifts of the tertiary 
and secondary phosphinss plotted against Xo’, and Fig. 
2 shows the observed chemical shifts of al] twenty-nine 
phosphines plotted against the values obtained from 
equations (1) and (2). The numerical values are listed in 
Table 1. 

The basicities of primary, secondary, and tertiary 
phosphines have been shown by Henderson and Streuli’ 
(with the use of Taft!’ o* constants) to display a similar 
additive substituent effect, but inspection of the o* 
constants for various graups given in column 3 of Table 2 
reveals little correlation between them and the corre- 
sponding o* constants. The meta and para Hammett o 
constants likewise fail to display correlation with oP. 
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Fig.2. Observed chemical shifts in relation to chemical shifts calculated 
from equations (1) and (2). A, Secondary phosphines; @, tertiary 
phosphines 


The o* constants are essentially measures of inductive 
effect and thus it follows that the inductive effect is not 
the only factor influencing the 3P chemical shift. Indeed, 
the order of the oP constants indicates that the inductive 
effect is not the major factor in determining 3!P chemical 
shift. Resonance effects, such as hyperconjugation invol- 
ving the phosphorus 3d orbitals!!, may contribute and, in 
addition, steric effects which alter the bond angles and 
thus the hybridization of phosphorus are important®. The 
resulting different anisotropies about phosphorus would 
markedly affect the chemical shift, but sufficient data are 
not yet available to determine the relative magnitudes of 
the different effects. 

Work is continuing on derivatives of these and other 
phosphines with the aim of establishing similar relation- 
ships. 

This work was supported in part by a National Science 
Foundation grant G-24443. The Advanced Research 
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phosphorus nuclear magnetic resonance equipment. Both 
of us are recipients of the University of Maryland General 
Research Board awards, 1964. 
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Relative lonization Efficiencies of Hydro- 
carbon Molecules as a Function of 
Bombarding Electron Energy 


Ir has recently been shown that ions play an important 
part in the radiation chemistry of alkanes!. Since the 
ionizations that occur during y- or fast electron-radiolyses 
are caused by interactions of molecules with electrons of a 
wide range of energies, it is desirable to obtain information 
about the relative ionization efficiencies of different types 
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of hydrocarbons as a function of bombarding electrc 
energy. 

Recent results of Schram et al.2 can be used to sho 
that the relative ionization cross-sections (RICS) | 
saturated and unsaturated hydrocarbons are conste 
over the electron energy-range of 12,000 eV—600 eV ar 
are approximately (within +15 per cent from methar 
to benzene) proportional to the total number of electror 
in the molecule. Results of Kebarle and Godbole® can t 
used to show that the RICS of hydrocarbons are constan 
within an experimental uncertainty of about 20 per cen: 
over the electron energy-range of 5,000 eV—70 eV. Tr 
work recorded here extends these investigations fro» 
70 eV to 15 eV. 

Cross-sections for the ionization of molecules by 75 € 
electrons are proportional to the polarizabilities of tk 
molecules’. For a given type of molecule, the cros: 
sections for 75 eV electrons are also proportional to th 
number of valence electrons in the molecules’. Th 
excitation potential of the K-shell electrons in a carbo 
atom is 280 eV (ref. 6) so these electrons would not t 
affected by bombardment with 75 eV electrons. 

In this communication the RICS of a compound will b 
expressed as the ionization cross-section (ICS) per valenc 
electron in the compound relative to that per valenc 
electron in n-butane: 
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— ICS of molecule/No. of valence electrons in molecule 

RICS of molecule = ET Se moteoule 
Butane was chosen as a standard for comparison becaus 
it is common to the investigations of Schram? and Kebarle' 

The RICS of cyclohexane, cyclohexene and benzene ar 
shown in Fig. 1 as a function of bombarding electro 
energy. ‘The results were obtained with the aid of a 
Associated Electrical Industries, Ltd., MS2H mas 
spectrometer. The values of RICS are unity, withi 
experimental error, for all the compounds down to 
bombarding electron energy of 20 eV. The ionizatio 
potentials of these compounds are: butane, 10-8 eV 
cyclohexane, 10-3 eV; cyclohexene, 9:2 eV; benzene 
9:2 eV (ref. 7). The absolute ICS of a molecule decrease 
rapidly as the energy of the bombarding electro 
approaches the ionization potential of the molecule? 
The absolute ICS of n-butane decreases more rapidly tha 
do those of cyclohexane, cyclohexene and benzene at ener 
gies below 20 eV, so the RICS of the latter compound 
increase. 

The values of RICS are constant down to an electro: 
bombarding energy that is only double the ionizatio. 
potential of the molecules. 





3 F BENZENE 


2 CYCLO 
HEXENE 


RICS 


CYCLO- 


HEXANE 


0 10 20 30 40 50 60 70 
Electron energy (eV) 
Fig.1. Relative ionization cross-sections (RICS) of benzene, cyclohexene, 
and cyclohexane as a function of bombarding electron energy. The RICS 
values were determined relative to the ionization cross-sections of 
n-butane at the respective electron energies 


No 5014 


December 4, 1965 


The ICS of a hydrocarbon is proportional to the total 
amber of electrons in its molecule for electron bombard- 
g energies above 600 eV (ref. 2) and is proportional to 
16 number of valence electrons in its molecule for 
ymbarding electron energies between about 300 eV (the 
nization potential of a K electron in carbon) and 20 eV. 
1 mixtures of hydrocarbons, ‘valence electron’ fractions 
o not differ by more than 10 per cent from the ‘total 
ectron’ fractions. In view of the wide energy spectrum 
f the electrons that cause ionization during the radiolysis 
f a system, the assumption that the initial distribution of 
mizations among the components of a mixture of hydro- 
arbons is according to the respective ‘total electron’ 
‘actions of the components is adequate. Furthermore, 
20 fact that total electron fractions emphasize un- 
aturated compounds slightly more than do valence 
lectron fractions tends to compensate for the fact that 
ne RICS of unsaturated compounds is greater than that 
f saturated compounds at low bombarding energies. 


n-BUTANE 


60 
Electron energy (eV) 


Fig. 2. 


An additional piece of information is available from the 
resent work. Kebarle and Godbole® determined that 
he relative abundances of the major ions in the mass 
pectrum of a hydrocarbon were nearly constant over the 
vormbarding electron energy-range of 10,000 eV—70 eV. 
*he present results project this investigation to lower 
mergies. The relative abundances of the major ions in 
he cyclohexane, cyclohexene, benzene and n-butane mass 
pectra are shown in Fig. 2 for bombarding electron 
mergies in the range of 70eV—-12 eV. The relative abund- 
mees of the major ions from all the compounds are 
ssentially independent of electron energies down to 40 eV. 
[his means that, neglecting minor processes such as inner- 
hell excitation, the energy distribution of excited hydro- 
arbon ions is independent of bombarding electron energy 
„bove about 40 eV (about four times the binding energy 
f the electrons being perturbed). 

J. A. Takacs 


G. R. FREEMAN 
Department of Chemistry, 
Jniversity of Alberta, Edmonton, Canada. 
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Fragmentation patterns of n-butane, benzene, cyclohexene, and cyclohexane as & 
function of bombarding electron energy. The ion currents due to the individual ions are 
expressed as fractions of the total fon current. Only the major ions are represented 
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Androgenic Steroid Complexes with 
p-Bromophenol 


Onz of the major problems encountered in using the 
heavy atom X-ray method! to determine the structure of 
steroids®* (or any other molecule) is the possibility that 
the direct attachment of a heavy atom to the molecule 
will cause distortion. Theoretically, the amount of dis- 
tortion is determined br steric factors and the stability 
of the electronic configurations adjacent to the site of 
attachment. For example, when a bromine atom is 
covalently attached to carbon four of an aromatic A-ring 
of the steroid nucleus, it is reasonable to expect that the 
resulting distortion would be insignificant, because of the 
stability imparted to the A-ring by the aromatic system. 
Experimental evidence supporting this expectation was 
obtained in the molecular-structure determinations of 
4-bromoestrone? and 4-bzomoestradiol®. In these bromina- 
ted steroids, the A-rings are extremoly planar (non- 
planarity coofficients 0-02 A in both cases) 
despite the covalently attached bromine. 

On the other hand, when a heavy atom 1s 
attached to non-aromatic rings (or to various 
side groups) which lack the stability of the 
electronically imposed planarity of aromatic 
rings, considerable distortion should be ex- 
pected, especially in the immediate vicinity 
of the molecular perturbations caused by the 
substitution. Evidence supporting this is 
suggested by the fact that the absorption 
spectra of some of the nuclear-substituted 
bromo-derivatives of steroids (such as the 
a-bromo ketcnes) are distinctly different from 
the absorptian spectra of the unbrominated 
compounds. This is so because the equatorial 
halogen, which is co-planar with the carbony! 
group, interacts inductively with the carbonyl 
group, shorzening and strengthening the 
C=O double bond. This results in a small 
hypsochromi? shift in the ultra-violet and in 
a larger charge in the infra-red region where 
the frequency of the carbonyl stretching mode 
is increased as much as 20 em~. Axially 
attached bromine, on the other hand, produces 
@ pronounced bathochrcamic shift in the ultra-violet of 
about 20-30 my but nc changes in the infra-red. In 
extreme cases, such as tae 6B(a)-bromo- A‘-3-oxosteroids, 
the compounds are quite labile and can be de-hydro- 
brominated with comparatively mild reagents‘. 

Papers reporting the amount of distortion in quantitative 
terms are scarce in the literature. We have been unable to 
find examples of X-ray structure determinations of 
compounds approximately the same size as steroids with 
and without a heavy atom. It is hoped that when the 
work has been completed, the structure determinations of 
16- and 21-bromo isomers.of 5a-pregnan-38,17«-diol-11,20- 
dione, at present being made in our laboratory, will shed 
some light on the problem. In the meantime, we have 
turned our attention to another approach. 

The whole idea of the heavy atom method is to add a 
few heavy atoms to the unit cell which are crystallo- 
graphically arranged and which have high enough atomic 
scattering factors to dominate the phases of the waves 
scattered by the total consents of the unit cell. Thus, from 
the point of view of crystal structure determination, it 18 
completely unimportant whether or not the heavy atoms 
are bound to the moleculs the structure of-which is being 
determined. The whole vroblem of molecular distortion 
by the covalent binding of heavy atoms may be circum- 
vented by the co-crystaLizatian of the steroid molecule 
with a smaller molecule @ntaining an appropriate heavy 
atom. With this idea in mind, one of us (C. E.) undertook 
to prepare such complexes. The purpose of this communica- 
tion is to report the preparation, heavy atom analysis, 
spectroscopic data, and single crystal X-ray diffraction 
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data for a series of molecular complexes between some of 
the androgenic steroids and p-bromophenol. 

The steroids and the p-bromophenol were mixed in a 
1:1 molar ratio, dissolved in n-hexane, and left in stop- 
pered vials for crystallization. In an effort to obtain 
erystals suitable for X-ray analysis (diameter = 0-03 mm), 
the vials were kept in vacuum flasks heated by a thermo- 
regulated electrical resistance coil and the temperature 
reduced gradually from 60° C to room temperature over a 
period of approximately one week. The mother liquor was 
decanted and the crystals washed thoroughly with n- 
hexane and afterwards dried at 40° C in a vacuum. 

The products were subjected to combustion in a 
Schéniger oxygen flask’ and afterwards analysed for bro- 
mine by potentiometric titration of the bromide formed 
with a calibrated silver nitrate solution. The results of these 
analyses are given in Table 1. 

Infra-red absorption spectroscopy is one of the powerful 
tools for the detection and quantitative evaluation of the 
hydrogen bond. It has been well established in a surpris- 
ingly large number of papers that molecular association 
between phenols and ketones is stabilized by hydrogen 
bonding, the phenol acting as a proton donor and the 
carbonyl group as the acceptor*-}*, In general, the inter- 


Table 1. BROMINE ANALYSES 


Steroid-p- 
Complexes of py-bromophenol bromophenol % Bromine % Bromine 
and molar ratio (calculated)* (measured)T 
6a-Androstan-3a-ol-17-one 
(androsterone) 1:1 17-24 16 92 
A’-Androsten-38-ol-17-one 
(dehydroepiandrosterone) 3:2 13-20 13 17 
58-Androstan-3a-ol-17-one 
(etiocholanolone) 2:1 10:60 10-54 
A*t-Androsten-178-0l-3-one 
(testosterone) 1:1 17 32 17°84 
5a-Androstan-176-ol-3-one Lei 17 24 17-03 
1,4-Androstadien-178-ol-3-one 1:1 17°41 17-24 
6f-Androstan-178-ol-3-one a Ete 17°24 17-00 


* For the specified ratios. 
+ The experimental error is estimated to be +1 per cent or better. 


Table 2. INFRA-RED ABSORPTION SPECTRA (OM-)* 


p-Bromo- Andro- Testo- Cyclo- Cyelo- 
Frequenciest phenol sterone sterone pentanone hexanone 
y,C=O0 — 1,744 1,680 1,749 1,718 
v, O-H 3,610 3,628 3,655 — — 
(monomer) 
Vs 0- ’ io tae — aa 
(self-associated) 
rs O-H. 1,176 — —- — — 
(phenol) 1,168 
Andro- Testo- Cyclo- Cyclo- 
sterone sterone pentanone hexanone 
. +p-bromo- + -bromo- + p-bromo- +p-bromo- 
Frequenciest phenol phenol phenol phenol 
C=O 1,728 1,658 1,728 1,703 
vs O-H 3,610 3,610 3,609 3,614 
(monomer) 
Vs 3,360 3,360 3,400 3,340 
(associated) 
r O-H. 1,176 1,176 1,176 1,176 
(phenol) 1,168 1,168 1,168 1,168 
1215 1,210 1,210 1,210 


* All measurements were made in carbon tetrachloride. 
Ts, stretching mode; vb, ‘In plane’ bending mode. 
F go romophenpl concentration, 0 125 M. Steroid and ketone concentration, 
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molecular association involving hydrogen bonding j 
characterized by a number of changes in the specifi 
absorption bands of the participating functional groups. 

The OH stretching mode of the alcohol or phenol i 
shifted to lower frequencies because of the increase of th 
O—H bond length. A similar decrease in frequency j 
observed for the C=O stretching mode of a carbony 
group participating in hydrogen bonding as a proto 
acceptor, while the C—O—H deformation mode (that is 
the in-plane bending of the alcoholic or phenolic O—H) 3 
shifted to higher frequencies. In all these cases the amoun 
of shift and absorptivity is related to the strength of th 
hydrogen bond involved"4. 

Our preliminary infra-red spectroscopic measurement 
support the assumption that mtermolecular complexe 
between androgenic steroids and p-bromophenol ar 
hydrogen. bonded (Table 2). This is indicated by a shift o 
the C=O stretching of the steroid carbonyl groups te 
lower frequencies: 1,744-1,728 cm-! for androsterone anı 
1,680-1,658 cm-! for testosterone. A similar change o 
the OH stretching can be observed for the phenolic OF 
group. Thus, when steroid is added to the p-bromopheno 
solution, the intensity of the monomeric OH band a 
3,610 cm~! is decreased, while a new broad band betwee 
3,400 cm~ and 3,340 cm- appears, due to the hydrogen 
bonded OH group. A self-association of the p-bromopheno 
can be detected at higher concentrations in the 3,400- 
3,520 cm-! range with a peak at 3,480 cm-t. There i 
considerable overlap of the association bands in this 
region, presumably because of different hydrogen bondet 
molecular species formed by the p-bromophenol 
Additional evidence of association by hydrogen binding 
is the frequency shift of the OH deformation modes of the 
p-bromophenol. Phenol and some of its substituted deriva- 
tives show two bands in the 1,180 cm-t and 1,330 cm- 
regions, the first with a more pronounced OH characte» 
demonstrated by a larger hydrogen bond induced fre. 
quency shift. It has been concluded that at least one oJ 
these modes is the coupled vibration between the OB 
bending and the C—O stretching mode; the latter, coupled 
with the benzene ring vibration, absorbs in the 1,250 em~- 
region. Although definite assignments of these two bands 
are still questioned, it has been shown that both respond 
to hydrogen bond formation. In our measurements we 
observed a definite weakening of the 1,176, 1,168 cm~ 
‘doublet’ of the p-bromophenol and the appearance of a 
new band at 1,215 cm-t, which is a shift of approximately 
40 cm-?. On the other hand, we were unable to identify 
with certainty a corresponding shift in the 1,300 cm~ 
region. Results similar to those described here were 
obtained with cyclohexanone and cyclopentanone, the 
ketonic ring system found in the steroids, and they are 
included here for comparison. The C=O stretching band 
of cyclohexanone is shifted from 1,718 cm- to 1,703 em-!, 
and the one for cyclopentanone from 1,749 cm-! to 
1,728 cm-!, while the OH stretching and the deformation 
modes of the p-bromophenol show the changes already 
mentioned. 
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Table 3. SINGLE CRYSTAL DATA 












Mol. wt. 
(g.cm—, meas.) 
(g.cm~, calc.) 


Space grou 
Tidi 


+ +0004 A. 
(1) 

3a-ol-17-one : 

(6) 1,4-andros adien-178-ol-3-one : p-bromophenol. 


(6) (7) 4 


















4) (5) 
Cis 3903 Ci.H, Or OH 930." CisH3.09° 
CcH,OBr C,H, OBr C.H,OBr C HOBI 





5a-androstan-3a-ol-17-one : p-bromophenol (androsterone). (2) 45-androsten-3f-ol-17-one : p-bromophenol (dehydroeptandrosterone). (3) 58-androstan- 
-bromophenol (etiocholanolone). (4) 4‘-androsten-17f-ol-3-one : p-bromephenol (testosterone). (5) 5a-androstan-17-8-ol-3-one : p-bromophenol 
(7) 58-androstan-17f-o1-8-one : p-bromophenol. 
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At the present time, we do not have enough evidence to 
dentify the interaction between the bromine and the 
teroidal alcohol group which is suggested in the two cases 
x which the molar ratios of steroid and bromophenol are 
t: 2 and 2: 1 respectively. From our data, however, it is 
vident that the intensity of the alcoholic absorption 
sands (3,628 and 3,635 cm-') decreases with the concentra- 
ion increase of p-bromophenol, indicating intermolecular 
aydrogen bonding. 

Unit cell constants were measured on a General Electric 
XRD-5 X-ray diffraction unit equipped with a single 
rrystal orienter, using copper Kg radiation. Space groups 
were determined from considerations of Friedel symmetry 
end optical activity. Densities were determined by 
flotation. All the crystals examined appear to be good 
enough to be used in structure determinations, although 
ome of them may have to be mounted in sealed glass 
tapillary tubes to protect them from atmospheric moisture 
er possible loss of volatile components. The single crystal 
lata are given in Table 3. 

In addition to offering a useful tool in the X-ray crystal- 
graphic determination of steroids, the molecular com- 
ylexes between androgenic steroids and p-bromophenol 
described in this communication are of considerable bio- 
ogical intérest. Since phenol groups are often present in 

roteins, perhaps the type (or types) of binding responsible 
‘or the formation of the complexes reported here are also 
mportant in steroid-protein interactions. It is interesting 
30 note that similar complexes between other androgenic 
steroids (also progestational steroids) and {$-naphthol, 
sesorcinol, phloroglucinol, and naphthalene have been 
reported in the recent literature’. 

We thank Chia Tang Lu for obtaining the single crystal 
data and Carl Reggie for helping with some of the chemical 
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Crystalline Modifications of Ampicillin 


Since the introduction in 1961 of 6[D(—)a«-amino- 
phenyl-acetamidojpenicillanie acid’ (I; ampicillin), its 
synthesis, bacteriology, pharmacology, and clinical use as 
@ broad-spectrum penicillin have been extensively re- 
ported. Recently, attention has been turned to the phy- 
sical properties of the solid. Thus, Grant and Alburn? 
have distinguished between a crystalline anhydrous form 
and a monohydrate, which differ in solid-state infra-red 
absorption spectra, density, solubility, and thermal 
stability. They make no mention, however, of the highly 
crystalline ampicillin trihydrate which may be obtained 
by crystallization from water* or by treating acid addition 
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salts in moist organic |lvents with amines of high mole- 
cular weight’. We wish to report further details of the 
various solid forms of ampicillin, both anhydrous and 
hydrated, and the means whereby they may be inter- 
converted. 

S 
é \S—cH—cGNHCH—CH” ‘cMe, 


Xn do Xk daoo,- 
( 


1) 

Ampicillin is normaly isolated from aqueous solution 
by adjusting the pH te 4-6-5, followed, if necessary, by 
concentration at low temperature and pressure, whereupon, 
provided the solution is reasonably pure, needle-like 
crystals separate readily*®. However, if much impurity is 
present, which may happen with some preparative 
methods, the initial product may consist of heavily 
hydrated agglomerates. although slurrying with water to 
which sufficient alkali bas been added to bring the pH to 
between 7 and 8 readily «onverts such solid into the crystal- 
line form’. The first crystals obtained in this laboratory 
were dried in vacuo over phosphorus pentoxide prior to 
analysis, and then hac the elemental composition of a 
monohydrate®. Howewer, when the crystals from sub- 
sequent runs were dried in air at temperatures up to 
about 65° C they proved to be the trihydrate. Further 
drying in vacuo, ever at room temperature, readily 
reduced the water cortent to the monohydrate level, 
but dehydration beyond this stage was slow. 

Grant and Alburn? heated an aqueous suspension or 
slurry of the monohydrate at 40°—100° C for a few minutes 
to give crystalline anhyarous ampicillin. In this laboratory 
the anhydrate was simJarly prepared from any form of 
ampicillin’, although reasonably rapid conversion of tri- 
hydrate required a temperature of 80°-100° C. Hydrated 
ampicillin was also converted into the anhydrate by 
heating a suspension m nitromethane or other nitro- 
hydrocarbon’. 

The various forms of ampicillin may be distinguished 
by their infra-red spectra in the solid state (Fig. 1). The 
broad-banded spectrum attributed by Grant and Alburn*® 
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Fig. 1. Infra-red spectra of ampicillin forms (0-4 per eent in potassium 
r bromide). i) Trihydrate: (2) anhydrate; 3) other forms 
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of amorphous’ or frodvie-drind specimer 
about 20 per cent water. This type of apectram (No. 3) 
may be contrasted with those of the anhydrate and tri- 
hydrate, in both of which the bands are sharp and well 
resolved. Spectra of the trihydrate (No. 1) and anhydrate 
(No. 2) differ chiefly in the NH and OH stretching region, 
where a sharp isolated band at 3-00u is characteristic of 
the anhydrate, and in a group of bands between 6-05 and 
67u which include the carbonyl stretching band of the 
ionized carboxyl group, the ‘amide IP (NH/CN com- 
bination) band, and possibly an NH,+ deformation band. 
In the latter region the trihydrate shows a shoulder at 
6: l4u.. and bands at 6-21, 6-34 and 6-66, whereas the 
anhydrate shows distinct bands at 6-08 and 6-32u as 
well as a compound band centred at about 6-6u. An un- 


- assigned medium-intensity band at 7-48. appears to be 


characteristic of the trihydrate. 

Grant and Alburn? attribute the diffuseness of their 
monohydrate spectrum to a low degree of order in the 
erystal; by the same token the trihydrate and anhydrate 
-crystals should both be highly ordered. The spectrum of 
the trihydrate suggests that the three water moleculss 


may be intimately associated with the two ionized groups 


‘and with the amide NH group. With all the water mole- 
cules thus rigidly bound, the trihydrate is as stable as the 
anhydrate to normal storage, while its lower stability 
above 70° C is probably due to break-down of the crystal 
lattice. and rupture of the sensitive B-lactam by the 
liberated water. When part of the crystal water is 
removed in vacuo stability is decreased, possibly due to 
greater freedom of movement in the impaired lattice. 
“The solubility of the crystalline anhydrate in water is 
relatively little affected by temperature, being approx- 
imately 1-1 per cent at 30° C and 1-3 per cent at 87° C, 
whereas that of the trihydrate is only 0-7 per cent at 
30° C but increases fairly sharply with temperature so 
that the two solubility curves intersect at about 50° C. 
Solutions of ampicillin in one equivalent of N hydro- 
chloric acid were stirred at various temperatures while the 
calculated quantity of 2 N sodium hydroxide was added 
and crystallization occurred. Crystals separating below 
50° C proved to be pure trihydrate, above 60° C they 
were the anhydrate, while at intermediate temperatures 
the solid was shown spectroscopically to contain both 
forms. The trihydrate and anhydrate, each in their 
appropriate temperature ranges, thus appear to be the 


only crystalline forms capable of existing in equilibrium 


with the saturated solution. We therefore believe that 
samples of ampicillin which have been recorded as the 
dihydrate* or sesquihydrate’ were 
~~ either: ‘amorphous or consisted of partially dehydrated 
.. trihydrate. 

Wo thank Mr. A. E. Bird, Dr. H. D. C. Rapson and 
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In the course of Guron atenn to ous 
metanitrophenylphosphate as a photochemical phosphory 
lating agenti, we noted the appearance of pyrophosphat 
in a number of our control tubes. Further experiment 
have shown that ultra-violet irradiation of solutions t 
phosphoric acid or tefrabutylammonium dihydrogen phos 
phate in certain pyridine derivatives or in aliphatic ketone 
leads to the formation of condensed phosphates. In th 
communication we describe our semi-quantitative obsex 
vations on these systems. We examined 0-01-0-05 F 
solutions of phosphate in the following solvents: pyridine 
2-, 3-, and 4-picoline, acetone, methyl ethyl ketone 
pyruvie acid, acetylacetone, benzaldehyde, acetophenone 
anisole, n-butyraldehyde and propionaldehyde. Only. i 
those listed in Table 1 were we able to detect pyrophor 
phate. (The sensitivity of our method was ~ 0-5 per cers 
conversion.) Trradiations were carried out in a RPR-10: 
‘Rayonet’ photochemical chamber using RPR-2537) z 
lamps for the ketone solution and RPR-3500 A lamps fo 
the pyridine solutions. The solutions were contained i 
quartz tubes 10 mm in diameter. The temperature of th: 
solutions was 45° +5° C. 













Table 1. PERCENTAGE CONVERSION OF ORTHOPHOSPHATE TO PYROPHOS 
PHATE IN UYLPRA-VIOLE?T-IRRADIATED SOLUTIONS. THE RESULTS AR, 
EXPRESSED IN PERCENTAGE OF PHOSPHORUS PRESENT IN PYRoPHosPpHat®: 


Time of irradiation (h) 


Solvent Solute Conc. (M) 16 32 48 80 170 
Pyridine (Bu, NJE PO, 0-05 2 5-7 15 15 
sPO, 0-05 25 2:5 25 
2-Picoline (Bu, NJH, PO, 0-05 1d 5 5 E 
3-Picoline (Bu, N)H,PO, 0-05 i5 5 10 8-1 
4-Picoline (Bu, N)H.PO, 0-05 1 5-8 
Acetone (Bu, N)H,PO, 0-025 7 
H,PO, 0-05 3 8 8 
Methyl ethyl (Biu NHPO, O01 20 
Ketone HPO, 005 7 


Rough quantitative estimates of the extent of con 
version of phosphate to pyrophosphate under a variety o 
conditions are given in Table 1 (ref. 2). The consequences 
of prolonged irradiation are more complex and less repro: 
ducible, probably because the organic solvents underge 
extensive degradation. However, two phenomena 0- 
considerable interest were observed repeatedly; namely 
the formation of tripolyphosphate in solution and. the 
formation of precipitates containing much of the phos 
phorus as pyrophosphate, tripolyphosphate, and trimeta. 
phosphate. 

We first became interested in these novel reactions: ir 
the context. of ‘origins of life’ investigations. However 
we now doubt that our findings have any relevance. 
While the reaction proceeds equally well in damp pyridin 
and in pyridine dried over calcium hydride, the additior 
of 50 per cant water completely quenches the condensa 
tion. Until a condensing agent can be found which bring: 
about pyrophosphate formation in aqueous solution, thi 
involvement of reactions of this type in prebiologi 
synthesis remains without experimental support. Ou 
experimental findings do not permit any conclusio 
concerning the mechanism of the reactions. , 

We understand that Dr. C. Zioudrou and Prof. G. Steir 
have made related observations. a 
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The phosphates were analysed by paper See pac deep ale geo (Koalloff, Re i 
Anal. Chert., 88, 373 (1961), and d ye E. J., and Czeh, F. W., Ai 
Chem., 35, 769 (1963). A 













OSE - ‘gubleanstoacetate. (GCA) while or 
te hydrochloric acid has been found to have 
sl effects in experimental diabetes'*. It has also 
y been observed in this laboratory to facilitate 
1ethylation reactions in Æ. coli’. It was reported 
y Saikia, Brahmankar and Nath‘ that hydrolysed 
cycloacetoacetate in a daily dose of 80 mg/100 g 
wt can cause considerable desaturation of the liver 
hich, according to Schoenheimer and Rittenberg’, 
indication of increased fat metabolism. Nath and 
ë have also observed earlier the prevention of 
rosclerotic and hyperlipaemic conditions in animals 
he hydrolysed product of glucose cycloacetoacetate 
). Investigations were therefore undertaken to 
‘serve the lipotropic effect of GCAH in experimental 
mimals. Because vitamin B,, is known to have a 
ipotropic effect it was also thought desirable to study the 
fect of very small doses of vitamin B,, in partiaily 
i patentomized animals, 


aes Table 1 
Fat in liver Fat 48h 
No. of Treatment just after after partial Increase 
agiiinls Substance Period partial hepa- hepatectomy of fat 
tectomy (per cent) (per cent) 
(per cent) 
on Nil S18+025 89540-32 72 
Be GCAH From 3 days 508015 5314014 25 
A: . que ioe lines 
moe amg epatectomy 
EEE gre » 4°86 +0°14 4°90 +012 0-8 
Tae 
25 mgikg 
6 Vit, Big s SOLO 5°96 + O15 168 
inject 
10 ugikg 


Montini and Pontremoli® have reported that, 48 h 
fter partial hepatectomy of the rat, the remaining portion 
if the liver undergoes fatty degeneration with a very 
arge increase in the percentage of fat. This technique 
vas used in this investigation and the experiment was 
nade with twenty-two rats each weighing about 200 g. 
sixteen animals were used for the experiment and six as 
iontrol. GCAH and vitamin B,, were injected intraperi- 
oneally for three consecutive days before partial 
1epatectomy and for 2 days more thereafter before killing. 
[he results are shown in Table 1. 

It is thus evident from the results that GCAH, which 
tas been found to help formation of methionine’ as 
vell as choline! in liver, is also lipotropic in nature. 
Further investigations are in progress. 

N. NATH 

V. D. YAWALKAR 


Department of Biochemistry, M. C. NATH 


University of Nagpur, India. 
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; pid Method for Selenium Assay of Plant 
| Material 


have found the following to be a particularly rapid 

i ‘ible means of assaying for selenium in leafy 
tis based oa the use of perchloric acid 
te digestion and clarification of the 
spectrophotometric. determination of 
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‘on: reduction of. the 


the elemental selenium. pro ae ig 
ethod. ound ses 


combined forms of the sleme 
in part, a combination ot technigr 
for higher plant and mierobial materiale. 

We used the selenium -accumulator Astragalus biniloa 
L. in soil watered once daily with 1 p.p.m. of selenium as 
Na,SeO0,-5H,0 and the closely related non- -accumulators 
A. canadensis L. and A. suecuientus L., grown in the same ` 
way except that no seenium was added to the soil in 
which the latter pee ‘were grown. ee 

Approximately 0-5 g fresh weight of the plant sample oy 
containing Se is placed in a 250-ml. Erlenmeyer flask, : 
which is added 10 ml. of the digesting mixture consi 
of 3 parts conc. HNO, end 1 part of HCIO, (60 per ce 
The mixture is heated gently on a hotplate until all- 
HNO, is driven off and the fumes of HCIO, begin to fill th mete 
flask. After the materiel is completely digested, the flask 
is cooled thoroughly i in cold water. 2-3 ml. H,O, is added, 
and after 5 min or more the flask is reheated until fumes 
of HCIO, appear again, and all the H,O, has been expelled. — 
The clear and colourless sample is again cooled and the — 
fiask is then placed into: a boiling-water bath for 2-3 min. 

A mixture of 10 ml. of a 3 per cent hydrazine sulphate 
solution plus 3 ml. of a 2-5 per cent solution of gum arabic 
is added. It is extremely important to add the mixture.in 
aliquots of 2 ml. or less and to allow a short period of 
time between addition. The flask is then placed in the 
boiling-water bath for 1) min, by which time the charac- 
teristic orange-red colour of elemental Se should be fully 
developed. The suspension is transferred to a volumetric 
flask and made up to 25 ml. with distilled-water. ‘The 
absorbancy of the samples at 420u is measured in a 
spectrophotometer (Beckman DU) and the Se concen- 
tration is calculated using the straight-line calibration 
curve obtained from kaown concentrations of elemental... 
Se. To prepare the stamlards, 1-0 g elemental Se is added © 
to 10 ml. concentrated HNO; and the mixture heated to 
dryness on a hotplate. 10 ml. distilled water is added, and 
the suspension is again dried by heating. The addition of 
water and heating is repsated twice. The Se is now treated 
as in the preparation of the unknown sample, except that 
the H,O, can be omitted, as has been shown by preliminary 
tests. The final dilutions can be varied according to the 
expected range of Se concentrations in the unknown 
samples. The Se concensration of A. bisulcatus L. averaged 
1,100 p.p.m., while the non-accumulators averaged 0-03 
p-p.m., all on a fresh-waght basis. 

This work was supported by U.S. Public Health Service 
grant A100596-C. We thank L. Sonstelie for technical 
assistance, and Dr. O. A. Beath of the University of 
Wyoming for seed of the Astragalus species. 
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* Falcone, G., and Nickerson, W. J., Giorn, Microbiol., 8, 129 (1960). 
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Disruption of Protozoa by Indole and Related. 
Compounds 
Tue disruption of prcetozoa in saturated aqueous indole 
solutions, first describec. by Eadie and Oxford', has been. B 
used in the preparatior: of enzyme extracts from rumen... `x 
protozoa? and ribosomes from Tetrahymena’. This type of 
biochemical disruption is of interest not only because 
its spectacular nature kut also because it is selectiv 
rumen protozoa and any associated bacteria. a 
broken?. In examining the disruptive effect of oth 
compounds Eadie and Oxford? confined themselves larg Bo 
to those closely related to indole and skatole (see Table 1)... > 
They concluded that, while a fairly close relationship _ 
to the tryptophan stracture pill be important, the 
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Table 1. DISRUPTION OF PROTOZOA BY SOMB ORGANIC COMPOUNDS 


Tetrahymena Rumen protozoa 
Killed Disrupted Killed Disrupted 
(a) Present work 
Indole, indoline, quinoline, 1,2,3,4,- 
tetrahydroquinoline, a en gat 
1,2,3,4,-tetrahydro-isoquinoline, 
benzene, N-ethy! aniline + $ 4 + 
Piperidine 
Pyrrolidi = i iā 


ne 
Pyrrole, pyridine, aniline, carbazole, 
na hthalene, n-hexane, diethyl ether, 
ap meranen AA — — - - 


(b) Eadie and Oxford? 

Indole, skatole, isatin, 5-, and 

7-methyl indole 

Aniline, tryptamine, tryptophan. 

indolyl-3-acetate, -propionate, 

-butyrate — - 


— = non-toxic or not disrupted. 


primary requisites for disruption were “slight water solu- 
bility with ready lipoid solubility and the absence of any 
strongly polar centre in the molecule”. We have now 
examined the disruptive action of a much wider range of 
compounds on both ruman protozoa and Tetrahymena in 
order to test these conclusions. 

Mixed rumen protozoa were freshly isolated‘ from the 
rumen contents of cattle fasted overnight; Tetrahymena 
were grown for seven days*. In each case the protozoa 
were collected by centrifuging (200g) and portions (0-1 g 
wet weight) suspended in 2 ml. solution (water at 20° C for 
Tetrahymena, buffert at 37° C for rumen protozoa) con- 
taining water-insoluble compounds at saturation and 
water-soluble compounds at 0-1 per cent w/v (equivalent 
to the indole concentration at saturation). The organisms 
were examined microscopically at intervals during 1 h and 
the following effects were distinguished: (a) no apparent 
effect, (b) loss of motility without disruption (killed only) 
and (c) loss of motility followed by complete disruption. 
In earlier work?, rumen protozoa which had been isolated 
and incubated for 24 h were used and disruption with 
indole was slow; in contrast to this, Tetrahymena always 
burst instantly on contact with indole. The freshly isolated 
rumen protozoa used in the present work were more active 
organisms and when disruption occurred after addition to 
the test solution it was almost always instantaneous. The 
results obtained with various substances are summarized 
in Table 1. 

These results show that protozoal disruption is not 
solely associated with indole and its derivatives but that 
the other conclusions of Eadie and Oxford! concerning 
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solubility and the absence of polar groups are substar 
tiated. Thus, in general, all the disruptive compounds a1 
only slightly soluble in water but show ready lipid soh 
bility and have no strongly polar centre in the moleeul 
The strongly basic and/or water-soluble, single-ring heter 
cyclic compounds are largely non-disruptive under th 
conditions used, but the two-ring heterocyclic compounc 
are very active, because the presence of the fused benzen 
ring increases the lipid solubility and decreases the basicit 
(except for tetrahydro-isoquinoline). Not all the lipic 
soluble compounds tested, however, are active. While i 
some cases this may be related to the fact that they ar 
too insoluble in water (for example, naphthalene, carbazok 
n-hexane), in other cases it could be due to the presence € 
a polar centre in the molecule (for example, aniline, ether 
Our results suggest that solutions saturated with benzen 
rather than indole may be more convenient for disruptin 
protozoa. Control experiments have shown that the ben 
zene in such extracts does not interfere with carbohydras 
activity and it has the advantage of not giving a fals 
colour with the Folin-Ciocalteau proteolytic reagent a 
does indole, 
R. W. BAILEY 
G. B. RUSSELL 
Plant Chemistry Division, 
Department of Scientific and Industrial Research, 
Palmerston North, 
New Zealand. 
' Eadie, J. M., and Oxford, A. E., Nature, 174, 973 (1954). 
* Bailey, R, W., and Howard, B. H., Arch. Biochem. Riophys., 99, 299 (1962 


* Lyttleton, J. W., Exp. Cell Res., 31, 385 (1963). 
* Oxford, A. E., N.Z. J. Agric. Res., 1, 809 (1958). 


PHYSIOLOGY 


Cerebello-rubral Connexions in the Cat 


SMALL stereotaxic lesions have been made unilaterally i 
each of the three cerebellar nuclei in a series of cats. Afte 
a survival period of 8-15 days, the animals were killed b) 
intracarotid perfusion of 10 per cent formalin unde 
anaesthetie. In each case, the cerebellum was cut i 
serial frozen section at 100u and stained by the Niss 
method. Projection drawings from these sections made i 
possible to localize and reconstruct the lesion. 


=, 


Fig. 1. 
of the appearance of the con 


tative lesions in each of the three cerebellar nuclei. ‘Below each di 
ard a ie Soome Te Miana red nucleus, impregnated by the method of Nauta, in the case of the lesion illustrate 





m is a Laer ey i i h hee 
é ons o 


the fastigial (a) and lateral (c) nuclei produce no degeneration in the red nucleus, while a lesion of the n. interpositus (b) provokes intense 
pre-terminal degeneration 











ORS 
hat no fibres from either n. fastigii or n. leteralis 
ninate in the magnocellular red nucleus (Fig. 1, a and c), 
ugh there is a small amount of pre-terminal degenera- 
¿in the pre-rubral region of the zona incerta following 
ms of n. lateralis. In contrast to this, lesions of n. 
rpositus cause massive pre-terminal degeneration in the 
contralateral red nucleus (Fig. 16). So far as the fastigial 
nucleus is concerned, these findings are in agreement with 
those of previous authors®:*; but we cannot agree with 
Cohen et al.4 that there is any projection from the lateral 
cerebellar (dentate) nucleus to the red nucleus. The 
discrepancy may be due to the fact that we have been 
able to produce small coagulations which were confined to 
single cerebellar nuclei. It is interesting that only the 
nucleus interpositus appears to receive reciprocal afferent 
innervation from the red nucleus in the cat*. 

_ Like Cohen. et al.4, in the cat, and in contradistinction to 
the findings of Carrea and Mettler* in the monkey and the 
electrophysiological study of Orioli? in the cat, we were 
unable to find any evidence suggesting that fibres of the 
descending limb of the brachium conjunctivum extend 
below the level of the superior olive. 
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Delayed Mortality in Adult Chickens 
exposed to | Atmosphere Oxygen 


THe growing chick (2—7-week-old White Leghorn) is 
markedly resistant to the usually lethal effects of 100 per 
cent oxygen at one atmosphere (OAP), oxhibiting only a 
depressed growth rate and feed intake’. It has been 
theorized that the different anatomy of the avian respira- 
tory system might enhance resistance to a toxic agent 
believed to act primarily on the lungs. However, the 
young of several mammalian species are more resistant to 
the toxic action of OAP than the adults?, The question of 
whether the chicks’ mild reaction to OAP was a function 
of its young age or unique anatomy could not be decided 
from the literature, which, so far as the domestic fowl is 
concerned, appears to be limited to a report on three 
adults*. Therefore, further tests involving the exposures 
of mature White Leghorns to OAP were undertaken. 

Continuous exposure to OAP took place in sealed plastic 
isolators similar to those used with chicks', except for the 
substitution of cages capable of holding one to two adult 
birds. Isolator conditions were controlled and physio- 
logical variables determined essentially as for the chicks, 
with the addition that body temperature (Ts) was 
measured by a rectal thermistor inserted 4-6 cm via the 


cloaca. Isolator conditions averaged: oxygen = 98+ 2 
per cent; carbon dioxide = less than 0-5 per cent; 


T = between 23° and 28°C; relative humidity = mostly 
100 per cent, except 42-65 per cent in two early trials. 
The birds used were single-comb White Leghorns ranging 
in age from 8 months (six males and three females) to 








2 years (the remaining 10 females). About midway — 
through the tests, adult white mice were introduced into 
the isolators to serve as biological indicators of the toxicity 
of the atmosphere. i 
Initial examinatior. of mortality data showed no- 
difference between 8 month-old and 2-year-old birds, =- 
hence survival time is sresented in Table 1 without regard 
toage. The overall average survival time was 10 days, with 
no statistically signifwant difference due to sex. The > > 
range was 5-16 days, with one male still alive, but barely. = o 
so, on day 16. Thess results are in general agreement — 
with Soulie’s? results on three chickens, two o: h 
survived beyond 11 deys. By contrast, adult whi 
exposed simultaneousy to the same atmosphe) 
only half as long, 5 deys on the average, with a ran 
4-8 days (Table 1). 4 tee 
A uniform observation in all trials was a complete cet 
tion of both feed and water intake within 2 days, generally 0000s 
after 24 h, which was associated with a progressive o à oo 
lethargy. Because of the adipsia the relative humidity — 
in the isolator was permitted to rise to saturation, for, 
although high humidity is reported to shorten survival in 
OAP4, we thought that dehydration in these extended 
exposures might be even more detrimental. The effect of 
the anorexia is seen ia the 31-33 per cent loss in body- 
weight at time of death (Table 1). 
Although feed intake ceased early, a dark, watery faecal 
material continued to be deposited throughout the stay 
in OAP. Post-mortem sxamination of the digestive system 
showed that in every case the tract from gizzard to cloaca 
was empty and free of avert lesions ; however, in a number 
of animals the upper tract-crop, proventriculus and gizzard 
contained feed materia. in various stages of decomposition. 
It would seem that OAP inhibited motility anterior of the- 
gizzard but not posteriorly, and the dark faecal deposits 
may have been desquamated intestinal debris mixed with 
bile segments. 
Though primary interest in this work centred on survival 
time, a number of anallary measurements were made at 
random during the ceurse of the exposures (Table 1). 
The finding of a pO, o” more than 400 mm mercury after 
an average of 8 days ia OAP indicates that there was no 
barrier preventing con:act between blood and the hyper- 
oxic atmosphere. It saggests further that if hypoxaemia 
develops in these biris it must be quite late in the 
exposure. This was visually confirmed by maintenance of 
red colour in comb and wattles until near death. The 
haematocrit of 40 is high for adult hens*, probably reflect- 
ing dehydration resultmg from the adipsia. Body tem- 
perature remained nozmal over most of the exposure, 
making it unlikely that the prolonged survival is due te 
any drastic depression in metabolism. In one or two birds 
a possible neural symp-om was observed in the form of a 
twisting of head and neck as terminal events approached. 
A marked effect of OAP was noted on respiration. 
Breathing rate decreased progressively with exposure 
finally degenerating into short gasps alternating with long 
periods of apnoea. Nevertheless, on post-mortem, lungs 
and thorax appeared fer the most part grossly normal— 
certainly showing nothng comparable to the congestion, 
hyperaemia and oedema observed in the mice which died 
in OAP. 

















EFFECT OF 100 PEE CENT OXYGEN AT 1 ATMOSPHERE ON THE 


Table 1. ‘ED 
ADULT WHITE LEGHORN 


Male Female 
(No) av. SLE. (No.) av. t Sk. 


Survival-time Chicken (6) tött (18) 16-7408 
(days (19) 10-3 40-7 ee 
Mice (8) 50+ 0-6 e ee 

Body-weight Initial (4) 17424012 (8) P46 40-28... 
(kg) Final (4) 1174004 (8) 1004016 
Per cent :oss S12 327 N 


Arterial O, tension (mm Hg)}dav. exposure—8 days) (4) 482441 
Venous 0, tension (mm Hg) fav. exposure--8 days) (3) 5441 
Haematoerit (per cent) (av. exposure-——-8 days) (3 ; 
Body temperature (° C) (av. exposure--7 days) 
Respiratory rate (min) (av. exposure-—10 days) 











ayaa the ee of Eas oud pyle teva fice 
_ 4 weeks in the chick', and indicates that there must indeed 
be greater resistance with decrease in age in the chicken, 
asin the rat and possibly other species’. 
~ Orn the other hand, despite some similar reactions to 
- QAP, for example, the anorexia and dyspnoea, there are 
- definite differences in response between chickens and other 
_ species. Thus, simultaneously exposed mice survived on 
the average only half as long, 5 days, an interval which 
appears to be reasonably typical for most small- and 
medium-sized mammals, and perhaps even other birds?)3.¢, 
and, on post-mortem, the chicken shows little of the 
_pulmonary congestion, hyperaemia and oedema typical of 
the mammal succumbing to OAP. It seems quite possible, 
in fact, that the extended period without eating or drinking 
-eould have contributed considerably to the death of the 
chickens. 
There seems to be good reason to assume, therefore, 





that the chicken does have an inherent ly high resistance 
to OAP, and that it may be related to its specialized 


: respiratory system. Pursuit of this problem could provide 
further understanding of the mechanism of oxygen 
` toxicity—such as the role of atelectasis’, presumably less 


likely in the semi-rigid avian lung with its continuous air 


capillaries and air sacs, or the role of surfactant*, possibly 
deficient in the avian lung’. 

c This work was supported by grants from the National 
Aeronautics and Space Administration and the Nationa! 
<; Institutes of Health. We thank Dr. C. W. Smith for help 
with the blood gas analyses and J. F. Pitt for his assistance. 
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oe ‘Nerve Potential Recordings during electrically 
mechanically evoked Monosynaptic Reflexes 
SA in Man 


A MONOSYNAPTIC reflex can frequently be evoked in the 





-oo a ¢alf muscles on electrical stimulation of the tibial nerve 
ooo {H-reflex) at a stimulus intensity below threshold for tho 
motor fibres. 
_. be recorded below threshold for the «-motor fibres on 

_ stimulation of various peripheral nerves in the upper and 
lower extremity! *, in the distribution of which an H-roflex 


A centripetal nerve volley can sometimes 


is an unusual occurrence. Yet Magladery et al.?, recording 
from the spinal roots with intrathecal electrodes, found, 
on stimulation of the tibial nerve, that an afferent 
volley did not occur until after the reflex volley had 
developed. One purpose of the work reported here was 
to investigate the relationship between centripetal nerve 


2 T volleys and the threshold for the monosynaptic reflex in 
oe the calf muscles. 
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of t the be ena and ae evoked monosynaptic 
reflexes forms the basis of a system for analysing changes 
in fusimotor function’. Another aim was to investigate 
the relation of the H-reflox and ankle jerk by teconiing 
nerve potentials during these reflexes. 

Fifteen normal subjects were examined. Nerve action 
potentials were recorded with bipolar non-insulated needle 
electrodes placed in proximity to the tibial nerve in the 
upper popliteal fossa and the sciatic nerve in the upper 
thigh, on stimulation of the posterior tibial nerve low in 
the popliteal fossa. Simultaneous recordings of the 
muscle action potential from the calf muscles were made 
with bipolar subcutaneous needle electrodes fixed in 
position over the thickest part of the muscle and tendon, 
The stimulus intensity was increased in stages from that 
sub-threshold for the reflex to that supramaximal for the 
direct motor response. The recording electrodes were kept. 
in position and an angle jerk elicited using a reflex hammer 
with a built-in micro-switch which closed a circuit on 
percussion and triggered the sweep of the oscilloscope. 

Centripetal nerve volleys were frequently recorded at a 
stimulus intensity sub-threshold for the reflex response 
(Figs. la, 2a). When the afferent volley reached a critical 
magnitude, an H-reflex could be evoked by the Jendrassik 
manoeuvre, demonstrating that the low-threshold proprio- 
coptive afferents engaged in the two-neurone reflex were 
contributing to the volley. With increasing stimulus 
intensity the H-reflex first increased in size, and then 
decreased in size with the development of the direct motor 
response. The simultaneously recorded nerve potentials 
showed a progressive increase in amplitude. It is likely 
that the increase in sizə of the nerve potential with 
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Fig. Recording for nerve potentials in the high popliteal region, é 

Gectrical stimulation of the posterior tibial nerve in the popliteal fossa i 

and on evoking the ankle jerk by mechanical tap of the Achilles tendo 
(b). The response from the. calf muscle is recorded simultaneous 


















suuitbtion of 
dromic- 
additional 
sometimes recorded. 
Ot ere not related to the reflex 
nd. were probably due to stimulation of slower 
ucting fibres. 
no instance when the same electrodes were in position 
& nerve potential recorded on tendon tap when a 
imal ankle jerk was being evoked (Figs. 1b and 2b). 
ere is thus a basic difference in the character of the 
mt volleys subserving the two reflexes; and the 
apparent explanation is that the proprioceptive 
ey on tendon tap is dispersed, whereas that on H-reflex 
mmated. A summated nerve volley] has been recorded 
the dorsal root or mixed nerve in cats on single- 
ock stimulation of low- threshold afferents in the 
horal nerve’, whereas briefly stretching the tendon 
muscle by means of a solenoid resulted in a succession 
of imperfectly synchronized afferent diseharges!®. The 
occurrence of a centripetal nerve volley below threshold 
for the electrically evoked reflex indicates the need for 
spatial summation before the monosynaptice reflex 
discharge develops; while on tendon tap the motoneurones 
might be facilitated by the afferent volleys early in the 
stretch and fired by later components of the afferent 
stream. Thus, on one hand, spatial summation is in- 
volved primarily ; whereas, on the other, temporal summa- 
tion is also complexly influenced by firing from other 
muscle afferents (group 1b, 2 fibres). It is therefore possible 
that the relatively integrated response of a given popula- 
tion of motoneurones may be different in tha two instances. 
Puch a difference would complicate the inference regarding 
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PHARMACOLOGY 


A New, Active Metabolite of ‘Miracil D’ 


‘Miracin D’ (‘Lucanthone’, IP isan orally active schisto- © 
somicidal drug which is of limited value in the treatment: 
of human S. haematobium and S. mansoni infections’. — 
For a variety of reasons it was thought that the effects of — - 
this agent were mediated through a therapeutically more —_- 
active metabolite. A number of abortive attempts havo — 
been made to identify and isolate this substance. The — =< — 
latest and most thoroagh investigation was carried out € 00o 
by Strufe*, who found that the drug underwent extensive 
metabolic transformat-on in all species studied. The — 
major urinary metabolite in the mouse proved to be the ` 
sulphone (II), while the monkey furnished the sulphoxide- 
(ITE) and man excreted a ‘chromopeptide’, a complex of 
III with polypeptide. It was concluded that none of the 
above ‘Miracil D’ derivatives qualified as the elusive active 
agent. 

“Wo have found that the organism Aspergillus sclerotiorum . 
converted ‘Miracil D’ te a mixture of new substances, the: 
structures of which were established by appropriate 
chemical and spectroscopic methods*. The major trans- 
formation product was the hydroxymethyl compound. 

IV (hycanthone) accorzpanied by smaller amounts of the. 
aldehyde V. Ta 

The outstanding chemical property of IV is its extreme = o=o 
sensitivity to acid. When exposed to the action of | 
mineral acid at moderate temperature it is largely. CORR eS 
verted to a water-solukle neutral material which is prob." fe 
ably a polymeric quaternary ammonium. salt. RAT es 


0 NHCH;CH,N(C, H) 


> 
A 





Il R= Caa Y = 80, X = H 
MI R= CAs, Y= Be. X= H 
V R=CHO,Y=8,X =H 
VI R= CH, Y =8,X = Cl - 
VII R =CH,OH,Y=8,X=Cl > 









The outstanding bio-ogical property of IV is i 
schistosomicidal activivy when administered per 
intraperitoneally to experimentally infected hams 
When tested according to the priest. of Bert Jeria 
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Freele® the fvoiday. EDn of hycanthone av) was 0-78 
-mg/kg (per os). The corresponding value for ‘Miracil D’ 
was 8-0 mg/kg (per os). Intraperitoneally the single dose 
ED; of IV was 0-8 mg/kg. 

The high therapeutic activity of IV when given by 
either route led us to suspect that it may be the active 
-metabolite of ‘Miracil D’. The acid sensitivity of IV could 
explain why it had escaped detection by previous investi- 
gators. Accordingly, monkeys were medicated with a 
‘total dose of 150 mg of I and the urines were collected 
over a 48-h period. These were carefully extracted, avoid- 
ing acid treatment at every stage and the extracts were 
examined by means of thin-layer chromatography. In 
agreement with Strufe’s findings the sulphoxide (IIT) was 
the major metabolite; only traces of IV were detected. 
However, when the urine extracts were incubated with 
glucuronidase prior to thin-layer chromatography, a 
substance identical with IV (Rp value in several systems, 
ultra-violet spectra, sensitivity to acid, etc.) proved to be 
& major component of the mixture. 

Kikuth and Génnert* reported that ‘“Miracil D’ was rela- 
tively less active in mice than in monkeys infected with 
the same strain of S. mansoni. After glucuronidase treat- 
ment the presence of IV was observed in the urine of mice 
medicated with I, but to a much lesser extent than in the 
ease of the monkey. The same authors also stated that 
the 6-chloro derivative, VI, was active in mice but not 
in monkeys. In keeping with this observation it was 
found that after medication with VI, the glucuronide of 
VII was present as a major metabolite in mouse urine 
but only in trace amounts in monkey urine. 

These findings support the hypothesis that the hydroxy- 
methyl derivative IV is the important biologically active 
metabolite of ‘Miracil D’. In a discussion of structure- 
activity relationships in the ‘Miracil’ series, Génnert? 
noted that the presence of a 4-methyl group is an absolute 
requirement for biological activity. The reason for this 
now becomes clear. 
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Pronethalol-induced Reversal of Adrenergic 
Vasodepression 


SEVERAL substances have been described as causing 
reversal of the adrenergic vasodepression observed after 
blockade of «-receptors, adrenaline reacquiring its usual 
pressor action. However, when tested in animals treated 
with long-acting, potent and almost irreversible adrenergic 
blocking drugs like the 8-haloalkylamines dibenamine and 
phenoxybenzamine, only some pressor agents as, for 
example, ephedrine, vasopressin, methoxamine, phenyl- 
ephrine and barium chloride!-* provoke with regularity 
negation of adrenergic blockade. In an attempt to investi- 
gate the mechanism of this anti-adrenolytic action further, 
we used the 6§-adrenergic blocking drug, pronethalol 
(‘Nethalide’, ‘Alderlin’, ref. 4) and made the unexpected 
finding that it also causes restoration of the pressor action 
of adrenaline, when injected after blockade of «-receptors. 
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recorded with mercury manometers, konacne at the 
nictitating membrane with a frontal wr iting lever and 
heart rate with a direct writing electrocardiograph (lead 
ID; plasma potassium was measured in samples of arterial 
blood using a flame photometer. Suitable doses of adrena- 
line, noradrenaline and isoprenaline (2-5 to 10 pg/kg), 
graded in geometric pr ogression, were injected before 
adrenergic blockade, 30 min after phenoxybenzamine (5 or 
10 mg/kg) and again after pronethalol (5 mg/kg); the latter 
drug was given by slow intravenous infusion, in 20 min, in 
order to minimize the fall in blood pressure caused by its 
rapid injection. l 

After adrenergic blockade by phenoxybenzamine, 
adrenaline and isoprenaline had purely depressor effects 
and the pressor response to noradrenaline was greatly 
reduced, abolished or reversed to a slight hypotension. 
Pronethalol caused reversal of adrenaline, augmentation 
of the residual pressor effect of noradrenaline (or reversal, 
in the cases in which noradrenaline caused, after phenoxy- 
benzamine, a hypotensive response) and reduction or 
abolition of the depressor effect caused by isoprenaline; in 
a cat, isoprenaline even produced, after pronethalol, a 
monophasic rise in the blood pressure. This anti-adreno- 
lytic action, exhibited by pronethalol, is clearly shown in 
Fig. 1; it was entirely reversible, its duration never 
exceeding 2 h, and could be restored by repeating the dose 
of pronethalol. 

Dose-effeet. curves show that, after pronethalol, adrena- 
line never re-acquired the pressor potency it exhibited 
before establishment of adrenergic blockade of «-receptors 
and that the slopes of the curves are significantly different: 
before phenoxybenzamine the curves are steeper than 
after pronethalol. Much the same applies to noradrenaline, 
which behaved in a parallel fashion. Partial restoration of 
the pressor action of adrenaline, as already described, was 
accompanied by a return of the contractions of the 
nictitating membrane, which had been abolished by 
phenoxybenzamine; however, the effects of adrenaline on 
the membrane were much smaller than prior to adrenergic 
blockade and the restorative effect of pronethalol on the 
blood pressure responses to adrenaline was dispropor- 
tionally more marked. During the pressor responses to 
adrenaline, observed after pronethalol, there was neither 
increase in heart rate nor a return of the increase in 
plasma potassium, which had been abolished by phenoxy- 
benzamine. 

Recently, Karim‘, reporting results obtained with an 
experimental design similar to our own (anaesthetized 
cats, treated with phentolamine or phenoxybenzamine and 
pronethalol), mentioned that the depressor effect of 
noradrenaline injected after blockade of the «-receptors 
was abolished by pronethalol; however, he used very low 
doses of noradrenaline (and adrenaline) and could there- 
fore not observe the reappearance of the pressor response, 
which, in our experience, is seen when doses of the order 
of some ug/kg are used. 

Drug- induced return of adrenaline hypertension after 
blockade of adrenergic x-receptors has been explained by 
assuming that adrenaline causes the heart to beat more 
frequently and more forcefully, ejecting a greater volume 
of blood into a constricted vascular bed. Reversal of 
adrenergic vasodepression would be due to an increased 
cardiac action working against an increased peripheral 
resistance (Levy and Ahlquist'!, Sutherland, Ahlquist and 
Ogden*®, Levy’), and the same explanation has been offered 
for isoprenaline reversal, which often occurs under the 
same experimental circumstances. However, this assump- 
tion has been challenged by other work, showing that the 
postulated increase in cardiac action does not occur and 
that isoprenaline is not devoid of vasoconstrictor effects; 
the hypothesis of a vascular point of action fits the facets 
better (Osswald and Guimarães“, Butterworth’). The 
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Fig. 1. Blood pressure of dog, 6 kg, pentobarbitone anaesthesia, N= 

noradrenaline 2°5 wa/ke@; 2N —noradrenaline 5-0 pg/kg; A= adrenaline 

1°25 ug/kg; 2A adrenaline 2-5 we/kg; 44 —adrenaline 5-0 pg/kg; J = 

isoprenaline 5-0 pg/kg. Between upper (a) and middle record (b), phenoxy- 

benzamine 10 mg/kg was injected. The lower record (c) was obtained 
after injection of pronethalol 5 mg/kg 


former hypothesis, although theoretically acceptable in 
the case of reversal of adrenergic vasodepression caused 
by pressor drugs like ergotamine or ephedrine, cannot 
explain the results reported in this paper. As a matter of 
fact, pronethalol does not exhibit any pressor effects and, 
on the contrary, regularly causes a fall of blood pressure; 
on the other hand, it effectively blocks the positive 
chronotropic and inotropic effects of catecholamines, as 
was well demonstrated in previous investigations*’ and 
also is apparent from our results. 

An alternative explanation would be a direct deblocking 
action of pronethalol on «-receptors occupied by phenoxy- 
benzamine (or its active metabolites) with removal of the 
a-adrenergic blocking drug from reactive sites, making 
them once more available to catecholamines. However, 
this hypothesis is neither in accordance with the mecha- 
nism of action of the 6-haloalkylamines (which cause a 
long-lasting, non-competitive, insurmountable blockade) 
nor with the facts reported in this work: if such a de- 
blocking action existed, catecholamines would reacquire 
their full pressor action (or even be potentiated, since 
8-blockade by pronethalol does potentiate adrenaline 
in animals not treated with adrenergic blocking drugs) 
and contractions of the nictitating membrane would be 
restored to their original magnitude. Since experimental 
evidence does not support this assumption, the following 
explanation is offered: 

Some years ago, Nickerson, Henry and Nomaguchi'? 
suggested that adrenergic blockade by $-haloalkylamines 
causes adrenaline reversal when only a part (up to 50 per 
cent) of the receptors subserving vasoconstriction is 
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occupied by the blocking drug. Further experimental 
evidence for this view has been described*. If this hypo- 
thesis is correct, pronethalol causes reversal of adrenergic 
vasodepression by blocking the receptors the activation 
of which causes the vessels to dilate (§-receptors) and 
therefore makes the free -receptors available for inter- 
action with catecholamines, that is, those not already 
blocked by phenoxybenzamine. The following facts seem 
to fit this explanation well. First, adrenaline never re- 
acquires its full pressor effect; secondly, the return of 
adrenaline hypertension is accompanied by the reappear- 
ance of evident although rather small contractions of the 
nictitating membrane ; thirdly, dose-effect curves of adren- 
aline and noradrenalire were significantly different from 
those observed before adrenergic blockade, being displaced 
to the right and flatter. If the suggested mechanism of 
action is true, these modifications should be expected to 
happen, as they actually did. Further work is necessary, 
however, to confirm the validity of the present hypothesis. 
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Inhibition of Anaphylactic Release of Vascular 
Permeability Factor or Histamine by 
Specific Protease Inhibitor in Tissue Culture 


UUR knowledge of the cellular mechanism of histamine 
release in anaphylaxis is imperfect; there are several 
controversial hypotheses'?, The difficulty is due partly to 
the lack of a specific metabolic inhibitor for the enzymatic 
reactions activated by the antigen-antibody reaction. By 
the use of cultured cells, we obtained the rapid activation 
of a heat-labile, specif.e SH-protease (Arthus protease) 
in the early stage of the reaction and the release of a 
polypeptide inhibitor of this enzyme at a later stage*~’. 
The inhibitor was also isolated from skin lesions during 
Arthus reactions, and it was highly purified as a homo- 
geneous substance paper-electrophoretically and by 
ultracentrifugation®. Its molecular weight was approxi- 
mately 12,500 (ref. 7). It inactivated the cellular SH- 
protease and papain but had no effect on trypsin and 
«-chymotrypsin. The inactivation of the proteases by 
this inhibitor occurred in parallel with a decrease in the 
titrable SH-groups of the enzyme molecules*. We further 
obtained the release of an immediate antihistamine 
susceptible permeability factor (PF) and a delayed anti- 
histamine insusceptible PF (Arthus PF)*! during the 
anaphylactic reaction. This purified inhibitor has been 
used to characterize further the enzymatie mechanism of 
the anaphylactic release of immediate PF and histamine. 

Albino rabbits (2-2-3 kg) were immunized with five 
subcutaneous injections of 3 ml. bovine serum albumin 
(BSA) (25 mg/ml.; Armcur)’, Explants 1 mm in diameter 
from the omentum of the animals were cultivated in our 
culture chamber which allowed simultaneous microscopic 
and chemical observation’. After 5-6 days, almost every 
cell in each culture was a fibroblast-like cell. The cell 









trations. for 14 min. Each adkae fuid. ampe aon 
waa tested for its histamine content and PF effects”. 
_ PF effects were shown by the amount of pontamine blue 
extracted; immediately ‘after intradermal injections of 
lmh samples the animals wero given intravenous dye, 
60. mg/ml. as a5 per cent solution m 0-425 per cent saline, 
and killed 30 min later. The same type of experiment was 
performed with N-ethylmaleimide, di- -isopropyl fluoro- 
hosphate (DFP) or soybean trypsin inhibitor (SBTT; 










INHIBITION OF ANAPHYLACTIC RELEASE OF IMMEDIATE PF AND 
5 HISTAMINE BY PROTEASE INHIBITOR 


£ ug) (ng/ml. 
= Inhibitor None 14:3 (0) 43-0 (0) 
PA 2 mg &6 (61) 14-0 (67) 
i 0-5 6°7 (58) 15-0 (65) 
1 16-0 (30) 28-9 (32) 
© Pretreatment 
inhibitor None 14°38 (0) 43: : { 
š 2 mg nt 
m iS 74 (48) 14: & (65) 
‘i 0-4 10-4 (27) 25-5 (39) 


The values in parentheses present each inhibition per cent. 


Pabls 1 shows that the release of immediate PF (as 
indicated by dye leakage) or histamine by the specific 
antigen was greatly diminished by our inhibitor. Tts 
inhibitory effect seemed maximal at a concentration of 
0-5 mg/ml. It was noteworthy that this inhibitor itself 
induced no morphological change in the cells when tested 
by | phase-cinemicrophotography; and characteristic 
early morphological changes by the antigen occurred in- 
dependently of the presence of the inhibitor. The changes 
were characterized by decreased motion of cytoplasmic 
processes, decreased pinocytosis, and decreased eytoplas- 
mic flow, but no morphological change in the mitochondria, 
Golgi bodies and nuclei of the cells was observed at the 
time of release of immediate PF and histamine. By a 
pinocytotie mechanism, the inhibitor was probably taken 
-ap by the cells prior to adding antigen, but its uptake was 
suppressed by apparently decreased pinocytosis immedi- 
ately after antigen application. Accordingly, it seemed 
: reasonable to assume that the inhibitor, which had been 
taken up by the cells, inactivated specially the intracellular 


-antigen-antibody reaction activated SH-protease (Arthus 


© ne and resulted in the prevention of release. It 
i t affect the action of immediate PF and histamine”, 













anh tor was oes at: the time of addition of antigen 
‘hen it was washed before adding antigen. Mongar 
‘Schild! suggested the possible involvement of an 
ilar cathepsin in histamine release. 
ew of the inhibitory effect of N -ethylmaleimide on 
iviactic release of histamine in chopped guinea-pig 
, this SH-blocking agent was assayed for histamine 
from the cells (PF effect of culture samples was 
xamined because of permeability-inducing activity 
s agent itself). The inhibition by this agent was 95 








i por: cent complete at 10-3 M, 51 per cent at 10-* M and 0 
per cent at 10- M. No difference in the inhibition was seen 


_ when this agent was present at the time of antigen addition 
or when it was washed before adding antigen. In spite of 
such inhibitory effects, N-ethylmaleimide seemed unsuit- 
able for the present experiments ; it induced rapidly marked 
morphological changes in the cells even in low concentra- 
tion (10-5 M); there was seen a complete stopping of the 
motion of cytoplasmic processes and mitochondria and of 
cytoplasmic flow. Characteristic early morphological 
changes by the antigen, therefore, could not be detected 
even when N-ethylmaleimide was washed before antigen 
addition, because of the irreversible changes produced. 
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at 10-1 M. The inhibition was less marked when DFP a 
washed before antigen addition; 56 per cent, 21 per cent: 
and 7 per cent, respectively. This agent seemed more. 
toxic to the cells; it induced rapidly marked degenerative 
changes in the cells. In addition to the changes described 
above, there occurred an irreversible granulation and 
vesiculation of mitochondria, retraction of eytoplasmic 
processes and blister formation from the cell surface even 
at low concentration (10-5 M). , 
Accordingly, the characteristic features induced by the. 
antigen could not be ascertained even when DFP was 
washed before antigen addition. DFP also seemed un-. 
suitable for the present experiment. No inhibition of 
histamine release was obtained with SBTT. : 
In conclusion, our Arthus protease may play an intepral : 
part in the cellular mechanism of immediate PF and. 
histamine release. However, the steps leading to the 
anaphylactic release are presumably multiple and there is 
no reason to assume that the characteristics of this reaction 7 
are due to the properties of a single enzyme. 
Wo thank Prof. H. O. Schild, University College, London, 
for his advice and Dr. K. Udaka for his assistance. This 
work was supported by grants from the Japanese Ministry 
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sroup Far East (DA-92-557-FEC-35779). 
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PATHOLOGY 


A Screening Test for Substances inhibiting the t 
Cancer Coagulative Factor í 


MALIGNANT tissues produce a thermolabile coagulative : 
factor which diffuses out of cells and lays down fibrin?-5, — 
Tumours have little fibrinolytic activity and the unre- 
solved fibrin around them leads to the growth of connec- 
tive tissue, blood vessels, and lymph vessels, which form 
the stroma of the tumour and help the invasion of healthy 
tissues*. Four fractions of the cancer coagulative factor . 
have been identified’. Three of these are also present in. 
placental chorion, but only very little of one fraction is. 
found in a few normal tissues*. It has been known for. 
some time that watery extracts of placenta have a throm- 
boplastic activity’? and that placental extracts cause 
multiple blood clots when they are injected into animals’ 
It seemed probable that the coagulative effects of cane 
and chorion are due to similar factors. | 
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The cancer coagulative factor can be inhibited by 
protamine sulphate in vitro? and the growth of experi- 
mental mouse tumours can be slowed by protamine 
sulphate or its derivatives®. There is evidence also that 
pharmaceutical preparations of protamine can sometimes 
slow down the growth of malignant tumours in man?-13, 
This makes 1t seem possible that substances inhibiting the 
cancer coagulative factor could have practical value. 
Thus it was of interest to find out whether protamine 
could counteract the toxicity of placental extracts, and 
whether this could be the basis of a test. 

Two types of watery extracts of fresh placentao were 
obtained. One was produced at room temperature after 
mashing up the tissue, and it was heat-stable. It was 
present mostly in amnion, and when injected into the 
tail vein of mice it caused dyspnoea within 15 sec and 
death within 1 min, but it had no delayed effects. The 
other was made as described by O’Meara and Thornes". 
It was extracted under ice from strips of chorion, and its 
activity was quickly destroyed by heating. Its potency 
diminished if it stood at room temperature for 5-10 min 
and for that reason it was always kept on ice and injected 
cold. It produced dyspnoea 15-60 sec after injection 
into @ tail vein and death within 5 min, though there 
were some later deaths. This latter extract resembles the 
cancer coagulative factor‘ and it is the one used throughout 
the tests. Examinations after death showed that both 
extracts caused multiple blood clots in the lungs. 


Table 1. NUMBERS OF MIOE PROTECTED FROM LETHAL EFFECTS OF CHORION 


EXTRACTS 

Dose Test Signifi- 
Substance (mg/kg substance Controls cance 
body-wt.) Survived Died Survived Died P (2a) 
Protamine sulphate 33 11 3 0 15 0 00002 

*Prolothan G’ 33 5 0 0 5 0 008 
Dextran sulphate 667 14 2 3 16 0 00005 
*Eibimar’ 1,000 12 1 2 18 0 00007 

Plasma ultrafiltrate 100 4 10 0 15 0-08 


Experiments were carried out on male and female white 
mice bred at the Evans Medical Research Laboratories; 
but tests with white mice from Glaxo Laboratories did 
not show any differences between. breeds, nor was there 
any evidence of sex difference. All the animals weighed 
16-18 g. Each mouse was accurately weighed immedi- 
ately before the injections. The LD, of chorion extracts 
injected- into tail veins was estimated on the basis of 
deaths within 5 min. Extracts causing any death in less 
than 15 sec or with an LD, of more than 3 ml./100 g 
body-wt. were rejected. Test substances were given in 
doses of 1/3 LD5» a8 experience had shown that higher 
doses could cause confusion between the ill effects of the 
test substance and those of the chorion extract. The test 
substances were made up in 0:9 per cent NaCl solution 
and given in volumes of 0-5-2 ml./100 g body-wt. The 
test solution, or an equal volume of 0-9 per cent sodium 
chloride solution, was injected into tail veins of alternate 
mice 60 sec before injecting an LD, of chorion extract. 
The numbers of survivals and deaths were expressed in 
2 x 2 tables and the exact probability of the difference 
between treated and control mice was calculated, taking 
P < 0-05 (2a) as significant. 

Table 1 shows that there was significant protection 
with protamine sulphate and with a neutral solution of 
protamine in glucose (‘Prolothan G’) suitable for use in 
man, both from clupein. Significant protection was also 
obtained with large doses of high-molecular-weight dextran 
sulphate (Glaxo), and a degraded carrageenan (‘Ebimar’, 
Evans Medical)/*. Ultrafiltrate of lamb plasma obtained 
through a 50 A filter gave some protection; but this was 
not significant. Among substances that were ineffective 
were histone from fowl erythrocytes and from calf thymus, 
spermine and some of its derivatives, low-molecular- 
weight dextran (‘Dextran 40’), and several synthetic 
guanidine derivatives, all in doses of 1/3 LD;o- 

These results support the view that the effect of pro- 
tamine on malignant tumours could be due to an inhibi- 
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tion of the cancer coagulative factor!’ 11, The test can 
be used as a screen for inhibitors of the cancer coagulative 
factor, though, of course, it cannot provide proof of anti- 
tumour activity. 
E. M. GLASER 
P. SPINK 
Evans Medical Researsh Laboratories, 
Speke 
Liverpool 24. 
R. A. Q. OMEARA 
Trinity Co_lege, 
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Distribution of the Intestinal Factor of Normal 
Mice which inactivates Murine Virus 
Hepatitis 

Tx ability of the mtestinal content and intestine of 
normal mice to inactivate murine hepatitis virus (MHV-3) 
was recently reported! The present paper deals with the 
localization of this acsivity in different sections of the 
intestine and in separate strata of the intestinal wall. 
The distribution of the inhibitor has also been studied in 
mice of varying ages, and in various tissues of mice, as 
well as in the intestine of several other species. The 
interaction between tke inhibitor and the virus has also 
been studied in vitro an 37° C and at 2° C. 

In order to test the affect of the different materials on 
virus infectivity, the following procedure was used: the 
virus’, stored at —70° Cas a 10 per cent suspension (LD5 = 
10-8-1), was used in 1)-fold dilution from 10-1 to 10-°. 
Depending on the experiment, several series of these 
dilutions were prepare-] to contain a homogenate of the 
different materials in final concentration of 10 per cent. 
One more series was used as a control (no homogenate 
added). All samples, after addition of antibiotics, were 
incubated at 37° C fer 90 min and frequently shaken. 
Virus levels were then Cetermined in each sample according 
to the method of Reed and Muench. 

Table 1 shows that “he inhibitory activity is predomi- 
nantly present in the tirst section of the small intestine, 
and. decreases in the middle and still further in the lower 
sections. The large intestine possesses a certain ability to 
inactivate the virus, alshough to a lesser extent than the 
small intestine. Table 2 shows that the intestinal mucosa 
is the most effective tissue in inactivating the virus, 
whereas the rest of tke intestine (without the mucosa) 
displays a lower activisy. The inactivating power varies 
with the age of the mouse, reaching a maximum in adult- 
Table 1. EFFECT OF DIFFERENT SECTIONS OF INTESTINE OF ADULT MICE* 

ON MHV—3 VIRUS INFECTIVITY 
Katenals —Log LDso 


Vitus 7 
Virus +first portiom (13 cm) of small intestine 1: 
Virus +middle porton (13 cm) of small intestine 3- 
Virus +last portion (13 cm) of small intestine 4- 
Virus +large intesthe 5 


* N.M.R.I. stram. 


Soon after killing the animas the intestine was thoroughly washed to re- 
move any faecal debris. Mice were injected intraperitoneally (0-1 ml.) with 
10-fold dilution of each materiel from 10-1 to 10-* (10 mice for each dilution). 
The experiment reported in Taole 1 is one of three which gave similar results. 
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hood (Table 3). As far as the localization in other tissues 
is concerned, it was found that, besides the intestine, only 
the stomach, of all the tissues studied, possesses a certain 
activity (Table 4). In the experiments summarized in 
Table 5 the intestine of various species of animals, and 
different intestinal sections from man, were tested. It is 
evident that, besides the mouse, only the rat possesses, 
albeit to a lesser extent, the ability to inactivate the virus. 
No activity was found in horse intestine mucosa. Fig. 1 
shows that, at 37° C, the activity increases with incubation 
time, whereas at 2° C no ‘activity at all could be detected. 

From the data presented here, it appears that the prin- 
ciple which inactivates MHV-3 virus is mainly present in 
the intestinal tract of the adult mouse, and particularly 
in the first section of the mucosa of the small intestine. 
Furthermore, it is evident that interaction between the 
inhibitor and the virus in vtro is dependent on temperature. 

Work is in progress to determine the chemical nature of 
the inhibitor and to attain its purification. Preliminary 
experiments have already revealed the difference between 


Table 2. EFFEOT OF VARIOUS INTESTINAL TISSUB-STRATA OF ADULT MICE* 
ON MHV-3 VIRUS INFECTIVITY 


Materials — Log LD so 
Virus 7'4 
Virus +intestinal mucosa 2-0 
Virus + mucosa-free intestine 4°7 
Virus -+whole intestine 3-1 


* N.M.R.I. strain. 
The mucosa was removed with a piece of glass. 
For detaiis see text and Table 1. 


Table 3. EFFECT OF THE INTESTINE OF MIOE* OF VARIOUS AGES ON MHY-3 
VIRUS INFECTIVITY 


Virus 7-3 
Virus +intestine, 2-day-old mice 5:9 
Virus+intestine, 7-day-old imice 5:0 
Virus-+intestine, 20-day-old mice 46 
Virus +intestine, 40-day-old miee 3°5 
Virus -++intestine, 100-day-old mice 24 


* N.M.R.I. strain. 
For details see text and Table 1. 


Table 4, EFFECT OF VARIOUS ADULT MOoOUSE* TISSUES ON MHYV-8 Virus 
INFECTIVITY 


Exp. No. Materials 


1 Virus 

Virus -+intestine 
Virus +stomach 
Virus +lıver 
Virus -+ brain 
Virus 


Virus + kidney 
Virus +spleen 
Virus +lung 
Virus + heart 

3 Virus 
Virus -+muscle 
Virus + pancreas 
Virus + blood 


—Log LD so 


ATIIT ANT TTT Na 
A O oa DO N O w a O O fa 


* N.M.R.I. strain. 


Mice were injected intraperitoneally (0 1 ml.) with 10-fold dil 
material from 10 to 10- (10 mice for ak dilution), The. poe Raat 
reported in Table 4 is one of three which gave similar results. 


Table 5. EFFEOT OF INTESTINE OF VARIOUS ANIMAL SPECIES on MHV-3 
VIRUS INFECTIVITY 


Exp. No. Matenals — Log LD so 
1 Virus 
Virus + mouse intestine * 
Virus+rat intestine * 
Virus -+- guinea-pig intestine * 
Virus+rabbit intestine * 
Virus +sheep intestine * 
2 Virus 


Virus +human duodenum (first portion) 
Virus+human ileum (last portion) 
Virus -+human vermiform appendix 
Virus +human colon (first portion) 
Virus -+human rectum (last portion) 

3 Virus 

Virus +ox intestine* 

Virus +horse intestine* mucosa 

Virus +mucosa-free horse intestine* 

Me -pig intestine* 

1rus 


Virus + dog intestine * 
Virus +cat intestine * 
Virus +chicken intestine * 
Virus + pigeon intestine * 


* First portion of small intestine. 
For details see text and Table 1. 
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Fig. 1 Interaction between inhibitor and virus at 2° C and at 37°,C. 
Before the addition of the inhibitor to the virus dilutions, the whole 
system had been equilbrated at 37° C and at2’ C respectively 


* EDs9<10- (at 10-1 dilution 2 mice of ten inoculated died), 
For details see text and Fable 1. 


our substance (inactivated at 70° C for 10 min) and the 
one isolated from the intestine of mice by Mandel and 
Racker‘ (resistant at 100° C for 10 min). 
M. Piazza 
A. AMODIO 
G. PANE 


Institute of Infectious Diseases, 
‘Gesu e Maria’, 
University of Naples. 
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IMMUNOLOGY 


Reaction of Adenine-specific Antibodies with 
Denatured Deoxyribonucleic Acid 


AT the present time there is no doubt regarding the 
role of nucleic acids in carrying genetic information, and 
their participation in protein synthesis and other biological 
events is now well known}. There is therefore considerable 
biochemical and genetical importance in the availability 
of specific antibodies capable of reacting with nucleic acids. 
The production of such antibodies has been described 
recently as the result of immunization with DNA that had 
been complexed with methylated bovine serum albumin?, 
by coupling periodate-oxidized nucleotides or nucleosides 
to proteins’, or by binding uridine-5’-carboxylic acid to a 
synthetic polypeptide’. Such data promise to make the 
specificity and sensitivity of immunochemical procedures, 
which have been of great value in the study of other 
polymers such as polysaccharides and proteins®, similarly 
available for an analysis of nucleic acids. 

This communication will report on further observations 
that support the feasibility of producing antibodies that 
can react with nucleic acids. It is known that periodate 
ions are able to attack adjacent hydroxyl groups, cleaving 
the carbon-carbon bond, yielding aldehydes! which can 
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react with several other groups such as amines?’®, In our 
studies adenine-specific antibodies were obtained by im- 
munizing rabbits with conjugates of periodate-oxidized 
adenosine coupled to human gamma globulin and albumin, 
which also had been oxidized by periodate (see Fig. 1). 
The conjugates were prepared as follows: 735 mg 
sodium periodate was dissolved in 20 ml. water; to this 
solution 184 mg adenosine was added and incubated at 
4° C for 12 h. The solution was divided in two 10-ml. 
portions. To one portion 250 mg of human gamma glo- 
bulin, dissolved in 6 ml. saline, was added. To the other 
portion, 250 mg of human albumin dissolved in 5 ml. 
water was added. Both solutions were incubated at 4° C 
with stirring for 24 h. During this time a precipitate 
formed in both solutions. The suspensions were then 
lyophilized, resuspended and dialysed, and the final 
volume was adjusted to 10 ml. Since the conjugates were 
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Fig. 3. Conjugete y-globulin-aądenosme (I03, BH) 
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Fig. 4. Conjugate albumin-adenosine (IO7, BH 4) 


insoluble, they could be washed with water or saline and, 
when desired, rendered soluble by the addition of sodium 
borohydride (amyl al@hol was added to avoid foaming). 
Soluble preparations were used for precipitation reaction, 
insoluble preparations were employed in immunization. 
When conjugates were made soluble the excess of boro- 
hydride was eliminated by dialysis. 

Figs. 2, 3 and 4 show the ultra-violet absorption spectra 
of periodate-oxidized adenosine and of the solubilized 
conjugates. According to the absorption spectra of con- 
jugates and oxidized edenosine, the approximate ratio of 
adenosine to protein was 20-25:1 for gamma, globulin and 
10-12:1 for albumin. - 

For immunization, )-5 ml. of the suspended insoluble 
conjugates was mixed with 0-6 ml. of adjuvant (Arlacel- 
Drakeol 1:9+2 mg of Mycobacterium bovis per ml.) and 
injected into the foot pads of rabbits. Two rabbits were 
used for each conjugate. The animals received five addi- 
tional intradermal injestions at weekly intervals and were 
bled six days after the last injection. 

The sera from the four immunized rabbits precipitated 
both types (albumin and globulin) of soluble conjugates, 
but did not react witk the heterologous oxidized protein 
free of coupled adenosme. The four antisera precipitated 
heat-denatured calf thymus and salmon sperm DNA as 
shown in Table 1. As shown in Table 2, the amount of 
antibody that is precipitated will vary with the source of 
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Table 1. PREOCIPITIN REACTION INVOLVING RABBIT ANTI-ADENINE SERA* 
AND DEOXYRIBONUCLEIC ACID GLOBULIN (f07, BH), ALBUMIN (I0;z), OR 
CONJUGATES THEREOF WITH ADENOSINE 


Reaction with: 
. Immunized GLOB- ALB- Calf 

Rabbits with: ADEN ADEN thymus GLOB ALB 

(05, (I0;, NA (103, (1037) 

Hz)  BH3) BH3) t 

Rabbit 1 GLOB-ADEN (103) + + + + Sj 
Rabbit 2 GLOB-ADEN (107) + + + + = 
Rabbit 3 ALB-ADEN Toz + + + (—) + 
Rabbit 4 ALB-ADEN (10; + + + (-) + 


* Produced after immunization of rabbits with co ugates of periodate- 
oxidized adenosine and either albumin (ALB) or globulin (GLOB). 

t Periodate-oxidation o pnma globulin yields an insoluble product, but 
it could be solubilized by addition of sodium borohydride. 


Table 2. oe PRECIPITIN REACTION WITH ANTI-ADENINE SERUM 
FROM RABBIT 1 INJECTED WITH A GLOB-ADEN (IOz) CONJUGATE 


Antibody precipitated 
Source of DNA Amount added (as N, ml. 0-2° 0) 
(ug) (ug) 
Calf thymus - 20 10* 
(Nutritional Biochemical Corpora- 50 14 
tion) 150 28 
300 27 
Calf thymus 
Sigma) 20 28 
Salmon sperm j 
(California Biochemical Research) 20 45 


* After addition of 10 mg of adenosine only 3 ug antibody N/ml. 1s 
precipitated. 


DNA and this may be due to differences in the degree of 
polymerization of different preparations or, possibly, to 
differences in the content and location of adenosine in the 
various heat-denatured DNA preparations. 
SERGIO ESTRADA-PARRA 
AMANDA SCHMILL 
Rosa-Marta Martinez 
Departamento de Microbiologta, 
Escuela Nacional de Ciencias Biológicas, 
Instituto Politécnico Nacional, 
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BIOLOGY 


Experimentation with Plants at Sub-atmo- 
spheric Oxygen-levels : Effects of Oxygen 
Pressure and Salts on Germination of 
Winter Rye 


Ln a series of recent investigations, it has been shown that 
plants can be grown in atmospheres with reduced oxygen 
pressures or-in air at reduced total pressure. Germination 
and seedling growth are in some cases accelerated at sub- 
atmospheric oxygen levels, and are commonly comparable 
with these processes in air. 

In spite of their essentially normal growth and gross 
morphology, a number of pronounced changes in biochemi- 
cal composition?:? and metabolism*> have been demon- 
strated. Some experiments have assessed relationships 
between pO, and specific physiological processes such as 
abscission’ or other environmental factors such as heat 
or cold. 

One of the many factors influencing seed germination. 
and seedling growth is salinity. The present paper reports 
on experiments relating pO, and calcium-ion to the effect 
of saline water on winter rye. 

Commercial winter rye seed (Secale cereale) (1962 crop) 
were germinated routinely on filter paper in sterile Petri 
dishes, containing 25-30 seeds and 10 ml. distilled water. 


NATURE 


December 4, 1965 


Seeds were incubated at 25° + 1°C in constant light (cool 
white fluorescent, 100-ft. candles). Gas mixtures consisted 
initially of oxygen plus nitrogen. 

Rye is a facultative anaerobe, and a highly competent 
microaerobe, which germinates somewhat more slowly at 
pO. = 15 mm than at higher levels when in distilled 
water (‘Table 1). In sodium chloride at 0-25 M, germina- 
tion at all oxygen levels except 150 mm (air) was reduced 
to one-half or less relative to distilled water. In 0-75 M, 
sodium chloride inhibition of germination was complete 
at pO, = 15 mm, and higher oxygen pressures permitted 
only a few seeds to germinate poorly. At 0-1 M, sodium 
chloride does not inhibit germination. When Ca(NO,), 
at 0-02 M is added to this level of sodium. chloride, germina- 
tion at pO, = 15 mm is unaffected. In contrast, at all 
higher oxygen levels in 0-1 M sodium chloride, the presence 
of calcium nitrate results in significantly elevated germ- 
ination. When salinity is raised to 0-25 M, Ca(NO,), 
has a beneficial effect at all oxygen levels, but is relatively 
more stimulatory at pO, 50-100 mm. 

The most striking response, however, was obtained at 
0-75 M sodium chloride, where germination was completely 
arrested at pO, = 15 mm, but proceeds to a slight degree 
at higher oxygen pressures. At this salinity the calcium 
effect is seen to be quite large, but quantitatively depen- 
dent on the pO,. 

The response of primary root growth (Table 2) post- 
germination follows the general pattern seen in germina- 
tion but differs in some significant details. 

(a) An optimum pO, of 50 mm in distilled water is 
indicated, but disappears in sodium chloride solutions. 

(b) Marked salt inhibition appears between 0-025 and 
0-10 M sodium chloride, which is less than required for 
inhibition of germination. 

Again, increasing pO, and Ca(NO,). enhances root 
elongation, and the calcium-effect is aerobic in character. 
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Table 1. EFFEOT OF OXYGEN PRESSURE AND CALCIUM-ION ON THE GERMINA- 
TION OF WINTER RYE IN SALT SOLUTIONS 


pO, (mm Hg) 
100 


NaCl 150 50 15 
(AN) —Ca +Caf -Ca +Ca -Ca +Ca -Ca +Ca 
0 83* 83 79 79 60 60 58 58 
0-025 83 91 70 76 56 56 56 52 
0-100 73 . 86 71 83 59 78 50 50 
0-250 62 83 22 80 23 46 29 40 
0-750 (10)t 88 (7) 59 (7) 18 0 0 


* Mean per cent germination after 3 days at 25° C based on replicates 
totalling 150 seeds. L.S.D.5% = 9%. 

t As Ca(NOa)s, supplied at one-fifth corresponding molarity of NaCl. 

t (10) denotes emergence = 0-1 cm. 


Table 2. EFFECT OF OXYGEN PRESSURE AND CALOIUM-ION ON THE ROOT- 
LENGTH OF WINTER RYE IN SALT SOLUTIONS 


pO, (mm Hg) 

NaCl 150 100 50 15 

(Af) —Ca +Cat -Ca +Ca -Ca +Ca —Ca +0a 
0 2-8* 2-8 29 29 36 36 13 13 
0 025 24 1-8 28 17 25 18 08 11 
0-100 0-8 23 07 27 09 24 05 12 
0-260 0-3 2-9 04 30 05 25 O04 14 
0-750 0-1 0:3 01 O4 01 04 00 ©0 


* Mean length (em) of roots after 3 days at 25°. C, based on aggregate 
populations of 35-50 seedlings; L.S.D.50, = 0-7 cm. 
t As Ca(NOs,)e, supplied at one-fifth corresponding molarity of ‘NaCl. 


Table 3. RELATIVE EFFECTS OF CALCIUM AND NITRATE-IONS ON ROOT 
GROWTH IN SALT SOLUTIONS AT VARIOUS OXYGEN PRESSURES 


pO, (mm Hg) 
50 


150 15 
Water i 2:8* 3°6 1:3 
0-1 M NaCl f 1:0 0-8 0-3 
+0:02 M Ca(NOs)s : 3-0 2-8 11 
+002 M CaCl, 37 1-0 - 0-4 
+002 M KNO, 1-1 1-4 0-3 
at 25° C based on 35-50 seedlings. 


* Mean length (cm) of roots after 3 days 
L.S.D.5%, = 0-7 om. 


Table 4. GERMINATION OF RYE SUBMERGED IN AERATED SOLUTIONS 


Solution Ionic Strength Germination after 10 days (%) 
i 
H,O — 89 
0 7 M sucrose — 100 
0'5 M NaCl 0-50 15 
0-5 M KCI - 0:50 21 
0-18 M MgCl, 0°54 4 
0-18 M CaCl, 0°54 ` 87 
0-4 M CaCl, 1-2 28 
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The effect of calcium nitrate was examined further, 
assuming that either constituent ion, or the two in concert, 
could be responsible for reversal of salt inhibition. Accord- 
ingly, the effects of several appropriate salts on the exten- 
sion of roots in 0-10 M sodium chloride were compared 
(Table 3). At pO, = 15 mm and 50 mm (optimum for root 
elongation), only Ca(NOQO;), had a significant effect, whereas 
al the oxygen-levelof air, both calcium salts were active, the 
chloride being somewhat more so than the nitrate. Thus, 
if at lower oxygen levels NO,- is serving as an electron 
acceptor, it apparently can do so only in the presence of 
Ca*+. Conversely, if Cat+ acts, conceivably at the mem- 
brane, to counteract the effects of excess Nat, it also can 
only do so when NO,- is present. Under strictly anaerobic 
conditions, KNO, at concentrations of 10-2 to 5 x 10 M 
can stimulate rye germination!, whereas calcium salts 
(other than nitrate) ordinarily have no effect. 

Calcium salts other than the nitrate can have unique 
effects in certain rather unusual cases of oxygen-limited 
germination (Table 4). When rye seeds are submerged in 
15 cm of water or 0:7 M sucrose, their germination is slow 
but otherwise normal and essentially complete. In 0-5 M 
sodium and potassium chloride, germination 1s severely 
suppressed, although these solutions are approximately 
isosmotic with the sugar. Further, magnesium and calcium 
chloride are comparable ın ionic strength to potassium 
chloride, yet the magnesium solution is highly inhibiting 
whereas the calcium solution permits nearly normal 
germination. 

This work was carried out under National Aeronautics 
and Space Administration contract NASw-767. 
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* Rosen, L., and Siegel, 5., Plant Physzol., 38, 189 (1968). 
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Morphactins, a Novel Group of Plant-growth 
Regulators 


In 1960 some interesting effects of fluorene-9-carboxylic 
acids on plants were observed at the biological research 
laboratories of E. Merck AG, Darmstadt, Germany. An 
intensified research programme on these compounds and 
on & great many derivatives was initiated by this company, 
which, during the following years, led to the discovery 
of a large-numbered group of compounds of substantial 
interest, some of which show an extremely strong action 
on the growth and development of plants’. This particular 
action has novel and somewhat unique features, and was 
reported first in 1964 by Schneider*. 

Compared with the known types of plant-growth 
substances’, the new fluorene-regulators do not fit into 
the existing scheme of such growth-regulating activities 
and, therefore, they really constitute a novel class of 
plant-growth substances. 

Their overall activity is growth retardation, resulting 
in stunted and often malformed dwarf plants: bushy- 
stunted growth type or otherwise peculiar habits. Typical 
symptoms were already briefly summarized?. Out of the 
new regulators, some have a remarkably broad spectrum of 
activity over a very wide range of concentrations (corres- 
ponding to that of the gibberellins), essentially free from 
phytotoxic side effects. Treated plants often become 
gradually darker green in colour’. 

These and other outstanding features established the 
new group’s name, namely morphaciins (morphogenetic 
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active substances)?. A more detailed account on basic 
work with these compounds will be presented elsewhere‘. 


H. OOH 


Fluorene-9-carboxrylic acid, basic structure of the 
morphactins 


The broad activity spectrum combined with low phyto- 
toxic side effects to the plants treated, even at high 
dosage-levels, makes certain members of the morphactins 
interesting for slowing down the growth of muxed vegeta- 
tions, where to a certain extent plant coverage of soil is 
essential for prevention of soil erosion by wind and/or 
rainfall. These substances, for example, methyl-2-chloro- 
9-hydroxy-fluorene-(9'-carboxylate, seem to be useful 
agents for growth resardation and suppression, respec- 
tively, for example, alang highways, railroads, ditch banks, 
sporting areas, and even in special perennial crops such as 
orchards and vineyaras, too. In this connexion, it should 
be mentioned that residual activity of the new compounds 
in soils is strongly lmmted; these will be broken down in 
most soil types within a few weeks after application, 
mainly by microbial attack*®®. 

Besides growth reta-dation, other members of the group 
offer new possibilities zor broad-spectrum control of weeds 
in cereals and grasslard (pastures and meadows), because 
of synergistic action with known herbicides of different 
kinds}, such as phenoxy compounds®)?. For example, 
suitable formulations containing the morphactins n- 
butyl-9-hydroxy-fluorene-(9)-carboxylate or salts of 9- 
hydroxy-fluorene-(9)-carboxylic acid together with MCPA 
and/or 2,4-D and/or another phenoxy compound in 
optimal proportions give good control of a variety of 
weeds which are difficult to control, such as Galeopsis, 
Galium, Stellaria, Polygonum, Matricaria, Chrysanthemum, 
Lamium, Veronica. Proper timing of application, that 1s 
to say, spraying at early developmental stages of the 
weeds, is essential for complete success®:’. 

Moreover, besides growth retardation and broad- 
spectrum weed control, morphactins offer some other 
features and advantages, which make this new experi- 
mental group an attractive one. Toxicity in mammals 
and fish is very low, “or example, in rats (Wistar) LDso 
oral acute is greater tkan 5,000 mg/kg body-wt.’. 

In the meantime resparch on a variety of fundamentals 
in plant growth and development and also on a range of 
practical aspects is in progress. Basic information on the 
morphactin group is now available’. 


SIGMOND Lust 
GUNTHER MOHR 
KONRAD NIETHAMMER 
_ Research Laboratories of E. Merck AG, 

Darmstadt, Germany. 


GERHART SCHNEIDER 
DIETRICH ERDITANN 


1 Patents applied for in Germany and abroad by E. Merck AG, Darmstadt, 
Germany. 

* Schneider, G , Naturwiss., BL, 416 (1964). 

3 Jonsson, A., in Encyclopedia of Plant Physiology, 14, 959 (1961). 

i Schneider, G. (in preparation). 

5 Schneider, G., and Flemming, H., paper at the “6 Deutsche Arbeitstagung 
uber Fragen der Unkrantbiologie und -bekampfung”, Hohenheim, 
Germany, March 4-5,196% Z Pfianzenkrankh., Supplementum IIT (1965, 
in tre press). 

è Schneider, G. (unpublished results), 

7 Morphactins, Technical Data Sheet, 1965 (E. Merck AG). 


Winter Scale Rings in Lates niloticus 
(Pisces: Centropomidae) from Lake Chad 
THe formation of scale rings in tropical fishes has 
usually been ascribed to some form of physiological stress 
producing a temporary check in the growth-rate. Holden? 
thus proved that in Tilapia spp. from Laké Victoria ring 
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Table 1. STATE OF SOALE MARGIN IN IMMATURE MALES * 
Mean lake 
Month No. of Width of marginal zone temperature 
(1963) fish Narrow Medium Wide (° 
Jan. 18 22-0 5°5 71-5 — 
Feb. 29 41:3 17-2 41-3 239 
Mar. 7 85-2 14-2 — 26°4 
Apr. 26 460 42-2 11:5 278 
May No sample 
June 9-1 45-4 45-4 290 
July No sample 28 5 
Aug. 53 54 54 84 6 281 
Sept. 29 6:8 — 93-2 29-0 
Oct. 17 6:8 — 94 2 28:2 
Nov. 31 6°4 32 90 1 25-1 
Dec, 18 5:5 5'5 88-8 21+2 


“Showing percentage occurrence according to the width of the zone 
between the most recently formed ring and the margin of the scale. 


formation is associated with spawning; Johnels? and 
Daget*® both correlated the annual rings which occur~in 
many West African savannah species of fish with adverse 
environmental conditions, particularly food shortage, 
occurring during seasonal drying-up of the rivers. It 
appears that scale rings usually formed under tropical 
conditions are not strictly comparable with those of 
temperate species, which are laid down as a consequence 
of differences between summer and wmter growth-rates, 
and where change in temperature is the most important 
factor. 

It is therefore interesting to record that during a recent 
examination of Lates niloticus (Nile perch) in Lake Chad 
(lat. 13° 30’ north) genuine ‘winter’ rings were laid down 
in immature fish. The annulations consist of breaks in an 
otherwise regular series of concentric circuli on the anterior 
half of each scale traceable posteriorly to marked lines of 
discontinuity near the ctenoid sector of the scale. An 
analysis of scale margin data for immature males (Table 1) 
shows that in a high proportion of fish the scale ring was 
formed between December and March. Watertemperatures 
fell during this period to as much as 12° C below the 
maximum temperatures recorded during June and 
September, the warmest months of the year. It seems 
reasonable to correlate the formation of scale rings with a 
temperature drop of this magnitude. 

Results indicate that rings are usually formed in three 
successive winters before males of L. niloticus mature at a 
total length of approximately 50 cm. Preliminary in- 
vestigations suggest that age determination in mature fish 
may be complicated by the formation of spawning rings 
in addition to the annual winter rings. 

A. J. Hopson 
Federal Fisheries Service, ` 
Lake Chad Research Station, 
Maiduguri, Northern Nigeria. 
1 Holden, M. J., Ann. Rep. E. Afr. Fish. Res, Org., 1954/1955, 36 (1955). 


* Johnels, A. G., Arkiv. zool, Stockholm, (2), 6, 327 (1954). 
* Daget, J., Hydrobiologia, 9 (4), 321 (1957). 


Technique for the Removal of the Brain 
in Bats 


In public health investigations it is essential that animal 
hosts and reservoirs be correctly identified. Specialists, 
particularly mammalogists, are usually willing to identify 
specimens collected in return for retaining all or a portion 
of the mammals submitted, especially if the specimens, 
such as bats, come from a zoologically interesting area, are 
rare in collections, or might present some challenging 
taxonomic problem. Since there is an increasing interest 
in the public health importance of bats (such as their 
involvement with rabies), countries which have not yet 
made surveys of their bat populations for the incidence of 
rabies are being encouraged to do so (Expert Committee 
on Rabies—Fourth Report, W.H.O. Tech. Rep. Ser. No. 
201, 1960). For the purposes of accurate identification, 
the head is the most important part of the body to the 
mammalogist, while its contents are of paramount impor- 
tance to the epidemiologist. The conventional laboratory 
techniques used for brain tissue removal in rabies diagnosis 
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Fig. 1 Brain tissue mey be hypodermically withdrawn through 
oramen magnum 


skin pushed forward ——--1 2 
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scissors cut 
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constriction 
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Fig. 2. Cranium exposed after longitudinal incision made along head 
midline 


(W.H.O. Monogr. Ser. No. 23, 1954, and U.S. Public 
Health Service Pub. No. 568, 1957) frequently mutilate 
the skin and skull and not only make identification 
difficult but ruin the specimen for museum purposes. 

While investigating bat ecology and rabies in Trinidad, 
we devised methods satisfactory to both mammalogist and 
virologist, removing brain tissue with little or no head 
damage. We found it unnecessary to open the calvaria, or 
brain case, either on very small bats or on those with 
specialized attachments between the ears, or unusual 
glandular structures on the top of the head, since sufficient 
brain tissue may be hypodermically withdrawn througha 
needle inserted into the foramen magnum without skull 
damage (Fig. 1). The optimum needle size can-be determ- 
ined with a little practice. It is sometimes necessary to 
agitate the needle or even inject a drop of physiological 
saline solution within the brain case to loosen the brain 
tissue and permit easier suction into the syringe. A needle 
with a dull tip is safer to use than a sharp one; for it makes 
it possible to probe the cranial interior without danger of 
penetrating the bone with the sharp point. In our ex- 
perience, freshly killed warm specimens, or those that have 
been. allowed to warm up after refrigeration, are easiest to 
manipulate. 

If a study calls for the removal of the entire brain, our 
alternative method does damage the skull, but not neces- 
sarily beyond repair, if care is taken in the process and 
cutting instruments are kept sharp. The bat is held in the 
palm of the hand with its back exposed. With the ball of 
the thumb, the skin at the base of the head and close to the 
cervical and interscapular fossae is pushed forward over 
the top of the head toward the snout, and held taut. It 
may be necessary to limber the skin by moving it back and 
forth. Then as much skin as possible is moved forward and 
tightly held. With a sterile scalpel, a longitudinal incision 
is made along the midline of the head, beginning anteriorly 
just in front of the eyes and extendmg posteriorly to the 
base of the skull, cutting through the skin and fasciae, 
finally exposing the cranium. In some of the larger phyl- 
lostomid bats such as Phyllostomus, Vampyrum and 
Artibeus, it is necessary to dissect the temporal muscles 
away from both sides of the cranium and reflect them 
laterally before exposing the bone (Fig. 2). With sterile 
pointed-tipped scissors, preferably with curved blades, a 
transverse cut is made just above the eyes through the 
frontal area, at the interorbital constriction. The bone of 
the skull is then incised on both sides, cutting posteriorly 
through the squamous portion of the temporal bone 
(taking care not to destroy the zygomatic arch) above the, 

















: Wage exposing the brai. With fresh sterile 
3, the brain may be severed from its site and lifted 
ntire, using the partially opened curved blades as a 
and placed in a container (Fig. 4). 

order to assist the mammalogist in his task of identi- 
tion, and to preserve a good museum specimen, it is 
rtant that the calvaria be carefully replaced along the 
ons, the temporal muscles neatly returned to both 
of the cranium, and the integument gently eased 
ward over the head and returned to its original 
cement so that the initial incision lies close to or over 
-cervical or interscapular fossae. If necessary, this 
sion may be used to remove the brown adipose tissue 
ch lies within the two fossae (Fig. 5). 

xtreme caution should be taken by persons opening 
bat heads. Rubber gloves should be worn, and careful 
operative technique employed. Whether the procedure is 
carried out in the laboratory or in the field, sterile instru- 
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Micro-organisms associated with Dead In 
Larvae in Nigeria > 


SPECIMENS of dead scil-inhabiting insect larvae { 
sp. and Heteroligus sp3 and noctuid larvae were s 
to me or collected by me for microbial ise 
Larvae of Anomala end noctuids were collect 
fields on Moor Plantation, Ibadan, while yam 
larvae (Heteroligus sp.: were collected around Be 
Onitsha. Anomala aad Heteroligus lavae were 
dead on being dug up in tho field or died whi 
storage in moist soil in she laboratory. Stored larvae 
adequately provided with food (for example, pier 

yam) ard aeration. 
Where a visible fungus growth: appe 
` on the larvae, a pair of fine flame-steriliz 


i y forceps was used in picking out spores and/ 
ers or hypkae and incubating them at 30°C. . 
on glucese~yeast extract agar (GYA) con- 
taining 2 g NaNO, 1 g KH,PO, 05g = 
bearer MgSO, 0°56 g NaCl, 5 g yeast extract —- 
am (Difco), 10 g glucose, and 15 g agar in a 
Arkeon litre of water. After picking out surface 


fungal propagules and in cases where no 
surface-growth was evident, the larvae — 
were surfaco- sterilized with 0-1 per cent- 
HgCl ir 70 per cent alcohol followed by 
thorouga washing in sterile water!, The- 
larvae were then cut into small pieces 
under sterile conditions and incubated on 
GYA or nutrient agar at 30° C. The 
micro-organisms isolated, the source and 
sia the number of larvae from which they were 
isolated are shown in Table 1. phe 

It mizht be expected that: the: miero- 3 
organisras would ‘clear’ chitin? {that 
is, cause a disappearance of finely ground Í 
chitin particles incorporated into an agar medium), 
since chitin makes up 20-30 per cent of the insect exo- — = 
skeleton®, Only Aspergillus giganteus and the bacterium, = 
however, cleared chitin after 12 and 13 days incub 
respectively on chitin azar at 30° C. Similar observ: 
of the inability of inseet-pathogenic fungi to clea: 
have been made with respect to Beauveriat. ¥V 
washed suspension of the bacterium was mixed w 
in which larvae of Aaomala sp. were placed, as i 
larvae died cach fortnight in the control as in the: gi i 
the bacterium. When, however, the bacterium 
introduced with a micro-injector through the integr 
into the body cavity əf ten larvae, all ten died w 
24 h, whereas all the eontrols (injected with equ 


Table 1 











MICRO-ORGANISMS ISOLATED FROM Dean INsnor Lanv 


No. . 
Fungi Source (larvae) més 
whic 
Aspergillus avumeri Webm., (TAT 1128 43) Anomala ap. 
Fusarium solani (Mart.) Sace., IMT 112344) Ancmala ap. 
Fusarium semitectum Berk. anc. Rav. (IMI 


112345) l Anomala sp, 
Geotrichum candidum Link ex. Pers, Anomala sp. 
Humicola fuscoatra Trasen (TAI 112347) Anomala sp. 
Metarrhizium anisopliae (Metsch) Sorok 

(IMT 112848) Anomala ap. 
Aspergillus giganteus Wehm. AT 112341) Heteroliqus sp. 
Geotrichum candidum Link ex. Pers, Heteroliqus sp. 
? Mortierella sp. (IMI 112349) Heteroligus sp. 
Aspergillus seleretiorum Huker (IMI 

112342} Noctuid 


Bacterium 
Arthrobacter sp. (NOIB, 9730. (Gram 
variable, branched, non-nmotile ... rod, 
breaking-up into cocci im E days 





1016 


volumes of sterile distilled water) survived. Similar results 
were obtained when the experiment was repeated. Insects 
were kept in moist soil in the dark at room temperature 
during the tests. The bacterial inoculum was prepared 
by scraping off bacteria from a 6-day slope, and making 
it up in 10 ml. of sterilo distilled water; 0-005 ml. of the 
suspension was used. 

Except for the bacterium, no valid suggestion can be 
made that the micro-organisms recorded in this experi- 
mont were responsible for the death of the larvae, although 
some of the fungi (for example, Metarrhizium) may have 
been pathogenic, symbiotic or saprophytic in or on the 
living insect; they may, on the other hand, have developed 
as saprophytes on larvae which have died from other 
causes. 

The value of this communication appears to me to lie 
in the reporting of some of the fungi for the first time in 
Nigeria, in the unusual ecological niches provided for the 
micro-organisms by the larvae and in the possibility that 
some of the isolates may prove useful as agents in the 
biological control of insect pests. 

I thank Dr. M. L. Jerath and Mr. S. A. Adeyemi for 
providing respectively the soil larvaog and some of the 
noctuid larvae, Miss Evelyn Page for assistance, and the 
staff of the National Collection of Industrial Bacteria 
for examining the bacterium. 

N. Oxaror* 
Federal Department of Agricultural Research, 
Moor Plantation, [badan, Nigeria. 


= eae address; Department of Microbiology, University of Nigeria, 
sukka. 


* Steinhaus, E. A., Principles of Insect Pathology (McGraw-Hill Book Co. 
Inc., New York, 1949). 


* Okafor, M. N., Ph.D. thesis, Univ. Cambridge (1964), 
* Wigglesworth, V. B., Biol. Rev., 23, 408 (1948). 


* Gray, T. R. G., and Bell, T. F., in Soil Organisms, edit. by Doeksen, J., and 
van der Drift, J. (Amsterdam, 1963). 


A Rapid Screening Test for Transfer Factors 
in Drug-sensitive Enterobacteriaceae 


Is a recent article? a technique was described for 
screening drug-sensitive strains of Enterobacteriacoae 
for the presence of transfer factors. This entails the 
incorporation of each strain under test in a mixture 
consisting of an intermediate recipient, containing a 
non-transferring resistance determinant (R-determinant)!* 
and a final recipient which is drug-sensitive and devoid 
of a transfer factor. If a test strain carries a transfer 
factor, this migrates into the intermediate recipient and 
unites with the R-determinant to form an R-factor which 
then transfers into the final recipient. 

Tho intermediate strain used in these tests was Salmonella 
typhimurium type 36 carrying S’, an R-determinant for 
streptomycin resistance, but unable to transfer it because 
of the absence of the transfer factor A with which the R- 
determinant was originally associated!; this strain is 
referred to as 36S’A—. The final recipient was 
Escherichia coli K12F —. The test strains and the inter- 
mediate and final recipients were inoculated separately 
into nutrient broth, and incubated with agitation for 
5-6 h at 37° C. 3 ml. of the culture of each test strain 
was then mixed with an equal volume of 36S’A— and 
incubated without agitation for 2 h at 37° C. This pro- 
vided any transfer factor present in the test strains with 
an opportunity to transfer to 36S’ A— to form a strepto- 
mycin R-factor. 3 ml. of the K12F— broth culture was 
then added and the mating mixtures were incubated 
overnight at 37° C. The following morning, they were 
streaked in decimal dilutions on streptomycin—MacConkey 
agar plates on which 0-3 ml. of 01 phage (titre > 10" 
particles/ml.) had been spread. These plates were in- 
cubated overnight at 37° C. The drug-sensitive donor 
strains were eliminated by the streptomycin in the 
medium, and the intermediate S. typhimurium recipient 
by the 01 phage. Thus, only K12F— cells that had 
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received mobilized streptomycin resistance could grow 
freely, to produce red, lactose-fermenting colonies. 

This screening test may be speeded up by spotting 
the undiluted mating mixtures, with a loop delivering 
c. 0-01 ml., on streptomyein—MacConkey agar on which 
phage 01 has been spread. After incubation, the presence 
of a transfer factor in a test strain is shown by a growth 
of lactose-fermenting colonies of K12F— which has 
received the newly formed streptomycin #-factor. A 
number of drug-sensitive strains may be screened for 
transfer factors on a single plate in this way. The mating 
mixtures are stored at 4° C until the results of the spot 
test are read. Those containing drug-sensitive donor 
strains giving positive results are then spread in decimal 
dilutions on streptomycin—MacConkey agar as described 
earlier, for more precise examination and clonal selection 
of K12 colonies that have received streptomycin R- 
factors. The characteristics of the respective transfer 
factors may then be investigated further. 

Fig. 1 shows a plete on which a spot screening test for 
transfer factors has been performed on wild, drug-sensitive 
strains of S. typhimurium. 

The contents of the various sectors of the plate shown 
in Fig. 1 are as follows (phage-types of wild S. typhimurium 
are referred to as types, and K12F— as K12): (1) Type 
29 x 36S’A— x K12. (2) Type 29 x 36S’A— x K12. 
(3) Type 44 x 36S’A— x K12. (4) Type 29 x 
36S°’A— x K12. (5) Type 29 x 36S’A— x K12. 
(6) Type U194 x 36S°A— x K12. (7) 364A + x 36S’A— 
x K12 (= positive control). (8) 36S’A — x K12 (= 
negative control). (9) K12 alone (= negative control). 

All the wild strains of S. typhimurium were of indepen- 
dent origin and were isolated in 1965, 

Mating mixtures 1, 5, 6 and 7 show positive results, 
that is, the conversion of K12 to streptomycin resistance 
by transfer of a newly formed streptomycin R-factor. 
The positive control contained as the donor a strain of 
phage-type 36 of S. typhimurium into which the A transfer 
factor alone had been introduced'. As the test spots 
receive the undiluted mating mixtures, colonies of the 
intermediate S. typhimurium recipient resistant to phage 
01 usually appear. However, when transfer has oceurred, 
the red, lactose-fermenting A12 colonies are easily dis- 
tinguishable from the yellow, non-lactose-fermenting 
S. typhimurium colonies as Fig. 1 shows. 

Controls were also set up of each wild donor strain 
crossed with K12, to exclude the possibility that strepto- 
mycin R-factors might be phenotypically masked in the 
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Fig. 1. Stæptomycin-MacConkey agar plate showing the presence of 

transfer factors in wild, drug-sensitive strains of S. typhimurium. The 

strains represented in sectors 1, 5 and 6 carry transfer factors. Sector 7 
contains the positive control (x ec. 0-8) 
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g-sensitive donors; ; these controls were uniformly 
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~The origins of the wild drug-sensitive S. typhimurium 
strains carrying R-factors were as follows: (1) phage-type 
29: isolated from a turkey (Mundford, Norfolk); (5) 
phage-type 29; isolated from a chick (Gloucester); (6) 
phage-type 0194; isolated from man (Oldham, Lanca- 
shire). 

-Our tests show that transfer factors unattached to R- 
determinants may be widely distributed in the Entero- 
bacteriaceae. If such factors gain access to strains carry- 
ing non-transferring R-determinants to which they can 
become attached, transfer of drug resistance is initiated. 
This may be the process by which #-factors are initially 
formed. The presence of antibiotics and synthetic anti- 
bacterial drugs in the animal hosts parasitized by Entero- 
bacteriaceae possessing these potentialities may accelerate 
both the initiation and the spread of this type of resistance, 


E. 8. ANDERSON 


Enteric Reference Laboratory, 
Public Health Laboratory Service, 
a -Colindale Avenue, London, N.W.9. 


ae, E. S., and Lewis, M. J., Nature, 208, 843 (1965). 
2 Anderson, E, S., and Lewis, M. J., Nature, 208, 579 (1965). 


Effect of Incubation Temperature on the 
Flagellation of Gram-negative Rods 


THe primary factor used in Bergey's Manual of Determ- 
inative Bacteriology’ for the division of Gram-negative 
rods into families is the flagellation of the cells. The 
method has always proved a source of difficulty and has 
led to much confusion as to the taxonomie position of 
cultures. This point was well illustrated by Dye’, who 
produced micrographs of cells of a culture of Xanthomonas 
trifolii in which polar or lateral monotriehous and peri- 
trichous flagellation could all be demonstrated. 

Coetzee and de Klerk? have shown incubation tempera- 
ture to be a factor that could affect the type of flagellation 
of Proteus and Providence cultures. These authors used 
incubation temperatures of 43°, 37° and 30° C. When 
ré-defining mono- and lopho-trichous m terms of a 
flagella index, Lautrop and Jessen’ arrived at their con- 
clusions after examining a collection of pseudomonad 
cultures, mainly Pseudomonas aeruginosa, which were 
grown at ‘room temperature’, at 30° or at 10° C. Although 
they recommended that cultures with intermediate 
flagella indices should be studied after growth at 10° C, 
Lautrop and Jessen did not emphasize the influence of 
incubation temperature on flagellation. 

While attempting to classify a collection of 100 cultures 
of Gram-negative rods which had been isolated from 
milk, flagella preparations were made from cultures which 
had been incubated on Oxoid ‘Lab-lemco* agar slopes at 
30° C. These cultures were found to be lopho-, mono- 
trichous or aflagellate. A number of polar or sub-polar 
monotrichous cultures were encountered that from their 
biochemical reactions appeared to belong to the Entero- 
bacteriaceae. The cultures were, therefore, examined for 
flagellation after incubation at 30°, 22° and 15° C and a 
few cultures also at 5° C. 

The results showed that the use of only one incubation 
temperature could give rise to errors in assessing both the 
numbers of flagella and the typo of flagellation. Among 
the pseudomonad group, the non-pigmented culture 369 
showed monotrichous polar flagellation at all four incuba- 
tion temperatures, culture 149 (Pseudomonas fluorescens 
type) was predominantly lophotrichous only at 15° C, 
while the biochemically similar culture 131 showed lopho- 
trichous cells only at 22° C. Culture 143, a biochemically 
rather inactive pseudomonad, gave the same proportions 
of mono- and lopho-trichous cells at the four incubation 
temperatures, as did culture 149. 
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Cultures 119 and 533, which oxidized glucose and gave — 
& positive oxidase reaction, both showed polar mono- 
trichous flagellation at 30° © but peritrichous flagellation 
at 22° C. The same flagellation effect was shown by 
culture 466, which feiled to ferment glucose and was. 
oxidase-negative. 

In the same way, apparently similar fermentative, 
oxidase-negative cultures showed different types of 
flagellation after growzh at different incubation tempera- 
tures. Culture 460, which was monotrichous at 30° C, was 
er at 22°, while culture 373 became peritrichous _ 
at 15° C. Another fermentative culture (495), which was- 
aflagellate at 30° C, showed predominantly monoflagel 
cells at 22° and 15° C but was peritrichous at 5° C, ' 
latter culture showed motility after incubation at 30 > 
on soft nutrient agar 0-2 per cent agar). vs 

If flagellation is to be retained as the main criterion 
for the classification ef Gram-negative rods, then more 
emphasis should be placed on the examination of cultures 
grown under varying conditions before assigning a taxono- 
mic position based on flagellation. 

DorotrHy A, ORR 
MarGaretT M. TAYLOR 
Hannah Dairy Researeh Institute, Ayr. 
t Bergey's Manual of Deterrwinative aidan seventh ed, (Bailliére, 
Tindall and Cox Ltd., Lendon, 3957). 
* Dye, D. W., N.Z. J. Sei., 7.261 (1964). 
* Coetzee, J. N., and de Klerk, H. C., Nature, 202, 211 (1064). 
4 Lautrop, H., and Jessen, 0.,. Acta Path. Microbiol. Scand., 60, 588 (1964). 







VIROLOGY 


Mechanical Transmission of Hop Mosaic Virus 


Hor mosaic virus (EMV), the cause of a severe disease 
of the Golding hop varieties, was shown by Paine? to be 
transmitted by the winged form of the damson-hop 
aphid, Phorodon humadi Schr., but transmission by sap 
extracts has not been reported. This has been accomplished 
with both concentratec. and crude extracts of leaves from 
plants of sensitive and tolerant hop varieties, by inoculat- 
ing single-node hop cutsings a few days after removal from 
the mist chamber where they had formed roots; similar 
cuttings were used as test plants throughout this investiga- 
tion. 30-g young leaves from recently infected Golding 
hop plants were macerated in 150 ml. 0-05 M phosphate 
buffer, pH 8-3. The sap was squeezed through cotton 
cloth and clarified by centrifugation for 10 min at 10,000g. 
The supernatant was centrifuged for 180 min at 70,000g 
‘Spinco L No. 40 rotor at 32,500 r.p.m.). The pellets were 
resuspended in 3 ml. distilled water and, after the addition 
of ‘Celite’, the suspension was used to moculate young 
leaves on twenty cuttings of a Golding hop, nine of which 
became infected. 

Later, HMV was transmitted from crude extracts 
of young hop leaves. Leaf tissue was macerated in 
phosphate buffer (5 ml. per g); the extract, separated from 
the fibrous residue by squeezing through cotton cloth and 
after the addition of ‘Carborundum’ (400 mesh), wes rubbed 
on leaves of Golding hop, Chenopodium quinoa, Nicotiana 
elevelandti, N. tabacun var. White Burley and N, 
glutinosa. Three of five inoculated hop plants were infected 
with mosaic virus. Pale green spots and mottle symptoms 
developed on some of tha inoculated leaves of the Nicotiana 
spp. and C. quinoa plants, one of which also developed 
pale green vein-banding anc leaf distortion. However, 
HMV was recovered omy from the N. clevelandii plants, 
all eight of which developed in 5-9 days pale green spots. : 
(1-3 mm diameter) with necrotic centres on the inoculated 
These plants graduaily deteriorated, their leaves 





leaves. 
became chlorotic and necrotic and many of their r 
died. Eighteen days after inoculation leaves from pairs of E 


N. clevelandii plants were bulked, macerated in an equal 


volume of phosphate baffer and sap extracts from each — 
pair inoculated to two Golding hop plants; , one extract 
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Table 1, ISOLATION OF Hop Mosaic VIRUS PROM N. clevelandii 
Test plants se Nealondh 
Source leaves of N, clevelandii Golding ho N. clevelandii 
With symptoms 5/6 2/2 
Inoculated Without symptoms 0/14 O/7 
With symptoms 3/4 4/4 
Univoculated 4 From plants without 
systemic symptoms 2/4 4/4 


infected both test plants and each of the other three 
inocula infected one. 

The distribution of HMV in N. clevelandii was examined 
in ten plants that were inoculated with crude extract from 
Golding hop leaves. All plants developed primary lesions 
on some inoculated leaves; systemic symptoms in the 
form of chlorotic spotting occurred on the later-formed 
leaves of two plants. Inoculated leaves were harvested 
after 7 days and uninoculated younger leaves after 6 
weeks. Leaves with and without symptoms were macera- 
ted separately and the extracts used to inoculate Golding 
hop and N. clevelandii plants. HMV was transmitted from 
inoculated leaves with symptoms whether or not the plant 
developed systemic symptoms, but not from symptomless 
inoculated leaves (Table 1). 

J. T. LEGG 

East Malling Research Station, 

Maidstone, Kent. 


t Paine, J., Rep. E. Malling Res. Sta., 120 (1952). 


CYTOLOGY 


Cytoplasmic Labelling with Uridine-5--H in 
Human Lymphocytes cultured with 
Phytohaemagglutinin 


Hayhoe and Quaglino' have reported investigations 
of RNA metabolism in normal human leucocytes 
when cultured with phytohaemagglutinin, using uridine- 
5-°H as a specific precursor of RNA. They found little 
evidence of cytoplasmic labelling after terminal incuba. 
tion for 1 h with tritiated uridine (0-5 ue./ml.), either at 
24, 48 or 72 h of culture. 

We have been conducting similar investigations with 
this nucleoside specific activity; 22-4 ¢./mmole added at a 
somewhat higher dosage (5-0 ue./ml.), followed by mixing 
for 2 min on a cell suspension mixer, and incubation at 
37° C for 1 h immediately preceding termination of the 
culture. Smears were made of the centrifuged cell deposit. 
Slides were coated with Eastman ‘Kodak NTB 3’ emulsion, 
exposed for 7 days and stained through the fixed emulsion 
with a modified MacNeal’s tetrachrome*. 
tritiated uridine used, distinction between nuclear and 
cytoplasmic labelling is difficult if the nuclear-cytoplasmic 
(N : C) ratio is high, especially when heavy labelling is 
present. However, there are two types of transforming 
lymphocyte equally distributed in these cultures’. They 
make their appearance in increasing numbers during the 
first 24 h before any evidence of DNA synthesis occurs’. 
The first of these types, the transitional lymphocyte, 
has a very high N : C ratio, with a leptochromatic nucleus 
occupying almost all the cell (Fig. la), and in this cell it is 
difficult to be sure whether labelling is cytoplasmic or not. 
The other type, the so-called atypical transitional! 
lymphocyte (Fig. 1b), has a much lower N : C ratio, and, 
in our experience, it is only this cell which really provides 
suitable material for the investigation of cytoplasmic 
labelling in its earliest stages. 

Immediately after setting up the culture, there was 
nuclear labelling, but virtually no evidence of cytoplasmic 
labelling in lymphocytes at 0 h, that is after incubating 
for 1 h with tritiated uridine (Fig. 2, a and b). At 3 and 6 h 
there was a significant increase in the proportion of 
labelled cells and their mean grain counts, but the labelling 
was still confined to the nucleus in the overwhelming 
majority of cells. At 12 h there was weak cytoplasmic 
labelling, but from 18 h onwards this was more marked 
(Fig. 3, a andè), together with further progressive increases 
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both in the proportion of labelled cells and their mean 
grain counts. 

At 48 h there was also significant cytoplasmic labelling 
of blast cells after 1 h terminal incubation with uridine- 





5-H. Here again blast cells with a high N : C ratio were 
Za o 2b 
p a P > ê MJ 
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24-h culture, a, Transitional lymphocyte with very high N : C 


Fig, 1. 
ratio (x Atypical transitional lymphocyte with medium 


N : C ratio (x 1,500) 


Fig. 2. 0-h culture. a and b, Medium-sized lymphocytes showing nuclear 
labelling only (*H-uridine added for 1 h—see text) (x 1,500) 


Fig. 3. 24-h culture, a and b, Atypical transitional lymphocytes showing 
nuclear and cytoplasmic labelling (*H-uridine added for 1 h at term— 
see text) (x 1,500) 


Fig. 4. 48-h culture. a and b, Blast cells with low N : C ratio showing 
nuclear and cytoplasmic labelling (*H-uridine added for 1 h at term— 
see text) (= 1,500) 


Fig. 5. 48-h culture. Blast cell showing nuclear labelling only Ai 
uridine added prope T SeA oa prior to the making of smears—see text) 
(=x 1,500). b, Blast cell showing nuclear and cytoplasmic labelling, 
Large atypical transitional lymphocyte (below) showing nuclear labelling 
only @H-uridine added for 15 min at term—see text) (= 1,500) 


1,500), b, 





on no.so1i4 December 4, 1965 


difficult to interpret, but in blast cells with a low N :C 
-Yatio? one invariably found cytoplasmic labelling markedly 
“in excess of background labelling (Fig. 4, a and 6). 

-In 48-h cultures when smears were made as soon as 
possible after the addition of uridine-5-"H to the cell 
suspension without further incubation, nuclear labelling 
only was observed both in atypical transitionals and 
blast cells (Fig. 5a). The time between the addition of 
tritiated uridine and preparation of the smear was of the 
„order of 7-8 min. If the suspension was incubated for 
“U5 min after the addition of this nucleoside, similar 
results wero obtained, but after incubation for 15 min 
eytoplasmic labelling was present in some cells, though the 
“number of cells and intensity of labelling were appreciabiy 
Jess than with the usual period of 60 min (Fig. 56). 

- Harrist has shown that in the nuclei of mammalian 
-cells there are mechanisms both for the degradation of 
much of the rapidly labelled RNA, and also for the pro- 
duction of a more stable form of this compound. He has 
suggested that there may be overproduction of the more 
rapidly labelled RNA, a fraction of which is used to 
produce more stable RNA and the remainder degraded. 
¿Whether this cytoplasmic labelling represents a relatively 
‘rapid transfer of the more stable nuclear RNA to cyto- 
“plasm, once the process of cell growth initiated by PHA 
zis under way, or whether it represents diffusion of acid- 
soluble end products outwards from the nucleus‘ or both, 
-remains uncertain. 
coc We thank Mr. A. K. Sykes for taking the photomicro- 
graphs and Mr. C. L. Chen for technical assistance. One 
of us (G. C. B. W.) thanks the K. G. Laurence Group of 
Limited Companies for generous supplementary financial 

assistance. 
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GENETICS 


Differential Deoxyribonucleic Acid Replication 
in the Giant Foot-pad Cells of Sarcophaga 
bullata 


Giant polytene chromosomes from the salivary glands 
of various fly larvae have been extensively examined; 
because of their enormous size they have become one of 
the most important tools in investigations of gene activity 
and nuclear-cytoplasmic relationships. Malpighian tubules 
and certain other tissues of flies also possess polytene 
chromosomes, but they show a lower degree of polyteny. 
It is generally accepted that in most animal and plant cells 
there is a constant relation between the DNA content 
and the number of chromosome ‘sets’ it contains. Synthe- 
sis of DNA results in a doubling of this pre-existing 
amount; a dipteran polytene chromosome may result 
from more than a thousand such replications’. Recently 
it has been suggested? that differentiation in a multicellu- 
lar organism involves the progressive inactivation of DNA, 
and that, in the polytene chromosome, three conditions 
characterize these inactivated regions: first, inactivity 
with respect to RNA synthesis; secondly, late replication, 
replication being slower and continuing longer than over 
the rest of the chromosome; thirdly, the appearance of 
dense packing. Heavy bands and heterochromatic regions 
are given as typical examples of such regions. 

= Recently, giant cells containing giant polytene chromo- 
“somes have been described for the pupal foot-pads of 
developing adult flies? *. Continued work with this 
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material, particularly with the fly Sarcophaga bullata, 
shows that, whereas the highly polytene condition of the 
giant chromosomes is reached by DNA replication along 


the whole chromosome length, as typically occurs in 


salivary gland chromosomes, there is also seen here 
striking differential replication of specific chromosomal 
regions, at specific tiraes, resulting in the ‘budding off’ of 
dozens of ‘granules’, each centaining DNA. The granules 
lie between the chromosomes and the nuclear membrane, 
most commonly immediately within the nuclear mem- 
brane. 

Two of these giant zells accur to each foot-pad. In the 
first-day pupa (rearec at 25° C) the cells are little larger _ 
than those surroundiug tenent hair cells+ that have just _ 
completed mitosis (ef also Figs. 14 and 1B). In atwo- 
day pupa the nucleus of the future giant cell is still very 
small in comparison with the whole developing foot-pad, 
whereas in a four-day pupa the nucleus is approximately 
70u in diameter, and the cell itself extends over half (the 
second cell covers the other half) of the entire dorsal 
surface of the pad. ‘This extremely rapid growth in a 
relatively short time is aceompanied by correspondingly 
rapid DNA synthesis. resulting in the very highly poly- 
tene, distinctly banded chromosomes (Fig. 14). Through- 
out the growth phase the nucleolus is very large relative 
to the size of the nucleas, but in the mature cell the greater 
growth of the chromesomes results in a proportionately 
smaller nucleolus. It contains strands of DNA, but these 
occur in the core of the nucleolus and do not extend to, 
and beyond, the periphery (Fig. 2H). The DNA granules 
are not associated with the nucleolus. A micro-nucleolus 
is also present in the growing cells (located at the position 
X on chromosome B Fig. 1). It is not present in this 
day-7 preparation, as it disappears in a late day-4 pupa, 
by which time growth has eeased. Characteristic puffing 
occurs in the chromosemes during growth and at the same 
time as DNA replication. These puffs are very probably 
involved in the growtl processes. However, it is immedi- 
ately before and during the extensive secretion and the 
darkening of the adalt cuticle that the most striking 
changes in the puffing sequences occur. Fig. 2A is of a 
whole nucleus contained within the foot of a ten-day 
pupa in which darkening of the cuticle is proceeding. 
The two puffs seen or. the mucleolus-bearing chromosome 
(A”, Fig. 1—~at arrows—does not have these puffs in the 
day-7 pupa) characteristically appear only at this time of 
cuticle darkening. A very large puff is also present 
(slightly out of the plane of focus) at the third arrow. 
This also is characteristically large at this stage of develop- 
ment (puffs are present along this chromosome: C, 
Fig. 1, but at day 7 the very large puff is not present). 

Such chromosomal BNA puffs are much-studied features: 
of dipteran salivary gland chromosomes. DNA puffs, 
on the other hand, are recorded from relatively few forms, 
for example, in the sciarids, Rhynchosciara and Sciara 
coprophila’, and in the chironomid Glyptotendipes*. In 
these cuticle-secreting cells of Sarcophaga, the shorter 
arm of the nucleolus-bearing chromosome (Fig. I: A‘) 
possesses a very characteristic DNA puff. Throughout 
the time of cuticle secretion this has a highly granular 
appearance, but is mest noticeably puffed in a day 7-8 
pupa (Fig. 2C). 

The chromosomes in the fully grown cell, such as that 
shown in Fig. 2A, are aligned, very strikingly, immediately 
within the nuclear membrane. They present a beautiful 
appearance, being so arranged that at no point do two 
chromosomes or two shromosome regions overlap, with 
the result that each and every chromosome band lies at 
right angles and close to the nuclear membrane. They 
are connected to the nuclear membrane by numerous 
strands, clearly scen in isolated nuclei, gently rolled 
between slide and coverslip and viewed with phase opties 
(similar attachment te the nuclear membrane has been 
described for the salivary gland of Chironomus dorsalis 
by Kimoto’). . 
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At all stages of cuticle secretion and darkening the DNA 
granules are present, and their distribution can be determ- 
ined even in whole nuclei. Particular groups of granules 
arise from the chromosomes at specific developmentul 
stages. At these times the size and appearance of the 
granules are similar to those of the granules of the chromo- 
somal region from which they appear to be ‘budding off’. 
The granules maintain contact with one another, with the 
chromosomes, and with the nuclear membrane, by strands 
which can be seen with RNA staining procedures. They 
do not appear to be connected by DNA strands, although 
these could be present, but beyond the resolution of the 
light microscope. The granules show up with equal 
clarity in Feulgen/fast green preparations, in azure B 
at pH 4, in orcein/light green, and in methyl green/ 
pyronin preparations; they are digested with DNase. 
Each granule is surrounded by a peripheral region the 
staining reaction of which is similar to that of the many 
conspicuous chromosomal RNA puffs. In many instances 
the region of the chromosome from which the granules 
arise is unexpanded; in others, the regions of the centro- 
meres are involved. The DNA puff on the nucleolus- 
bearing chromosome is also suspected of having given rise 
to granules which have been found to lie between it and 
the nuclear membrane, as is seon in Fig. 2D. Likewise 
a puff occurring near the end of the longer arm of the 
longest chromosome (£", Fig. 1), in a stage 3-4 pupa, 
appears as a DNA puff, and at this stage numerous 
granules are in close proximity, so that it, too, is suspected 
of being involved in the replication of DNA granules. 


A 





D’ ¢ 


E o 


Fig. 1. A, Chromosome squash of giant foot-pad cell nucleus from a day-7 pu 
DNA granules; N, nucleolus; X, position of miero-nneleolus at earlier stage. 

d ong arms respectively of chromosomes. 
testis of Sarcophaga for comparison of chromosome size with 
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This puff, in Fig. 1 (arrow), which is of a later day-7 pupa, 
has resumed a normal banded appearance. 

The DNA granules are of relatively large dimension. 
For comparison of size, Figs. 1A and B show a group of 
about five granules at the lower left of A which approach 
the overall dimensions of the whole chromosomes of B. 
The invariable presence of the granules, their origin at 
different times and their location immediately within the 
nuclear membrane tend to suggest that they are per- 
forming some function vital to the cell’s activity. That 
such granules are present in these cells and not apparently 
in the better-known salivary gland cells may find an 
explanation in some developmental differences. Whereas 
a salivary gland cell grows slowly and takes several instars 
to attain maximum size, growth here is extremely rapid, 
and increase in size is tremendous. Furthermore, the 
cell is called into action to produce cuticle when seemingly 
immediately cell growth has ceased. Also, the volume 
of secretion is large and produced at a rapid rate, which 
presumably means that turnover must be rapid. It 
would seem that the ribosomal elements involved in the 
formation of mucoproteins and other cuticular elements 
are required in very large numbers within a short time- 
span. It is not impossible that these extra-chromosomal 
DNA granules may be performing the function of ‘sub- 
factories’ (of the specific gene loci from which they have 
arisen) for the production of messenger RNA, a need 
which may not otherwise be met, even by the extensive 
DNA replication resulting in the high degree of polyteny 
attained along the rest of the chromosome complement. 
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of Sarcophaga bullata, reared at 25° C. ch, Chromocentre; g, 
rrows: position of puffs referred to in text. A’ A”, B' B”, C’ 0", 
Stained: orcein/light green. B, Metaphase chromosome squash from 
A. Lacto-acetie-orcein squash 
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. A, Whole nucleus from a day-10 pupa of Sar 
3 aS san tom gned Immediately sarcophago, 
p 


, and this microgra focused o yf 

lining the upper border of the spherical nucleus. Note the DNA 
granules at the shorter arrows, and the ffs at the 
tonger arrows (referred to more specifically in text). B, C, Two views of 
the shorter arm of the nucleolus- me, the region 
at the single arrow is granular, but not puffed: aes pa. In C the 
Ne region is ety rge A os, bey paak goa 

squash of a day-8 foot showing granules ng 
BO inner border of the nuclear membrane (top left), wees e 
DNA puff on the sor em of the nucleolus ng 


— nitast g uashed. E, Lacto-acetic-orcein Eran NY to 
wth distribu Dea within the nnolecan: aes te ca tise 
nucleolus and not the chromosome 


It has been suggested* that the presence of early and 
late replicating DNA along the same polytene chromosome 
is “indicative of the presence of multiple sub-units arranged 
tandemly in the metazoan chromosomes’. The present 
example of DNA synthesis at specific locations would 
lend additional support to this suggestion. Here, however, 
it would seem that it is not only a question of late or early 
replication but of repeated ‘extra’ replication occurring 
at certain regions along the chromosomes. Since the 
number, position of origin, and hence the composition 
of these particular granules is likely to be specific to these 
cells, they would seem, at first sight, to be visible evidence 
of seemingly irreversible nuclear differentiation. 

The exact function of these granules in relation to other 
chromosomal activities, such as that of the nucleolus, of 
the micro-nucleolus, of the DNA puffs and of the complex 
sequences of RNA puffs, pose some new and intriguing 
questions. Kaufman and Gay* described, at the electron 
microscope level, ‘extra chromosomal’ material, associated 
with the phenomenon of nuclear-membrane ‘blebbing’, 
in Drosophila. Gay also described? DNA as ‘secreted’ 
by certain bands of the late third instar salivary gland 
chromosome of Drosophila. Extra-chromosomal DNA has 
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also been described vy Beyreuther’* during oogenesis in 
Tipulidae, where it is produced from heterochromatic 
regions of the chromesomes. These observations and the 
findings recorded hers may be of comparable phenomena; 
the very considerablesize and large numbers of the present 
granules make the foet-pads particularly suited for further 
investigation at both light- and _ electron-microscope 
levels. Work is comtinuing using histochemical, auto- 
radiographic and electron-microscope techniques. 
of the general develepment of the feet, of the banding 
pattern of each of the chromosomes, and the striking 
puffing sequences at the various developmental stages are 
being given elsewhere. 

This work has been supported by a grant from the 
National Science Foundation. 
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PSYCHOLOGY 


Behavioural Deficit in the Rat induced by 
feeding Phenylalanine 


PHENYLKETONURIA, high serum levels of phenylalanine 
and its metabolites, and elevated levels of free phenyl- 
alanine in the milk can be induced in pregnant and 
lactating animals by the addition of phenylalanine to the 
diet!. The effects or the learned behaviour of offspring 
born and raised by mothers on such diets are of interest 
because the rate of incorporation of phenylalanine into 
brain tissue is higher before weaning than later**. High 
levels of phenylalanine produce behavioural t 
in mice only if fed prior to weaning‘. Aar in 
inability to metabolize phenylalanine normally may have 
no effect on the inteligence of human phenylketonuries if 
dietary treatment allows early normal mental develop- 
mentë. High levels of phenylalanine may produce be- 
havioural impairment only when present during an early 
critical period of development. 

This report describes a behavioural deficit due to adding 
7 per cent p,L-phenylalanine (Phe) to the maternal diet 
of rats prior to weaning of their pups. In addition, we 
report evidence suggesting partial attenuation of the 
observed deficit by maintenance on normal diets after 
weaning. 

Seven pregnant Heltzman rats were placed on special 
diots 2 days before parturition. A basal diet of Rockland 
ground mouse chow contained 7 per cent Phe for four of 
these; the basal diet for the remainder contained 7 per 
cent ‘Cellufiour’ (C). Live pups were born to all mothers. 
The pups were left with their mothers until weaning at the 
age of 21 days. Sevenseen pups from litters of the mothers 
on C and seventeen pups from the litters of the mothers on 
Phe had survived. After weaning, nine randomly chosen 
pups from each group of seventeen were fed the Phe diet 
and eight from each group were fed the C diet. Three 
pups from the materral Phe group that had been placed 
on post-weaning C diet died prior to behavioural testing. 

At 10 weeks of age all pups, after 24 h of water depriva- 
tion, were trained in an LVE 1316 operant behaviour 
chamber (Lehigh Valley Electronics) to approach a dipper 
to obtain a drop of water. Afterwards, they were deprived 
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of water once each week for the 24 h preceding behavioural 
testing in the chamber. SS 

During a second l-h session, each pup was trained to 
depress a small lever in order to obtain each drop of water. 
During the third session only the first five responses were 
reinforced with water, and all subsequent responses during 
l h were unreinforced. After this exposure to extinction, 
all pups were given three weekly 0-5-h sessions of retraining 
during which every lever press was reinforced. No 
experimental differences between groups were evident 
during these six lever-pressing sessions. All pups learned, 
extinguished, and relearned quite rapidly. 

During sessions 7-28 (16-37 weeks of age) responses 
were reinforced on a DRL (Differential Reinforcement of 
Low rate of responding) 12-sec schedule®. Only responses 
that occurred after a 12-sec period of non-responding 
were reinforced. Responses that followed a pause of less 
than 12 sec were not reinforced. Twenty reinforcements 
were obtained during each DRL session. 

Group differences were immediately apparent on the 
DRL schedule, and persisted throughout the 5-month 
test, as shown in Fig. 1 (ref. 7). Pups with pre- and post- 
weaning Phe (group Phe-Phe) made significantly (all 
probability values reported are based on two-tailed ‘U?’ 
tests) more responses (P <0-001) than pups fed Phe 
only after weaning (group C~Phe). Pups fed pre-weaning 
Phe and post-weaning C (group Phe-C) made significantly 
more responses (P < 0-05) than pups with pre- and post- 
weaning C (groups C-C). Thus, in both comparisons, 
pre-weaning Phe increased responding in adulthood. 

There was very little overlap between the response- 
levels of pups from the two pre-weaning conditions. Only 
four pups from C-diet mothers had mean responses per 
session higher than the lowest mean of any pup from Phe 
mothers. The observed differences were therefore not due 
to a selective effect of different mortality rates of the two 
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Fig. 1. Mean cumulative lever-pressing responses emitted by four groups 
of water-deprived rats. Only responses that occurred after a 12-sec 
period of non respon diog were reinforced. High response levels indicate 
ineficient behaviour. Young rats from mothers fed a basal diet of 
Rockland mouse diet containing 7 per cent 5,L-phenylalanine or contain- 
ing 7 per cent ‘Cellutlour’ were used. After weaning the group previously 
fed phenylalanine was divided into two sub-groups; nine pups were con- 
tinued on 7 per cent b.L-phenylalanine (Phe~Phe) and the diet of five 
pups was changed to 7 per cent “Celluflour’ (Phe-C). After weaning the 
group previously fed ‘Celluflour’ was also divided into two groups: the 
diet of nine pups was changed to 7 per cent D.L-phenylalanine (C—Phe) 
and eight pugs were continued on 7 per cent ‘Celluflour’ (C-C) 
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groups. If the groups were actually the same, and if | 
mortality had selectively eliminated pups that would — 
have shown high or low response levels, the range of one 
remaining group of subjects would have subtended that 
of the other. The response levels of a majority of pups — 
from Phe mothers were consistently higher than those of 
any pups from C mothers. k 

The adult behaviour of both groups of pups from Phe 
mothers was less efficient than that of those from G=: 
mothers. Pre-weaning pups made many more unnecessary |. 
responses than pre-weaning C pups and thus prolonged 
the amount of time it took to obtain their reinforcements — 
(P <0-001). This inefficiency persisted during adulthood. | 

Initiation of post-weaning Phe had no significant effect 
on pups which had previously had pre-weaning C diet... 
(group C--Phe versus group C-C). However, the opposite | 
shift in diet tended to have an effect; pups in group. 
Phe~Phe made more responses than those in group — 
Phe-C (P <0-06). Post-weaning dietary treatment with- 
Phe affected pups that already had a behavioural deficit |. 
due to pre-weaning Phe; but it had no effect on those. 
with pre-weaning C diets. Two interpretations of these: i 
results are possible: initiation of post-weaning C diet may 
have produced a partial attenuation of the pre-weaning .. 
deficit; or continuance of the Phe diet could have made- 
worse the deficit already started. 

One major problem in interpreting our data concerns 
the question of whether the adult deficit was due to a 
change in metabolism or to other factors. For example, if 
Phe mothers behaved differently toward their pups than 
did C mothers, this differential behaviour could have 
caused adult behavioural differences in offspring not 
attributable to Phe metabolism. Conclusive evidence 
bearing on this problem will require further research. 

The interaction of pre- and post-weaning dietary effects 
on the deficit, however, tends to favour a metabolic 
interpretation of its cause. With our behavioural test, a 
deficit due to post-weaning Phe was apparent only after a 
history of pre-weaning Phe. 

If one were to assume that the cause of the deficit was 
indeed metabolic, a second problem of interpretation 
would concern the nature of this deficit. Was it due to 
changes in learning ability, motivation, sensory capacity, 
simple debilitation, or to still other factors ? 

The higher response-levels observed during DRL testing 
weigh against the likelihood that the deficit was one of — 
gross debilitation or of lack of motivation. On the other. 
hand, the higher response-levels could have been due to 
heightened motivation or increased motor activity; wedid 
not, however, note any apparent changes in level of activity 
or amount of water consumed by the different groups. 

Clearly, further research is necessary to distinguish 
between the remaining interpretations in order to establish 
whether or not the performance deficit is, in fact, due to 
impaired learning ability. 

This investigation was supported in part by Publie 
Health Service research grant MH 7663 from the National 
Institutes of Health. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 
Monday, December 6 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W.12), at 4 p.m.—Dr. J. O. Gilson. “Asbestos, 
Recent Work on the Biological Importance of Fibre Type’’.* 


INSTITUTION OF ELECTRIOAL ENGINEERS, ELECTRONICS DIVISION (at 
Savoy Place, London, W.C.2), at 5.80 p.m.—Discussion on “Acoustic-Wave 
Amplification” opened by Dr. E. G. 8. Paige and Mr. C. P. Sandbank. 


INSTITUTION OF MECHANICAL ENGINEERS, THERMODYNAMICS AND FLUID 
MECHANICS GROUP (at 1 Birdcage Walk, Westminster, London, 8.W.1), at 
6 p.m.— Discussion on “Is Heat Transfer Theory of Any Use?” 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S.W.7), 
at 6 p m.—‘‘The Underwater Search” (Colour Film). 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (joint meeting with 
the Heavy Organic Chemicals Group, at 14 Belgrave Square, London, S.W 1), 
at 6.80 pm—Dr H. L. Riley: “Recent Developments in the Tonnage 
Production of Aromatic Chemuicals’’. 


Tuesday, December 7 


UNIVERSITY OF LONDON (at the Westminster Medical School, Horseferry 
Road, London, 8.W.1), at 5.15 p.m.—Dr, J. F. Zilva: ‘Physiological Varia- 
tions in Serum Iron Levels’’.* 


INSTITUTION OF ELECTRICAL ENGINEERS, CONTROL AND AUTOMATION 
DIvIsion (at Savoy Place, London, W.C.2), at 5.30 p m.—Discussion on 
“Human Factors in the Control of Road Vehicles”, opened by Mr. I. D. 
Brown and Mr. R. L. Moore. 


UNIVERSITY OF LONDON (at Imperial College of Science and Technology, 
London, 8.W.7), at 5.30 p.m.—Prof. H. R. Hewer: “The Length and Breadth 


of Zoology” augural Lecture). * 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.30 p.m.— 
Dr. P. J. Lachmann: “Allergic Reactions, Connective Tissue and Disease”. 
(Twelfth of fifteen lectures on “The Scientific Basis of Medicine” organized 
by the British Postgraduate Medical Federation.) * 


INSTITUTION OF MECHANICAL ENGINEERS, LUBRICATION AND WEAR 
GROUP (at 1 Birdcage Walk, Westminster, London, 8.W.1), at 6 p.m.—Dis- 
cussion on ‘‘Compressor Fires and Explosions”. 


PLASTICS INSTITUTE, LONDON SEOTION (at the Wellcome Building, Euston 
Road, London, N.W.1), at 6.30 p.m —Dr B.. Ebneth (Farbenfabriken Bayer 
AG): “A General Survey of ABS Materials”. 


Wednesday, December 8 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W.12), at 2 p.m.—Dr. F. C. Greenwood: “‘Assay of 
Protein Hormones”, * 


INSTITUTE OF NAVIGATION (at the Royal Institution of Naval Architects, 
10 Upper Belgrave Street, London, 8.W.1), at 3 p.m.—Meeting on “The 
Training of Navigators”. 


SIR THOMAS MIDDLETON MEMORIAL TRUST (in the Auditorium, The Well- 
come Building, 183 Euston Road, London, N.W.1), at 3 pm.—Dr. J. L. 
Monteith: “Physical Limitations to Crop Growth” (Tenth Memorial Lecture). 


INSTITUTION OF ELECTRICAL ENGINEERS, CONTROL AND AUTOMATION 
DIVISION (at Savoy Place, London, W.C.2), at 5.30 p.m.—Mr. P. L. Moreton: 
“Simple New Power-Factor Meter Mp ets Dry Reed Relays”; Mr. J. Dean 
and Mr. C. E. Lyth: “A Wattmetric Transducer”. 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University College, 
Gower Street, London, WC.1), at 580 pm-—Dr. J. Kutina (Charles 
Dvore, Erague: “Genetic Interpretation of Zoning Phenomena in Ore 

eposits”’. 


ENVIRONMENTAL GROUP (in the Department of Electrical Engineering, 
Imperial College of Science and Technology, London, 8.W.7), at 6 p.m.— 
Dinonasion Meeting on “Information for Architects on Environmental 

rs”. 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION (at Savoy 
Place, London, W.C.2), at 6 p.m.—Discussion on ‘A Review of the Present 
Situation of Electronic Switching’, opened by Mr. J. A. Lawrence and 
Mr. J. R. Pollard. 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, TELEVISION GROUP 
(at the London School of Hygiene and Tropical Medicine, Keppel Street, 
Gower Street, London, W.0.1), at 6 p.m.—Symposium on “‘Semi-conductor 
Scanning Circuits”. 


ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (at Shell-Mex House, 
Strand, London, W.C.2), at 6 pm.—aAnnual General Meeting, followed by 
Dr. R. E. Parker: “The Work of the R.I.C.”’. 


SOOIETY OF INSTRUMENT TECHNOLOGY (at Manson House, 26 Portland 
Place, London, W.1), at 6 p.m.—Mr. E. Duncombe: “Some Transducer 
Techniques for Use at Elevated Temperatures”. 


INSTITUTE OF INFORMATION SCIENTISTS (at the Whitehall Hotel, Blooms- 
Dury aunts: London, W.C.1), at 6.15 p.m.—Mr. F. Liebesny: “Information 
om Patents”. 


INSTITUTION OF OIVO ENGINEERS (at Great George Street, Westminster, 
Tondon; S.W 1), at 6 15 p m —Mr. D. G. McBeth’ “The Victoria Line 
urvey”. 


SOOIETY OF CHEMICAL INDUSTRY FOOD GROUP—NUTRITION PANEL (at 
14 Belgrave Square, London, 8.W.1), at 6.15 p.m.—Mr. A. B. E. De Jong: 
“Survival Rations’’. 


INSTITUTE OF SCIENCE TECHNOLOGY, LONDON BRANOH (at King’s College, 
Strand, London, W.C.2), at 6.30 p.m —Mr. S. Lenton: “Brazilian Adventure”. 


OIL AND COLOUR CHEMISTS’ ASSOCIATION, LONDON SECTION (in the Small 
Physics Lecture Theatre, Imperial College of Science and Technology, 
London, et, at 7 p.m.—Mr. T. B. M. Rybak: “The Use of Computers in 
Process Control’’. 

ROYAL INSTITUTE OF CHEMISTRY, LONDON SECTION (at Hatfield College 


of Technology, Roe Green, Hatfield), at 7 p.m.—Dr. A. E. A. Werner: “The 
Scientific Examination of Paintings and Antiquities” (Ladies’ Evening). 
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ASSOCIATION OF THE WILMAM PENGELLAY CAVE RESEAROH CENTRE, 
WITH IMPERIAL COLLEGE CATING CLUB (in the Department of Physics, 
Imperial College of Science ani Technology, Prince Consort Road, London, 
S W.7), at 7.80 p.m.—Dr. Hardd Lord: “Cave Communications”. 


Thursday, December 9 


INSTITUTION OF MECHANICAL ENGINEERS, MANIPULATIVE AND MECHANIOAL 
HANDLING MACHINERY GROUE (at 1 Birdcage Walk, Westminster, London, 
S.W.1), at 4 30 p.m.—Discuseion on “Bulk Handling and Storage of Iron 
Ore and att 


ROYAL SocreTy (at Burlington House, Piccadilly, London, W.1), at 4.30 
pm —Dr. W. Hayes, F.R.S. “Some Controversial Aspects of Bacterial 
Sexuality” (The Leeuwenhoek Lecture). 


INSTITUTE OF PETROLEUM, ECONOMICS AND OPERATIONS GROUP (at 6 
New Cavendish Street, London, W.1), at 5 30 p.m.—Mr. Bal Wagle: “Some 
Recent Developments in Forezasting Techniques”. 


INSTITUTION OF CIVIL JENGINEERS, TRANSPORTATION ENGINEERING 
GROUP (at Great George Strees, Westminster, London, 8 W.1), at 530 pm 
—Mr D. B. Sampson: “Public Relations and Its Effect on Traffic Behaviour 
in North America”. 


INSTITUTION OF ELECTRIOsL ENGINEERS, ELECTRONICS DIVISION ag 
Savoy Place, London, W.0.2) at 5.30 p.m.—Dr. D. E. N. Davies and Dr. 
B. S McCartney: “Cylindrical Arrays with Electronic Beam Scanning”, 
Dr. D. E. N. Davies: “Beam-Positionng Radar Systems Utilizing Con- 
tinuous Scanning Techniques’” 


INSTITUTION OF ELECTRICZL ENGINEERS, POWER DIVISION (at Savoy 
Place, London, W.C.2), at 5.80-p.m.—Prof. G. H. Rawcliffe and Dr. W_ Fong. 
“two-speed Induction Motors Using Fractional-Slot Windings”, Dr. W. 
Fong: ‘“Wide-ratio Two-speed-Single-winding Induction Motors”. 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.30 p.m.— Prof. 
F. T. G. Prunty: “Androgen Metabolism in Man—Some Current Concepts”. 
(Thirteenth of fifteen lectures cn “The Scientific Basis of Medicine” organized 
by the British Postgraduate Medical Federation). * 


UNIVERSITY OF LONDON (i2 the Anatomy Theatre, University College, 
Gower Street, London, W.0.D, at 530 pm.—Dr. J. Kutina (Charles Uni- 
versity, Prague): ‘‘Selection Replacement in Hypogene Ore Deposition’’.* 


SOCIETY FOR ANALYTIOAL CHEMISTRY, BIOLOGIOAL METHODS GROUP (at 
“The Feathers”, Tudor Street, London, E.C.4), at 6.30 p m.— Annual General 
Meeting, followed by a Discusion Meeting on ‘‘Problems and Dilemmas in 
Microbiological Assay” opened by Mr. S. A. Price. 


ROYAL SOCIETY OF TROPICAT: MEDICINE AND HYGIENE (at Manson House, 
26 Portland Place, London, W-1), at 7 30 p.m.—Dr. Cicely Wilhams: ‘‘Popu- 
lation Problems in Developing Countries”. 


Friday, December 10 


UNIVERSITY OF LONDON (at the Institute of Obstetrics and Gynaccology, 
Queen Charlotte’s Hospital, London, W.6), at 11.15 a.m.—Mr. C. J. Dewhurst: 
“The Determination of Sex”. 


INSTITUTION OF ELECTRICAL ENGINEERS, CONTROL AND AUTOMATION 
DIVISION (at Savoy Place, Lomon, W.C.2), at 5.30 p.m.— Discussion on “The 
ONC: Better Opportunities for Failure ?” opened by Mr. E. Toner. 


SOCIETY FOR ANALYTICAL CHEMISTRY, MICROCHEMICAL METHODS GROUP 
(at the Chemical Society, Burlington House, Piccadilly, London, W.1), at 
6 45 p.m.—Annual General Meeting, followed by Mr. A. K. Soper: ‘‘Practical 
Experience ın Statistics Applied to Chemistry”. 


Satu-day, December 11 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, London 
Road, Forest Hill, London, 3.E.23), at 330 p.m.—Dr. John Waechter. 
“Underwater Archaeology”. © 


Mor-day, December 13 


OPERATIONAL RESEARCH SƏ0CÆTY (at the Royal Aeronautical Society, 4 
Hamılton Place, London, W.1), at 4 30 p.m.—Mr. D. W. Trigg: “Logic of 
Stock Replenishment Subject .to Production Constraints”. 


SOCIETY OF CHEMICAL INDUSTRY, COLLOID AND SURFACE CHEMISTRY 
GROUP (at 14 Belgrave Square, London, 8.W.1), at 580 p.m.—HMr. 8. A. 
Mitchel): “The Surface Properties of Amorphous Silicas’’. 


INSTITUTION OF ELECTRONID AND RADIO ENGINEERS (at 9 Bedford Square, 
London, W.O 1), at 6 p.m.—nnual General Meeting. 


INSTITUTION OF MEOHAN-OAL ENGINEERS, HYDRAULIO PLANT AND 
MACHINERY GROUP (at 1 Birdcage Walk, Westminster, London, S.W.1), at 
6 p.m.—Discussion on “‘Application of Control Theory to Control of Surges”. 


INSTITUTION OF ELECTRCAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, W.C 2), at 6.30 p.m —Mr. L. 
Drucquer—Presidential Address, 


ROYAL GEOGRAPHICAL SOOTY (at 1 Kensington Gore, London, S8.W.7), at 
8.15 p m.—Dr. R. B. Sarjeans: ‘“Background to the Yemen War”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited fer the following appointments on or before the 
dates mentioned: 

LECTURER (with qualificatibns and research interests preferably in some 
branch of mathematical statistics, but candidates with interests in applied 
statistics will also receive consideration) IN THE DEPARTMENT OF PURE 
MATHEMATIOS AND MATHEMeTICAL STATISTICS—The Registrar, University 
is of South Wales and Manmouthshire, Cathays Park, Cardiff (December 


RESEARCH ASSISTANT (gracuate in physiology, biochemistry or medicine) 
IN THE PHYSIOLOGY DEPARTAENT (current research is on pituitary tissue 
culture, and on the reaction between the pituitary and cancer)—The Pro- 
fessor of Physiology, University College, Galway, Republic of Ireland 
(December 10}. 

ASSISTANT LIBRARIAN (quacified librarian, preferably with some experience 
in a college library)}—The Crk to the Governors, Woolwich Polytechnic, 
Wellington Street, London, 8.E.18 (December 13), 
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LECTURER IN THE DEPARTMENT OF PURE MATHEMATICS or the DEPARTMENT 
OF Statistics, School of Mathematics, University of New South Wales— 
The Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, 8.W.1 (Australia and London, December 15). 

SENIOR LECTURER/LEGTURER IN PURE EMATICS at the University of 
New South Wales, Australla—The Association of Commonwealth Univer- 
sities (Branch Office), Marlborough House, Pall Mall, London, S.W.1 (Aus- 
tralia and London, December 15). 

COMPUTER MANAGER (with previous experience with large-scale electronic 
computers) for the KDF 9 installation in the Electronic Computing Labora- 

tory—The Registrar, The University, Leeds, 2 (December 17). 

‘ CHAIR OF MIOROBIOLOGY—-The Secretary of the University Court, 
University of Glasgow, Glasgow (December 18). 

LECTURER IN ECOLOGY IN THE DEPARTMENT OF ZOOLOGY—The Registrar, 
University of Leicester, Leicester (December 18) 

LECTURERS (2) IN APPLIED MATHEMATIOS—The Registrar, University of 
Leicester, Leicester (December 18). 

PROFESSOR AND HEAD (with an appropriate combination of academic 
research and industrial experience) OF THE DEPARTMENT OF MATERIALS 
SOIENOR AND TEOCHNOLOGY—The Principal, Brunel College, Woodlands 
Avenue, London, W.8 (December 20). 

CHAIR OF ELECTRICAL ENGINEERING SOIENOE— The Registrar, University 
of Essex, Wivenhoe Park, Colchester, Essex (December 21). 

SECOND CHAIR OF ZOOLOGY AT QUEEN MARY COLLEGE—The Academic 
aaa University of London, Senate House, London, W.C.1 (December 

CHAIR OF BIOCHEMISTRY AND AGRICULTURAL BIOCHEMISTRY—The 
Registrar, University College of Wales, Aberystwyth (Decembér 31) 

LECTURER IN ORGANIC CHEMISTRY—The Secretary, The Queen’s Uni- 
versity, Belfast, Northern Ireland (December 81). 

. PROFESSOR IN EDUCATION at the School of Education—The Registrar, 
The Chinese University of Hong Kong, Hang Seng Bank Building, 677 
Nathan Road, Kowloon, Hong Kong (December 31). 

SENIOR LECTURER or LECTURER IN BOTANY; and a SENIOR LECTURER or 
LECTURER IN ZOOLOGY at the University of Natal, South Africa—The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, 8.W.1 (South Africa and London, December 31). 

SENIOR LECTURER or LECTURER (preferably with qualifications in one of 
the following fields: topology, appited mathematics or algebra) IN THE 
DEPARTMENT OF MATHEMATICS, University of Ghana—The Assistant Regis- 
trar, Ghana High Commission, Higher Education Section, 15 Gordon Square, 
London, W.C.1; or The Registrar, University of Ghana, P.O. Box 25, Legon, 
Accra, Ghana (December 31). 

SENIOR LECTURER or LECTURER (with special qualifications and interests 
in economic geography) IN GEOGRAPHY—The Secretary, The Queen's 
University, Belfast, Northern Ireland (December 31) 

SENIOR SOIENTIFIC OFFIOCER/SCIENTIFIC OFFICER-CHEMIST (experienced 
in water chemistry and preferably a knowledge of the chemistry of sub- 
merged soils)—The Director, Tropical Fish Culture Research Institute, Batu 
Berendam, Malacca, Malaysia (December 31). 

TEMPORARY LECTURER IN ELECTRICAL ENGINEERING at the University of 
Western Australia—The Association of Commonwealth Universities (Branch 
mee), AN POSEES House, Pall Mall, London, S.W.1 (Australia and London, 

anuary 8). 

CHAIR OF PHYSICAL CHEMISTRY—The Secretary, The Queen’s University, 
Belfast, Northern Ireland (January 15). 

SENIOR LECTURER (with suitable academic qualifications in physics or 
electronics and preferably experience in university teaching) IN ELECTRONIC 
PHYSICS IN THE DEPARTMENT OF ELECTRICAL ENGINEERING, Faculty of 
Applied Science—The Secretary, University of St. Andrews, Queen’s College, 
Dundee, Scotland (January 15). 

SENIOR LECTURER IN SICAL OCEANOGRAPHY at the University of 
Cape Town—tThe Secretary-General, Association of Commonwealth Uni- 
versities (Branch Office), Marlborough House, Pall Mall, London, §.W.1; 
and The Registrar, University of Cape Town, Private Bag, Rondebosch, 
Cape Town, South Africa (January 31). 

CHAIR OF APPLIED GEOLOGY IN THE DEPARTMENT OF MINING ENGINEERING 
—The Registrar, University of Strathclyde, George Street, Glasgow, C.1. 

LECTURER (with experience in experimental research with special reference 
to learning theory, and in teaching at degree level) IN PSYoHOLOGY—The 
Registrar, Hatfield College of Technology, Hatfield, Herts. 

PROFESSOR and an ASSOCIATE PROFESSOR IN APPLIED MATHEMATIOS— 
The Senior Professor, Applied Mathematics, University of Western Ontario, 
London, Ontario, Canada. 

RESEARCH ASSISTANT (preferably with previous experience in electro- 
physiological techniques) IN ELECTROPHYSIOLOGY IN THE DEPARTMENT of 
ZOoLoey, to join a small group working on the trophic properties of the 
insect neuromuscular system—The Secretary of the University Court, 
University of Glasgow, Glasgow, W.2. 

SENIOR GEOLOGIST (male, with a first- or upper second-class honours 
degree in geology, and at least three years’ post-graduate experience in 
igneous and/or metamorphic rocks, structural geology and prospecting, as 
well as training in economic geology) IN BRITISH GUIANA, to organize a 
team of geologists for geological mapping and prospecting and in the investi- 
gation of mineral deposits—The Appointments Officer, Ministry of Overseas 
Development, Room 301, Eland House, Stag Place, London, 8.W.1, quoting 
Ref. RO 218/25/05. 


REPORTS and other PUBLICATIONS 
(not included in the monthly Books Supplement) 
Great Britain and Ireland a 
Pp. 7. (London: Federation of British eo 
United Kingdom Atomic Energy Authority. Eleventh Annual Report for 
the period 1st April, 1964—81st March, 1965. Pp. x+102+8 photographs. 
8s. net. Atom 1965. (An illustrated summary of the Hleventh Annual Report, 
let April, 1964-31st March, 1965.) Pp. 40. 2s. 6d. (London: H.M. bie 


Office, 1965.) [2 
(Cmnd. 2798.) Pp. iii+ 35. (London: 


- 


Business Education. 
1965.) 9d. 


Ministry of Power. Fuel Policy. 
H M. Stationery Office, 1965.) 3s. net. 
Committee on Manpower Resources for Science and Technology. A Review 
of the Scope and Problems of Scientific and Technological Manpower Policy. 
Cna 2800.) Pp. ii+ 17. London: H.M. Stationery Office, 1965.) 1s. 6d. 


net. 311 

Freshwater Biological Association. Scfentific Publication No. 16: A 
Revised Key to the British Water Bugs (Hemiptera-Heteroptera), with 
Notes on their Ecology. By Dr. T. T. Macan. Pp. 78. (Ambleside: Fresh- 
water Biological &ssociation, 1965.) 5s. 6d. [311 
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Offce of Health Economica. The Local Health Services. Pp. 40. (London: 
Office of Health Economics, 1965.) 28. 6d. 311 
The Brain and the Unity of Conscious Experience. By Sir John Eccles. 
(The Nineteenth Arthur Stanley Eddington Memorial Lecture, 15 October 
1005 1 Pe: 45. (London: Cambridge University Press, 1965.) 4s. 6d. ei 
Imperial College of Science and Technology. Research Report of the Royal 
College of Science, 1962-65. . 87. (London: Imperial College of Science 
and Technology, University of London, 1965 ) [811 
Year Book of the Royal Society of Edinburgh 1965. (Session 1963-1964.) 
ae (Edinburgh: Royal Soctety of Edinburgh, 1965.) 20s.; eet 

Ministry of Overseas Development. Overseas Research Publication No. 
11: Termite Infestation of Pines in British Honduras—Termite Research in 
British Honduras under Research Scheme R.1048. By R. M. C. Williams. Pp. 
iv+31+4 plates. (London: H.M. Stationery Office, 1965) 9s. net [311 

Bulletin of the British Museum (Natural History). Botany. Vol. 3, No. 6: 
The Ceylon Spectes of aa By W. A. Sledge. Pp. 233-277 + plate 
20. 158. Entomology. ol. 16, No. 4: On Some Coceldae (Homoptera), 
Chiefly from Africa. By G. De Lotto. Pp. 175-239. 25s. Zoology. Vol. 18, 
No. 4: Barbus (Pisces, Cyprinidae) of the Volta Region. By A. J. and J. 
Hopson, Pp. 99-149. 22s. Vol. 18, No. 5: Notes on the Cupuladriidae 
(Polyzoa, Anasca). By Patricia L. Cook. . 151-187+ plates 1-3. 17s. 
Vol. 13, No 6: Polyzoa from West Africa, The Cupuladriidae, (Cheilostomata, 

sca). By Patricia L. Cook. Pp. 189-227+ plates 1-3. 188s. (London: 
British Museum (Natural History), 1965.) [311 

University Grants Committee. Returns from Universities and University 
Colleges in receipt of Exchequer Grant, Academic Year 1963-1964. (Cmnd. 
2778.) Pp. v+46. (London: H.M. Stationery Office, 1965.) 6s. 6d. net. [311 

Ambassade de France, Service de Presse et d’Information. The Election 
of the President of the Republic and the Political Forces in France. 
Pp. 25. (London: Ambassade de France, Service de Presse et d’Informa- 
tion, 1965.) (311 

The Empire Cotton Growing Corporation. Progress Reports from Experi- 
ment Stations, Season 1963-64. Malawi. By B. E. Costelloe. Pp. 12. 2s. 6d. 
Swaziland. By M E. Cornish-Bowden. Pp.13. 2s. 6d. Tanzania—Coatal 
Regions. By T. Bradley and J. S. Watson. Pp. 9. 2s. 6d. (London: The 
Empire Cotton Growing Corporation, eee [311 

Ministry of Technology. Forest Products earch. Special Report No 21: 
The Compressive Strength of Home-Grown Pit-Props By J. G. Sunley. 
SD iv+15+2 plates. (London: H M. Stationery Office, 1965.) 2 Sti 
net. 

Proceedings of the Royal Irish Academy. Vol. 64, Section B, No. 8° 
The Effect of Constant and Varying Temperatures on the Development of 
Acanthocyclops viridis (Jurine). By M. Faheem Khan. Pp. 117-180. 3s. 6d. 
Vol. 64, Section B, No. 9: te-Pleistocene Shorelines and Drift Limits in 
North Donegal. By N. Stephens and F. M. Synge. Pp. 131-1538 + plate 8 
5s. (Dublin: Royal Irish Academy, 1965.) [311 


Other Countries 


- Transactions of the Royal Society of New Zealand. Geology. Vol. 3, 
No. 5 £ pril 27, 1965): A Permian Fauna from North-West Nelson, New 
Zealand. By J. B. Waterhouse and Paul Vella. Pp. 57-844- 5 plates. Vol. 
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THE CASE FOR APPLIED RESEARCH 


ME: J. C. DANCY, ın his presidential address to 
i Section L (Education) of the British Association for 
the Advancement of Science at its meeting in Cambridge 
on September 2, discussed the place of technology in a 
liberal education. This was, in fact, the main theme of 
the Section’s programme, which sought to explore the 
implications, more particularly for education, of the idea 
that, instead of the two cultures made familiar by C. P. 
Snow (now Lord Snow), there is a single unified twentieth- 
century culture of which technology 1s an integral part. 
The programme, moreover, sought to show that many 
aspects of technology have important educational values 
and should be studied in their own right, apart from such 
important considerations as the need for more tech- 
nologists. To some extent the programme overlapped 
with discussions in Section X, particularly in so far as 
the relation between the creative process as understood 
by the artist, the engineer and the scientist was con- 
cerned, or the measures which could be taken to give the 
technologist a more liberal education. 

Mr. A. Koestler addressed himself to the former question 
in a lecture, “Science—the Dominant Philosophy”, to 
Section X, as did, to some extent, Dr. Magnus Pyke in 
his presidential address, ‘Scientific Understanding and 
the Chief End of Man’’, while the latter question was 
discussed by Mr. A. C. D. Peterson and Mr. F. Metcalfe 
in their contributions to a joint session of the two Sections 
on “The Cultured Technologist”. Despite an am that 
was essentially pragmatic, the programme entered into 
the philosophical, as well as the psychological, aspects to 
a considerable extent. Nor is this surprising, in view of 
the extent to which the several addresses also reflected 
other recent discussions of the broad theme. Both Sir 
Edward Boyle and Mr. Dancy quoted Sir Peter Medawar’s 
Tizard Memorial Lecture, and the former and Mr. A. 
Koestler referred at length to Prof. T. S. Kuhn’s The 
Structure of Scientific Revolutions. 

The Master of Marlborough College argued that tech- 
nology had a true and proper place as an integral part of 
a liberal education at the secondary level, and he had in 
mind, above all, the experience at school of making 
things which work—the direct and active experience of 
creative technology. Mr. Dancy maintained that at any 
level technology required a three-fold creative activity: 
of intellect, of hand and of eye. Accordingly, it 
required the skills of the scientist, the artist and the 
craftsman, and he suggested that the opportunities for 
creative intellectual work are probably greater to-day 
in applied than in pure science. He thought that the 
Nuffield Science Project would help to restore this 
eritical and creative element to science in the schools, 
but he also emphasized that the technologist was inevit- 
ably immersed in human problems, and he suggested that 
we might find in the arts sixth forms some who would 
help to make up the present shortage of engineers and 
technologists. 

When, on the following day, Dr. D. G. Christopherson 
looked at education, he began with a warning that pro- 


jects designed to give sixth-formers some msight into the 
intellectual approach and activity of the technologist 
should beware of transferring to the schools work which 
was really the responsikility of the universities and colleges 
of technology. A gooc general education was absolutely 
essential for the technologist, and 1t would be highly 
undesirable to disturb the present balance in the sixth- 
form programmes, whch are really much closer to the 
ideal specifications of departments of engineering and 
applied science than they are to the contemporary view 
of those of science anc mathematics. He was more dis- 
turbed at the tendency of young people to turn away 
from science as a whole than at the failure to attract a 
sufficient proportion of the ablest to technology, and he 
noted the very markec trend for universities to accept a 
lower standard of entry from their science candidates than 
from their arts candidates. 

Here Dr. Christopherson touched more generally on a 
point which Prof. R. 7. Jones elaborated earlier in the 
year, with reference to physicists, in his Joseph Payne 
Memorial Lecture, “The Advancement of Learning, A.D. 
1605-2005” (Nature, 206, 129; 1965). Like Prof. Jones, 
he referred to the failure to recruit science teachers 
of adequate quality in she schools, to which he attributes 
the trend against science in the sixth form. The task at 
hand is thus to give sdence as a whole more immediate 
impact, interest and relevance to ordinary experience, 
especially in the middle school, before the choice is made. 
Tt is also a matter of helping all young people to feel at 
home on unfamiliar grcund, in a society which is bound 
to be shaped largely by technology. Dr. Christopherson 
reminds us that technology cannot function as a closed 
shop: it works only in a society in which a basic under- 
standing of how it worss is widespread. 

The intellectual approach of the technologist, he points 
out, is essentially pragmatic—a characteristic which he 
shares more thoroughly with the pure scientist than is often 
realized. This approath is essentially exploratory and 
experimental, and the shinking required is almost always 
basically quantitative. Any technological advance in- 
volves an element of che creative, and in each of these 


‘characteristic attitudes of mind there is an element which 


is active rather than reflective. Any project to interest 
and stimulate the imagination of school-children in tech- 
nology must take account of these characteristics as well 
as the needs and capecity of the pupils, and, like Mr. 
Dancy, Dr. Christopherson emphasizes that people and 
the relations between peoples form an essential part of 
the technological worlc. To an increasing extent, more- 
over, the technologist vill derive his information from the 
social and biological scisnces, from economics and psycho- 
logy, as well as from tae physical sciences. 

It should thus be apparent that the contribution by 
Dr. Christopherson has some points in common with the 
following paper, in whieh Sir Edward Boyle discussed the 
philosophical aspects o? the differentiation between pure 
and applied science, nd whether, in fact, the differ- 
entiation was tenable. At the outset, Sir Edward made 
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the welcome admission that the concern with the supply 
of scientists and technologists in Britain’s economy 
extended also to an adequate supply of technicians and 
craftsmen, and of educated men and women generally 
who were competent to take their place in patterns of 
production which were far more complex than in the past. 
He suggested that a clear distinction could no longer be 
drawn between pure and applied research, and that 
usually such a distinction simply reflected the motives of 
those who sponsored the research. 

Accordingly, the question of the relations between 
research institutions and industry became an important 
aspect of the organization of civil research, and Sir 
Edward referred to the development in the United States 
of the research company as an intermediary between 
academic institutions and manufacturing industry. One 
such organization, developed by Columbia University and 
other universities on the east coast of the United States, 
is Associated Universities Incorporated. This is a non- 
profit corporation in the State of New York which acts 
as a buffer between the universities and the Federal 
Government, operating, for example, the Brooklyn 
National Laboratory on contract from the Atomic 
Energy Commission, and a national radio-astronomy 
observatory on contract from the National Science 
Foundation, and specializing in projects involving large 
facilities and staff. Sir Edward thought that this was a 
development that might be pursued in Britain. 

It was at this stage, after remarking that the boundary 
between pure and applied science appeared to be subject 
to erosion from both sides, that Sir Edward quoted the 
comment by Sir Peter Medawar in his Tizard Memorial 
Lecture that the reverence for pure science in Britain 
was rather parochial and could not be sustained on 
philosophical grounds. ‘The scientist, Sir Peter urged, 
measured the value of research by the size of its contri- 
bution to that huge, logically articulated structure of 
ideas, which is already, though not yet half built, the 
most glorious accomplishment of mankind. Admittedly, 
Sir Peter accepts Bacon’s distinction between research 
that increases our power over Nature and research that 
increases our understanding of Nature. However, he 
was arguing for a critical investigation of the organization 
of research—not the allocation of administrative respon- 
sibilities, or the economics and logistics of science, but 
an investigation of the behavioural and intellectual 
structure of all that contributes to the enlargement of 
our knowledge and understanding of Nature. He was 
appealing for more critical and constructive thinking 
about all the factors that contribute to the productivity 
of scientists or are involved in the relations between 
research and its administration. 

Sir Edward did not himself pursue this question, any 
more than he examined in further detail the organization 
of civil science, though in passing he emphasized the 
importance of working technologists remaining in close 
touch with the academic institutions where they were 
trained. Moreover, after suggesting that the relation 
between the pure and applied sciences was subtle and 
complex, he directed particular attention to the criteria 
used by scientists when judging the discoveries of their 
colleagues and the interpretations put on them—just as 
Sir Peter had done. Foremost among these criteria is 
their explanatory value—their generality, span of rele- 
vance or rank in the general hierarchy of explanation. 
Next is their clarifying power—the degree to which they 
can resolve what has hitherto been perplexing. Thirdly is 
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the degree of originality involved in the research—the 
novelty of the solution to which it led. Some weight is 
given to the elegance of the solution, the economy o 
thought and work by which it was achieved, or the 
magnitude of the obstacles that had to be surmounted 
In Sir Peter’s experience, while one scientist might say o 
the work of another, “How elegant”, “How ingenious” o1 
“How illuminating”, its purity or usefulness was neve) 
mentioned. 

Sir Edward Boyle thought the implications of thii 
needed consideration. He believed that there were rea 
differences between science and technology, although they 
had become more closely linked, but he suggested thai 
the progress of modern technology should be seen in thr 
perspective of the revolutionary changes in scientific 
thought during the early years of this century. It was ir 
this context that he referred to the account of scientific 
revolutions which Prof. Kuhn gives in his book, The 
Structure of Scientific Revolutions, in which he challenge: 
the idea that the advance of science is necessarily cumula 
tive. On the contrary, Prof. Kuhn argues that from time 
to time it is necessary to change the meaning of estab. 
lished and familiar concepts as, for example, was necessary 
under the impact of Hinstein’s theory. 

Sir Edward regarded three points made by Kuhn as 
being of special significance. First, we seem to be confront. 
ing frontiers of language and communication as well as o: 
science. Kuhn considers that what occurs during 8 
scientific revolution is not fully reducible to a misinter. 
pretation of individual data, if only because these date 
are not unequivocably stable. 

Secondly, he referred to Kuhn’s emphasis on the role 
of youth in fundamental research. and also on the role 
of the ‘invader’. The second point regarding youth was 
also emphasized by Prof. R. V. Jones in his Payne 
Memorial Lecture, while Sir Edward made the pertinent 
suggestion that it would be worth while examining ix 
some detail the extent to which the ‘invader’ from anothe 
discipline had contributed to the development of science 
~——including social science and industry. 

Thirdly, Sir Edward directed attention to Kuhn’ 
emphasis on “the unparalleled insulation of Nature’ 
scientific communication from the demands of the laity 
and of everyday life”. He agreed that it is important not 
to underrate the type of scientific activity that Prof 
Kuhn describes and that it is a notable aspect of the 
growth of science in the modern world. However, Sp 
Edward pointed out that this kind of work at the outer 
frontiers of knowledge shifting over concepts or providing 
new constitutive principles is limited in extent. It 
involves only a few men of genius and perhaps only s 
dozen or two institutions in the world as a whole. While 
the balance of the research effort should always allow for 
such work, he challenged the idea that research should tc 
any extent be isolated from the community. Sir Edward 
considered that there should be a wider understanding o; 
research and of scientific activity both inside and outside 
Parliament, and that universities as a whole should be 
more responsive to the needs and activities of the com 
munity. It may be neither possible nor desirable tc 
preserve rigid boundaries between pure and appliec 
science, but although the boundary is being rapidly 
eroded it is not obliterated, nor is it likely to be. Thi 
should apply no less to the distinction between the 
scientist and technologist, and if Sir Edward dealt rathe 
superficially with Prof. Kuhn’s main argument, his 
address should at least contribute to a clear understanding 
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of the present-day relation between pure and applied 
science, between scientist and technologist, and the direc- 
tions in which we might seek, in practice, to improve our 
organization. 
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BEHAVIOUR THERAPY 


Experiments in Behaviour Therapy 

Readings in Modern Methods of Treatment of Mental 
Disorders derived from Learning Theory. Edited by 
H. J. Eysenck. Pp. x+558. (Oxford, London and New 
York: Pergamon Press, 1964.) 100s. 


The Causes and Cures of Neurosis 

An Introduction to Modern Behaviour Therapy Based on 
Learning Theory and the Principles of Conditioning. By 
H. J. Eysenck and Dr. S. Rachman. Pp. xii+318. 
(London: Routledge and Kegan Paul, 1965.) 28s. net. 


EHAVIOUR therapy is a term for which one will 
look in vain in the psychological dictionaries—or the 
general text-books. It is also a term which carries con- 
siderable emotional overtones to many psychologists and, 
still more perhaps, to the average informed layman. Part 
of the disquiet is probably due to an at least partial mis- 
apprehension—the narrowing of the concept to cover only 
its most dramatic and in some ways most characteristic 
form, although it is by no means the most frequently used 
method among those that are subsumed under the general 
heading of behaviour therapy. I refer to aversive con- 
ditioning, or, as it is more commonly called, aversion 
therapy, the most widely publicized application of which 
has been in the treatment of alcoholism through the use 
of emetic drugs. ‘Punishment’, in the non-technical sense 
of the term, is a word often invoked by the hostile critic. 
Up to a point the imputation ıs just, but, as Prof. Eysenck 
points out in one of his own contributions to the present 
readings (p. 180), there are fundamental differences. In 
common with other varieties of behaviour therapy, 
aversive conditioning is based on the principles of learning 
theory; in other words, behaviour therapy represents a 
scientific approach to the problem of altering human 
behaviour “in the direction of greater sanity, greater 
happiness, and greater social usefulness” (foreword, 
. 1X). 

Much of the basic literature on behaviour therapy has 
already been reprinted in Eysenck’s Behaviour Therapy 
and the Neuroses (1960), to which Esperwments is a 
sequel and companion volume. Understandably, there- 
fore, the present emphasis is now on experimental studies 
and case reports, but there are also important papers of 
a general character, notably by the editor himself and by 
Joseph Wolpe, of the University of the Witwatersrand, to 
whom, incidentally, the book is dedicated. Wolpe’s tech- 
nique of ‘systematic desensitization’ is central to the first 
of the four parts into which the book is divided, although 
this section, in fact, carries the title “Reciprocal Inhibi- 
tion”; the other three are devoted, respectively, to 
“Operant Conditioning’, “Other Methods” and “Be- 
haviour Therapy with Children”. The essence of de- 
sensitization consists of, to quote the author, “presenting 
to the imagination of the deeply relaxed patient the 
feeblest item in a list of anxiety-provoking stimuli— 
repeatedly, until no more anxiety is evoked. The next 
item of the list is then presented, and so on, until, event- 
ually, even the strongest of the anxiety-evoking stimuli 
fails to evoke any stir of anxiety in the patient”. Wolpe 
claims that “. . . consistently .. . a stimulus that evokes 
no anxiety when imagined in a state of relaxation will 
also evoke no anxiety when encountered in reality”. 

This is clearly a less tough-minded procedure than that 
of aversion therapy, and less open to criticism on grounds 
of callousness. It would, in fact, appear to tie up closely 
with the ‘rational psychotherapy’ of Albert Ellis which 
constitutes the major contribution under ‘‘Ovher Methods”. 
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Rational psychotherady is based on the view that, as 
Ellis puts it, “neurosis consists of stupid behaviour by an 
un-stupid person”. ‘Treatment, to quote again, consists 
of “teaching clients to organize and discipline their 
thinking”. To the scsptic this may seem to amount to 
little more than the adjuration to take a grip on oneself 
which centuries of experience have shown to be ineffectual. 
Nevertheless, a high measure of success is claimed for the 
technique, as indeed for all the other methods described 
in the book. One feels that for therapy of this kind to be 
successful the patient must have a high level not only of 
motivation but also of sophistication. The same is 
probably true of the reiaxation preparatory to desensitiza- 
tion, and of the imaginal processes involved in the actual 
desensitization. The werk of Natadze and the Tbilisi school 
on the effect of imagined experience on perception of 
illusions has suggested that there are very large individual 
differences in the abil:ty to evolve a ‘set’ on this basis, 
and one would welcome information on whether this might 
not also be true of receptiveness to desensitization. 

Unlike some of Prof Eysenck’s previous volumes with 
simular titles, which w2re based entirely on work carried 
out at the Institute of Psychiatry or under its inspiration, 
the present collection of readings is culled from a wide 
variety of sources. In particular, the papers on operant 
conditioning are all of United States origin, chiefly from 
Indiana. The main d=ference from reciprocal inhibition 
is that while the latfr claims to ‘‘cure the patient”, 
operant conditioning usually ‘focuses on one specific 
symptom”. This would appear to be more closely in line 
with Eysenck’s often reiterated statement of his own 
theoretical position: that ‘there is no neurosis under- 
lying the symptom, bus merely the symptom itself”. On 
this view, if the symmtom is removed, the patient is 
cured. It is manipulation of behaviour along these lines 
that is the behaviour tūerapist’s main concern. That this 
can be done is abundantly clear, and it is perhaps the 
individual role of the psychologist, gua psychologist and 
distinct from the psyzhiatrist, to devise and validate 
techniques of doing it- 

The foregoing was w-itten before The Causes and Cures 
of Neurosis came to hard, and most of what has just been 
said could stand equally as comment on the latter book: 
the authors, in fact, sey many of these things in almost 
the same words. Th» book carries the sub-title “An 
Introduction to Modezn Behaviour Therapy Based on 
Learning Theory and the Principles of Conditioning”’, and 
covers the same groun1 as the Haperimenis, with only a 
slight redistribution of smphasis. It may be said to stand 
midway between the Yaperimenits and Prof. Eysenck’s 
recent ‘Pelican’!, and s such no doubt fulfils a different 
function. Nevertheless, reading the book, one has a 
strong feeling of déjà vu—the-case material is familiar, and 
even the same photographs turn up again. Furthermore, 
despite its title, the book is still predominantly research- 
centred, and in no sens more patient-centred than Prof. 
Eysenck’s other books. Writing in the Experiments (p. 3) 
of some work by Yateeon the treatment of tics, Eysenck 
states: “It would be quite wrong to regard its main 
purpose as the alleviation of human suffering’. In the 
next sentence but one ke alludes to ‘“‘the preoccupation of 
many psychiatrists wita curing patients’. It is perhaps 
unfair to wrench these phrases from their context, but, be 
that as it may, it is easy to understand why Eysenck 
attracts criticism as bister as some of his own polemics 
against psychoanalysis It is a pity that advocacy of 
behaviour therapy shculd so frequently be associated 
with attacks on other dxciplines; equally it is a pity that 
behaviour therapy should, in some quarters at least, be 
equated with brain-washing, or worse. There is ‘ample 
evidence in these books that it can be beneficial. Whether 
its theoretical foundations are unassailable is a matter 
for dispassionate examnation. Boris SEMEONOFF 


1 Fact and Fiction in Psyzhology (Harmondsworth: Penguin Books, 
1965). 5s. ° 


1028 


DRUG DOSAGE IN LABORATORY 
ANIMALS 


Drug Dosage in Laboratory Animals 

A Handbook. By C. D. Barnes and L. G. Eltherington. 
Pp. 302. (Berkeley and Los Angeles: University of 
California Press; London: Cambridge University Press, 
1964.) 64s. 


Te Dosage ın Laboratory Animals is an attempt 
to summarize doses which have been used in the 
common. laboratory species, collected from a great many 
published papers ın the pharmacological literature. 
Although costly, ıb is unsatisfactory in a number of 
ways. 

The only parts of the book which are intended to be 
read are a two-page introduction and a nine-page account 
of some factors which determine drug dosage and its 
variability. ‘The remainder consists of more than 200 
tables, each devoted to a single drug and each divided to 
give columns for mouse, rat, guinea-pig, rabbit, cat, dog 
and monkey. 

Doses are given simply as figures, one for each route of 
administration of which a record has been found. The 
tables are subdivided into horizontal sections, of which the 
top one in each case presents lethal doses and the others 
are devoted, when appropriate, to different effects of the 
drug in question. 

The information thus presented is so highly abbreviated 
and so incomplete that ıt is hard to imagine what type of 
reader might find it useful. For example, anyone wishing 
to inject nicotine into a cat will learn only that 0-02 mg/kg 
intravenously is a ““‘behavioural’”’ dose and that 0-2 mg/kg 
by the same route is a “cardiovascular”? one. Much of the 
classical work of Langley on indirect pressor and ganglion- 
blocking actions of nicotine was performed in cats and the 
doses he used would surely be appropriate here, but the 
only references are to a paper on “‘a nicotinic receptor in 
the CNS related to EEG arousal’ (1961) and to another 
entitled ‘SHomatropine Methyl-bromide: a Pharmaco- 
logical Re-evaluation” (1952). Again, the only informa- 
tion recorded about the action of histamine in the cat Is 
that 0-005 mg/kg intravenously is a “cardiovascular”’ 
dose. No references at all are given in this case, and one is 
left wondering whether the work of Dale and his colleagues 
on vasodilatation due to histamine and on its secondary 
pressor effect has been omitted from the text-books in 
California. Let it be added that no national bias can be 
detected in the matter of omissions of classical work. 
Doses used in the important papers of Eggleston and 
Hatcher on apomorphine, of Cattell and Gold on digitoxin 
and ouabain, and of V. E. Henderson on atropine are also 
absent and no references to their work are to be found. 

It is, perhaps, unnecessary to point out that information 
does not exist to fill most of the empty spaces which the 
terse tabular presentation adopted creates; about 90 per 
cent of the table area consists of vacant duplicated 
rectangles. Yet, even when published dose figures do 
exist and are reasonably accessible from reviews and 
bibliographies, they have often not been included. Thus 
there are glaring omissions from the tables for angio- 
tensin, digoxin, histamine, ouabain and noradrenaline 
(which is indexed under four names, but not as nor- 
adrenaline). 

Most of the doses which are given carry a reference 
number, and one of the more valuable features of the book 
is its bibliography, which has 819 references, often to the 
recent literature. However, for a few drugs no literature 
references are given, all doses listed having been obtained 
from manufacturers (for exemple, digoxin and chloro- 
thiazide). The selection of drugs in the 200 tables is 
comprehensive and includes unfamiliar recent compounds 
such as dibozane, hexocyclium, mebutamate, mepen- 
zolate and prodilidin. It is, therefore, surprising that 
oxytocin and vasopressin are omitted. 
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Further criticism must be made of the sections which 
list doses for use of some drugs in vitro. These give scarcely 
any information, even in the case of compounds which 
have been much investigated using isolated tissues, such 
as angiotensin, calcium chloride, carbachol, decameth- 
onium, hexamethonium, methacholine, morphine, hyoscine 
and tetramethyl ammonium. When doses are given, they 
are often uncritically high and unsubstantiated by refer- 
ences. If these tables could not be made more complete 
and more critical, they would have been better omitted. 
A. table ın the appendix which sets out the composition 
of physiological saline solutions for isolated organ work 
also has important omissions, containing no mention of 
Krebs—Henseleit solution, of Ringer’s solutions for frog 
tissues, or of de Jalon’s solution. 

A comprehensive and critical collection of drug doses 
for use in the laboratory when performing animal experi- 
ments would meet a real practical need and it is a pity that 
this handbook falls short in many respects of what 15 
required. J. A. PARSONS 


TEACHING IMMUNOLOGY 


Immunology for Students of Medicine 

By J. H. Humphrey and Prof. R. G. White. Second 
edition. Pp. ix+498. (Oxford: Blackwell Scientific 
Publications, 1964.) 47s. 6d. net. 


HE present-day medical student is fortunate in 

having available some informative and stimulating, 
and reasonably short, text-books on the pathological 
sciences, which not only set out basic principles but also 
indicate growing edges. 

Immunology for Students of Medicine by two leaders 
in the immunological field (first published in 1963 and 
already now in its second edition) provides an excellent 
example. 

The book has twelve chapters, starting with a succinct 
historical introduction. An account of innate immunity 1s 
followed by descriptions of the nature of circulating anti- 
bodies and how they are produced, and of the nature of 
antigens (with a useful amount of chemistry in both cases). 
Then comes a chapter on detection and measurement of 
antigen and antibody, followed by examples of practical 
uses of immunization in man. The scene then changes to 
hypersensitivity of the immediate and delayed types, 
succeeded by an account of immunological -:*toler- 
ance, and the final chapter on auto-immunity and 
its relation to human disease. Perhaps the most 
illuminating parts are those concerning the immuno- 
globulins; the mechanism of antibody production; 
delayed hypersensitivity; immunological tolerance; and 
auto-antibodies. 

The style of writing is light and attractive, the produc- 
tion excellent, the headings and sub-headings well 
arranged. The inclusion of a glossary (a little expansion 
might be considered) is most considerate, indicating 
incidentally that immunologists are not averse to poaching 
where definitions are concerned. 

The authors have wisely used detail mainly to illustrate 
principles (though allowing themselves more scope in their 
examples of prophylactic immunization and in their 
descriptions of diseases in which auto-immune phenomena 
are evident), thus avoiding a text-book on immunological 
diseases, and making their book very readable. Yet the 
human aspects are constantly emphasized. Recognizing 
the difficulties of the student (not to forget those of the 
writer) in this rapidly expanding subject, and his tendency 
to be scared away, they present him with conclusions 
where they are justified, but tell him at the same time 
what is not known; thus the student has stable platforms 
on which to rest his faith, though warned that these may 
be jumping-off stages for new advances. By this policy 
the authors should interest and instruct most of their 
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readers, inspire the more enquiring, and even make a 
few future immunologists. 

In this outstanding book it is difficult to pick on faults 
or give suggestions for improvement. But with an eye 
to the next edition, the section on cellular immunity 
might be expanded somewhat with advantage; the 
allusions to the immunological aspects of tuberculosis 
need certain changes of emphasis in the light of recent 
knowledge; the general definitions of allergy, etc. (on 
p. 287) could be tidied up. One wonders whether the 
commendable desire not to clutter up the book with 
references (restricted at present to a list of suggested 
further reading), merely giving names in the text in the 
manner of some encyclopaedias, has gone too far. 

Although Humphrey and White have had medical 
students primarily in mind, there is no doubt that their 
book should have a much broader appeal; on the one hand 
to practising clinicians and on the other to biochemists, 
microbiologists, geneticists and general biologists. With 
the expansion and continual re-tooling of immunological 
research, the number of investigators requiring at least to 
know the language of this branch of science must be 
increasing. P..D’Arcy Harr 


DIAGNOSIS OF PARASITES 


Microscopic Diagnosis of the Parasites of Man 

By Dr. Robert B. Burrows. Pp. xi+328. (New Haven 
and London: Yale University Press, 1965.) 15 dollars; 
105s. net. 


HE author of Microscopie Diagnosis of the Parasites 

of Man is head of the Parasitology Section of the 
Wellcome Research Laboratories in Tuckahoe, New York, 
and the text of the book certainly demonstrates his wide 
experience of the difficulties of diagnosis of parasitic 
infections. The book has, he says, been written to help 
the inexperienced technician or the student to broaden 
his knowledge and it can be said at once that the text of 
the book will do this. Part 1 of the book deals with 
infections that are diagnosed by examination of the faeces, 
urine and sputum. It contains a valuable chapter on 
routine examinations and staining, and another on 
techniques for concentrating the eggs or larvae of 
helminths or the cysts or trophozoites of Protozoa, in 
such a manner that they are not altered by the treat- 
ments given to them. A useful chapter on the artificial 
cultivation of Protozoa precedes chapters on miscellane- 
ous helminthological techniques, on the oral and genital 
flagellates, the oral and intestinal amoebae and other 
intestinal Protozoa. The intestinal helminths, Trematoda, 
Cestoda and Nematoda, are next dealt with, before Part 2 
considers infections diagnosed by examination of blood 
and tissues and the techniques used to deal with these. 
An appendix deals with the parasites of dogs and cats and 
the book coneludes with an author and a subject index. 
Each chapter concludes with a valuable bibliography, 
and these references to the literature will enable the reader 
to extend his knowledge still further. 

While the text will be found invaluable, it cannot be 
said that the illustrations reach the high standard attained 
by other publications of this kind. The author rightly 
says that many technicians find it difficult to compare a 
line drawing with a specimen seen through the microscope 
and he has endeavoured to make this easier by using photo- 
graphs of helminths throughout and elsewhere by using 
drawings. Unfortunately, in several examples, the 
material supplied by the author has not been clearly 
reproduced. Most of the figures bring out the very different 
sizes of the objects figured, and the magnifications of these 
are given. This is a valuable feature of the book, because 
it largely overcomes another difficulty that many students 
have—that of appreciating how big or, often, how very 
small are the objects they are looking for. Fig. 1, 
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for example, assembles ın one illustration the compara- 
tive sizes of the eggs, larvae and cysts of some representa- 
tive parasites, and thisfigure is clearly reproduced. Some 
other figures, on the >ther hand, are not. Fig. 8, for 
example, shows only pale ghosts of the unstained tropho- 
zoites of such importent species as Entamoeba cold and 
Entamoeba histolytica and other intestinal amoebae. 
Unsatisfactory also is the photograph of Demodex canis 
in Fig. 100. With these and a few other exceptions, 
the illustrations are effactive and useful and the failure of 
those mentioned is clearly not the fault of the author, 
to whom the sympathy of the reader will surely be 
extended. In other respects the book is attractively 
produced. The author is to be congratulated on its text, 
which will make the bcok a useful addition to the library 
of any laboratory concerned with the diagnosis of parasitic 
infections of man. G. LAPAGE 


AN INTRODUCTION TO MOLECULAR 
GENETICS 


Microbial and Molecu:ar Genetics 

By Prof. J. R. 8. Finenam. (Modern Biology.) Pp. x+ 
149. (London: English Universities Press, 1965.) 15s. 
net. 


URING the past ew decades many major advances 
have been made ın the new science of molecular 
genetics, and the flood of original contributions in this 


-field continues unabated. Apart from one or two advanced. 


texts and symposia on this subject there is, to my know- 
ledge, no introductory account. Microbial and Molecular 
Genetics, the most recent addition to the ‘‘Modern 
Biology’? series, is insended to provide just such an 
introduction for biology students. 

There are two obvious ways of treating the material 
dealt with in this booE. The first takes as its starting 
point the physico-chsmical structure of the genetic 
material (DNA) and from this develops the concept of the 
gene as a unit of strucsure, mutation and function. The 
second is the historic approach leading from genetic 
analysis to DNA. In cnoosing a path somewhere between 
these two, Prof. Finckam has had to sacrifice a certain 
degree of continuity ir his text so that the student may 
find little to connect tke material of one chapter with the 
next. 

A. short introductioc which describes briefy the basic 
cellular processes of mitosis and meiosis is followed by a 
clear account of the ssructure and replication of DNA 
It is perhaps just a little unfortunate that the manner of 
presentation does not ley greater emphasis on the evidence 
on which the identificazion of DNA as the genetic material 
rests, since historically the significance of genetic trans- 
formation with DNA was only slowly recognized, yet this 
and other evidence provide one of the cornerstones of 
molecular biology. In a chapter on mapping the genetic 
material, the methods of genetic analysis in a micro- 


organism with a sexual cycle are clearly explained and 


illustrated with data from Neurospora. The three princi- 
pal mechanisms of gmetic exchange between bacteria; 
conjugation, transduecsion and transformation are de- 
scribed and the way they can be used to construct genetic 
maps is explained. Finally, a brief and non-technical 
account is given of tke genetics of bacteriophage. The 
chapter on mutation contains a good account of the 
molecular basis of chemical mutagenesis. In the chapters 
on gene action and ite regulation, the principal concepts 
are clearly presented 2nd here, as elsewhere, the author 
makes frequent and w=ll-chosen use of experimental data 
from the literature to clarify each step in his argument. A 
final chapter 1s devoted to an account of present-day 
knowledge of episomes. 

The text is written vithout reference to source material, 
but each chapter is provided with a carefully selected list 
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of references for further reading which the student will 
find extremely valuable. 

To provide an account of microbial and molecular 
genetics within the compass of a slim volume which is 
both popular and up to date without, on one hand, over- 
simplifying, or, on the other hand, condensing to the 
point of incomprehensibility, is a difficult task. Prof. 
Fincham has come very close to achieving this task. 
But the uninitiated student would do well to follow the 
advice of the general editor of this series when he says, 
in the foreword, ‘“This is a book that deserves and indeed 
requires careful reading more than once”. 

S. W. GLOVER 


GEOLOGY OF GRANITE 


Geology of Granite 

By Prof. E. Raguin. Translated from the second French 
edition by E. H. Kranck and P. R. Eakins, with Jean M. 
Eakins. Pp. xxi+314. (London and New York: Inter- 
science Publishers, a Division of John Wiley and Sons. 
1965.) 68s. 


ae students of geology whose know- 
ledge of continental points of view on the granite 
problem has largely been derived from review articles, such 
as Prof. Read’s ‘Meditations’, now have the advantage 
of this translation of E. Raguin’s often quoted text-book. 

Geology of Granite, as implied by the title, aims at 
providing a comprehensive account of the geology of 
granite, including mineralogy, petrography and occurrence. 
The main interest, however, for most readers, will be in 
following the position of Prof. Raguin on the subject of 
granite petrogenesis, backed by many illustrative examples 
and an international reference list. The author bases his 
thesis on the recognition of two great categories of 
granite, circumscribed massifs (massifs circonscrits) and 
anatectic granites with migmatites; the former have sharp 
limits and appear to be replacements or displacements of 
their country rock, while the latter are vast diffuse 
granites which impregnate immense volumes of the 
Earth’s crust. These diffuse granites are the result of 
advanced mobilization of deep-seated zones, a mobilization 
which resembles a partial fusion. The existence of con- 
necting links between these two main divisions is recog- 
nized but not discussed in detail. This is unfortunate, as 
these connecting links are important to the concept of a 
granite series, & concept which evidently has the support 
of Prof. Raguin, but which is not developed. Indeed, the 
difficulty of linking the phenomena described together to 
form a series is well evident, and in my opinion stems from 
the fact that much granite has originated at depths beneath 
those at present exposed by erosion, and thus the con- 
necting links of the granite series, if present, are not readily 
observable. It is a pity that in these matters the reader, 
after being introduced to many of the fundamental facts 
and ideas, is left to draw his own conclusions and infer 
those of Prof. Raguin, whose attitude throughout is one 
of extreme caution. 

An interesting account is given of the relations between 
salic volcanic rocks and granitic plutons. The sub-voleanic 
granites are regarded as exceptional and though the 
relation of voleanism to plutonism is regarded as an un- 
solved problem, the hypothesis that there is no di-ect 
relationship of volcanic rocks and major plutons in the 
Earth’s crust seems to be preferred. No reference is made 
to W. Q. Kennedy’s concept of voleanic and plutonic 
associations or the more fruitful one of orogenic and 
anorogenic associations, though the common coincidence 
of granite and orogenesis is emphasized. 

The translation is of the second French edition and there 
are some references quoted up to 1961. It is unfortunate 
that little reference is made to experimental evidence on 
the origin of granite, and the early work of Tuttle and 
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Bowen on the granite system is but briefly mentioned. 
The fact that this is a translation of a text originally 
written some years ago is also evident in various other 
ways. Thus, in the section dealing with the mineralogy 
of granite, the feldspars receive only summary treatment 
and the amphiboles are dealt with in five lmes. Also, 
in recent years, there has been something of a revolution 
in thinking on the relation of the Earth’s mantle to many 
problematical aspects of geology, and the incorporation of 
this new information, together with such other modern 
developments as radiometric dating and isotope geology, 
would completely alter many aspects of the book. 

These criticisms aside, we must be grateful to the 
translators and publishers for making this text readily 
available. The granite controversy has often been 
bedevilled by the volume of words contributed by the 
disputants; this, really, is symptomatic of the fact that 
the concepts involved are often as nebulous as the rocks 
themselves. This difficulty is perhaps even greater In a 
translation, but nevertheless the translators are to be 
congratulated on producing a readable and accurate text. 

P. E. BROWN 
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A BROAD MAGNETIC FIELD 


Proceedings of the Internationa! Conference on Mag- 
netism, Nottingham, September [964 

Pp. xvi+878. (London: The Institute of Physics and 

The Physical Society, 1965.) 168s. 


LTHOUGH. this, the sixth international conference 
on ‘Magnetism’, attracted fewer participants than the 
fifth at Kyoto (1961), and the same number of papers 
was presented at each, yet the Nottingham conference was 
undoubtedly extremely successful. This fact and the 
greatly increased realization of the importance of magnet- 
ism as a branch of solid-state physics are clearly shown in 
the volume under review. Of the 228 papers delivered, 
the book gives 225, with one paper (by Lowde) promised, 
and two by other authors given in title only. 

The titles of the sessions of the conference have been 
retained for the chapter headings, and, disregarding 
repetitions, these are: theory, transition metals, critical 
phenomena, Fermi surface, metals and, alloys, rare-earth 
metals, neutron diffraction, spin waves, covalency and 
exchange effects, ferro- and antiferro-magnetism, nuclear 
magnetic resonance, resonance and relaxation, non- 
metallic ferro- and antiferro-magnetics, oxides and com- 
pounds, miscellaneous oxides, haematite, ferrites, garnets, 
magnetization processes, anisotropy, hard magnetic 
materials, thin films, electron microscopy. 

Most papers, as published, show some expansion rela- 
tively to the matter actually delivered viva voce, but a 
few authors have merely re-submitted the summary circu- 
lated to all members before the first meeting. In many 
cases a more detailed paper is promised in a footnote. The 
discussions following each paper at the conference have 
been reported in, regrettably, very few cases, regrettably 
briefly, and often without the author’s reply. 

Now, I heard only one paper which excited neither 
question nor comment. Therefore, the inadequate 
reporting of the discussions seems to be attributable to a 
weakness in tho recording system used, or the lack of 
circulated sheets for submission of comments in writing. 
This last was, in fact, a noticeable omission at the meeting. 

Comparing the subjects of the papers with those of the 
two relevant volumes which appeared after the Kyoto 
conference reveals no world-shaking advance in mag- 
netism, but, instead, steady progress throughout nearly 
the whole range of the subject. Papers appear on some 
techniques for the first time at these conferences; for 
example, the use of electron-microscopy and of metallic 
whiskers for domain investigation. On the other hand, 
interest in magnetism of rocks seems to have subsided. 
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The range of topics coming within the scope of ‘magnet- 
ism’ as a subject is now very wide, and this is fully 
represented in this book. Readers will, therefore, make 
many different selections of the most interesting or most 
useful paper. In spite of the much-increased availability 
of Russian literature these days, many readers will regard 
the review of “Recent Work by Soviet Physicists on the 
Theory of Magnetism” by Vonsovskii as particularly 
valuable, not least because of the 188 references given. 
Following a similar paper by the same author at Kyoto, 
this would appear to be becoming a regular feature of these 
conferences. The question arises whether similar reviews 
from elsewhere might not also be useful. 

Those of us who saw the remarkable film of spin-waves 
in chromium tribromide shown by Dillon, Walker and 
Remeika will be a little disappointed by the presentation 
of the photographs in their paper, but one must accept 
the inevitable limitations. 

I feel compelled, however, to criticize the presentation 
of the book. The enormous size (30:7 x 22:5x 6-0 cm) 
and weight (2°75 kg) make it most inconvenient to read. 
This is a book to be studied, not referred to as is a dic- 
tionary. Dimensions and weight are, therefore, important. 
If each successive paper had been begun on the same page 
as its predecessor, and if two whole pages had not been 
used for each chapter heading, the bulk of the book would 
have been much reduced. A count of the first 100 pages 
reveals the equivalent of more than 20 blank pages, indi- 
cating a possible reduction of 20 per cent in size and 
weight. This might also have affected the price, which is 
nearly 50 per cent higher than that of the Kyoto pro- 
ceedings, in spite of the fact that the latter also contained 
400 pages on the simultaneous crystallography conference. 
Finally, was a cloth binding (not paper) essential, and was 
one volume (not three) inevitable ? 

Ziman! has cast doubt on the value of conference 
reports, particularly beyond the first year or two after 
publication. This report, however, justifies itself as well as 
may be. Because of the wide range of the papers given, it 
provides an introduction to the latest activity In many 
fields, and to the immediately preceding papers leading up 
to it. Workers compelled by the trends of their own 
research to cross for a time the boundary into other fields 
should thus find the book providing a valuable short cut 
to the most recent work. J. H. Davis 


' Ziman, J. M , Bull. Inst. Phys.,13, No. 7, 196 (1962). 


OPTICAL ANALOGUE METHODS IN 
DIFFRACTION STUDIES 


Optical Transforms 

Their Preparation and Application to X-ray Diffraction 
Problems. By Dr. C. A. Taylor and Prof. H. Lipson. 
Pp. x+ 182+ 54 plates. (London: G. Bell and Sons, Ltd., 
1964.) 45s. net. 


PTICAL transform is the name given to the pattern 
of diffracted light given by an object such as a 
group of diffracting centres, a name based on the fact 
that the optical diffraction pattern corresponds to the 
Fourier transform calculated mathematically. In short, 
Optical Transforms is about the use of optical diffraction 
methods in place of mathematical methods for demon- 
strating the basic principles of diffraction and for solving 
diffraction problems. The experience of the authors has 
been mainly in crystal structure determination from X-ray 
diffraction patterns, but optical analogue methods are 
quite generally valid for all diffraction problems. 

The book starts with a historical survey of the develop- 
ment of these methods, from their introduction by W. L. 
Bragg in 1939, through their application to the solution 
of fully ordered crystal structures (notably sodium 
benzyl penicillin), to recent applications to disordered or 
distorted structures. There follow chapters on basic 
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concepts and the mathematical treatment of diffraction, 
on the optical apparatus necessary for observing and 
recording diffraction >atterns (culminating in the large 
diffractometers used by the authors in Manchester), 
and on the preparatioxr of ‘masks’—sets of holes in opaque 
screens, representing atomic arrangements. i 

In the main part of the book the characteristics of 
optical transforms and their use in interpreting the X-ray 
diffraction patterns of crystals are considered in detail. 
The exposition here (and, indeed, throughout the book) 
is admirably clear, ani all the points made are lavishly 
illustrated by many beautifully reproduced diffraction 
patterns. Authors aad publisher deserve the highest 
praise for putting all tùis beautiful experimental material 
so clearly before the reader. 

The educational valze of this section of the book can 
hardly be exaggerated. By studying the examples and 
contemplating the diffraction patterns, the reader acquires ~ 
a valuable appreciatior of the reciprocal relation between 
the characteristics of an arrangement or pattern and those 
of its diffraction pattern; one grows, so to speak, @ 
Fourier eye, and acqnires some facility in the art of 
mentally turning things inside out—a, facility which can 
scarcely fail to play a aseful part in solving the practical 
problems of interpretation which confront the X-ray 
crystallographer. The authors justly say that the optical 
transform approach tc diffraction emphasizes the basic 
physics, and observe that “this is particularly important 
in X-ray applications where there has been a tendency to 
over-emphasize the msthematical aspects”. The choice 
of methods of approacia to problems is to some extent a 
matter of personal tasta; certainly, to those who prefer @ 
physical rather than £ mathematical approach it is re- 
freshing to appreciate, for example, the broad principles 
of intensity statistics in terms of the characteristics of 
diffraction patterns razher than as the outcome of equa- 
tions, or to see in a diffraction pattern a visual demonstra- 
tion of the presence and orientation of a benzene ring or & 
chain of atoms. 

In the latter part of the book the lessons learnt from 
optical analogues are =pplied to the solution of crystal 
structures from X-ray ‘liffraction patterns; there is much 
useful information on practical procedures together with 
some detailed examples of structure determination. One 
of the more striking fruits of this approach is the recogni- 
tion of two distinct features, such as a ring and a chain, 
in the same molecule, since the two features stamp their 
hall-marks as if independently on the diffraction pattern. 
The authors might haze added even more striking ex- 
amples: the transform concept has played an important 
part in revealing the helical conformation of chain 
polymers, notably synthetic hydrocarbons and nucleic 
acids—though optical enalogues have been little used. 

Crystallographers will ask whether optical analogue 
methods can play a useful part in their work, apart from 
the undoubted educat-onal value. One of the reasons 
for the introduction af these methods—to relieve the 
orystallographer of the heavy burden of computation—is 
(for fully ordered strucures) no longer operative in this 
age of electronic compaters; and for solving the initial 
structure-puzzle the limitations of the methods tend to 
restrict their usefulness to molecules with marked regu- 
larities: nevertheless, wherever trial and error methods. 
have to be used, the tasting and above all the rational 
modification of trial models can be done rapidly and 
effectively by optical analogue methods. This book 
leaves one with the impression that the optical methods 
may be of most value in the study of distorted or partly 
disordered structures =1ch as certain alloys and semi- 
crystalline polymers, where mathematical treatment is 
daunting even in the @mputer age. But all crystallo- 
graphers, and indeed ell diffractionists, whether or not. 
they are likely to use optical analogue methods themselves, 
are strongly advised to read this book; they will get much 
pleasure and profit from it. Œ. W. BUNN 
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Advances in Radiation Biology 

Vol. 1. Edited by Leroy G. Augenstein, R. Mason and 
H. Quastler. Pp. x+285. (New York and London: 
Academic Press, 1964.) 88s. 


Av VANCES in Radiation Biology cannot be recom- 
mended as light holiday reading. The editors say 
“the need is clear for a series of review articles designed 
to keep more of us in contact with branches of the subject 
other than our own”, but there is a danger that what 
they offer will have the opposite effect, of convincing the 
average radiation biologist that he has no hope of grasping 
the physico-chemical fundamentals of his subject and of 
driving him to seek a soft option in some corner where 
such knowledge is unnecessary. For the brave, however, 
and none but the brave, this book is just right, though 
the title is an over-simplification and 1t should be called 
* Advances in Radio-bio-physico-chemistry”’. 

It starts with a comparatively easy and clear account 
of the radiolysis products of water, with valuable tables 
of rate constants for reactions of the electron, the hydrogen 
atom and the hydroxyl radical, which should help to keep 
speculators on the rails; but even in this first chapter it 
foreshadows the horrors that are to come by saying, “ʻa 
knowledge of rate constants . . . 18 only a small part of 
the problem. The reaction of a radical with a molecule 
produces a second radical. The nature of the new radical 
is not even known for most of the reactions given in 
Tables I, II and ILI”. This prepares us, somewhat 
inadequately, for shocks such as the table on p. 180 
showing the nineteen irradiation products of such an 
unreactive substance as «-aminobutyric acid. 

The second chapter, on photosynthesis, though excel- 
lent, should not be included unless the title is further 
expanded to “‘Radio- and Photo- .. . etc.”’, because the 
irrational but useful convention is fully established that 
‘radio-’ refers to ‘ionizing’ radiation and ‘photo-’ to 
visible light. Nevertheless, biologists who wish to get a 
glimmering of applied quantum mechanics, beautifully 
expounded, would do well to read it. After this it is 
restful to read that tritium has an atomic weight of three 
and to meet the nice compact table on pp. 110-112 sum- 
marizing the depressed growth and suicide that it causes 
in. all sorts of biological material. The next chapter goes 
to the heart of the radiobiological problem, collecting all 
those puzzling cases where effects are produced by far 
smaller doses of radiation than can possibly be explained. 
The next chapter, on amino-acids, will break the back of 
all but the toughest reader, not with high-brow physics, 
but with its mass of empirical chemistry. The final 
chapter uses all the previously enunciated concepts to 
discuss the inactivation of enzymes, after which the 
reader goes on holiday with some nice non-controversial 
light reading such as Beilstein. J. Sx. L. Pamror 


The Systematic Identification of Organic Compounds 
A Laboratory Manual. Fifth edition. By R. L. Shriner, 
R. C. Fuson and D. Y. Curtin. Pp. ix+458. (New York, 
London and Sydney: John Wiley and Sons, Inc., 1964.) 
59s. 


HE fifth edition of this well-known publication on 
the qualitative analysis of organic compounds will 
continue to be warmly welcomed by the student and 
research worker as a supreme laboratory vade-mecum. 
The fundamental chemical and physical tests leading 
to the identification of organic compounds are lucidly 
described. Much attention is directed to the manner in 
which laboratory reports on unknown substances should 
be represented and there are a number of most useful 
examples of the final sequential system of deductive 
reasoning which leads to the positive identification of the 
unknown compound. 
Excellent chapters are provided on instrumental 
applications,* the methods of infra-red and ultra-violet 
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spectroscopy being succinctly demonstrated. Nuclear 
magnetic resonance phenomena are concisely explained 
with most adequate references to more advanced text- 
books. 

The book concludes with nearly a hundred pages of 
physico-chemical data associated with derivatives of 
hydrocarbons, amines, nitriles, etc.; a most valuable 
compilation, providing confirmatory evidence of identifica- 
tion of unequivocal character. The “Sets’’ of problems 
for students which the authors have provided must 
prove a most valuable educational aid. Like its predeces- 
sors, this is a first-class book for teachers and students in 
schools, technical colleges and universities. 

D. T. Lewis 


Proceedings of the International Symposium on Chemo- 
therapy of Cancer 

Lugano, 28th April to lst May, 1964. Edited by Prof. 

Placidus A. Plattner. Pp.ix+324. (Amsterdam, London 

and New York: Elsevier Publishing Company, 1964.) 

758. 


N the Proceedings of the International Symposium on the 
Chemotherapy of Cancer, organized by the Swiss 
Academy of Medical Sciences, the editorial hand of Prof. 
P. A. Plattner has rested lightly on his expert contributors. 
This results in a volume in which the individual styles 
of the authors are retained, as is the sense uf occasion, so 
that, provided the reader approaches the book in the 
spirit in which it has been compiled, he is carried easily 
through it. 

The subject of the symposium is well and authorita- 
tively covered. There are chapters on the biochemistry 
and modes of action of alkylating agents and antimeta- 
bolites, on clinical experience with established drugs, 
laboratory and clinical reports on a number of newer 
ones, and a section entitled (perhaps unhappily) “Selective 
Toxicity of Anti-Tumor Compounds’, in which the toxic 
effects due to non-specificity of action are clearly and 
frankly set out. It is hoped that the decision of the organ- 
izers to include in this symposium a paper on polyoma 
virus and its oncogenic action will not result in an inter- 
esting review article being missed by some who would 
profit from it. 

This, clearly, is a book to be read by all those engagod 
with problems of the treatment of cancer, whether in the 
laboratory or in the ward. It is also to be commended to 
workers in the basic sciences who, by reading what is 
written, noting what is not, and examining critically each 
assumption (both stated and implied) made throughout 
the book, may well find pointers to help them to provide 
the fundamental information on which a rational and 
successful therapy may be based. D. C. ROBERTS 


Elements of the Natural Movement of Population 

By Egon Vielrose. Translated from the Polish by I. 
Dobosz. Translation edited by H. Infeld and P. F. 
Knightsfield. Pp. 288. (London and New York: 
Pergamon Press; Warszawa: Panstwowe Wydawnictwo 
Ekonomiczne, 1965.) 70s. net. 


poe TS of the Natural Movement of Population 
1s neither an introduction to demographic analysis 
nor an outline of the development of world population 
nor an attempt to explain differential rates of growth. It 
consists of an extensive commentary on selected vital 
statistics, dealing with population structure, fertility, 
nuptiality and mortality. It ıs largely derivative and little 
attempt is made to take account of post-war advances in 
demography. Moreover, the vital statistics discussed are 
used rather uncritically and with little attempt to assess 
the adequacy of the system by which they are collected. 
To give but one random example, on p. 146 the average 
numbers of live births per female in Angola and Australia 
are given side by side without any indication of the relative 
reliability of the data. E. GREBENIK 
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BIOLOGICAL AND MENTAL EVOLUTION: AN EXERCISE IN ANALOGY” 
By ARTHUR KOESTLER | 


+ 


LLOW me to take you on a ride on the treacherous 
wings of analogy, starting with an excursion into 
genetics. Creativity is a concept notoriously difficult to 
define; and it is sometimes useful to approach a difficult 
subject by way of contrast. The opposite of the creative 
individual is the pedant, the slave of habit, whose thinking 
and behaviour move in rigid grooves. His biological 
equivalent is the over-specialized animal. Take, for 
example, that charming and pathetic creature, the 
koala bear, which specializes in feeding on the leaves of a 
particular variety of eucalyptus tree and on nothing else; 
and which, in lieu of fingers, has hook-like claws, ideally 
suited for clinging to the bark of the tree—and for nothing 
else. Some of our departments of higher learning seem 
expressly designed for breeding koala bears. 

Sir Julian Huxley has described over-specialization 
as the principal cause why evolution in all branches of the 
animal kingdom—except man’s—seems to have ended 
either in stagnation or in extinction. But, having made 
his point, he drew a conclusion which you may find less 
convincing. “Evolution,” he concluded, “is thus seen 
as an enormous number of blind alleys with a very 
occasional path to progress. It is like a maze in which 
almost all turnings are wrong turnings'.”” With due 
respect, I think this metaphor is suspiciously close to the 
old-fashioned behaviourist’s views of the rat in the maze 
as a paradigm of human learning. In both cases the 
explicit or tacit assumption is that progress results from 
@ kind of blind man’s buffi—random mutations preserved 
by natural selection, or random tries preserved by rein- 
forcement—and that that is all there is to it. However, it 
is possible to dissent from this view without invoking a 
deus ex machina, or @ Socratic daimon, by making the 
simple assumption that, while random events no doubt 
play an important part in the picture, that is not all 
there is to it. 

One line of escape from the maze is indicated by a 
phenomenon known to students of evolution by the ugly 
name of paedomorphism, a term coined by Garstang? some 
forty years ago. The existence of the phenomenon is 
well established; but there is little mention of it in the 
text-books, perhaps because it runs against the Zeitgeist. 
It indicates that in certain circumstances evolution can 
re-trace its steps, as it were, along the path which led to 
the dead-end and make a fresh start in a more promising 
direction. To put it simply, paedomorphism means the 
appearance of some evolutionary novelty in the larval or 
embryonic stage of the ancestral animal, a novelty which 
may disappear before the adult stage is reached, but which 
reappears in the adult descendant. This bit of evolution- 
ary magic is made possible by the well-known mechanism 
of neoteny, that is to say, the gradual retardation of 
bodily development beyond the age of sexual maturity, 
with the result that breeding takes place while the animal 
still displays larval or juvenile features. Hardy’, de 
Beer: and others have pointed out that if this tendency 
toward ‘prolonged childhood’ were accompanied by a 
corresponding squeezing out of the later adult stages of 
ontogeny, the result would be & rejuvenation and de- 
specialization of the race which would thus regain some 
of its lost adaptive plasticity. But of even greater 
importance than this re-winding of the biological clock 
is the fact that in the paedomorphic type of evolution 
selective pressure operates on the early, malleable stages 
of ontogeny. In contrast to this, gerontomorphism—the 


* Substance of an address delivered on September 18 at the Bicentennia 
Celebration commemorating the birth of James Smithson, held in Washington 
during September 16-18 (see Nature, 208, 320; 1965). 


appearance of novel characters in the late-adult stages— 
can only modify stractures which are already highly 
specialized. One is sccordingly led to expect that the 
major evolutionary advances were due to paedomorphism 
and not to gerontomo-phism—to changes in the larval or 
embryonic, and not in the adult, stage. 

Let me give an example, which will make clearer what 
I am driving at. There is now strong evidence in favour 
of the theory, proposed by Garstang? in 1922, that the 
chordates, and thus we, the vertebrates, descended from 
the larval state of scme primitive echinoderm, perhaps 
rather like the sea-urchin or sea-cucumber. Now an adult 
sea-cucumber would not be a very inspiring ancestor— 
it ig a sluggish creatare which looks like an ill-stuffed 
sausage, lying on the sea-bottom. But its free-floating 
larva is a much more promising proposition: unlike the 
adult, it has bilateral symmetry, a ciliary band presumed. 
to be the forerunner of the neural fold, and other sophisti- 
cated features not found in the adult animal. We must 
assume that the sedentary adult residing on the sea-bottom 
had to rely on mobile larvae to spread the species far and. 
wide in the ocean, as p:ants scatter their seeds in the wind ; 
and that the larvae, which had to fend for themselves, 
exposed to much stronger selective pressures than the 
adults, gradually bezame more fish-like; and lastly 
became sexually mature while still in the free-swimming, 
larval state—thus giving rise to a new type of animal 
which never settled on the bottom at all and altogether 
eliminated the senile. sessile cucumber stage from its 
life-history. 

It seems that the same re-tracing of steps to escape the 
dead-ends of the maze was repeated at each decisive 
evolutionary turning-point—the last time, so far as we 
know, when the line waich bore our own species branched 
off from some ancestzal primate. It is now generally 
recognized that the Suman adult resembles more the 
embryo of an ape than an adult ape. In both, the ratio 
of brain-weight to body-weight is disproportionately 
high; in both, the closing of the sutures of the skull is 
retarded to allow for further brain growth. The back to 
front axis through men’s head—the direction of his line 
of sight—forms an angle of ninety degrees with his spinal 
column; a condition which, in apes and other mammals, 
is only found in the embryonic stage. The same applies 
to the angle between the uro-genital cane] and the back- 
bone, which accounts for the singularity of the human 
way of mating. Other embryonic—or, to use Bolk’s® 
term, foetalized—featrres are the absence of brow-ridges, 
scantness of body-haar, retarded development of the 
teeth, and so on. A3 Haldane’! hes said: “If human 
evolution is to continue along the same lines as in the 
past, it will probably involve a still greater prolongation 
of childhood and retardation of maturity. Some of the 
characters distinguishing adult man will be lost.” But 
there is a reverse to the medal, which Aldous Huxley 
gleefully showed us in_After Many A Summer: artificial 
prolongation of the absolute life-span of man might pro- 
vide an opportunity Zor features of the adult ape to 
re-appear in Methuselah. But this only by the way. 

The essence of the process which I have described is a 
retreat from highly specialized adult forms of bodily 
structure and behaviour to an earlier, more plastic and 
less committed stage—followed by a sudden advance in a 
new direction. It is as if the stream of life had momentar- 
ily reversed its course, flowing uphill for a while, then 
opened up a new strsam-bed—leaving the koala bear 
stranded on its tree like a discarded hypothesis. We 
have now reached the crucial point in qur excursion, 
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because it seems to me that this process of reculer pour 
mieux sauter—of drawing back to leap, of undoing and 
re-doing—is a basic feature of all significant progress, 
both in biological and mental evolution. 

It can be shown, I think, that these two types of progress 
—the emergence of biological novelties and the creation of 
mental novelties—are analogous processes on different 
levels of the developmental hierarchy. But to demonstrate 
the connexion we must proceed stepwise from lower to 
higher organisms. One of the fundamental properties of 
living organisms is their power of self-repair, and the most 
dramatic manifestations of this power are the phenomena 
of regeneration (which Needham’ called ‘‘one of the more 
spectacular pieces of magic in the repertoire of living 
organisms’’). Primitive creatures, like flatworms, when cut 
into slices,-can regenerate a whole animal from a tiny 
fragment; Amphibia can regenerate limbs and organs; 
and once more the ‘magic’ is performed by reculer pour 
mieux sauter—the regression of specialized tissues to 
a genetically less committed, quasi-embryonic stage, a 
de-differentiation or de-specialization followed by a 
re-differentiation. 

Now the replacement of a lost limb or lost eye is a 
phenomenon of a quite different order from the adaptive 
processes in a normal environment. Regeneration could 
be called a moeta-adaptation to traumatizing challenges. 
The power to perform such meta-adaptations manifests 
itself only when the challenge exceeds a critical limit and 
can only be met by having recourse to the genetic plasticity 
of the embryonic stage. We have just seen that the major 
phylogenetic changes were brought about by a similar 
retreat from adult to embryonic forms. Indeed, the main 
line of development which led up to our species could be 
described as & series of operations of phylogenetic self- 
repair: of escapes from blind alleys by the undoing and 
re-moulding of maladapted structures. 

Evidently, self-repair by the individual produces no 
evolutionary novelty, it merely restores the status quo 
ante. But that is all the individual needs in order to 
regain its normal adaptive balance in a static environment 
(assuming that the traumatizing disturbance was only 
& momentary one). Phylogenetic ‘self-repair’, on the 
other hand, implies changes in the genotype to restore the 
adaptive balance in a changing environment. 

As we move toward the higher animals, the power of 
regenerating, physical structures is superseded by the 
equally remarkable power of the nervous system to re- 
organize its mode of function. (Ultimately, of course, 
these reorganizations must also involve structural changes 
of a fine-grained nature in terms of circuitry, molecular 
chemistry or both, and so we are still moving along a 
continuous line.) Lashley? taught his rats certain visual 
discrimination skills; when he removed their optical 
cortex, the learning was gone, as one would expect; but, 
contrary to what one would expect, the mutilated rats 
were able to learn the same tasks again. Some other 
brain area, not normally specializing in visual learning, 
must have taken over this function, deputizing for the 
lost area. 

Similar feats of meta-adaptation have been reported in 
insects, birds, chimpanzees and so on. But let us get 
on to man, and to those lofty forms of self-repair which 
we call self-realization, and which include creativity 
in its broadest sense. Psycho-therapy, ancient and 
modern, from shamanism down to contemporary forms 
of abreaction therapy, has always relied on what Ernst 
Kris’ has called “regression in the service of the ego”. 
The neurotic with his compulsions, phobias and elaborate 
defence-mechanisms is a victim of maladaptive special- 
ization—a koala bear hanging on for dear life to a barren 
telegraph pole. The therapist’s aim is to regress the 
patient to an infantile or primitive condition; to make 
him retrace his steps to the point where they went wrong, 
and to come up again, metamorphosed, re-born. Goethe’s 
Stirb und Werde, the inexhaustible variations of the 
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archetype of death and resurrection, dark night and 
spiritual rebirth, all revolve around this basic paradigm— 
Joseph in the well, Jesus in the tomb, Buddha in the 
desert, Jonah in the belly of the whale. 

There is no sharp dividing line between self-repair and 
self-realization. All creative activity is a kind of do-it- 
yourself therapy, an attempt to come to terms with 
traumatizing experiences. In the scientist’s case the 
trauma is some apparent paradox of Nature, some 
anomaly in the motion of the planets, the sting of data 
which contradict each other, disrupt an established theory, 
and make nonsense of his cherished beliefs. In the artist’s 
case, challenge and response are manifested in nis tantaliz- 
ing struggle to express the inexpressible, to conquer the 
resistance of his medium, to escape from the distortions 
and restraints imposed by the conventional styles and 
techniques of his time. 

In other words, the so-called revolutions in the history 
of both science and art are successful escapes from blind 
alleys. The evolution of science is neither continuous nor 
strictly cumulative except for those periods of consolida- 
tion and elaboration which follow immediately after a 
major breakthrough. Sooner or later, however, the process 
of consolidation leads to increasing rigidity and orthodoxy, 
and so into the dead-end of over-specialization. The 
proliferation of esoteric jargons which seems to character- 
ize this phase reminds one sometimes of the monstrous 
antlers of the Irish elk, and sometimes of the neurotic’s 
elaborate defence-mechanisms against the threats of 
reality. Eventually, the process leads to a crisis, and thus 
to a new revolutionary break-through—followed by 
another period of consolidation, a new orthodoxy, and so 
the cycle starts again. 

In the history of art, this cyclic process is even more 
obvious: periods of cumulative progress within a given 
school and technique end inevitably in stagnation, man- 
nerism or decadence, until the crisis is resolved by a 
revolutionary shift in sensibility, emphasis, style. 

Every revolution has a destructive and a constructive 
aspect. In science the destruction is wrought by jettison- 
ing previously unassailable doctrines, including some 
seemingly self-evident axioms of thought. In art, it 
involves an equally agonizing re-appraisal of accepted 
values, criteria of relevance, frames of perception. When 
we discuss the evolution of art and science from the 
historian’s detached point of view, this un-doing and 
re-doing process appears as a normal and inevitable part 
of the whole story. But when we focus our attention on 
any concrete individual who initiated a revolutionary 
change, we are immediately made to realize the immense 
intellectual and emotional obstacles he had to overcome. 
I mean not only the inertial forces of society; the primary 
locus of resistance against heretical novelty is inside the 
skull of the individual who conceives of it. It reverberates 
in Kepler’s agonized cry when he discovered that the 
planets move in elliptical pathways: “who am I, Johannes 
Kepler, to destroy the divine symmetry of the circular 
orbits!’’. On a more down-to-earth level the same agony 
is reflected in Jerome Bruner’s!* experimental subjects 
who, when shown for a split second a playing card with a 
black queen of hearts, saw it as red, as it should be; and 
when the card was shown again, reacted with nausea at 
such a perversion of the laws of Nature. To unlearn is 
more difficult than to learn; and it seems that the task of 
breaking up rigid cognitive structures and reassembling 
them into a new synthesis cannot, as a rule, be performed 
in the full daylight of the conscious, rational mind. It 
can only be done by reverting to those more fluid, less 
committed and specialized forms of ideation which 
normally operate in the twilight below the level of focal 
awareness. Such intervention of unconscious processes 
in the creative act is now generally, if sometimes reluc- 
tantly, accepted even by behaviourists with a strong 
positivist bias. Allow me, therefore, to take it for granted 
that in the period of incubation—to use Graham Wallas’s!! 
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term—the creative individual experiences a temporary 
regression to patterns of thinking which are normally 
inhibited in the rational adult. 

But it would be a gross over-simplification to identify— 
as is sometimes done—these patterns with Freud’s so- 
called “Primary Process”. The primary process is sup- 
posedly devoid of logic, governed by the pleasure principle, 
apt to confuse perception and hallucination, expressed in 
spontaneous action, and accompanied by massive affective 
discharge. I believe that between this very primary 
process, and the so-called secondary process governed 
by the reality principle, we must interpolate a whole 
hierarchy of cognitive structures which are not simply 
mixtures of primary and secondary processes, but are 
autonomous systems in their own right, each governed 
by a distinct set of rules. The paranoid delusion, the 
dream, the daydream, free association, the mentality of 
children at various ages and of primitives at various 
stages, should not be lumped together, for each has its 
own logic or rules of the game. But while clearly different 
in many respects, all these forms of ideation have certain 
features ın common, since they are ontogenetically, and 
perhaps phylogenetically, older than those of the civilized 
adult. I have elsewhere! called them “‘games of the 
underground”, because if not kept under restraint they 
would play havoc with the routines of disciplined thinking. 
But under exceptional conditions, when disciplined 
thinking is at the end of its tether, a temporary indulgence 
in these underground games may suddenly produce 4 
solution which was beyond the reach of the conscious, 
rational mind—that new synthesis which Poincare} called 
the happy combination of ideas, and which I like to call 
‘bisociation’ (as distinct from associative routine). I 
have discussed this process in some detail in a recent book” 
and shall not dwell on its intricate details. The point I 
want to make here is that the creation of novelty in mental 
evolution follows the same pattern of reculer pour mieux 
sauter, of a temporary regression to a naive or juvenile 
level, followed by a forward leap, which we have found in 
biological evolution. We can carry the analogy further 
and interpret the Aha reaction, or ‘Eureka! cry, as the 
signal of a happy escape from a blind alley—an act of 
mental self-repair, achieved by the de-differentiation of 
cognitive structures to a more plastic state, and theresulting 
liberation of creative potentials—the equivalent of the 
release of genetic growth-potentials in regenerating tissues. 

It is a truism to say that in mental evolution social 
inheritance replaces genetic inheritance. But there is a 
less trivial parallel between phylogenesis and the evolution 
of ideas: neither of them proceeds along a continuous 
curve in a strictly cumulative manner. Newton said that 
if he saw farther than others it was because he stood on 
the shoulders of giants. But did he really stand on their 
shoulders or some other part of their anatomy? He 
adopted Galileo’s laws of free fall, but rejected Galileo’s 
astronomy. He adopted Kepler’s planetary laws, but 
demolished the rest of the Keplerian edifice. He did 
not take as his point of departure their completed ‘adult’ 
theories, but retraced their development to the point 
where it had gone wrong. Nor was the Keplerian edifice 
built on top of the Copernican structure. That ramshackle 
structure of epicycles he tore down and kept only its 
foundations. Nor did Copernicus continue to build where 
Ptolemy had left off. He went back two thousand years 
to Aristarchus. The great revolutionary turns in the 
evolution of ideas have a decidedly paedomorphic char- 
acter. The new paradigm, to use Thomas Kuhn’s* term, 
which emerges from the revolution is not derived from a 
previous adult paradigm; not from the aged sea-urchin 
but from its mobile larva, floating in the currents of the 
ocean. Only in the relatively peaceful periods of con- 
solidation and elaboration do we find gerontomorphism— 
small improvements to a fully mature body of knowledge. 
In the history of art the process is again all too obvious; 
there is no need to elaborate on it. 


NATURE 


1035 


I began with a wistful remark about the treacherous 
wings of analogy, aware of the fact that those who trust 
these waxen wings usually share the fate of Icarus. But 
it is one thing to argue from analogy, and quite another 
to point to an apparent similarity which has perhaps not 
been paid sufficient attention, and then to ask whether 
that similarity has some significance or whether it 1s 
trivial and deceptive. I believe that the parallel between 
certain processes underlying biological and mental 
evolution has some significance. Biological evolution 
could be described as a history of escapes from over- 
specialization, the evolution of ideas as a series of escapes 
from the bondage of mantal habit; and the escape-mechan- 
ism in both cases is based on the same principles. We 
got an inkling of them shrough the phenomena of regenera- 
tion—the remoulding of structures and reorganization of 
functions—which only-enter into action when the challenge 
exceeds a critical limit. They point to the existence of 
unsuspected ‘mota-adaptive’ potentials which are inhibited 
or dormant in the normal routines of existence, and, 
when revealed, make us sometimes feel that we move 
lke sleepwalkers in a world of untapped resources and 
unexplored possibilitie. 

It could be objected that I have presented a reductionist 
view; that it is sacrilegious to call the creation of a 
Brahms symphony or of Maxwell’s field equations an act 
of self-repair, and to compare it with the mutation of a 
sea-squirt larva, the regeneration of a newt-tail, the re- 
learning process in the rat or the rehabilitation of patients 
by psycho-therapy. But I think that such a view 1s the 
opposite of sacrilegiovs. It points, however tentatively, 
at a common denominator, a factor of purposiveness, 
without invoking a deus ex machina. It does not deny 
that trial and error are inherent in all progressive develop- 
ment. But there is a world of difference between the 
random tries of the monkey at the typewriter, and the 
process which I called, for lack of a better name, reculer 
pour mieux sauter. The first means reeling off all possible 
responses in the organism’s repertory until the correct 
one is hit on by chanca and stamped in by reinforcement. 
The second may still be called trial and error, but of a 
purposive kind, using more complex, sophisticated 
methods: a groping and searching, retreating and advanc- 
ing towards a goal. ‘‘Purpose,” to quote Herbert J. 
Muller’, “is not impcrted into Nature and need not be 
puzzled over as a strange or divine something. ... It is 
simply implicit in the fact or organisation.” This direc- 
tiveness of vital procasses is present all along the line, 
from conscious behaviour down to what Needham’ 
called “‘the striving of the blastula to grow into a chicken”. 
How tenacious and resourceful that striving is has been 
demonstrated by experimental embryology, from Speeman 
to Paul Weiss—though its lessons have not yet been fully 
digested. 

Thus to talk of goal—lirectedness or purpose in ontogeny 
has become respectabls again. In phylogeny the monkey 
still seems to be hammering away at the typewriter, 
perhaps because the crude alternatives that had been 
offered—amorphous entelechies, or the Lysenko brand of 
Lamarckism—were even more repellent to the scientific 
mind. On the other hand, some evolutionary geneticists 
are beginning to discover that the typewriter is structured 
and organized in such a way as to defeat the monkey, 
because it will print oaly meaningful words and sentences. 
In recent years the rigid, atomistic concepts of Mendelian 
genetics have undergone a softening process and have 
been supplemented br a whole series of new terms with 
an almost holistic ring. Thus we learn that the genetic 
system represents a ‘“‘micro-hierarchy”’ which exercises its 
selective and regulative contro] on the molecular, chromo- 
somal and cellular level; that development is ‘‘canalized”’, 
stabilized by “developmental homeostasis” or “evolution- 
ary homoestasis’”’?* so that mutations affect not a single 
unit character but a “whole organ in a harmonious 
way’’!’, and, finally, that these various forms of “internal 
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selection” create a restricted “mutation spectrum’’!® or 
may even have a “direct, moulding influence guiding 
evolutionary change along certain avenues’’)*—and all 
this happens long before external, Darwinian selection 
gets to work. But if this is the case, then the part 
played by a lucky chance mutation is reduced to 
that of the trigger which releases the co-ordinated 
action of the system; and to maintain that evolution 
1s the product of blind chance means to confuse the 
simple action of the trigger, governed by the laws of 
statistics, with the complex, purposive processes which 
it sets off. Their purposiveness is manifested in different 
ways on different levels of the hierarchy, from the self- 
regulating properties of the genetic system through 
internal and external selection, culminating perhaps in 
the phenomena of phylogenetic self-repair: escapes from 
blind alleys and departures in new directions. On each 
level there is trial and error, but on each level it takes 
æ more sophisticated form. Some twenty years ago, 
Tolman and Krechevsky®® created a stir by proclaiming 
that the rat learns to run a maze by forming hypotheses; 
soon it may be permissible to extend the metaphor and 


to say that evolution progresses by making and discarding ` 


hypotheses. : 

Any directive process, whether you call it selective, 
adaptive or expectative, implies a reference to the future. 
The equifinality of developmental processes, the striving 
of the blastula to grow into an embryo, regardless of the 
obstacles and hazards to, which it is exposed, might lead 
the unprejudiced observer to the conclusion that the 
pull of the future is as real and sometimes more important 
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than the pressure of the past. The pressure may be com- 
pared to the action of a compressed spring, the pull to 
that of an extended spring, threaded on the axis of time. 
Neither of them is more or less mechanistic than the 
other. If the future is completely determined in the 
Laplacian sense, then there is nothing to choose between 
the actions of the two springs. If it is indeterminate in 
the Heisenbergian sense, then indeterminacy works in 
both directions, and the distant past is as blurred and 
unknowable as the future; and if there is something like a 
free choice operating within the air-bubbles in the stream 
of causality, then it must be directed towards the future 
and oriented by feed-back from the past. 
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HISTORY AS THE ORGANIZATION OF MAN’S MEMORY” 
By Pror. HERBERT BUTTERFIELD 


E often think of Western civilization as scientific, 

and we do not always remember that it is equally 
remarkable for being so historically minded. In both 
respects the only parallel- to it is ancient China—so 
wonderful in its science and technology, but possessing 
also a historical literature of almost incredible vastness. 
Even in China there did not develop those modern tech- 
niques which, in our section of the globe, led to the 
scientific revolution of the seventeenth century and the 
somewhat parallel historiographical revolution in the 
nineteenth. In both fields the developments in Europe 
were unique; and the Chinese have had to become pupils 
of the West. ; 

Some civilizations, like that of ancient India, seem to 
have been governed by religions or philosophies which 
deny significance to the facts of history as such, and the 
sequence of events in time. Yet, between a culture which 
has soaked itself in historical memories and one for which 
the past is only chance and change—only bubble and 
froth—there must develop great differences in general 
mentality, in intellectual habits, and in the degree of 
control that can be acquired over the course of events: 
and the differences must extend to still deeper things that 
affect the very nature of the human consciousness. 

Our interest in the past—our very sense for the past— 
(like our prowess in the natural sciences) is therefore a 
thing that requires to be explained. Even the case that 
we to-day might make for the study of history would 
have no meaning for those earlier generations of mankind 
that gave the start to the whole endeavour. We of the 
twentieth century might say that a society is going to be 
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very constricted in its development unless it looks behind 
itself, organizes its memory, reflects on its larger and 
longer experiences, learns to measure the direction in 
which it is moving, and gets some notion of long-term 
tendencies which have been observed. But this kind of 
diagnosis—this way of learning where we stand in the 
processes of time—is a thing that comes only late in the 
day, when civilization and scholarship itself have pro- 
gressed very far. Nobody could have known in advance 
that by the study of the past we should be able to examine 
the processes of things in time. Indeed, until the world 
was fairly mature, nobody could even have guessed that 
there existed such things as historical processes which 
might call for analysis. 

It is possible that, in every age and society, children 
will love to listen to the tales of a grandfather and will 
look back at least to the time just before they were born. 
All the world seems to love a story, and, even if there 
were no inferences to be drawn from it, we are all likely 
to be interested in the account by Arthur M. Schlesinger, 
jun., of the expedition to the Bay of Pigs— interested in 
it purely as the narrative of something that actually 
happened. I suspect that, however scientific and analyt- 
ical and statistical historical scholarship may become in 
the latter half of the twentieth century, a great mass of 
people will go on loving this narrative history—the 
history that tells of men and their vicissitudes. Perhaps 
these are the people who will keep the subject sane— 
keep history an important humanistic factor in our 
civilization. But, though the telling of stories may 
awaken an interest in the past, it is not likely in itself 
to alter the structure of our mentality. Also, it is scarcely 
enough in itself to drive the mind to research and criticism 
and the passionate quest for truth. The raconteur knows 
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that if he investigates the truth of the matter, he is only 
too likely to lose a good story. 

Before writing began, the past would seem to have 
been just a rag-bag of old myths and stories—on the 
whole, a jumble of things that happened ‘once upon a 
time’. An essential progress was achieved when the mind 
learned to project itself into that forest of data, and 
began to acquire some sense of the distances involved. 
It was necessary that time should be turned into some- 
thing like a long tape-measure, with markings that 
roughly indicated succession and duration and degrees 
of remoteness. This is not easily achieved by peoples 
who have not learned to serialize or particularize the 
years by numbering them in the way which we are accus- 
tomed to doing. Fortunately, our distant ancestors 
appear to have had a mania for meking lists. Some of 
these lists are in a sense the beginnings of history, just as 
others, which perform a preliminary work of classification, 
are in a sense the beginning of the natural sciences. It 
was when they put together their lists of successive kings 
or priests that these ancient peoples acquired their first 
umpressions of the tremendous stretch of time behind 
them. The ancient Greeks had very defective lists and 
thought that only a comparatively short period separated 
them from the age when the gods had walked and sported 
on the Earth. But some of them learned about the huge 
lists of Egyptian priests and came to realize that there 
had been thousands of years of human history before 
their day. If the whole of this is taken together, it involves 
a change in what it means to have an existence in time— 
in a time which stretches behind and before. 

It is comparatively easy for an individual to keep some 
recollection of his own personal past; but the difficulties 
are great if the human race or the body politic wants to 
achieve and organize and refine its collective memory. 
In the civilization of ancient Mesopotamia the arts had 
reached a remarkable level, and technology had done 
wonderful things before there existed any serious history. 
Even in the modern centuries the development of his- 
torical scholarship has proceeded at a slower pace than 
that of the natural sciences; and the intellectual revolu- 
tion—with the modern techniques of discovery—comes 
in the nineteenth rather than the seventeenth century. 
In generations which were capable of the most profound 
philosophy and the most abstruse mathematics there 
would flourish a remarkable credulity about the records 
and stories of the past. In the middle of the nineteenth 
century, when the archives of the European capitals were 
being opened, a great stimulus was given to the subject— 
men felt that now, at least, they could really get down 
to the study of history. For centuries before that, they 
had more or less accepted the history provided for them, 
but it is not clear that they committed their souls to it, 
except where it was guaranteed by revealed religion. 
They would scarcely realize how many of the facts of 
history were going to be capable of more secure establish- 
ment in the future. 

So it seems that Homer was accepted as history at 
first—the only available account—though the Greeks had 
not’ yet scrutinized very carefully their notion of his- 
toricity. For the knowledge of these early periods it 
was perhaps a handicap that in Homer they possessed 
such an impressive substitute for history. The epics were 
so regarded as the genuine article that the first serious 
attempts at historical criticism were directed at their 
contents. There was no possibility of discovering dates, 
but family trees were important, and some of the Greek 
noble families claimed descent from epic heroes. Here 
legend and history seem to meet. It would appear to be 
genealogy which first called for investigation. 

The remoter periods always presented special diffi- 
culties. It was no easy matter to recover recollections 
that had once been lost. A short-term memory was a 
more practicable affair, however; and the more serious 
kind of history developed through the recording of recent 
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events. It is possible shat in every age and society men 
refer to the past—if pnly to the recent past—for the 
understanding of preseat-day problems and even for their 
very formulation. Because we ourselves have become so 
historically minded, ard because we have come to be so 
aware of the continuity of processes in history, we carry 
this tendency almost -nfinitely further than our distant 
forefathers took it. Whether we are discussing Vietnam 
or the incidence of prostitution, we slip into a kind of 
historical retrospect before we are aware of what we are 
doing. With us at least, it seems that talk about the 
present slides almost insensibly into talk about the past. 
But even thousands of years ago—and even before the 
existence of historical study—the same tendency is 
visible on occasion aad it operated as a stimulus to 
historiography. One of the earliest pieces of historical 
narrative that we possass is a royal account of a quarrel 
over a frontier. The victor in the conflict, as he announced 
its settlement and laid out his case, referred back to the 
original fixing of the boundary and the successive infringe- 
ments of it by his eneray. Some of the most remarkable 
examples of historical writing in the ancient world come 
from the Hittites, whc, centuries before any part of the 
Old Testament had been written, provided their peace- 
treaties with historical sreambles, and would even produce 
a similar résumé to exp:ain an act of governmental policy. 
The very considerable historical literature of ancient 
Egypt and Assyria was the work of people who showed. 
no sign of having any real interest in the past. It came 
from monarchs who desired to place on record their own 
building achievements, their prowess in the hunt and their 
victories in battle. What they intended was either to 
overawe their contemporaries or to make sure of their 
future fame or to express their gratitude to the gods. 
There developed, therefore, the history of the type, of 
commemorative tablet, and it was produced on @ massive 
scale, sometimes with elaborate literary ornament, but it 
was bound to lead to 2 dead end. At the same time, it 
remained true for thausands of years that the history 
which most gripped ths rails and came closest to authen- 
ticity was that which men wrote about the events in 
which they had taken. part or which they had more or 
less observed. The attempt to reconstruct a distant past 
from raw materials—irom literary and archaeological 
survivals—is, on the whole, a remarkably modern enter- 
prise. The best history was like that of Thucydides—like 
that of Winston Churchill, giving his account of the great 
wars in which he had zaken part. Those who undertook 
to write about remotes periods relied to a considerable 
degree on the men who in those periods had narrated 
what we call contemparary history. It was in the year 
1824 that Ranke produced quite a milestone in the 
history of historiography by demonstrating that it was 
not a satisfactory thing to take one’s account of a given 
period from the writer of that period, the men who had 
written “histories of taeir own times”. 

The Old Testament brought things to a new stage. It 
envisaged the whole o? mankind from the Creation and 
then presented a full-lerzth national history. The influence 
of its presiding idea heed to give shape to what became 
the Western view of the time-process. 

The ancient Hebrews had been a semi-nomadic people, 
and it was charactorist-c of such clans that they yearned 
to enter the territory >f the sedentary populations and 
share the benefits of sattled agricultural life. They ex- 
pected their god to vindicate himself by procuring 
this; and the most vivid of the Hebrew fold-memories 
concerned the way in which they had been brought out 
of the land of Egypt to the country of the Promise. By 
all the rules of the game they ought to have then pro- 
ceeded to adopt the Neture gods and the fertility rites of 
settled agricultural peoples; but their semi-nomadic 
beliefs prevailed—they turned from the gods of Nature 
to the God of history. When others had ceremonies for 
the cycle of the seasons, they preferredeto celebrate 
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historical events. If young people asked why they should 
obey the commandments, the answer was “Because God 
brought us up out of the land of Egypt’’. They stressed 
the fact that their God had kept his Promise; and the 
Promise was a developing thing, always turning out to be 
something higher than had previously been thought. Also 
their nation was to be blessed by heaven at the finish. 
History pointed to a grand consummation some time. 

History, then, was not merely cyclic—mere aimless 
revolving and vain repetition. The ancient Hebrews 
would, insist on occasion that God, besides being the 
original Creator, could go on doing new things, as time 
proceeded. Christianity itself emerged as a ‘historical’ 
religion in a peculiarly technical sense of the words. We 
can see the way in which St. Augustine decided that the 
cyclic view of history was incompatible with Christianity. 
The West developed under the presidency of these Jewish 
ideas and for more than fifteen hundred years the men of 
Europe could learn about their religion only through a 
Bible that was packed with history. 

Later ages have seen in the Old Testament almost an 
adumbration of the future idea of progress. Towards the 
` end of the seventeenth and in the eighteenth centuries 
this idea was superseding Greek cyclic views and the 
belief that the natural processes of time bring decadence. 
The change was partly due to the realization of the 
accumulating achievements of the sciences and tech- 
nology. But the general idea of progress may have 
involved an element of faith—a belief in the future, 
almost the notion of history as based on the Promise. 
Once the idea of progress had emerged it gave a further 
stimulus to the study of history itself. Now it was possible 
to organize the memory a little more, to give shape to 
the human story, and to see the whole in terms of develop- 
ment. It was possible to put to history a further range 
of questions. One could ask it to show how mankind, 
from its primitive beginnings, had come to its present 
civilized state. ` . 

There was a sense in which men had always gone to 
history for answers to questions; and almost before they 
had any history they would investigate genealogies, as we 
have seen. At the next stage, certain miscellaneous prob- 
lems tended to attract them. We meet these in ancient 
Mesopotamia, in the Old Testament, amony the ancient 
Greeks, in Renaissance Europe, and elsewhere. Once the 
initial curiosity had been aroused, the same type of 
question seems to have been presented everywhere. 
People wanted to know why mankind had been divided 
into nations and why, among the nations, there was such 
a confusion of tongues. They asked how tribes and 
cities and rivers had got their names. They wondered 
why a certain place—a well or a mountain perhaps—had 
come to be considered sacred. At this stage of their 
development, the question would be answered by the 
telling of a story. In ancient Babylonia the priests rather 
than the monarchs were responsible for the records and 
they tended to bring history closer to the problems of 
human. destiny. Here one particularly observes the device 
of explaining things by giving an account of their origins 
—in other words, producing a myth. 

It was in ancient Greece that questions began to be 
answered more effectively: and the advance was connected 
with a wider rationalizing movement, a great development 
in what we should call the sciences. It was assisted by 
the fact that an interest in neighbouring countries had 
led to geographical and ethnographical studies; and 
history emerged in Greece as almost the by-product of 
these. It made its appearance in a more scientific context; 
and there was a disposition to account for both geo- 
graphical and historical phenomena on more naturalistic 
lines. The belief that the gods constantly interfered in 
the course of events must hitherto have obstructed the 
discovery of laws and procésses in history. 

The leadership of the Greeks became most important, 
however, in the scientific use of the facts that the historian 
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establishes; and this came to Europe at the Renaissance 
They learned to extract from all the complexity oi 
material certain types of data that could be usefully 
collated with one another. A famous example of this was 
followed also by Machiavelli when he was setting out to 
show that politics should be handled in a scientific manner. 
It involved a comparative study of all the conspiracies oj 
history, from which it was possible, for example, to dis- 
cover maxims for men who wanted to assassinate then 
king. Perhaps the most famous and successful use of 
this method is the case of the Marxists studying all the 
revolutions of history for the purpose of arriving at a 
proper technique of revolution; Richelieu and Napoleon 
are among the men who claimed to have studied historical 
examples in order to learn maxims of policies. For cen- 
turies, from the time of the Renaissance, the promoters 
of historical study insisted that it provided a training 
in statesmanship. 

But the more scientific treatment which the Greeks 
tried to give to established historical data—the hunt for 
correspondences and. correlations—led in the long run to 
a different way of thinking and talking about man’s 
activity in the world, a different sense of the part that 
he plays in the unrolling of time. It brought into existence 
the consciousness of the processes that take place in the 
course of human history. For the political analyst, the 
City-States of Greece were excellent laboratory specimens, 
where the processes (the transition from monarchy to 
democracy, for example) took place on a comparatively 
small scale—not too complicated by other things, fairly 
visible to the naked eye, and telescoped into a reasonably 
short period of time. The processes could be examined 
and, for example, it was not the modern Marxists but the 
world of classical antiquity that first brought out the 
significance of the class-conflict in the whole development 
The coming of the modern idea of progress 
greatly increased the disposition to look for deeper move- 
ments underlying the whole human drama. Whereas 
history had once been written as though it involved mere 
acts of will on the part of men and gods—acts of will 
taking place in the free air—there emerged the view that 
human. beings are involved in processes, entangled in 
systems of conditioning circumstance. Whereas one’s 
first impulse is to blame entirely the wills of a few people 
for the outbreak of the First World War of 1914, Prof. 
Temperley pointed out that one must go back at least as 
far as Bismarck in 1871 for the origin of that War. From 
that earlier’ date sprang the tendencies and developed 
the predicaments which set the terms for human action 
later. Over the course of the centuries the actual writing 
of history has changed its character, therefore, and its 
texture is no longer that of the mere story—the story of 
men doing just this and then that. What we call historical 
narrative in a man like Ranke or even Macaulay 
has a more analytical quality—the story wrapped up 
in expositions of processes and conditioning circum- 
stance. 

Furthermore, from the quasi-scientifie use of the kind 
of data that the historian establishes there sprang a sort 
of political science, but later also political economy, 
various types of social study and. other specializations 
like military strategy. They became autonomous and 
separated themselves from history; and in the course of 
time some of them were able to emerge as rivals to it. 
They have occasionally tried to make the return journey 
—their results are fed back into history and they may end 
by trying to secure dominion over it. We may be told 
that, on the last analysis, it is the study of the economic 
substructure of history that really matters. In the 
twentieth century—and not least in the United States— 
the relations between history and the social sciences have 
formed a crucial issue, for some have wanted to see 
history interpreted as really a branch of social science. 
On the other hand, the question might arise as to whether, 
after all the associated kinds of science have been 
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rbstracted from it, there 1s anything left for the residual 
study—mere history. 

We can see, therefore, how the memory of the human 
race has tended to acquire a certain form and organization. 
In general, the study of the past has affected at different 
evels our consciousness of life in time, and our feeling 
for the processes of time. It alters our vision of the 
sresent day, just as a piece of landscape must look 
lifferent when the observer has tne eye of a geologist 
[t affects our everyday habits of mind: and somebody 
has said that in the nineteenth century all thought ran 
30 history—a fact very noticeable in politics, theology, 
dhilosophy and even natural science. Between this last 
and the study of history there have been interesting 
nteractions, particularly at the birth of rationalism in 
arly Greece and after the scientific revolution of the 
seventeenth century. From the eighteenth century even 
the scientists were showing a consciousness of time, as 
though the ultimate objective was to lay out the whole 
story of the physical universe. It should be remembered 
shat, though we think of the historian as recovering the 
truth about the past, he 1s often revealing things never 
previously known to any man. We no longer hold the 
view (which until comparatively recently was sufficient 
for our predecessors) that somebody in the past always 
knew the truth about what had happened, and all that 
was necessary was to find this man. In the crisis of July 
1914, every Foreign Office in Europe would have internal 
knowledge of only its own policy and its own reactions 
30 the conduct of other Powers. The historian, using the 
papers of all the Foreign Offices concerned, can reach a 
kind of knowledge not possessed by any of the statesmen 
of the tıme. He can therefore give a higher organization 
to the whole story. 

It is proper, moreover, that history should hold its 
zround as a thing possessing its own function and nature. 
Those who try to show from psychoanalysis what ‘must’ 
aave happened may be liable to contradiction by new 
locumentary evidence. Events are now always historically 
astablished if the case in their favour depends on some 
3conomic theory that is fashionable at the moment. 
There 1s need for a form of study that, in a sense, keeps 
close to earth, merely establishing what it was that 


actually ‘happened’. The need is all the greater, and the 
point becomes fundar-enial if we remember how much, 
in the workings of time, must still depend on the wills of 
human beings. We cannot exempt the men of July 1914 
from all responsibility’ or pretend that everything was 
predetermined, the present simply the direct product of 
the past Between the past and the future there always 
lie the decisions that numan beings make in the living 
present. Because these can never be simply inferred, we 
must go to the evidence for them, and history must 
remain an empirical stady. 

Men may be entangied in a network of conditioning 
circumstance, but it is live men who are so entangled— 
men liable to make one decision at breakfast-time and a 
different one at dinner-time. It is important not to lose 
sight of these live human beings and not to eliminate 
their role by saying thet they are mere products of their 
age. They are individual fountains of life and action, and 
all the factors that play on their minds are churned and 
recombined inside each of them, so that we can still never 
quite predict their actien. Sometimes the historical pro- 
cesses which seem to paralyse their activity can bring a 
colossal leverage to the force that a single one of them 
exerts. At the same time, the view that recognizes this 
importance of the personality in the machinery of time 
must always allow a similar force to the operation of 
contingency. A short story may tell about hundreds of 
tiny actions, but one single coincidence among these may 
transform the entire development. Once again, we 
require, not merely a science of general laws, but an 
empirical study of detailed happenings, and a search for 
the ones that are pivotal. There is something in history 
to which justice cannct be done save by the kind of 
narrative in which we Jo not quite know what is going 
to happen next. It is true, then, that we need to study 
all that system of nezessity which conditions human 
action, and interpretat-ons of history tend to be com- 
mentaries on just that system. But we examine it rather 
to increase our control—we learn about 1t so that we may 
know better where our freedom lies. Because history so 
involves the awareness »f this play of personality, it may 
be the safeguard for humanism in a technological 
civilization. 


MAN-MADE LAKES 


AN-MADE lakes are coming to occupy a substantial 
area of former land. In Africa, for example, the 
1,700 square miles of Lake Kariba on the Zambesi, the 
3,200 square miles of Lake Volta in Ghana, the 1,800 
square miles of Lake Nasser on the Nile, and the 500- 
square-mile lake due to form behind the Niger River dam 
at Kainji, will flood more than 7,000 square miles, and 
some 200,000 people are having to be resettled from the 
dooded areas. 

The magnitude of these lakes demands that the fullest 
ase be made of them. In addition to hydroelectric power, 
for which most of the dams are primerily constructed, 
their creation provides innumerab!e new opportunities, 
for irrigated farming, for fisheries development to supply 
much-needed protein, for transport, for the creation of 
nature reserves, National Parks and tourism. Some of 
the lakes are probably large enough to affect the local 
climate. The resettlement of people provides exceptional 
opportunities for inducing social and economic change, 
and for improving health. But to achieve all these 
things, each new lake must be considered as part of an 
integrated lake-basin development programme, and 
multi-disciplinary research is essential. Soil and vegetation 
surveys should be carried out to find suitable agricultural 
and for the displaced people Biologists should be 


concerned with problems of flooding, bush clearing, weed 
control and fishery development; anthropologists and 
sociologists with resettlement. Geographers and archaeol- 
ogists and many others should come together with the 
engineers and hydrologsts. 

The United Kingdom lso has 1ts problems of man-made 
lakes, essential ın a civilization whose demands for water 
increase at 4-5 per cenz per annum. The old idea of 
@ reservoir for water-suoply only 1s giving way, under 
pressure, to the new idea of multi-purpose use, including 
recreation. Moreover, new lakes may encroach on the 
sea as well as on the lard. Reclamation of estuaries, for 
freshwater supply as wall as for agricultural land, has 
long been carried out in Holland, and the feasibility of 
doing something simila% ın Britain is now being con- 
sidered in relation to Morecambe Bay and the Solway 
Firth. The Wash and the Thames have been suggested 
as other possibilities; “vhıle in Hong Kong an arm of 
the sea is to become a freshwater reservoir very soon. 

The integrated investagation of such man-made lakes 
is comparatively new, and information is widely scattered. 
Therefore the successfid symposium organized by the 
Institute of Biology during September 30—October 1 on 
this subject was very wekome. The meetings, which were 
held in the Royal GeograJhical Society hall, were attended 
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by about 200 delegates, including biologists, hydrologists, 
engineers and sociologists. It was a little surprising that 
there were present very few geographers, though they 
might have been expected to be specially attracted by 
this synthesis. The representation of disciplines stimulated 
lively discussions at each of the four sessions. As the 
study of man-made lakes is still in the data-gathering 
stage, each new lake is helped by the information derived 
from. its predecessors, which adds to the importance of 
collating information as soon as it is available. 

The first day was devoted to man-made lakes in the 
tropics; the second to those of the temperate zone. In 
each case the morning session was concerned primarily 
with aspects of the natural history of such lakes, and the 
afternoon. sessions with problems arising from making 
and using them. As all the papers had been circulated 
before the meeting, contributors spoke briefly, summariz- 
ing their papers, adding up-to-date points, and illustrating 
them with photographs and slides. This allowed the 
maximum. time for discussion. 

The meeting was opened by Dr. Barton Worthington, 
scientific director of the International Biological Pro- 
gramme, who, as chairman of the first session, gave an 
introductory survey of the major schemes in progress 
and prospect in the tropics. He emphasized the beneficial 
influences of the great natural lakes of tropical Africa 
on those countries which are lucky enough to possess 
them, and pointed to the advantages of planning the 
new man-made lakes in such a way that they would 
bring similar benefits. Some biological research on the 
productivity of these lakes is already being done under 
the aegis of the International Biological Programme 
which has an integrated plan for expanded research 
Next, followed papers on the hydrology and fisheries of 
Lake Kariba by D. Harding, formerly of the Zambian 
Fisheries Department; on the biological investigations in 
progress on the Volta Lake by Prof. D. W. Ewer, Univer- 
sity of Ghana; and on the Brokopondo research project 
in Surinam, another 500-square-mile lake formed by 
closing the Suriname River dam in February, 1964, by 
Dr. P. Leentvaar. From data given in these three papers, 
a pattern emerged, of aquatic deoxygenation after the 
dams are closed and of the mvasion of the new lakes by 
floating plants. At Kariba, there was also a huge burst 
of fish production. Supplementary data were provided 
on the hydrology and zooplankton of the artificial lakes 
on the Nile, such as the Jebel Aulia reservoir, by Dr. J. 
Rzoska and Dr. J. F. Talling, and by Dr. D. J. Lewis on 
the problems of mosquitoes and malaria which were 
associated with their formation. The research in progress 
on the River Niger in anticipation of the lake to be 
formed above the Kainji dam was described by Dr. E. 
White, who had just returned after a survey conducted 
by fourteen scientists drawn mainly from the Universities 
of Liverpool and Ife. 

In Africa, where the man-made lakes are all impounded 
from large rivers, they have a much larger through-put 
of water than the natural lakes. The Nile impoundments 
at Sennar and Roseires fill and empty every year; Kariba 
with its much greater volume took four and a half years 
to fill. But R. S. A. Beauchamp mentioned that Lake 
Tanganyika, if emptied, would take 1,500 years to fill 
from its inflows. These differences are reflected in the 
water chemistry of the ‘young’ water of the new lakes 
and the ‘old’, almost fossilized, water of the old lakes. 
As a contrast, Dr. C. M. Yonge spoke of the problems of 
turning an arm of the sea into fresh water in Hong Kong, 
with an abrupt change from salt water to fresh water. 
A lively discussion was stimulated by the question how 
much notice and research are needed for biologists and 
hydrologists to make useful prognostications of happen- 
ings in the stored water, for engineers to take the requisite 
remedial measures. l 

The meeting was fortunate in having Sir Robert 
Jackson, special adviser to the United Nations Special 
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Fund, as its chairman for the afternoon session concerned 
with the problems arising from making lakes in the 
tropics, for Sir Robert has been intimately involved with 
the Volta and other schemes for a long time. Two 
papers presented were on the establishment of fisheries 
in the new lakes, by P. B. N. Jackson of Jinja and the 
Food and Agriculture Organization, and by Dr. L. Joeris 
of the Food and Agriculture Organization Kariba Research 
Institute; Dr. E. ©. S. Little of the Weed Research 
Organization spoke on the invasion of man-made lakes 
by plants, and Dr. B. B. Waddy of the London School of 
Hygiene and Tropical Medicine on medical problems 
arising from making lakes in the tropics. The social 
and economic problems of the indigenous peoples were 
discussed by Dr. T. Scudder of the University of California, 
who had studied the displaced Tonga at Kariba and 
been concerned with the plans for the resettlement of the 
Nubians from Lake Nasser and of those people to be 
displaced by the Kainji Lake. Additional contributions 
came from Prof. W. E. Kershaw on the Stmulvum problems 
at Kainji, from Dr. C. F. Hickling on weed control and 
barriers to fish migration. Dr. C. G. L. Bertram com- 
mented on the idea of using manatees to control aque.tic 
weeds. 

Sir Robert Jackson pointed out that the budgets of these 
large schemes may be limited by outside factors, in the 
case of Volta by the price of aluminium. The budgets 
of the consultants have to be framed to fit and this may 
mean, that not enough money can. be allowed for research, 
for resettlement or for clearing bush. The Government 
concerned will then have to try and find other funds, 
and until the research is done it is difficult to convince 
Governments of such needs. In developing countries the 
sheer weight of problems needing solution, falling perhaps 
on relatively few trained personnel, may lead to serious 
delays. 

Clearing the bush from land to be flooded is costly. 
How much clearing is really necessary to enable the 
lakes to be profitably fished? Experience has shown 
that the main species of fish in the man-made lakes of 
Africa, Tilapia and Labeo in particular, can best be 
caught in bottom-set gillnets which are impossible to use 
unless the flooded land has been cleared. Furthermore, 
rotting vegetation, if the bush is not cleared, causes 
extensive de-oxygenation, so that the bottom waters 
become barren of fish and other life, and strongly sul- 
phurated waters affect the turbines. How long these 
situations will persist depends on the shape, size and 
position of the lake in relation to temperature changes 
and prevailing winds. Lake Kariba, lying more than 
1,500 ft. above sea-level and some distance from the 
equator, has a seasonal overturn which carries oxygenated 
water to the bottom. Lakes Volta and Brokopondo, 
lying nearer the equator and at a lower altitude, have 
less marked seasonal changes, and de-oxygenated bottom 
waters have persisted throughout the year. But, as the 
last-mentioned two lakes only started to fill in spring 
1964, it is too soon to say how they will continue to 
behave. Lakes Kariba and Volta are both in savanna 
bush country. At Kariba a sizeable sum was spent on 
clearing, and a fishery developed almost immediately. 
On the Volta site very little clearing was done; there is 
as yet no significant fishery. Brokopondo lake lies in 
high rain forest and no clearing was attempted. Lake 
Nasser lies in desert so the problem of clearing does not 
arise. But for the Niger lake, which is to be filled in 
1967 and which lies in savanna bush, the question of 
how much bush needs to be cleared is now an urgent 
issue. 

Uncleared bush also aggravates the weed problem. 
Dramatic photographs of Kariba showed the mats of 
floating weed, Salvinia auriculata and Pistia stratiotes, 
accumulated around the tops of submerged trees. Such 
weed impedes access to the shore, interferes with lake 
transport and fishery development, and provides a 
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stratum on which larger sudd-forming vegetation is able 
to establish itself. But in time the Kariba weed has 
died down, and is now confined to bays and inlets. Volta 
Lake, where an anxious watch and chemical sprayings of 
possible foci have been used to prevent weed growth, was 
at first free of weed, but it now also has the problem of 
Pistia accumulation. In Brokopondo in South America 
the water hyacinth, Eichhornia crassipes, has invaded 
large areas of the lake, and a water fern, Ceratopteris 
thalictroides, has established itself also. The Congo and 
Nile are among the many waters to have suffered from 
extensive Hichhornia outbreaks, and the high cost of 
weed control, necessary to keep channels open for naviga- 
tion and to stop the weed mats blocking sluices and 
turbines, makes any research which is designed to prevent 
outbreaks well worth while. There is a further important 
problem concerning the influencing of floating vegetation 
on the hydrology, arising from the evidence that trans- 
piration from the plants is higher than evaporation 
from an equivalent area of free water surface. 

The great new tropical lakes around which whole 
populations have to be resettled provide a wide range of 
human as well as biological problems. Health measures 
are essential in connexion both with dam building and 
resettlement. The labour force is relatively easy to care 
for, but there is likely to be a most unhealthy focus of 
concentrated humanity with heavy parasite loads at 
some boom-village near the dam site, composed of those 
who came there hoping for jobs but were found unfit. 

Several illnesses associated with water require study. 
Oncocerciasis carried by Simulium, the larvae of which 
live in running water, may become less of a problem as 
the river becomes a lake, but malaria and schistosomiasis 
are both associated with still water and may present 
greater dangers. There are also disease hazards when 
people are moved to their new homes. The mental stress 
-of adopting a new way of life away from familiar and 
sometimes sacred things like graves of ancestors and 
shrines is not the least of the problems. Land has to be 
cleared for cultivation in the new areas, and after moving, 
the people have to await the rains before the new gardens 
can be planted. Anthropological and archaeological 
studies in the lake area, before, during and after flooding 
may help to understand and mitigate such problems. 

Sociologists have found that the removal period 
provides opportunities which should not be missed. The 
resettled people tend initially to be in a state of culturel 
Shock, and at this time are receptive to new ideas; for 
example, new fishing methods can then be introduced. 
But in a few years’ time a period of resistance to new 
ideas tends to set in, so the opportunity is lost if not 
seized at once. Resettlement calls for much advance 
planning, land surveys to determine suitable agricultural 
land and alternetive means of employment if land is 
short, as well as building new villages. If the fishery is 
to be fully developed, fishing schools will have to be 
established to teach the people to use the new types of 
gear necessary to crop a Jake. Moreover, the best gear 
must be decided and made available, including boats 
with engines to cover the larger area of water. Experience 
shows that not enough time and resources are generally 
allowed for these complicated operations. 

The Dutch have unrivalled experience in impounding 
waters from the sea, and the meeting was fortunate in 
having Dr. K. F. Vass, Director of the Hydrobiological 
Institute, Yerseke, Holland, to speak on lakes in Dutch 
reclamation schemes. This contribution opened the 
discussion on the natural history of man-made lakes in 
the temperate zone under the chairmanship of Dr. J. W. G. 
Lund. Papers followed on the biological implications of 
the proposed barrages across Morecambe Bay and the 
Solway Firth by Mr. H. C. Gilson, of the Freshwater 
Biological Association, and on the hydroelectric schemes 
in Scotland, especially their effects on the salmonid 
fisheries, by Dr. K. A. Pyefinch, from Pitlochry. 
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In addition to water supply, an area such as Morecambe 
Bay impounded by a. barrage could provide water for 
cooling power stations, a road to the north-west, and 
recreational facilities Hr sailing, fishing, etc. Additional 
information was consributed on weed and plankton 
growth in Loch Leven by Mr. N. C. Morgan, as this lake 
was thought to be one which the impounded Morecambe 
Bay would come to resemble. Mr. Gilson predicted that 
Morecambe Bay could_support a good trout fishery, but 
management would be necessary because it would tend to 
become rich in pike and eels. The problems of the 
descent of salmon smolts to the sea could perhaps be 
overcome by trapping them in fresh water, acclimatizing 
them to brackish water and then releasing them in the 
sea. 

The behaviour of salmonids, which support valuable 
sport fisheries, and tha survival of smolts as they pass 
through turbines, were discussed with reference to the 
Scottish experience of che use of louvres to deflect smolts 
from turbines. Experience showed that biologists need 
extensive knowledge cf the engineering details of such 
schemes and the physiology and behaviour of the fish 
to give proper advice. 

The extensive investigations carried out in the U.S.S.R. 
on man-made lakes, which were described by Dr. J. 
Rzoska, have been made mainly in the temperate zone. 
The pattern common tə most new lakes is of the original 
stock of river food bemg demolished and fish spawning 
grounds disturbed in the first year, often followed by a 
period of accelerated fish growth and increased yields 
associated with eutropnication and leaching of soils. It 
takes at least 10 years before the zooplankton becomes 
stabilized, and up to 18 years before the benthic fauna 
settles down. The fisk fauna changes enormously, often 
in ways not foreseen, so that it may take in all more 
than 20 years before the new lake is stabilized. Even 
then it may be found that some ecological niches are not 
filled. Where the emphasis is on the production of fish 
for food, should gaps in the food chain be closed by 
introductions of benthic fauna, or of fish to utilize the 
productivity of the zooplankton ? Russian experience has 
also shown how reservairs create conditions for the spread 
of animals: the Caspien fauna is spreading northwards 
and the northern fauna southwards. The study of 
man-made lakes is considered so important in the U.S.S.R. 
that a new institute and a journal for publication of 
results have been especially established. 

At the final session, under the chairmanship of Prof. 
O. E. Lowenstein, othe? problems associated with the use 
of man-made lakes in the temperate zone were considered. 
Papers were presented on engineering and economic 
aspects of large-scale water supply by F. Law of the 
Fylde Water Board; on maintaining the safety and 
quality of water supplms by Dr. G. U. Houghton of the 
South Essex Waterworzs Co.; and on the multi-purpose 
use of reservoirs by L. H. Brown, Mid-Northamptonshire 
Water Board. 

Mr. Law compared the costs of water storage -by 
conventional means (same £400 per million gallons) with 
estimated costs for stcrage behind a sea barrier, which 
he thought would be about eight times as great. Differ- 
ences in water supply in the north-west and south-east 
of England were commented on. In the north-west 
there is more rain, buz in the south-east larger storage 
reservoirs are necessary to guard against a series of dry 
years. In the north-west the water is used once only, 
but in the south-east it may be used several times, being 
circulated through sewage works, back into the rivers 
and then used again farther down-stream before going to 
sea. The health aspects and types of filters and treatment 
plant were described by Dr. Houghton. Would it be 
cheaper for people to have their own filters and use 
untreated water for purposes such as washing cars? And 
how does metering affect water costs? Another contri- 
butor to the discussion pointed out that desalinization. 
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costs were falling, whereas conventional storage costs 
were rising. 

The final paper, on experience gained in the United 
States in recreational use of artificial waters, was given 
by R. H. Stroud of the Sport Fishing Institute, Washing- 
ton, D.C. ' After considering fishery management in 
reservoirs, Mr. Stroud ended with a very useful commen- 
tary on some of the work described in earlier papers, 
including the tropical work. A main question in the 
discussion which followed was the extent to which water 
supply can be considered in isolation from other uses of 
reservoirs. With the development of motor-ways opening 
up the country, there is increased demand for access to 
reservoirs for recreational purposes. Since the water is 
treated anyway, there may be little harm in allowing 
access to reservoirs for fishing, sailing and bird watching, 
though access must be controlled to prevent abuse. 
Some recreational interests may conflict: reservoirs 
which are wild fowl reserves would suffer if opened to 
the general public, and water-skiing is not popular with 
anglers. Experience in the United States strongly 
supports the multi-purpose use of reservoirs. In the 
United States 95 per cent of the waters are publicly 
owned, in contrast with many waters in private: hands 
in the United Kingdom, and the surprisingly high figure 
of 40 per cent of the commercial food fish eaten in the 
United States is caught by anglers. 

The information required from biologists by engineers 
was discussed. It was pointed out that engineers have 
to reach decisions whether or not all the facts are known ; 
therefore, biologists should, perhaps, be more concerned 
with orders of magnitude than with seeking answers in 
too precise quantitative terms, when trying to assist 
engineers. Biologists need a data-gathering stage, and 
experience suggests that five or six years is necessary if 
the biologist is to advise soundly on large and complex 
schemes. Each study helps later investigations, and 
there is a, great need to record results fully and to co-ordin- 
ate the experience now gleaned from the various projects. 
Turning a river into a lake, as was pointed out by F. T. K. 
Pentelow, is bound to lead to an unstable situation. The 
period needed to attain stability in each case can, at 
present, only be guessed at, but will be a function of the 
generation time of the plants and animals surviving or 
introduced. Thus it is probably longer in higher latitudes 
than in the tropics. Some problems arising, such as weed 
growth, may solve themselves, but there is a need to 
define the long-term and persistent problems before 
tackling them. A general pattern which emerges is that 
there is likely to be very high productivity in the first 
year or so after the lake fills, due to leaching of the soils 
and decomposition of drowned plant and animal matter. 
Then there may be a rather abrupt fall in productivity, 
followed by a period of many years before the lake 
stabilizes. Estimates from experience gained in the 
U.S.S.R. suggest at least 6-10 years in lakes below latitude 
50° N. and 25-30 years in higher latitudes. 

At every session discussions were vigorous and many 
questions remained unasked and unanswered. Since 
biologists have to predict results, such as the yields of 
fish likely from certain bodies of water, before the research 
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is done, in order to justify and obtain funds for research, 
one would have liked more information on how actual 
yields have borne out predictions—and on the reasons for 
any major discrepancies. Moreover, there is still need 
for data from natural lakes which guide to predictions 
for man-made lakes. There was no mention of the fact 
that Lake Victoria, nearly the size of Ireland, is now the 
largest reservoir in the world by reason of the Owen 
Falls dam at its outlet. One would have liked, too, to 
have heard what happens to the accumulative chemical 
pesticides when water is purified for re-circulation. As 
Mr. Stroud pointed out, the enormous amount of work 
on the 1,200 reservoirs in the United States was scarcely 
considered; these cover a wide geographical range, and 
data from them, now being processed by computer, might 
help predictions in other areas. 

The symposium brought out clearly the opportunities 
presented by the making of new lakes if the problems 
are tackled in a multi-disciplinary manner. There is 
always a need for a strong focal point to bring the biologists 
and sociologists into touch with the engineers at an early 
stage. The time factor is vital: not only must the research 
start early enough, but it is also necessary to beware of 
the hiatus which often occurs between the initial scientific 
work on a scheme and its implementation. This gap 
may last years while finance is being sought and it often 
causes a loss of impetus in the scientific programme. As 
a result a hastily organized crash programme becomes 
necessary. 

In addition to the formal papers presented and dis- 
cussed, this symposium was particularly valuable in 
bringing together representatives of varied disciplines. 
Many of those attending had never before had the oppor- 
tunity to meet their colleagues working on similar 
problems in other parts of the world. Thanks are due to 
the Institute of Biology for organizing the meeting, and 
to the Royal Society, the Ford Foundation and the Ameri- 
can Conservation Association, who provided travel funds 
to enable some of the overseas delegates to attend. 

The desire was expressed, especially by the tropical 
workers, for a meeting a few years hence, to bring the 
working scientists and engineers together again, preferably 
on one of the new great lakes in the tropics. Air fares 
may seem expensive, but exchange of experience and the 
proper planning of these great developments can prove a 
sound investment. Another follow-up to the symposium 
may be expected in the field of information and biblio- 
graphy. Stimulated by the special interest of ICSU in 
the subject, the African Science Board of the National 
Academy of Sciences, Washington, D.C., has arranged 
for the preparation of a selected guide to the literature 
on man-made lakes, and copies were available at the 
symposium. Another bibliography, on reservoir fishery 
biology in North America, was issued this year by the 
Department of the Interior, Washington, D.C. Perhaps 
there is a case now for establishing a small bureau of 
scientific information on all aspects of man-made lakes, 
so that data can be collected and distributed without 
the inevitable delays associated with the normal routine 
of publication. ROSEMARY L. MCCONNELL 

E. B. WORTHINGTON 
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Prof. Jocelyn Patterson 


PROF. JOCELYN PATTERSON, head of chemical pathology 
abt Charing Cross Hospital Medical School, University of 
London, since 1948, died suddenly at his home in Chorley 
Wood on September 6 within a few days of his sixty-fifth 
birthday. 

He was educated at Armstrong College, University of 
Durham, and graduated with first-class honours in 


chemistry in 1920; the following year he was awarded a 
Master’s degree. His first research work was on the 
halogenation of unsaturated hydrocarbons and on organic 
sulphur compounds. Moving to St. Salvator’s College, 
University of St. Andrews, he gained his Ph.D. in 1923, 
and worked under the direction of the late principal, Sir 
James Irvine, much of this time acting as the latter’s 
private research assistant. Here he gained wide experience 
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in the chemistry of carbohydrates, especially with regard 
to fructose and its derivatives. 

In January 1924 Charing Cross Hospital and Medical 
School were fortunate and wise to secure his services as 
their first biochemist and lecturer in chemical pathology. 
His research activities were chiefly on quantitative 
aspects of chemical pathology. 

In 1938, collaborating with H. W. C. Vines (later pro- 
fessor of pathology at Charing Cross Hospital) and others, 
he assisted in writing The Adrenal Cortex and Inter- 
sexuality, and in 1952 he contributed a section to Recent 
Advances wn Chemical Pathology. Apart from his main 
interests, many papers published by other Charing Cross 
staff acknowledge the assistance he gave to them in their 
work; indeed, his wise and balanced judgement was widely 
sought and appreciated by all who came into contact 
with him. 

After the Second World War in 1947, when the pre- 
clinical school of Charing Cross was re-established, Prof 
Patterson became responsible for the teaching not only 
of chemical pathology but also of biochemistry. In 1948 
the University of London conferred on him the title of 
professor of chemical pathology. Just previous to his 
death the University of London conferred on him the 
title of emeritus professor. He served as vice-dean of the 
Medical School from 1954 until 1957, served on the 
School Council, and for many years he was on the Board 
of Governors of the Hospital. He was a member of the 
Boards of Studies in Biochemistry and ın Pathology and 
also of the Board of Pre-Clinical Studies of the University 
of London. After Charing Cross Hospital became assoc- 
ated (in 1959) with the West London and Fulham 
Hospitals, Prof. Patterson took on the additional 
responsibility of supervising their chemical laboratories. 

Prof. Patterson’s hobbies included gardening, and at 
his home in Chorley Wood he had a beautiful well-kept 
garden. 

In 1926 he married Kathleen (née Thompson), who 
survives him. To her and his son we extend our sym- 
pathy. W. J. HAMILTON 


Prof. Wilfred Merchant 


Pror. WILFRED MERONANT, professor of structural 
engineering in the Faculty of Technology, University of 
Manchester, since 1957, died on October 12 at the age of 
fifty-three after a long illness. He was educated at Man- 
chester Grammar School and graduated with first-class 
honours in engineering science at Oxford in 1933. He 
then spent a number of years with a large firm of struc- 
tural engineers 

He held a Commonwealth Fellowship at the Massa- 
chusetts Institute of Technology and obtained the degree 
of M.S. in 1939 with a thesis in soil mechanics. This work 
was the first rational advance of the general theory of 
consolidation of clay since 1ts formulation in 1923, and it 
has recently been recognized that modern treatments of 
the subject are mathematically equivalent to that in 
Merchant’s 1939 thesis. 

During the Second World War, Prof. Merchant was 
employed by Metropolitan Vickers, Ltd., on the design 
of jet engines. He made major contributions to the aero- 
dynamic theory of flow through compressor blading 
There was very little knowledge or experience of axial 
flow compressors at that time and his contributions 
played an important part in the design of jet engines. 

Prof. Merchant joined the staff of the Manchester 
College of Science and Technology, Faculty of Technology 
in the University of Manchester, in 1946, and was 
appointed reader in applied mechanics in 1951. After 
he joined the College his main interests were in the pre- 
diction of the failure load of structures taking account of 
the interaction of plasticity and stability. His intuition 
led him to propose an interaction formula which is now 
accepted and known by his name in the literature of the 
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subject. During the past few years he developed com- 
puter techniques to carry out the erection calculations for 
the new Forth and Severn suspension bridges. 

He was a member of the Institution of Structural 
Engineers, a member of the Institution of Civil Engineers 
and an associate member of the Institution of Mechanical 
Engineers and of the American Society of Civil Engineers. 
He served his professicnal institutions in many ways and 
was chairman of the Lancashire and Cheshire branch of 
the Institution of Stractural Engineers during 1960-61 

As a teacher he always found time to discuss problems 
individually with his students. His advice and guidance 
both to his students and to his colleagues were of great 
value. His contributions in three major branches of 
engineering are significant of his wide interests and keen 
analytical mind. 


He leaves a wife, a son and a daughter. S. S. GILL 


Dr. Paul Müller 


PauL MULLER, who was awarded the 1948 Nobel Prizo 
for Physiology and Medicine, died in Basle or October 13, 
1965, after a short illnass. 

Paul Muller was born on January 12, 1899, in Olten. 
His father, who was on the staff of the Swiss Railways 
(SBB), moved soon afterwards to Basle, and Basle became 
his home. There, after a spell as laboratory technician, he 
completed his studies st what was then the Obere Real- 
schule (Modern High School) and then read chemistry at 
the University under Profs. Fichter and Rupe. In 1925 
he took his doctorate with the highest honours, with a 
thesis on “The Chemical and Electrochemical Oxidation 
of Asymmetrical m-Xylidene and 1ts Mono- and Di-methy] 
Derivatives’. In the same year he joined Geigy as a 
research chemist, and ke stayed with the firm for the rest 
of his life. 

At first he worked on tanning, and developed a number 
of new synthetic tans. The problem of the preservation 
and disinfection of animal skins soon turned his attention 
to biology; and from 1935 he became more and more 
interested in pest contro], a field with which organic 
chemists at that time Lad little concern. In the difficult 
years of the Second World War, when the battle for 
production was on, he developed and made available to 
Swiss farmers a mercury-free seed dressmg. While still 
engaged on this development work his imterest was 
turning to insecticides, and with characteristic dogged- 
ness he tested large numbers of chemical compounds, at 
first without success. But in 1939 his perseverance, 
coupled with his acute perception and methodical approach 
to all his experimental work, led him to the discovery of 
the insecticidal properties of dichloro-diphenyl trichlor- 
ethane, the active ingredient of DDT, which he developed 
for practical use. His achievement was to have dis- 
covered, at a critical tine in the War, an insecticide with 
a contact and persistens action far and away superior to 
any other known product. His discovery was used both 
during and immediately after the War to protect millions 
of service-men and civ_lian populations in all countries 
against epidemic diseases. Apart from their use in 
hygiene and agriculture, DDT insecticides are still 
extensively used to-day with success in many parts of 
the world against the Anopheles mosquito, the carrier of 
malaria. The significance of this great discovery was 
fittingly acknowledged >y the award of the Nobel Prize 
for Physiology and Medicine in 1948. 

In 1963 Muller received an honorary doctorate in the 
Faculty of Medicine at the University of Thessalonika, in 
recognition of the beneficial effect of DDT products in 
the Mediterranean area- He also became an honorary 
member of the Swiss Neture Research Society and of the 
Paris Society of Industrial Chemistry. 

For all these many d:stinctions, Paul Muller remained 
what he had always been: a modest man, outwardly 
reserved, but with a passionate devotion to science. Even 
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as deputy head of pest control research at Geigy, he 
preferred above all else the work of a research chemist. 
After his retirement in 1961 he continued to devote his 
energy and epthusiasm to work in his private laboratory 
at his home in Oberwil, near Basle. He found relaxation 
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The Royal Society: Officers 


Pror. P. M. S. BLACKETT, emeritus professor of physics. 
University of London, Senior Research Fellow, Imperial 
College of Science and Technology, London, and part- 
time scientific adviser to the Ministry of Technology, has 
been elected president of the Royal Society in succession 
to Lord Florey. The new physical secretary is Prof. M. J. 
Lighthill, Royal Society research professor at the Imperial 
College of Science and Technology. The new foreign 
secretary is Prof. H. W. Thompson, professor of chemistry 
ın the Physical Chemistry Laboratory, Oxford. The 
officers re-elected for the ensuing year were: Treasurer, 
Lord Fleck, formerly chairman of Imperial Chemical 
Industries, Ltd.; Biological Secretary, Prof. A. A. Miles, 
director of the Lister Institute and professor of experi- 
mental pathology in the University of London. Other 
members of Council elected (or re-elected, marked *) 
were: Prof. M. 8S. Bartlett, professor of statistics at 
University College, London; *Prof. D. H. R. Barton, 
professor of organic chemisiry at the Imperial College of 
Science and Technology, London; Lord Brain of Eyn- 
sham, consulting neurologist to the London Hospital and 
consulting physician to Maida Vale Hospital; *Dr. F. S. 
Dainton, vice-chancellor of the University of Nottingham 
and honorary director of the Cookridge High Energy 
Radiation Research Centre, University of Leeds; *Prof. 
K. C. Dunham, professor of geology in the University of 
Durham; *Prof. G. W. Harris, Dr. Lee’s professor of 
anatomy at the University of Oxford; Dr. 8. G. Hooker, 
technical director (aero), Bristol Siddeley Engines, Ltd. ; 
*Prof. W. O. James, professor of botany at the Imperial 
College of Science and Technology, London; Dr. J. C. 
Kendrew, deputy chairman of the Medical Research 
Council Laboratory of Molecular Biology, Cambridge; 
Dr. R. D. Keynes, director of the Institute of Animal 
Physiology, Babraham, Cambridge; *Sir Hans Krebs, 
Whitley professor of biochemistry at the University of 
Oxford; *Dr. N. Kurti, reader in physics, University of 
Oxford, and Senior Research Fellow, Brasenose College; 
*Dr. K. Mather, vice-chancellor of the University of 
Southampton; Prof. P. T. Matthews, professor of theo- 
retical physics at the Imperial College of Science and 
Technology, London; Dr. L. Rotherham, member for 
research, Central Electricity Generating Board; Sir Solly 
Zuckerman, chief scientific adviser to the Secretary of 
State for Defence, scientific adviser, Cabinet Office, and 
Sands Cox professor of anatomy in the University of 
Birmingham. 


Prof. P. M. S. Blackett, C.H., P.R.S. 


THE attainment of the highest scientific honour in the 
land crowns a distinguished career of more than forty 
years. Patrick Maynard Stuart Blackett has received 
many honours. A range of physical research, particularly 
an intensive study of cosmic rays by the cloud chamber 
method, led to his election as Fellow of the Royal Society 
in 1933, the award of a Royal Society Medal in 1940 and 
a Nobel Prize for Physics in 1948. He has three times 
served on the Council of the Royal Society—during 
1940-42, durfng 1944-46, when he held the office of vice- 
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in his beloved countryside, in the Jura mountains and 
the Alps, and in family life. By his death, Basle and its 
chemical industry, and indeed the world of science, have 
lost a scientist whose personality and attainments will 
not soon be forgotten. 
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president for a year, and during 1963-65. In 1946 he was 
awarded the American Medal of Merit for his work in 
operational research, and 10 years later he was again 
honoured by the Royal Society, receiving the Copley 
Medal for his work ın the fields of cosmic rays and palaeo- 
magnetism. 

Blackett began his scientific carcer at Cambridge 
in the great days of the late Lord Rutherford. 
He had achieved an international reputation before he 
was thirty—a more remarkable achievement ın that he 
started late, for he began life as a sailor. Born on Novem- 
ber 18, 1897, Blackett was educated at the Royal Naval 
Colleges at Osborne and Dartmouth. He served in the 
Royal Navy throughout the First World War, taking 
part in the battles of Jutland and the Falkland Islands. 
Has keen interest in science led him after the War to 
Cambridge, where he studied physics under Prof. Ruther- 
ford (as he then was). Blackett graduated in 1921, and 
2 years later was made a Fellow of King’s College. He 
worked in the Cavendish Laboratory from 1921 until 
1933 when he became professor af physics at Birkbeck 
College. In 1937 he went to the University of Manchester 
as Langworthy professor of physics, succeeding Sir 
Lawrence Bragg who himself had succeeded Rutherford. 
During his 16 years at Manchester, Blackett presided 
over and greatly expanded a department which already 
had a fine tradition. This achievement was repeated by 
Blackett at the Imperial College of Science and Tech- 
nology, which he joined in 1953 as professor of physics 
and head of the physics department, and was responsible 
for the planning and supervision of the College’s fine new 
Physics Building which was opened in 1960. Perhaps 
Blackett’s most important contribution to the growth of 
British academic physics during this period was his 
persuasive support for the College’s campaign for a very 
substantial increase in the number of professors. This 
trend away from the old European concept of one pro- 
fessor towards the multi-professorial pattern forming a 
department with a broad field of study is now widely 
accepted. Blackett has served the Imperial College in 
many capacities. He was dean of the Royal College of 
Science from 1954 until 1960 and pro-rector from 1961 
unti] 1963. On his retirement in September 1965, he 
was appointed a Senior Research Fellow and will continue 
to have a research laboratory in the physics department. 

Blackett and those working with him have made 
significant contributions to three main fields of physical 
discovery: the interaction with matter of fast particles 
from radioactive sources, the nature of the particles in 
the cosmic rays, and the magnetism of the Earth. During 
1921-31 he was chiefly occupied with the development 
and operation of automatic Wilson cloud chambers and 
their application to the precise measurement of the 
parameters involved in collisions between «a-particles 
and atomic nuclei. He photographed for the first time 
the disintegration of a nucleus. From 1931 onwards he 
applied and extended the cloud-chamber technique to 
the study of the collisions involved in the cosmic rays, 
establishing with Occhialini the existence of showers of 
nearly equal numbers of positive and negative electrons. 
From 1947 onwards, Blackett revived interest in the old 
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theories of Schuster and others of the possibility of a 
‘fundamental’ connexion between the angular momentum 
of a large rotating body such as the Earth, and its mag- 
netic field. Further astronomical and geophysical 
evidence made the theory untenable. As a by-product, a 
special magnetometer was designed for this work and 
has been widely used in the rapidly growing subject of 
palaeomagnetism. Out of this work, which is being 
energetically pursued in many countries, is emerging the 
beginnings of a history of both the wandering of the 
continents and of the Earth’s magnetic field. During 
recent years Blackett has directed a small group working 
on palaeomagnetic problems, doing much of the experi- 
mental research himself. 

Blackett has made many valuable contributions in the 
wider field of British science. Always an enthusiastic 
supporter of and advocate for the applied sciences he 
became an active member of the National Research and 
Development Corporation in 1949, and is now deputy 
chairman of the Advisory Council in the Ministry of 
Technology. From 1956 until 1960 he was a member of 
the council of the Department of Scientific and Industrial 
Research during a period when a phenomenal growth 
occurred in grants to university departments for scientific 
and technological research. In January 1965 he was 
appointed by the Secretary of State for Education and 
Science to the Council for Scientific Policy. Blackett 
has played an active part in many aspects of the impact 
of science on public affairs. His contributions to the 
study of problems of disarmament are well known, as 
also is his interest in scientific and technological aid to 
emergent countries—the subject of his Presidential 
Address to the British Association for the Advancement 
of Science in 1957. 


Biochemistry and Organic Chemistry at Charing Cross 
Hespital Medical School : Prof. A. N. Davison 


Dr. A. N. Davison has been appointed to succeed the 
late Prof. J. Patterson (see p. 1042 of this issue of Nature) 
in the chair of biochemistry and organic chemistry at 
Charing Cross Hospital Medical School. Dr. Davison was 
born in 1925 and was educated at Westcliff High School, 
University College, Nottingham, and Birkbeck College, 
London. He holds the following degrees of London 
University: B.Pharm. (1946), B.Sc. (1950), Ph.D. (1954) 
and D.Sc. (1963). He served in the Royal Army Medical 
Corps from 1946 until 1948, and was afterwards appointed 
a group manager with Messrs. Potter and Clark, Ltd. In 
1950 he joined the staff of the Medical Research Council 
Unit for Research in Toxicology to work on cholin- 
esterase inhibitors. A year (1954-55) at the Sorbonne 
was followed by his appointment as biochemist to Roche 
Products, Ltd., and then (1957) by his becoming a member 
of the Medical Research Council external staff in pathology 
at Guy’s Hospital Medical School. In 1960, Dr. Davison 
was appointed lecturer and then reader in the Biochemistry 
and Chemistry Department at Guy’s Hospital Medical 
School. He is particularly well known. for his work on the 
biochemistry of brain lipids and on aspects of brain 
metabolism generally. His demonstration (with the late 
Prof. G. Payling Wright and Dr. J. Dobbing) in 1958 of 
the persistence of radioactive cholesterol, once deposited 
in the brains of young animals, contradicted generally held 
biochemical opinion, which was dominated by Schoen- 
heimer’s conception of a dynamic equilibrium of consti- 
tuents of the living body. 


Science in Belgium 


THe National Council for Scientific Policy, Belgium, 
has published a study of the scientific potential of Belgium 
in 1961. It covers the whole range of scientific activity in 
Belgium, including manpower, organization, institutions, 
squipment, financial resources and distribution (Conseil 
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National de la Politiqus Scientifique. Inventarre du Poten- 
tiel Scientifique 1964 de la Belgique—Année 1961. Pp. 303. 
Bruxelles: Conseil National de la Politique Scientifique, 
1964). Of a total of 22,504 full-time scientific workers, 
6,703 had university dogrees and 2,451 diplomas or some 
higher technical qualification, the remaining 13,350 being 
technicians or other workers. These were distributed 
among 1,644 scientific units with an expenditure of 4,312 
million franes, excluding that in the educational field, 
inter-university centres and learned societies; 810 umts 
employing 3,623 of these with a university degree were 
in the educational sector; 204 (1,100) were in the public 
sector; 431 (1,437) in private enterprise; 57 (328) in 
research associations; <4 (143) in inter-university centres; 
and 84 (11) in learned societies. The expenditure in the 
public sector was 1,466 million francs; in private enter- 
prise, 2,404 million francs; and in research associations, 
400 million frances. OT the scientific units and persons 
with a university qualsfication, 1,284 and 5,433, respec- 
tively, were engaged in the exact sciences; biology (174 
and 764), medicine (182 and 1,064), and technology (620 
and 2,136) taking the most, with physics (99 and 604) 
and chemistry (85 and 496) coming next; 180 units and 
821 of the qualified personnel were in the social sciences, 
but expenditure was oaly 264 million francs, compared 
with 3,902 million franzs on the exact sciences. In the 
field of education, in 8--5 per cent of the scientific units 
employing 85-5 per cent of the staff, research was an 
important activity; in the public sector the corresponding 
figures were 71-6 per cent and 73-9 per cent; in private 
enterprise, 55°7 per cent and 86-6 per cent; and in 
research associations, 1-4 per cent and 71 per cent. 
80 per cent of the scientific units and 88 per cent of quali- 
fied staff in the educational sector are in the four univer- 
sities, and 56 per cent of this staff is in the faculties of 
science and medicine. Only 10 per cent of the private 
firms employed more than 1,000 people, but these firms 
employed 49 per cent of the university-qualified staff 
engaged in this sector. Almost half the scientific units 
and a little more than half the staff with a university 
degree are employed in the provinces of Brabant, Liége 
and Kast Flanders, with some 15 per cent of the scientific 
units, and correspondirg proportions of qualified staff, 
but in the latter province some 85 per cent are employed 
in the educational sectoz. In the exact sciences, 25:9 per 
cent of the scientific units and 33-7 per cent of the qualified 
staff were engaged exclusively or mainly in fundamental 
research, and 62-1 per cent and 54:1 per cent, respectively, 
exclusively or mainly ir applied research. 


Training of Public Health Officials 


UNDER the lengthy title Special Courses for National 
Staff with Higher Administrative Responsibilities in the 
Health Services, a report has been published by the World 
Health Organization (Tachnical Report Series, No. 311. 
Report of a WHO Study Group. Pp. 31. Geneva: World 
Health Organization; London: H.M.S.O., 1965. 2 Sw. 
francs; 3s. 6d.; 0.60 dollars). The document attempts to 
emphasize the need for well-informed public health 
officials and to outline the general principles underlying 
the training they require. Thereport points out that many 
public health administrators, whether medically qualified 
or not, are not conversant with the knowledge and tech- 
niques required for the 2fficient administration of publie 
health services. In ordər to meet the pressing demand 
for competent health administrators, particularly in the 
developing countries, tne World Health Organization 
Study Group has advoceted the establishment of intensi- 
fied two-month courses for health administrators with or 
without medical qualifications. Such courses, the report 
concludes, should be sponsored at Government level or by 
official health organizations. The content of such courses 
should cover three priccrpal aspects of publie health: 
(1) historical development and philosophicel concepts; 
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(2) scientific and technical subjects involving the study of 
such matters as the implementation of public health pro- 
grammes and the nature of environmental and social health 
problems; (3) administration. Under this last heading 
such topics as the evaluation of public health programmes 
and the economic aspects of health and disease would be 
considered. Full-time courses, fellowships, and seminars 
covering similar schemes of study are also advocated for 
personnel who are hkely to be more suited to these 
forms of training. Details of the types of programmes ın 
public health administration already adopted or advocated 
by universities in Yugoslavia, Canada and the United 
States, and by Government organizations in Mexico and 
India, are given in appendixes to the report. 


South Australian Museum 


THE annual report of the South Australian Museum for 
the year ended June 30, 1964, states that the most note- 
worthy aspect of the year’s progress is the increased 
efficiency resulting from the appointment of the Museum’s 
first information officer (South Australia. Report of the 
Museum Board, 1 July, 1963, to 30 June, 1964. Pp. 11. 
Adelaide: Government Printer, 1965). This has relieved 
the research staff of an immense volume of enquiries and 
is of special benefit to trainee-teachers and senior 
students. A registry of speech and sound collections has 
been prepared This includes wax cylinders, acetate disks 
and tape-recordings of data on the Australian Aborigines. 
It has been of especial value to the Australan Institute 
of Aboriginal Studies. The staff has been active m 
assisting cognate organizations such as National Parks and 
Wild Life Reserves and the Flora and Fauna Advisory 
Committee of the Zoological Society. More than thirty 


major papers have been published by the staff during the 
period under review. 


Pesticide—-Wildlife Studies 


SUMMARIES of Federal pesticide—-wildhfe investigations 
in the United States have been prepared from time to 
time. In 1963, in order to integrate Federal studies with 
those of other agencies, the United States Fish and Wild- 
life Service requested the co-operation of the Canadian 
Government and Provinces, each State, and the univer- 
sities in listing and describing their pesticide—wildlife 
investigations. These investigations have been sum- 
marized, giving the identification of the State, Province, 
or university, research worker ın charge, title and descrip- 
tion of the work, and a brief abstract of findings and 
progress. The tabulation ıs alphabetical by States, 
and separately by Provinces, where the work was done 
or administered. Some of the projects may now have 
been terminated or may not be active. Much of the work 
18 unpublished, but a list of addresses should facilitate 
direct communication with mvestigators. The survey was 
part of an international listing of research co-ordinated 
by the Committee on Ecological Effects of Chemical Con- 
trols of the International Union for the Conservation of 
Nature and Natural Resources, and prepared by John L. 
George, co-operator, Division of Wildlife Research, Bureau 
of Sport Fisheries and Wildlife. The international listing 
is arranged alphabetically by author under various sub- 
jects such as analytical techniques for chemicals, ecological 
effects on organisms of different major habitats or of 
captive animals, and vegetation control of chemicals 
(U.S. Department of the Interior: Fish and Wildlife 
Service. Circular No. 224: Pesticide- Wildlife Studies by 
States, Provinces and Universities—An Annotated List of 
Investigations through 1964. Pp. i+30. Washington, 
D.C.: Government Printing Office, 1965). 


Laboratory Animals for Rheumatism Research 


THE Nuffield Foundation, as part of its programme of 
research into possible underlying causes of rheumatic 
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disease, 1s anxious to intensify the search for naturally 
occurring forms of rheumatoid, or rheumatoid-like, lesions 
in animals suitable for laboratory imvestigation. <A 
naturally occurring rheumatoid arthritis in monkeys, for 
example, would have important inrplications for the con- 
trolled study of the disease. The fact that no evidence— 
or very little—has so far been obtamed that this affliction 
of man is shared by other primates may simply be due to 
the almost total preponderance of young animals among 
those which have been available far study. The Founda- 
tion would now like to extend the search to cover a reason- 
ably large sample of older monkeys, and to submit to 
expert examination the hands and feet (to include wrist 
and ankle joints) of elderly monkeys, preferably of known 
age. Centres already concerned in primate investigations, 
in the laboratory or in the field, and where colonies of 
monkeys are maintained throughout their natural hfe 
span, would evidently be in the best position to help. Offers 
of assistance should be addressed to Mr. Brian Young, 
the Nuffield Foundation, Nuffield Lodge, Regent’s Park, 
London, N.W.1, stating the numbers, species and age- 
groups of monkeys available for examination. Im some 
cases it might be possible to arrange for on-the-spot 
X-radiography. In other cases, for example, after death, 
it might be possible to send specimens, suitably preserved, 
to the rheumatologist responsible for examining the joints 
for the Foundation. Suitable instructions about this, and 
any other help required, which may include defrayment 
of expenses, can then be given according to circumstances. 


African Mammals 


THE first number of Zoologica Africana reports the 
proceedings of a symposium on African mammals held at 
Salisbury, Rhodesia. during Septernber 26—28, 1963, under 
the auspices of the Zoological Society of Southern Africa, 
when 1t and a number of visiting delegates were the guests 
of the University College of Rhodesia and Nyasaland 
(Zoologica Africana, 1, No. 1. Edit. by M. K. Rowan. 
Pp. 265. Cape Town: Zoological Society of Southern 
Africa, 1965). Tho twenty-five papers are gathered into 
sections on physiology and behaviour, systematics, geo- 
graphical distribution, population ecology, and wildlife 
diseases. ‘There are, in addition, opening and closing 
addresses, a note on latitude—longitude grid maps of 
Africa, and a record of the resolutions from the Plenary 
Session of the Congress. The papers covering this very 
wide field are, as would be expected, of unequal weight, 
but none 1s without value; the delegates who attended 
the symposium returned home with the feeling that it 
marked the beginning of a new drive in the study of 
African mammals. The problems to be investigated are 
almost infinite, and the near-certainty of the drastic 
reduction and perhaps extinction of the populations of 
some species emphasizes the urgency of pressing on witb 
the biological study of the African fauna before tt is too 
late. African zoologists are fully aware of the danger to 
the wildlife of Africa; isolated and handicapped by lack 
of facilities (as many of them are), they are making the 
most of their opportunities and, as the results of this 
symposium show, accumulating a valuable body of know- 
ledge. It is much to be hoped that they will receive the 
encouragement and backing that they deserve from the 
various authorities controlling the territories concernec 
and will be granted the financial aid without which suck 
work cannot be sustained. 


Zoological Society of London 


THE modernization plans of the Zoological Society o. 
London have made significant progress in 1965. In 
March, the new Elephant and Rhinoceros Pavilion wax 
opened; in April, the Nuffield Institute of Comparative 
Medicine was inaugurated and ıs now fully operative; ir 
May, the first group of birds was installed in the new 
Snowdon Aviary; m June, the building of the Smal 
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Mammal House in the Middle Gardens began. In October 
the Snowdon Aviary was opened to visitors. Among the 
births in the Collection in 1965 were two red deer and 
four blackbuck; on the Mappin Terraces wild boars were 
born and the seven piglets trotting around the enclosure 
with their mother have been a great attraction. In the 
Monkey House a tufted capuchin monkey, the first since 
1935, and a mandrill were born; and in the Chimpanzee 
Breeding House, established in May 1964, two female 
chimpanzees were born but, unfortunately, one has since 
died. While chimpanzees are perhaps one of the most 
common of zoo animals, comparatively few are bred in 
captivity. In recent months, a lion, a puma, a Chinese 
leopard, two Caracal lynxes, Arctic foxes, a Syrian bear, 
an American. bison and a walleroo have been born. Among 
the birds hatched were four Kenya eagle owls, two spotted 
eagle owls and a barn owl. One of the most exciting 
additions to the bird collection was a magnificent group 
of 24 birds of paradise presented by Sir Edward Hall- 
ström to mark the visit of Earl Mountbatten of Burma, 
accompanied by Sir Solly Zuckerman, to Taronga Zoo- 
logical Park, Sydney. These birds are rarely seen out- 
side Australasia. This superb collection includes the 
ribbon tail, the sickle bill and lesser superb birds of 
paradise, the magnificent bird of paradise and the raggi 
bird of paradise. As part of the same collection, Sir 
Edward Hallstrom presented six green pythons, which are 
some 3-5 ft. long. Lord Chaplin, a former secretary of 
the Society, brought back from Trinidad an interesting 
collection of reptiles and amphibians, including four 
species of frogs new to the London Zoo—the spotted tree 
frog, the Trinidad golden tree frog, Fitzgerald’s marsupial 
frog and the giant tree frog. The number of visitors to 
the Gardens in 1965 was considerably higher than in 1964. 
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Vegetation of Uganda 


J. Langdale-Brown, J. A. Osmaston and J. G. Wilson 
have produced, a detailed and authoritative account of the 
vegetation of Uganda (The Vegetation of Uganda and Its 
Bearing on Land-Use. Pp. 159+24 plates. Entebbe: 
Government Printer; London: The Uganda High Com- 
mission, 1964. 30s.). This will be invaluable for all 
students of the ecology of the country and for all those 
engaged in the improvement of land use both for agricul- 
ture and livestock production and for forestry. The book is 
well produced by the Government of Uganda, well illus- 
trated and supported by a substantial folder of maps. It 
is to be recommended to all those concerned with develop- 
ment in Uganda and to botanists interested in the 
vegetetion of the Equatorial Great Lakes Region. 


American Geographical Society : Awards 


THe following awards of the American Geographical 
Society have been presented: David Livingstone Cen- 
tenary Medal, to Dr. Bassett Maguire, for his scientific 
achievement ın the geography of the Southern hemi- 
sphere; Cullum Geographical Medal, to Prof. K. F. 
Mather, for distinguished service in the advancement of 
geographical science; Charles P. Daly Medal, to Prof. 
W. S. Cooper, for distinguished geographical services as @ 
plant ecologist and geomorphologist; Honorary Fellow- 
ships, to Prof. M. J. Dunbar, for his outstanding con- 
tributions to geography through the disciplines of marine 
science, and to Dr. P. Meigs, in recognition of his work 
in the problems of water resources, arid lands, climatology 
and historical geography. 


University News: Belfast 
H. R. Martin has been appointed to a lectureship in 

mechanical engineering. 
Bristol 


Tue following lecturers have been appointed: Dr. E. G. 
Ellison (mechanical engineering); Dr. J. Hindley (bio- 
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chemistry); Dr. M. S. Knapp (medicine); Dr. F. P. Sayer 
(theoretical mechanics). The title of professor emeritus 
has been conferred on the following: Prof. W. Baker 
(formerly professor cf organic chemistry); Prof. R. J. 
Brocklehurst (formerly professor of physiology). 


Leeds 


Pror. P. Gray has been appointed professor of physical 
chemistry and head of the Department of Physical 
Chemistry. Dr. F. G. Holliman has been appointed to 
an additional chair of organic chemistry. Dr. D. R. 
Baulch has been appointed lecturer in the Department of 
Physical Chemistry. The title of reader has been con- 
ferred on the followinz: Dr. K. 8. Zinnemann (bacterio- 
logy); Dr. B. E. C. Nordin (in respect of his post as director 
of the Mineral Metabclism Research Unit of the Medical 
Research Council). 


London 


Tue following readers have been appointed: Dr. D. C. 
Watts (biochemistry), tenable at Guy’s Hospital Medical 
School; Dr. D. W. Allan (mathematics), tenable at King’s 
College. The following title has also been conferred: 
H. Buillett, professor of mechanical engineering, in respect 
of his post at University College. 


Manchester 


THE title of professor emeritus has been conferred on 
the following: Prof. E. W. Anderson, (formerly professor of 
psychiatry and directar of the Department); Sir Robert 
Platt (formerly professor of medicine); Prof. W. Schlapp 
(formerly Brackenbury professor of physiology and 
director of the physiological laboratories). 


Announcements 


Prof. Marcel Nicoles, Dr. Sydney Chapman and Dr. 
Joseph Kaplan have seen awarded the Hodgkins Gold 
Medal of the American Meteorological Society, for their 
outstanding contributions to the field of atmospheric 
research. 


THE fourth Matscience Anniversary Symposium will be 
held at the Institute of Mathematical Sciences, Madras, 
during January 3-14 Further information can be 
obtained from the Institute of Mathematical Sciences, 
Central Polytechnical Buildings, Adyar, Madras 20. 


A MEETING of the EKiochemical Society will be held in 
the University of Sheffield during January 5-6. The 
programme will include a colloquium on “Control of 
Enzyme Patterns in Tissues”. Further information can 
be obtained from the Administrative Secretary, the Bio- 
chemical Society, 20 Park Crescent, London, W.1. 


A Symposium on ‘Cutting Costs through the Control 
of Quality’’, arranged by the Institution of Engineering 
Inspection, will be held in the University of Strathclyde 
on January 6. Further information can be obtained from 
the Secretary, Institction of Engineering Inspection, 
616 Grand Buildings, Trafalgar Square, London, W.C.2. 


AN evening meeting of Aslib will be held ın London on 
January 27. The prozramme will include a lecture by 
H. A. Chesshyre (Hazfield College of Technology) on 
“Local Co-operation: a Positive Force’. Further ın- 
formation can be obtained from the Meetings Organizer, 
Aslib, 3 Belgrave Squere. London, 8.W.). 


Tar Royal Institution Christmas Lectures for Young 
People will be delivered by Sir Bernard Lovell, Prof. F. 
Graham Smith, Prof. Martin Ryle and Dr. A. Hewish on 
“The Exploration of the Universe’. The lectures will 
include: introduction and techniques (December 28); 
the solar system (December 30); the Earth as a planet 
(January 1); the Milky Way (January 4): radio galaxies 
(January 6); cosmology (January 8). Further informa- 
tion can be obtained from the Royal Institution, 21 
Albemarle Street, Loncon, W.1. ° 
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BIOLOGICAL SYSTEMS AT THE MOLECULAR LEVEL 


SYMPOSIUM was organized by the Commission of 

Molecular Biophysics of the International Union 
of Pure and Applied Biophysics during September 8-11, 
under the auspices of the International Laboratory of 
Genetics and Biophysics, Naples—the local arrangements 
being made by Prof. A. Buzatti-Traverso. 

The first day’s discussions, under the chairmanship of 
Prof. H. A. Scheraga (Cornell), were concerned funda- 
mentally with the problem of predicting the conformations 
of proteins from their primary structure. 

In the first paper Dr. S. Lifson (Rehovoth) gave an 
account of his recent statistical—mechanical investigations 
of conformational changes in polypeptides. His method 
consisted in defining sequences, sequence partition 
functions and sequence-generating functions and in using 
them to derive an equation for the contribution of each 
chain element to the partition function of the whole 
molecule. ‘The results make possible, for example, an 
assessment of the relative importance of hydrogen 
bonding and hydrophobic interactions in determining the 
conformation of poly-L-alanine at different temperatures. 

The remaining papers were more closely concerned with 
the investigation of specific conformations and the 
limitations imposed on them by interactions between 
non-bonded atoms. Given that the conformation of the 
peptide group is generally trans and planar, the most 
important variables determining the conformation of a 
polypeptide chain are the angles | and o for rotation 
about the N—Ca and C—C! bonds respectively. Prof. 
G. N. Ramachandran (Madras) reviewed the earlier work 
in which he and his colleagues had studied the values of 
) and ọ that are allowed when fixed minimum distances 
of approach are set for the atoms of a dipeptide unit 
comprising the two peptide groups and the #-carbon 
joined to an «-carbon atom. This had shown that only 
certain regions in a /, o-diagram are sterically allowed and 
that these regions enclose, or nearly enclose, most of the 
conformations that have been proposed for polypeptides 
or observed in analyses of relevant structures. He then 
described an investigation of the effect of allowing the 
angle NCaC! to vary by +5° from the tetrahedral value 
(while the deviations from 110° of the other angles at Ca 
were minimized), which showed that the allowed regions 
in the p, o-diagram are increased, by the untroduction of 
this flexibility, to embrace most of the observed conforma- 
tions that were previously just forbidden. 

Prof. Ramachandran went on to consider the properties 
of helical polypeptide chains, in which the angles p and o 
are- kept constant at each «a-carbon, with particular 
reference to the main chain —NH....O hydrogen bonding. 
He showed that families of helices of the right- and left- 
handed 3:61, or x-type and of the 3-0,, type (with hydrogen 
bonds from peptides 1 to 4, and 1 to 3, respectively) are 
sterically allowed, with hydrogen bonds of acceptable 
length that depart from colinearity by less than 30°, 
provided that the bond angle at Ca is close to 110°. 
On the other hand, right- and left-handed z-helices 
(1-5 hydrogen bonded) are allowed only when the angle 
at Ca 1s 115°, and the 2-2, ribbon structure (1-2 bonded) 
is permitted only with hydrogen-bond-angles greater than 
20°. The triple helix structure for collagen with two 
inter-chain hydrogen bonds (angles of 27° and 30°) for 
every three residues, as proposed in Madras, falls within 
a fully allowed region in the ), 9-diagram, and a new sug- 
gestion was put forward that this structure also includes 
additional CH ...O hydrogen bonds between neighbour- 
ing chains. When collagen has the sequence gly-pro-hyp 
in all three chains, however, it appears that only one 
hydrogen bond can occur for every three residues and the 
preferred structural parameters closely follow those given 
by Rich and Crick. 


Finally, Prof. Ramachandran discussed the conforma- 
tions of amino-acid side-chains that have been observed 
in crystal structures, showing (in keeping with earlier 
reviews) that they usually adopt fully staggered conforma- 
tions, but that any one of the possible variants may be 
adopted in response to a particular environment. 

Developments of the lmiting-contact approach to the 
analysis of polypeptide conformations were also described 
by Dr. G. Némethy. In these studies the influence of 
various amino-acid side-chains on the conformation of the 
dipeptide unit was vestigated, the results being pre- 
sented again in terms of the allowed regions in the 4, 9- 
diagram. It was shown that the addition of a y-carbon 
atom reduces the percentage of allowed conformations 
from 16 per cent for Cg alone to 14 per cent, even though 
there are three rotational positions giving staggered 
conformations of the side-chain from which to choose. 
The addition of atoms beyond Cy in an unbranched side- 
chain does not limit the range of allowed conformations 
any more, but the presence of more than one §-atom, as 
in leu, reduces the allowed conformations to 11 per cent 
of the possible, and branching at Cg, as in val, ile or thr, 
reduces this total to only 4:5 per cent. 

From all these analyses by the limiting-contact method 
it is clear, therefore, that local steric restrictions, quite 
apart from the interaction of groups widely separated 
in the primary structure, severely restrict the number of 
conformations accessible to a polypeptide cham and go 
some way (though not yet far enough) towards making 
practicable the calculation of conformation from amino- 
acid sequence. A general method for handling such 
calculations has been pioneered by Prof. A. M. Liquori 
(Naples), and his colleagues, who described his preliminary 
attempts to calculate the helical conformations of minimum 
potential energy, taking into account the forces between 
non-covalently-bonded atoms. These calculations have 
led to diagrams of the potential energy as functions of 
Y and ọ which indicate, for example, that the right-handed 
a-helix with the original Pauling and Corey parameters 
is a very stable conformation even without consideration 
of the hydrogen-bonding that stabilizes it still further. 
There are four other potential-energy minima, including 
one corresponding to the left-handed «-helix which is 
shown, encouragingly, to be less stable than its right- 
handed counterpart. 

Analysis of the structure of myoglobin has shown that 
these stable helical values of ọ and 9 also occur frequently 
in non-helical regions of the molecule. Prof. Liquori 
suggested, therefore, that it might be interesting to 
investigate an idealized structure for myoglobin m which 
all the dihedral angles were constrained to take the values 
at the closest of these favoured pairs. Here again, of 
course, the aim was to reduce the number of conformations 
that has to be considered to manageable proportions. 

Unfortunately there are very few reliable data from 
which the conformational potential energy of a poly- 
peptide can be calculated. Prof. Liquori presented some 
evidence to suggest that the general features of the p, 9 
potential energy diagram for helices do not depend very 
sensitively on the exact shape of the interaction potential 
curves used in the calculations. He emphasized his belief 
that while precise energy values are not yet available, 
proper use of the relatively reliable van der Waals’s radii 
may enable progress to be made towards the prediction of 
conformations. 

In a final short paper in this session, Dr. D. C. Phillips 
(London) described the structure of lysozyme, recently 
determined at the Royal Institution, remarking particu- 
larly on the occurrence in it of some residues forming an 
anti-parallel pleated sheet and of some others ın the 
conformation of the 3-01, helix with corresponding hydro- 
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gen bonding. Nearly all the helicos in the molecule appear 
to be distorted to some extent from the standard«-struc- 
ture and there is evidence that the hydrogen bonds in 
them sometimes depart from linearity by 20° or more. 
He described how comparison of the main features of the 
structure with the varying hydrophobicity of the amino- 
acid residues in the primary structure had suggested that 
the polypeptide chain folds itself from the terminal 
amino-end, forming first a compact unit with a hydro- 
phobic core, then an extended arm of hydrophilic residues, 
partly in the B-conformation, and finally a coil that nearly 
closes the gap between the two parts, leaving a cleft that 
appears to be the active region, before winding itself 
around the terminal amino-end. Followmg ideas developed 
in collaboration with Dr. P. Dunnill, he noted that analysis 
of the distribution of hydrophobicity along a polypeptide 
chain might be useful in predicting conformations if 
enough guiding principles could be established. 

A preliminary calculation of the dihedral angles ), 9 
in lysozyme had shown them to be nearly all in allowed 
regions of a potential energy diagram calculated for a 
peptide unit by the use of Lennard—Jones type interaction 
potentials. ‘This diagram, which was similar to that 
calculated by Brant and Flory, differed from the original 
limiting-contact diagram mainly in allowing a greater 
range of conformations near those appropriate to the 3-0,, 
and the left-handed «a-helices. This was presumably 
because in these regions the occurrence of marginally short 
contacts, which are forbidden in the limiting-contact 
analysis, are outweighed, in the calculation of potential 
energies, by the presence of a large number of favourable 
contacts. The effect on the |, o-diagram is very similar to 
that reported by Prof. Ramachandran to result from 
allowing the NC,C? angle to depart from 110°. 

These papers provoked a lively discussion in the course 
of which Dr. F. H. C. Crick (Cambridge) remarked that 
the study of allowed helical conformations has really 
progressed very little beyond the results obtained by 
Donohue from the careful measurement of models. He 
urged strongly that rigorous attempts should be made 
to distinguish the important conformational variables, by 
comparison of the relative energies involved, from among 
covalent bond-lengths and bond angles, hydrogen bond 
lengths and angles, van der Waals’s contact distances 
and rotations about bonds, suggesting that calculations 
based on simple crystal structures might provide necessary 
criteria for the establishment of valid energy parameters. 
Dr. J. C. Kendrew (Cambridge) described the helices found 
in myoglobin, noting that they are less regular than was 
first supposed and that some residues, particularly at the 
carboxyl ends of «-helices, are in the 3-01; conformation. 
There was general agreement that models based only on 
a-helices and ‘random coils’ must be considered inade- 
quate. In view of the present very large number of 
investigations in which peptide conformations are de- 
scribed in terms of |, o-diagrams, a plea was made for the 
general adoption of the standard conventions for labelling 
rotations that have been drawn up by Dr. G. Némethy. 
These are shortly to be published ın the leading journals. 

The second day, under the chairmanship of Dr. G. M. 
Edelman (New York), was devoted to the structural basis 
of the immune response. Dr. A. Nisonoff (Urbana) gave 
an extensive review of work done on structure of immuno- 
globulins over many years, leading up to the present-day 
concept of a divalent multi-chain structure consisting of 
two heavy chains, and two light chains with two antigen- 
binding sites per molecule. Even specific antibody 
directed to a single antigen ıs highly heterogeneous. Four 
classes Of Immunoglobulins are known, which share light 
chains but differ m heavy chains. Although the main 
antigen-binding site is on the heavy chain, a consensus of 
opinion is that both light and heavy chains contribute to 
the configuration of the antigen-binding site. Recent 
studies suggested that the two heavy chains are held 
together by only one S—S bond. In closing, Dr. Nisonoff 
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discussed recent work by Drs. Hilschmann and Craig and 
Dr. Putnam and his colleagues, who have determined a 
partial amino-acid secuence of three Bence Jones proteins 
of type I (equivalent or similar to light chains of type I 
immunoglobulins). ‘The C-terminal half of the molecule 
is constant in the thme Bence Jones proteins, while the 
N-terminal half shows wide variation. Dr. Milstein 
(Cambridge) gave furtrer data on the structures of several 
antigen proteins and. suggested that the results were 
incompatible with thə concept that the variations are 
due to single point mutations. We all await further 
sequence studies to throw light on the constant and 
variable regions of ths antibody molecules. 

Next, Prof. Jerne (P=ttsburg) discussed the cellular kine- 
tics of the antibody response when antigen is injected 
into the whole animal. Studying haemolytic antibody 
formation by individual spleen cells, using his plaque 
assay technique, he observed the events following the 
injection of sheep red blood cells. There is a rapid rise 
and. fall in the number of antibody-forming cells. Subse- 
quent to the injection cf sheep red blood cells one is dealing 
with a cell population multiplying for a few days, after 
which time the cells reach an end-stage and do not 
divide into further antibody-forming cells. Dosage of 
sheep red blood cells affects the slope of the increase 
in antibody-forming cslls as well as the time (in days) 
taken to reach a peak number of antibody-forming cells. 
At low doses of sheep red blood cells only two-thirds of 
the animals tend to respond and the slope of the increase 
of antibody-forming cels ıs much flatter. This is not easily 
explained by a population of reactive cells multiplying at 
a certain rate. Prof. Jerne discussed various possibilities. 
He suggested that perhaps the most likely explanation 
would be that lymph gland has several compartments, 
and that contact of artigen with reactive cells can only 
occur in certain parts of the lymph gland, perhaps the 
germinal follicles. 

In the third paper in this section, Dr. M. Cohn (La 
Jolla) gave a lucid discussion of the potentiality of single 
cells. Since it has not been possible to clone antibody- 
forming cells in tissue culture, three approaches have 
been used. Different investigators have studied: (1) 
antibodies formed by single cells; (2) immunoglobulins 
formed by clones of transplantable murine plasma cell 
tumours; (3) the use of fluorescent staming techniques to 
detect different types of immunoglobulins in individual 
cells. The various studies agreed in finding that at least 
90-95 per cent of the cells make only one antibody, one 
class of immunoglobulm and one type of light or heavy 
chain. Jn an investiga-ion testing for genetic markers on 
heavy chains less than 5:per cent of the cells had a potential 
to express both alleles. Therefore, only one structural 
gene appears to be expressed by the majority of cells. 
The significance of the low percentage of apparently multi- 
potential cells is not claar at present. No two myeloma 
proteins have been found to be alike. Therefore, the num: 
ber of possible light and heavy chains must be very large. 

In closing, Dr. Cohn discussed theories of antibody 
formation, germ-line versus soma. Soma would rely on 
mutation during the life of the cell and be less useful than 
the germ-line, which would follow Mendelian genetics. 

Dr. B. Askonas (London) discussed the processing of 
antigens and the role of information at macromolecules 
in the immune response. She stated that the problem of 
control of antibody synthesis by antigen runs far behind 
the other problems. Tke fate of antigen was discussed at 
the cellular and biochemical level. Radioactive antigen 
is taken up by phagocytic cells throughout the lymph 
gland; in the secondary response it is particularly concen- 
trated in the dendritir cells in the germinal centre. 
Although a major part cf the antigen taken up is degraded 
very rapidly, the remaining antigen persists for weeks and 
is lost only gradually fran the cells. The failure to detect 
radioactively labelled. antigen in antibody-forming cells 
by G. J. V. Nossall end J. H. Humphfey and their 
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collaborators has shown that there can be only very few 
antigenic determinants present in the antibody-forming cell. 

The question of how antigen stimulates the potential 
antibody-forming cell is still a vital problem. Whether 
1t does so by direct interaction with the reactive cell or 
has to go through an intermediary cell needs further 
clarification. Since the phagocytic cells, the macrophages, 
take up the antigen they have been implicated as possible 
intermediary cells. RNA preparations containing antigen 
can be extracted from macrophages and they are highly 
active in inducing antibody, but whether this is an essen- 
tial step in the induction of antibody is not clear. Sugges- 
tions that antigen-free informational molecules are trans- 
ferred from macrophages to the reactive cells have also 
been made, but this has not been shown convincingly. 
Further experimentation is reqwred to throw light on 
this problem. 

On the third day a discussion on allosteric enzymes 
was held with Dr. F. Jacob (Paris) as chairman. The fact 
that a combination of one molecule of ligand with a 
macromolecule can influence the combination of another, 
the same or different, has been known for a long time. 
The term ‘allosteric’ proteins was introduced by Monod 
and Jacob to describe proteins in which such interactions 
occur. Although it is to be expected that many proteins 
are in some degree allosteric, the introduction of this 
term has been especially useful in directing attention to a 
particularly important class of phenomena mvolving en- 
zymes which, potentially at least, provide an explanation 
of the regulation of metabolic processes in the organism. 

The original observations of such interactions were on 
haemoglobin which may be considered as a type case of an 
allosteric protein. This was the subject of Dr. Wyman’s 
talk. Dr. Wyman discussed mainly the haem—haem 
interaction, considered as a model of interaction between 
sites for the same ligand. 

The second speaker, Dr. J. Monod (Paris), described a 
model which aims at explaining both the interactions 
between similar and between different ligands, in terms of 
quaternary structures of proteins. In this model an 
allosteric protein is considered to be a polymer with an 
axis of symmetry, which can exist under at least two 
different states which are assumed to differ between 
them by the degree of association between the sub-units. 
The two states are supposed to differ m their affinity 
for the ligands which the protein can bind so that the 
presence of a given ligand can push the equilibrium 
towards a given state. 

The third speaker was Dr. H. K. Schachman (Berkeley, 
California), who gave a physico-chemical description of 
the enzyme aspartyltranscarbamylase of Æ. coli. Dr. 
Schachman showed that the enzyme is made of different 
sub-units, some of which possess a site specific for one of 
the substrates, aspartate, and others a site specific for 
CTP which inhibits the reaction catalysed by the enzyme. 
Isolated sub-units still exhibit affinity for their respective 
ligand but without co-operative effects, those being 
1estricted to the complex polymer. 

In the discussion, many other enzymes were discussed 
which exhibit similar behaviour. This is the case, for 
example, of the enzyme dCMP amino hydrolase which 
has been extensively investigated by Dr. Scarano. In 
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contrast, other complex enzymes appear to operate on & 
different scheme. ‘This is the case, for example, of the 
enzyme glutamine synthetase of E. coli, investigated by 
Dr. E. Stadtman, an enzyme the activity of which ıs 
susceptible to partial mnhibition by eight different com- 
pounds of widely different structures. 

In the final session on “Molecular Aspects of Differentia- 
tion”, with Prof. J. Brachet (Brussels) as chairman, the 
main topic discussed was the synthesis of nucleic acids 
and proteins during early development. Prof. Monroy 
(Palermo) described ın detail the significance of the events 
following the process of fertilization in sea-urchin eggs. 
Ribosomes from unfertilized eggs are not capable of in- 
corporating amino-acids, while those obtained from 
fertilized eggs are capable of doing so. Prof. Monroy 
presented the following simple experiment. When RNA 
from unfertilized eggs was added to liver ribosomes the 
latter incorporated amino-acids. But no incorporation was 
detected when RNA from unfertilized eggs was added to 
ribosomes from unfertilized eggs. He has therefore 
suggested that some inhibitor is present on the ribosomes 
which prevents them from synthesizing protein. Though 
the unfertilized egg has a store of messenger RNA, the 
ribosomes become active only after fertilization. Prof. 
Monroy further indicated that inhibition on the inactive 
ribosomes could be lifted considerably by treating them 
with trypsin and removing the trypsin by washing through 
a sucrose layer. 

Dr. D. Brown (Baltimore) examined the synthesis of 
ribosomal, soluble and DNA-hke RNA during develop- 
ment of Xenopus. The kind of RNA synthesized varies 
conspicuously as development proceeds. Dr. Brown has 
been able to show that DNA-hke RNA and soluble RNA 
are synthesized during late cleavage phase and the 
synthesis continues after gastrulation. The synthesis of 
ribosomal RNA starts only at the onset of gastrulation. 
and increases as development proceeds. 

The final paper was one on cell interactions and carcino- 
genesis by Dr. L. Sachs (Rehovoth), who discussed n vitro 
studies on the mechanism of carcinogenesis by polyoma 
virus and by carciogenic hydrocarbons. In the experi- 
ments with polyoma 1t was shown that virus infection can. 
induce the synthesis of cellular DNA after normal cell 
DNA. synthesis has been repressed by contact inhibition 
or by X-irradiation, that each cell is induced to synthesize 
about double its DNA content, and that this induction is 
not dependent on the replication of viral DNA, but 1s a 
function of the viral genome. It was suggested that all the 
known experimental findings on cell-virus interactions 
with the small DNA tumour viruses can be explained by 
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‘the synthesis of a messenger RNA early after virus 


infection that mediates the induction of cellular enzymes 
required for DNA synthesis by way of alteration of the 
cell surface. In the experiments with carcinogenic hydro- 
carbons it was shown that these chemicals can directly 
and rapidly induce in vitro a high frequency of transforma- 
tion of normal cells to tumour cells. Such tn vitro investi- 
gations provide evidence on the similarities between the 
two types of carcinogenesis. 

B. ASKONAS 

J. A. V. BUTLER 

F. Jacos 


D. ©. PHILLIPS 
L. SACHS 
G. V. SHERBET 


LIVINGSTONE’S CONTRIBUTIONS TO MEDICINE 


Bo LIVINGSTONE has usually been looked, on 
as @ missionary and explorer, yet his contributions 
to medicine were numerous and varied. A review of them 
is given by M. Gelfand in a recent issue of The Central 
ean Journal of Medicine (11, No. 7, 192; July, 
1965). 

He qualified as a licentiate of the Royal Faculty of 
Physicians and Surgeons (Glasgow) in 1840, and throughout 


his life, so far as circumstances would permit, he did all 
he could to keep himself fully informed and up to date. 
For the greater part of his time in Africa he was tolerant 
of native practices in medicine, seeking to understand 
their materials and methods. Patients flocked to him in 
hundreds, and by the standards of the day he was particu- 
larly successful with eye complaints and obstetrics. He 
was probably the first to describe trypanosomiasis in 
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cattle, and as early as 1841 he gave arsenic to a mare 
infected with the disease. 

When in the Tete district in 1856 the people were 
afflicted with a severe epidemic of smallpox, he tried to 
produce a vaccine by inoculating a heifer, but the inocula- 
tion failed to take; instead, he had to send to the Cape 
for a supply of vaccine. In the same year the Governor of 
Quelimane requested that he report on the causes of 
unhealthiness of Senna, a town on the Lower Zambesi. 
He attributed the ill-health to the low-lying nature of 
the land, polluted expanses of water, and decomposing 
vegetable matter. 


Among other experiments, he carried out tests on the . 


most suitable colours for clothing in the tropics; he 
reported on a disease called ‘maculo’, now no longer occur- 
ring in Africa, characterized by a spreading gangrene of the 
rectum; he described the earth-eating habits of natives in 
Northern Rhodesia; he wrote a vivid account of tropical 
ulcer among slaves; and he noticed that Africans living 
on a manioc diet, high ın carbohydrates, suffered from 
disturbances of vision. 

Livingstone was the first to record that the tick (Ornztho- 
doros moubata) was the vector for relapsing fever; and he 
may have also been the first man of medicine to associate 
mosquitoes with malaria He was aware of the great 
Bntish expeditions to the Niger in 1832 and 1841, both of 
which ended in disaster, and after studying the account by 
M‘William of the second expedition he came to the con- 


NATURE 


1051 


clusion that quinine was effective against malaria if 1t was 
given at an early stags and in sufficient quantity. That 
led him to devise his p-]l, consisting of quinine and purga- 
tives, which he was able to try out in a dramatic manner 
on two English hunters who were dangerously ill with 
fever at Lake Ngami one companion of theirs having 
already died. At this time his wife and children also 
became infected with malaria; he treated them success- 
fully in the same kind of way. It was because of this 
treatment that he was able to travel right across Africa 
from west to east in 1356, and maintain activities in the 
unhealthy areas of the Zambesi and Shire Rivers for more 
than four years. 

Livingstone also deserves credit for some attempts’ which 
he failed to carry through. When near the East Coast, 
for example, he came across trees in the forests of Senna 
which he thought were cinchonas, and he sent samples to 
England, only to learn from Kew that he had been 
mistaken. At anothertime he tried to prepare chloroform 
for his wife when her baby was due; he had obtained some 
chloral hydrate, having read of Simpson’s discovery, but 
lacked a suitable retort to prepare the anaesthetic. On a 
further occasion he made use of electricity ın treating a 
Mr. Hamilton in Bechuanaland who was suffering from 
paralysis. 

In all these endeavoars and discoveries Livingstone was 
moved by a pure missionary spirit, never seeking to make 
use of his medical knowledge for pecuniary gain. 


CHEMISTRY OF PLANT PIGMENTS 


SYMPOSIUM on the chemistry of plant pigments, 

organized by the Phytochemical Group, was held 
m the University of Aberdeen on September 23-24. 
Attention in recent years has been given increasingly to 
pigments which are not readily analysed by conventional 
techniques either because of their lability or their 
intractability, and most of the substances discussed during 
the first day of the meeting fell into one or other of these 
two classes. Progress in the chemistry of the betacyanins 
and betaxanthins, for example. has been delayed because 
of their susceptibility to aerial oxidation during purifica- 
tion. In the first paper, Prof. M. Piattelli (Naples) des- 
cribed how he was able to separate these elusive nitrogen- 
ous colouring matters by fractionating plant extracts on 
polyamide columns. He found them occurring in plants of 
the Centrospermae as glycosides. Betanidin was the only 
aglycone of the many betacyanins, but he had discovered 
as many as eight betaxanthin aglycones. These yellow 
pigments were found to be related in structure to betanidin 
and differ in that the leucodopachrome moiety of betanidin 
is replaced by proline, 4-hydroxyproline, glutamine, 
glutamic acid, aspartic acid, tyramine, dopamine, or 
methionine sulphoxide. 

In the second lecture, Dr. F. G. Holliman (Leeds) 
summed up the results of several years work on the red 
phenazine pigments present in Pseudomonas aeruginosa. 
He presented convincing structural and synthetic evidence 
that they are 2-amino-10-methylphenazinium betaines. 
One of them, aeruginosin B, 18 unique as a natural product 
in having a sulphonic acid group on a heterocyclic system, 
and furthermore is only the second natural sulphonic 
acid to be discovered, the first being the sulpholipid sugar 
moiety, sulphoquinivose. In the third paper, Prof. W. B. 
Whalley (London) also dealt with a Pseudomonas pigment, 
this time a blue pigment in P. lemmoniert. The compound, 
which analysed for CHON and the metal calcium, proved 
to be extremely intractable and did not respond to any of 
the usual physical methods of structure determination. 
After many attempts, Prof. Whalley eventually isolated a 
degradation product from chromium trioxide oxidation, a 


pyridone quinone witk an n-octyl side-chain, but the full 
structure of the pigment remains to be elucidated. 

The afternoon sessian was devoted to the natural black 
pigments and began with an account of the melanins by 
Prof. R. A. Nicolaus (Naples). After discussing the chemical 
structure of sepiamelanin from cuttlefish ink, he went on 
to point out that whereas all animal melanins examined 
(19 sources) were derived from 5,6-dihydroxyindole, plant 
melanins, such as thas in Ustilago maydis spores and in 
nine other sources, were derived from catechol. The 
question was raised, in discussion of this paper, whether 
plant melanins could justly be called melanins, since they 
did not contain nitrozen, and should instead be called 
humic acids. However, humic acids, as were described by 
Prof. R. D. Haworth (Sheffield) in the following paper, are 
organic pigments present in the soil, formed from decaying 
vegetation over the course of centuries. After a brief 
survey of the chemistry of humic acids, Prof. Haworth 
went on to outline his own recent investigations, which 
were based on the discovery that these compounds give 
electron spin resonancesignals. He thought that humic acid 
consisted of an organic polycyclic ‘core’, which was 
responsible for electron spin resonance signals, to which 
metals, carbohydrates, phenolic and amuno-acids are 
attached. He supported this view with the results from 
zinc dust distillation af humic acids, which had produced 
xanthone, anthraquinone and a series of alkylnaphthalenes. 
Dr. H. M. Hurst (Liverpool), in a paper on the phenolic 
moieties in humic acid, described how he had obtained 
more than 30 phenolit compounds, all being lignin and 
flavonoid derived units, from mild reduction of humic 
acids with sodium amelgam in weak alkali. He suggested 
that humic acid was a polymer derived mainly from lignins 
and flavonoids, which. after microbial degradation, were 
leached by rain-water from decaying leaves and deposited 
in the podzol. In the fnal paper on humic acids, Dr. R I. 
Morrison (Macaulay Institute, Aberdeen) reported that, 
by oxidizing methylatad humic acids with permanganate 
and identifying the products by gas chromatography, he 
had also obtained lignm-derived fragments. ¿The products 
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he identified included anisic, veratric, 3,4,5-trimethoxy- 
benzoic, 4-methoxyisophthalie and isohemipinic acids. 

The first paper presented on the second day was by Dr. 
J.C. Hughes (Norwich) and carried on the theme of humic 
acids, since it dealt with black and brown pigments formed 
in the potato after cooking or as a result of enzyme action. 
Production of the black pigment, an iron-chlorogenic acid 
complex, in cooked potatoes was greatly affected both by 
biochemical factors in the potato and by the environmental 
conditions in which the potato was grown; it could largely 
be prevented by adding citric acid to the cooking water. 
The level of browning, on the other hand, is determined. 
principally by the amount of substrate (tyrosine) and not 
the amount of enzyme (phenolase) in the potato. Turning 
from vegetable to flower pigments, Prof. E. Bayer 
(Tubingen) then described his work on naturally occurring 
anthocyanin metal complexes. Protocyanin, the natural 
chelate in cornflowers, he showed, can be split to cyanin, 
polygalacturonic acid, iron and aluminium. He pointed out 
that the reason why cyanin, present in red roses, would not 
complex with metal to give a blue colour was because chel- 
ating metals in these petals are not freely available, as they 
are bound to other substances of higher complex stability. 

Anthocyanin pigments occur widely in leaves as well as 
flowers of higher plants and are abundantly present, for 
example, in leaves of the Asiatic Coleus species from which 
the popular ornamental plants are derived. However, 
Prof. H. Eugster (Zurich), in examining the red pigments 
on leaves of East African Coleus spp., found, not antho- 
cyanins, but some new types of quinonoid pigments. The 
structures of two, coleon A and B from Coleus ignarius 
(fam. Labiatae), proved relatively easy to determine; A is 
a 2,5-hydroxynaphthaquinone with an isoprenoid attach- 
ment and B is a related hydroquinone. Fuerstion, from 
Fuerstia africana (also Labiatae), proved to be unusually 
labile, being sensitive to acid bases and heat, but, by very 
skilful experimentation, Prof. Eugster had been able to 
show that it was a methylene-quinone, somewhat related 
in structure to pristimerine. 


DESIGN 


( hake OXFORD DIOTIONARY lists many different 
interpretations of the word ‘design’ used either as 
noun or verb, but it now has a new meaning in its own 
right: a subject to be studied for its own sake, regardless 
of any primary discipline involved. Design as a funda- 
mental concept is on its way to becoming a science. In 
the sense of producing new and useful commodities of all 
kinds, it is seen as a major challenge to human ability. 
“The better understanding of the problems involved 
provides a task for the behavioural scientists. The better 
development of designers requires careful thought by 
management.” The theoretical and practical values of 
pioneering inter-disciplinary thinking in the broad field 
of design had to be tested. That the task has proved more 
than successful is attested by the symposium sponsored 
by the Design and Innovation Group of the University 
of Aston in Birmingham (designate), convened in Birming- 
ham during September 21—23, of which a copy of the pre- 
prints of the papers presented is now available *. 

This volume undoubtedly brings together, in a sub- 
stantial way and for the first time in Great Britain, the 
general trend of thought about the nature and problems 
of design by many different people in many walks of life 
having wide experience in this field. Thirty papers dealing 
with design from inception to-realization and utilization 
are included. Breadth of coverage is shown by the wide 
range of technologies and sciences represented; these are 


* Design Method Symposium, University of Astonin Birmingham Designate 
oat of Advanced Technology), September 21-23, 1965—Preprints 
Organized by the Design and Innovation Group.) .Pp. 322. (Butterworths, 
London, 1965.) » 
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Yellow xanthone pigments were the subject of the next 
paper by Dr. J. C. Roberts (Nottingham), who surveyed 
their occurrence in flowering plants (nine families), in 
fungi (three genera) and in lichens (one genus). He de- 
scribed methods of structural determination, and dealt 
specifically with the identification of sterigmatocystin 
from Aspergillus versicolor and mangiferin from Mangifera 
indica. The latter xanthone has a C-glucosyl attachment 
and it thus formed a natural bridge to the next paper on 
naturally occurring C-glycosyl compounds by Prof. L. J. 
Haynes (Jamaica). He described the nuclear magnetic 
resonance evidence which supported C-glycosyl structures 
for mangiferin and related compounds, and outlined 
recent research on a new C-glucosylchromone in bitter 
aloes. The final paper by Dr. R. M. Horowitz (Pasadena) 
was on C-glycosylflavones, and in it he presented nuclear 
magnetic resonance evidence which proved that vitexin 
was 8-C-glucosylapigenin, isovitexin 6-C-glucosylapigenin 
and the lucenins 6,8-di-C-glucosyl-luteolins. He used 
similar data in very elegant fashion to show that the xylose 
in a D-xylosylvitexin (isolated from oranges) was attached 
by a B1—2 link to the 8-glucosyl residue, and that a 
p-hydroxybenzoic acid derivative of vitexin was similarly 
constituted. 

The meeting ended with short reports on the xanthones 
in Kielmeyera spp. (M. T. Magalhaes, Brazil) and in Calo- 
phyllum spp. (E. Scheinmann, Salford), on the quinones in 
Tabebuia ipé (A. R. Burnett, Aberdeen), on a novel yellow 
fungus pigment from Pawgillus involutus (R. L. Edwards, 
Bradford), on umbelliferone biosynthesis (D. J. Austin, 
Glasgow), and on the Aspergillus hydroxylating system 
(S. M. Bocks, Oxford). It was clear from this symposium 
that plant pigments continue to provide a challenge to the 
skill and ingenuity of the organic chemist and that prob- 
lems remain which will take much effort to solve, unless 
dramatically new techniques become available. Tho 
attraction of their colour will always ensure abundant 
interest in the chemistry of these fascinating substances. 

J. B. HARBORNE 
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METHOD 


architecture, behavioural sciences, chemical engineering, 
electrical engineering, electronics, ergonomics, fuel tech- 
nology, information science, instrument technology, 
mechanical engineering, metallurgy, philosophy, physics, 
production engineering, psychology and sociology. 

As if to emphasize the concept of the building end 
ultimate evolution of design science, the symposium is 
appropriately divided into six successive sections: (1) the 
design process; (2) human needs and satisfaction; (3) 
stages of design; (4) practical design and techniques; 
(5) realization; (6) design and management. 

The design process is concerned with overviews of the 
total process of design. It is illustrated by five papers: 
“Design Methods Reviewed”, by J. C. Jones; “Some 
American Views on the Design Process”, by R. J. McCrory; 
“A Survey of Design Methodology”, by W. E. Eder; 
‘‘Preparatory Work for Research into Electronics Design’, 
by H. V. Beck; and “Design Science”, by S. A: Gregory. 
On the bases of experience in these fields, it is deduced 
that the time is ripe for research into design and the 
establishment of design science as an aid to the practical 
designer. 

“AJl technological design attempts to fulfil some human 
need or provide some satisfaction.” The section on human 
needs and satisfaction is concerned with establishing the 
concepts involved and exploring ways of finding out or 
measuring human needs. Herein, to guide constructive 
thinking, are a further five papers: “Design and Human 
Satisfaction”, by W. H. Mayall; ‘Invention, Design and 
Market Research’, by A. F. Stobart; “Sociology and 
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Design”, by A. M. Penny; “Ergonomics and Design”, 
by B. Shackel; and “Choosing and Evaluating”, by A. G. 
Pleydell-Pearce. 

The foreword to the section on stages of design reads: 
“From the perception of need it is possible to set down the 
design process in successive stages. These stages are not 
intrinsically isolated but may be conveniently separated 
for the purpose of description and study. In practice the 
operations involved in the sequence continually re-define 
each other until a solution satisfactory for the particular 
circumstances arrives.” In support of this dictum are 
again five papers: “The Elements of Design”, by R. D. 
Watts; ‘Information for Design”, by J. E. L. Farradane; 
“Patterns”, by A. D. Newman; “Creativity”, by G. H. 
Broadbent; and “Design and Decision”, by 8. A. Gregory. 

The theme of practical design and techniques is an 
analysis of the methods that designers are finding useful 
and, consideration of progress in application of new ideas. 
In this section we get down to what may be termed the 
day-to-day function of the designer in certain fields, 
rather than the more philosophical aspects of his work. 
“Designers, in reporting their work, tend to concentrate 
upon the more technical aspects of the task.” But there is 
more to it than this, as is apparent from these papers: 
“A Practical Design—An Oil Burner for Large Water- 
tube Boilers”, by A. M. Needham; “The Implications 
of Economics in Engineering Design’, by A. P. 
Shahbenderian; ‘‘Models”’, by ©. Hulse; “The Use of a 
Digital Computer in Design Offices’, by K. C. Parton; 
and ‘Fundamental Design Method”, by E. Matchett and 
A. H. Briggs, an interesting case of how a combination of 
systematic method and psychological stimulation con- 
tributed to the production of a useful design. 

In the section on reulization, the underlying motive is 
that eventually all practical designs, if successful, must 
come to a material embodiment. This demands study of the 
interaction of function, fabrication techniques, number 
and complexity of products. In this concept such inter- 
action affects assembly, reliability, maintenance, best use 
of space, and overall cost. All decisions made in this 
category must be communicated to everybody involved, 
to make this goal of realization truly effective. To show 
how this can be done, F. L. Ellis contributes a paper on 
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“Design Realization” ; ‘Selection of Materials” is discussed 
by A. L. Davies; a paper by C. T. Corney entitled “Relia- 
bility and Maintenance” is followed by one on “Design of 
Materials”, by S. A. Gregory, while a welcome note on 
“New Ideas in the Drawing Office” is struck by P. 
McMullen. 

The final section on design and management probably 
goes to the root of the whole project of a design science, 
in that it seeks to equete formulation of policy, operation 
and motivation of working groups, effect of major organiza- 
tion on design, and methods of evaluating the effectiveness 
of design organizations as a whole, as a matter of funda- 
mental concern. The exponents in this argument are 
B. T. Turner, in his papar on ‘“Design Policy Formulation” ; 
R. Davis in his “Innovative Design is a Policy Function of 
Directorship”, wherein it 1s emphasized that relationship 
between design and the whole enterprise of which it forms 
part must be carefully established and the overriding 
policy laid down for all concerned to appreciate and act 
on; I. M. Ross discusses “‘Effect of Organizational Pro- 
cedures on Design”; M E. Peplow, “Design Acceptance” ; 
and. finally C. H. Buck, who has written an admirable 
summary of the procesdings at the symposium, enclosed 
with this volume, contributes his share on the vital subject 
of “Communication”. 

There is no doubt that this symposium, and what will 
follow from it, breaks new and profitable ground. Pressure 
towards a rational analysis of activities involved in the 
process of design has, of recent years, steadily increased. 
Previously in Great Britain, stimuli in this direction were 
the outcome of the Feilden Report (Nature, 206, 643, 
1965), the 1962 Conference on Design Methods, and the 
Scarborough Confererce on Teaching of Engineering 
Design in 1964. This volume shows that we have gone a 
long way from the impetus of those deliberations and in a 
comparatively short time. It is the intention of Butter- 
worth and Co. (Publishers), Ltd., to issue a version of the 
Proceedings, together with discussion, suitably edited by 
S. A. Gregory, on behalf of the Design and Innovation 
Group, which will meke available in durable form the 
wealth of new information and ideas implicit in and 
realized by this impcrtant symposium: thus is a new 
science born. 


VALIDITY OF RADIOCARBON DATES ON BONE 
By Dr. M. A. TAMERS and F. J. PEARSON, jen. 


Department of Chemistry, Instituto Venezolano de Investigaciones Cientificas, Caracas, Venezuela, and Radiocarbon Dating 
Laboratory, University of Texas, Austin 


SURVEY of the scientific literature reveals the fact 

that carbon-14 dates on bone often do not accord 
with independent estimates of the site ages. Bone dates 
are generally regarded as considerably less reliable than 
determinations using charcoal, wood, or other materials 
with large carbon contents (except shell). Most labora- 
tories are in agreement that, whenever possible, bone 
should not be used for radiocarbon dating. 

However, in many instances important finds are made 
where the only datable material available is bone. A 
problem illustrating this is the well-known palaeo-indian 
site, Muaco, in Venezuela}, which is a kill site. No charcoal 
was found associated with the animal bones and human 
artefacts. Two specimens of the bones have given carbon- 
14 ages of 16,375 + 444 B.P. and 14,300 + 500 B.P.?, 
which are the oldest dates associated with human habita- 
tion in South America. Furthermore, these dates fall 
within a period (between 12,000 and at least 25,000 years 
ago) in which there was little or no human activity in 
North America, as evidenced by the scarcity of radio- 
carbon dates of these ages. A serious controversy has 


arisen as to whether the Muaco site is really as ancient 
as the radiocarbon dates indicate or whether it is possible 
that radiocarbon datmg of bone can give falsely old 
ages. 

The validity of radiocarbon dates on bone is investigated 
by determining the natural carbon-14 concentrations of 
samples of known age, that is, historically dated specimens 
or those found associated with charcoal or other materials 
known to give reliable radiocarbon dates. Several radio- 
carbon dating laboratories have measured known-age 
bone samples with varying results. Recently, Berger, 
Horney and Libby? have concluded that, with an acid- 
dissolving preliminary treatment, bones will be capable of 
reliable radiocarbon ages. Dates on bone not so treated 
can give incorrect ages, but there is no indication of evi- 
dence that the errors 20uld be such as to make the bone 
samples appear older than they really are (which is the 
question in the Muaco site) and insufficient data to permit 
conclusions as to the extent of the errors involved. Further- 
more, it seems reasonable to investigate in more detail the 
reliability of the special preliminary treatment, used to 
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remove carbonates completely, with more samples in 
order to improve the knowledge of the limits of confidence 
of these bone dates. This article presents the results of 
@ series of measurements on known-age samples and 
allows the errors connected with bone dating to be 
defined. : 

Carbon in bone is present as organic material and as 
carbonate. It might be expected that the carbonate 
portion would undergo isotope exchange with carbon 
dioxide from the atmosphere or soil atmosphere, or with 
carbonate dissolved in ground water. Thus, a radiocarbon 
date based on total bone carbon could be falsely young if 
the bone carbonate had exchanged with atmospheric 
carbon dioxide or falsely old if the exchange had been with 
dead limestone-derived carbonate in ground water. 
However, independent considerations indicate that the 
carbonate portion of bones can give carbon-14 dates that 
are incorrectly young, but not too old. This is seen by 
examining what is known about carbonate exchange 
processes in general. Laboratory experiments’ have shown 
that carbon dioxide gas exchanges readily with wet, 
solid carbonates, but that exchange between solid carbonate 
and dissolved HCO3 or COF was not observed. Recent 
work on natural systems®:* shows that no isotope exchange 
between carbonate species dissolved in ground water and 
the solid carbonate of the aquifer can be detected. There- 
fore, it is to be expected that the carbonate of bones 
could be made falsely young by isotope exchange with 
atmospheric carbon dioxide, but they should not appear 
falsely old owing to exchange with limestone-derived dis- 
solved carbonate, since this type of exchange does not 
seem to take place. 

In the work described here, the bone as submitted was 
scrubbed and washed thoroughly and, if necessary, broken 
into pieces of a few centimetres length. After this, the 
following treatment methods were investigated: 

A-Fraction. The cleaned bone pieces were placed in a 
large beaker, dilute hydrochloric acid added and the solution 
heated to boiling. Enough acid was used to dissolve the 
bones, thus assuring the complete removal of carbonates. 
Prolonged heating evaporated the solution to dryness. 
The residue was burned in a stream of oxygen in the usual 
manner and the carbon dioxide collected for analysis. 

B-Fraction. A weighed amount of bone was treated in 
an enclosed system with an excess of hydrochloric acid. 
The procedure was carried out in an apparatus similar to 
that used for shell and other carbonate samples, so that 
the evolved carbon dioxide could be collected quantita- 
tively. This fraction represents the carbon present in the 
bone as acid soluble carbonates. 

C-Fractton. For some samples, clean bone pieces were 
burned in oxygen directly, after only a superficial washing 
with dilute hydrochloric acid (about 5 min at room tempera- 
ture. It has been demonstrated several times in the course 
of these experiments that this treatment is not sufficient 
to completely remove the carbonates present. 

Fractions A and B will provide the most useful data since 
they represent separate portions of the bone carbon. 
Fraction C gives ambiguous results; it is carbon that comes 
from a more or less quantitative collection of that present 
as what could be extracted as fraction A, but only part 
of the carbonates of fraction B, since the combustion 
temperatures ‘are not high enough to completely decom- 
pose the calcium carbonate in the bone. This is seen by 
the fact that the amount of carbon extracted as fraction C 
on a particular bone sample is almost always a little higher 
than fraction A. Furthermore, the carbon-14 dates on 
the fraction C usually differ from those obtained on 
fraction A and in a, direction that can be explained by 
considering the carbon-14 age observed for fraction B. 
A good illustration of this is our sample T'x-164, which was 
a collection of pieces of the shell of a large turtle, now 
extinct’. 

T'e-164-A. Fraction A was examined in two separate 

lots which gave 0-45 and 0-64 per cent as the organic 
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carbon contents of the bones. The combined sample 
dated 15,800 + 1,600 B.P. 

Tx-164-B. There was 1-2 per cenit carbon as fraction B 
in the single lot of bones investigated. The carbon-14 
date was 8,780 +. 250 B.P. 

Tx-164-C. This fraction O, from bones washed for 5 min 
in dilute hydrochloric acid, showed a bone carbon 
content of 0-95 per cent and dated 10,250 + 250 B.P. 

Tf it is assumed that the fraction A carbon content of 
the bones used for the Z'v-164-C analysis was the average 
of that found for T'«-164-A, that is, 0-55 per cent, and 
that the organic fraction of Tx-164-C was completely 
collected, but the carbonate fraction only partially (the 
0-95 per cent carbon content was made up of a 55 per 
cent fraction A carbon content and 40 per cent fraction 
B content), the weighted averages of the ages of A and B 
would indicate that T’x-164-C should date 12,800 B.P. 
The difference between this and the observed age can be 
accounted for by the quoted statistical errors of the 
countings. 

The same sort of analyses were made with the different 
fractions of samples T'w-162, T'x-163, Tx-229, and T'x-231 
shown in Tables 1-3. Assuming an uncertainty of 15 
per cent in the carbon concentrations, the observed ages 
of the fractions C could be accounted for by considering 
those given by the fractions A and B, as was already 
described here for the turtle bones sample 7'a-164. 

The results of analyses of known-age bone samples are 
shown in Tables 1-3. The specimen numbers with Tx- 
indicate measurements done at the University of Texas, 
and those with IVIC- at the Instituto Venezolano de 
Investigaciones Cientificas. Both radiocarbon dating 
laboratories convert the samples into benzene®® and count 
with liquid scintillation techniques. The errors quoted 
with the dates are the standard errors calculated from the 
random nature of the disintegration process. A previous 
investigation has verified that all other laboratory errors, 
such as isotope effect, amount to less than 0-5 per cent 
and are negligible for our purposes’®. The dates in the 
tables, except where indicated, are in years B.P., that is, 
years before 1950, and are calculated using a carbon-14 
half-life of 5,568 years. A description of the sites, con- 
ditions of the finds, and references to the associated 
charcoal ages can be found in the bone sample references 
quoted in Tables 1-3. 

The deviations of the observed carbon-14 bones ages 
from the presumably correct associated charcoal ages are 
given in the last columns of Tables 1-3. A negative 
deviation indicates that the bone age is falsely young. In 
all measurements the bones dated either the same age 
(statistically indistinguishable) as the associated charcoal 
or were younger. The most common method of bone 
sample treatment, fraction C, is the least successful and 
has given an incorrect date in every case measured. There 
are also samples quoted. in the literature using treatments 
similar to fraction C (refs. 11-16), all of which show bones 
with falsely recent dates. This is of interest in the case of 
the Muaco site, mentioned in the introduction of this 
paper, whose bones were dated with this type of treatment. 
The indications are strong that the Muaco specimens are at 
least as old as the controversial carbon-14 dates claim and 
not younger as has been suggested. 

Bone dates on the acid-soluble carbonate portion 
(fraction B) hold no promise of accuracy. Samples of this 
sort appearing in the literature also show bone carbonate 
ages incorrectly young!*-!7, Radiocarbon dating labora- 
tories are in general agreement that carbonates are par- 
ticularly suspect materials for dating owing to their ease 
of exchange with contemporary carbon dioxide. 

The most interesting of the methods investigated is the 
acid-dissolving pretreatment which produces fraction A. 
Table 1 shows that one-third of the samples gave correct 
dates, but that the others all have negative deviations 
indicating bone ages that are too young. The reason for 
this is probably contamination with more recent or 
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Site | Charred | specimen | specimen | % Carbon Bone age | Associated 
No. | reference | charcoal age 
‘ort St. Louis | no | Tx-162B | (7) | os | Modem | 19% +105 
San Lorenzo no | Tx-163-B | (7) | 1:3 | Modern | 380 +100 
Bonfire Shelter yes | Pe820-B | 7-2 | 1,560 +100 | 2,645 £75 
Bonfire Shelter no | Te280-B | @ | 73 | TO +160 | 10230 +160 
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aunlenpormy organic material in the ground. Bones, 
being very porous, are difficult to clean thoroughly and 
this is the major origin of the difficulties. The known-age 
-bone samples of Berger, Horney, and Libby’ show the 
‘same phenomenon. Their Chimney Cave mummy was 
presumably not exposed to ground contamination and 
gives a correct age. The other two samples both date too 
recent, but the bones from India may represent an intru- 
sive burial and those from Santa Rosa Island are not in 
error enough to be statistically distinguishable from the 
associated charcoal. There are other examples of bones 
do with treatments similar to fraction A; several 
ecimens give correct ages'*-'8 but others have dates 
learly too recent !5-16.19.20, 
ontrary to widespr ead opinion, bone samples which 
> charred do not give more reliable dates than those 
iwere not. However, there seems to be a tendency for 
: es with low organic carbon concentrations to produce 
worse results than the others. Charred bones generally 
have higher organic carbon contents than those that were 
not burned. 

In conclusion, it can be seen that the majority of radio- 
carbon dates on bone are in error. Most of the bone dates 
appearing in the literature were obtained with acid-washing 
pretreatment methods similar to that described as our 
fraction C. Very few of these values should be correct, 
except possibly in those situations where the bones were 
not buried or for relatively recent sites (less than a few 
hundred years old). The use of the carbon present as 
acid-soluble carbonates for the dating is not advisable in 
any case. The best method is clearly that involving the 
acid dissolving of the bones, in this way ensuring the com- 
-plete removal of the carbonate fraction. However, even 
is 1 treatment gives incorrect dates in more than half 

mples and the results should be used with caution. 
mportant factor in the | errors Cornoctoa with 
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be suggested, on the basis of this evidence, that a more. 
realistic use of bone detes would be to take them as only 
lower limits and to preeede the dates with a sign indicating 
‘greater than or equal to’. 

The extent of the errors is not such as to make bone — 
entirely unsuitable in cases where an upper limit to the. 
age of the material is of principal interest. As expected, 
the absolute values of the deviations tend to increase with = 
the sample ages. For the bones described in this paper, Ss 
which range from 200 to 10,000 years old, the maximum 
error is 3,000 years. In the best of the treatment methods 
(fraction A), only one sample out of the fourteen meas 
has an error greater taan 2,000 years. With scrupulous 
physical cleaning of «he bone specimens, it migi 
hoped that the errors of unknown-age samples, up 
least 10,000 years old, will not exceed a few thousand | y A 
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RIC levels of selenium and molybdenum in soils Se in stream 
nd herbage have been reported by the Irish Agricul- sei dia 
ostitute at a number of localities, notably in O 16-30 
s Limerick, Tipperary and Meath’. The clinical : keels 








-reconnaissance techniques, originally developed for pur- 
... poses of mineral exploration. The results of these trial y 
reconnaissance surveys, based on stream sediment . fF a 
sampling at a density of | sample per sq. mile, disclosed i fe 
anomalous patterns for molybdenum in each of the suspect ‘ 

_ areas where this metal had been recorded in the soils; ‘ 
_ patterns of anomalously low values for cobalt were also : 
“observed. in a cobalt-deficient area in Co. Wicklow®. A i 

Since then, our investigations have been extended to : 

-inelude selenium, with special reference to the toxic 

area in Co. Limerick. Here, more detailed sampling has Hi g i 
shown an encouraging degree of correlation between the ee er 
regional distribution patterns of selenium and molyb- 
> denum in the drainage on the one hand and in the soils and j 
- herbage on the other. The following description is con- . 
cerned solely with the empirical results of the systematic ; 
surveys that have been carried out in the Limerick area ’ 
and which are now providing the basis for further investi- ; 
gations of more fundamental aspects of this biogeochemical 
problem. 
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Fig. 2. Distribution of selenium in the stream sediment of tributary 
drainage (data refer to — 80-mesh fraction) 
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Fig. 1. Simplified geology of the area covered by the regional geochemical miles N e 
survey, Co. Limerick, (After Hodson and Le Warne’ and Irish Geological Fig, 3. Distribution of molybdenum in stream sediment of tributary 
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Description of the study area in Co. Limerick. The 
geology of the area (Fig. 1) is composed of Carboniferous 
limestone overlain in the west by a Namurian sequence of 
sandstones and siltstones at the base of which occurs a 
black marine shale horizon, defined as the Clare Shales’. 
Cross-sections of these shales, previously noted as the 
source of the selenium and molybdenum in the affected 
soils*:*, have been sampled systematically in detail and 
show bands ranging in content from 5 to 30 p.p.m. selenium 
and 5 to 150 p.p.m. molybdenum; the higher values usually 
being recorded in the more carbonaceous and pyritic 
horizons. By comparison, the limestones, sandstones and 
siltstones generally contain less than 1 p.p.m. selenium 
and 2 p.p.m. molybdenum. 

Geomorphologically, the boundary of the arenaceous 
rocks and the Clare Shales marks a more or less well- 
defined scarp overlooking the lower ground underlain 
by the limestone. Boulder-clay with local patches of 
fluvio-glacial gravels cover much of the area, except in 
the south-west where the overburden is predominantly 
residual in origin (Fig. 1). Peat is commonly developed 
on the higher ground and in boggy depressions st the 
base of the scarp. 

Drainage is to the east and west of the 
watershed, which follows approximately 
the outcrop of the sandstones immedi- 
ately overlying the shales. Streams 
mostly rise in peaty areas. In the upper 
reaches, the banks are usually composed 
of colluvium where the streams are 
incised, but on the flatter ground variable 
widths of flanking alluvium are devel- 
oped. As is common in many parts of 
Eire, appreciable stretches of the stream 
channels have been modified by dredging. 

The agriculture of the area is based on 
dairying, with small units ranging from 
about 20 to 40 acres at the base of the scarp 
to larger farms of up to 200 acres on the 
limestone in the east. Unfenced hill land to 
the west is associated with poorly drained 
peaty soils of low nutritional status and 
supports low-yielding cross-bred cattle. 

The geochemical patterns. For recon- 
naissance purposes, samples of the active 
stream sediment were taken from tribu- 
tary drainage at a mean density of | 
sample per sq. mile. A total area of 250 
sq. miles was covered, centred on the 
known seleniferous localities. The un- 
ground minus 80-mesh fraction was anal- 
ysed spectrographically for 15 elements 
including molybdenum’, and colorimetri- 
cally for selenium using a rapid method 
based on 3,3’-diaminobenzidine capable of 
25 determinations per man-day"’. 

The resulting patterns show broadly 
coincident anomalies for molybdenum 
and selenium covering an area of about 
30 sq. miles. Peak values up to 200 p.p.m. 
molybdenum and 110 p.p.m. selenium 
occur on or near the Clare Shale sub- 
outcrop (Figs. 2 and 3). The extension 
of the anomaly on to the Namurian rocks 
to the west is related to the glacial dis- 
persion of Clare Shale material in a 
south-westerly direction up to the limit 
of the drift deposited during the last 
(Weichsel) glaciation, as mapped by the 
Irish Geological Survey (Fig. 1). The 
apparent extension eastwards on to the 
limestones is largely due to alluvial trans- 
port along the present-day surface drainage 
puattins, Commer and vanadium also show a 
tendency to follow molybdenum and selen- 
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Fig. 4. Distribution of selenium in stream sediments, soil and mixed herbage 
on 220 samples collected on an 880-ft. square-grid 
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ium, though contrast between anomaly and background is 

much less marked. Dredging operations in the stream 
channels appear to have had little influence on the regional 
patterns of metal dis-ribution in the stream sediments. 

In order to determine the significance of the stream 
sediment patterns in terms of the metal content of the 
local soils and vegetation, more detailed sampling was 
undertaken in the area centred on two known toxic 
selenium localities (*igs. 1 and 4). In addition to close- 
spaced stream sediment samples, the soil and pasture 
herbage were collected systematically on an 880-ft. 
square-grid giving & total of 220 sampling points over 
5 sq. miles. The patterns obtained by analysis of the 
stream sediment, the minus 80-mesh fraction of the soil 
at 18-24 in. and the oven-dried mixed herbage are shown 
in Figs. 4 and 5. 

Focal points of the stream sediment anomalies are 
clearly related to extensive areas of molybdenum- and 
selenium-rich soils. The drainage trains extend down- 
stream for 1-2 miles and are believed to have developed 
largely by erosion of metal-rich soil in the headwaters. 
The stream waters draining the Clare Shales are also 
anomalous and carry up to 60 p.p.b. (parts per billion, 
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10) molybdenum and 17 p.p.b. selenium compared 
with und values of a than 0-5 p.p.b. The 
possibility that precipitation of meta) from the stream 
waters may contribute to the sediment anomaly cannot, 
therefore, be discounted at this stage. 

The greater part of the extensive anomalous soil 
patterns in the west is related to the metal-rich glacial 
overburden and patches of residuum derived from the 
Clare Shales. Peak soil values ranging up to 3,000 
p-p-m. molybdenum and 500 p.p.m. selenium occur 
mainly in boggy seepage areas in the stream headwaters 
where the metals have accumulated by precipitation in 
the organic-rich reducing environment (as reported by the 
Trish Agricultural Institute). This view has been confirmed 
by analyses of ground-water draining into these areas 
from the Clare Shales, which have been found to 
contain up to 7:0 p.p.b. selenium and 15 p.p.b. molyb- 
denum compared with background values of less than 
0-5 p.p.b. Recent analysis has also shown an additional 
trend, particularly evident in the case of molybdenum, 
for the metals to follow iron in seepage soils and spring 
sediments. The extensions of the soil anomalies down the 
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Fig. 5. Distribution of molybdenum in stream sediments, soil and mixed herbage (same 
urden (after O’Meara*) also shown 


samples as Fig. 4); simplified composition of the overb 
a in 5(a) 


NATURE 


“50 BAZY soil [Jenco dritt [= ~ atium 





December 11, 1965 


valleys are confined to the metal-rich alluvium deposited 
alongside anomalous streams and which overlies essen- 
tially barren limestone drift. 

Analysis of grab samples representative of the mixed 
herbage at each soil sample point shows an interesting 
contrast in the soil-plant relationships for molybdenum 
and selenium. Broadly speaking, there is some degree of 
correlation between the total molybdenum content of the 
soil and herbage irrespective of local variations in soil- 
type. In contrast, selenium-rich herbage is found only 
on the more alkaline, organic-rich poorly drained soils 
within the seleniferous area. Without denying their 
influence, local variations in soil type would, therefore, 
seem to be less restrictive in controlling the ratio of total 
to available molybdenum as compared with their effect 
on the selenium ratio. 

While the foregoing establishes the existence of a useful 
broad relationship between metal content of the drainage 
and the rocks, soils and herbage of the catchment area, 
detailed examination indicates a number of interesting 
features which undoubtedly reflect the modifying influence 
of geological, geochemical and biochemical factors. Work 
in progress is therefore primarily directed 
towards those aspects of the fundamental 
problem bearing on interpretation of the 
geochemical data, including: (1) the distribu- 
tion and dispersion of molybdenum and 
selenium in both the bedrock and the zone 
of weathering; (2) the relative mobilities of 
those elements and the relationships between 
total and available metal; (3) the influence 
of relevant environmental factors, such as 
pH, Eh, drainage and soil type. Attention 
is also being given to the distribution of 
certain other constituents, notably copper, 
vanadium, phosphorus and sulphate. 

Relationship between the geochemical pat- 
terns and animal health. Horses and cattle 
grazing herbage containing more than 5 
p.p.m. selenium in the dried sample have 
shown symptoms of chronic selenium poison- 
ing, including unthriftiness, loss of hair 
and abnormal growth of the hooves':**. At 
the known toxic locality A (Fig. 4) the 
maximum recorded value in the herbage is 
100 p.p.m. selenium, while at B the content is 
5-10 p.p.m. On the basis of a threshold level 
of 5 p.p.m.*, the results given in Fig. 4(c) 
point to the possibility of other suspect 
pastures in the immediate vicinity. Con- 
sidering the region as a whole, four other 
toxic seleniferous localities are now known, 
all of which he in the peak anomalous area 
indicated by the regional geochemical data 
(Fig. 2). Assuming similar sediment-plant 
relationships as exist in the detailed investi- 
gation area, other toxic localities—at the 
clinical or sub-clinical level—might be found 
elsewhere within the anomalous region where 
conditions of drainage and soil type are 
locally propitious for accumulation of selen- 
ium in a form available to the herbage. 

Turning to molybdenum, some symptoms 
of molybdenum toxicity—notably fading of 
the coat and scouring—have been reported 
from Co. Limerick*. The provisional thres- 
hold level for toxic herbage is given as 5 
p.p.m. in dry matter’, and soils with more 
than 10 p.p.m. total molybdenum are con- 
sidered to be suspect*. On this basis, molyb- 
denum toxicity or molybdenum-induced 
copper deficiency could exist in much of the 
western half of the detailed investigation 
area (Fig. 5). Again assuming comparable 
sediment-plant relationships in similar en- 


VoL. 208 





wo.sois December ll, 1965 
vironments in the region as a whole, the stream sediment 
pattern shown in Fig. 3 might well outline a considerable 
area wherein clinical or sub-clinical molybdenum toxicity 
(including molybdenum-induced copper deficiency) could 
be suspected. Since uptake of molybdenum from metal- 
rich soils appears to occur over a wider range of conditions 
than does selenium, excess molybdenum could well con- 
stitute the more extensive agricultural problem. 

Conclusions. Though as yet incomplete, the results 
recorded here, taken in conjunction with earlier trials in 
Eire and the United Kingdom‘, support the view that 
- geochemical e reconnaissance has a useful part 
to play in the agricultural field. In this context, regional 
stream sediment surveys could provide an economical 
means of rapidly delineating suspect problem areas 
wherein to concentrate detailed investigation by more 
conventional methods not so well suited to regional 
application. Of considerable significance is the possibility 
that the data may also serve to outline areas of sub-clinical 
or latent" excesses or deficiencies, which can be the cause 
of great economic loss through sub-optimum yield or 
may only become apparent when the land is subjected to 
more intensive agriculture. On the research side, stream 
sediment surveys may provide a source of information 
concerning the regional distribution of a wide range of 
constituents of interest in the study of trace element 
interactions and nutritional imbalances in plants, animals 
and man. 

Considerable work clearly remains to be done before 
the scope and limitations of the method can be fully 
appreciated. Nevertheless, there already seems good 
reason for believing that regional geochemical recon- 
naissance, properly used as an ancillary tool in conjunction 
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with geological, soil survey and other relevant techniques, 
can aid in agricultural appraisal and, possibly, eventually 
in epidemiology. 

The fact that, wih little additional effort, the same 
results may be used for mineral prospecting purposes 
could contribute a further incentive for undertaking 
regional geochemical surveys in appropriate areas. 

We thank the Irish Agricultural Institute and the Irish 
Geological Survey for their advice. Considerable assist- 
ance was also given by our analytical colleagues, especially 
J. Henderson-Hamilson, Ann ‘Cole, D. Williams and T. 
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URING a deliberate search for abnormal thaemo- 

globins among patients at the Toronto General 
Hospital, a 17-year-old girl of English aneestry was found 
to have a fast-moving abnormal haemoglobin band on 
electrophoresis at alkaline pH. The band was also present 
in the blood of her mother (Mrs. F. M.) (Fig. 1) but net 
in that of the mother’s sister. 

The mother was English, 48 years old, and in good 
health. Physical examination showed no abnormalities. 
Her haemoglobin level was 12 g/100 ml. with 2 per cent 
reticulocytes. The blood film showed very slight aniso- 
cytosis, but no target cells were seen. Incubation of a 
blood haemolysate at 48° C for 3 h with phosphate buffer, 


PH 7-2, failed to produce any precipitate. Incubation of 


her fresh red cells with acetylphenyl-hydrazine and with 
brilliant cresyl blue gave normal results. 

An electrophoretically fast-moving haemoglobin was 
seen in the position of haemoglobin J, indicating that it 
carried one more negative charge per half molecule than 
haemoglobin A. The ratio of the haemoglobins A : J was 
4:1. There were two haemoglobin A, fractions, one in the 
position of normal A, and another moving in front of it on 
paper and starch-gel electrophoresis at alkaline pH. The 
distance between the abnormal and the normal haemo- 
globin A, was the same as the distance between haemo- 
globin J and haemoglobin A. The ‘double’ haemoglobin 
A, suggested that the abnormality in the haemoglobin J 
resided in the «-chains, since haemoglobin A, 

the same «-chains as haemoglobin A. 


possesses 
An abnormality 
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of a-chains = haemoglobin J (a/8,) would be accom- Table 1 
panied by an additional (abnormal) haemoglobin A, + 3 3 & £1017 Bo 36 2 
(aJ8_). Hybridization of the isolated haemoglobin J Vallee fiche: sl aaa imn i 


with canine haemoglobin, followed by electrophoresis at Tryptic peptides aTpI (residues 1-7) and aTpII (residues 8-11) of the 
alkaline pH, showed that the §J-subunits migrated like chain of haemoglobin A. so peptides are separated by Ne 
BA, but the «J-chains moved faster than gA polypeptide hydrolysis. This separation is partially Inhibited by the acidic asparty at 
chains. These findings confirmed that the haemoglobin position 6. 

was indeed a haemoglobin J x. 


Table 2. AMINXO-ACID ANALYSIS OF aTPI +III FROM HAEMOGLOBIN J AND 


Examination of the amino-acid substitution. ‘Finger- HAEMOGLOBIN A 
prints’ of the haemoglobin Ja, prepared according to Haemoglobin J Haemoglobin A 
Ingram: and Baglioni?, were compared with those from emnoles Residues = moles Residues 
haemoglobin A. References to these and other procedures Asp 0:222 31 0:221 21 
involved have recently been listed”. They include the an ps sa mite a 
preparation of globin from haemoglobin, followed by Pro 0-079 1-1 0:124 1-2 
tryptic digestion which splits the «-chain and the $-chain Ala 0-007 <01 0:122 12 
into small peptides wherever there are lysyl or arginyl se Casa fr Be os 
bonds. These peptides are afterwards separated by Lys 0-141 2-0) 0-211 20 


electrophoresis in one direction (horizontal in Figs. 2 and 
3) and then at right angles by chromatography (vertical the acidic residue of aspartic acid in the position a6 
in Figs. 2 and 3). This two-dimensional separation of the inhibits the tryptic hydrolysis of the neighbouring bond 
peptides results in a characteristic map of the peptides— of the basic lysine residue (Table 1). 
the fingerprint. The peptides are numbered in the Figs. 2 and 3 show peptide maps of haemoglobin A and 
sequence in which they occur along æ- and $-chains, haemoglobin J respectively. It will be seen that the spot 
respectively. «TpI (the z-chain's tryptic peptide No. 1) representing «TpI+I1 in haemoglobin A is missing in the 
corresponds to residues æ 1-7, and xTpII to residues 8-11 fingerprint of haemoglobin J. «TpI is also missing, but a 
of the a-chain. Some free peptides «TpI and «TpII are faint spot representing «TpII is present. ‘Two new spots 
formed on tryptic digestion, but the greater part of the are present in the fingerprint of haemoglobin J, one a 
sequence of residues 1-11 (the two peptides «TpI and neutral peptide close to BTpI, and another below BTpV 
«TpII) remains unhydrolysed under the conventional (Figs. 2 and 3). 
conditions of tryptic hydrolysis. The explanation is that It was assumed that the more strongly staining spot in 
the neutral area represented the «aTpl+ 
of haemoglobin J, and that the new acidic 
f; recs E peptide was «JTpI. These observations 
ate ee a TRS y fete es suggested a replacement of a neutral by en 
| : : Éa AA acidic residue in «Tpl, a mutation which 
would result in a haemoglobin variant 
migrating electrophoretically as haemoglo- 
z. bin J. 
, + To identify the amino-acid substitution, 
- abe ` both xåTpI +III and the presumed «'TpI + 
r . es II were separated by paper electrophoresis 
os / s at pH 6-4 followed by chromatography for 
’ 24 h. At this stage the haemoglobin J 
* 


2 == a 7 > ce > 7 <p +o, . ° 
oO Tr oe = iS. we ote a oe i 3-4 = a 
go~ P è a E k r - Y E 
`~ a 


peptide gave a positive staining reaction for 

histidine, indicating contamination by the 

l histidyl-containing BTpI. Complete resolu- 

s tion from 8TpI was obtained by a second 

¥ | electrophoresis at pH 6-4 with a potential 
\3 m gradient of 60 V/em for 2 h. 

Table 2 shows the results of the amino- 

ne l DEET F acid analysis of xAåATpI + I and of the neutral 

Fig. 2. Fingerprint of hacmoglobin A. 1, aTpI (residues 1-7 of a-chain); 2, eTpIT peptide obtained from haemoglobin J. It 

(residues 8-11); 3, aTpI+ H will be seen that the haemoglobin J peptide 

contains all the amino-acids found after acid 

hydrolysis of xåTpI +III except that alanine 

is missing and an additional aspartic acid is 

present. This finding suggests that the 

alanyl in position 5 of the «-chain of haemo- 

globin A has been replaced by a residue of 

aspartic acid and that this haemoglobin J is 

xð Ala-Asp 8a. Such a variant has not been 

described before. It is proposed that this 

variant be named haemoglobin Ja Toronto. 

In the fingerprint of haemoglobin J 
Toronto the new faintly staining acidic pep- 
tide below 8TpV almost certainly represented 
a trace of «JTpI. However, because of the 
small amount present, attempts to isolate 
this peptide were unsuccessful. 

Although no less than five mutations are 
known for the first peptide of the 6-chain 
of human haemoglobin, none has previously 
: i been described for the «-chain (Table 3). 
Vie. 3 Mi are Het It is thought that in human evolution the 

faint; 3, a*Tpf+ 1I is missing; 4, a new peptide—aT pI; 5, a new peptide—wTpl + TI a-chain gave rise to the y-chain and that 








December 1], 1965 


the ®-chain arose afterwards from the y-chain, and 
the §-chain from the ß-chain. It is of interest that 
. the mutation « 5 Ala—-Asp in haemoglobin J Toronto 
represents a change, that is, from a heutral to an acidic 
residue similar to that (Ala—Glu) which must have 
occurred in the non-«-chains (Table 4). 

Twenty-seven types of amino-acid substitutions ob- 
served in human haemoglobins (including four differences 
between @- and 8-chains) have recently been summarized!. 
Since then the substitution Lys—>Gln has been observed in 
haemoglobin K Woolwich'; the present observation adds a 
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Table 3. PIPI AND aTr]. A COMPARISON OF THE SUBSTITUTIONS KNOWN 





12 3 4 5 6 7 8 


expt [iat sre aa] ale 
12 3 4 5 6 7 


Although many amino-acid substitutions are known for the first peptide 
of the §-chain (above) none has previously been described for the correspond- 
ing peptide of the a-chain (below) 
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Table 4. THE FIRST PEPTIDES OF THE a, y, P AND 6 CHAINS OF HUMAN 
HAEMOGLOBIN 


The gap between al and a2 does not exist in Nature; but by its introduction, 
maximum correspondence is permitted between the a-chain and the three 





other chains 
j 2 3 4 5 6 7 
a = SER ALA |ASP] |LYS 
Y GLY P4HE |} THR| GLU {GLU} | ASP] | LYS 
B THR] |PRO| | GLU} | GLU] | LYS 
ô | VAL LZU| | THR] | PRO} {GLU} | GLU] | LYS 
] 2 3 4 5 6 ? g 


further substitution Ala—Asp. All these substitutions 
are compatible with single point mutations according to 
the Triplet Code elaborated by Nirenberg et al.. 

We thank Mrs. K. Burnie, Miss P. Kynoch and Mrs. 
T. Vanderheyden for their assistance. 
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GLOBIN SYNTHESIS IN THALASSAEMIA: AN IN VITRO STUDY 
By Dr. D. J. WEATHERALL*, Dr. J. B. CLEGG} and Dr. M. A. NAUGHTON 


Departments of Medicine and Biophysics, The John Hopkins University School of Medicine, Baltimore, Maryland 


HE inherited haemoglobinopathies are of two main 

types. There are those, like sickle-cell disease, in 
which a structural change in one of the peptide chains of 
the globin fraction can be demonstrated, and there are 
others in which, despite evidence of an inherited defect 
in globin synthesis, no structural change in the globin 
moiety can be found. Disorders of haemoglobin synthesis 
of the second type are often found in patients with the 
clinical and haematological findings of thalassaemia and 
are, therefore, designated the ‘thalassaemia syndromes?. 

Human adult haemoglobin has a major and a minor 
component called haemoglobins A and A, respectively’. 
Haemoglobin A has two «- and two f-peptide chains 
(%8.) and haemoglobin A, has two a- and two 8-chains 
(ða) (ref. 3). -Foetal haemoglobin, which has usually 
disappeared by the age of one year, has two «- and two 
y-chains («sY2) (ref. 4). There is good evidence that the 
structures of the «-, B-, y-, and -chains are determined 
by separate pairs of genes’. 

In some patients with the clinical picture of thalassaemia, 
foetal haemoglobin synthesis persists beyond the first 
year of life and haemoglobin A,-levels exceed the normal 
range of 1-5-3-5 per cent of the total haemoglobin’. 
Furthermore, the genetic determmant for this type of 
thalassaemia behaves as though it were allelic or closely 
linked to the 6-chain locus and also interacts with the 
sickle-cell (@8-chain) gene’. These observations suggest 
that this form of thalassaemia results from an inherited 
defect in $-chain synthesis, the increased amounts of 
haemoglobins F and A, reflecting an attempt at compensa- 
tion for the deficit in B-chains. The disorder is therefore 
designated 6-thalassaemia. 

Some patients with the clinical picture of thalassaemia 
do not have increased levels of haemoglobin A, and F, 
however, and the genetic determinant segregates separately 
from the B-chain gene®. Some, but not all, individuals in 
this group carry variable quantities of haemoglobins H 
and Bart’s. Haemoglobin H is a tetramer of normal 
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B-chains (8,), while haemoglobin Bart’s is composed of 
four normal y-chains (y,) (refs. 7, 8). It has been suggested, 
therefore, that this form of thalassaemia results from an 
inherited defect in «-chain synthesis, «-thalassaemia’, 
the resulting excess of B-chains or y-chains aggregating to 
form. haemoglobins H or Bart’s respectively. This con- 
cept of the genetic basis of the thalassaemias, while serving 
as a useful model for their further investigation, is in- 
complete since there is increasing evidence for the existence 
of several types of §-thalassaemia and, probably, of «- 
thalassaemia‘. 

Little is known about the mechanisms involved in the 
control of normal «- and B-chain synthesis in man, or about 
the factors which maintain §-chain synthesis at about 
1/40 of the level of B-chain synthesis. Furthermore, 
although there is ev-dence that the reticulocyte ribosomes 
of thalassaemic ind:viduals have a reduced capacity for 
globin synthesis'®, there has been no direct evidence for 
defective «- and 6-chain synthesis in these disorders. The 
chemical structure cf these chains appears to be normal! 
and the nature of tha apparent defect in synthesis remains 
quite obscure. The »xperiments to be described here were 
carried out in an attempt io clar‘fy some of these problems 
by comparing the n vitro incorporation of radioactive 
amino-acids into «-, B-, and -chains in the reticulocytes of 
thalassaemic and non-thalassaemic persons. 

Reticulocyte-rich blood was obtained from 19 persons 
with the conditions listed in Tables 1, 2 and 3. 2-8 ml. 
of washed red celis was suspended in an amino-acid 
mixture]? containirg 25-100 ue. of uniformly labelled 
4C.Jeucine, and incubated in a Dubnoff metabolic shaker 
at 37° C, aliquots being removed at various times and 
immediately frozen. Haemoglobin fractions were purified 
by dialysis, column chromatography, and starch-block 
electrophoresis as previously described’. 

In some experiments ribosomes were prepared before 
fractionation of the haemoglobins. Globin was prepared!® 
from either purified haemoglobin fractions or, in some 
cases, directly from the washed whole-cell lysates without 
further purification. The «- and §-chains were separated 
by gradient elution chromatography on ,carboxymethyl- 
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cellulose columns in urea/mercaptoethanol buffers as 
recently described!®. In some experiments, chain separa- 
tion was also achieved by hybridization with canine 
haemoglobin or by counter-current distribution)?. The 

epurity of each chain was checked by fingerprinting’ 
and the radioactivity measured, after plating out about 
0-5 mg of protein on aluminium planchets, using a low- 
background gas-flow counter’. In order to determine 
the distribution of radioactivity in finished or partly 
finished chains on the ribosomes, 5-10 mg of unlabelled 
carrier globin was added to the ribosomal pellets and the 
æ- and B-chains of the mixture separated by carboxymethyl- 
cellulose chromatography’. 


Non-thalassaemic Reticulocytes 


The specific activities of the separated «- and §-chains 
of purified haemoglobin A from a variety of non-thalassae- 
mic conditions are summarized in Table 1 and the distribu- 
tion of radioactivity in a typical chain separation, after 
30 min incubation, is shown in Fig. 1. Under all conditions 
investigated the specific activities of the a- and B-chains 
were very similar at incubation times of 5 min to 5h. At 
shorter times, however, the specific activity of the ß- 
chain was always significantly greater than that of the 
a-chain. The pattern of radioactivity in separated «- 
and -chains obtained from addition of carrier globin to 
ribosomal pellets was always the same in this group. 
Thus, the radioactivity under the «-chain peak always 
exceeded that under the 8-chain peak, the ratio «-chain/ 
6-chain ranging from 1-5 to 2-1/1. Clear peaks of radio- 
activity were seen for both chains in each case, the radio- 
activity peak usually being slightly displaced from the 
Table 1. RELATIVE SPEOIFIO ACTIVITIES OF a- AND $-CHAINS OF HAEMO- 


GLOBIN A PREPARED FROM RED CELLS OF PATIENTS WITH A VARIETY OF 
HAEMATOLOGICAL STATES, 'C-LEUOCINE WAS USED IN EACH CASE 


Incubation Specific activity Specific activity 
Clinical disorder me of a-chain of -chain 

(min) (c.p.m./mg) (c.p.m./mg) 
Hereditary 4 15 28 
spherocytosis 15 88 77 
45 138 163 
240 422 439 
Hereditary 2 39 93 
spherocytosis 4 105 210 
200 1,617 1,652 
Hereditary 2 189 616 
spherocytosis 4 691 1,470 
800 8,960 9,296 
Pyruvate kinase 4 418 595 
deficiency 15 2,240 2,030 
60 3,780 4,116 
240 6,930 6,370 


Table 2. RELATIVE SPECIFIC ACTIVITIES OF a- AND -CHAINS OF HAEMO- 

GLOBIN A PREPARED FROM THE RED CELLS OF PATIENTS WITH §-THALAS- 

SAEMIA AND HAEMOGLOBIN H DISEASE (a-THALASSAEMIA). ™C-LEUCINE 
WAS USED IN EACH CASE 


, Incubation Specific activity Specific activity 
Clinical disorder ‘time of a-chain of 8-chain 
(min) (c.p m./mg) (c p m./mg) 
Thalassaemia major 30 494 266 
m iş 30 840 470 
os 80 1,638 1,043 
5 ee 30 242 61 
ji s4 30 89 24 
si i 80 126 180 
” n 30 494 266 
180 3,064 1.904 
12h 4,718 3,924 
"i p 627 378 
Jo 945 441 
30 1,638 1,048 
130 4,382 2,618 
Haemoglobin H disease 30 1,660 277 
- ua 30 260 65 
ne m 80 80 10 
és s% 30 267 19 
z A 240 67 13 
20h 100 43 
= +5 10 35 2 
30 127 11 
180 189 32 


Table 3. DISTRIBUTION OF RADIOACTIVITY IN THE PEPTIDE CHAINS OF 
HAEMOGLOBINS A AND A, AFTER 60-MIN INCUBATION OF THE RED CELLS 
WITH !*C-LEUCINE 


Specific activity Specific activity Specific activity 


Haemoglobin type of a-chain of 8-chain of 6-chain 
(c.p.m./mg) (c.p m /mg) (c.p.m./mg) 

A 59:3 52 7 — 

Ag e 32°1 — 69 
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O --- O, radioactivity 


Fig. 1. 


protein peak. These results indicate that since the number 
of leucine residues in «- and @-chains ıs the same, a«- and 
B-chain synthesis is normally synchronous. The fact 
that the specific activity of the B-chain is greater than that 
of the «-cham at short times of imcubation, and the 
presence of an excess of radioactivity under the «-chain 
peak from the ribosomes after long periods of incubation, 
implies that a small pool of «-chain exists on the ribosomes. 
The existence of only a small peak of radioactivity associa- 
ted with the 6-chain from the ribosomes indicates that 
release of B-chains from the ribosomes is much more 
rapid than that of a-chains, but is not mstantaneous. 
These observations suggest that finished §-chains are 
probably necessary for the removal of «-chains from the 
ribosomes. A similar situation has been described in the 
rabbit reticulocyte!® where the discrepancy in chromato- 
graphic behaviour between radioactivity (newly made 
chain) and carrier chain was also noted. Whether this 
means that the newly made chain, while still on the ribo- 
some, is chemically different from that found in finished 
haemoglobin is not clear, but this would seem very likely. 

In order to follow the incorporation of radioactive 
amino-acids into the «- and -chains of haemoglobin Ag, 
reticulocytes from an individual with hereditary sphero- 
cytosis were incubated with +4C-leucine for 60 min and 
haemoglobins A and A, isolated!*. The «- and §-chains of 
haemoglobin A and the g- and -chams of haemoglobin 
A. were then separated and the specific activities of the 
whole haemoglobin fractions and separated chains 
determined (Table 3). As in previous experiments} 
the specific activity of haemoglobin A was more than twice 
that of haemoglobin A.. The specific activities of the a- 
and @-chains of haemoglobin A were very similar. The 
specific activity of the «-chain of haemoglobin A, was less 
than that of haemoglobin A—this finding being compatible 
with the finding" that, in the in vitro system, haemoglobin 
A, synthesis in reticulocytes is retarded before that of 
haemoglobin A. This observation cannot, however, 
explain the ratio of specific activity of «-chain to $-chain 
of 5/1 in haemoglobin A,. It has recently been suggested 
that one reason for the relatively slow rate of -chain 
synthesis might lie in the presence of one or more ‘slow 
points’ during assembly of the §-chain?*. In such an event, 
-chain clearance from the ribosomes would be slow 
relative to «-chain clearance. Thus, in investigations of 
radioactive incorporation, the time taken to achieve 
uniform -chain labelling would be longer than that re- 
quired for uniform «-chain labelling, resulting in the 
marked difference in specific activity between «-chain and 
-chain observed in these experiments. These findings 
are thus compatible with the recent observation that 
uniform labelling of the §-chain does in fact take a long 
period of incubation®®. Another explanation would be the 
exchange of a-chains between newly made haemoglobin 
A and haemoglobin A, the synthetic rate of which falls 


December 11, 1965 


No. 5015 


500 


400 
T p 
A E 
DN. 300 “> 
N 3l 
z A 
a o 
Q 200 
(œ) 

100 





10 20 30 40 50 60 
Fraction No. 


Incorporation of radioactivity into the a- and £#-chains of 


Fig 2. 

haemoglobin A prepared from the cells of a patient with f-thalassaemia 

major. Incubation time 60 min. @—@, O.D. (0:280 mz); O---O, 
radioactivity 


off so rapidly in peripheral blood, but this mechanism 
seems very unlikely. 

These results suggest, therefore, that there are ‘slow 
points’ in §-chain synthesis giving rise to a relatively slow 
rate of clearance from the ribosomes. It is unlikely that 
the slow rate of -chain synthesis is associated with a 
quantitative reduction in messenger RNA since, although 
this would result in the production of fewer §-chains, their 
specific activity would be similar to that of «-chains, if 
the rates of assembly of the two chains were comparable. 


B-Thalassaemia Reticulocytes 


The findings in the experiments utilizing cells from 
persons with §-thalassaemia, which were quite different 


from those in non-thalassaemic samples, are summarized _ 


in Table 2. The specific activity of the «-chain of purified 
haemoglobin A always exceeded that of the $-chain, the 
ratios «/8 ranging from 1-5/1 to 7/1. These values were 
obtained at incubation times of 30 min—5 h, the differences 
being less marked after longer periods of incubation 
(Fig. 2). These ratios were similar to those recently 
reported?*. In order to rule out the possibility of variation 
of leucine pool size for the two chains in this disorder, 
experiments were also performed with “C-lysine and 
4C-valine, similar differences in specific activity being 
noted. Such differences between the specific activities of 
the «- and §-chains in finished haemoglobin A could 
occur if a large intracellular pool of B-chain existed at 
any given time. After introduction of the radioisotope, 
newly made (and therefore labelled) 6-chain would be 
diluted out by pre-existing unlabelled 8-chains present 
in the pool. To examine this possibility, two experiments 
were carried out in which a chain separation was per- 
formed on a washed, whole-cell lysate without prior 
purification of haemoglobin fractions (Fig. 3). The 
recovery of protein and radioactivity exceeded 90 per 
cent in each case. Fingerprinting of each peak showed 
only «- and §-chain peptides, no new spots being observed. 
In both experiments the amount of radioactivity under 
the B-chain peak was similar to that found in the B-chain 
from purified haemoglobin A, which had been prepared 
from an equivalent amount of the original red-cell lysate. 
In one experiment a large peak of protein and radio- 
activity was eluted before the -chain peak, this being the 
y-chain of haemoglobin F, while in another too little 
haemoglobin F was present for clear separation of B- and 
y-chains. These results thus excluded the presence of a 
large intracellular pool of 6-chain, with subsequent dilu- 
tion of newly labelled chains, as a basis for the observed 
differences in specific activity in «- and 6-chains. 

Such differences in specific activity could occur, however, 
if there were a large block (that is, rate-limiting step) at 
some point during the assembly of the @-chain or its 
release from the ribosome, associated with the presence 
on the ribosomes at any given time of many completed or 
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partially completed chains. As in the case of normal 
-chains already discussed, relatively long periods of 
time would then be required to achieve uniform labelling 
of newly synthesized f-chain. At long times, each newly 
synthesized chain would then have the same specific 
activity as an a-chain synthesized from the same amino- 
acid pool. The time required to achieve uniform labelling 
would thus depend on the severity of the block, that is, 
of the ease with which unlabelled B-chains present at the. 
time of introduction of the radioactive amino-acid were 
cleared from the ribosomes. 

One consequence o? a rate-limiting step in synthesis, 
of the sort already discussed, would be the absence of 
radioactivity associated with B-chain on the ribosomes, 
in contrast to norma. ribosomes where both labelled «- 
and ßB-chains can be shown to be present after a few 
minutes incubation (see earlier). Prolonged periods of 
incubation would be required to clear pre-existing un- 
labelled 8-chains from the ribosomes and replace them 
with labelled chains. Ribosomes were therefore prepared 
from the red cells of two patients, homozygous for ß- 
thalassaemia, after incubation of the cells with 4C-leucine 
for 45 min. After addizion of carrier globin to the ribosome 
pellet, the chains were separated by column chromato- 
graphy. No peak of radioactivity corresponding to the 
B-chain was observed, while a large peak was seen in the 
a-chain region in each case (Fig. 4). 

These findings are thus compatible with the concept 
of a gross defect in B-cnain synthesis at the ribosomal level 
in £-thalassaemia. Whether, since a-chains appear to 
require finished ß-chains for their release from the 
ribosomes, this results in a secondary accumulation of 
finished a-chain on the ribosomes is uncertain, although 
this seems likely since the relative amount of radioactivity 
in the «-chain fraction was several times that observed in 
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Fig. 3. Distribution of rafioactivity compared with protein in a washed 
whole-cell Jysate prepared from the red cells of a patient with £- 
thalassaemia, major. Incukation time 60 min. @—@, O.D. (0:280 my); 
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Fig..4. Distribution of racioactivity after addition of 10 mg unlabelled 
carrier globin to the ribosomal pellet prepared from the cells of a patient 


with -thalassaemia major cubation time 45 min, 
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ribosomes obtamed from non-thalassaemic reticulocytes. 
Further attempts to demonstrate the site of this proposed 
block in 6-chain synthesis have been made by comparing 
the ratios of the specific activities of «- and §-chains of 
purified haemoglobin A prepared from four parallel incu- 
bations of aliquots of the same red cell sample using 
4C-labelled leucine, arginine, histidine, and tyrosine. 
Since these amino-acids are not distributed evenly along 
the peptide chain, the specific activities of non-uniformly 
labelled B-chains might be expected to differ with each 
amino-acid. The specific activities of individual peptides’ 
of thalassaemic $-chain were also measured. No definite 
site of delay in synthesis has yet been demonstrated, 
although the results have not excluded a ‘slow point’ 
either at, or near, the carboxyl-terminal end of the 
6-chain. 


a-Thalassaemia (Haemoglobin H Disease) Reticulocytes 


The results of six 14C-leucine incubation experiments 
performed on the cells of persons with haemoglobin H 
thalassaemia are shown in Table 2. At incubation times 
of 30 min—5 h the specific activity of the «-chain of 
purified haemoglobin A was 1:5-15 times that of the f- 
chain (Fig. 5). This difference became less marked with 
more prolonged incubation of the red cells. Because of 
these findings, which were surprisingly like those in $- 
thalassaemia, the possibility of a large intracellular pool 
of B-chain diluting out newly made and, therefore, labelled 
B-chains again had to be examined. Washed whole-cell 
lysates from two persons with haemoglobin H disease 
were converted to globin without prior purification of the 
haemoglobins and the «- and 8-chains separated (Fig. 6). 
The radioactivity in the 8-chain fraction exceeded that in 
the «-chain fraction by a factor of 2:3/1 in one case and 
3-0/1 in the second, while there was an associated increase 
in the optical density values for the -chain peak. In a 
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separate experiment using identical amounts of the same 
two samples of washed whole-cell lysates, the amounts of 
haemoglobin A and H were determined and the radio- 
activity in each fraction measured. The excess of both 
radioactivity and optical density associated with the 
8-chain (over that present in the «-chain) of the whole- 
cell lysate could all be accounted for by the amount of 
protein and radioactivity found in the purified haemo- 
globin H fraction in the second experiment. Similar 
results were observed with 14C-lysine. These results suggest 
that in haemoglobin H disease ß-chain synthesis occurs at 
a rate of about 2~3 times that of a-chain synthesis, and 
that 6-chains are freely released into the red cell where 
they form a large pool from which they are capable of 
uniting with newly made «-chains as these become avail- 
able. When the cell is haemolysed, most of these 6-chains 
appear in the haemoglobin H fraction. The presence of 
this large pool of B-chains at any one time probably explains 
the striking difference between the specific activities of 
the «- and 8-chains of haemoglobin A in haemoglobin H 
disease. Newly-made labelled «-chains will combine 
with unlabelled 6-chains which were already present in 
this pool. Whether the excess @-chains exist as haemo- 
globin H (8,) in the red cell is uncertain, but at least in an 
in vitro system haemoglobin H readily combines with 
a-chains to form haemoglobin A®?. 


These experimental results must, of course, be 
interpreted with caution since the behaviour of cells in an 
im vitro system may not fully reflect their in vivo proper- 
ties. Furthermore, this type of experiment utilizing 
peripheral blood only measures the last vestiges of protein 
synthesis in reticulocytes. However, certain tentative 
conclusions can be drawn. It appears that in non-thalas- 
saemic individuals, «- and §-chain synthesis 1s synchronous 
and that, as previously suggested!*, completed §-chains 
are required for the release of «-chains from the ribosomes. 
This probably results in a small number of finished a- 
chains being present on the ribosomes at any given time. 
Whether the peaks of radioactivity seen on ribosomal 
chain separations represent completed or partially 
completed chains is uncertain, although the high resolu- 
tion of the chromatographic system used would have 
resulted in the separation of chains differing by as little 
as one charged residue!®. 

From the results of experiments on the kinetics of «- 
and -chain synthesis of haemoglobin A, it seems likely 
that at least one mechanism whereby -chain synthesis 
occurs at a slower rate than «- and ßB-chain synthesis is 
the slow ribosomal release of 5-chains. This slow release 
may well be due to the presence of one or more ‘slow 
points’ during assembly of the 6-chain. 

In both forms of thalassaemia the specific activity of 
the «-chain of haemoglobin A exceeded that of the B- 
chain, even after long periods of cell incubation. 

For «-thalassaemia, it has been clearly shown that 
-chain synthesis occurs at about half the rate of B-chain 
synthesis, giving rise to a pool of free B-chain in the cell. 
Thus, although the rate of B-chain synthesis is greater than 
that of «-chain, the effect of the pre-existing pool of free 
6-chain is to dilute newly synthesized labelled ß-chains. 
The specific activity of the 6-chain is thus considerably 
lower than that of the «-chain even though synthesis of 
the latter is impaired. 

In B-thalassaemia, no such pool of B-chains could be 
demonstrated, nor was a large pool of free «-chain detected. 
However, excess «-chains do occur. Some are bound to 
y-chain (as haemoglobin F), others appear to be attached 
to ribosomes, and some excess «-chain has been observed 
in chain separations of globin prepared from red cell 
stroma. ‘These observations are in keeping with the 
suggestion?? that excess «-chain may be insoluble and 
precipitates in the cell to form the inclusion bodies 
characteristic of B-thalassaemia. 
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From the data presented, the most probable explana- 
tion of the marked difference of specific activity between 
g- and f-chains in $-thalassaemia is a block or ‘slow 
point’ during the assembly of the @-chain, resulting in an 
accumulation of completed or partially completed 6- 
chains on the ribosomes. It seems likely that since «- 
chains require $-chains for their release, there is also a 
secondary accumulation of «-chains on the ribosomes. 
It is difficult to imagine a mechanism which could give 
rise to the differences in the specific activities of the «- 
and B-chains noted here, and yet at the same time leave 
the rate of assembly of the B-chain unaltered. If, for 
example, the defect were simply in the number of ribo- 
somes active in B-chain synthesis, there would be a deficit 
in B-chains but those which were made would have the 
same specific activity as a-chains. Similarly, a net re- 
duction of messenger RNA for B-chains would lead to a 
deficit in B-chains, but would not be expected to give rise 
to different specific activities of the «- and #-chains in 
completed haemoglobin A unless the rates of assembly of 
the two chains were also different. Experiments using 
multiple 14C-labelled amino-acids have tentatively ruled 
out the N-terminal and central region of the chain as a 
site of a block in synthesis, but it could occur at or near 
the carboxyl-terminal end of the molecule. Whichever 
is true, it seems quite probable that in different instances 
of B-thalassaemia the site of the defect may not always be 
the same. The heterogeneity of B-thalassaemias already 
recognized! may be, in some part, a reflexion of this. 
The similarity of the kinetics of peptide chain synthesis 
in thalassaemic B-chains and the -chains of normal 
haemoglobin A, suggests that a rewarding approach to 
the ®-thalassaemia problem might be in the search for 
rate-limiting steps in synthesis. A reduction in the rate of 
-chain synthesis in haemoglobin H disease has been 
shown and a similar search for the presence of ‘slow points’ 
in «-chain synthesis in this disorder is indicated. 

In the absence of evidence indicating structural changes 
in the «- and 6-chains of haemoglobin A in thalassaemia, 
it seems likely that explanations for these disorders may 
be found in changes in one or more of the factors which 
affect the process of assembly of the protein on the 
ribosomes. Mutations leading to changes in messenger 
RNA codewords, for example, while producing no change 
in the sequence of amino-acids, might, nevertheless, alter 
the rates of translation by requiring recognition of the 
altered codons by other sRNA anti-codons. It is con- 
ceivable that if synthesis of the «- or §-chains is dependent 
on a polycistronic messenger RNA, then changes in 
messenger RNA at a site remote from the «- or §-chain 
cistron might in some way influence the rate of assembly 
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or the «- or §-peptide chain®*. However, this mechanism 
seems less probable than one directly involving the «- or 
6-chain messenger RNA. Alternatively, it ıs possible that 
mutations leading to changes in specific sRNAs or ribo- 
somal RNA could also influence the rate of assembly of 
one peptide chain reletive to another. An instance where 
a leucine-specific sRNA is involved in the coding of only 
one out of some 30 leucine residues in the rabbit haemo- 
globin molecule is already known?4, The recent advances 
in the techniques for isolating and studying messenger 
RNA and sRNA from mammalian cells may eventually 
provide the necessary means of investigating the problem 
at this level. 
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PROMOTION BY KINETIN OF THE POLAR TRANSPORT OF TWO AUXINS 
By Dr. C. C. McCREADY, Dr. DAPHNE J. OSBORNE and M. KAY BLACK* 


Agricultural Research Council Unit of Experimenta! Agronomy, Department of Agrizulture, University of Oxford 


N higher plants, auxin is synthesized. chiefly in certain 
limited regions. The amounts of auxin reaching cells 
remote from these regions must depend in part on the 
ability of the intervening tissues to transport auxin. At 
present, little is known of the ways in which the movement 
of auxin is regulated. We describe here experiments on 
the transport of a natural and a synthetic auxin through 
segments cut from bean petioles. In both cases auxin 
transport was greatly enhanced by treatment of the seg- 
ments with a growth regulator of another type, the 
cytokinin! kinetin (6-furfurylaminopurine). This effect was 
best observed in segments which had been excised from 
the plant some time before the measurement of auxin 
transport was begun. 


* Permanent address: Department of Biochemistry, University of 
Californin, Riverside, California. 


Seedlings of Phaseolus vulgaris, var. Canadian Wonder, 
were raised in a greenhouse and used when the petioles 
of the young primary leaves were elongating rapidly. 
Each experiment was conducted in two stages. Segments 
cut from these petioles were first treated either with 
kinetin or with water, as described in detail later. After- 
wards the basipetal mcvement of each auxin through the 
segments was determined by the following method, 
which in principle resembles that of Went?. A donor 
block of 1-5 per cent agar gel, 23 ul. in volume, incorporat- 
ing the auxin labelled with carbon-14, was applied to the 
distal end of each segmant. A receiver block of plain agar 
gel was at once applied to the proximal end of the segment, 
and transport was alloved to proceed at 25° + 0-:5° Cina 
humid atmosphere in darkness. After a suitable interval 
the donor and the rezeiver blocks were removed and 
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assayed for carbon-14. Standard sets of unused donor 
blocks were similarly assayed. All results were corrected 
for background. The materials and methods used have 
been more fully described by McCready’. To indicate the 
effect of kinetin on the transport of carbon-14, the counts 
per minute (c.p.m.) in receivers from kinetin-treated 
segments are shown in Tables 1-3 as a percentage of 
the c.p.m. in receivers from control segments which had 
been treated with water instead of kinetin. The auxins 
used were indolyl-3-acetic acid-methylene-*C (IAA) and 
2,4,5-trichlorophenoxyacetic acid-carboxyl-4C (2,4,5-T). 
The latter was chosen because in these segments it is 
transported with high polarity in larger amounts than 
_ITAA and is less subject to breakdown (McCready, un- 
published results). 

In experiments designed to compare freshly excised 
tissue with aged tissue, treatments were applied in the 
following ways. If the tissue was to be used fresh, a 
segment 5:4 mm in length was cut from the middle of the 
petiole of each of the paired primary leaves of a seedling. 
The segments were laid horizontally on grooved racks 
which left their ends free. One segment of each pair was at 
once treated with kinetin, 1 ul. of a 233 uM solution being 
placed on each cut end with a micrometer syringe. One 


Table 1. BASIPETAL TRANSPORT OF INDOLYI-3-ACETIC AOID-¥C (IAA) 
THROUGH PETIOLE SEGMENTS OF P. vulgaris WITH OR WITHOUT KINETIN 
+ Kinetin 100 
Pretreatment C.p m from receivers —Kinetin * 
— Kinctin +Kinetin Duplicates Mean. 
Fresh segments 43 47 109 102 
36 34 94 
Segments stored 9:4 15-0 160 174 
for 20 h after 12-2 22°8 187 
kinetin treatment 
Segments stored 75 13-5 180 172 
or 20 h before 11:0 18-0 164 
kinetin treatment 
Pretreatments: 1 ul. kinetin, 283 uM, or water to each end of segment 
(for details see text). Initial concentration of JAA in donors: 5 uM. Initial 


radioactivity in donors: 852 c.p.m. Transport 4 h through 5-4 mm segments. 
Duplicate treatments, 10 segments in each. 


Table 2.  BASIPETAL TRANSPORT OF 2,4,5-TRICHLOROPHENOXYACETIC 
AcID-“o (2,4,5-T) THROUGH PETIOLE SEGMENTS OF P. vulgaris WITH OR 
WITHOUT KINETIN 


+ Kinetin 


Pretreatment C.p.m. from receivers —Kinetin * 100 
— Kinetin +Kinetin Duplicates Mean 
Fresh segments 356 416 117 118 
412 490 119 
Segments stored 111 297 267 268 
for 13 h after 121 326 269 
kinetin treatment 
Segments stored 1038 262 254 267 
or 18 h before (112)* 313 280 


kinetin treatment 
* Calculated mean of preceding three controls, to replace missing sample. 


Pretreatments: 1 wl. kinetin, 283 uM, or water to each end of segment 
(for details see text). Initial concentration of 2,4,5-T ın donors: 5 uM. 
Initial radioactivity in donors: 2,362 c.p.m. Transport 12 h through 5-4 mm 
segments. Duplicate treatments, 11 segments in each. 


Table 3. CHROMATOGRAPHY OF EXTRACTS FROM RECEIVERS AFTER BASIPETAL 
TRANSPORT OF “C-LABELLED AUXINS THROUGH PETIOLE SEGMENTS OF 
P. vulgaris STORED WITH OR WITHOUT KINETIN 


Indolyl-3-acetic acid 2,4,5-Trichlorophenoxy- 
. acetic acid (2,4,5-T) 
C.p.m. from receivers, +kinetin/—kinetin x 100: 


AUNin: 


Duplicates 280, 244 141, 143 
Mean 262 142 
Chromatographic 
solvent: Acid Alkaline Acid Alkaline 
Rr of auxin zone: 0:75-0:90 0 20-0°35 0:75-0:90 0-55-0-70 


C.p m. from auxin zone as percentage of total c.p.m. from chromatogram: 


— Kinetin 76 46 88 85 
+ Kinetin 80 50 87 81 


Pretreatments: 1 gl. kinetin, 233 uM, or water to each end of segment. 
For IAA, 10-5 mm segments + kinetin were stored for 14-16 5 h at 25° C. 
For 2,4,5-T, 10 5 mm segments + kinetin were stored for 14-16 h at 20° C. 
All segments were cut to 6-4 mm for transport. Initial concentration of IAA 
in donors: 20 aM. Initial radioactivity in donors: 8,914 c.p.m. ‘Transport 
5h. 16 segments per treatment for assay, 92 for chromatography. Initial 
concentration of 2,4,5-T in donors: 20 #M. Initial radioactivity in donors: 
3,673 o.p.m. Transport 14 h. 16 segments per treatment for assay, 64 for 
chromatography. For chromatographic solvents see text. 
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ul. of water was similarly applied to each end of the seg- 
ment from the opposite petiole, which served as a control. 
After this treatment the segments -were left in a humid 
atmosphere in darkness at 25° C for 40-45 min to allow 
absorption of the droplets before donor and receiver 
blocks were applied. 

If the tissue was to be used after a period of ageing, 
segments 8-0 mm in length were cut and laid on racks in 
the same way. Kinetin was applied to some segments 
before ageing, and to others after ageing. In either case, the 
segments and their paired controls were stored for 13 or 
20 h in the conditions already described. From the 
middle of each 8-mm segment a 5-4-mm portion was then 
cut, and donor and receiver blocks were applied to its 
ends for the measurement of transport. Unless the agar 
blocks were applied to surfaces freshly cut in this way, 
auxin transport through stored segments was much 
reduced, especially with IAA. This reduction was probably 
due in part to a gradual distortion of the ends of the 
segments during storage which prevented proper contact 
between tissue and blocks, and in part to the development 
of [AA-destroying enzymes at the exposed cut surfaces. 

Table 1 shows the results of an experiment in which the 
transport of IAA was measured with and without kinetin, 
the treatment being applied in three different ways to 
segments cut from the same batch of plants. In the first 
type of treatment, fresh 5-4-mm segments were treated 
with kinetin or with water and left for 40-45 min, after 
which auxin transport was measured over a period of 4h. 
Kinetin had no effect on the amount of carbon-14 appear- 
ing in the receiver blocks. In the second type of treatment, 
8-mm segments were treated with kinetin or water and 
stored for 20 h. The segments were then cut to 5-4 mm, 
1 ul. of water was added to each end, and after 40-60 
min transport was measured as before. In the receivers 
from stored control segments which had been given no 
kinetin, only 1/5-1/3 as much carbon-14 appeared as in 
receivers from fresh control segments. However, the 
stored tissue which had been ‘treated with kinetin trans- 
ported about 1-7 times as much carbon-14 as the stored 
controls. Although transport through the segments 
treated before storage was still only about half that 
through fresh segments, the effect of kinetin on transport 
through the stored tissue was clearly substantial. 

The fact that kmetin enhanced the transport of auxin 
only in the stored segments suggested a possible explana- 
tion of its mode of action. It has been reported that 
kinetin retards or prevents some of the changes typical 
of ageing in detached leaves‘-§. To test whether its 
function here was of a similar nature, the third type of 
treatment was included: 8-mm segments were treated with 
water alone, stored for 20 h, cut to a length of 5:4 mm and 
then given kinetin or water 20-45 min before auxin trans- 
port began. Kinetin applied in this way, after the ageing 
period, was just as effective in promoting auxin transport 
as kinetin applied before ageing. It was therefore conclu- 
ded that the action of kinetin was not simply to retard the 
fall in the ability of the segments to transport auxin. 
After the transport capacity of the tissues had fallen 
during storage without kinetin, they responded to kinetin 
by increased, auxin transport. In the stored segments 
some change had occurred which caused auxin transport 
to become sensitive to kinetin. 

Table 2 shows the results of an experiment, similar in 
principle, in which 2,4,5-T was the auxin transported. 
Only the timing was altered, to allow for the fact that 
2,4,5-T, like 2,4-dichlorophenoxyacetic acid®»?, moves 
with a much lower velocity than JAA. It was therefore 
convenient to measure 2,4,5-T transport over a longer 
period, in this case 12 h. To avoid using excessively old 
tissues, the period of storage was reduced to 13 h. In 
stored segments kinetin caused an even larger promotion 
of the transport of 2,4,5-T than of IAA and again it was 
immaterial whether kinetin was applied before or after 
the period of storage. A small effect was seen even with 
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fresh tissue, perhaps because the duration of the trans- 
port experiment was long enough to allow the development 
of some sensitivity to kinetin. 

We next considered the possibility that in these experi- 
ments kinetin was promoting not the transport of the 
auxins themselves but the production or movement of 
labelled metabolites formed from them. It seemed un- 
likely that this could be the explanation of such similar 
effects on two chemically dissimilar auxins, labelled in 
positions which were not analogous. Nevertheless, the 
suggestion was tested by examining chromatographically 
the labelled substances extracted from receiver blocks. 
Transport experiments were set up with each auxin using 
segments from tissue pretreated with kinetin or water as 
previously described and later stored as shown in Table 3. 
At the end of the transport period, duplicate sets of 
receivers from both treated and control segments were 
assayed for carbon-14 to estimate the magnitude of the 
kinetin effect. The remaining treated and control receivers 
were extracted three times with ether slightly acidified 
with acetic acid (0-05 per cent v/v for IAA, 0:2 per cent 
for 2,4,5-T). Samples of 16 receivers assayed after extrac- 
tion contained 15-17 per cent (IAA) or 0-5-1-1 per cent 
(2,4,5-T) of the carbon-14 in receivers assayed before 
extraction. Each extract was concentrated to a small 
volume in a stream of nitrogen and spotted on to two 
paper strips for development by ascending chromato- 
graphy, one in an acid solvent (n-butanol/acetic acid/water, 
5:2:2 v/v) and the other in an alkaline solvent (iso- 
propano!l/ammonia/water, 10: 1 : 1 v/v). These and similar 
solvents have been widely used for the separation of 
metabolites of both IAA and chloro-substituted phenoxy- 
acetic acids. After running for 10 h each chromatogram 
was dried and divided into 20 sections equal in size except 
for that next to the origin, which was extended by 5 mm 
to include the whole area of the initial spot. The sections 
were assayed for carbon-14 by means of a liquid scintilla- 
tion counter®. 

In Table 3 the c.p.m. from a zone 0-15 Rp units in extent 
including the auxin peak are shown as a percentage of the 
total c.p.m. from each chromatogram. When extracts of 
receivers from kinetin-treated and control segments were 
compared, the proportion of the carbon-14 appearing in 
the auxin peak in the two cases never differed by more than 
4 per cent of the total on the chromatogram. Therefore 
the greater radioactivity of the receivers from kinetin- 
treated tissue—262 per cent of the controls with LAA, 
142 per cent with 2,4,5-T—could not to any important 
extent be due to an increase in the proportion of the 
carbon-14 found in substances separable from the auxins 
by chromatography in the two solvents used. - 

We conclude that when segments of Phaseolus petioles 
are stored as described, those treated with kinetin later 
transport auxins in markedly larger amounts than do 
controls. Although the promotion of auxin transport was 
reproducible within each experiment, as may be seen from 
the agreement of duplicate treatments, the magnitude of 
the effect differed from occasion to occasion. We attribute 
this variability to differences between successive batches 
of our plants, which were not grown in rigidly controlled 
conditions. Nevertheless in every one of our series of 34 
experiments, some of which are to be reported in another 
communication, kinetin increased, auxin transport. 

The amount of auxin entering the segments was esti- 
mated from the difference in carbon-14 content between 
unused donor blocks and donors removed at the end of 
an experiment. The effects of kinetin on auxin uptake 
were small and variable but usually positive. In the great 
majority of cases—111 out of 128 individual treatments— 
kinetin caused an increase in the amount of carbon-14 
entering the receivers which was greater than any increase 
in the amount leaving the corresponding donors. It follows 
that the increased transport into the receivers from treated 
segments could not have been caused solely by a promotion 
of uptake by kinetin. Indeed, any increasein uptake could 
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have been simply a consequence of increased transport of 
auxin away from the distal ends of the kinetin-treated. 
segments. 

Mothes, Engelbrechs and Kulajewa® have described 
and others have confrmed® a “directed transport’ of 
various metabolites into kinetin-treated areas of the 
laminae of detached -eaves. Conrad? has reported a 
similar effect of local applications of kinetin on the dis- 
tribution of both endogsnous auxin and applied LAA in the 
laminae of detached lesves of Brassica napus. Auxin was 
accumulated and apparently retained in the treated areas. 
This phenomenon seems to be quite distinct from that 
revealed by our experiments, in which an increase occurred, 
not in the amounts of suxins accumulated in the kinetin- 
treated petiole segments, but in the amounts transported 
through and out of them. 

The difference in response to added kinetin between 
fresh and aged segments may be simply explained by the 
hypothesis that the por transport of auxin can proceed 
at its maximum rate cnly in the presence of a sufficient 
concentration of a cytokinin. It may be supposed that 
fresh tissue initially contains adequate supplies of an 
endogenous cytokinin but that this is so depleted during 
storage of the segments that lack of it becomes a limiting 
factor for auxin transport. Added kinetin can then to 
some extent substitute for the natural cytokinin and_partly 
restore auxin transport. The persistence of the effect of 
kinetin applied to segments before storage is probably 
due to the use in the present experiments of amounts 
which were later found to be greatly in excess of the level 
which sufficed to produce the maximum response. 

It has recently been shown"? that another synthetic 
cytokinin, N,-benzylacenine, is itself transported in a 
polar fashion through segments of Phaseolus petioles. If 
the supposed endogencus cytokinin moves similarly, its 
depletion in the stored segments might well be the result 
of basipetal movement out of the parts of the segments 
later used for the meastrement of auxin transport. 

We end with a specwation. It has been reported else- 
where!!12 that the transport of benzyladenine is greatly 
increased by IAA. The experiments described here show 
that IAA transport is markedly increased by kinetin, 
and Black and Osborns!? find that benzyladenine has a 
similar effect. It is well established that the balance 
between kinetin and IAA can profoundly affect plant 
growth: see, for examp-e, the discussions by Miller!’ and 
Setterfield!‘. It seems reasonable to suppose that in the 
intact plant an endogencus cytokinin may behave similarly 
to kinetin and benzylad=nine in all these ways. If so, the 
mutual promotion of cysokinin and auxin transport might 
serve to control the ratio of the amounts of the two sub- 
stances reaching a perticular tissue from regions of 
synthesis elsewhere. Tke interdependent transport of the 
two hormones would then constitute a regulatory mecha- 
nism of a novel kind. 

We thank Prof. G. E. Blackman for advice, Mr. R. G. 
Powell for preparing the radioactive solutions and for 
much helpful discussion. and Dr. M. A. Foster for the use 
of a liquid scintillation counter. 
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ENZYMATIC ADAPTATION TO CONTRACTILE ACTIVITY IN 
SKELETAL MUSCLE 


By J. KENDRICK-JONES and Pror. S. V. PERRY 


Department of Biochemistry, University of Birmingham 


F skeletal muscle ıs made to contract ın a regular and 
repeated fashion in excess of normal use, as in training, 
the tissue appears to adapt to the increased activity by 
improved performance and often marked hypertrophy. 
Nevertheless, attempts to relate the marked changes in 
performance brought about by exercise to persistent 
biochemical changes in the skeletal muscle cell have led 
to somewhat contradictory results. 

There is some evidence! that exercise can increase the 
size and number of myofibrils in the sartorius muscle of 
the rat, an observation which would correlate well with 
Helander’s? finding that exercise increases, and restriction 
in activity decreases, the proportion of myofibrillar to 
sarcoplasmic protein. 

Unequivocable demonstrations of appreciable changes 
in the activity of skeletal muscle enzymes es a result of 
exercise which are widely accepted by all workers are 
hard to find. Lawrie? has, however, reported an increase 
in the myoglobin content of the muscles of rats subjected 
to strenuous daily exercise for an extended period. So 
far as can be determined by a search of the literature no 
an vitro investigations of enzymatic adaptation to muscle 
activity have been published. 

Much of the early work on the biochemical adaptation 
of muscle to activity was carried out by Russian workers‘, 
who reported increases in «-glycerophosphate dehydrogen- 
ase, hexokinase, lactic dehydrogenase and _ succinic 
dehydrogenase in both heart and skeletal muscle of rats 
subjected to a programme of regular strenuous exercise. 
Yakovlev’ has also claimed that exerc'se increases the 
myosin ATPase activity by increasing the content of 
thiol groups which bind ATP. More recent investigations 
have failed to confirm imcreases in succinic! and lactic 
dehydrogenases’’® and have indicated that the levels of 
aldolase®, malic dehydrogenese®, phosphorylase, creatine 
phosphokinase®, and calcium-activated adenosine tri- 
phosphatase®!° do not increase, when related to total 
nitrogen or to non-collagen protein nitrogen, in skeletal 
muscle after exercise. Hearn and Gollnick??° have, 
however, reported increases of a few per cent ın the activity 
of heart-ventricle lactic dehydrogenase and adenosine 
triphosphatase after exercise, although the activity of the 
skeletal muscle enzymes of the same animals were un- 
changed. Apart from the early Russian reports, work of 
most investigators suggests, in the main, that after long or 
short periods of exercise little change can be demonstrated 
in. the specific activities of the muscle enzymes. 

Our interest in this problem arose out of an investiga- 
tion of the biochemical changes occurring during develop- 
ment in skeletal muscle and the finding?! that in several 
species there was a good correlation between the onset of 
regular use of a skeletal muscle and the rapid increases 
in the specific activities of creatine phosphokinase and 
5’-adenylic deaminase which occur in early neonatal life. 
The findings suggested that the rise in activity of these 
enzymes was closely associated with increased. contractile 
function. In the case of the new-born rabbit it was 
possible to bring forward by several days the increase 
in creatine phosphokinase in the thigh muscles of the 
back legs by encouraging the young rabbit to move about 
earlier than was normal by disturbing the mother’s nest. 
Similar although less clear-cut results were obtained with 
5’-adenylic deaminase. The latter findings are in line 
with evidence for the adaptive formation of this enzyme 


in skeletal muscle of the rat exercised in the Noble— 
Collip drum. briefly reported by Ninomya eż al., the 
results of which we became aware after this work was 
completed. 

Extension’ of the findings with young rabbits to other 
species showed that exercising young rats in a treadmill 
for relatively short periods (4—24 h) produced a significant 
increase in the creatine phosphokinase-levels of leg 
muscles compared with controls permitted normal or 
restricted activity. Some of the results obtained are 
summarized in Table 1 where the enzymatic activity is 
related to the total protein nitrogen, extracted under a 
procedure (Table 1) which removed all the enzyme from 
the tissue. The values can be directly related to the wet 
weight or the total nitrogen content of whole muscle, as 
control experiments showed that the procedure extracted 
a constant fraction of the total nitrogen of the muscle 
and, that this fraction was not changed by exercise. It is 
significant that the percentage increases in specific 
activity obtained were often more marked if the animal 
was restricted in activity for a period before the experi- 
mental period. 

In the case of restricted controls the creatine phospho- 
kinase-leve!s fell to lower values than those found in the 
same muscles of litter-mate controls permitted normal 
activity. The results suggested that the creatine phospho- 
kinase level is maintained at fairly high values by normal 
use of the muscles and only when the use is restricted 
appreciably does the enzymatic level fall. In these cases a 
subsequent period of intense activity caused a marked 
increase in creatine phosphokinase activity. The failure 
of other workers to demonstrate increases in enzymatic 
activity after exercise may, in part, have been due to the 
fact that the activity of muscles of the control animals was 
sufficiently great to maintain the creatine phosphokinase 
at an adequate level which was not readily increased by 
further exercise. The age of the experimental enimals 
may also be important in so far as the ability of skeletal 
muscle to adapt is probably more highly developed in 
young animals. 

Similar significant increases in aldolase and myokinase™ 
activity were also found in homogenates of whole flight 
muscle of the desert locust, Schistocerca gregoria, made to 
fly in a current of air by the method of Weis-Fogh?* for 
six periods of 30 min, each period interspersed with 30 
min rest. These locusts, which had been reared from 
the larval stage in captivity, had not previously flown. 
Creatine phosphokinase and 5’-adenylic deaminase could 
not be detected in these muscles. 

As all the foregoing results were obtained in vitro, it 
was difficult to decide whether the response in enzymatic 
levels was controlled entirely by intracellular mechanisms 
or was & response to a more systemic stimulus. The 
endogenous nature of the response was indicated in exper- 
ments with the isolated sartorius of Rana temporaria 

In these experiments isotonic twitches were elicited once 
every 8 sec by stimuli of supramaximal intensity using 
electrodes placed close to the muscle and immersed in 
oxygenated Ringer. The twitches were recorded with a 
simple unloaded lever-drum kymograph system and the 
corresponding unstimulated muscle from the other limb of 
the same frog was stretched to a similar rest length either 
alongside the contracting muscle in the same bath, or, in 
some experiments, in a separate identical chamber. 
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Table 1. EFFECT OF EXERCISE ON THE CREATINE PHOSPHOKINASE AND ALDOLASE ACTIVITIES OF RAT HIXD-LEG MUSCLE 
Creatine bhosphokinase Aldolase : 
Age Body- (ug creatino/mg N of (ug triose P/mg N of 
(days) wt. (g) extract/min) extract/15 min) 
1 Controls 1213- 497 = 12-9 (3) 
w +41 
20 h exercise immediately before death 126 4 659 = 6'5 (3) 
+52 
2 Controls, 100 days normal activity, 21 178 288 = 7:0 (3 
days confined +62 gee 
121 
100 days normal, 20 days confined, 1 179 410 = 13°9 (3) 
day exercise t57 
3 Controls 348 406 100 
+07 392 98 
387 94 
4 h exercise, 4 h normal 21 83:5 439 108 
32 0 445 111 
8 h exercise, 4 h normal 31-5 490 139 
33-1 502 142 
4 Controls 38 4 441 67 2 
j 98 39 1 439 650 
12 h exercise immediately before death 37-5 570 106 
38-8 640 107 
5 Controls 35-8 421 
3i 36-5 437 
12 h exercise immediately before death 34-2 568 
34:9 587 
6 Controls 35-7 434 
2j 36-2 439 
12 h exercise, 72 h normal 35:8 460 
35-7 446 


Control and exercised animals were litter-mates of comparable weight. Animals exercised in a treadmill usually performed 5,000—-6,000 revolutions in a 
12-h period. The animals used in experiments 1 and 2 were all from the same litter. Likewise for experiments 5 and 6. The specific activities represent 
the mean of duplicate assays on the combined right and left leg muscles of single rats except in experiments 1 and 2 where the results from a number of 


animals, indicated in parentheses, are averaged. B 


combined and made up to volume, 


The results in Table 2 indicate that when related to 
total nitrogen content of the muscle the creatine phos- 
phokinase activity in all cases was greater in stimulated 
muscles than in the resting controls. The greatest in- 
creases were obtained when muscles were allowed to 
equilibrate for 30-60 min in oxygenated Ringer after dis- 
section, stimulated continuously for 4-5 h and then 
assayed immediately. If after stimulation the muscle 
and the appropriate control were kept in Ringer over- 
night at 2° before assay, the difference between enzymatic 
levels in the rested and stimulated control, although still 
significant, was somewhat lower. In this respect it is of 
interest that in the in vivo experiments with the rat the 
largest increases in creatine phosphokinase activities were 
obtained when assays were made immediately after the 
exercise period (Table 1). When the exercised animals 
were allowed to return to normal activity for some hours 
after the exercise period before removal of the muscle 


Table 2, EFFECT OF REPEATED CONTRACTION ON THE CREATINE PHOSPHO- 
KINASE ACTIVITY OF THE ISOLATED FROG SARTORIUS MUSCLE 


Duration of Creatine phosphokinase activity 


Exp. stimulation (mg creatine/mg T.N./min) z 
No. (h) Resting Stimulated 
1 1:0 1:01 111 
1°07 1:20 
2 1-5 1-60 1:87 
3 20 1-06 1:25 
1°14 1:38 
4 5:0 1-46 2 23 
1:27 2-06 
5 5-0 1°73 2°75 
“1-72 2 62 
6 5:5 1:53 2°40 
1:65 235 
7 12-0 0 92 1:60 
0-87 1:49 


Muscles dissected from frogs kept at + 2° and equilibrated for 1 hin Ringer 
saturated with 95 per cent oxygen; 5 per cent carbon dioxide. Creatine 
phosphokinase assays!* carried out on homogenates of whole muscle and 
total nitrogen determined by Kjeldahl technique. In experiments 4 to 7 
duplicate assays on the homogenates of the right and left muscles, one 
stimulated, the other the resting control, were carried out; in all other cases 
results are means of duplicate assays on separate pairs of muscles. 


~- 


tic assays’ carried out for convenience in sampling on extract obtained as follows. 1-2 gm thigh 
muscle from back legs was homogenized in 5-10 vol. 0 25 M sucrose and centrifuged for 20 min at 20,000g- 
rehomogenized in 5 vol. sucrose, recentrifuged and the supernatant again removed. The residue was once again washed with 5 vol. sucrose and supernatants 


Supernatant was removed and the residue 


a 


F 


and enzymatic assay, the differences inlevel between control 
and exercised animals were less. This is another factor 
which may not have ->een given sufficient attention by 
investigators who have been unable to demonstrate 
increases in enzymatic activity after exercise. 

The results obtained with mammalian and insect 
skeletal muscles in vivo and in vitro with amphibian tissue 
clearly indicate that continued contractile activity results 
in an increase in activity of enzymes of special significance 
for muscle metabolism. This applies particularly to 
creatine phosphokinase and also to aldolase, 5’-adenylic 
deaminase and myokinase, although these systems have 
been studied in less detail. The increases represent a net 
increase in enzymatic activity when related either to 
the wet weight or to thetotal nitrogen content of the tissue. 
No significant change in-nitrogen content due to the periods 
of activity used either in the in vitro or the in vivo investi- 
gations could be detectad. 

The increases in crestine phosphokinase could arise in 
either from activation of an inactive precursor, as in the 
case of phosphorylase", or could be due to the synthesis 
of new enzyme stimalated by continued contractile 
activity. As yet there is no evidence of the existence in 
normal muscle of creatine phosphokinase as an inactive or 
less active precursor, but this possibility cannot be 
excluded. If formatiox of new enzyme occurred, it would 
be an example of adaptive enzyme synthesis in response 
to contractile activity and could be explained as a response 
to the changed metabolic levels in the cell resulting from 
the continued contractile activity. Although it is not 
yet possible to decide between these two explanations, 
the observations that 2 number of enzymes respond in 
the same way and that the enzymatic activity of frog 
sartorius increased with longer periods of activity would 
support a mechanism involving synthesis of new protein. 
Such a mechanism would also be supported by the 
reports!” that muscle activity causes a gtimulation of 
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protein and RNA metabolism. Investigations are now in 
progress to enable a decision to be made between these 
two possible mechanisms. 
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EFFECTS OF 


AGE AND OF HYPOXIA 
By Dr. PATRICIA J. LINDOP and Pror. J. ROTBLAT, C.B.E. 


St. Bartholomew’s Hospital Medical College, London 


N an investigation of rediation-induced life-shortening 
described previously!*, mice were exposed, while 
breathing air, to single whole-body doses of high-energy 
X-rays at the age of 4 weeks. Over the range of doses 
examined (50 to about 800 rads) 1t was found that the 
amount of life-shortening was proportional to the dose of 
radiation, the reduction in life-span amounting to 5-8 
weeks per 100 rads. The X-rays used were of an energy 
of 15 MeV and the dose-rate was about 500 rads/min. 

In subsequent experiments’, in which mice were exposed 
to radiation at different ages, it was found that the life- 
shortening effect was markedly dependent on age at 
exposure. It was also found that exposure of mice which 
were breathing nitrogen for a short time before and during 
the irradiation resulted in considerable reduction of the 
life-shortening effect, the protection factor being appar- 
ently dependent on age. These were pilot experiments, 
with small numbers of animals; but the results appeared 
to justify a full-scale investigation of the effects of age at 
irradiation and of hypoxia on life-shortening. 

The experiment designed for this purpose was on a 
large scale; it included five age-groups with six dose-levels 
in each, and the mice were breathing either air, or nitrogen, 
or oxygen during the irradiation. The total number of 
mice involved was more than 10,000. Unfortunately, 
when the investigation was already well advanced, an 
epidemic of ectromelia hit the colony, and most of the 
mice had to be destroyed. Further irradiations were 
carried out afterwards, but on a much-reduced scale, and 
the results from only a few dose-groups are available. 
Since it is unlikely that the full-scale investigation will be 
repeated in the near future, it seems worth while to publish 
the results obtained so far. 

Variation of life-shortening with age at exposure. The 
experimental conditions were the same as in the investiga- 
tion of the 4-week age group’?. SAS/4 albino mice were 
used, and they breathed air at atmospheric pressure 
before and during the irradiation. In the older age-groups 
four mice were exposed at the same time, each in its own 
container. For the l-day- and 1-week-old groups, the 
whole litter from each mother was put in one container 
and irradiated together. The young mice were returned 
to their mother immediately after the exposure. At the 
age of 3 weeks they were weaned and placed in cages, eight 
mice per cage, like the older age-groups. There they were 
kept until death; the age at death was noted and a post- 
mortem examination carried out for pathological lesions. 
The analysis of the incidence of diseases found at death 
will be reported elsewhere. This article is concerned only 
with the effect of radiation on the life-span. 


Owing to the small number of mice, the results from both 
sexes were pooled. It has been shown previously‘ that for 
this strain of mice the difference in life-span between males 
and females is very small. For each dose-group, the 
mean. age at death, and the standard error of the mean, 
were calculated. 

The results are presented in Table 1, and those for the 
1-day-old mice are also shown on curve A of Fig 1. Itis 
seen that for this age-group the experimental points fall 
quite well on a straight line. Since the lowest dose in this 
group was about 400 rads, one cannot exclude the pos- 
sibility of a deviation from linearity at small doses, but 
this deviation cannot be large. The same applies to the 
l-week-old group. For the 8- and 30-week groups results 
are available for about 100 and 200 rads as well, and in 
these cases the linearity is much better established. 

Assuming this linearity to hold for all age-groups, we 
can calculate the life-shortening per unit dose. This is 
given in Table 2 and expressed in weeks per 100 rad; 
Table 2 also includes the results obtained previously for 
the 4-weeks group. It is seen that the life-shortening 
effect decreases with increasing age at exposure. This has 
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Fig. 1. Mean age at death of mice exposed at 1 day old. A, While 
breathing air; B, while breathing nitrogen 
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LIFE-SHORTENING OF MICE EXPOSED AT DIFFERENT AGES WHILE 


Bee BREATHING AIR 


Age at Life-shoriening 
irradiation (weeks per 100 rad) 
1 day 7°63 + 0-64 
1 week 708+ 1-14 
4 weeks 577 +19 
8 weeks &55 + 0-56 
30 weeks 2-66 + 0-83 


been observed by others for mice at older ages’. It has 
‘been suggested’ that the percentage life-shortening is 
proportional to the remaining life expectation, and this 
agrees, within the experimental error, with the results for 
the older mice. At very young ages, | day and 1 week, this 
does not appear to be the case, the life-shortening effect 
being too large. 

Effect of hypoxia on life-shortening. Mice of the same 
age-groups as already mentioned were exposed under 
hypoxie conditions. The mice were anaesthetized with 
20-60 mg/kg ‘Nembutal according to age, to avoid con- 
-vulsions, and were then put into a container through 
which a stream of nitrogen at body temperature flowed 
at the rate of 8 1./min. The mice were kept in this nitrogen 
atmosphere for periods varying from 50 sec for the 
‘day-old group to 30 sec for the 30-week group. These 
‘times were found by experiment to be the longest which 
the mice of a given age-group could tolerate without 
obvious ill-effects.. The immediate mortality rate due to 
nitrogen was less than 10 per cent. Just before the end of 
the period of nitrogen breathing the mice were exposed to 
a beam of 15 MeV electrons at a dose-rate of about 
40,000 rad/min (1-6 rads/pulse from the linear accelerator, 
at a repetition frequency of 400 pulses/sec). Immediately 
after the exposure oxygen was flushed through the con- 
tainer for about a minute to facilitate the revival of the 
mice. 

Owing to limitation in the animal house space, only 
two dose-levels, about 425 and 900 rads, were used. For 
each age-group there was also a control group of mice, 
which went through the same procedure of nitrogen breath- 
ing but without receiving any irradiation. To make pos- 
‘sible the comparison with the previous results, at each 
‘age-group thero was also a group of mice exposed under 
the same irradiation conditions to about 425 rads while 
; broathing air. 
~The results obtained are summarized in Table 3. A 
“comparison with Table 1 shows that in each age-group 
-exposure while breathing nitrogen considerably reduced 
-the life-shortening effect. The protection against radiation 
damage by the absence of oxygen, which has been pre- 
viously found for acute effects®»7, has thus been confirmed 
for long-term effects as well. However, there are marked 
differences in this protective action of hypoxia between 
the older and younger age-groups. 














Table 3. 


1 day 
Gas Dose Mean age Dose 
(rads} (weeks) (rads) 


EFFECT OF HYPOXIA ON MEAN AGE AT DEATH 


1 week 8 weeks 30 weeks 
Meanage Dose Meanage Dose Mean age 
(weeks) (rads) (weeks) (rads) (weeks) 







Ne 0 106-043-4 0 10954265 0 101-44+2-6 0 ee 
“Air 4384 83:443-2 411 81-3435 405 841425 458 91-84+5-0 
ON, 480 963428 419 1005+32 405 97-14 2: 6 454 96-9 43-4 


920° «BSF E4-0 878 65-443-9 845 89-0428 O37 95-9432 
-tho 8- and 30-week groups, the life-shortening, 

gh much smaller, is still proportional to the dose. 
ening per 100 rad is 1-3 weeks and 0-5 weeks 
pwo: age-groups respectively. A comparison with 
-shortening effect produced by the same age-groups 


5 rads while breathing air shows that breath- 
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ing nitrogen reduced the effect by about a factor of 3. | 
This is about the mazimum which has been found for 
nitrogen protection in ether systems and it shows that the vi 
procedure adopted reduced the oxygen tension in the l 
tissues of the mice to very low values. 

However, for the two younger age-groups, | day aiia 
l week, exposure uncer hypoxie conditions appears- to 
have changed the dose response relationship, which is no 
longer linear. This car: be seen for the 1-day-old group on 
curve B of Fig. 1. Itcomes out more dramatically when s 
one inspects the survival curves for the mice exposed. to es 
different doses at the age of 1 day (Fig. 2). It is see 
the percentage survivæ of mice exposed to 434 rads 
breathing nitrogen disfers very little from that of 
control mice, thus indicating a large protection | | 
whereas the 920-rad group in nitrogen is shifted Os 
the left. 

Because of the curvilinear nature of the life- shorte 
effect in nitrogen, one cannot quote @ specific protec 
factor for the young mice; all one can say is that the 
protection is large at small doses, but very small at high ana 
doses. Raa eer: 
In the absence of a theory of the life-shortening offect, ay 
it is not easy to explam the transition from a curvilinear 
to a linear relation with increasing age. However, several 
possibilities suggest themselves. For example, one may 
assume that life-shortening is the result of a number of- 
‘faults’ produced in scme definite targets, and that such 
‘faults’ may accumulate in the course of time from causes 
other than radiation. Thus, in the older animal, one hit 
by a quantum of radiation may be sufficient to produce 
life-shortening; this would result in a linear relation 
between the effect and dose. On the other hand, in the 
young animal, more than cne hit is required, hence the 
curvilinear relation, 

Another possibility i to relate life-shortening to specific 
somatic damage, say +0 æ chromosome break, and to the 
probability of repair ef such damage. It is known that 
radiation damage may be repaired spontaneously, even if 
it is m the form of a single chromosome break*.. If we 
assume that the probebility of such repair is very high im 
young mice, when irradiated under hypoxic conditions, 
then little life-shortening would be experienced at exposure 
to low doses at whick only one break is likely to occur. 

On the other hand, at high doses two breaks may occur; 
these have a much lower probability of repair, hence the 
life-shortening would de large. For such a double event 
the variation of the effsct with dose should follow a square 
law. In fact, in curve B of Fig. 1 the life-shortening is 
approximately proportional to the square of the dose: 

With both hypotheses the effect of age would be more 
apparent under hypoxic conditions, since in the presence 
of oxygen the amount of damage by a given quantum of 
radiation is larger, anc one hit may be sufficient even at e a 
young age. oe 
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Fig. 2. Survival curves for mice exposed at 1 day old: Control; 
A 434 rad in nitrogen: C, 480: ma n alts P 920 rad in aea 
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ALTERATION OF HAMSTER CELLS BY NUCLEIC ACID IN VITRO 
By KATE SHEPLEY, Dr. E. J. AMBROSE and Dr. K. S. KIRBY 


Chester Beatty Research Institute, Institute of Cancer Research: Royal Cancer Hospital, Fulham Road, London, S.W.3 


HERE have been occasional reports in the literature 

of changes in cell properties brought about by treat- 
ment with nucleic acid preparations made from foreign 
cells. For example, Jones? has reported morphological 
changes brought about by treatment with RNA prepara- 
tions. Of particular interest are the recent observations 
of Cohen and Parks* which have demonstrated the trans- 
fer of immunological sensitivity to non-immune spleen 
cells by supplying RNA from immune cells. The RNA 
was added to a cell suspension of non-immune spleen 
cells and incubated for 30 min at 37° C. In the experi- 
ments described in this article, a few DNA (but mainly 
RNA) preparations were supplied to the medium of 013 
hamster fibroblasts grown in monolayer culture. Stable 
changes in cell morphology and clonal appearance have 
been obtained, which persist through subsequent cell 
generations after removal of the nucleic acid. 

Culture of hamster cells. Baby hamster kidney fibro- 
blasts (BHK 21/C13) used in these experiments were 
between 40 and 50 generations after cloning. 

The medium used throughout consisted of 10 per cent 
calf serum and 10 per cent tryptose phosphate broth 
(Difco) in Eagle’s HeLa medium, as modified by Stoker 
to contain twice the normal concentration of vitamins and 
amino-acids. For sub-culture of the cells 0-05 per cent 
trypsin (Difco) was used in 0-0002 per cent ‘Versene’ in 
phosphate buffered saline. 

Nucleic acids. RNA and DNA were prepared by one 
of us (K. 8. K.). Nucleic acid was dissolved in sterile 
Hanks’s saline and added to the medium in which the 
cells were already growing, to give a final concentration 
of 100 ug/ml. The culture was then allowed to grow for 
a further 4 days beforesub-culture into fresh medium which 
did not contain nucleic acid. When the cells had been 
propagated for at least 3 generations, they were trypsin- 
ized and planted in Petri dishes in numbers appropriate 
to colony formation (usually 5 x 10° cells in a 6-cm dish). 
After 7 days the cultures were fixed in 10 per cent formol 
saline and stained with a Jenner—Giemsa stain. 

Effects of various types of foreign RNA. In the presence 
of any foreign RNA, cells grew much faster than a control 
culture. The whole monolayer became thick and tended 
to strip, and the medium became acid. On sub-culture, 
the rapid growth-rate was not so noticeable, but if a small 
number of cells were planted in a Petri dish, a number of 
the colonies formed in 7 days were large, piled up and 
deeply staining, compared with the relatively small, flat 
colonies formed by normal cells (Fig. 1b). In contrast 
to the piled-up colonies formed by polyoma virus trans- 
formed cells, which grow in an irregular criss-cross pattern 
(Fig. la), these colonies retained the regular parallel 
growth of the normal colonies (Fig. 1c). 

RNA isolated from hamster kidney, rat liver, B. 
subtilis and polyoma virus-transformed hamster kidney 
fibroblasts all produced large colonies, the greatest effect 
being with the RNA isolated from a stilboestrol-induced 
kidney tumour of the hamster, where up to 20 per cent 
of the colonies formed were of the altered morphology. 
The RNA isolated from the BHK 21/013 themselves had 


no effect. ö 


It made no difference to the effect of the RNA whether 
it was added directly to the Petri dish when the cells 
were planted for colony growth, or whether several genera- 
tions were allowed to elapse between treatment” and 
planting as has already been described. 
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a, Bottom right: colony of C13 hamster fibroblasts showing 
parallel alignment of groups of spindle-shaped cells. Centre and top left: 
colonies of polyoma virus transformed cells showing more random 
pattern of growth. 6, Petri dish showing plating out in a new medium in 
the absence of RNA of cells previously treated with tumour RNA. Faint 
and diffuse normal colonies can be seen, also dense colonies of stable 


Fig. 1. 


variants arising from RNA treatment. c, Higher power view of RNA 
variant. Reasonably parallel alignment of denser regions. More random 
pattern of growth in the outer regions 
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Fig. 2. Interference microsoopy of normal and treated clones 


Effect of ribonuclease, nucleosides and nucleic acid bases. 
If, in place of the RNA, the cells were incubated with a 
mixture of ribonucleosides, or a mixture of adenine, 





Fig. 3. a, Secondary RNA colony showing absence of sind 
shaped cells. c, Highipower of secondary RNA colony 


ppearance o 
absence of spindle-shaped cells at low cell density 


guanine, cytosine and uracil, no large colonies formed. 
However, if any of -he foreign RNAs mentioned were 
pre-treated with ribonuclease and the cells incubated as 
usual with the product of digestion, the same large 
colonies formed as with whole RNA. This indicated 
that the oligonucleotale core of the RNA molecule is the 
part which effects the alteration of the cells. 

Interference measurements. By means of an interference 
microscope, the difference in optical path between a cell 
and air at a space on the glass near the cell has been 
measured and the difference taken as a measure of the 
dry mass per unit asa, In this way, a comparison has 
been made between the dry mass per unit area of cells 
in an RNA colony and a normal colony. Fig. 2 shows 
that the average reading of cells in an RNA colony is 
greater than that of a normal colony. The large scatter 
of readings within a group is presumably due to the cells 
being of a different age after division. 

Comparison of normal and RNA cells. Normal BHK 
21/C13 cells occasionally do form large piled-up colonies. 
However, the differance between these and the ones 
produced by treatment with RNA can be seen by examina- 
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TE - thin and spindle-shaped as in the centre (Figs. la and b). 


When one of the RNA colonies was isolated and grown 
further, the culture consisted entirely of the large spread- 
out cells, and this characteristic was retained in the 
colonies which were grown from single cells (see Fig. 3a). 
The large piled-up colonies did not form again. 

Cultures of these cells have undergone five sub-cultures 
{approximately 15 generations) since isolation of the 
original large colony, and the cells still retain these 
characteristics. Attempts have been made to re-alter 
the RNA. cells back to their original fibroblastic shape by 
treatment with normal C13 RNA, but without success. 

From earlier investigations of cell movements and cell 
contacts we have good grounds for believing that the 
appearance of cell colonies in monolayer culture is determ- 
ined almost entirely by three factors: (1) the polarity of 
the cell, that is, its tendency to produce one dominant 
pseudopodium, several independent pseudopodia or 
numerous microvillae; (2) adhesiveness of the cell to the 
solid substrate; (3) intercellular adhesions. The polarity 
appears to depend on local structural or temporal changes 
in the properties of the cell membrane. The adhesiveness 
to the solid substrate depends on comparative}y non- 
specific adhesive properties of the cell surface. The 
intercellular adhesiveness may be partly specific and 
partly non-specific. Changes im clonal morphology 
therefore reflect some change which has arisen in the 
properties of the cell surface. 

It may be inferred, therefore, that the alterations after 
treatment with RNA preparations described in this 
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the medium. This would suggest that the synthetic 
mechanism of the cell is disturbed, leading to the produe- 
tion of altered surface material. It is interesting to note © 
that rather similar changes can be brought about by RNA 
preparations from several sources, though with most 
frequency by tumour RNA. They are not produced by 
RNA from the same cell type as the recipients. It is not 
claimed that the changes described in this article are 
malignant transformations. When close packed at high 
sensitivity they show parallel alignment of cells and con- 
tact inhibition rather similer to the C13 cells. At low cell 
density, however, the multiple pseudopodia, more charac- 
teristic of malignant cells in culture, appear reproducibly | 
in serial transfer. Qualitatively, the changes in behaviour 
are rather like those seen in cells transformed with polyoma. - 
virus or Rous sarcoma virus, but to a less marked degree. 
There are several similarities to the malignant change, 
that is, a number of different agents, viral or chemical, = 
giving rise to a similar end effect in biological terms. 
The production of a great variety of abnormal surface 
proteins or mucoproteins may disturb the normal specific — 
interactions which occur in normal tissues and hence may 
give rise to malignant properties. : 

We thank Prof. A. Haddow for his advice and Prof. M.: 
Stoker for supplies of C13 and TCY cells. This work has 
been supported by grants to the Chester Beatty Research 
Institute (Institute of Cancer Research: Royal Cancer 
Hospital) from the Medical Research Council and the 
British Empire Cancer Campaign for Research, and by 
U.S. Public Health Service research grant CA--03188-08 
from the National Cancer Institute. 
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DETERMINATION OF THE TOTAL ALPHA ACTIVITY OF DRINKING WATER 
USING A NUCLEAR EMULSION 


By M. W. TYRRELL, I. C. DEMETSOPOULLOS and A. J. L. COLLINSON 
Borough Polytechnic, London, S.E.I 


: METHOD is described for estimating the total 

à «a-activity of solutions, using 50u ‘Ilford G5’ nuclear 
emulsions. A tentative value of approximately 10733 
al, with a statistical accuracy of 15 per cent, was 
obtained for the a-activity of a sample of drinking-water 
from the London area. 

Several authors have investigated the use of nuclear 
emulsions for detecting low-level activities of « emitters 
in solution. The main methods described are: 

(a) Total immersion of the emulsion in the hquid con- 
cerned!; (b) the capillary tube method®. This involves the 
use of thin-wall capillary tubes filled with the liquid 
sample and placed in contact with the emulsion; (e) mix- 
ing the active solution with gelatine and coating the 
emulsion with the mixture®; (d) sandwiching a drop of the 
active solution between. two emulsions‘. 

All the foregoing methods had a sensitivity below 10-?¢ 

o 4.. Values for the activity of drinking-water obtained 
- by Turner’ indicated that a method was required with a 
sensitivity in excess of these methods. The technique 
_ adopted for this investigation was that of concentrating 
the activity of the solution, a sample of which was subse- 
quently absorbed in a 50-2 thick emulsion, and counting 
- the number of tracks after suitable exposure and develop- 
- ment. 
It was assumed that the measured -activity of the 
drinking-water was due mainly to radium and its decay 
products. Thg daughter element radon (half-life 3-82 


days) is a gas at N.T.P. with a freezing-point of — 71° C. 
A subsidiary experiment with a ‘clean’ emulsion in 
contact with an emulsion containing absorbed active 
solution, established that a significant fraction of radon 
was lost through diffusion. As a consequence of this, it 
was decided to trap the radon by lowering the tempera- - 
ture to — 82° C during exposure, by means of a freezing 
mixture of solid carbon dioxide and acetone. Dissolved — 
radon was expelled by boiling the solution for 1 h before.. 
depositing the sample on the emulsion, thus eliminating the- 
uncertainty as to the initial amount of dissolved radon, 
the concentration of which could be as high as 1,000 
times® the equilibrium value. E 
The pH of the solution was adjusted to pH 7 to avoid- 
eradication of tracks caused by weakly acidic solutions as- 
found by Ackermann and Faissner’. C 
A. smail volume of the boiled solution was spread uni- 
formly over a 2 in. x 2 in. emulsion, the mass deposited 
being measured by weighing using a sensitive chemical 
balance. The emulsion was then placed under a bell jar 
and dried as quickly as possible employing a desiccant and 
a reduced pressure of 25 torr. The dried emulsion was 
then transferred to a container kept at — 82° C and left 
for approximately four days before removing and develop- 
ing using 1019 developer. oe 
Difficulties were encountered with cracking and peeling - 
of the emulsion after removal from the container. It was- 
found that this effect could be avoided by carefully con- 




















ees of e emulsion. This is 
BED perience of: M: arais-Wack*, who 
t, in order to preserve the emulsion intact, the 
| a to be replaced by i a cellulose nitrate 


G emulsions: were scanned, using a Cook M40503 
r emulsion microscope, by making parallel traverses 
-e x 10 objective, equipped with a graticule. Each 
traverse was scanned once, using the fine focus contro! to 
include the total thickness of the emulsion, the number 
-tracks being recorded. 
ith activities in the order of yy c.l.-* it was essential 
ò emulsions not older than three days at the time of 
sure. Emulsions older than this were associated 
‘a background which was too high to permit statisti- 
ly significant measurements without unduly long 
osure times. Plastics were chosen for the construction 
e emulsion supports since they have alow x contam- 
on, as reported by Yagoda*. In order to determine 
» background a second identical emulsion, but without 
the active deposit, was introduced. into the low-tem- 
perature container and both emulsions developed together 
efter exposure. 

<The activity equivalent background was 0-6 x10- e.l.. 
A solution containing 1-6 x 10 g radium 1.-? was used 
as a standard. Volumes of solution ranging from 0°25 
to 1:5 cc. were deposited on emulsions and exposed. 
Assuming that only radium was present the number of 
a-particles emitted for various exposure times from l c.c. 
of standard solution was calculated’. The results are 
plotted in Fig. 1. From the curve it can be seen that for 
exposure times in excess of 70 h, the increase in the number 
of «-particles emitted is linear. Since all the exposure 
times were greater than 70 h, a linear standardization of 
the results was carried out to find the number of a- particles 
emitted from the various amounts of standard solution 
for a set exposure time. The results are plotted against 
the calculated number of «-particles emitted in Fig. 2. 

Comparison of activities of drinking-water obtained by 
Turner’ with that of the standard solution indicated that 
the standard solution was approximately 400 times more 
active. Bearing these figures in mind, the drmking water 
sample was concentrated by a factor of 400 by boiling. 
This allowed approximately equal exposure times to be 
used for both the water sample and the standard solution. 
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It was found that boi ing the sample produced a precipi- 
tate. This with the solution was deposited. on: the 
emulsion. An attempt was made to measure the activity 
of this precipitate separately and it was found that the 
activity was not measurable above background. 

An analysis of the plate was carried out and the total 
number of a-particle tracks observed normalized to an 
exposure time equal to that of the standard solutions. 
From Fig. 2 the corrected number of «-particles emitted — 
from the sample wae extrapolated and found to equal 
0-17 + 0-02 py edt 

In applying statistws to the events, two assumptions | 
were made: the active solution was distributed uniformly -` 
over the emulsion surface, and the nuclear events were 
random. Measuremerts made indicated the first assump- 
tion to be correct. The second assumption is an inherent 
characteristic of nuclear decay. . 

Let the plate plus s source be termed A and the plate 
used for background determination be B. If for plate A = 
the number of traverses was ņa and the number of tracks o 
was N a and, for plate B, they were nz and Nz respectively, oo 
then the relative standard deviation of the number ofo o == 
disintegrations from the source per traverse equals: 0.00 i5 
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per traverse. 
In a paper by Y. K. Lim”, a method to deona 
efficiency in ares scanning is described. Although det: g 
measurements as suggested in the paper were not- 
sections of the various emulsions were rescanned, 
number of tracks observed in a traverse were foun 
vary up to 6 per cent on recounting. | 
It was found that the efficiency depended on 
factors. The state of the emulsion in terms ¢ 
scratches was very important: in certain case 
of the emulsion had tə be left unseanned as th 
dropped enormously. Decrease in. efficiency 
observed with increase in time of continuous se 
Barkas“ discusses most of these points. Less. s 
emulsions, namely K€, K1 and K2 plates, were used : 
attempt to reduce tse general. 3 hackgřound, but it- was A TEA 
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_ RELATIVE INSTABILITY OF CEPHALORIDINE TO STAPHYLOCOCCAL 





oe  (MEPHALORIDI NE? 7-[(2-thienyl)acotamido]-3-(1-pyr- 





ve 


idyl-methyl)-3-cephem-4-carboxylic acid betaine) is a 
nthetic antibiotic derived from the nucleus 7- 
5 amino-cephalosporanie acid (7-ACA). It shares and com- 


S _bines many of the properties of the semisynthetic penicil- 
~ ins, methicillin, cloxacillin and ampicillin which are 


derived from the 6-amino-penicillanie acid nucleus 
(6-APA):° Three outstanding properties of cephaloridine 
are: its relative insusceptibility to staphylococcal penicil- 
linase (G-lactamase), a property which it therefore shares 
with methicillin and cloxacillin; its broad antibacterial 
spectrum, which is similar but not identical to that of 
Ampicillin; its lack of cross-allergenicity with antibiotics 
based on the nucleus 6-APA, which means that it may be 
given safely to patients hypersensitive to penicillins. 
In an attempt to define the place of cephaloridine in 
current antibiotic therapy a comparison was made of the 
-antistaphylococcal activity of cephaloridine, methicillin 
and cloxacillin. In preliminary work the minimal inhibitory 
soncentrations of each of these antibioties for 169 strains 
of Staph. aureus, which had been recently isolated from 
patients, were determined using large inocula (0-003 ml. of 
undiluted overnight broth cultures). The minimal 
inhibitory: concentrations were measured by making 
: doubling or closer dilutions of each antibiotic in nutrient 
agar (Oxoid ‘D.S.T.’) and recording for each strain the 
lowest: concentration of each antibiotic that caused 


pos . omplete inhibition of visible growth after incubation for 






Table 1, 
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By Dr. MARK RIDLEY and Dr. IAN PHILLIPS 


Department of Clinical Microbiology, St. Thomas’s Hospital, London 


MINIMAL INHIBITORY CONCENTRATIONS FOR me SPRAINS OF Staph, aureus 





No. of strains inhibited after 24 h by ngiml.; 





24 and 48h. The results at 24 h are given in Table 1 ana ; 
show that with cephaloridine, but not with the other 
antibiotics, there is a marked gradation of response — 
of different staphylococcal strains. Penicillin-sensitive | 
Staphylococci were inhibited by concentrations of cephalor- 
idine ranging from 0-025 ug/ml. to 0-1 yg/ml.; strains — 
resistant only to penicillin appeared more resistant, 3 
requiring 0-25-5 ug/ml. for inhibition; while multiple — 
antibiotic-resistant Staphylococci (resistant to 3 or more 
antibiotics) were inhibited by 2-20 ug/ml. Finally, the- 
methicillin-resistant strains shown in Table 1, which were 
also resistant to multiple antibiotics, were inhibited by 
concentrations of cephaloridine ranging from 5-50 ug/ml. a 

It seemed probable that these initial results were due- 
to relative instability of cephaloridine to staphylococcal 
B-lactamase, compared with methicillin and cloxacillin. 
The cephaloridine minimal inhibitory concentrations were. 
repeated for each strain on several occasions and revealed - 
that the results were variable for the multiple antibiotic- 
resistant and to a lesser extent for the strains resistant to 
penicillin only. Furthermore, the minimal inhibitory 
concentrations of cephaloridine tended to increase from 
the figure recorded at 24 h on further incubation to 48 h. 
No such great variation or increase in minimal inhibitory 
concentration was observed with methicillin or cloxacillin. 
The variability was shown to be due to slight differences in- 
inoculum size which cause marked differences in the cephal- - 
oridine minimal inhibitory concentrations of penicillinase-.- 
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producing strains. Even a small change in inoculum size 
(six-fold) may cause a marked difference in the minimal 
inhibitory concentration result, and it is therefore apparent 
that testing the sensitivity of penicillinase-producing 
Staphylococci to cephaloridine is influenced by inoculum 
size, a situation which is well known with benzyl penicillin. 
This effect of inoculum size with cephaloridine has been 
noted by Barber®. 

As the effect of inoculum size cannot be taken as prima 
facie evidence for a penicillinase type of resistance’, 
further experiments to assess this probable penicillinase 
effect were carried out. A membrane technique described 
by Knox‘ as a modification of the Gots* and Haight- 
Finland’ methods was used. In the first series of these 
experiments large assay plates were poured to contain 
300 ml. of nutrient agar in which was incorporated cephal- 
oridine in a final concentration of 1 ug/ml., and 1-5 ml. of 
an overnight broth culture of a penicillin-sensitive 
Staphylococcus (minimal inhibitory concentration of 
cephaloridine for this indicator strain was 0-025 ug/ml). 

Ninety-one Oxoid membranes were sterilized and placed 
aseptically on the surface of the medium; each membrane 
was inoculated, using a wire loop, with a very large 
inoculum of a single strain of Staph. aureus previously 
grown up on blood agar plates. In this way the 31 Staph. 
aureus strains resistant to penicillin only and the 60 strains 
resistant to multiple antibiotics were compared simul- 
taneously on the same plate. All these strains appeared 
to grow well on the membranes, because of the very large 
inoculum used, although the concentration of cephaloridine 
(1 ug/ml.) in the plate was close to or even exceeded the 
minimal inhibitory concentration values previously 
obtained for some of these same strains. The assay plates 
were incubated and examined for growth of the indicator 
Staphylococcus after 24 and 48h. Growth of the indicator 
strain incorporated in the agar was taken to indicate 
removal or destruction of the cephaloridine from the 
medium immediately beneath the membranes. The 
results of a typical experiment are given in Table 2 (Exp. I). 

A modification of these first experiments was introduced 
in order to avoid any difference between strains due to 
possible variations in degree of inhibition of growth at the 
concentration of cephaloridine used. The strains were 
inoculated on to membranes placed on nutrient agar 
plates containing no antibiotic. Heavy and approxim- 
ately equal growth of all strains was obtained after over- 
night incubation. The membranes were then removed 
and the agar plugs beneath them were cut out with a cork 
borer and transferred aseptically to plates containing 
cephaloridine and the sensitive indicator Staphylococcus. 
The agar plugs were sterile and contained only the 
diffusible products of the Staphylococci which had previ- 
ously grown on membranes above them. These secondary 
plates were examined for growth of the indicator bacteria 
after incubation for 24 and 48h. Fig. 1 shows this transfer 
method in use with small standard Petri dishes poured to 
contain cephaloridine 1 pg/ml. and the indicator strain. 
It is clear from this experiment that cephaloridine is 
destroyed by a diffusible product present in the agar and 
produced by multiple antibiotic resistant Staphylococci 
but not by penicillinase negative Staphylococci (including 
a strain of the Oxford Staphylococcus rendered resistant to 
methicillin in vitro), nor in this particular experiment by 
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Fig. 1. 
enzymes. 


Agar-plug transfer method for detection of drug-destroying 
1, Penicillin-semsitive Staph. aureus strain; 2 nicillin 


: ’ , pe x 
resistant Staph. aureus strain; 3, multiple antibiotic-resistant Staph. 
aureus strain; 4, natural methicillin-resistant Staph. aureus strain; 5, 
Oxford Staph, (methicillin-esistant strain); 6, agar plug from beneath 

uniaoculated membrane 


the penicillin-resistant strain 2, which is a poor penicil- 
linase producer. It seems virtually certain that this 
diffusible product is a 8-lactamase although this has not 
been formally proved. It is produced in larger amounts 
by the multiple antibiotic-resistant Staphylococci, which 
tend to produce mere penicillinase, as described by 
Richmond et al.?, than by the strains resistant to penicillin 
only. No destruction of methicillin was detected using 
either the direct merabrane or agar plug transfer test. 
Some slight destruction of cloxacillin was, however, found 
by the direct technique at 48 h but not at 24 h nor at all 
by the transfer technique. It is well known that cloxacillin 
as less stable to staphylococeal penicillinase than methicil- 
in’, 

Using large assay pates the agar-plug transfer method 
was compared with the direct membrane method as a 
means of assessing B4actamase production by the same 
ninety-one strains examined in Exp. I. The results of a 
single experiment are shown in Table 2, Exp. II. The 
results with the agar plug transfer technique are almost 
the same as those cbhtained by the direct membrane 
technique for the 60 multiple antibiotic-resistant strains, 
most of which produeed a large enough amount of exo- 
penicillinase in the plugs to destroy the cephaloridine. 
Different results were however, obtained with these two 
techniques for the s*rains resistant to penicillin only. 
With the direct technque 10 strains permitted growth of 
the indicator after 24 h, a further 10 strains after 48 h 
incubation, and 11 strains appeared to cause no destruction 
of the antibiotic. It ic interesting that these eleven strains 
included all the phage group IT strains in this series of 31 
penicillin-resistant Stephylococci. Richmond’ has shown 
that of three types of staphylococcal penicillinase, 


Table 2. ASSESSMENT OF -LACTAMASE PRODUCTION BY 91 STRAINS OF Staph. aureus 









Sensitivity No. of —— a  —_ 
pattern strains Appearing after Appearing after | 
24h 48 h 
B 31 10 10 
Cc 60 7 3 








Key to sensitivity pattern: B, resistant to penicillin only; C, multiple resistant. 


Exp. I. Membrane 


Growth of indicator organisms | 


| Exp. TI. Agar-plug transfer 
Growth of indicator organisms 


———SS— ae rE | e——————— 


None A ppearing after Appearing after | None 
w 5 0 26 
0 | 51 5 4 
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appears to be wroduced only by Group I ` Staphylococe?. 
In the transfer technique it will be seen from Table 2 that 
only five of the penicillin-resistant Staphylococci produced 
destruction of the cephaloridine. These five strains were 
all among the ten strains that produced growth of the 


+ 






-indieator in 24h in the first experiment. There are several 
possible reasons for the difference in results obtained by 
the direct and transfer methods. The transfer method 
can only measure diffusible (exopenicillinase) and does 
not therefore take account of cell-bound penicillinase; 
it also involves an inevitable dilution of the exopenicillinase 
in the agar plug before transfer; however, the transfer 
method has the advantage that it avoids any induction of 
penicillinase in the Staphylococci, which do not come into 
contact with the antibiotic. 

In conclusion, it seems clear that cephaloridine is 
destroyed by staphylococcal penicillinase in circumstances 
in which no significant destruction of methicillin or 
eloxacillin could be detected. Three points of interest 
arise from this finding. First, its possible importance in 
the treatment of infections due to penicillinase-producing 


zyme activity 








Staph: dooi Tan furth er investigation. Sec 

makes difficult the assessment. of the sensiti 

cephaloridine of penicillinase-producing Stapl 

Thirdly, cephaloridine is a useful tool for simple micr 

biological assessment of penicilliinase production by b 

teria because it is more resistant to staphylococe 

penicillinase than benzyl penicillin, which is too. easily 

destroyed by all penicillinase- -producing Staphylococci, but 

it is less resistant than methicillin, which is scarcely 

inactivated at all by the staphylococcal enzyme. It 

may also prove useful in investigations of the inducing 

capability of penicillins and cephalosporins on different 

strains of Staphylococci. 
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MEASUREMENTS OF SPONTANEOUS BIOLUMINESCENCE IN THE SEA 
By Dr. BRIAN P. BODEN, Dr. ELIZABETH M. KAMPA and JAMES M. SNODGRASS 


Scripps Institution of Oceanography, University of California, San Diego 


N the literature there are numerous reports of strata 
in the ocean in which the intensity of the ambient 
light is too high to be accounted for simply by the trans- 
mission of sun- and sky-hght!-*. Superimposed on this 
apparently high background level are flashes of consider- 
able magnitude. These strata are generally detected 
initially by acoustic means, such as sonar, and form the 
sonic-scattering layers or ‘deep-scattering layers’. 
Collections made in these layers have revealed con- 
centrations of planktonic organisms associated with 
concentrations of larger organisms. Many representatives 
of both the plankton and nekton in such layers are known 
to be capable of brilliant bioluminescence, and the hypo- 
thesis has been that the sometimes rather dramatic 
increases of light with depth have been due to such bio- 
lumineseence. The animals in many of these layers 
migrate toward and from the surface at dusk and dawn, 
_ and experiments made at sea have indicated an increase 


: n in flashing rate and intensity at scattering layer levels 
< during such migrations’. 


2a There has been some implica- 
-ion that this increase may be due to an increased meta- 
bolic rate and that it is possibly a means of keeping 
members of a rapidly moving community in sight of 
each other. 

In common with other workers (for example, ref. 4) 
we have been uneasy for some time that such apparent 
increases of light with depth may be artefacts created by 
agitation caused by the passage of the sensor through 
the water. 

Such reservations about our previous results have led 
us to design experiments to provide further insight inte 
the question of in situ spontaneous bioluminescence, and 
some very preliminary results are reported here. 

Several procedures are open to an investigator of this 
problem, and they are all unsatisfactory in some respects. 
Numerous laboratory experiments have demonstrated 
unequivocally that there is an inherent diurnal lumines- 
cent activity in unicellular planktonie organisms such as 
the dinoflagellates’-?. In most of the experiments, reliance 
is placed at some time on artificial stimulation—mechani- 
cal agitation, light flashes or chemicals. Morris‘ used a 


constant-speed propeller to agitate concentrations of 


dinoflagellates. Presumably, this could be adapted to 
undersea observations; but the objection always arises 
that an artificial stimulus is being applied. This is always 
true of laboratory investigations. 

The same objection can be raised against direct visual 
observation, either by self-contained under-water breath- 
ing apparatus (which has resulted in several tragic deaths) 
or from submersible craft such as the mesoscaphe. Such 
techniques result in an undesirable perturbation m the 
natural environment, for a large foreign body, generally 
equipped with lights, is intruding on it. 

We have chosen to take an instrumental approach in 
which we employ small, dual radiance meters with a 
coincident circuitry and a common, remote purview. 
By this means we hope to observe animals in an undis- 
turbed state, for only flashes in a common, approximately 
spherical field, some distance from the instrument, would 
be considered spontaneous. Some objections to this 
system will be discussed later. | 

The radiance meters. A detailed description of the 
radiance meters will be published after more definitive 
experiments have been undertaken. However, a brief 
description is necessary here. | 

Each meter is self-contained. The sensor (a model 6472 
multiplier phototube similar, electrically, to a model 
931-A), power-pack, amplifier circuit, and recorder are 
contained in one package. The recorder is a ‘Minifon’ 
(type L) wire-recorder with a recording time of 4h. > 

In the preliminary experiments from which the records 
described here were obtained the instruments were lowered 
on single-conductor cable, a sea-return was used, and the 
signal was monitored and recorded on an Ampex (model 
No. 403-2) tape-recorder on deck. In routine use, the 
coincident meters will be lowered on non-electrical, hydro- 
graphic or towing cable. 

The two undersea units were inter-connected ; the signal 
from the one containing the ‘Minifon’ was frequency 
modulated, and that from the other was amplitude 
modulated. Fig. 1 shows the read-back system. 

In front of each phototube was a collimating tube which 
restricted the incident light to a 10° solid cone. The 
instruments were mounted on a erude rack and oriented 
























NATURE . a 


"MAGNETIC. TAPE 
RECORDER 






FULL WAVE — 
“RECTIFIER 
AND FILTER 


MODEL 403- 
“0. TRACK) 
P MODEL 2070 





FREQUENCY 

DISCRIMINATOR _ 
HEWLETT-PACKARD 
802~-500BR | 









DECK MONITOR 


| OSCILLOSCOPE 











GRAPHIC RECORDER 
pen Tio i PEN *e 
SANBORN 
MODEL! 320 
CUAL CHAN} EL, D.C. 






= NOTE fi: OUTPUTS OF NORMAL, 
ve, 1⁄4, & Ve NORMAL 
SPEED AVAILABLE. 








Fig. 1 
a same organism if, for example, it had collided with the ore 
oe frequency-modulated meter outside the common field 
e i of vision and an artificially induced flash (B) had resulted. 


However, this would demand a swimming speed of about. TEE, 
10 msec. Alternatively, the animal could have moved = 















collimator and the sensor surface. 
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Fig, 2. Diagram of rack mounting of dual radiance meters, showing I0 -HH 
cones and region of common purview TEET 
so that. they observed a common volume of about I Hire T ESN 
at a distance of 1 metre (Fig. 2). In future use, narrow- a fete 
band interference filters will be placed between the an E SJES 
-The original tape records obtained at sea were re- BE: 3 
rec orded in the laboratory and graphic records were waa 
made on a Speedomax recorder (not in Fig. 1) and a pte 





Sanborn (modol No. 320) dual-channel recorder. 

wnotic tape and the modern magnetic tape recorders 

-reproducers together constitute an exceedingly 

tile and powerful research tool. It is quite practical 
play back’ tapes either faster or slower. than originally 
orded. We have used this technique to ‘slow-down’ 

1e light flashes ens a factor of eight, 80 that thoy may 
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recording. These records were made on the Sanborn 
der at. 10 sec/em chart speed - and show what we 
may be nearly natural conditions. ne E E a 












a two meters may be spor stancous, Fig. 3. A, luminescent activity recorded at 0 m. The aonic-scat 
ig. 4 shows what we have considered as a lay rer was visible on the precision. depth, Tecorded at between 12: 
z wri. 5 metres; uminescent-activity recorded a m € TAWARG 
A,A) as well as a non-coincident flash meters were stationary in beth 4 ana D: TE record is expanded bya 
“each could have- been: caused: by the a 
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out of the field of vision of one of the instruments anc 
flashed again. This is an improbably. flash interval. - 


and the likelihood that flash B was caused by another 
organism is high. Objectively, such non-coincident 
flashes must be disregarded. 

During the experiment at sea the output of the fre- 
quency-modulated instrument was recorded simultane- 
ously on a Speedomax recorder and on magnetic tape. 
The Speedomax record resembles closely a record of the 
same type as those we have obtained previously with a 
single instrument?:*. We lowered the apparatus to a 
depth below that of the scattering layer and raised it 
through the layer. Significantly, during the lowering 
little change was noticed in the baseline of ambient light. 
However, during the hoisting of the apparatus through the 
scattering layer a considerable increase in background 
light occurred, and the flashes increased in both amplitude 
and frequency (Fig. 54). Such activity decreased after 
the hoisting. The cusps on the base line of the record at 
the left of Fig. 44 are typical of the records obtained 
from all such hoists. It is intriguing to contemplate that 
these cusps may be indicative of inhomogeneities within 
the layer that are not evinced by acoustic techniques. 

The magnetic tape referred to here, both tracks of which 
were utilized (one by each of the photometers), was 
re-recorded on the dual-track Sanborn recorder, and a 
part of this record is depicted in Fig. 5B. 

Coincident flashes, which we hope are spontaneous 
and not. artificially caused except during hoistings, were 
counted, and Table 1 was constructed from the counts. 


Table 1, FREQUENCY OF FLASHING IN THE SCATTERING LAYER ORSERVED 


WITH THE INSTRUMENT IN MOTION AND AT REST 


Fiashes/2°-6 min Winch activity Flashes/2-5 min Winch activity 
1 Still 2 Still 
27 Hoist 25 m 5 Stil 
2I Still 8 Still 
10 Still 25 Hoist 25 m 
8 Still 12 Still 
7 Still 5 Still 
2 Still 4 Still 
3 Still 3 Still 
7 Still 3 Still 
3 Lowering 25 m 4 Still 
6 Stil 0 Still 
1 Still 4 Still 
Discussion. The foregoing results reveal an apparent 


increase in bioluminescent activity at scattering-layer 
depths. They show also, however, that our previous 
claims, possibly in common with those of other workers, 
of the magnitude of the increase in activity may have been 
exaggerated. 

Any instrument, subject to surge or being dragged 
through the water, must cause a physical agitation of the 
organisms and a possible resultant increase in lumines- 
cence which would be recorded uncritically. A serious 
objection to records we have made previously by means 
of our irradiance meter is that it is possible for a single 
organism, such as Pyrosoma, to become entangled in the 

rigging and cause a spurious record. Dual photometers, 


“ee 


A 
LA 





RCO 


H 
$ 


bi 
H 





Fig. 4. Time-expanded view of a coincident (A-A) and non-coincident. 
(B) flash. The record is expanded by a factor of 8. Only coincident 
e Hashes are considered as spontaneous 
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Fig. 5. A, luminescence recorded on the Speedomax during a hoistin 
of the recorders through the scattering layer. The apparatus was hois 

abruptly through about 30 m and then held stationary. It appears that 
Jumineseent activity lessens after a period of adjustment; #, a portion 
of the same record as shown on the Sanborn at an expanded chart speed 


mounted on a single rack and subject to the same forces 
do of course cause similar agitation. However, sinc 
only flashes mutually observed in a distant, undisturbe 
volume are considered it is probable that the observations 
system has been purified. 

Cogent arguments can be raised that we are not, i 
fact, actually observing completely spontaneous luminer 
cence in an undisturbed environment. 

One of the most plausible arguments would be that th 
apparatus is causing flashing by agitation and that suc 
flashing is causing sympathetic flashing by other orgar 
isms*, The design of the instrument precludes its observi 
tion of the primary flashes. However, it may concetrvabl 
observe flash-induced flashes. 

In our opinion these results invalidate the statistics 
scrutiny to which previous records have been subjected. 

These are extremely tentative results obtained on- 
cruise taken merely to test the instruments. a 

It is planned that more definite experiments be mad 
soon, and the problem of the amount of sympatheti 
flashing that occurs in Nature is obviously one of man 
that will exercise us considerably. 7 

This investigation was supported by U.S. Public Healt 
Service Research grant NB 02841, from the Nations 
Institute of Neurological Diseases and Blindness. It we 
also undertaken under contract between the U.S. Offic 
of Naval Research and the University of California. 
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LETTERS TO THE EDITOR 


PHYSICS 


Laser-induced Damage in Diamond 


An observation of laser-induced damage in clear 
amond has recently been reported! and the conclusions 
iere drawn are that damage occurred on the exit face 
ily and that small holes cannot be drilled because of 
mage by acoustic phonons. This is contrary to our 
cperience. Using a ruby laser operating in relaxation 
scillations with an output of only 0-2 joule and a beam 
ivergence of 3 milliradians, we can produce a hole with 
vo laser shots. Fig. 1 shows such a hole of 40u diameter 
irough a diamond plate 0:5 mm thick cut parallel to the 
10) plane. The laser beam was focused on to the front 
10) surface by a plano-convex lens of 17 mm focal 
ngth, creating a triangular depression in this surface. 
lackening of the walls of the hole also occurred, probably 
ue to graphitization. This diamond plate had also 
xen hit by the same laser operating with a rotating 
rism Q-switch to give a 5 MW pulse, beam diverg- 
1ce 1 milliradian, focused by an 8-mm microscope 
jective. Under these conditions blackening and damage 
curred on the exit surface only and can be seen on the 
ght of Fig. 1. The microscope objective was wrecked 
. the process. 


a, 
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Fig.1. Reflexion two-beam interferogram of diamond plate exit surface 
showing relaxation-oscillation laser hole on left and giant-pulse laser_exit 
damage on right 


Fig. 2 shows an interferogram of another diamond plate 
hich was shattered into two pieces by a single relaxation 
scillation beam of 0-2 joule energy. This was a colour- 
ss, water-clear diamond plate cut parallel to the (110) 
lane to form a flat rhombus 3 mm long and | mm thick. 
he surfaces were polished to a fine finish and before 
ser irradiation the plate was examined with a polarizing 
ticroscope which showed it to be free from flaws or serious 
rain. Focusing was again made on to the front surface 
ith a 17 mm focal length plano-convex lens. 

Blackened depressions were observed on both the rear 
ad front surfaces. The front surface depression is 120. 
sep and the exit depression is 30u deep, and there was 
iso created a narrow blackened channel going through 
16 crystal along the direction of the beam, and connect- 
ig the two depressions. The rest of the diamond plate 
mained undamaged and colourless. The specimen was 
leaved by the laser beam along the (171) plane and the 
wo cleaved surfaces were flat enough to be examined by 
wo-beam interferometry. Fig. 2 shows the two cleaved 
arfaces set in a matched position with the rear surfaces 
»gether. The two cleaved surfaces did not match 


exactly ; clearly small fragments must have been lost, but 
in general good matching agreement can be seen in the 
cleavage features. The fringe patterns are not identical 
in appearance because fringe direction and dispersion 
are accidentally determined by the arbitrary inclination 
between object surface and the optical flat on which it 
rests. 

Four different types of damage have been noted. 

(1) Irregular conchoidal fractures along the blackened 
channel beginning at the bottom of the front surface 
depression and ending at the bottom of the rear surface 
depression. 

(2) Fine cleavage lines and steps in a large tri ar 
cross-sectioned damage region surrounding the nt 
surface depression. 

(3) ‘River system’ cleavage lines and steps radiating 
from a starting point on she laser beam path 90, from the 
bottom of the smaller rear surface depression. These are 
the dominating cleavags features of the damage, and 
interferometry shows the edges of the cleavage steps to be 
sharp and reasonably straight. 

(4) Conchoidal fractures at the exit point of the laser 
beam. 

It is interesting to note that the directions of the 
cleavage lines or steps im regions 2 and 3 are not concor- 
dant with each other. Also after irradiation some polariza- 
tion strain was observec around the blackened channel. 
As with the holed diamond the diameter of the damage 
channel is smallest near the exit and it would be reasonablo 
to attribute the front su~face damage to thermal burning 
and shock and the rear surface conchoidal fractures and 
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Reflexion two-beam onterferograms of laser cleaved diamond 


Fig. 2. 
surfaces, Exit depression is at the centre of the figure 
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the ‘river system’ features to acoustic phonons travelling 
in the direction of the laser beam*. 

We have drilled a similar hole in a silicon carbide crystal 
with a single 0-2 joule relaxation-oscillation beam. We 
also find that with glass slides laser-induced damage can 
be produced on the front or back surfaces depending on 
the position of focus. This is contrary to a previous 
report’ of damage occurring only at the exit face. 

This work forms part of a general investigation into 
laser-induced damage in dielectric materials. We are 
indebted to Prof. 8. Tolansky for suggesting the problem 


and for valuable advice. 
D. J. BRADLEY 


M. ENGWELL 
H. KOMATSU 
Department of Physics, 
Royal Holloway College, 
Englefield Green, Surrey. 
* Whiteman, P., and Wilson, G. W., Nature, 208, 66 (1965). 


* Chiao, R. Y., and Townes, C. H., Phys. Rev. Letters, 13, 592 (1964). 
* Giuliano, C. R., App. Phys. Lettera, 7, 137 (1964). 


Acoustic Velocity Dispersion in some 
Non-associated Organic Liquids 


OPTICAL-SCATTERING techniques depending on the Bril- 
louin effect! enable measurements of acoustic velocity to 
be made at frequencies above the conventional ultrasonic 
range, namely, above 10° e/s. 

When a beam of monochromatic light is incident on a 
transparent liquid, the scattered light contains two dis- 
placed (Brillouin) components, v + Av, where Av is 
given by: 

PE 
sin— 
v c 2 


` ») á 
As Am 2n I (1) 
with V = velocity of the ultra-high-frequency Debye 
waves responsible for this part of the scattering, v = 
frequency of the incident light, n = refractive index of 
the liquid, ¢ = velocity of light in vacuo and § = angle of 
scattering. 

Measurement of the Brillouin shift Av enables 
velocity V to be determined*-*. 

In the work described here, a beam of monochromatic 
light of 2 = 6328 A from a helium—neon laser (of line- 
width 0-047 cm~) was passed through the dust-free test 
liquid contained in a quartz cubical cell. The light 
scattered at 90° from the liquid fell normally on a Fabry- 
Perot etalon and fringes produced by the etalon were 
photographed. 

The effects of stray reflexions were reduced to a mini- 
mum by placing a collimator between the cell and the 
etalon. Continuous background scattering that appeared 
in the fringes was reduced by putting a polaroid filter, 
suitably oriented, between the scattering cell and the 
etalon. 

A front-reflecting mirror with a dielectric coating of 
reflectivity 0-99 at } = 6328 A was mounted in a levelling 
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Fig. 2 


BCBBCB B 


Fig. 3. B. Brillouin component; C, central component 

holder and was placed on the remote side of the cell tı 
reflect back the transmitted laser beam. Another front 
reflecting mirror was placed behind the cell, facing th 
collimator, as shown in Fig. 1. This technique has greath 
reduced the time of exposure. For some of the photo 
graphs taken, an exposure of 30 sec was quite adequat 
(output power of the laser used was about 2 mW). 

Fig. 2 is a photograph showing the Brillouin component 
for one of the liquids investigated (1-4 dioxan). The tw 
displaced components appear as faint fringes locate 
near the brighter undisplaced (‘centrel’) component o 
the incident laser beam (Fig. 3). 

The radii of the fringes were determined and the averag 
shift in frequency, Av, of the Brillouin components wa 
calculated. The velocity of Debye waves (that is, th 
acoustic velocity) at ultra-high frequency was the 
obtained from equation (1). The frequency of these wave 
is equal to the Brillouin shift, Av. 

The results of the measurements are shown in Table 1. 

For benzene, velocity dispersion is evident and confirm 
the observations of Fabelinskii® and Benedek eż al.' 
In m-xylene and toluene, no velocity dispersion is show: 
for 90° scattering. Again, no dispersion is given b) 
l-4 dioxan. 

On the other hand, benzoyl chloride shows dispersio: 
of about 5 per cent, which is outside the range of experi 
mental error; this liquid also shows considerable broaden 
ing of the Brillouin components. 

Further work is proceeding on a range of liquids. It i 
worth noting that the upper frequency limit of thi 
technique for a given liquid can be determined from th 
relationship : 

__ PY». O 5 

j= a sin 5 (2 

where f = frequency of acoustic (Debye) waves, an 
2 = wave-length of incident light. For some polyatomi 
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: Table 1 2 y a 
. aes er as a ea 
| Velocity Ultrasonic. Dispersion 
Frequency | FERF velocity* | VERF- VUS 
(x 10° ¢/3) i (m/s) V es. Ves 
le Se ee {m/s} i ci, 
kenaan rien snernieerwertnasaadamy reup minniy en e an ea wn nanam È PAAA AAA a AARAA RR A D AAN N EE aa aat my ii me aa na j steerer earirunemarasneunenatnnsnun mari samrtynbben iamaniere Kaaa St IAAT AAR MAA HOH teh r errs eer E ee eg ro Și 
n ' baie th : 1,313 l 12% i 
i i 1,380 + 1% 1,330 : aa 
“Aomen 4-38 1,310 + 19 1,82 ne 
cget Dioxan 440 | (384 + 0-85 L379 | nee 
Benzoyl chloride 4-86 1400 E2% 1,335 5% 
thy! bromide 2-91 920 + 2% 906 2%, 


iquids, with 90° scattering and à = 6328 A, a frequency 
s high as 9 x 10° c/s may be reached. Still higher 
requencies may be attained by inereasing the angle of 
cattering or by using shorter light wave-lengths. 

-We thank Dr. R. W. B. Stephens for his advice. 

S. E. A. Haxim* 
W. J. COMLEY f 
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_ Fall-out in London Rain-water during 1964 
_ Dunina 1964, monthly samples of rain-water have been 
wollected on the roof of the Laboratory of the Government 
Shemist, Cornwall House, Stamford Street, London, 8.E.1, 
ind analysed for the presence of various fission products. 
[his programme was a continuation of the rain-water 
iampling and radiochemical analysis previously performed 
it: Clement’s Inn Passage, Strand, London, W.C.2, during 
September 1961—December 1963 (ref. 1). The new sampling 
ite is approximately 0-6 miles 15° E. of 8. away from the 
jid one. Analytical results for samples taken at both 
sites during November—December 1963 showed a good 
measurement of agreement’, This agreement indicated 
shat the continuity of the radiochemical analyses of 
London rain-water was undisturbed by the change of 
ato 
- The method of sampling has not been altered and the 
radiochemical procedures employed for the determination 
of the individual radionuclides have already been de- 
sribed!. Regular measurements were made during the 
ear of caesium-137, cerium-144, manganese-54, prome- 
shium-147, strontium-90, yttrium-91 and zirconium-95 
‘adionuclides. The levels of these radionuclides are 
slotted in Fig. 1 on a logarithmic scale, the individual 
uctivities being corrected to the mid-point of the sampling 
jgeriod. Throughout the year the changes in the levels 
of the shorter-lived yttrium-91 (half-life 57 days) and 
rirconium-95 (half-life 65 days) followed each other closely, 
as do those of the long-lived nuclides. 
_ Strontium-89 due to the American and Russian tests of 
1962 was last positively identified in April 1964 when the 
evel was 0-8 pe./l. Also the levels of yttrium-91 and 
rirconium-95 were approaching the limits of detection 
towards the end of the year. The peak levels of radio- 
\etivity occurred in May when 33 pe./l. and 59 pe./l. of 
ium-90 and eaesium-137 respectively were recorded. 
compares with the corresponding peaks of 33 pe./i. 
ofl. found during the period June-August 1963. 
ns of the various radionuclides found in the 
jle were relatively high due to an abnorm- 
Thereafter, towards the end of the year, 
apid drop, the levels of caesium-137 and 






























strontium-90 during ‘November—December 
lowest in London rain smce October 1962, 
Fall-out debris from the low-yield Chinese nuclea 
on October 16 did not substantially affect the conce 
tions of radioactivity i London rain-water durin; 
last three months of the year. After the test, sep 
sampling was immediately commenced for the deter 
tion of iodine-131 (hal:-life 8-05 days). However, 
rainfall was light and tae samples correspondingly smi 
(less than 500 ml.) in the fortnight following the test.” 
The first positive identification of iodine-131 was made in = o 00 
rain collected between October 21, p.m. and October 22, - 
a.m. This, and succeeding similarly small samples col- 
lected until the end of the month, contained concentrations 
of 10-60 pe./l. of iodiae-131. A .modified' Glendenin 
and Metcalf? procedure was used to isolate the radio-iodine 
and all counting was performed in low-background anti-- 
coincidence §-counting assemblies. 
The other short-lived radionuclides from the Chinese 
test detected once more in October-December rain samples — 
were barium-140 (half-Hfe 12-8 days) and strontium-89- 
(half-life 51 days). The results are listed in Table 1. 
Although they might be expected in fresh fission. debris on. 
account of their short half-lives and relatively high 
fission yields neither cecium-141 (half-life 33-1 days) nor 
other rare earth activity such as praseodymium-143 
(half-life 13-8 days) and neodymium (half-life 11-6 days) 
were found. The failure so detect cerium-141 was probably 
due to the inability o? absorber measurement to dis- 
tinguish the $-emission of a small amount of certum-1I41 
from that of a large preponderance of cerium-144 in a 
cerium source, Also, the relatively large amount of 
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“for é time of the nuctear test (Oct. 18, 1964) and 
i on ‘the rainfall Teteren October 21 and 31, 1964, inclusive. 
Corrected for decay to the mid-point of sampling. 


| -pror ethium-147 in the rare earth source would mask 
-any small amount of praseodymium-143 and neodymium- 
— 147 present. 

The. successive decreases in the concentration of 
barium-140 and strontium-89 in Table 1 are larger than 
would be expected by decay and can be accounted for by 

_ dilution of the initial radioactive cloud by dispersal in the 
_. troposphere. 

+I shows that the concentrations of zirconium-95 
trium-91 were enhanced during the period of the 
ə test while any small increases in the concentration 
long- lived nuclides were unnoticed graphically. 
7 R. Woop 
| J. R. W. KERR 
oe L. A. RICHARDS 
o Laboratory of the Government Chemist, 
-Ministry of Technology, 

= ‘Stamford Street, London, 8.E.1. 

1 Wood, R. , Metson, P., and Richards, L, A. ., Nature, 203, 617 (1964). 


-+ Wood, Ri; and Richards, L. A., Analysis, 90, 606 (1965). 
3 Glendenin, L. E. and Metealf, R. P., Nat. Nuclear Energy Ser., 9 (3), 1625. 









GEOCHEMISTRY 


- Strontium-90 and Caesium-137 in Columbia 
River Plume, July 1964 


- Ocndnoonarnmns informally term the extension of 


Columbia River outflow into the Pacific Ocean as the 
‘Columbia River plume’. The plume can be identified by 
its low salinity even at a distance of several hundred 
‘kilometres from the mouth of the river (Fig. 1). The 
| plume. distributes dissolved and suspended substances in 
the river water over a wide surface area of the ocean and 
introduces annually to the euphotic zone over a billion 
< moles of phosphorus and nitrogen fertilizers, as phosphate 
and nitrate. Equally significantly, the radionuclides con- 
tained in the river water are diffused over a wide regioni. 


sn 


| Slee VALUE j 


ey VALUE | 


Fasono wee 























ý 
oot GBS Í 
—. 034 
026 | 
O21 | 
: | 
44° N, b 7 
| 32 ee OREGON | 
i f 
| i 
a eae | 
: 053 pe fen: 
—_ E 
l 5 iso Boo 
a, | DISTANCE ikm) 
42° N. een ee 
| 128° W, 126° W, 124° W. 
Fig. 1 Surface salinity, Sr and "Ca distributions in the Columbia 






River plume, July 1964, Contours are surface salinity in parts per 
thousand, "Sr and Cs concentrations are in pxe./l. with a relative 
os standard deviation of +10 per cent 
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To understand the ocean mixing process of "Br an¢ 
87Cg originating in the river, we collected eight 100-1 
surface-water samples from the river, the river plume, anc 
its vicinity during July 12-24, 1964. The Millipore. 
filtered water samples were analysed for their "Sr eontent 
by the fuming nitrie acid method? and for "Cs by the 
ammonium molybdophosphate method? at the Meteoro 
logical Research Institute, Tokyo. The results and the 
surface salinity pattern are shown in Fig. 1. 

The river water near Portland, Oregon, gave "Sr and 
137Cs concentrations of 0-75 and 0-20 uye./l. respectively, 
The river water contains the radionuclides from two 
sources: world-wide fall-out and by-product of the 
operation of the Hanford atomic reactor*. 

We have no measured concentrations in the river for 
the isotopes produced at Hanford, but they may be 
indirectly estimated by comparing the *Sr and 137g 
content of Japanese river waters with that of Columbia 
River water. Japanese waters contain only fall-out, 
Average Japanese river waters contained 0-19 pue./l. of 
Sr and 0-034 uuc./l, of Cs in 1961 (ref. 5). At Pasco, 
downstream from Hanford, the annual average concentra- 
tion for *Sr in 1962 was 0-7 uwusc./]. (ref. 4). If we assume 
that the Sr concentrations in Japanese rivers were similar 
to the fall-out portion of the "Sr content of Columbia 
River water, then about 0-5 uuec./l. of Sr would appear to 
be contributed by the Hanford operation in 1962. Similar 
"Sr content could have originated from Hanford in 1964. 

The sampling station most distant from the shore was 
more than 300 km off the Oregon coast (Fig. 1). Its water 
is the least affected by the river plume, and, therefore, 
should be representative of the oceanic water for this 
region. We found "Sr and "Cs concentrations of 0: 34 
and 0:83 ywuc./l., respectively, and a salinity of 32-5 part 
per thousand. Other waters collected off the coast are 
in the river plume and can be expected to show effects 
of a mixture of offshore water and river water. If physi 
mixing is the only mechanism regulating the concentrati 
of the nuclides, then the plume waters should po: 
radioisotopic concentrations proportional to the. E 
tribution of the two parental water bodies. Fig. 2 con- 
firms this simple mixing theory in first approximation. 
“Sr appears to have a better linear correlation with 
salinity than "Cs. 

Comparison of the **Sr content in the river water and the 
offshore water shows that the river water contains about 
0-3 wue./], more than the offshore water (Fig. 2). Converse- 
ly, the 127s content in the river water is about 0-6 pe. ji. 
lower than that of the sea water. 

A peculiarly high Cs concentration of 1-2 uue. /l. was 
observed in the estuarine water of the Nehalem River 
mouth, about 70 km south of the mouth of the Columbia 
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tre tions of the ambia River pete waters are, in ‘first 
approximation, ‘proportional to the contribution of the 
river waters as determined from salinity. 
< Wo thank Prof. ©. L. Osterberg and H.-H. Dobson for 
their assistance. This work was supported by U.S. 
National Science Foundation grant GP-2232 and by 
Office of Naval Research contract Nonr 1286(10), project 
NR 083-102. 
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` pew in 1965 by Osterberg, C., Cutshall, N., and Cronin, J. (in prepera- 
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Metal Grains in Chondritic Meteorites 

3 Par nickel-iron minerals taenite and kamacite in 
ovtahedrites (iron meteorites) are inhomogeneous, as 
sh wn in Fig. 1: taenite crystals are richest in nickel and 


¿ite crystals are poorest in nickel at the phase 
This is a 








aries where they abut one another? 


‘a systems if they are cooled slowly and steadily, as 
in the interior of a planet‘-'*, The binary nickel-iron 
‘phase diagram predicts that beneath ~ 800° C, as tempera- 
ture falls, taenite and kamacite should continuously 
react with one another and change in, composition. 
Nickel concentration should increase steadily in taenite, 
while i in kamacite at T < ~ 500° C it should decrease. 
A point inside a taenite or kamacite crystal must be 
: able to receive nickel or iron atoms via lattice diffusion from 
the nearest taenite-kamacite interface (where reaction is 
occurring) in order to maintain itself at the continuously 
ing equilibrium composition. But lattice diffusion 
s more and more sluggish with falling temperature, 
; able to serve crystal interiors. Interior composi- 
ust eventually lag behind the equilibrium values, 
of taenite crystals poor in nickel, centres 
‘als rich in nickel (at F < ~ 500° C). 
+ the inhomogeneities. observed in octa- 































meteorite, also contain. ni 
Urey and Mayeda™ exam: 


yatural consequence of the behaviour of nickel-iron - 







Chondrites, midier Pac 




















and showed that the grains are usually pure kama: 
pure taenite, rarely composite. — “They noted conce 
etch patterns in the taenite grains which ind 
that the latter are alse inhomogeneous in composi it 
surrounded by high niekel borders jast as is taenite 
octahedrites. 

Reed” analysed metal grains in ten chondrites. wit 
electron microprobe, and found them comparab 
composition to kamacite and taenite in octahed: 
He noted that chondr:tic taenite and most chong 
kamacite are inhomogeneous, but did not define the na 
of the inhomogeneities. | 

More can now be said about chondritic metal: gr 
An electron-microprobe examination of metal gra 
34 chondrites has been carried out; detailed results 
appear elsewhere. Microprobe profiles of nickel cor 
were run over a number of grains in ordinary chondr HE 
Three representative profiles appear in Fig. 2. Taenite č == 
grains were found to be richer in nickel at their surfaces == =o 
than in their centres, confirming Urey and Mayeda’s 
metallographic observation. Kamavite grains were found. o 
to be poorer in nickel at sheir surfaces than in their centres. o oo 
In short, taenite and kamacite exhibit exactly the sme Sa 
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_ §ilicate minerals in ordinary chondrites show textural 
. evidence of thermal recrystallization™ 4. The parent 
- chondritic material must have been held at high tempera- 
ture for a long time. The metal grains could not have 
dived such an event unchanged: the compositional 
eneities we now observe must have been impressed 
m-as they cooled from this heating. For that to have 
d, iron and nickel must have been able to move 
great facility from one metal grain to another through 
tervening silicate material, so that taenite~silicate and 
te-silicate interfaces in chondrites behaved effec- 
ely like taenite—kamacite interfaces in octahedrites. 
If taenite crystals in octahedrites have nickel-poor 













interiors because the effective range of nickel diffusion 


shortens with lowering temperature, it is obvious that 
- nickel concentration will be lowest at the centre of a 


| --erystal, and that the smaller a crystal is or the slower it 


<= cooled, the longer diffusion will have been able to supply 

its centre, and the higher its central nickel content will 
“be. In fact, it is possible, given the dimension of a 
taenite crystal and its central nickel content, to derive 
the rate at which it cooled through the temperature 
range ~ 600° C- ~ 400° C in which inhomogeneity 
developed. (The iron—nickel phase diagram and the 
coefficient of diffusion of nickel in taenite also must be 
known, of course.) This has been done for taenite in 
several octahedrites by programming a digital computer 
to simulate the diffusion of niekel into slowly cooling 
taenite orystals®®, 

Since metal grains in chondrites appear to have evolved 
in & manner quite analogous to that of taenite and kama- 
cite in octahedrites, this method of determining the cooling 
rate of the system can legitimately be applied to them as 
well. Theoretical curves relating the central nickel con- 
tent of a spherical taenite grain to its radius, for several 
cooling rates (assumed constant), are plotted in Fig. 3. 
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Fig. 3. Relationship between composition at centres of metal grains and 
their apparent dimensions, in the chondrite Forest City. Above, 
taenite; below, kamacite. Curves in upper plot show relationships 
predicted by theory, for taenite grains in systems that cooled at various 
rates (given in deg. C per million years) 
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per million years. 


and Ehole, and in the light portions of the light—da 
structured chondrites Pantar and Salles. 
It is interesting to note that the analogous diffusic 
imposed relationship between size and central nicl 
content holds for Forest City kamacite grains: the smaller 
the grain (and hence the shorter the diffusion path), the 
lower the central nickel content. ere 
The cooling rate obtained allows us to say someth 
about the parent planet or planets in which the ordi 
chondrites evolved. Ten degrees per million years: 
rate at which the centre of an asteroid some 70 1 
radius would have cooled’. Alternatively, cooling could 
have occurred ~ 70 km beneath the surface of a larger 
body. TE. 
This work was supported by the National Aeronautics 
and Space Administration. Meteorite samples were kindly 
supplied by the Chicago Natural History Museum, the 
U.S. National Museum, and Dr. Edward Anders. Ae 
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RADIOCHEMISTRY 


Site of Attack in the Radiolysis of Pyrimidine 
Compounds 

PREVIOUSLY reported experiments with thymine in 
dilute aqueous solutions have shown that the site of 
attack in radiolysis with cobalt-60 y-rays depends on the. 
pH (ref. 1). In acid and neutral solutions, the principal 
attack is on the double bond at the carbon atom remote 
from the methyl group, with ultimate formation of satur- 
ated products*~*. In strongly alkaline solution the attack 
is largely at the methyl group, with formation of the 
unsaturated compound, 5-hydroxymethyluracil, as the 
principal product. The shift in the site of attack as tl 
pH is increased correlates well with a model based on 
two changes in the reaction path. At least one of these 
changes appears to be related to ionization of thymine’. 

These findings immediately raise the question of the 
site of attack in other pyrimidine compounds and in their 
nucleosides and nucleotides. A set of compounds was 
therefore selected to permit investigation of this problem 
relative to the presence of amino, methyl, ribose, deoxy- 
ribose, ribose phosphate, and deoxyribose phosphate 
substituent groups. Strongly acid, neutral, and strongly 
basic aqueous solutions of each of the compounds, approxi- 
mately 2 x 10-4 M, were exposed to cobalt-60 y-radiation. 
Ultra-violet absorption spectra were measured on a Cary 
recording spectrophotometer and loss of absorption in 
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region. 260-280 my was determified. The 5,6-double 
of the pyrimidine ring is an essential part of the 
chromophore group, and a decrease in absorption may 
e related to saturation of the double bond‘. 

0-1 N sulphuric acid solutions, the optical density 
decreases linearly with radiation dose, and the disappear- 
ance yields for the chromophore of uracil, cytosine, and 
5-methylcytosine are, within experimental error, the same 
and equal to 2-9-3-0 molecules per 100 eV -7 bep. 
The yield for thymine® is slightly lower, 2-5-2- The 
prësence of a pentose unit on any of the EAEE 
reduces the yields to about 2-4-2-6; the presence of a 
phosphate on the pentose has little additional effect, 
lowering the yields only slightly, to 2-3~2-5. Thus radjo- 
Tytie attack in acid solutions occurs largely at the 5,6- 
double bond. Neither the 5-methy! group of 5-methyl- 
eytosine nor the amino-group of this compound or “of 
cytosine is attacked sufficiently to change the double- 
bond disappearance yield. The pentose and the pentose- 
pyrimidine link in the nucleosides and nucleotides are 
attacked at most to the extent ofabout 20 per cent of the 
total reaction, a result in agreement with reference 4. 

In alkaline solutions (2 N sodium hydroxide), in con- 
trast, the optical density generally changes non-linearly 
with radiation dose, and the initial chromophore disap- 
pearance yields vary greatly among the different com- 
pounds (Table 1). In agreement with the findings of 
Ranadine, Korgaonkar and Sahasrabudhe’, the imitial 
disappearance yield for pyrimidines which lack a 5-methy! 
group, uracil and cytosine, is less than in acid solution, 
but. saturation of the double bond remains a major 
reaction. However, with the pyrimidines which have a 
5-methyl group, thymine and 5-methylcytosine, the 
initial yield for chromophore loss is zero. Since the 
amino group takes little part in the reaction (cf. uracil 
and eytosine) it is probable that with 5-methyicytosine, 
as has been reported previously for thymine, attack is 
occurring on the 5-methyl group, leaving the double bend 
unsaturated and the chromophore unchanged. The 
expected product, by analogy with thymine, is 5-hydroxy- 
methyleytosine. 

The presence of a pentose group on the pyrimidine ring 
has. a marked effect on radiolysis in alkaline solutions. 
Irradiation of the ribose compounds, uridine and cytidine 
(nucleosides), in 2 N sodium hydroxide results in an 
inerease in optical density. Irradiation of ribose (and 
deoxyribose) alone in 2 N sodium hydroxide causes an 
inerease in optical density approximately equal to that 
observed in uridine and cytidine with equivalent doses. 
It may be tentatively concluded, then, that the ribose unit 
suecessfully competes with the double bond of the uracil 
and cytosine units for the radiation-produced active 
species. Attachment of a phosphate to the pentose, as 
shown by results obtained from nucleotides (Table 1), has 
no appreciable effect. Irradiation of alkaline solutions of 
the nucleosides, thymidine and 5-methyldeoxycytidine, 
and the nucleotide, thymidylic acid, does not cause a 
change i in optical density. This suggests that the 5-methyl 
group is more subject to attack than the deoxyribose 
unit. The relative sensitivity of the ribose and deoxyribose 
units in comparison with the sensitivity of the 5,6-double 
bond is shown by experiments with the nucleotides, 
cytidylic and deoxycytidylic acids. The former gives an 
increase in optical density, the latter a decrease amounting 
to an apparent initial chromophore disappearance yield of 
0-4. Thus the ribose unit competes with the double bend 
for the attacking species more successfully than does the 










"Fable 3. INITIAL YIELDS (MOLECULES/100 eV ABSORBED) FOR THE Disap- 
PRARANCE OF THE PYRIMIDINE CHROMOPHORIC GROUP ON EXPOSURE OF 
cS SOLUTIONS, 2 N ODIUM HYDROXIDE, TO COBALT-60 y-RADIATION 
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deoxyribose; that is, m strongly alkaline solution ribose 
attached to a pyrimidine compound appears to be more 
sensitive to radiatior than is deoxyribose, | 
attached. 

Irradiation of neutral solutions of the various pyrimi- 
dine eompounds gives results which are not grossly 
different from those observed in acid solutions. 

From these results, it may be concluded that in acid 
solution the initial rad:olytie attack occurs chiefly at the 
0,6-double bond of the pyrimidine ring. Amino and 
methyl groups do not. appear to be attacked, and the. 
presence of a pentose or pentose phosphate unit diverts 


no more than 20 per eent of the attacking species from Le í 5 
the double bond. In alkaline solutions, where the mole- — Eo 
cules are ionized, both methyl and ribose groups compete gene 


successfully with the double bond for the attacking species, 
that is, are more sensisive. 
what more sensitive than deoxyribose when attached to — 
cytosine. The phospaate group appears to play no — 
important part in the <nitial radiolytic attack under any pi 
of the conditions reporsed here. oS 
This work was supported by contract AT (04-1) GEN 12 
between. the Atomie Exergy Commission and the Univer- 
sity of California. 
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CHEMISTRY 


Advances in Liquid Chromatography 


THE development of Equid chromatographic techniques. 
has been restricted because of the non-existence of sensi- 
tive detection systems. Apart from the tedious manual 
analysis of evaporation and determination by weight. or 
titration the only available continuous method has been 
ultra-violet absorption. In this process, the sample, for 
example amino-acid, peptide or protein, is developed 
by an external reagent like ninhydrin to give strong 
absorption in the ultra-violet. This procedure is carried 
out at a single wave-length and is restricted to those 
samples with the required characteristic. 

A detection system based on a moving wire has been 
developed which continuously monitors the effluent of a 
liquid chrematographis ecolumn!. The principle of 
operation is similar to taat reported by James, Scott and 
Ravenhill?. The system is applicable to all relatively 
involatile organie compounds irrespective of structure, 
for example, fatty acids, amino-acids, peptides, lipi 
steroids, ete, A great advantage is that the proce 
independent of the mobile liquid phase, which coul 
mixture of hexane, benzene, ather and water and all 
intermediate solvents as quoted in Trappe’s elution t 
At present this method has detected a concentration of 

5 ug triglyceride in 1 ml. of hexane. It is feasible that H his 3 
performance can be improved. i 

The advantages of a continuous detection system 
possessing this high degree of sensitivity wgll be immed- 


similarly a 


Ribose appears to be some- =. 
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iately recognized by workers in liquid chromatography as 
being of value for the improvement of liquid columns. 

Present sample injections are of the order 0-5-10 ml. 
With the improved sensitivity of the wire detector, 
injections of the order 10-100 ul. will be sufficient for 
quantitative analyses. The reduction in sample size 
makes practical the use of high-efficiency micro or capillary 
columns for analytic separations. The high performance 
of these columns will give a reduction in analysis time by 
reducing column length and/or increasing the velocity of 
the moving liquid phase, resulting in an analysis time 
comparable to a gas-liquid chromatographic separation. 

A liquid-chromatographic column requires a stationary 
phase which can be either solid (for example, alumina, 
silicic acid) or liquid (for example, water). In using micro 
or capillary columns it will be necessary to select the 
operating conditions to minimize the loss of stationary 
liquid phase via column bleed. When the stationary phase 
is a solid, column bleed is negligible. The column is, there- 
fore, stable, and can be used for many analyses. 


B. MAKIN 
F. P. SPEAKMAN 


W. G. Pye and Co., Ltd., 
Cambridge. 


* U.K. Patent No. 998,107. 
* Chem, and Indust., 746 (May 1964). 


Microstructure of Fibrous Sulphur 


Prins et al.'-* have shown, using X-ray diffraction, that 
fibrous sulphur (S,) is made up of a long-chained polymeric 
component (8,) together with a crystalline allotrope (S,). 
Prins eż al.* have also proposed a model for the polymer in 
which the sulphur atoms are arranged in a helical structure 
with 3} atoms per turn; later, Prins and Tuinstra’ 
suggested the possibility of a spiral superstructure of these 
helices, with a longitudinal repeat distance of 78 A. 

The similarity between the molecular structure thus 
described and that of some synthetic carbon-chain poly- 
mers® suggested to us that another feature sometimes 
found in drawn polymers, namely, the presence of a 
fibrillar structure as demonstrated by electron microscopy*, 
might also be observed in fibrous sulphur. 

Sulphur fibres a few u in diameter were therefore pre- 
pared by drawing directly from the melt, using a glass 
rod; the melt consisted of sulphur of 99-99 per cent 
purity, maintained at a temperature in the range 250°- 
300° C. These air-quenched fibres were first examined 
directly in the electron microscope. As expected, the effects 
of high vacuum and the heating action of the electron 
beam led to evaporation and partial destruction; during 
this process, however, it was possible to observe and record 
a characteristic macro-fibrillar structure in the specimen 
(Fig. 1). These macro-fibrils, of diameter about 2000 A, 
appeared to resist evaporation longer than the rest of the 
specimen, which presumably consisted of S . They also 
repelled one another laterally, probably as a result of 
electrostatic charging in the electron beam. This effect 
can be seen in an extreme form at A, in which a macro- 
fibril has broken away from the fibre along part of its 
length and bowed outwards. 

In one or two cases these macro-fibrils could be seen to 
consist of bundles of fibrils, about 250 A in diameter. At 
the edge of the fibre, single fibrils of about the same size 
extended perpendicularly to the surface (B, Fig. 1); it 
seems probable that they were held in this position by their 
electrostatic charge, which, in combination with the 
sublimation effect, produced stretching, thinning and 
eventual disappearance of the fibrils. 

The surface of sulphur fibres prepared as already de- 
scribed was investigated by means of single-stage carbon 
replicas; carbon was evaporated directly on to the fibre sur- 
face, followed by removal of the sulphur by slow sublima- 
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tion in vacuo. The surface structure appeared to consis! 
(Fig. 2) of fibrils running parallel to the length of the fibres 
with a diameter of 370 + 10 A. Some of these showed s 
still finer structure (A, Fig. 2), consisting of dark, approxi. 
mately parallel lines about 80 A apart. These may have 
been micro-fibrils, but the precise interpretation is not yet 
clear. 

During the preparation of air-quenched specimens ii 
was found that variations in melt temperature and strair 
rate could lead to the production of fibres with a wide 
range of mechanical properties; some permitted visco 
elastic extension to very high ratios at low stress, while ir 
others the stress rose rapidly until a fully stress-hardened 
relatively inextensible fibre was formed. This behaviour 
is typical of those synthetic polymers in which stress- 
induced crystallization occurs during drawing’. 

In an attempt to obtain greater reproducibility, water- 
quenched fibres were made by pouring molten 99-999 per 
cent sulphur into cold water; it was found that, for a 
melt temperature of 250° C, these could always be fully 
extended and stress-hardened by hand at moderate strain 
rates. 

In the as-quenched condition little or no surface struc- 
ture was visible in the electron microscope, but fully 
stress-hardened fibres showed a well-developed fibrillar 
surface (Fig. 3), the fibrils having a mean diameter oi 
3004-25 A. They were often curled, as though broken 
under tensile stress. 

An exactly similar fine structure to that shown at A in 
Fig. 2 was also found, although the line spacing, at about 
50 A, was somewhat smaller. 

The main difficulty in preparing single-stage carbon 
replicas of sulphur fibres Jay in subliming the sulphm 
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Fig. 1. Transmission micrograph of air-quenched sulphur fibre 


A, macrofibril; B, fibrils ( x 8,000) 





Fig. 2. Carbon replica of air-quenched fibre 
A, fine structure; B, replica distortion ( x 20,000) 
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Fig. 8. Carbon replica of water-quenched drawn fibre, showing fibrillar 
surface structure ( x 12,000) 


sufficiently slowly to prevent distortion of the carbon film. 
At a pressure of 10-* torr, a temperature of 60°-80° C 
gave complete sulphur removal in | h, m most cases 
without replica distortion. Fig. 2 shows some examples 
(at B) of the type of distortion usually produced; the 
fibrillar structure is on a much finer scale, and is apparently 
unaffected. 

It therefore appears that three distinct levels of sub- 
structure in fibrous sulphur can be detected in the electron 
microscope. The long polymer chains postulated from 
X-ray evidence are, we suggest, aggregated into fibrils 
250-400 A in diameter, perhaps via micro-fibrils 50-100 A 
in diameter. These fibrils then bunch together into macro- 
fibrils 2000 Å in diameter. The nature of long carbon 
chain polymer fibres is by no means fully understood, 
particularly in regard to their crystallinity, and the study 
of similar fibres composed of a single element, sulphur, 
may help to throw some light on this problem. 

This work was carried out during the tenure of a United 
Nations Fellowship by one of us (A. J.). We also thank the 
Sulphur Institute for a gift of high-purity sulphur. 


A. JASKOLSKA * 
A. E. B. PRESLAND 


Department of Chemical Engineering 
and Chemical Technology, 
Imperial College of Science 

and Technology, 
London, 8.W.7. 


m oe address: Institute of Sulphur Technology, Rydygiera 8, Warsaw 
oland. 
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1 Prins, J. A., and Tuinstra, F., Physica, 29, 328 (1963). 

' Prins, J. A., and Tuinstra, F., Physica, 29, 884 (1963). 


à Hearle, J. W. S., and Peters, R. H., Fibre Structure, chap. 4 (Textile 
Institute, Manchester, 1963), 


* Ref. 5, Chap. 8. 
? Ref. 5, Chap. 14 and Fig. 14. 10. 


Infra-red Emission Spectra of Minerals 


THis study was undertaken to explore the feasibility of 
measuring infra-red emission spectra of bulk, opaque 
minerals. As this involved the examination of the rough, 
irregular surfaces of bulk specimens at temperatures close 
to room temperature, emission methods using conventional 
spectrometers! were not applicable. The emittance of 
specimens near room temperature is too low to operate 
dispersion spectrometers. 

A Block Model J-47' interferometer spectrometer was 
used, with the detector at about 30°. The theory and 
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operation of the instrument are described elsewhere*-*. 
Repetitive interferometric spectra of specimens at about 
40° were digitized and coherently added at a rate of 2 
scans per second with a ‘Coadder’ (Block Engineering Co.) 
in order to enhance the signal. The cumulative spectrum 
was then processed with a wave analyser, to result in 
plots of emittance against wave-number, The resolution 
was 40 cm~! and is shown at R in the figures. The ordinates 
are arbitrary and are displaced in Figs. 2 and 3 to avoid 
overlapping of spectra. 

Fig. 1 shows the results of the coherent addition of 
spectra of asbestos, each plot except that marked 1 
representing the summation of several individual scans. 
The spectrum ‘grows’ with increasing number of scans, so 
that detailed spectra can be obtained even though the 
emittance of the specimen is very low. Figs. 2 and 3 show 
other examples of interferometric infra-red emission 
spectra of homogeneous bulk mineral specimens. In each 
ease the spectrum shcwn is the sum of multiple scans. 
Detailed structure is revealed, indicating the feasibility of 
developing the method for the direct examination of bulk 


specimens. 


Relative emission 








2,500 900 cm~ 
Fig. 1. Infra-red emission spectra of asbestos fibres. The number 
by each spectrum indicates the number of scans taken 
2 
© 
E 
E 
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2,500 900 cm~ 
Fig. 2. Infra-red emission spectra of bulk mineral specimens. The 


specimen and number of scans are: A, nodular turquoise from Arizona, 
120; B, interior of turquoise pegess from Nevada, 180; C, jade, 60; 
P, Psilomane, 32 a 













Si Relative emission 





2,500 


900 em~ 
spectra of bulk mineral specimens. 4, 


Fig. 3; 
azurite; B, rhodocrocite; C, muscovite; D, calcite. 120 scans were taken 
for each spectrum 


Infra-red emission 


The emission was monitored from areas of about 1 em 
-diameter on the surface of each sample. The coherent 
addition of spectra, however, will permit examination of 
much smaller areas, so that inhomogenous specimens or 
..$mall homogeneous specimens could be examined. 
This work was supported by U.S. Public Health Service 
grant 4 P'00211-0142. I thank Block Engineering Co. for 
their help. 
PEE A oes M. J. D. Low 
ooe ee Sehool of Chemistry, 
Rutgers, The State U niversity, 
oo New Brunswick, N.J. 
ous } Low, M. J. D., and Inoue, H., Anal. Chem., 36, 2397 (1964). 


Ei - ae * Persky, M. J., “Atmospheric Infrared Optics - Flux Measurements," 
oe Report A FCRL 63-439 (1963). 


a Block, L. Ca, and Zachor, A. S., Appl. Optics, 3, 209 (1964). 











= Nitroso Formaldehyde 
recent papers by McGrath and McGarvey! a new 
trum. was reported and the carrier identified as the 
hoxyl radical. This spectrum, consisting of diffuse 
at 2064 A, 2036 A and 1999 A, was obtained from 
ne flash photolysis of methyl nitrite. Under presumably 
diabatie conditions McGrath and McGarvey found 
1© Spectrum appeared at short delay and the 
ensity increased to a maximum within 2-5 msec. 
_ We find, under isothermal conditions using a 2600 J 
lash, that the spectrum reaches maximum intensity 
- 70-100u sec after flashing and that a fourth band at about 
1985 A is also present. The latter band appears to be 
present in McGrath and McGarvey’s photograph but is 
-partially obscured by a group of silicon reversal lines. 
We feel that the identification of the spectrum is errone- 
-us Since it can be obtained by flashing—in the presence of 
nitric oxide and excess nitrogen—-formaldehyde, formic 
acid, methyl formate, acetaldehyde or glyoxal. In those 
eases investigated in detail, namely, glyoxal and formalde- 
-hyde, the spectrum reached maximum intensity about 
“60 usec after flashing and slowly disappeared over a 
Y od of 100, msee. In experiments with glyoxal, an 












































e 4000-5000 A bands of glyoxal. > 
Further confirmation that these spectra 3 










common carrier was found by flashing fully deu 
formaldehyde with nitrie oxide in the presence of nitroge 
and also fully deuterated methyl nitrite. In both cas 
the spectra observed were the same. The effect of deutera- 
tion on the 2064 A band was a 6 A shift to shorter wave- 
length and with sharpening and apparent splitting. Little 
difference was noted in the 2036 A band, but the 1999 : 
band disappeared and the 1985 A band was sharper an 
more intense. No new bands were observed when CHDO 
was flashed with nitric oxide. However, this does not 
necessarily prove the existence of only one hydrogen atom 
in the carrier since the small extent of the shifts coupled 
with the diffuse character of the bands could well obscure 
new bands. oe 
The compounds giving rise to this spectrum are all 
known to produce formyl radicals on flashing**. This 
was confirmed in the case of glyoxal but it was found that 
formyl radicals could not be observed when mixtures of 
glyoxal and nitrie oxide were flashed isothermally. In. 
this case the spectrum of HNO appeared at 14 usec delay, 
reached a maximum at about 100 usec then decayed over a 
period of 46 msec. re 


























Both glyoxal and nitric oxide we 
depleted to a small extent by the flash. ; 
Continuous photolysis of 40 mm glyoxal and 80 mm 
nitric oxide at 18° C, using a 600-W medium pressure 
mercury arc, resulted in the decomposition of 33 mm 
glyoxal and the reaction of 20 mm nitric oxide after 90 
min photolysis. The major gaseous products were carbon 
monoxide and nitrogen with small amounts of nitrous 
oxide and nitrogen dioxide (tentatively identified) and 
a trace of carbon dioxide. In the absence of nitric exide 
the same amount of glyoxal (33 mm) was decomposed in 
15 min. The gaseous products in this case were carbon 
monoxide and a trace of hydrogen as found by Norrish 
and Griffiths’. 7 
The flash photolysis experiments provide reasonably 
strong evidence that the 2064-1985 A spectrum is that of 
CHONO. Light absorbed by methyl nitrite at its maxi- 
mum (2150 A) corresponds to 130 keals/mole, while 
only 39 keals/mole® is required to break the O—NO 
bond. Some of the excess energy may appear as activa- 
tion of CH,0, which could undergo reactions (2) and (3): 


hr 

CHONO — CH,O* + NO* (1). 
CH,O * -> CHO + H, (2) 
CHO + NO -» CHONO (3). 
It is presumed that formyl radicals generated by 
flashing the other compounds giving rise to the 2064- 
1985 A spectrum also react as in (3). ee 
The formation of HNO may be ascribed to the following 
two reactions, the latter being similar to that proposed- 
by Fischer and Buchanan’ for the unimolecular decom- 

position of formyl fluoride: 
CHO + NO — CO + HNO 
CHONO -> CO + HNO = 
The formation of nitrogen, nitrous oxide and nitrog 
dioxide from the photolysis of glyoxal/nitric oxide mi 
tures is similar to the results obtained by Strausz and- 
Gunning’ for the photolysis of formaldehyde/nitrie oxide“ 
mixtures. They proposed that reaction (4) was followed: 
by reactions (6), (7) and (8): | i 






(6y: 


2HNO + M— H,O + N,0 +M 
HNO + NO —> HNO.NO (7) 
HNO.NO + NO-»>N, + HNO, (8). 


If our identification of the spectrum is correct, CHONO | 
may be removed by a similar reaction scheme, with 
reaction (5) as the primary decomposition reaction. == 
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Use of ‘Sephadex’ Gel for the Estimation of 
Molecular Weight of Humic Substances in 
Natural Water 


TuovuesH little is actually known about the shape of 
umus molecules, and only a few experiments have been 
escribed?»? on the fractionation of humus on ‘Sephadex’ 
31 (Pharmacia, Uppsala, Sweden), there is strong evidence 
yr the existence of a relationship between. the elution rate 
narough the ‘Sephadex’ column and the 
10lecular weight?:4. 

In the course of studies on the nature 
f the soluble humic substances that cause 
he brown-yellow colour of Norwegian 
irface-water, ‘Sephadex’ gel has been 1,8 
sed in attempts to fractionate and 
haracterize these substances according to 
heir molecular size. 

The molecular exclusion properties of 
he different gel types are reported by the 
ianufacturers of ‘Sephadex’ to be as 10 
lows: ‘Sephadex G-50’ excludes solutes 
ith molecular weights exceeding 8,000- 
0,000; correspondingly ‘G-75’ excludes 
jlutes with molecular weights greater than 
0,000-50,000, whereas with grades ‘G-100’ 
nd ‘G-200’ the lower molecular weight 
mits for complete exclusion are 100,000 
nd 200,000 respectively. The molecular 
reights of humus reported in the literature 
ary from 600-300,000 (ref. 5). 

Water from a typical moorland area was 
Itered through glass fibre pads (Whatman 
‘F/A) and concentrated by vacuum 
vaporation (400:1) at 35° C. During 
oncentration, approximately 18 per cent 
f the total dry matter of the concentrate 
ras precipitated. This was removed by 
ltration before proceeding further. Re- 
alts of some analyses of the water sample 
nd its concentrate are shown in Table 1. 
'ortions of the filtered concentrate were 
assed through columns of ‘Sephadex’ 
nd were eluted with distilled water con- 
ining a trace of thymol to prevent 
acterial growth. The fractions obtained 
‘ere analysed for colour, total iron, hard- 
ess (EDTA method) and permanganate 
xidation value (CODY. 

Attempts to isolate small humus mole- 
ules (mol. wt. < 8000), by means of lower 
Sephadex’ grades ‘G-25’ and ‘G-50’, were 
nsuccessful and resulted in an irreversible 
dsorption or coagulation, visible as brown- 
th-coloured flocs all through the bed 
1aterial. As far as I am aware no irrevers- 
Jlo phenomenon of this kind has previously 
een reported®’. Flotation experiments 
ith gel ‘G-50’, containing the flocculated 
umus, seem to indicate that the phenome- 


mg mg 
Fe/l | Off 
180 


100 


0,27 20 


NATURE 


—+— KMno, —Value 
—o— Fe (total) a 
—— Hardness (CaQ) 





— Al 





100 





1091 


Fable 1. COMPOSITION OF FILTERED MOORLAND WATER BEFORE AND AFTER 
CONCENTRATION 
Concentrated 
Filtered water filtered water 
Hardness Evaporation 
Date Colour (K,Cr,0,) Fet++ Fet++ pH (total) pH residue 
1963 mg Pt. mgO/l g/l. ugil. mg CaQO/). mg/ml. 
May 19 62 13 1 90 12 64 5-9 4°6 10:5 


non is the result of coagulation, probably caused by 
desalting due to the small negative charge on the ‘Sepha- 
dex’. When the hurus concentrate was applied to 
columns of ‘Sephadex G-75’ and ‘Sephadex G-100’ the 
separation shown in Fig. 1 a and 1 b resulted. In each case 
the humic substances aze separated into two peaks with 
distribution coefficients (Ka) of 0 and approximately 1, 
respectively. The fractions representing peak C (Fig. 1 b) 
were evaporated in vaeuum to a suitable volume and 
filtered through a column of ‘Sephadex G-200’. This 
filtration (Fig. 1 c) resulted in only one peak with dis- 
tribution coefficient 0-1. These experiments indicate that 
apart from the precipitate formed during concentration 
the organic matter in typical moorland water consists of 
at least two types of humic substances that differ con- 
siderably in molecular size. The larger molecular fraction 
probably has a molecular weight of between 100,000- 


g9) 
mg 
Pt /| 


Colour 





"6-75" 1200 
Ko= 0,0 
y >50000 


600 


mg 
Pt/l 
100 000 400 


"G = 100’ 


100 


500 


mg 
Pt/l 


"G -200" “£150 


< 200 000 
ie 


5 eli ae eth et eel CO ee ee ee ee ee Se Ee ee ee ee Soe rede 


300 500 


Effluent (ml) 


Fig 1 Fractionation of water-soluble humic Eyota on ‘Sephadex’ with distilled 


(a) ‘Sephadex G-76’. 

containing 42:3 mg solute. 

Sample. 4 ml. water concentrate containing <2°8 mg solute. 

Column dimensions, 49x86cm. Sample: Peak C from the ‘G-100’ separation concen- 
e 


water as eluan 
Column dimensions, 49x 85 cm. Sample: 4 ml. water concentrate 
(b) ‘Sephadex G-1D0’. Column dimensions, 47x36 cm 
(c) ‘Sephadex @-200’ 


trated in vacuo z0 2 ml. 
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200,000 and the smaller possibly below 10,000. Both 
these types are believed to consist of organic complexes 
of ferrous iron’, It is interesting to note that one of these 
molecular types contains calcium. This has been con- 
firmed by continuous electrophoresis experiments, which 
indicate that about 3/4 of the calcium in the fractions-.of 
peak B (Fig. 1 a) is associated with the coloured iron 
complexes. The manner in which this calcium is bound to 
the humus is unknown. 
E. T. GsEssiIna 


Norwegian Institute for Water Research, 
Blindern, Norway. 
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Errors in the Calculation of Surface Area 
and Average Pore Radius 


In the determination of surface areas from adsorption 
data the area of the adsorbed molecules A» is usually 
calculated from the liquid density, assuming hexagonal 
close packing in the liquid state on, the surface, namely: 


Am = 1-091 Ga (1) 


where M is the molecular weight of adsorbate, d: is liquid 
density in g/cm’, N is Avogadro’s number. 

The constant 1-091 is a packing factor to account for 
hexagonal close packing. ‘This calculation assumes that 
the molecule only covers an area on, one flat, or almost 
flat, surface. In very small pores, which occur in certain 
zeolites, charcoals, and silicat, this is not true. To take an 
extreme case, if only one molecule can fit into the pore 
touching the walls (as shown, in, Fig. 1), it actually covers 
an area of 4rr?, the area of the cylinder into which it fits, 


- 


Pore diameter = 2r Pore diameter = 4r 


2r 


Cylinder area 


Bp Sar al Cylinder area 


= Or x On x Qr = Bart 


Molecular packing on open 
surface (hexagonal) 





The area of the triangle is the area that three 60° angle segments of the 
projected area of one molecule cover; that ia, half the total projected area. 
Area of triangle = 4 base x height = 4 x 2r x 4/8r = +/8r*, Therefore 
area covered by a molecule = 2 4/3 7°. Area covered by two molecules 





= 44/3 3°, 
True aren 4are om 
Apparent area 2/3 ~ 4/3 T 3°63 
True area 8ar? Qn 
Apparent area ~ 44/gr2 7g ~ 3°63 


Fig 1. Apparent and actual molecular coverage in molecular sized pores 
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where r is the radius of the pore. The simple adsorptio 
theory assumes it to cover an area of 24/3r*. Thus tr 
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actual area is a (= 3-63) times the apparent area. 


If the pore is two molecular diameters wide, the factc 
is again 3-63. For increasing pore size the factor wi 
decrease quickly to unity, but substances with pore 
approaching molecular size will show apparent surfac 
areas which are really too low. Silica samples of thi 
type have been shown to have areas of the order c 
300 m?/g or less! compared with commercial silica ge 
with areas of 600-700 m?/g. This is the reverse of wha 
might have been expected assuming a similar total por 
volume in the two types of silica. 

Average pore radius is often calculated from total por 
volume Vp cm?/g and surface area S cm?/g. Assuming th: 
pores to be open cylinders of radius 7, cm, then 

fixe ol? (2 


S 


However cm?/g (d 


_ Xx 
V» = [000d 
where Xr is adsorption at saturation in mg/g and d: i 
density of liquid. adsorbate in g/cm? 


_ Xm N Am 


ore = 7,000 M 


em?/g (4 


where Xm is monolayer adsorption in mg/g and the othe: 
terms are as previously defined. 


- 2X7 1,000M Xr 2M 
Then Tp = Tana. YO NA Sod 


Substances with very fine pores, similar to thos 
already mentioned, give type I adsorption isotherms witł 
very sharp ‘knees’. In these cases the monolayer capacity 
(calculated by the use of the Langmuir equation) is founc 
to be very nearly equal to the total adsorption. Thu: 
Xm and Xr in equation (5) are equal and this leaves 7, 
as a constant. Substituting the values for nitroger 
adsorption 


F = 2x 28 
P ~~ 0-808 x 6:03 x 1023 x 16-2 x 10-18 


Thus whatever the true pore size might be, a value les: 
than about 7 A radius cannot be obtained from adsorptior 
data. This error in radius is connected with the erro 
previously described in that 16-2 A is not the area coverec 
by the nitrogen molecule in these pores. 

Combining equations (1) and (5), cancelling Xm and X; 
and ignoring the packing factor gives 


-a(i 


where ( aa) may be taken to be approximately equal tc 
3 


(5 


= 7'08 x 10-8 cm (6 


the molecular diameter Dm. Thus in general pore radiu: 
never appears less than twice the adsorbate diamete: 
from calculation. This type of error has also been showr 
for very fine-pored silica? where radii appear always 7—10 A 
by calculation based on nitrogen adsorption, whereas 
molecular sieve effects show the pores to be mainly 3: 
to 4:8 A in diameter’. - 
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Correlation of the Binding to DNA Loops 
or to DNA Helices with the Effect on RNA 
Synthesis 


REcENT investigations have revealed that template 
NA is found natively in the form of single-stranded 
ops during the active transcription of selected portions 
“the genome in higher organisms)»?. Conversely, during 
pression of such transcription the DNA is found natively 
1 the form of double-stranded helices??. A variety of 
cganic molecules which function im vivo as inhibitors or 
simulators of RNA synthesis within pre-selected portions 
£ the genome? have been shown to be capable of a revers- 
le physical binding to DNA in vivo or in vitro. Each 
f these inhibitors or stimulators binds preferentially 
> either single-stranded or to double-stranded DNA. 
a every case for which adequate data are available 
[able 1), a strong correlation exists between the form of 
INA preferred for binding and the effect of the ligand on 
NA synthesis within pre-selected portions of the genome. 
‘hese strong correlations suggest that such ligands may 
xert their characteristic effects on RNA synthesis by 
referentially stabilizing either the inactive helical form 
r the active loop form of DNA?” in the equilibrium: 


DNA helices — — >» DNA loops 
(inactive) S (active) 


1 1 


No, 5015 


Complex with Complex with 
DNA helices DNA loops 
(inactive) (active) 


The mechanisms of such preferential binding to either 
ouble-stranded helical DNA or to single-stranded loop 
INA are little understood. Prelimmary thermodynamic 
nalyses have revealed that the equilibrium between the 
elical and the loop forms of DNA can be shifted during 
inding by an effect of the ligand on one or more of the 
ihysical forces existing within the DNA-solvent system. 
“hese forces include: (a) the hydrophobic solute-solvent 
oteractions between DNA and water?*; (b) the hydrogen 
ond interactions between the complementary bases of 
ypposing DNA strands*®; (c) the electrostatic charge 
ateractions between the phosphate groups of the same or 
‘pposing DNA strands?}; (d) the stacking (van der Waal’s) 
oteractions between the successive bases of the same or 
pposing DNA strand”. In addition, the ability of 
articular ligands to (e) cross-link opposing DNA strands’? 
x to (f) fit sterically into certain regions of the DNA 
nolecule** is of importance in the inhibition or stimulation 
f RNA synthesis. Thus, both histone-type inhibitors 
ind actinomycin-type inhibitors bind preferentially to 
louble-stranded helical DNA by utilizing properties (e) 
und (f). In addition, histones alter physical force (c)°, 
vhile actinomycins may alter forces (a), (c) and (d)*. By 
‘contrast, both testosterone-type stimulators and oestro- 
ren-type stimulators bind preferentially to single-stranded 
oop DNA by utilizing property (f)*4, and by altering 
yhysical forces (a) and (d)*4. Before such inhibitors or 
itimulators can bind to DNA and alter the rates of RNA 
ynthesis they must often be first concentrated within the 
articular sensitive tissue by specific, non-DNA binding 
igentg?»5, 


‘able 1, CORRELATION OF THE PREFERRED FORM OF DNA FOR BINDING 
WITH THE EFFECT ON RNA SYNTHESIS 


Preferred form of DNA Effect of ligand 
Ligand for binding on RNA synthesis 

Histones Double-stranded (ref. 3 Inhibition (refs. 4, 5) 
Poiyisnae Double-stranded (ref. 3 Inhibition (ref. 5) 
Actinomycin D Double-stranded (ref. 6 Inhibition (ref 7) 
Acridine orange Double-stranded (ref. 8 Tnhibition fret 8) 
Chloroquine Double-stranded (ref. 9) Inhibition (ref. 9) 
Testosterone Single-stranded (ref. 163 Stimulation (ref. 11) 
Oestradiol Single-stranded (ref. 10 Stimulation (ref. 12) 
Methylcholanthrene Single-stranded (ref. 13) Stimulation (ref 14) 
RNA pclymerase Stimulation (ref. 16) 





Single-stranded (ref. 1 


Complementary RNA Single-stranded (ref. 17 Stimulation (ref. 18) 
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All the foregoing inaubitory or stimulatory ligands 
(Table 1) except complementary RNA are molecules 
which are capable of reacting with all portions of the DNA 
genome non-selectively. RNA by contrast is capable of a 
selective interaction with specific portions of the DNA 
genome!’, It is this selective ability which appears to be 
the basis for its role as the agent of specific de-repression 
of RNA synthesis during selective transcription of the 
genome! ?:18, In a similar fashion, polyoma viral DNA 
binds preferentially to single-stranded host DNA**. The 
result of such oncogenic viral DNA interaction with the 
host DNA genome is a d3-repression of host DNA synthe- 
sis and of host enzyme syathesis*’»2*, A concurrent selective 
de-repression of host RNA synthesis is also likely’’. 

This work was carried Dut during the tenure of a research 
career development award (CA-—17857) from the U.S. 
Public Health Service. 
~ JoHN H. FRENSTER 
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Isolation and Amino-acid Sequence of 
6-LPH from Sheep Pituitary Glands 


SEVERAL adenohypophyseal hormones have been 
demonstrated to possess ôn vitro lipotropic activity; these 
include growth, adrenocorticotropic, thyrotropic, «- 
melanocyte-stimulating and f-melanocyte-stimulating hor- 
mones. Recently, Rudman, Astwood and their colleagues 
reported the preparation of Fraction H, peptides I and II, 
and showed these preparations to be lipotropic agents*’. 
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In the course of investigating a simplified procedure for 
the isolation of ACTH from sheep pituitary glands, we 
heve obtained a lipotropic peptide? which is chemically 
distinct from ACTH and other known adenohypophyseal 
hormones. In this communication, we wish to describe 
the isolation of another lipotropic peptide (designated as 
6-LPH) from sheep pituitaries. The complete amino-acid 
sequence of B-LPH will also be presented here. 

The procedure for the isolation of the sheep B-LPH was 
similar to that previously described’, except that acid- 
acetone extraction, sodium chloride precipitation and 
dialysis were carried out at 0° ©. In addition, the solution 
was adjusted to pH 8 before dialysis and the dialysed 
fluid was maintained at this pH. The msoluble material 
encountered during dialysis was centrifuged off and the 
clear supernatant fluid was chromatographed on the 
carboxymethyl]-cellulose (CMC) column. The final step 
of purification involved chromatography on a cation 
exchanger IRC-50 column which has been equilibrated 
with 0-01 M ammonium acetate buffer of pH 4:6. The 
final product was shown to be homogeneous by various 
criteria including exclusion chromatography on ‘Sephadex 
G-15, paper chromatography, ultracentrifugational 
analyses, and terminal amino-acid studies. 

The amino-acid content in molar ratios as determined 


by the automatic amino-acid analyser! is as follows: 


Lys) His, Arg; Asp, Thr, Ser, Glu,, Pro; Gly, Ala,, Val, 
Met.[leu,Leu,Tyr,Phe,Try,. The calculated molecular 
weight based on this composition is in good agreement with 
that obtained by sedimentation equilibrium investigations. 
Terminal analysis using the carboxypeptidase procedure 
indicates the sequence . . . Gly-Glu(NH,) at the COOH 
terminus. By means of the phenylisothiocyanate method, 
the NH,-terminal sequence Glu-Leu . . . was established. 

Five peptide fragments were obtained by the reaction of 
8-LPH with cyanogen bromide® and purified by CMC 
column chromatography. Amino-acid and terminal group 
analyses revealed that the five peptide fragments were 
derived from the parent molecule with the amino-acid 
sequences as follows: I, 1-47; If, 1-65; III, 66-90; IV, 
48-65; and V, 48-90 (Fig. 1). After these fragments were 
subjected to enzymatic digestions with pepsin, trypsin 
and chymotrypsin; the digests were purified by zone 
electrophoresis on paper followed by paper chromato- 
graphy. The purified peptides were analysed for amino- 
acid composition, NH,- and COOH-terminal residue. 
Most of the purified peptides were also subjected to the 
step-wise degradation procedure of Edman’. From these 
results, the complete amino-acid sequence of B-LPH was 
proposed as shown in Fig. 1. 

It is of great interest to note the presence in B-LPH of a 
core, Met-Glu-His-Phe-Arg-Try-Gly, a sequence identical 
with that held in common by adrenocorticotropic and 
melanotropic hormones from various species. In addition, 
the amino-acid sequence 37-58 in 6-LPH ıs identical to 
that of human?! 8B-MSH except that amino-acid residues 
in positions 42 and 46 are serine and lysine instead of 
glutamic acid and arginine as in the case of the human 
hormone. 


NH, 


NATURE 


December 11, 1965 


The detailed account of this work will be published_i 
the Proceedings of the Sixth Pan-American Congress o. 
Endocrinology. This work was supported in part by 
grant (G—2907) from the National Institutes of Health 
U.S. Public Health Service. L. B. and M. C. wish t 
acknowledge fellowships from the Guggenheim Founda 
tion and the Jane Coffin Childs Memorial Fund for Medica 
Research respectively. 
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Reactivity of the Amino Group of Collagen 


In view of the frequency with which the results of 
Bowes and Moss! are quoted as indicating that only about 
60 per cent of the c-amino groups of lysine in collagen are 
available for reaction with fluorodinitrobenzene (FDNB), 
we should like to put on record the following observations. 

Out of 27 millimoles lysine per 100 g collagen*, 13-14 
millimoles were recovered as c-DNP-lysine. After correc- 
tion for hydrolytic losses based on recovery of e-DNP- 
lysine added to collagen and hydrolysed under the same 
conditions, this represents reaction with 17 millimoles per 
100 g. Analyses by the Moore and Stein? procedure 
revealed only 3 to 4 mullimoles of lysine in the DNP- 
protein, indicating much more extensive reaction and 
leaving 10-11 millimoles of e-DNP-lysine unaccounted 
for. This, together with the relative constancy of the 
amounts of e-DNP-lysine recovered regardless of the pre- 
treatments given to the collagen, led to the suggestion 
that “failure to account for all the lysine as the s-DNP 
derivative was not primarily due to non-reactivity of the 
lysine to FDNB” but to the fact that ‘‘s-DNP-lysine is 
much less stable to acid when combined in the collagen 


: than when present as the free amino-acid”. 


Since that time various values have been reported for 
the availability of c-amino groups in skin collagen, for 
example, Sykes!, 70-80 per cent; Solomons and Irving‘, 
64-70 per cent; Hormann’, 90 per cent; Hallsworth’, up 
to 70 per cent; and Courts’, 90-100 per cent in gelatine 
derived therefrom. Using a procedure based on that of 
Courts we ourselves have been able to account for all the 
lysine in DNP-collagen as ¢--DNP-lysine?. 

It is possible that variations in reactivity reported are, 
at least in part, related to the difficulties involved in 
establishing a reliable correction factor for losses of 
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Fig. 1. The amino-acid sequence of the sheep pituitary §-LPH 
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JNP-lysine during hydrolysis and separation. There 
mms to be little evidence that under favourable condi- 
ns reaction of FDNB with <-amino groups of collagen 
es not approach completion. 
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Antiviral Action of Oxidized Spermine— 
Inactivation of Plant Viruses 


SPERMINE, NH,(CH,),NH(CH,),NH(CH,),NH,, a natu- 
lly occurring polyamine, is oxidized by purified serum 
aine oxidase as follows (ref. 1): 


H,(CH,) ,NH(CH,),NH(CH,),NH,-+20,+2H,0 ———> 


Spermine 


N A 
C(CH,),.NH(CH,),NH(CH,).C +2NH, + 2H,0, 
a nS 
H Oxidized spermine H 


Oxidized spermine (OS) was shown to inhibit the 
owth of Mycobacterium tuberculosis? *, Escherichia coli, 
id Staphylococcus aureus’, and to inactivate various other 
wcteria® and bacterial viruses®'. It was therefore of 
terest to study also the effect of OS on several plant 
ruses. ; 

The following virus inocula were used: Potato virus 
l (PVX) (a yellow strain) was purified from Nicotiana 
utinosa L. leaves, by rate-zonal, density-gradient centri- 
gation, after charcoal adsorption’. ‘Tobacco mosaic 
rus (TMV) was purified from N. tabacum L. leaves by 
fferential centrifugation’, or used in the form of a crude 
ctract. Alfalfa mosaic virus (AMV) was obtained as a 
ude extract from N. glutinosa. The crude extracts, 
MV and AMV, were prepared by grinding 0-5 g leaves in 
mi. 0-06 M phosphate buffer pH 7-0; TMV extract was 
rther diluted 1 : 25in the same buffer. OS was prepared 
y oxidation of spermine hydrochloride with purified 
3ef-plasma amine oxidase’®. 

The reaction mixture, containing OS and virus, was 
cubated for 90 min at 37° C, and diluted to 4 ml. with 
06 M phosphate buffer at pH 7-0. In the control, OS 
as replaced by an equal volume of phosphate buffer, or 
10sphate buffer and amine oxidase. 

Test and control mixtures of TMV and AMV were 
sayed by rubbing with gauze pads on 16 opposite half 
aves of N. glutinosa, or Phaseolus vulgaris var. ‘Pinto’, 
spectively, previously dusted with carborundum. PVX 
as assayed on the opposite leaves of Gomphrena globosa 
. Lesions were counted 3—5 days after appearance and 
1e results were analysed by the ‘sign-test’®. 

With all three viruses tested, either purified or as crude 
ctracts, OS caused a significant reduction in lesion 
amber (Table 1). Residues of amine oxidase in the reac- 
on mixture did not affect infectivity of TMV. 
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Table 1. INACTIVATION OF TMV, x08) AND AMV BY OXIDIZED SPERMINE 


Average No. of Reduetion 


Reaction mixture lesions per o 
Virus ml. vrus ml, O half leaf t lesions 
(600 zg/ml.)* OS Control No. in log 
, purified 0:2 0-2 8 95§ 1:07 
0:02 mg/ml. 
TAV. puri ay 02 0-2 81 211$ 0-83 
TMV, crude extract 02 0-8 3 58§ 1-29 
PVX, purified 0-2 0-2 1 13§ 1-11 
AMV, crude extract 04 0-4 0-713 5-60§ 0-74 
* Based on the amount of spermine added to the original incubation 


mixture. 

+The number of lesions per half leaf represents the average of 16 half 
leaves. 

Į In this experrment the control contained amine oxidase at same con- 
centration as OS. 

§ Significant at 1 per cent leval. 


When increasing concentrations of OS were incubated 
with a constant concensration of TMV (0:02 mg/ml.), 
maximum activity ‘was observed around 100 yg OS in 
0-6 ml. of the reaction mixture (Fig. 1). The rate of viral 
inactivation by OS increased by prolonging the incubation 
of the reaction mixture (Jig. 2). 

The inactivating effect was not eliminated when free OS 
was removed from the incubated reaction mixture by 2 
cycles of centrifugation at 105,000g for 1 h, washing and 
resuspending the TMV containing pellets in buffer. The 
rate of inactivation in these suspensions was highly 
significant and similar zo that of those virus samples 
which were inoculated together with OS (Table 2). This 
would indicate that OS is bound to the.viruses, which are 
then inactivated, and does not act on the host. No 
deleterious effect of OS œ the leaves was observed. 

OS was found to inactivate 3 different plant viruses in 
vitro; a rigid rod type (TMV), a flexible rod (PVX) and a 
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Fig. 1. Effect of concentration of OS on TMV inactivation 
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Table 2 ANTIVIRAL EFFECT OF BOUND OXIDIZED SPERMINE (OS) 


Average No. of lesions Reduction of 
Incubation time Tnoculum per half leaf esion. 
(min) OS Control No. in log 
90 0S +TMV 36 73 0 306 
TMV* 10 25 0-402 
180 OS +TMV 8 62t 1:408 
TMV* 3 42ł 1140 


* Free OS was removed by ultra-centrifugation and washing, 
t Significant at 5 per cent level. 
t Significant at 1 per cent level. 


spherical virus (AMV). This suggests, though further 
proof is necessary, that OS may inactivate a broader 
range of plant viruses. The inactivation in vitro is a 
function of the incubation time and concentration of OS. 
This suggests that the inactivation is due to a chemical 
interaction. It is not unlikely that this chemical inter- 
action is a reaction between OS and viral nucleic acids. 
Such a reaction has previously been proposed. to explain 
the inactivation of T, coliphages by OS (ref. 10). 

This work was aided by grant CA-06867 from the 
National Cancer Institute, U.S. Public Health Service. 
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Maintenance of Escherichia coli and the 
Assimilation of Glucose 


Ir has been shown! that bacteria require a threshold 
level of an energy source for maintenance without growth. 
However, there 1s a possibility that the thresholds observed 
might represent some form of concentration requirement 
for permeability. Thus it is desirable to demonstrate 
directly the uptake of glucose fed at or below the threshold 
level. Any glucose assimilated in the absence of growth 
can then be correlated only with a maintenance require- 
ment for a carbon-energy source. 

Cultures of Escherichia coli B were grown, collected and 
washed as previously described!, providing cells in the log 
phase of growth, keeping them cold to avoid uncontrolled 
starvation and maintaining a relatively constant osmotic 
environment. Suspended cells were then distributed 
among 15 experimental tubes so that each tube contained 
7 X 108 cells per ml. in 10 ml. of the salt medium without 
glucose. Each tube contained 2-1 mg cells on a dry basis. 
One set of 5 tubes served as the starvation control 
receiving no exogenous energy source, another set of 5 
tubes received unlabelled glucose, and the third set of 5 
tubes received uniformly labelled glucose (glucose-UC). 
Glucose was fed to the appropriate tubes every 6 h at a 
level of 0:28 pmoles in 0-10 ml. of salt medium, a rate of 
0-022 umole/mg cells/h. The radioactive glucose was so 
diluted with unlabelled glucose as to provide 7,700 counts/ 
min/@+28 umole. The control group received an equivalent 
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volume of salt medium. Every other day one tube frc 
each series was removed for plate count, turbidity measu 
ment and determination of radioactivity. Methods for ta 
plate counts and turbidity measurements have been di 
cribed elsewhere, representing rather minor modificatic 
of standard methods: adopted to improve reproducibilir 

To determine the radioactivity of incubated cells, 7-4 
ml. aliquots of the cell suspensions were withdrawn frc 
each tube and centrifuged for 10 min in a ‘Serval’ moc 
SS-1 at 1,800g and 4° C. The supernatant solution w 
discarded, and the pellet of cells washed twice by s 
pending in 5-ml. portions of salt medium and re-cent 
fuging as above. The cells were washed a third time w; 
5 ml. distilled water to improve counting efficiency 
removing salts from the residue. The resulting pellet 
cells was re-suspended in 0-1 ml. distilled water a 
transferred with a micropipette to a rectangular piece 
Whatman No. 1 filter paper (3:5x2 cm). A continuo 
current of warm air facilitated drying. Both the tu 
holding the cell suspension and the micropipette we 
rinsed three times with 0-5-ml. portions of distilled wat 
and the washings were evaporated on the same pape 
Lastly, each paper was placed upright in a 20-ml. vial æ 
dried at 100° C for 1 h. The radioactivity of each samy 
was counted in a liquid scintillation system®. 

Fig. 1 reveals that constancy of turbidity resulted frc 
the periodic feeding of the small amount of glucose. Sin 
turbidity records both dead cells and cellular debris, ly: 
of cells or leakage of internal materials must have been t 
limited for growth of other cells. Therefore, the threshc 
level reported earlier! does in fact represent a maintenan: 
rather than a permeability requirement. Because the re 
of feeding wus too low for growth, the added glucose cou 
have been completely oxidized to carbon dioxide an 
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Fig. 1. The incorporation of carbon from glucose-U?‘C and the main 
tenance of turbidity in suspensions of Æ. coli. All suspensions initially 
contained 710° cells/ml These data are adjusted for the volume 
changes resulting from the additions made to the mndividual suspensions. 
Evaporation was prevented by use of tightly sealed culture tubes which 
were opened every 6 h both for the appropriate additions and to replenish 
the oxygen supply A, Radioactivity of cells fed glucose-U'‘C; ©, 
turbidity of cells fed glucose-U14C; x, turbidity of cells fed unlabelled 
glucose, [] turbidity of starved cells 
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Fig. 2. Maintenance of viability on adding glucose to suspensions of 
E. colt. These data were obtamed by plate counts made on aliquots of 


the suspensions described in the legend of Fig. 1. O, Fed glucose-U?4C; 
x, fed unlabelled glucose; [C], starved cells 
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ater. However, carbon from the glucose was assimilated 
to cellular components. 
The corresponding Fig. 2 demonstrates the preservation 
viability in the cell suspensions fed glucose. Obviously 
e low level of radioactivity had no biological effect 
ithin the experimental period. Carbon from glucose was 
ntinually accumulated (Fig. 1) with a declining fraction 
tained as might be expected. After two days, 19 per cent 
the radioactivity fed was present in the cells while the 
action had dropped to 13 per cent of the much larger 
tal fed in ten days. Apparently glucose was utilized 
ore or Jess normally. Certainly it entered the cells and 
as partly assimilated and retained without concomitant 
owth. 
This work was supported in part by a grant from the 
rmy Research Office, Department of the Army. 
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PHYSIOLOGY 


lydrolysis of Disaccharides during Absorption by 
the Perfused Small Intestine of Amphibia 


ALTHOUGH it is now generally conceded that disac- 
Yarides may be absorbed intact at appreciable rates 
‘om the lumen of the small intestine, as found for maltose 
y Waymouth Reid in 1901, very little is known about 
1e factors which affect the process. It is established that 
ı mammals, including human subjects, disaccharides 
ich as lactose, sucrose and maltose undergo hydrolysis 
b some site in or on the mucosal cells and not in the 
itestinal lumen!-*. We have now investigated the 
bsorption of some disaccharides by the small intestine 
f some Amphibia using a system for the perfusion of the 
resenteric vascular bed. 

In this system the vascular perfusion was used to control 
he ionic composition of the sub-mucosal faces of the 
bsorbing cells and to carry away for collection the material 
xtruded from these cells. The oxygenation of the 
1ucosal epithelial layer was achieved by the recirculation 
f bicarbonate—Ringer through the lumen of the intestinal 
agment by means of a gas lift (equilibration gas, 95 per 
ent oxygen, 5 per cent carbon dioxide) in a manner similar 
9 that used for mammalian intestine’. The vascular 
erfusion was maintained by pumping bicarbonate— 
tinger containing 1 g/100 ml. bovine serum albumin and 
quilibrated with 95 per cent oxygen, 5 per cent carbon 
ioxide through a nylon cannula (1 mm outer diam., 
-5 mm inner diam.) inserted through the systemic aortic 
rch into the coeliaco-mesenteric artery. The vascular 
fluent was usually collected as a fluid comprising exudate 
‘om the cut mesenteric veins together with the ‘sweat’ 
xtruded from the serosal surface of the perfused segment 
rhich is immersed in liquid paraffin. In some experiments 
he portal vein was also cannulated and the venous 
fluent collected separately. The rate of arterial per- 
asion at 26° C was of the order of 1 ml./min/g wet weight 
ybout 300 yul./min for each intestine). Glucose was 
neasured by use of ¢tris-buffered glucose oxidase as 
escribed by Dahlqvist®. ; 

With either glucose or maltose (initial concentration 
. mg/ml.) present in the mucosal fluid of intestine from 
tana pipiens, it was found that the rates of appearance of 
lucose in the vascular effluent are almost the same 
Table 1). In R. pipiens we also found similar evidence 
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for a trehalase activity which results in a vascular appear- 
ance rate of glucose similar to that from maltose. Lactase 
and sucrase appear to be absent. On the same basis, 
maltase and trehalase are-also present in the small intestine 
in R. temporarva and of Eufo vulgaris. The small intestine 
of these two species also appears to be deficient in lactase 
and sucrase activity. 

During these investigations, little disaccharidase activity 
was found in the mucosal fluids. When Ringer which 
contained maltose and had been circulated through the 
intestinal lumen for 1 h was removed and incubated at 
26° C the further rise ir glucose concentration could be 
used to estimate the meltase activity in solution. In a 
series of eleven experimants on R. pipiens it was found 
that only 7-2 per cent of the total maltase activity of the 
preparations was in solation in the luminal fluid after 
luminal circulation for 1 n. 

By measurmg separasely the rate of appearance of 
glucose in the vascular effluent and in the mucosal fluid 
it was possible to examme simultaneously the effects of 
differing maltose conceatrations on the total rate of 
disaccharide hydrolysis end on the rate of glucose appear- 
ance in the vascular effuent. At concentrations below 
5-56 mM these processes appear to conform to Michaelis— 
Menten type kinetics and hence it is possible to calculate 
an affinity constant (Kr) and a maximum velocity con- 
stant (V) for each. In Table 2 are given representative 
values of these parameters for maltose and for glucose 
transport into the vascular effluent from luminal solutions 
of maltose for specimens of R. pipiens of a different batch 
from those from which the data in Table 1 were derived. 
Also included in Table 2 are the values of Km and V for 
glucose transport into the vascular effluent from luminal 
glucose solutions. When these are compared with the 
corresponding values formaltase it is seen that the values 
(in molar units) of the constants for the enzyme are greater 
than those for the glucose transport process. In other 
words, the rate of hydro-ysis of maltose by the enzyme is 
not rate-limiting to trarsfer of glucose into the vascular 
effluent at high concentrations of the disaccharide in the 
intestinal lumen. On the other hand, the mechanisms 
underlying the transport of glucose into the vascular 
effluent are saturated at lower molar concentrations than 
the disaccharidase. In accord with these findings, the 
fraction of glucose liberated from the maltose by the 
maltase, and which appears in the vascular effluent, 
decreases as the concensration of the disaccharide in the 
lumen is increased. At low concentrations of the disac- 
charide the efficiency of capture of the liberated glucose 
molecules is remarkably high, no hexose liberation to 
the luminal circulation being detectable in some experi- 
ments using Bufo vulgar-s (Fig. 1). 

Our finding that, w-th disaccharide present in the 
intestinal lumen, glucosa appears in the perfusate at a 
higher concentration than in the mucosal fluids is con- 
sistent with the view that, in the Amphibia we have 
examined, the disaccharides maltose and trehalose are 
absorbed as such and hydrolysis takes place in or on the 
intestinal epithelial cells. Similar results have been 


Table 1 


Glucyse concentration Glucose appearance in 


Sugar ın Initial after 1 h wg ml.-! vascular effluent 
mucosal concen- Mucosal Vascular PM h~ g FFDW * 
fluid tration fluid effluent 
Maltose 2 mg ml.-? 6+1 58t4 94+7 
Glucose 2 mg ml,-} 4¥ 2,900 6644 14748 


Each value is mean + S.E. of 43 observations on 11 animals. 
* FEDW, fat-free dry weight »f whole wall of segment used. 


Table 2 
Appearance of glucose in vascular effluent 


Total maltase From maltose From glucose 
Km 3-5 x 107 M 0-45 107 M 0:32 x102 M 
V 336 71* 
4M maltose uM glucose 
h- gt FFDW h- g FFDW 


Kinetic parameters of maltase and of glucose appearance in vascular 
effluent of small intestine of R p-piens. Each value 13 mean of observations 
on 2 (or 3*) animals. ° 
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Fig. 1. Relationship between concentration of maltose in intestinal 


lumen and rate of liberation of glucose into (1) luminal circulation and 
(2) vascular effluent. Each point is the mean of 2 or 3 observations all on 
a single specimen of Bufo vulgaris 


found for maltose in the mammal}. If, as in the hamster, 
some of the disaccharidases are localized in the brush 
border of the absorbing cells’, the efficiency of capture of 
the products of hydrolysis by any hypothetical separate 
hexose transporting system must be high. One way of 
describing the phenomenon is to ascribe a vectorial com- 
ponent to the hydrolytic activity of the enzyme. In other 
words, for a disaccharidase in the brush border, the 
probability of escape of the products of hydrolysis in one 
direction, that is, into the cell, is higher than that of the 
escape in any other direction. If this is so, the vectorial 
effect is not only most evident on low disaccharide 
concentrations, but also depends on the presence of Nat 
ions in the mucosal fluid, for we have found that the sub- 
stitution of potassium or of lithium for the sodium in the 
mucosal fluid greatly reduced the transfer of glucose to 
the vascular fluid without affecting the total rate of 
disaccharide hydrolysis. Phloridzin (5 x 10-6 M) pro- 
duced a similar effect. Such a vectorial effect could be due 
at least in part to the cyto-architectural arrangement 
of the disaccharidase molecules. For example, with the 
disaccharidase located in pores in the limiting membranes 
of the brush border of the absorbing cells the escape of 
glucose molecules from the inner end of the pore into the 
cell could be e rate-limiting step to the transfer of glucose 
at high rates of hydrolysis. A hypothesis of this sort 
raises the question as to what extent the ability of the 
mucosal cells to transfer single hexose units from the 
mucosal fluid into the vascular bed depends on the 
presence and orientation of oligosaccharidase molecules 
in the limiting membranes of the absorbing cells. 
D. S. Parsons 
J. K. PRICHARD 
Department of Biochemistry, s 
University of Oxford. 
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Protective Effect of Oestrogens against the 
Toxic Decomposition Products of 
Tribromoethanol 


THE purpose of the present communication is to record 
that oestrogens have a protective effect against the toxe 
decomposition products of the anaesthetic tribromo- 
ethanol (‘Avertin’). 
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Tribromoethanol decomposes slowly on long-standir 
in the dark; but this process is much accelerated | 
exposure to the light. Stock solutions of tribromoethan 
generally contain amylene hydrate, which acts as a solve 
and also retards the breakdown process, but the manè 
facturers recommend that the stock solution should ł 
tested before use for the presence of toxice decompositic 
products (dibromoacetaldehyde and hydrobromic acid, 
by assessing the colour changes when an aqueous solutio: 
of congo red indicator 1s added to the anaesthetic solution 
When toxic breakdown products are present the indicate 
gives & blue coloration instead of the normal red. 

In this laboratory we have used tribromoethanc 
extensively as a general anaesthetic for operativ 
procedures ın rabbits, guinea-pigs, rats and mice. W 
have used stock solutions of tribromoethanol which hav 
been kept in the laboratory away from light for more tha 
two years and they have shown no signs of decompositio 
or loss of potency, and the overall mortality due to th 
use of this anaesthetic has been negligible. The presem 
observations were noted in an experiment where it ws 
discovered that a stock solution of tribromoethano 
purchased only one month beforehand and not tested b 
us for toxicity, contained lethal decomposition product: 

The experiment was designed to investigate the effect 
of various doses of 17$-oestradiol and diethylstilboestre 
on the foreign body response. One hundred and twent; 
male white mice (T.O. Swiss strain) of 20-25 g body 
weight were used in the experiment. The mice were divide 
into ten groups each containing ten animals, and twent, 
animals were used as controls. Each of the test group 
received oestrogen in the doses shown in Table 1 and each 
dose of oestrogen was administered orally by stomach tub 
in 0-1 ml. sterile distilled water®. Immediately followin, 
the initial dose of oestrogen, the animals were taken t+ 
two separate operating rooms, six groups being taken t« 
each. The mice were then anaesthetized by the intra 
peritoneal injection of a 2:5 per cent aqueous solution o 
tribromoethanol given on the basis 0-01 ml. per g body 
weight. In one operating room, all the animals receiver 
anaesthetic freshly prepared from a stock solution o 
tribromoethanol which had been in use for the previou 
eighteen months. In the other operating room, th: 
animals (groups marked * in Table 1) received anaestheti: 
freshly prepared from a stock solution of tribromoethano: 
which had been purchased one month beforehand 
Bilateral subcutaneous implantation of sterile cotton woo 
dental pellets was then performed through a single dorsa 
mid-line incision so that a single pellet was implantec 
in each flank®. On recovery from the anaesthetic, the 
animals were returned to a thermostatically controllec 
heated animal house. 

Twenty-four hours after operation it was discovered tha 
a number of deaths had occurred in the groups which hac 
received the three lower doses of 178-oestradiol (0:001 
0-01 and 0-1 mg); and the surviving animals in thesc 
groups, and also those in the group which had receivec 
1:0 mg 178-oestradiol daily, showed signs of toxicity. The 
animals in all the other groups appeared to be well, anc 
oestrogen treatment was administered to all the surviving 
mice. Forty-eight hours after operation, it was noted that 
further deaths had occurred in the groups which had 
received all except the highest dose of 178-oestradiol 
It was also noted that the animals which had receivec 
the highest doses of 178-oestradiol and diethylstilboestro 
showed signs of toxicity and two of the diethylstilboestrol 
treated mice had died. The other diethylstilboestrol. 
treated groups and the controls were not affected, ané 
oestrogen treatment of the survivors was carried out 
Seventy-two hours after operation, it was noted that 
further deaths had occurred in all the groups which had 
received 17ß-oestradiol and also in the group which had 
received the highest dose of diethylstilboestrol. The 
other diethylstilboestrol-treated groups and the control 
animals had remained well. 
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able 1. EFFECTS OF VARIOUS DOSES OF OESTROGEN ON SURVIVAL OF MICE AFTER INTRAPERITONEAL INJECT-ON OF TOXIC DECOMPOSITION PRODUCTS OF 
TRIBROMOEBTHANOL (‘AVERTIN’) 








178-Oestradiol | No. of No. of survivors after operation 
daily dose for | animals -_ 

3 days (mg) | ingroup 24h 48h 72h 
0001 10* 5 1 | 0 
001 | 10* 7 3 0 
01 10* 9 5 2 
1-0 10* 10 7 3 
100 10* 10 10 5 
Untreated controls 10 | 10 | 10 | 10 

t 


* Groups received toxic tribromoethanol. 


At the conclusion of the experiment, the stock batches 
f tribromoethanol were tested for the presence of toxic 
ecomposition products, and it was discovered that the 
atch used to anaesthetize the mice which had received 
ll the doses of 178-oestradiol and the highest dose of 
iethylstilboestrol had undergone partial decomposition. 

The observations recorded in this experment show 
learly that the administration of oestrogens has a marked 
rotective offect against the lethal decomposition products 
f tribromoethanol (dibromoacetaldehyde and hydro- 
romic acid), and that the period of survival after admin- 
ation of these toxins depends on the dose of oestrogen 
dministered and lengthens with increasing doses of the 
estrogen (Table 1). 

Nicol and Zikry‘ reported that oestradiol benzoate has a 
rotective effect against the toxicity of trypan blue in 
uinea-pigs, and they attributed their findings to the 
simulating effect of oestrogen on the reticulo-endothelial 
ystem which thus becomes more capable of taking up the 
ye and detoxicating it. It has also been reported that 
ne reticulo-endothelial system plays an important part 
1 protection against a variety of noxious agents®, and it 
3ems possible that the protective influence of oestrogen 
gainst the toxic effects of dibromoacetaldehyde and 
ydrobromic acid may be the result of oestrogen-produced 
dimulation of the reticulo-endothelial system. 


T. Nicoz 
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Aldosterone Secretion : Differences in Direct 
Effects of Rubidium and Potassium Perfusion 
into Dog Adrenals 


More than eighty years ago, Ringer! observed that 
ibidium ions had effects on the frog’s ventricles simular 
» those produced by potassium. Since then these two 
ms have been found to be very nearly interchangeable 
t @ wide variety of biochemical and physiological pro- 
388687. 

The systems most extensively examined have been 
it skeletal muscle’, rat acid-base balancet, dog renal 
earances® and the human erythrocyte®-§. In fact, 
.ahn® has suggested that rubidium might be more 
fective than potassium in treating digitalis overdosage 
ecause rubidium is more resistant to the action of ouabain 
1 depressing the entry of erythrocytes. 

We now offer evidence that this mutual interchange of 
hese two ions does not operate in one very important 
ystem; that is the adrenal cortex of dogs. Isolated 
drenal glands of hypophysectomized dogs were prepared 
y the technique of Hilton et al.*°. Aldosterone, hydro- 





Diethylstilboestrol i No.of No. of survivors after operation 
daily dose for animals — 
3 days (mg) in group 72h 
0 001 10 10 
0 01 10 10 
01 10 10 
10 10 10 
10-0 10* 4 
Untreated controls 10 10 





cortisone and corticosterone secretion rates were measured 
in the adrenal venous əffluent during control collection 
periods, following perfusion of either potassium chloride 
or rubidium chloride, snd after an injection of ACTH. 
given at the end of each experiment. Potassium chloride 
was perfused in each experiment to achieve an arterial 
blood concentration of approximately 8 m.equiv./l. and 
RbCl was perfused to achieve a concentration of approxi- 
mately 4 m.equiv./l. (RD + K = 8 m.equiv./I.). 

The effects of the potassium chloride infusion experi- 
ments are shown in Fig. 1. Potassium produced its 
expected stimulation af aldosterone secretion without 
effect on hydrocortisore or corticosterone secretion!®. 
ACTH given at the end o- each experiment caused stimula- 
tion of all three steroids In contrast, as shown in Fig. 2, 
rubidium failed to alter aldosterone secretion. ACTH 
in these experiments azain increased production of all 
three steroids. 

These results were quite unexpected in view of the 
heretofore demonstratec interchangeability of these two 
ions in a wide variety oZ biological systems and the high 
penetrability of rubidiam into cells. In experiments 
somewhat relevant to purs, Kunin et al. and Tarail 
et al.12 observed that e_ectrocardiographic alterations in 
the dog were similar during infusions of potassium chloride, 
producing plasma potassium-levels of 8 m.equiv./lI., to 
those induced by RbCl producing plasma Rb levels of 
4 m.equiv./l. (Rb + K = 8 m.equiv./l.). Also Glasser 
and Ellis!® found that rubidium could prevent the lipid 
depletion of the zona, glomerulosa of rat adrenals otherwise 
produced by potassium deficiency and on this evidence 
suggested that rubidium could substitute for potassium 
in their system. However, aldosterone production was 
not measured in their experiments. 

Lacking specific evidence for or against rubidium 
penetrance into dog adrenal cortical cells, we cannot offer 
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any cogent explanation for our results and must conclude 
that, so far as aldosterone production in the dog adrenal 
is concerned, rubidium, at the concentration used, cannot 
be substituted for potassium. This would appear to be the 
first example of such a dichotomy between these two ions. 

This work was supported by grants from the American 
Heart Association, the N.Y. Heart Association, Life Ins. 
Res. Fund, and U.S. National Institutes of Health (grant 
A2828). One of us (J. G. H.) is investigator of the Health 
Research Council of the City of New York (contract J-130) 
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A New Property of the Early Receptor 
Potential of Rat Retina 


In the dark-adapted eye, the amplitude of the early 
receptor potential (e.r.p.)1 is linearly proportional to the 
number of molecules of rhodopsin bleached by a flash’. 
The second of a train of intense flashes evokes a smaller 
response because less rhodopsin is available?. However, 
with further stimulation, the e.r.p. reaches a steady 
voltage, about 10 per cent of the first response. This 
occurs even though each molecule of rhodopsin should, 
theoretically, have bleached many times over*. The 
relationship established by Cone? breaks down after the 
second or third maximal flash. The reason for this is that 
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the flash causes regeneration of photopigment from 
stable product of bleaching, by a mechanism differe 
from that analysed by Williams*. The regeneration ci 
be demonstrated by exposing the eye to a series of inten 
flashes (Fig. 1) until the e.r.p. amplitude has reached 
stable lower level. 

The eye is then exposed to continuous illumination fro 
a tungsten source. Following this, the e.r.p. is aga 
evoked with intense flashes. The first response is muc 
smaller than the previous lower limit, but the subseque: 
e.r.p.s Increase in amplitude. The experiment can | 
repeated several times. 

The phenomenon shown in Fig. 1 is less pronounced. 


.the retinal circulation is maintained. It is exaggerated 


the tungsten illumination lasts for not longer than 5 m' 
(Fig. 2A). It is greatly reduced if a filter, excluding wav: 
lengths shorter than 460 nm, is placed in the light pat! 
It 1s therefore likely that the flash photo-isomerizes 3 
trans- to cis-retinal, thus initiating the synthesis « 
rhodopsint:5. The increase of e.r.p. amplitude 18 associate 
with an increase in amplitude of the electroretinogram 
In separate experiments, it has been found that th 
change of amplitude corresponds to an increase < 
sensitivity of about 0-3 log units. The increase in rhodoy 
sin, concentration, predicted from the e.r.p. experiment 
would account for this. 

These experiments therefore support the theory < 
photo-regeneration. Our measurements of e.r.p. ampl 
tudes show that the rhodopsin formed by this mechanis) 
is partly bleached during the same flash. Since th 
regeneration time permits little diffusion, the retinal mus 
still be bound to the opsin. . 

Fig. 2A shows that after adaptation to tungsten ligi 
the e.r.p. wave-form changes. At body temperature, a 
that can be seen is that the initial, descending negativ 
phase becomes more rapid. The e.r.p. can be slowec 
and the negative phase abolished, by cooling®?.  z 
positive potential is then revealed. If this experiment i 
performed with an eye which has been previously expose: 
to tungsten light, the wave-form is different from ths 
already described®? (Fig. 2B). The positive e.r.p. » 
preceded by a negative deflexion. It is the latter whic 
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Fig. 1. Er.p.s of albino rats. Light shielded corneal wick electrode. 
Reference electrodein scalp. Pupil dilated Stimulus, 50 J, 800 usec, 
xenon flash delivered by fibre optic bundle 1 cm in diam placed 1 mm 
from cornea, ensuring total uniform retinal illumination. Effective 
stimulus intensity, 28 quanta absorbed/rhodopsin mol/flash. Animal 
killed by overdose of urethane immediately prior to experiment. Calib- 
ration bars, 100 nV, 2 msec. Stimulus delayed from start of trace. 80- 
sec interval between flashes. Ordinal number of flash indicated on left. 
E.r.ps produced by sixteenth and thirty-first flash nearly equal in 
amplitude. Exposure to tungsten light, through same bundle, of 
intensity calculated to bleach total rhodopsin tn about 6 min if no 
regeneration occurs. Subsequent to this exposure, the first test flash 
evokes 2 small e.r.p., buf subsequent flashes evoke larger responses. The 
experiment can be repeated. Note rapid downward excursion of the 
trace after tungsten exposure. The initial positive potential is not 
visible, since the experiment was carried out near body temperature 
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Fig. 2 B.r ps obtained after exposure to 5 min tungsten light. A, At 
body temperature, showing increasıng responses to successive flashes. 
Note rapıd negative deflexion. B, Responses obtained when excised eye 
placed on block ofice cooled by methanol-carbon-dioxide mixture. ‘The 
eye was placed so that it did not become opaque (frozen). The later 
negative potential seen in 2A has disappeared. The first flash evokes a 
negative wave, previously undescribed, which is as rapid as the initial 
positive phase In subsequent flashes, the negative potential decreases, 
while the positive potential grows. aa 2 msec, and A, 100 «YF. 
, # 


causes the rapid downward swing at body temperature. 
The negative deflexion can only be seen after intense 
tungsten illumination. It cannot be seen if wave-lengths 
shorter than 460 nm are excluded. After the fourth flash 
it seems to have disappeared from the records. It may 
still be present, but obscured by the positive potential, 
which has grown. In some of our experiments, the positive 
response to the first flash is much smaller than in Fig. 2B, 
and it can then. be seen that the time course of the negative 
response is much the same as that of the positive. It is 
distinct from the extra-retinal potential described by 
Brown’. 


It therefore appears that the photolysis and synthesis ' 


of rhodopsin żin situ are associated with potentials of 
opposite polarity. Both resist anoxia and low temperature, 
and have similar time courses. It is therefore possible 
that they are generated by the same reversible mechanism. 
This would imply that the responses have a closer relation- 
ship to the primary action of light than hitherto sup- 
posed’—either photoconduction in oriented molecules, or 
rotation of molecular dipoles. 
G. B. ARDEN 
Hisako IKEDA 
Department of Neurophysiology, 
Institute of Ophthalmology, 
Judd Street, London, W.C.1. 
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PHARMACOLOGY 


Inhibition of Conjugation by Anti- 
inflammatory Drugs 


IBUFENAC (4-isobutyl-phenylacetic acid) has recently 
been introduced as an anti-inflammatory drug. In animals 
it possesses analgesic, anti-inflammatory and antipyretic 
properties!. Thompson, Stephenson and Percy? found 
raised serum transaminase-levels in 12 of 36 patients 
treated with ibufenac. Five cases of jaundice have now 
been recorded in about 400 patients receiving ibufenac?. 


NATURE 


1101 


Phenylbutazone, ancther anti-inflammatory drug, occa- 
sionally causes jaundice; 12 cases have been recorded}. 
The liver shows cholestatic and cytotoxic lesions‘. Phenyl- 
butazone has been given to patients with cirrhosis of the 
liver for 1-5 months without alteration of liver function 
tests. 

Using in vitro systems, we have examined the effect of 
ibufenac and phenylbutazone on conjugating mechanisms 
in the rat and rabbit liver. Bilirubin conjugation was 
determined in rat liver slices and rabbit liver homogenates 
by the method of Lathe and Walker*. o-Aminophenol 
conjugation was determined in rat liver slices by the 
method of Levvy and Storey’ and in rabbit liver homo- 
genates by the method of Stevenson and Dutton’. 

The addition of ibufenac and phenylbutazone lowered 
the rates of conjugation of bilirubin and o-aminophenol by 
rat liver slices (Table 1). The transferase stage of conju- 
gation was examined in -abbit liver homogenates incubated 
with ample uridine dipkosphate glucuronic acid. [bufenac 
and phenylbutazone reiluced the rates of conjugation of 
bilirubin and o-aminophenol (Table 2). 


Table 1. EFFECT OF ANTI-INFLAMMATORY DRUGS ON CONJUGATION IN RAT 


LIVER SLICES 
Bate of conjugation (ug/g/h) 


Conen. (mM) Ibafenac henylbutazone 
Bilirubin »-Aminophenol Bilirubin o-Aminophenol 
0 54 70 31 7 
0:01 50 62 26 48 
0-1 43 61 21 44 
1:0 50 39 15 48 
10:0 0 0 6 35 


Table 2. EFFECT OF ANTI-IDFLAMMATORY DRUGS ON CONJUGATION IN 
RABBIT LIVER HOMOGENATES 


t 


Rate of conjugation (ug/g/h) 


Concn. (mM) Ibtufenac Phenylbutazone 
Bilirubin e-Aminophenol Bilirubin o-Aminophenol 
0 248 300 190 248 
0:01 248 273 120 252 
0-1 216 182 0 245 
1:0 220 50 0 226 
10-0 0 14 0 194 


Clinical trials of tbufenac have indicated that the drug 
is hepatotoxic; the reported incidence of jaundice is about 
1 in 80 patients. The type of jaundice has not been 
defined, but liver biopsy in one case showed preservation 
of normal architecture with no evidence of bile stasis. 
The jaundice was mild and liver function rapidly returned 
to normal after withdrawal of ibufenac?. Rats given 100- 
250 mg/kg ibufenac crally for 27 weeks showed no 
evidence of liver damage, but doses of 625-1,000 mg/kg 
caused liver cell damage*. Ibufenac inhibits o-aminophenol 
and bilirubin conjugation in in vitro conjugating systems ; 
the circulating concentration of ibufenac after normal 
dosage (2:4 g) is about 0-1 mM, so it is possible that 
glucuronyl transferase can be inhibited at therapeutic 
concentrations. 

Phenylbutazone jaundice may be due to a direct action 
of the drug which is dose-dependent’. Cholestatic jaundice 
rarely results from pherrylbutazone therapy; the jaundice 
has been associated with generalized allergic manifesta- 
tions!*, Therapeutic blood levels in man are 5-15 mg/100 
ml.; this is 0:15-0-5 mM, at which level inhibition of 
conjugation occurs in vitro. 

Tbufenac and phenyliutazone uncouple oxidative phos- 
phorylation!!; 50 per cent inhibition is produced by about 
0:25mM phenylbutazone and 1-0mM ibufenac. Phenylbuta- 
zone inhibits a number of other enzymes, for example 
glutamic acid dehydrogenase! at similar concentrations. 

Ibufenac and phenylbatazone cause jaundice, the former 
with probably greater frequency than the latter. The 
drugs inhibit conjugation at therapeutic concentrations in 
preparations in vitro. 

I thank Prof. Nicholas H. Martin and Dr. J. Hall 
of Boots Pure Drug Co., Ltd., for their advice, Miss 
J. McNichol for technical assistance, ang the British 
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Preferential Release of Adrenaline from the 
Adrenal Medulla by Muscarine and Pilocarpine 


HISTOCHEMICAL examination of the adrenal medulla 
of several species, including the cat, has revealed two 
distinct types of chromaffin cell, one rich in adrenaline 
and the other rich in noradrenaline?; and with appro- 
priate physiological stimuli it is possible to release one or 
the other of these catecholamines more or less selec- 
tively?->, Pharmacological investigations, on the other 
hand, have indicated that two types of ‘acetylcholine 
receptor’ are present in the cat’s adrenal medulla. Atten- 
tion was directed to this by Feldberg, Minz and Tsud- 
zimura®*, who found that both nicotine and pilocarpine 
had pressor effects when injected ‘close-arterially’ into the 
adrenal gland and that the effect of the former was blocked 
by excess nicotine while that of the latter was blocked by 
small doses of atropine. They were further able to demon- 
strate both nicotine-sensitive and atropine-sensitive 
components in the stimulant action of the splanchnic 
nerve on adrenal medullary secretion. Our purpose here 
is to present evidence suggesting that the two sets of 
phenomena are related: that, in the cat at least, pilo- 
carpine and muscarine release adrenaline with little or no 
noradrenaline; while nicotine releases large amounts of 
noradrenaline as well as adrenaline. 

Our experiments have been carried out on cat’s adrenal 
glands acutely denervated and perfused in situ with 
Locke’s solution following the method previously de- 
scribed’. Adrenaline and noradrenaline escaping from the 
adrenal vein were assayed by the fluorometric technique’. 
During the course of perfusion the gland was made to 
discharge catecholamines either by stimulating the 
splanchnic nerve for 20-30 sec with supramaximal shocks 
at 30/sec or by adding to the perfusion fluid various 
cholinomimetic drugs for the same length of time. These 
drugs fell into three groups: (a) acetylcholine (10-5 g/ml.); 
(b) musearine and pilocarpine (1-2 x 10-4 g/ml.); (c) 
nicotine (2 x 10-&10-5 g/ml.). 

Stimulation of the splanchnic nerve or the addition of 
acetylcholine or nicotine to the perfusion fluid caused the 
liberation of large amounts of both adrenaline and 
noradrenaline in each of many tests on different glands: 
the mean percentage of total catecholamines appearing 
as noradrenaline was 61 per cent with splanchnic nerve 
stimulation (24 tests), 58 per cent with ACh (10 tests) 
and 55 per cent with nicotine (7 tests). In contrast, 
pilocarpine and muscarine yielded quite different results: 
in 8 tests with pilocarpine, noradrenaline accounted for 
only 4 per cent of the total amines released and in 7 tests 
with muscarine, only 16 per cent. The contrasting effects 
of nicotine and pilocarpine in a single gland are shown in 
responses (N) and (P) of Fig. 1. Hexamethonium, in doses 
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Fig. 1. Secretion of catecholamines in response to pilocarpine (P), 


10~ g/ml., and to nicotine (N), 2 x 10- g/ml., given durin perfusion 

with Locke’s solution or Locke’s solution with the addition of hexa- 

methonium (C,), 10+ g/ml. or atropine 10- g/ml. Each agonist was 

rmtroduced for 30 see ‘The solid black columns indicate the secretion of 

adrenaline during perfusion with the agonists and the open columns 
indicate the corresponding secretion of noradrenaline 


that strongly inhibited the responses to nicotine, had little 
effect on the responses to pilocarpine or muscarine which, 
however, were readily blocked by atropine (Fig. 1) 
Feldberg, Minz and Tsudzimura‘ noted in their experiments 
that large doses of nicotine failed to block completely the 
pressor effects of stimulating the splanchnic nerve, but 
that the residual response was reduced by atropine. 
We have obtained essentially similar results with hexa- 
methonium, and have been able to show that the residual 
secretion persisting in the presence of large doses of 
hexamethonium (and blocked by atropine) is largely made 
up of adrenaline. 

Hrom the evidence provided by these various agonists 
and antagonists, it seems clear that there are two sets of 
acetylcholine receptors in the cat’s adrenal medulla 
and that these are related to the preferential release of the 
two catecholamine hormones: the receptors activated by 
pilocarpine and muscarine appear to be associated princi- 
pally with the release of adrenaline, while those activated 
by nicotine are involved in the release of both adrenaline 
and noradrenaline. A simple interpretation of the effect 
of muscarine and pilocarpine would be that the receptors 
they- activate are mainly on cells containing only adren- 
aline; while the fact that nicotine releases adrenaline and 
noradrenaline would suggest either that ‘nicotine recep- 
tors’ are present on both adrenaline and noradrenaline- 
containing cells or, alternatively, that nicotine is capable 
of activating the same receptors that respond to muscarine. 

It is remarkable that so little attention has been paid 
to the presence in the adrenal medulla of receptors re- 
sponding to muscarine and related drugs to which the 
work of Feldberg et al.6 so clearly pointed. Time and 
again cholinomimetic substances have been screened for 
adrenal medullary stimulating activity in animals given 
atropine. Obviously adrenal medullary stimulants of the 
muscarine type are missed in such tests. Confusion has 
arisen from the common pharmacological practice oj 
equating ‘nicotinic sites’ of drug action (in the gross 
anatomical sense) with ‘nicotine receptors’ at the cellula» 
level. The adrenal medulla, where nicotine is certainly ar 
outstandingly effective agent, numbers among the familiar 
‘nicotinic sites’, and there has been a tendency to assume 
an absence of muscarine receptors there. This assumptior 
is certainly unfounded in the cat where muscarine recep. 
tors appear to be intimately related to the secretion o 
adrenaline. Feldberg et al.* report that they performed only 
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a few experiments with muscarine, and that, because of 
its depressant effects on heart and general circulation, it 
was difficult to be certain of its action on the adrenal 
medulla. Nevertheless they state that they did record, in 
several instances, an undoubted, though weak, pressor 
effect abolished by atropine. They do not mention the 
doses they employed. In our own experiments where we 
have used d-l-muscarine iodine we have found that mus- 
sarine 1s capable of evoking very strong secretory re- 
sponses ; for example, in each of four tests a brief exposure 
(20 sec) to muscarine in a concentration of 10-4 g/ml. 
raised catecholamine output during this period from 
resting values under 0:05 yg to more than 9 g/min. 

The fact that atropine is a highly effective blocker of 
the muscarine receptors may prove to be of considerable 
heuristic value in the physiological analysis of their func- 
tion in the body’s economy. It will, of course, be necessary 
to examine other species to determine the general signifi- 
sance of the muscarine receptors and their relation to the 
preferential release of adrenaline. 

It is pertinent that receptors activated by muscarine- 
ake drugs and blocked by low doses of atropine also occur 
n sympathetic ganglion cells? which are developmental 
20mologues of the medullary chromaffin cells. The sym- 
Jathetic ganglia have also been most commonly con- 
sidered as ‘nicotinic sites’. In the ganglia, however, the 
‘unctional distinction between muscarine and nicotine 
‘eceptors is not so evident as it is in the adrenal. 
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HAEMATOLOGY 


Quantitative Determination of Haemoglobin 
A, by Acrylamide-gel Electrophoresis 


A PROBLEM of great interest to the clinician is the 
liagnosis of thalassasmia trait. An objective and specific 
est for detection of this disease was first offered by 
<unkel eż al.!}? wha, using starch block electrophoresis, 
ound that in cases of thalassaemia trait the A, haemo- 
lobin was charactsristically elevated. This fraction 
1as been extensively investigated by electrophoresis using 
yaper’, starch block* 5, starch gel®, cellulose acetate’, and 
ierylamide gel® as the supporting media. Both starch 
lock and starch gel electrophoresis are widely used to-day 
or haemoglobin analysis but are difficult to standardize 
ind require a great deal of ‘laboratory technique’. Acryl- 
imide gel ıs superior to starch in that it 1s easier to work 
vith, is more reproducible, is faster and the fractions can 
>o quantitated by direct densitometry®?°. 

The work recorded here was undertaken to compare 
juantitatively starch-block and acrylamide-gel electro- 
»yhorosis and to establish the normal ranges of haemoglobin 
4. as determined by acrylamide gel electrophoresis. 

Blood specimens collected with any standard anti- 
‘coagulant were prepared as described by Pearson and 
McFarland‘. In lieu of ultracentrifugation satisfactory 
lear haemolysates may be obtained by filtering after 
‘outine centrifugation through S and S No. 289 analytical 
ilter pulp. Prior to electrophoresis the haemolysates 
vere diluted 1:1 with the working buffer solution. 


NATURE 


1103 


The working buffer solution was the trzs-borate-EDTA 
buffer described by Peacock!!. Electrophoresis was 
performed using a vertical cylindrical cell (Arden Instru- 
ments, Ine., Rockville, Md., U.S.A.) designed by us?*. 
After electrophoresis for 1 h at 300 V the gel patterns were 
scanned unstained by a recording densitometer equipped 
with a 500-my interference filter!®°. The area below the 
curves is integrated eutomatically and the percentage 
distribution of the frections is calculated in the usual 
manner. 

A. typical separation. of normal and abnormal haemo- 
globins by acrylamide-gel electrophoresis and a composite 
densitometer scan of tke various components is shown in 
Fig. 1. Blood specimens from apparently healthy donors 
were analysed quantitetively by the starch block tech- 
nique of Pearson and McFarland‘. Thirty-six specimens 
with the A, haemoglobin in Pearson’s normal range 
(1-5-3-1 per cent) were then separated on acrylamide gel 
and the fractions quantitated by direct densitometry. 
The mean value of the 4, haemoglobin by this method was 
2:9 per cent; the standard deviation was 1-5 and the normal 
range (mean + S.D.) was 1-4—4:4 per cent. 

Several investigators have reported the normal range of 
the A, haemoglobin consent obtained by various methods. 
Aksoy et al.*, using paper electrophoresis, and Pearson and 
McFarland‘, using the starch-block technique, reported 
the normal range to be 2:6-3-5 per cent and 1-5-3-1 per 
cent respectively. Goldberg and Ross‘, using starch-gel 
electrophoresis, found the normal range to be 2-4—4-5 per 
cent. Rozman et al.” obtained a normal range of 2:4-4:1 
per cent for A, using cellulose acetate electrophoresis. 
Nakamichi and Raymond’, using acrylamide-gel electro- 
phoresis, found the normal range to be 0-5-5-0 per cent. 
In work recorded here the normal range was 1-4-4-4 
per cent. From an analysis of the foregoing it is apparent 
that the upper range of the A, haemoglobin determined 
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Fig. 1. Normal and abnormal hasmoglobins separated by acrylamide 
gel electrophoresis with a composite densitometric scan 
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by acrylamide-gel electrophoresis is generally higher than 
that obtained by other methods. 


THOMAS G. FERRIS 
RoBERT E. EASTERLING 
RicHARD E. BUDD 


Rear-Admiral G. W. Calver’s 
Physical Chemistry Research Laboratory, 
National Naval Medical Center, 
Bethesda, Maryland. 


2? Kunkel, H. G., and Wallenius, G , Science, 122, 288 (1955). 


* Kunkel, H G., Ceppellini, R., Muller-Eberhard, U., and Wolf, J, J. Clan. 
Invest., 36, 1615 (1957). f 


3 Aksoy, M., Lehmann, H., and Eng, L , Lancet, i, 762 (1957). 


k PEO H., and McFarland, W., U.S. Armed Forces Med. J., 10, 693 


5 Wolff, J. A., Blood, 18, 807 (1961). 
£ Goldberg, ©. A. J., and Ross, A. C , Chn. Chem., 6, 254 (1960). 


Romasy R. 8., Sacks, R P, and Kates, R, J. Lab. Clin. Med., 62, 692 


§ Nakamichi, M , and Raymond, S., Chr. Chem , 9, 135 (1963). 
? Ferris, T. G., Easterling, R. E., and Budd, R. E , Blood, 19, 479 (1962). 


sid seit G., Easterling, R. B., and Budd, R. E., Anal. Chem., 36, 955 


11 Peacock, A C., Bunting, S. L , and Queen, K. G., Scrence, 147, 1451 (1965) 
12 Ferris, T G., Easterling, R. E , and Budd, R. E. (unpublished work). 


IMMUNOLOGY 


Time-course Studies on Antibody Response 
in Thymectomized and Sham-thymectomized 
Mice 

THE observation that neonatal thymectomy is asso- 
ciated with immunological defects!~+ has stimulated new 
interest in the thymus as an organ important in tho 
production of immunity. Antibody response and reaction 
to homologous skin grafts are the usual criteria of the 
Immune capacity of the animal. Whether or not any 
particular, completely thymectomized animal shows 
immunological defects depends on the species and strain. 
of the animal and the age of the animal when thymectom- 
ized. More recently5-’ thymectomized animals of the same 
strain have been shown to have decreased responsiveness 
to some antigens and not to others. In all these investi- 
gations, one or two time-intervals between injection of 
antigen and sampling for antibody activity were chosen. 
This communication deals with the haemolysin response 
to sheep red, blood cells at various times after immuniza- 
tion. A delay in antibody formation in the thymectomized 
mice is demonstrated, and the danger inherent in the use 
of a single time interval between injection and serum 
collection is pointed out. 

Swiss albimo mice, inbred in this laboratory for 25 
generations, were thymectomized or sham-thymectomized 
within 24 h of birth according to the method of Muller®®, 
Only the occasional mouse showed signs of wasting and 
only normal-appearing mice without abscesses were used 
in this investigation. Sheep red blood cells in Alsevers 
solution (Baltzmore Biological Laboratory—BBL) were 
washed four times in Krebs-Ringer phosphate (KRP) 
solution at pH 7:4. At 6 weeks of age, each mouse 
received by intraperitoneal injection 0-1 ml. of a 10 per 
cent suspension of red blood cells for immunization. 
Blood was obtained from cut tails. Serum was inactivated, 
then serially diluted in ‘Microtiter’ plates (Cooke Engin- 
eering Co., Arlington, Va., U.S.A.)?° and guinea-pig com- 
plement (BBL) added. The plates were mcubated at 
37° C for 30 min; sheep red blood cells were added and 
incubated for 2 h at 37° C. The plates were then stored 
for about 20h at 30° C. A dilution giving approximately 
half haemolysis was considered positive. All the titres 
are expressed as the negative logarithm to the base 2 of 
the dilution. 

Fig. 1 shows the haemolysin response during the first 
20 days following immunization with the sheep red blood 
cells. Sham-thymectomized animals displayed a two- 
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peaked response with the first peak occurring at 4 days, 
and the second peak occurring at 12-14 days. Thymec- 
tomized animals had a single-peaked response. The peak 
of this response occurred at 10 days and the titre reached 
one-sixth to one-eighth that of the sham-operated animal 
at 4 days. In the thymectomized animal there was no 
detectable haemolysin activity on or before 6 days. 

By ultracentrifugation in a 10-40 per cent linear 
sucrose gradient in KRP solution the 19S and 7S classes 
of antibody could be separated!'. The first peak in the 
sham-thymectomized animal’s response was found to be 
of the 19S class, and the second of the 7S class. In the 
thymectomized animals the antibody was of the 19S class 
at the peak, the 7S antibody uppearing later. 

It seems unlikely that the delayed response in thymec- 
tomized animals can be related directly to the lack of 
competent cells, since this lack, without any complicating 
compensating mechanisms, should lead to a decrease in 
the strength of response without alteration of the time 
relationships of the response. To produce a delay, com- 
petent cells stimulated by the sheep red blood cells must 
reach the stage of producing antibody at a later time 
On the other hand, the decreased haemolysin titres 
observed in thymectomized mice can best be explained 
on the basis of a lack of competent cells or on a more 
rapid removal of circulating antibody®. 

Keeping in mind the various responses to different 
antigens observed using a single time interval after 
immunization, it is worth looking at some arbitrary times 
in the present haemolysin response. If 6 days had been 
chosen, no haemolysin response in the thymectomized 
animals and a considerable response in the sham- 
thymectomized animals would have been observed. If 9 
days had been chosen, no difference in the total haemo- 
lysin response between thymectomized and sham- 
thymectomized animals would have been detected. If 
later arbitrary times had been chosen, a decreased haemo- 
lysin response would have been observed in the thymec- 
tomized mice. Therefore, as a distinct possibility, the 
varying response in the same strain to different antigens 
observed by others could be explained at least in part on 
the time chosen for the antibody testing, or, if the time 
chosen for investigating the various antigens was kept 
constant ®, on the time-course of the antibody response to 
that particular antigen. Using similar reasoning, the 
differing effects of thymectomy on primary and secondary 
response!” could be due to the fact that the antibody 
activity of the thymectomized animals may have been 
sampled near the peak times for one response but not for 
the other. One of the more prominent sources of variation 
in the effect of neonatal thymectomy on antibody response 
is strain differences. While it seems unlikely that the 
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Negative log, of the haemolysin titre 





2 4 6 8 10 12 14 16 18 20 


Days after immunization 


Fig. 1. The negative logarithm to the base 2 of the average haemolysin 

titre at various times after immunization ıs shown for both thymectomized 

(A) and sham-thymectomized (A) animals. Each point represents at 
least 6 serum haemolysin determinations 
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legree of responsiveness observed in various strains would 
ve altered to any great extent by using different time 
ntervals between injection of the antigen and collection 
Xf the antibody-containing sera, the possibility should 
10t be eliminated without investigation. 
Thymectomized animals of a strain that has not shown 
an antibody response at a particular time may not 
respond at any time, or may have an antibody response 
xt some later time. It may be important to distinguish 
between these possibilities when looking at the mode of 
action of an agent which protects a thymectomized animal 
against the usual immunological defects characteristic of 
that strain. Is the agent allowing the development of an 
immune response normally absent in the thymectomized 
animals, or is it merely shifting the response present in 
the thymectomized animals so that the response can now 
be detected at the particular time interval chosen? To 
answer this and related questions, one must determine 
antibody responses at various times after immunization. 
I thank Prof. J. A. McCarter for his advice. 
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Inactivation of T-2 Bacteriophage by Sensitized 
Leucocytes in vitro 


ALTHOUGH in vitro investigations of the primary! and 
secondary”? phases of the immune response have been 
reported, few investigators have used blood as a source of 
immunologically competent cells‘-*. The use of blood 
instead of lymphoid organs as a source of cells enables the 
investigator to obtain multiple samples of a homogeneous 
cell population. This communication reports a preliminary 
approach to an immunological investigative system con- 
sisting of sensitized rabbit blood leucocytes and 7-2 
bacteriophage, a particulate antigen that can be assayed 
by a procedure which is relatively simple, sensitive and 
quantitative. 

T-2 bacteriophage is assayed by the soft agar method 
described by M. H. Adams’. E. coli (strain B 295) is used 
to prepare bacteriophage stock and serves as the susceptible 
bacterium in the plaque assay. This organism is main- 
tained on agar slants (stock) and in ‘L. C.’ broth®. The 
assay is carried out by overlaying ‘L. C.’ agar with 3-5 ml. 
of soft agar (0-5 per cent agar in water) in which a 0-1-ml. 
sample of T-2 phage has been mixed with 0-1 ml. of E. colt. 
The bacteria, prepared daily from an overnight culture, 
are held in early log phase (O.D. 60-90 Klett-Summerson. 
units, red filter) by maintenance at room temperature. 
Phage dilutions, producing 20-40 plaques per dish, are 
plated in triplicate and the results are averaged. 
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T-2 bacteriophage is prepared according to a modified 
method described by M. H. Adams’. Phage at a total 
concentration of 5 x 1)’ P.F.U. (plaque forming units) is 
added to 20 ml. of E. coli in log phase, and the mixture 
incubated for 6 h. The cells are lysed by adding 0-5 ml. 
chloroform. Bacterial debris is cleared by centrifugation at 
3,000g for 30 min. The virus is pelletted by centrifugation 
at 27,000g for 2h. The phage is resuspended in medium 
56 (ref. 9). This yields a titre of about 1 x 10" P.F.U. 
per ml. 

Larger amounts of phage are prepared by proportion- 
ately increasing the volame of reagents added. To avoid 
the time-consuming high-speed centrifugation, phage is 
precipitated by adjusting the pH of the supernatant of 
the low-speed centrifugstion to pH 4-2 with concentrated 
HCl. The virus is then pelletted by centrifugation at 
9,750g for 15 min. It ie resuspended as outlined above. 

Two intraperitoneal injections of 5 x 10° P.F.u. of 
phage were given to male New Zealand rabbits twice a 
week for three weeks. Ten days later they were given 
1 x 1021 ¥.F.U. of phage subcutaneously, and this dose was 
repeated twice at six-day intervals. The first blood sample 


was drawn two weeks after the last injection; the last 
sample was drawn a manth later. 
Blood was obtained by cardiac puncture. Heparin 


(Mann Research Labs.) was used to prevent coagulation 
(4 x 10-? mg/ml. of blond). The blood was mixed with a 
3°5 per cent gelatine solution (Fisher USP) in a 3:1 
ratio (15 ml. of blood to 5 ml. of gelatin) and allowed to 
stand for about 20 min at 37° C (ref. 10). The supernate 
containing the leucocyses was removed and diluted to 
70 per cent with CM (culture medium; Eagle’s medium 
with 10 per cent foetal bovine serum)". The cells were 
centrifuged into a loose button at 1,000 r.p.m. for 6-5 min 
in a clinical centrifuge. The contaminating red cells were 
removed by resuspendirg the cells in 0-85 per cent NH,Cl 
for 5 min!2. The leucocytes were then washed three times 
in CM. 

The leucocytes -were counted by a Coulter ‘Model B’ 
counter using a 50-u pare, coupled to a size distribution 
write-out!®. A dye exclusion test using Erythrosin B 
demonstrated a 98 per cent viability’. 

Suspensions of leucocytes and phage in 4 or 5 ml. of 
CM were incubated at 37° C in 1 oz. stoppered prescription 
bottles filled with 5 per cent CO, in air. The degree of 
neutralization was determined by assaying the P.F.U. in 
the medium after centricuging the cells out of suspension. 

The results of several experiments employing varying 
phage and leucocyte corcentrations are shown in Table 1. 
The rapid and steady Cecline in the number of P.F.U. is 
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Fig. 1. P.F.U./ml. present ir culture after incubation with sensitized 


leucocytes (experiment 3 
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Table 1. NUMBER OF INFECTIVE PHAGE PARTICLES REMAINING AFTER INCUBATION WITH SENSITIZED LEUCOCYTES 


—— 






Cell P.F.U. 
Experiment | Animal | concentration/ml. | .added/ml. 
1 F 35x10° 5,000 
2 H 20x108 1,500 
3 I 2-5 x 10° 2,500 
4 J 2-0 x 10° 3,700 








Days 
3 4 5 6 
700 230 200 220 
n.a n.a. na na 
160 30 na n.a. 





na. | 470* 120 - 420 





na.—not assay i 
* Additional at haat added to increase the antigen titre 


Table 2, NUMBER OF INFECTIVE PHAGE PARTIOLES REMAINING AFTER INCUBATION WITH NORMAL (UNSENSITIZED) LEUCOCYTES OR WITH NO CELLS PRESENT 
















; Cell P.F U. 
Experiment Animal concentration/ml added/ml. 
o 3 62 x 10° 2,200 
no cells 2,500 
L 1-96 x 105 2,250 
no cells 1,850 








graphically demonstrated in Fig. 1, which is a plot of 
experiment 3. The discrepancy between the number of 
P.F.U. added and the number present on day 0 is due to 
the neutralization of T-2 phage by residual immune serum 
and a slight shift in plating characteristics when the virus 
is suspended in CM. 

When similar cultures of phage and leucocytes from an 
unsensitized animal were prepared and assayed (expt. 5), 
the number of P.¥.u. did not decline steadily. Comparable 
results were observed when phage was incubated alone 
in CM (expt. 6; Table 2). The results of these experiments 
are plotted in Fig. 2 for comparison with Fig. 


3,000 


2,000 


P.F.U./ml. 


1,000 


500 





Days 


Fig. 2. P.F U./ml. present in culture after incubation with unsensitized 
leucocytes or no cells present (experiments 5 and 6). @, Normal 
leucocytes; O, tissue culture media 


The titre of the control cultures (phage incubated with 
unsensitized leucocytes or no leucocytes) did not remain 
constant. A kinetic study of this problem has been carried 
out in another laboratory and it appears that the original 
virus sample contained two populations of T-2 phage, 
one of which has a, tendency to aggregate and dissociate}. 
This factor was not of critical importance in the present 
investigation, in which only the steady decline in P.¥.U. 
was investigated. 

Immunofluorescent studies have suggested that anti- 
body production in vitro is most active on the third or 
fourth day of incubation‘ 1!*, Plaque assay analysis? 
and localized haemolysis techniques? have detected specific 


antibody formation after 24-h incubation, the latter 
method demonstrating peak synthesis on the fourth day. 
Our work confirms antibody production early in the 
incubation period, but suggests that somewhat different 
kinetics are involved. Whether the specific inactivation 
of phage in our system is due to antibody synthesis in 
viiro, release of preformed antibody, and/or phagocytosis 
is a subject for continued research. 

This work was supported by U.S. Public Health Service 
grants 1 SOL FR 05358, GM-10789 and GM-9966. The 
bacteria and virus were obtained from Dr. Ruth Beloff, 
Department of Microbiology, Yale University. We thank 
Dr. Beloff for her suggestions and instructions in the use 
of plaque techniques. 
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Electrophoretic Mobility of an Immune 
Globulin from Rainbow Trout Serum 


> CONSIDERABLE interest has been focused recently on the 
comparative aspects of the immune response in verte- 
brates. A sound knowledge of the development of the 
immune response at various phylogenetic stages in existing 
vertebrates may clarify the evolution of the various aspects 
of vertebrate immunity through its highest development 
in mammals and birds, and provide a better understanding 
of the mechanisms involved. This communication reports 
findings concerning the immunoelectrophoretic mobility 
of an immunologically active fraction of serum from a 
teleost fish, rainbow trout (Salmo gairdneri). 
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Rainbow trout were immunized by injecting washed 
abbit erythrocyte suspensions intracoelomically into a 
umber of fish maintained at a constant water temperature 
if 15° C. The antisera of highest titre from two of these 
ish were selected for preparing anti-trout immune globulin 
era. Both of these trout anti-rabbit erythrocyte sera 
vere obtained from bleedings made more than 2 months 
fter initial stimulation. The anti-trout immune globulin 
era were prepared by injecting three rabbits intraperi- 
oneally three times a week for 2 weeks with saline 
uspensions of rabbit erythrocytes coated with trout 
dobulin. The rabbit erythrocytes were sensitized by 
ncubation in 1:10 saline dilutions of the trout anti-rabbit 
rythrocyte sera followed by three washings in 10 volumes 
f 1 per cent saline solution. One-ml. aliquots of freshly 
wepared 25 per cent suspensions of sensitized rabbit 
rythrocytes in saline were used as inocula. 

Two other antisera were used in this study. One, a 
abbit anti-human serum reagent furnished by Dr. R. S. 
Neiser, was used to compare electrophoretic migrations 
f rainbow trout and human serum components. The 
ther, prepared in rabbits from injections of sockeye sal- 
non (Oncorhynchus nerka) red cell haemolysate prepara- 
ions, was used for comparison of electrophoretic mobilities 
ind immunological specificities with salmon globulins 
weviously studied by immunoelectrophoresis'. 

The anti-trout immune globulin reagents were initially 
ereened by the double-diffusion precipitation technique 
f Ouchterlony as modified by Ridgway et al.2 and were 
‘ound to contain precipitins. That these were immune and 
iot normal precipitins was confirmed by similar tests 
omparing pre-immunization sera with post-immunization 
era, Immunoelectrophoretic tests were made as described 
»y Krauel and Ridgway’. 

Fig. 1 represents an immunoelectrophoretic slide com- 
aring components in normal rainbow trout serum detected 
xy the anti-trout immune globulin and anti-sockeye 
almon haemolysate reagents with components of human 
erum detected with antihuman serum. When antisera 
rom the other two rabbits were tested against normal 
rout serum, results were obtained comparable with those 
of the anti-trout immune globulin reagent used in Fig. 1. 
These ares are asymmetrical, indicating that trout immune 
rlobulin is heterogeneous with respect to electrophoretic 
nobility and possibly to molecular size, The anti- 
aaemolysate reagent detected two components in rainbow 
wout serum of distinct electrophoretic mobilities, the 
‘aster component having the same mobility as the com- 
sonent detected by the anti-trout immune globulin 
‘eagent. It is of interest to observe in the latter case that, 
while the mobilities are identical, the two components are 
10t immunologically cross-reactive. Using the human 
serum-—anti-human serum lines as a standard, the two 
‘faster components of the rainbow trout serum migrate as 
veta globulins while the slower component detected by 
che anti-haemolysate reagent has the mobility of a fast 
ramma or slow beta globulin. 
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Fig. 1. Immunoelectrophoretic mobilities of globulin components of 
normal rainbow trout serum compared with components of human serum, 
A, Rabbit anti-sockeye salmon red cell haemolysate antiserum; 3, 
normal rainbow trout serum: C, rabbit anti-trout immune globulin 
antiserum: D, human serum; £, rabbit anti-human serum antiserum 
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Neither the beta nor the gamma globulin components 
of the rainbow trout serum which were detected by the 
anti-haemolysate reagent have been associated with 
immunological activity. These components have not been 
found in all sockeye selmon sera', while the component 
detected by the anti-trout immune globulin reagent has 
been present in sera of all trout or salmon tested. 

Fairley and Harris* incubated rabbit erythrocytes in 
human sera containing normal agglutinins for rabbit red 
cells. They subsequent-y found that these sensitized red 
cells were agglutinated ky antisera against complement as 
well as by antisera against human antibody. In our studies 
with anti-trout immune globulin sera, the possibility 
cannot be excluded tha- the precipitin arc may represent 
trout complement—rabbit antibody precipitation as well as 
trout antibody-rabbit aatibody precipitation. 

No immunologically active globulin with true gamma 2 
mobility was detected by this procedure. This accords 
with the finding of little or no gamma 2 globulin reported 
by Deutsch and MeShan*t and Engle et al.* for several 
species of teleosts; by “lem and Sigel* for the margate 
(Haemulon albium); anë by Post?, who partially purified 
rainbow trout anti-bacterial antibody and studied its 
mobility by paper electrophoresis. However, Uhr et al." 
have reported significart levels of gamma 2 globulin in 
anti-phage sera from the goldfish (Carasius auratus) 2-4 
weeks after immunization, and much increased levels of 
gamma 2 globulin two months after immunization. Also, 
Papermaster et al.* found ‘multiple gamma bands’ by 
starch-gel electrophoresis and immunoelectrophoresis in 
the teleosts they studied. The variations in globulin 
mobilities reported suggest that either the various experi- 
mental approaches result in different responses, or that 
different species of teleost fish cannot be considered to be 
identical with respect to the molecular species of globulins 
with antibody activity. 

This study was supported in part by U.S. Public Health 
Service grant CRT 5940 from the National Cancer 
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Lactic Dehydrogenase Isoenzymes in Muscle from 
Patients with Duchenne Muscular Dystrophy 


Tue enzyme lactic dehydrogenase (LDH) can be 
separated into five different isoenzymes, each composed 
of a tetramere of one or both of two distinet poly- 
peptides':*. Isoenzymes 1 and 5 are composed solely of 
one of these two polypeptides, and isoenzymes 2, 3 and 4 
consist of combinations of the two polypeptides. The 
proportions of the five isoenzymes vary from tissue to 
tissue, during development and with certain other environ- 
mental factors**. In skeletal muscle one such factor is the 
amount of muscle activity*. 

Several reports®-* have indicated that the proportion of 
LDH 5 in muscle from patients with Duchenne’s dystrophy 
was significantly reduced. Two of these afithors*®:? were 
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unable to detect any LDH 5 activity. These findings 
suggested a plausible biochemical cause for Duchenne’s 
dystrophy, namely the incorrect construction of the poly- 
peptide that solely constitutes LDH 5. The other poly- 
peptide of LDH being normal would allow for some 
activity in the remaining four tetrameres, assuming that 
the inactive polypeptide could remain structurally com- 
petent to bind the functional polypeptide. Furthermore, 
the fact that LDH 5 functions under anaerobic conditions 
more effectively than LDH 1 might contribute a physio- 
logical explanation for muscle weakness or premature 
degeneration in a fibre lacking the sub-units of LDH 5. 
Therefore, it seemed important to investigate in further 
detail LDH activity from muscle biopsies obtained from 
dystrophic patients. Besides starch electrophoretic 
separation of the LDH isoenzymes from biopsy and tissue 
culture the results of pyruvic inhibition and histochemical 
determinations of LDH are reported briefly in this 
communication. 

The three subjects of the investigation were boys with 
the onset of progressive muscular weakness at approxim- 
ately five years of age. Although none had other affected 
family members, all had pseudohypertrophy of muscles 
and the typical biopsy and serum findings associated with 
Duchenne’s dystrophy. Patients 1 and 2 were eight years 
of age and were only mildly affected. Patient 3 was 
fourteen years old and confined to a wheel-chair. Investi- 
gations were carried out on biopsies from deltoid muscle. 

The fresh muscle was homogenized in 0-2 tris buffer 
(pH 8-3) and the supernatant LDH activity was measured 
by the method of Bergmeyer et al., The isoenzymes 
were separated by starch-gel electrophoresis (5 V/em)"! and 
stained for LDH activity'*. The total activity added to 
the slots was made equal through appropriate dilution of 
the supernatants. Cells derived from tissue culture of the 
biopsy were washed and homogenized before addition to 
the starch-gel slots. The frozen tissue was sectioned at 
5u and 8u thicknesses and stained, together with approp- 
riate controls, for LDH activity by the method of Thomas 
and Pearse". 

Although LDH 5 was clearly present in all three (Fig. 1), 
the first two patients showed some decrease in its relative 
proportion. The third showed no decrease. The isoenzyme 
patterns obtained from the cells tissue-cultured from the 
muscles predominantly showed LDH 5, as did the controls. 
An unexpected observation was that in patient 3 a neuro- 
genic type of atrophy was found in the deltoid region, 
although the previous muscle biopsy from the calf was 
compatible with progressive muscular dystrophy. The 
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Gmo ama 





patient 2 


Fig. 1. LDH isoenzyme patterns from homogenates of muscle from 

thres rte apa patients. The control for patient 1 was from a normal 

brother, while controls for patients 2 and 3 were obtained from autopsy 
material, O signifies the origin and the anode is at the top 
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Table 1. ENZYME ACTIVITIES IN SERUM AND MUSCLE 
Serum units/ml, Muscle LDH 

Units* Per cent 
Creatine- per g activi 
LDH* phospho- 20x10" M 10° 

kinase * pyruvate pyruvate 
Patient 1 420 <18 78,000 76 
Patient's mother 125 0-0 221,000 — 
Patient 2 — 404 26,000 85 
Patient's brother — T6 — = 
18-yr.-old male -— — 127,000 102 
Patient 3 24) 77 72,800 97 
Patient's mother 18S 17 — — 
Heart musele — — 200,800 As 


* Wroblewski unite. 


total LDH activity in the muscle from the dystrophic boy 
was less than the control (Table 1). The percentage o 
LDH activity measured using 10-* M pyruvate was re 
duced but not to the extent of heart muscle, which con 
tained practically no LDH 5 (Table 1). The histochemica 
stains for LDH revealed no differences in amount o 
intracellular location of precipitate. 

The isoenzyme patterns showing LDH 5 in these three 
particular patients presumably affected by the clinica 
syndrome of Duchenne’s dystrophy differ from those 
reported by Emery, who found no LDH 5. In view o 
Zondag’s work", which shows that LDH 5 is more labile 
when frozen, it is possible that Emery in storing his 
samples at — 15° C destroyed LDH 5. In confirmation o 
Zondag’s findings, loss of LDH 5 activity was found afte 
freezing homogenates obtained from both normal anc 
dystrophic muscle; however, partial preservation was 
accomplished by adding nicotinamide adenine dinucleo 
tide. The present observations tend to suggest that the 
small reduction in LDH 5 isoenzyme is secondary tc 
physiological changes in the muscle rather than a primary 
biochemical change in progressive muscular dystrophy. 

This work was supported by grants HD00449 and 
HD00836 from the U.S. Public Health Service and in 
part through the Clinical Research Facility of the Uni. 
versity of Washington supported by the National Insti. 
tutes of Health (FR 37). We thank Drs. Stanley 
Gartler and Elizabeth Smith for carrying out the tissue 
cultures and the creatine phosphokinase determinations 
respectively. 
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A Reduced Oxygen Enhancement Ratio for 
X-ray Survival of HeLa Cells in vitro, after 
Treatment with ‘Methotrexate’ 

THE importance of anoxic cells within human tumours 
as & potential cause of failure when these tumours are 
treated by X- or y-ray therapy has been realized for 
more than ten years'*, Clinical attempts have been made 
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> render all tumour cells well-oxygenated by irradiating 
atients while they are breathing pure oxygen under 
1creased pressure in a tank, and radiations of higher 
nization density such as some fast neutrons, which are 
alatively independent in their effects of the presence or 
sence of oxygen, have passed the stage of preliminary 
rials?}4, A similar clinical result, however, might be 
btained by using a chemical modifier of radiation effects 
rhich produced greater potentiation of X-ray cell-killing 
nder anoxic conditions than under well-oxygenated 
onditions®. 

As part of a continuing investigation of the mechanism 
f cellular recovery from X-ray damage‘, the reproductive 
urvival of HeLa S-3px¢. cells was determined by clonal 
rowth after single and fractionated X-irradiations 
lelivered under oxygenated or anoxic conditions. Growth 
aedia and criteria for reproductive survival were as 
‘rreviously described’; all irradiations were carried out 
8-24 h after the cells were plated in Falcon TC Petri 
lishes so that they were well attached to the plastic 
urface at the time of irradiation. Oxygenated conditions 
re defined as a humidified mixture of 5 per cent carbon 
lioxide in air flowing over the medium at the time of 
cradiation; anoxic conditions were produced by gassing 
he Petri dishes in a brass pressure tank for 6 h with 
1umidified 5 per cent carbon dioxides in white spot purity 
\itrogen (British Oxygen Co., Ltd.) at a flow rate of 
.50 ml./min. The oxygen contamination of the effluent 
fas was measured by a Hersch cell and was less than 
I5 parts per million. (These measurements were kindly 
verformed by Dr. E. J. Hall and Mr. J. 8. Bedford.) 
tradiation with 250 kVp X-rays (half-value layer = 
|-3 mm copper) was by a simultaneous, parallel-opposed 
ield technique (focal-‘skin’ distance = 50 cm) at a dose- 
ate of 43 rad/min measured under aerated conditions 
xy a ferrous sulphate dosimeter inside the brass pressure 
ank. In additional experiments with and without 
Methotrexate’, cells were irradiated under oxygenated 
‘onditions with 90 kVp X-rays (half-value layer = 
l-1 mm aluminium) at a dose-rate of 169 rad/min. This 
atter technique produced dose-response curves which 
vere indistinguishable from those produced by irradiating 
‘he cells under oxygenated conditions inside the brass 
yressure tank with 250 kVp X-rays. 

‘Methotrexate’ (4-amino-10-methylpteroylglutamic acid, 
uederle) was added to the growth medium at the time of 
lating, removed 24 h later by aspiration, and replaced 
vith identical medium without the drug, after washing the 
lates once with complete growth medium without serum. 
[his treatment sensitized the cells to X-irradiation even 
wt concentrations of the drug which did not themselves 
xroduce any cell-killing, as is shown in Fig. 1. Higher 
soncentrations of ‘Methotrexate’ present in the medium 
or only 24 h killed a proportion of the cells outright, 
ilthough the growth medium contained folic acid in a 
soncentration of 0-01 ug/ml. Those cells not synthesizing 
DNA during the 24-h period while the ‘Methotrexate’ 
vas present in the medium escaped its effect regardless 
f the concentration of the drug in the medium (Fig. 2); 
ihis is similar to earlier observations of effects of the anti- 
netabolite 5-fluorouracil on survival of HeLa cells 
n vitro’. 

At a drug concentration of 0-3 ug/ml./24 h, the X-ray 
lose-response curve for ‘Methotrexate’ survivors showed 
, significantly reduced oxygen enhancement ratio (OER), 
s shown in Fig. 3. If this observation is confirmed in 
ther cell lines and in tumours în vivo, it would predict a 
s‘herapeutic ‘gain factor’! of 1:56 over X-irradiation with- 
mut the drug present, for killing anoxic tumour cells. 
öven if a major effect of ‘Methotrexate’ is simply to 
yartially synchronize the cell population by selecting as 
‘urvivors only those cells which have not yet begun DNA 
ynthesis®, the fact that the subsequent survival after 
X-irradiation is less sensitive to the presence or absence 
f oxygen suggests that this drug may be useful in com- 
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bination with radiotherepy. One would expect, however, 
that the total X-ray dose administered, would have to be 
suitably reduced both because the effect of single X-ray 
doses is potentiated by ‘Methotrexate’, and because 
HeLa cells show a markedly decreased ability for recovery 
between fractionated <rradiations in the presence of 
‘Methotrexate’: which would magnify the effects of a 
fractionated course of irradiation as compared with a 
similar course without the drug present when normal 
intracellular recovery could take place. This effect of 
‘Methotrexate’ on recov2ry is likely to explain the recent 
finding of Condit et al.”, that the combination of intra- 
venous admunistration of ‘Methotrexate’ with radiotherapy 
produced unacceptable normal tissue response if pro- 
tracted treatment schedules were used, but no significant 
toxicity if short, intensive radiation courses were given. 

It is hoped that the laboratory finding of a reduced 
oxygen enhancement ratio in the X-ray dose-response of a 
strain of human cells treated previously with “Metho- 
trexate’, combined with the favourable early clinical 
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evaluation of this drug in conjunction with radio- 
therapy’?*1, may lead to larger-scale, systematic and 
controlled clinical evaluation. 

I hold a Helen Hay Whitney fellowship in radiobiology 
in the University of Oxford. This work was begun with 
support from the Damon Runyon Memorial Fund, and 
is continuing with the support of the Medical Research 
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Effects of Dietary Levels of Phosphorus and 
Calcium on the Comparative Behaviour of 
Strontium and Calcium 


Tae body burden of radioactive strontium to be attained 
in the population depends directly, among other factors, 
on the comparative metabolic behaviour of ingested 
strontium and calcium!. Early work demonstrated a 
degree of constancy in the relative behaviour of the two 
elements that made such an approach useful for approxi- 
mate estimates of radiation dosages to be expected from 
given intakes of calcium and radioactive strontium. An 
important practical implication was that if the relative 
behaviour were constant, then the body burden. of radio- 


NATURE 





December 11, 1965 


VoL 208 


active strontium to be developed could be proportiona, 
reduced by dietary supplementation with uncontaminat: 
calcium’. More detailed investigation, however, show» 
that the relative behaviour of these two alkaline eart 
did vary under certain conditions?-*. Therefore the wo 
recorded here was done in growing rats to investiga 
systematically two important variables which were show 
to affect the relative absorption and retention of calciu 
and strontium ; namely, the dietary levels of calcium ar 
phosphorus. 
The terminology is that of the ‘observed ratio’ whe 
sr/Ca of bone 
Sr/Ca of diet 
determined by short-term double tracer investigations 
The details of this procedure have been described pr. 
viously’. The rats were of a highly mbred albino stra? 
and were 8—9 weeks of age at the time of the experiment 
After weaning they were raised on a stock diet containir 
1-2 per cent calcium and 0:8 per cent phosphorus. At tk 
start of the experimental period the animals were place 
on the given experimental diet; 2 days later they receive 
tracer levels of *5Sr and 4°Ca (or 47Ca) incorporated in th 
drinking water for a 2-day period. After the end of th 
radionuclide application the animals were maintained o 
the experimental diet for another 2 days and then kille: 
for tissue analysis. Thus, the rats were on the experiments 
diet for a total of 6 days, receiving the tracer strontiur 
and calcium during the 3rd and 4th days. The skeleton 
were dissected from the soft tissue and ashed at 800° + 
for 18 h. The ashed skeletons were dissolved in warr 
hydrochloric acid and the solution made to volume fo 
the radioactive assays. ` 
The effects of calcium and phosphorus levels on th 
values of ORbonejdiet are presented in Figs. 1A and E 
Various combinations of levels were studied with calciun 
ranging from 0-4 to 2:4 per cent and phosphorus from 0- 
to 2:0 per cent. As shown in Fig. 14, the OR value general]: 


ORbonejäiet = and values of OR we 
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Fig. 14 Effect of dietary calcium on ORbonejdiet values at varying 
dietary levels of phosphorus 


=% 3% Ca 


24% Ca 


04 08 12 16 20 24 28 32 
Per cent phosphorus 


Fig 1B Effects of dietary phosphorus on ORbone {diet values at varying 
dietary levels of calcium 
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Fig. 2B. Effect of dietary phosphorus on OR — per cent calcium at vary- 
ing dietary levels of calcium 


increased with the calcium content of the diet. There 
seemed to be little change in the OR value at 0-7—1:3 per 
cent phosphorus between calcium levels of 0-4-1:0 per 
cent. Roughly, a change from l to 2 per cent calcium 
(2-fold) caused an increase of 1-5-fold in the OF value. 

Fig. 1B shows that the OR value decreased as the phos- 
phorus content of the diet was increased at given levels of 
calerum. In general, when the phosphorus level was 
increased from 0-4 to 1:2 (3-fold) the OR value was de- 
creased by a factor of about 1:5. 

A consideration of some interest is the degree to which 
the body burden of ingested radiostrontium can be 
decreased, by dietary supplementation with uncontam- 
inated calcium?. The prediction of such a reduction is 
reflected not by the value of OR but rather by the value of 
OR =~ per cent calcium. Therefore, the data have been 
so expressed in Figs. 2A and B. In Fig. 2A it is noted that 
as the calcium content increased from 0-6 to 2-4 per cent 
(4-fold) the OR + per cent calcium decreased by a factor 
of about 2:3. The effect of changing the concentration of 
phosphorus 1s shown in Fig. 2B. At calcium levels of 
0-6-1-5 per cent the slopes of the curves were simular 
and as the phosphorus content varied from 0-4 to 1-2 
per cent (3-fold), the OR ~ per cent calcrum decreased by 
a factor of 1-5; at the 2-4 per cent level of calcium the 
effect was smaller giving a comparative factor of decrease 
of about 1:2. 

It was of interest to determine the practical extremes 
at which these effects were demonstrable. Accordingly 
an investigation was carried out using an experimental 
diet containing 3 per cent calcium and 3 per cenit 
phosphorus. The results are shown as single points in 
Figs. 14 to 2B; the OR value was 0-30 and the OR ~ per 
cent calcium was 0-10, which represented a reasonable fit 
with the other data as far as could be determined. 
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Although previous experience had ındicated that short- 
term investigations of his nature do reflect long-term 
behaviour, it is satisfying to note the close agreement 
with data based on a 94-day feeding period recently 
published*; Harrison’s experiments compared diets of 
0-56 and 1-1 per cent Getary calcium at a phosphorus- 
level of 0-66 per cent ard gave values of OR + per cent 
calcium ratios of 0-41 and 0-28, respectively. These com- 
pare with values of 0-40 and 0-25 as taken from Fig. 2A. 
In general the present findings are not in disagreement 
with the hmited number of values and comparisons that 
are to be found in the literature*-*'*. 

It is not the mtention here to discuss the reasons for this 
behaviour. Many factars are undoubtedly operative; in 
particular, any effects on gastrointestinal absorption and 
renal excretion. The work recorded here was done with 
growing animals since this phase is of most interest as 
regards potential harm from deposited radionuclides. 
There is an indicatioc that mature animals respond 
somewhat differently’. Also, since the OR value is 
markedly higher im ths very young than in the older 
individual, the considerations presented here become less 
applicable with increasing age. 

Perhaps the important feature of the investigation is 
the demonstration that, in the growing rat, the OR value 
tends more or less regularly to increase with increasing 
dietary calcium and to decrease with increasing dietary 
phosphorus. The minimum body burden of **Sr would be 
attained if the calcium Isvel of the diet were increased to a 
maximum by use of uncontaminated calcium and 1f, at the 
same time, the phospharus level were also increased to a 
maximum. At levels cf calcium between about 0-4 and 
1:0 per cent and at phosphorus concentrations of 0-7— 
1-3 per cent, the decrease in body burden of Sr would be 
expected to be roughly proportional to the increase of 
dietary calcium. At higher levels of calcium and lower 
levels of phosphorus an increased calcium would lower the 
body burden of Sr to an extent less than proportional. 
The extent to which levels of ®°Sr in the human infant are 
affected by dietary calcium and phosphorus is not clearly 
known. 

This work was supported by the Federal and Republic 
Councils for Scientific Research, Belgrade and Zagreb. 
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Occurrence of Selvinia auriculata Aublet on 
the Congo River 


THE floating water fern Salvinia auriculata Aublet 
has caused considerable anxiety by its rapid spread on 
the newly formed Kariba lake in Rhodesia‘-*. 

The possibility therefore of the plant spreading to other 
man-made lakes is a natter of great concern. 

This danger is of particular importance to West Africa, 
where the Volta lake is already filling, and a large lake is 
due to be formed on the River Niger. Both these river 
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basins at present appear to be free from both S. auriculata 
and the equally important water hyacinth, Eichhornia 
crassipes Solms, 

Therefore the recent discovery (in October 1964) that 
S. auriculata is abundantly present on the Congo river 
in association with the well-established Æ. crassipes 
indicates a significant hazard to other countries. Float- 
ing masses of hyacinth enclosing Salvinia plants are dis- 
charged into the Atlantic where some individuals may 
survive to be accidentally or even deliberately carried 
elsewhere. 

That the presence of S. auriculata on the Congo is 
relatively recent is indicated by botanical collections made 
on the Congo in 1957 by Lebrun! which included specimens 
of S. rotundifolia, a less economically important species, 
while S. auriculata was not observed. 

This collection and two others by Wagemans in 1958, 
also from the Congo, were all identified by Compére® 
as S. rotundifolia. This identification has since been 
confirmed by Jarrett® at Kew. 

The collection of S. auriculata was made by me at, and 
a fow miles above, Leopoldville. Large amounts of the 
plant were observed as small clumps apparently broken 
off from larger mats upstream. The material was in the 
‘tertiary’ or folded leaf form and carrying abundant 
sporocarps. The Salvenia was to be found among the 
numerous clumps of hyacinth stranded on islands in the 
river and along the bank. 

Vigilance by countries within range of the Congo would 
appear to be desirable so that any isolated introductions 
of either S. auriculata or E. crassipes can be readily recog- 
nized and rapidly exterminated. 

That this hazard is real is shown by the recent (possibly 
deliberate) introduction, it is believed from the Congo, of 
E. crassipes to Senegal, where action is being taken by the 
Department of Agriculture at Dakar’? to eradicate the 
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Air lon Effects on the Oxygen Consumption 
of Barley Seedlings 


In previous work we demonstrated that exposure of 
higher plants such as Avena sativa and Hordeum vulgaris 
to (+) or (—) air ions generated in a polluiant-free 
atmosphere produced a statistically significant increase 
in growth under leboratory conditions as well as under 
greenhouse conditions". Since then, our interests have 
been, focused on the biochemical mechanisms involved in 
air-ion-enhanced growth. It was found that (+) or (—) 
air ions materially increase the biosynthesis of cytochrome 
c and other iron-containing enzymes’*+. We have postul- 
ated that the increased concentration of these enzymes 
may be an important metabolic factor in making possible 
the accelerated growth-rate regularly observed in ionized 
airt. If this is so, one would expect to find evidence of 
increased respiratory activity in ion-treated plants. The 
experiments described here were performed to detect 
such an, increase. 

Barley seeds (Hordeum vulgaris var. Musashino’) were 
soaked in-distilled water and aerated for 3-5 days. Germ- 
inated seeds with several roots 1-2 cm long, but without 
an emerging coleoptile, were placed on ‘Cashmiron’ wool 
moistened with distilled water in a plastic Petri dish. 
Each of three dishes containing 30 seeds was placed in a 
plastic ion chamber’. The seeds were exposed in the dark 
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to air-1on densities of 4:5 x 10? (—) ions/em*/sec; 4:0 x 
10? (+) ions/em?/sec or to normal non-ionized air. A’ 
stated intervals 5 seedlings were collected from eac} 
chamber and their oxygen. consumption was measured by 
conventional manometric methods at 30° C (ref. 6) 
repeating each determination three times. Next, the 
seedlings were dried, first in an oven at 60° C, then ove 
calcium chloride in a desiccator, and they were weighed. 

Even as early as 24 h after the start of exposure to ai 
10ns, there was a clear-cut increase in oxygen consumpto 
of the treated seedlings as compared with the control 
(Fig. 1) and the percentage ‘increase at each time-interva 
remained relatively constant throughout the 96-h perio 
of observation. Evidently an increased oxygen consump 
tion is a significant element in the response of highe 
plants to treatment with air ions. This finding is com 
patible with data cited later obtained durmg the cours: 
of experiments on iron chlorosis. 

First, it was observed that the development of iro 
chlorosis in seedlings cultivated in iron-free nutrien 
solution is markedly accelerated by exposing the seedling 
to air ions of either charge®. As the concentration, o 
chlorophyll drops at the onset of chlorosis there is a marke 
rise in the concentration of cytochrome c (as determined b; 
spectrophotometric absorbence and the weight of protei 
and iron in the extracted cytochrome c fraction)’. Whe 
seedlings are grown, in an iron-containing medium and ar 
exposed to positively or negatively ionized atmospher 
during growth, the typical ion-induced acceleration i 
growth rate is accompanied by stimulation of cytochrom 
c synthesis, but chlorosis fails to develop and there is n 
essential difference in the concentration of chlorophy 
between exposed and control plants. 

Next, studies were made on the effects of gaseous ior 
on the active and residual iron content of barley seedling 
during the course of iron chlorosis’. Active iron, is th 
fraction concerned with the production of chlorophyl 
it is contained in the chloroplasts and is soluble in hydre 
chloric acid®:®. Residual iron occurs outside the chlore 
plasts; it is not concerned with chlorophyll productio 
nor 1s it soluble in 1 N hydrochloric acid. Ajr ions ¢ 
either charge induce a significant decrease in active irc 
content of the seedlings as the chlorophyll content decline 
At the same time there occurs an increase in residual irc 
and the cytochrome c fractions of the seedlings. There 
evidence that the rise in residual iron content involv 
not only cytochrome ¢ but other cytochromes and iro: 
containing enzymes as well. 

Our present working hypothesis, based on earlier exper 
mental results and compatible with the work reporte 
here, suggests that one part of iron within the seed exis 
in a non-specific form and can be used as required for ar 
purpose (free-state iron). When seeds are soaked | 
water some of the iron is diverted to the enzyme systen 
concerned in germination. The remainder of the fre 
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Fig. 1. The effect of exposure to (+) or (—) air ions on the oxygen con 


sumption of barley seedlings. Each point represents 3 determination 
and the vertical bars are 95 per cent confidence intervals. @, Negative 
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ate iron is used in a balanced fashion for cytochrome 
nthesis and for synthetic processes leading to chloro- 
ryll formation. If the seeds are grown in an iron-free 
edium and are exposed to dense atmospheres of (—) 
' (+) air ions, the balance normally prevailing between 
ie two processes is upset; iron 1s used preferentially for 
ie production of cytochromes and other iron-containing 
zymes with the result that insufficient iron is available 
r the synthesis of chlorophyll and in consequence chloro- 
s develops. 

Under the conditions usually obtaining in Nature, 
cternal stores of iron are available, the normal pattern, of 
vlorophyll synthesis prevails and chlorosis is avoided. 
ere, too, the synthesis of cytochrome and other iron- 
taining enzymes is stimulated by air ions and the plant 

provided with metabolic equipment essential for the 
ipport of an increased rate of growth. That the enzymes 
re actually utilized for this purpose is evidenced by the 
creased rate of oxygen consumption reported in this 
ymmunication. We are inclined to the belief that the 
te of air-ion, action in higher plants may be the regulatory 
ystems which control iron metabolism in the seed and 
oung seedlings’. 

This work was supported by: (1) a research grant from 
a0 U.S. Public Health Service (2 RO01—AP00002-06), 
vision of Air Pollution, Bureau of State Services; 
2) contract Nonr 3656(06) (NR 102-587) between the 
fice of Naval Research, Department of the Navy, and 
he University of California; (3) a grant from the Commit- 
30 on Research of the University of California. 
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Presence of Plant Growth Substances in 
Earthworms demonstrated by Paper 
Chromatography and the Went Pea Test 


REroRTS have been published describing increases in 
rowth and vigour of pasture in New Zealand following 
he experimental transplantation of lumbricid earthworms 
f the species Allolobophora caliginosa into soils where they 
vero not normally found!-*. Fourteen species of 
“umbricidae are known in New Zealand, although the 
amily is not native to the region’. Since they have been 
ntroduced accidentally during the past hundred years 
ir so there has not been sufficient time for them to spread 
ry natural means to all areas under grass. The increased 
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pasture yields may be dus to the presence of plant growth- 
promoting compounds alaborated by earthworms and 
secreted by them into taeir casts and thus into the soil. 
A similar suggestion was, in fact, advanced by Hopp and 
Slater’, who found in pot experiments that the addition of 
both living and dead earthworms was associated with 
increased growth of the test plants. 

The application of paper chromatography to earthworm 
extracts has shown the presence in them of indole com- 
pounds, some of which when examined by the Went pea 
test® have displayed biological activity. The method was 
as follows. Earthworms were killed by brief immersion 
in water at 45° C and then homogenized in distilled water 
(100 g/l.). The homogenized preparation was centrifuged 
and the supernatant fluid was removed for solvent treat- 
ment without pH adjustment. For each species examined 
the pH was about 6:3. The fluid was extracted twice into 
peroxide-free diethyl ether and the combined extracts 
were evaporated in a current of air, leaving residues, 
which were taken up in water and filtered. The filtrate 


, was then extracted with ethyl acetate which was in turn 


evaporated, leaving a tarry deposit. The tar-like material 
was largely eliminated by further oxtraction with water 
and filtration. The filtrate was finally extracted with 
ethyl acetate which was evaporated to 0-1 ml. Of this 
volume one-tenth was used for spot detection, and the 
remainder was applied as a streak a few centimetres away 
on the starting line, to provide material for the biological 
test. Ascending chromatograms were developed for 6 h at 
22° Cin 8:1: 1 isopropyl alcohol, aqueous ammonia and 
water’? and indole substances detected by the modified 
Ehrlich reagent of Jepscn’. After drying, the paper was 
cut 0-5 em above and below the corresponding spot 
position, while spot-frea areas were cut into strips of 
2 cm width. Strips were eluted by shaking with 20 ml. 
distilled water and the extracts assayed by the pea test. 

For each of the species examined, there were several 
indole compounds preseat, but only one was biologically 
active. Tho results are summarized in Table 1; the Rr 
figures shown are meen values derived from several 
tests. 

It is apparent that ths biologically active compound is 
different in each of thess species. With four of them the 
separate identity of the compounds was confirmed by the 
pea test. Aqueous extracts of earthworms were tested in 
serial dilution against pea shoots. The curvatures obtained 
were plotted against the log of the concentration of extract 
and the straight lines so derived differed in slope from each 
other and from indolyl-3-acetic acid (IAA). The mean 
angular differences from IAA were as follows: A. caligi- 
nosa, + 15°; L. rubellus, + 30°; E. foetida, + 43°. 

As well as earthworms, two species of common garden 
slugs have been found to contain plant growth substance. 
Centrifuged homogenates of Agriolimax reticulatus and 
Milax gracilis both yielded pea curvatures similar to 
those of earthworms at the same concentration. Solvent 
extracts were prepared in the same way as for earthworms; 
chromatograms of thess produced, mn the case of M. 
gracilis, an intense indigo spot which was not biologically 
active, whereas the pea responses were obtained from the 
region of Rr 0-62-0-76, where no indole compounds were 
detected. With A. reticulatus, on the other hand, no 
indole colours develop3d, while pea curvatures were 
obtained at Rr 0-27—0-40. 


Table 1. INDOLE COMPOUEDS PRESENT IN EARTHWORM EXTRACTS 


Positive in the pea test Not responsive 
Species Rp value Erlich Ninhydrin in the pea test 
colour reaction Rp values 
Allolobophora 0 59 TIndigo-brown + 0 47, 0-78 
caligunosa 
Allolobophora Longa 009 Red-brown — 0°69, 0-71 
Lumbricus rubellus 0 54 Violet — 0 66, 0 88 
Lumbricus terrestris 0:25 Violet-brown — 0 65 
Eisenia foetida 0-73 Violet + 0-35 
Dendrobaena rubida 0°45 indigo — 0 wa O14, 0°65, 
Indolyl-3-acetic 0 50 Purple 
aci m 
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Apart from the possible effects on plant growth of these 
Substances secreted by earthworms, they might well 
subserve a useful function in solving problems of taxonomy 
in the Oligochaeta. For example, among the Lumbricidae 
it may be possible by further mvestigation of the growth 
substances to establish the validity of species such as 
Dendrobaena subrubicunda, the identity of which is now 
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Promotion of Germination in Light-requiring 
Seed by Chloramphenicol 


In this laboratory we are mvestigating germination 
processes in light-requiring seeds of Latuca sativa L. 
(var “Grand Rapids’) including protem. and nucleic acid 
synthesis in relation. to the photocontrol of germination. 
During this investigation the effects of some ımhibitors 
of protein synthesis have been examined. This com- 
munication reports certain results which have been 
obtained with chloramphenicol. 

Our sample of seeds (batch No. 18639, of the 1964 
harvest, from Ferry-Morse Seed Co.) gives approximately 
10 per cent germination in darkness at 24° C, the maximum 
being reached after 20 h. 95-98 per cent germination is 
achieved followimg irradiation with red light (1 min at 
120 u W/cm?) given 1 5 h after the start of imbibition. 

In preliminary experiments, when seeds were incubated 
on filter paper moistened. with chloramphenicol solutions 
(750-3,500 ug/ml.) at 24°C, a marked stimulation of 
germination in darkness was noted. This stimulation 
was much more pronounced if the seeds were infiltrated 
with the chloramphenicol solutions under reduced pres- 
sure. In this treatment, the seeds were allowed to imbibe 


on filter paper moistened with the test solutions for 1-5 h., 


They were then placed in approximately 10 ml. of the 
solution (or water, in the control) in a tube which was 
evacuated three or four times until the seeds failed to rise 
to the top of the liquid. They were then returned to filter 
paper wetted with the appropriate solution and the 
germination percentages were measured after 24 h in 
darkness at 24°C. All manipulations were carried out 
under a green safelight. Fig. 1 shows that the amount of 
germination in darkness increases linearly with chlor- 
amphenicol concentration over the range 500-3,000 ug/ml. 
These results have been confirmed, and we have also been 
informed that other workers found slight stimulation of 
dark germination by low concentrations of chlor- 
amphenicol?, 
Far-red light markedly reduces the promotive effect of 
chloramphenicol. To show this, seeds were irradiated, 
after one hour’s imbibition and again after infiltration, 
with far-red light for 5 min at 230 wW/cm2, and then 
returned to darkness. The lowest curve of Fig. 1 represents 
the results of this treatment. In further experiments it 
was found that chloramphenicol was ineffective in causing 
germination in darkness if the seeds were allowed to 
imbibe on water for 24 h prior to application of this 
chemical. In these experiments also, the seeds were 
infiltrated after the period on water and were incubated on 
the chloramphenicol solutions for 24 h before counting. 
It is well known that the response of ‘Grand Rapids’ 
seeds to a given energy-level of red light decreases if the 
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imbibed, seeds are held in darkness for some time befor 
irradiation?. This is described as skotodormancy. Tl 
curve in Fig. 2 illustrates this for our sample of seed. TI 
other curve in Fig. 2 shows the effect of chloramphenic 
on the development of skotodormancy. In these exper 
ments seeds were kept on filter paper wetted wit 
2,000 ug/ml. chloramphenicol, without infiltration, fc 
varying lengths of time in darkness. The ungerminate 
seeds were removed, infiltrated several times with wate 
and spread on papers moistened with water. They we 
then illuminated with red light for 1 min at 120 wW/en 
and returned to darkness. Control seeds were manipulate 
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Fig. 1. Effect of chloramphenicol on germination of ‘Grand Rapids’ 

lettuce seeds at 24° ©. Figures represent the means of 4 replications. 

A, Seeds exposed to red light (1 min at 120 W/cm?) 1-5h after start of 
imbibition; ©, seeds maintained in darkness, @, far-red treated seeds 
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nilarly except for the exposure to chloramphenicol. 
armination percentages were determined 24 h after 
-adiation. Fig. 2 shows that seeds treated with chlor- 
nphenicol retain their sensitivity to light even after 
' h in darkness. It is unlikely that residual chlor- 
nphenicol in the seeds 1s acting additively with red light, 
rın further experiments the washing period after troat- 
ent with the chemical was prolonged to 24 h without any 
;ccompanying loss of response to red light. 

In our experiments we have found no appreciable 
imulation of germination in darkness by chloramphenicol 
one at concentrations lower than 500 ug/ml. However, 
1ese levels do increase the ability of very low con- 
mtrations of gibberellic acid (GA,) to promote dark 
rmination. For example, 20 ug/ml. GA, induced 
proximately 50 per cent germination in darkness, but 
uis value was increased to the order of 70 per cent when 
1e gibberellin was combined with 150-500 ug/ml. chlor- 
mphenicol. The effect of much lower concentrations of 
A, (5 ug/ml.) was similarly enhanced. “ 

Two hypotheses concerning the promotion of germina- 
on in darkness by chloramphenicol can be suggested. 
irst, this substance might have a positive promotive effect 
ich that normal control by way of the phytochrome 
tom is by-passed. On the other hand, although its 
sion may be dependent on phytochrome it might 
rimarily arrest an inhibitory process which commences 
ı darkness when-the seeds imbibe water.- The results 
resented, here lead us to favour the second suggestion. 
ince short irradiation with far-red light reduces the 
fect of chloramphenicol, it is not likely that this sub- 
‘ance behaves entirely in a positive promotive fashion 
nless it acts directly on the phytochrome system to 
mvert Pr to Prr, which does not seem plausible. That 
iloramphenicol is almost completely ineffective if applied 
) the seeds after a 24-h delay on water, also supports this 
onclusion. It seems probable, from the experiments with 
-reod light, that germination even in chloramphenicol- 
‘eated seeds is still to some extent under phytochrome 
mntrol. Now, dark-imbibed seeds are thought to contain 

small proportion of phytochrome in the active (Pra) 
orm. This is inferred from the observation’, which we 
ave confirmed, that germination, in darkness, of control 
seds on water is substantially reduced by a short exposure 
o far-red radiation. We would suggest, therefore, that the 
ffect of the low level of Prr present in dark-imbibed 
eeds is fortified by chloramphenicol. 

The question now arises as to the mechanism of action 
£ chloramphenicol. This substance has been shown to 
ohibit protein synthesis in a number of plant systems 
acluding seeds. Young and Varner‘, for example, found 
hat chloramphenicol strongly reduces amylase and 
s’hosphatase synthesis in pea seeds although germination 
till proceeds. It is possible, then, that chloramphenicol 
cts in a similar manner in lettuce seeds and here prevents 
he development of some inhibitory system in which 
‘rotein synthesis is involved. It is assumed that this 
nhibitory system normally impedes the action of the low 
evel of Prr. Although this has not yet been shown 
lirectly we have found, using C-labelled leucine and 
‘C-orotic acid, that there is mdeed protein and RNA 
ynthesis occurring in dark-imbibed seeds even though 
hey do not germinate. Moreover, there are indications 
hat this protein synthesis is almost completely confined 
o the endosperm and cotyledons. Further evidence of 
srotein synthesis in darkness comes from our finding of a 
lifferent protein pattern (using dise electrophoretic 
separation on polyacrylamide gel*:5) in tho soluble proteins 
of dark-imbibed seeds from that ın dry or germinating 
seeds. 

The hypothesis developed above, that the low level of 
Prr in dark imbibed seeds is antagonized by an inhibitory 
system preventing germination, might explain why chlor- 
smphenicol is ineffective if applied to seeds which have 
sreviously been kept on water for 24 h. Under these 


conditions, not only does the inhibitory system assume 
dominance but there 1s also a lass of Prr by dark reversion 
or destruction. The possibility also arises that skoto- 
dormancy is caused by an active inhibition during 
darkness. 

We have implied in the foregoing discussion that chlor- 
amphenicol does not d-rectly affect the phytochrome 
system but that it acts to relieve some sort of inhibitory 
process. One further possibility should, however, be con- 
sidered—that chloramph2nicol prevents the loss of Prr, 
occurring by conversion td Ppr or by dark destruction’. In 
either case the result would be the maintenance of the low 
level of Ppr. Some evidence has been presented? that 
Prr, if maintained oven in small proportions for an 
extended duration, can mduco germination over several 
days. Since the effect of chloramphenicol in our experi- 
ments is apparent after 29 h it does not seem likely that it 
can act only to preserve the low level of Prr. 

In conclusion, we believe that the foregoing results 
indicate the possibility that germination in light-requiring 
lettuce seeds is under she control of two systems, a 
promotive one governec. by phytochrome and an in- 
hibitory one which commences after imbibition and for 
which protein synthesis :s required. It is interesting to 
note here that birch seeds, for which there is good evidence 
against an active inhibitary process in darkness®, show no 
response to chloramphenicol in darkness. 
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Oxidative and Biosynthetic Utilization by 
Human Spermatozoa of a Metabolite of the 
Female Reproductive Tract 


In vitro investigations of the metabolism of mammalian 
spermatozoa have amply demonstrated their ability to 
utilize a variety of glycolysable and oxidizable substrates’. 
No information is, however, available on the metabolism 
of spermatozoa within the female reproductive tract. 
If, as is probable, the ep-thelial cells use up not only the 
glucose supplied by the circulatory system, but also oxidiz- 
able intermediates such as pyruvate and lactate, the 
spermatozoa in contact with those cells would have to 
oxidize their endogenous reserves of lipid material, pro- 
vided that the oxygen tersion in the various regions of the 
tract is adequate to support the aerobic metabolism of the 
spermatozoa. In the absence of external substrates the 
conditions in the female genital tract would not he 
favourable for the survival of spermatozoa for prolonged 
periods of time. Whereas this may not affect fertility in 
animal species in which mating occurs at the time of 
oestrus, with rapid ascent of an adequate number of 
spermatozoa, a limited survival capacity due to the lack 
of substrates may affect the prospects of fertilization in 
man. 

During human fertility investigations, motile sperm- 
atozoa have been found in cervical mucus 12 h and even 
several days after coitus, although in ‘hostile mucus’ 
motility is lost rapidly?. Among a number of factors which 
may be involved, the pcssibility suggests itself that the 
secretions of certain sites of the female reproductive tract 
may contain metabolites which are not utilized by the 
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epithelial cells of the tract but can be taken up by sperm- 
atozoa. This hypothesis is suggested by the report of 
Kurzrok and Birnberg? of the occurrence of glucosamine 
in human cervical mucus at the time of ovulation. Since 
hexosamines are not known to serve as substrates of 
spermatozoa, experiments were designed to test the ability 
of spermatozoa to metabolize glucosamine. 

Suspensions of washed human spermatozoa in Krebs 
saline were incubated under aerobic conditions with D- 
glucosamine-1-1*C and the ‘respiratory CO,” was collected. 
and counted. This technique had been found sufficiently 
sensitive to measure the rates of oxidation of such sub- 
strates as glucose, pyruvate and acetate in human sperm 
suspensions using normal cell counts which ere too low to 
permit measurements of gaseous exchanges’. As shown 
in Table 1, human spermatozoa produced “CO, from D- 
glucosamine-1-4C at somewhat lower rates than from 
glucose-'4C (randomly labelled). The production of 4CO, 
from glucosamine was suppressed in the presence of non- 
radioactive glucose, whereas glucosamine did not inhibit 
the oxidation of glucose-“C. When bull spermatozoa were 
tested under similar experimental conditions and with 
the same batch of radioactive substrates, different results 
were obtained; whereas glucose stimulated the respiration 
of bull spermatozoa and its carbon appeared in the res- 
piratory carbon dioxide, the respiratory rate in the pre- 
sence of glucosamine remained at the endogenous level 
and only negligible amounts of “CO, were produced. 
Since brain extracts are known to phosphorylate glucos- 
amme®®, a respiring hamster brain homogenate was incu- 
bated with glucose-4C and with p-glucosamine-1-4C. Like 
bull spermatozoa, hamster brain actively oxidized glucose, 
but failed to liberate “CO, from glucosamine. 

In recent investigations in this laboratory it was found 
that human spermatozoa utilize glucose and acetate as 
precursors in the biosynthesis of glycerolipids’, extending 
previous reports on the biosynthesis of lipids by bull® 
and fish spermatozoa®. The possibility of a biosynthetic 
pathway of glucosamine wes therefore examined. Human 
spermatozoa, freed from seminal plasma by centrifugation, 
were suspended in Krebs saline and incubated with D- 
glucosamine-1-4C for 4h at 37°. After re-isolation and 
washing of the cells in Krebs saline containing unlabelled 
glucosamine, the lipids were extracted and purified by the 
procedure of Folch’? and fractionated on silicic acid 
columns. After both aerobic and anaerobic incubation 
the glyceride and phosphatide fractions were found to be 
carbon-14-labelled in a pattern resembling the labelling 
of animal spermatozoa by glucose-“C. The rate of incorp- 
oration of glucosamine into the total lipids of human 
spermatozoa was of the same order of magnitude as the 
rate of incorporation of glucose (0-3-0-5 ymmoles/10° 
spermatozoa/h). 

Although the metabolism of glucosamine by spermatozoa 
of other species remains to be tested, the preliminary 
finding of a difference in enzymatic properties between the 
spermatozoa of man and the bull is intriguing. The 
intermediary steps of glucosamine breakdown in human 
spermatozoa are not known at present, but from the 
observed suppression of the production of “CO, from giucos- 
amine-1-4C when glucose was added, it may be presumed 
that the initial step is a phosphorylation catalysed by a 
hexokinase of greater affinity for glucose than for glucos- 
amine. This step may be followed by the deamination of 


Table 1, OXIDATION OF GLUCOSE AXD GLUCOSAMINE BY SPERMATOZOA 
Substrate Labelled substrate (ummoles/10%/h) 
appearing in respiratory CO, 

Man. Bull 
Glucosge-HC 3°62 88-0 
Glucosamine-1-“C 2-87 1-0 
Glucose-"“C; glucosamine 3:94 B3-0 
Glucosamine-1-"C; glucose 0-90 0-1 


Washed spermatozoa were incubated in Krebs saline at 87°; gas, air. ' 


Glucose-“C (randomly labelled) and D-glucosamine-1-*C, 0-002 M, 1 me/ 
mmole. Human spermatozoa: sperm count, 2:18 x 10°/vessel, incubation 
Period sn; bull spermatozoa: sperm count, 8-08 x 10°/vessel, incubation 
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glucosamine-6-phosphate to yield fructose-6-phosphate, 
reaction known to occur in animal and bacterial syi 
tems!!:12, The ability of human spermatozoa to channs 
glucosamine carbon into the glycolytic pathway woul 
account for the oxidation of glucosamine and its inco) 
poration into the glycerol portion of the glycerolipids. 

The finding that human spermatozoa can utilize as 
substrate a metabolite of the cervical secretion is ¢ 
significance because it shows that the energy metabolisi 
of spermatozoa can be supported within the foma 
reproductive tract. Furthermore, the demonstration < 
the incorporation of this metabolite into the lipids < 
spermatozoa, suggests that these cells may replenish the 
reserves while passing through certain sites of the foma. 
tract. These observations also open up an approach t 
the study of the phenomenon of capacitation. As a worl 
ing hypothesis it is suggested that capacitation is the resu 
of the uptake by spermatozoa of a metabolite of the fema. 
reproductive tract, enabling the biosynthesis of a con 
ponent necessary for the functional integrity of spern 
atozoa,. 

This work was supported by U.S. Public Health Servic 
research grant GM-07078. 
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Electromagnetic Recording Diver Balance 


THE use of the Cartesian principle in a very sensiti 
device for measuring manometric reactions was suggeste 
by Linderstrem-Lang in 1937 (ref. 1). In the hands 
Holter? the diver method was developed into a rebab 
and versatile technique; further increase in the sensitivi 
was accomplished by Zeuthen*. 

The concept of reduced weight, RW (= submergi 
weight) was introduced by Linderstrom-Lang and Holt 
in connexion with density gradient work‘. Subsequentl 
Zeuthen’? invented æ Cartesian diver balance on whi 
determinations of RW may be made. 

The diver balance has so far only been used in biologic 
work, but in this field it has turned out to be a very usef 
tool. 

Its applications include the determination of wat 
permeation, using D,O as a tracer*-!°, Exchange studi 
with the Cartesian diver balance are rather tedious, az 
an automatically recording diver balance would therefo 
be a great advantage in this work. To meet this requir 
ment we have constructed an electromagnetic div 
balance (Fig. 1). The diver is made either of plast 
(polyethylene) or of glass; in either case a small piece 
magnetic material (“Koerzit T’) is contained in the low 
end of the diver. The RW of the finished diver must | 
adjusted so that it rises to the surface in the appropria 
medium; the force required to pull it down must not, : 

-the other hand, exceed the maximum force of the electr 
magnet (see below). ; 
An-ordinary photocell cuvette, containing medium a 
diver, is placed in the light path between a lamp and 
photocell. The current in a magnetic coil below the cuvei 
is passed through an amplifier controlled by the lig 
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Fig. 1. Photograph showing part of the diver balance set-up. In the 


cuvette a diver is floating, loaded with a frog’s egg 





Fig. 2. Diagram of the operating rinciple of the electromagnetic diver 


fiance 


reaching the photocell (Fig. 2). The current is proportional 
to the amount of light, and the diver will sink in the cuvette 
until the current in the coil just balances the buoyancy. 
When loaded, less current is required. The decrease in 
current, proportional to the load, is registered on a recorder. 
The unit, comprising cuvette, photocell, lamp, and electro- 
magnet, is submerged in a water bath. Besides weighings 
and permeability (diffusion) determinations the balance 
may also be used to follow gasometric reactions. If a 
small capillary, sealed with a fluid stopper (like the 
Cartesian diver), is placed on the balance, the chenge in 
RW associated with consumption or production of gas 
may be registered. 

The range of the balance shown in Fig. 1 is about 
10-300 pg. More sensitive balances may be constructed, 
but great demands must in that case be made on the 
temperature regulation of the water bath. No upper 
limit seems to obtain, and there seems to be no reason why 
a diver balance for RW determination on whales cannot 
be made, should the need arise. 

Note added in proof. After the present communication 
was submitted for publication, a paper has appeared 
(Brzin, M., Kovic, M., and Oman, 8., Compt. Rend. Lab. 
Carlsberg, 34, 407; 1965) describing an electromagnetic 
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recording diver balance. This device is, however, manually 
controlled and not automatic like that described bere. 
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Photo-induced Hydroxylation of Cinnamic 
Acid in Gherkin Hypocotyls 


Tue influence of light of different spectral regions on 
the synthesis of hydroxycinnamic acids in the hypocotyls 
of gherkin seedlings has been described previously’. This 
phenol synthesis can be stimulated considerably by sup- 
plying segments from tae hypocotyls with trans-cinnamic 
acid. In the latter case about 95 per cent of the end- 
product consists of a glucose ester of p-coumaric acid, as 
was determined with paper chromatography. Light 
stimulates the conversion of cinnamic acid to p-coumaric 
acid. The oecurrence in plant material of a hydroxylase 
which catalyses this reaction has been demonstrated by 
Nair and Vining’. They showed that tetrahydrofolie acid 
and a reduced pyridiae nucleotide were necessary to 
obtain maximum enzyme activity. The feeding experi- 
ments with cinnamie acid enable us to investigate how 
far the accumulation of hydroxycinnamic acids in the 
hypocotyls of intact seedlings in response to light is 
determined by changes in hydroxylase activity. 

To examine whether enzyme synthesis is involved we 
have used cycloheximide (actidione), a drug that inhibits 
the transfer of amino-acid from sRNA to polypeptide**. 
The following experiment was performed. Hypocoty! 
segments, 5 mm in length, were cut immediately below 
the plumular hook of 3-day-old gherkin seedlings 
(Cucumis sativus ‘Venlese niet plekkers’, strain “Tercken 
V1’), grown in the dark. Lots, of 30 segments each, were 
floated on 10 ml. distilled water in Petri dishes, kept in 
darkness for 2 h, and then transferred to a cabinet with 
blue light (700 pW/cm*). To different duplicate samples 
50 ug cycloheximide was added at the following times: 
2 h before transfer to the light, immediately before transfer 
to the light, and after 2, 4 and 6 h in the light, respectively. 
All segments remained in the light during 24 h. After- 
wards the cycloheximide-treated lots were washed with 
distilled water, and al the samples were transferred to 
Petri dishes with 10 ml. of 10> M ¢rans-cinnamie acid 
and 1 per cent glucose in water (pH 5-0). Fig. 1 gives 
the amounts of p-coumaric acid glucose ester that 
accumulated in the segments during the next 24 h, in 
which they were kept on the precursor solution in dark- 
ness. To two of the “our lots that had not previously 
been treated with the drug, 50 ug cycloheximide was 
added in the precursor solution. The average value 
obtained for these samples is given by the closed symbol 
in Fig. 1. Hydroxycinnamic acid esters in this and in the 
following experiments were determined as described pre- 
viously?. Each point in the graphs represents the mean 
of three experiments, each run in duplicate. 

The foregoing experiment excludes the possibility of a 
direct photochemical reaction involving cinnamic acid. 
The inhibition by cycibheximide indicates that de novo 
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synthesis of one or more enzymes is involved. Addition 
of the inhibitor has an effect similar to that. found when 
transferring the seedlings to darkness, as can be seen by 
coraparing Figs. 1 and 2. That the inhibition is not an 
unspecific effect is demonstrated by the fact that cyclo- 
heximide has very little effect once light has been given 
for more than 6 h. Whether this light-induced enzyme 
synthesis concerns cinnamic acid hydroxylase itself, or 
one or more enzymes involved in the synthesis of a 
co-factor, has not yet been established. Evidence that 
de novo synthesis of enzymes plays a part in the increase 
in phenol synthesis in response to light has also been 
obtained for chlorogenic acid in potato tuber tissue? and 
of anthocyanin in mustard seedlings’. 

The influence of light quality, light intensity and 
duration of irradiation on the conversion of cinnamic acid 
into p-coumaric acid in hypocotyl segments is shown in 

Fig. 2. For these experiments the same light and filter 
combinations were used as for these with intact seed- 
lings. Duplicate lots of 30 segments each were floated 
on an aqueous solution of 10-* M trans-cinnamic acid and 
J per cent glucose (pH 5-0), irradiated for the times 
indicated in the graphs, and afterwards kept in the dark 
until 24 h from the beginning of the irradiation. 

. in a number of aspects the results are remarkably 
parallel with those relating to the effects of light on the 
accumulation of hydroxycinnamie acids in the hypo- 
cotyls of intact seedlings!. 

(1) In all three wave-length regions the induction is an 
increasing function of the duration of irradiation up to a 
certain limit. This limit of about 8 h is fairly independent 
of light quality and light intensity. It may be that this 
has some bearing on the problem of photoperiodism. 


dark- blue light 
<- meja O NS erp eaea a 


30 


nysmoles. p-coumaric acid/section in 24 h 


Bee 
e 


26 24 29 20 18 j o 


Duration of cycloheximide treatments before transfer to 
cinnamiec acid (h) 


Fig. 1. Effect of cycloheximide on cinnamie acid hydroxylation in 
gherkin hypocotyl segments induced by blue light (700 «W/em*). Seg- 
ments were floated on distilled water and irradiated for 24 h. Cyeln- 
heximide (5 ug/ml.) was added to different lots at the times Indicated in 
the graph. The points give the amounts of p-coumaric acid accumulated 
in the segments during the next 24 h in darkness from aqueous solutions 
of 10" M trans-cinnamie acid and 1 per cent glucose (open symbols) and 
10° M frans-cinnamic acid, 1 per cent glucose and cycloheximide (5 
ug/ml.) (closed symbol} 
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Fig. 2. Accumulation of p-coumarie acid during 24 h in hypocotyl seg- 

ments floated on an aqueous solution of 10-* M frans-cinnamic acid and 

{ per cent ghicose as a function of duration of irradiation with blue, red 
and far-red light 


(2) Blue light is much more effective than light of the 
other wave-length regions, the induction being an in- 
creasing function. of the light intensity. 

(3) The induced hydroxylase activity is always smaller 
in the basai part of the hypocotyl than in the apical part, 
as was revealed in experiments with segments excised 
from different parts of the hypocotyl’. The spectral dis- 
tribution of the light sensitivity did not alter significantly 
over the length of the hypocotyl. Therefore, if more than 
one pigment is involved we may expect a rather similar 
distribution. me 

An important difference between light-induced phenol 
synthesis in hypocotyls of intact seedlings and induced. 
hydroxylase activity in hypocotyl segments is that short 
irradiations only on the former process have a relatively 
pronounced effect’, Moreover, the relative effectiveness” 
of blue, red and far-red light in inducing hydroxylase 
activity in segments is more in agreement with the in- 
duced phenol synthesis in hypocotyls of decotyledonized. 
seedlings than in those of intact plants. A recent finding. 
that a much higher stimulation of hydroxylase activity 
segments can be obtained when the intact plant receiv 
the short light treatment instead (10 min), and the seg. 
ment to be excised remains part of the plant for at lea 
1 h after the light treatment, may have some bearing on 
this’. Exeision before or covering during the irradiation 
of the cotyledons has a lowering effect. Therefore, besides 
hydroxycinnamic acid precursors, other transportable 
factors are probably involved in the light-induced phenol 
synthesis. They may play a role in the induction of 
enzymes or in the modification of their activity. 

Feeding with phenylalanine also results in increased. 
synthesis of p-coumaric acid in hypocotyl segments. In. 
this plant no stimulation has so far been obtained witha 
number of other hydroxycinnamie acid precursors 
glucose, quinic acid, shikimie acid, phenyllactic acid and. 
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‘osine. It may be that at this stage of development 
‘seedling depends for its phenol metabolism on the 
upply of phenylalanine originally present in the cotyle- 
lons. We do not yet know whether in the gherkin hypo- 
tyl the phenylalanine deaminase activity is already 
iigh enough or is also increased by light to meet the 
jemands for cinnamic acid under all circumstances. 
?hoto-indueed hydroxylation of this compound seems to 
xe determined by local factors and by influences from 
ther parts of the plant. There is a striking correlation 
yetween enzyme activity and accumulation of phenols in 
» particular part of the hypocotyl’. This points to an 
mportant controlling function of the hydroxylase step in 
iydroxycinnamic acid metabolism and in cell elongation, 
so far as the latter is regulated by phenols’. 
a G. ENGELSMA 
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Histological Investigations of the Mechanism 
of Sterility induced by Deuterium Oxide in 
| Mice 

Durma investigations in which normal females were 
mated to male mice treated with deuterium oxide, it has 
been shown that D,O produces sterility in the males?”’; 
nowever, the site of the damage has not been demonstrated. 
Since embryonic death after implantation did not increase 
m such females, cleavage stage embryos were examined 
18-72 h after mating’. Most of the embryos present in the 
oviducts were either one-celled or. though ‘multicellular’, 
were abnormal and degenerating; few normal embryos 
were found. These results did not indicate whether 


tion of 30 per cent by volume in the drinking water ad kb. 
At the end of treatment for 4 weeks, water was given 
instead of deuterium oxide as drinking water. Control 
males, mated weekly, were maintained under conditions 
identical to those of the experimental animals except that 
they drank water throughout the experiment. All females 
were virgin Swiss mice, from Simonsen Laboratories, 
Gilroy, California. 

Each male was caged with 8 (later 3) females nightly 
fom 10 p.m. to 9a.m. At 4-h intervals the females were 
Bnined for vaginal plugs. Thus the time of copulation 
þe estimated within 4h. As females were mated, they 
moved and other females were placed in the cage. 
vere killed 12-16 h after mating. Some mated 
re allowed to go to term; their litters were 
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Fig. 1. Effect of DO on the namber of fertilized eggs obtained from 

females mated to treated males. The number of fertilized egge as 

percentage of the total eggs-examined, with the standard error of the 

mean, is presented; also a tebulation of total eggs, fertilized and un- 

fertilized eggs. Those eggs seored as degenerating or undiagnosable are 
not ineleded in the tabulation 


* The data from females mated to control males were used in the analysis 
of variance calculations. However, singe the sample size for each week was 
small, the data have been pooled with:those from the treated males at zero 
tine. 


Oviducts were removed in foto and fixed in Bouin's solu- 
tion. They were embedded in paraffin, serially sectioned at 
lOu, and stained with haematoxylin—eosin. All sections of 
each oviduct were exemined with a light microscope; 
magnifications up to times 640 were used. All slides were 
code-numbered, so tha: the experimenter did not know 
whether the eggs came from acontrol female or one mated 
to a treated male. Eggs were scored as ‘fertilized’ if two 
pronuclei were observed or if a sperm tail and enlarging 
sperm head were visible in the coplasm and/or if the 
orientation, condensation and chromosome position in the 
oocyte meiotic spindle indivated that emission of the 
second polar body was in progress or complete. In eggs 
scored ‘unfertilized’, an unchanged second meiotic spindle 
was present in the ooplasm and there was no evidence of 
sperm head or tail. Fragmented eggs, and those in which 
the ooplasm showed unasual condensation, were scored as 
‘degenerating’. 





males and treated males 
after males had been on DO for four weeks, no fertilized 
egga were obtained from the mated females. A two-way 
analysis of variance was carried out on the datat. The 
group treated with D,O was significantly different from 
the control group (Fi4g=8-8; P001). There was also 
a systematic change ower the eight-week period (F'y.44= 
45; P<0-01), and this change was a function of whether 
the animals had been treated with D,O, that is, the interac- 
tion between treatment and time was significant (Fesa = 
2-6; P<0-05). Table 1 gives the results of the number and 
size of litters obtained from those females which were 


Table 1. EFFECT or DaO ON PHE NUMBER AND SIZE OF LITTERS OBTAINED 


FROM FEMALES MATED TO TREATED MALES 


No, of females mated RF gR 5 6 3 8 2 7 s 
No. of females Htitered 25 a 5 $ 0 0 0 0 2 
No. of viable offepring 206 452 ES 2 0 0 0 ü 7 
Time (weeks) 0 t 3 3 4 5 & vi 8 
TEONE y g R oh 





* The data from females mated to control males were pooled with thoae 
from females mated to treated raales aftatime zero. hg 
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allowed to go to term. From a control 
average of 7-3 viable offspring per female, t r — 
there was a decrease to 0-3 offspring per 
female after two weeks’ treatment and to Bt 
no offspring after three weeks of D,O 
administration to the males, 

Under the conditions of this experiment, | 





sperm penetration usually occurred within + | TER JEZA 2 
6-8 h after the females were removed from at 
(i 


the males. Thus, by collecting eggs 12 h 
after copulation, one could be sure that 
sperm entry would have been effected, yet 
most eggs should not be old enough to 
start degenerating. The results presented 
here clearly indicate that failure of the 
D.O-treated males to produce viable off- 
spring, as previously reported, was due to 
the failure of the sperm to fertilize the egg -o 


and not to a failure of the subsequent : i 

development of the fertilized egg. These 

conclusions are supported by subsequent — * 

examination of 630 living eggs by phase i 

contrast microscopy. ee 
Histological examination of the testes of \F 


D,O-treated male mice is in progress; 
initial observations suggest that acrosome 
formation may be abnormal. However, at 
present, the mechanism of action of D,O in 
producing sterility is not known. Autoradiographic studies 
of eggs from females mated to D,O-treated males (in which 
the sperm are labelled isotopically) and electron micro- 
scopy of sperm from D,O-treated males are also in progress 
in further attempts to pinpoint the site of action of D,O. 

We thank Dr. Gordon Pryor of the Stanford Research 
Institute, Menlo Park, California, for the statistical ana- 
lysis of the data. We also thank Prof. Melvin Calvin and 
Dr. Edward L. Bennett. for their advice. 

This work was sponsored in part by the U.S. Atomic 
Energy Commission. 
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MICROBIOLOGY 


Simplified Technique for Preparative Disc 
Electrophoresis 


THe dise electrophoretic method! is becoming an 
important analytical tool in the study of components of 
eomplex mixtures. While engaged in work on the separa- 
tion of antigenic constituents of connective tissue, we 
did some experiments to adapt this method to a prepara- 
tive scale. Our aim was to construct as simple and in- 
expensive an apparatus as possible. In the course of our 
experiments we became aware of the publications of Lewis 
and Clark? and Racusen and Calvanico’ on preparative 
dise electrophoresis. One of the instruments described 
by the former investigators seemed, after minor modifica- 
tions, to be suitable for our purpose. The procedure 
finally devised differed from that of Lewis and Clark 
mainly in the use of a ‘Sephadex G-200’-sucrose mixture 
instead of the sample gel* and in the arrangements for 
eluting the material from the polyacrylamide gel. 

The apparatus (Figs. 1, 2 and 3) consists of (A) a 
‘Perspex’ box used as the upper buffer reservoir, (B) a 
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Drawing of preparative dise electrophoresis apparatus, 
upper reservoir; C, tube containing the gel system; D, cap covering lower end of C; F, 
‘Perspex’ attachment used for elution; G, brass jig with slot H 
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Fig. 2. 


Apparatus assembled for electrophoresis. In 
reservoir was supported on a stand a few cm above the lower reservoir 


ractice the upper 


short ‘Perspex’ tube attached to a hole cut in the centre 
of A, (C) a ‘Perspex’ tube with threaded ends, which cani 
be screwed into B, (D) a ‘Perspex’ cap with a l-mm hole 
drilled in the centre, which can be serewed on the lower 
end of C. The connexions of C to B and D are made 
water-tight by means of rubber washers. A plastic iy 
serving as the reservoir for the lower buffer has a flatt 
platinum wire electrode affixed to the bottom cent 
similar electrode, Æ, attached to a round polyeth 
plate, is used for the upper reservoir. F is a sho 
of ‘Perspex’ tubing, which can be screwed on 
is a brass jig with a slot, H, 3 mm from one end 
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g. 3. Jig for cutting gel slices (centre) with cover (right) and ‘Perspex’ piston ( left) 


used in holding the gel in position during cutting 


ise with two projecting pins, which fit into holes in the 
rall of G, is used to close one end of the jig. 

Lower and spacer gels were prepared as described by 
nstein and Davies'. The sample gel was replaced 
y a suspension of ‘Sephadex G-200' in 20 per cent sucrose*. 
‘he ‘Sephadex’ suspension was centrifuged for 15 min at 
,000 r.p.m. in an MSE ‘Multex’ centrifuge and the super- 
ate was discarded. To 5 ml. of the packed ‘Sephadex’ 
ras added 2 ml. of ¢tris-glycine buffer pH 6-7 (ref. 1) 
iluted 1/10 (TGB) and 1 ml. of the sample previously 
ialysed against TGB. The use of ‘Sephadex’ obviated 
he difficulties sometimes encountered in the polymeriza- 
ion of the sample gel and shortened the time required to 
et up the experiment. 

Electrophoresis was carried out as follows: the centre 
ole in cap D was plugged with a piece of ‘Plasticine’. 
“he cap was screwed on the lower end of tube C and the 
ube was clamped in a vertical position. 50 ml. of the 
ower gel were introduced into C and the gel was covered 
vith a 2-mm layer of distilled water. Polymerization 
zas completed in 50-60 min. The water was removed 
nd the lower gel was rinsed with spacer gel in the usual 
vay. 15 ml. of the spacer gel were poured on the lower 
‘el and covered with water as before. Photopolymeriza- 
ion was carried out with a 15 W fluorescent daylight lamp, 
laced at a distance of 2 em from C. The lamp was moved 
o the opposite side of C after 15 min, and then placed 
‚bove and close to C after another 10 min. The poly- 
nerization required approximately 50 min. 

The water layer was removed and D was unscrewed, 
fter first unplugging the hole. The apparatus was 
ssembled as shown in Fig. 2. The lower reservoir was 
illed with TGB, the level of the buffer solution being 
djusted so that C was immersed to a depth of 2 cm. 
Che sample (incorporated in ‘Sephadex-TGB’) was placed 
in the spacer gel, followed by 2 ml. of packed ‘Sephadex’ 
n sucrose. The latter served to protect the sample from 
nixing with the buffer solution. TGB, containing 1-5 
nl./l. of 0-01 per cent bromphenol blue, was carefully 
laced over the ‘Sephadex’. The total amount of buffer 
olution in the upper reservoir was 500 ml. Electro- 
yhoresis was carried out in a cold room at a constant 
turrent of 45 mA and 320 V. The current was adjusted 
xy changing the position of the upper electrode in box A. 
Che run was completed in about 4 h. During this time 
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the bromphenol bhie band travelled down tube C 
for 8-9 cm. 

Tube C was now unscrewed, the gel was rimmed 
under water and ellowed to slide into the cutting 
jig G, the latter being closed with its cover. 3-mm 
slices were cut wita a small hand saw, through slot 
H. A small piece was cut from each slice and placed 
along the side of & microscope slide coated with 2 
per cent Noble agar in veronal buffer pH 8-2, p : 0-05. 
Antiserum contain.ng antibodies to the mixture of 
antigens being separated was placed in the centre 
trough. Antigens present in sufficient concentra- 
tion produced lines within 24 h, but final results 
were read after 4—£ days. 

Direct elution of the antigens by suspending the 
broken-up gel slices in buffer solutions did not give 
satisfactory results. Elution was therefore carried 
out by electrophoresis. Slices giving precipitation 
lines were broken ap in a ‘Teflon’ homogenizer. A 
piece of dialysis tubing knotted at one end was 
drawn over F and fastened with rubber bands. F 
was filled with TGB and several layers of filter 
paper were placed at I. F was screwed on to C 
and the broken-up gel to be eluted was placed on the 
filter paper and covered with a disc of filter paper 
on which was placed a small amount of ‘Sephadex’ 
(1 mm high). The apparatus was assembled as 
before and electrophoresis was carried out at 45 mA, 
300 V, for 3 h. A test with antigen labelled with 
128. showed that ebout 95 per cent of the radio- 
activity was eluted from the gel during this time. The 
antigen solution was concentrated by pervaporation and 
the antigen was identified by diffusion in agar. 

We have successfully used this technique to prepare a 
purified antigen from a complex mixture of rat liver 
connective tissue antigens. The antigen was separated 
by preparative dise electrophoresis after preliminary 
fractionation on a columa of ‘Sephadex G-100° and treat- 
ment with acetate buffer, pH 5-5. A description of this 
procedure is being prepared. The antigen was concen- 
trated in two gel slices. 

The technique described here was also found useful 
for preparing antibodies to single components of the 
mixture, without having first to isolate the antigen. The 
slice containing the desirad component was homogenized 
in borate buffer, pH 8-0, incorporated in Freund's adjuvant 
and injected into rabbits. Antibodies were detected by 
diffusion in agar 2 weeks after injection. The difficulty 
with which proteins are eluted from polyacrylamide® 
suggests that the gel itself might have adjuvant proper- 
ties, through a slow release of antigenic material. Wein- 
traub and Raymond’ have indeed demonstrated the 
ability of the gel to enhance antibody production and they 
have pointed out the edvantage of this technique in 
preparing antibodies to single components of complex 
mixtures. We were not aware of their work when these 
experiments were carriec out. 

This investigation was supported by Public Health 
Research Grant AM 07629 from the National Institute of 
Arthritis and Metabolic Diseases, U.S. Public Health 
Service. 

We thank Mr. Gideen Einav for constructing the 
apparatus. 
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ae (B) Each with one allatectomized 


An Inhibitory 1 ffe: latecto: A 
and Females on the Sexual Maturation of 
Young Male Adults of Schistocerca gregaria 
(Forsk.) (Orthoptera : Acrididae) 


As shown by Loher!, removal of the corpora allata from 
immature adult males of the desert locust (Schistocerca 
gregaria Forsk.) prevents the onset of sexual maturity and 
also the production of the pheromone which has an 
accelerating effect on the maturation of young males. 

An investigation has recently been made into the 
relative effects of allatectomy and of severing the nervous 
connexions of the corpora allata on sexual behaviour, 

oocyte development and pheromone production in adult 
desert locusts’. In the course of these experiments it 


: ~ became apparent that allatectomized males not only fail 


a to accelerate maturation but actually retard it. 
In one experiment, 19 young males were placed in 
separate jars within 24 h after fledging. Seven of them 
were kept each with one allatectomized male. The other 
twelve were kept each with a normal female of its own 
age. The allatectomized males were about four weeks 
old at the beginning of the experiment and had been 
operated on a few days after fledging-—well before sexual 
maturation. The age at which the young males began to 
develop the yellow coloration on the abdomen (which is 
indicative of the onset of maturity?) was recorded. As 
soon as this point was reached, or earlier in the ease of the 
last ones to become mature, the young males were put 
each with one fully mature female for about 5 h daily 
during which time they were kept under AI Gh and 
their ages at first copulation or attempted copulation were 
noted. Those young males which were being kept with 
females were left with their own female during this period 
provided that she was fully mature; otherwise a fully 
mature female was substituted. At the end of each obser- 
vation period, the young males were replaced with their 
usual partners. The males kept with allatectomized males 
started to become yellow in an average of 24-3 + 9-4 days 
and first, copulated, or tried to copulate, in an average of 
29:5 + 11-4 days. The males kept with females started to 
become yellow in an average of 17-0 + 3-7 days and copu- 
lated, or tried to copulate, in an average of 19-2 + 4-7 
days. The difference in ages at copulation was significant 
(P < 0-02) and the difference in yellowing-times was also 
significant (P < 0-05). Of the males kept with allatecto- 
mized males the last one to copulate failed to become 
yellow and could not therefore be ineluded in the caleula- 
-tion for yellowing-time. This accounts for the greater 
time elapsing between the average vellowing-time and the 
‘average copulation-time in this treatment. 
The number of males kept with allatectomized males in 
| “the above experiment was small, so a larger experiment 
was next carried out in which young males were kept in 
‘four different ways as follows: 


(A) Each with one allatectomized ) allatectomized locusts 
male } operated on as in the 

previous experiment. 

-female 

= (Cy Each with one normal female of the same age as the 

young males 


(D) Each in isolation 


The results of this experiment are summarized in 
Table 1. 

It is apparent that allatectomized males and allatecto- 
mized females have a similar retarding effect on male 
maturation and that the normal females are neutral in 
effect. 

In a subsequent experiment the effect of the presence 
of allatectomized females on oocyte development in young 
adult females was investigated. Sixteen young females 
wero kept in pairs with each other, another sixteen were 
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pr sent average + fs _ day r fledging, 

wmumber of young Taon a Na 

First appearance of 
yelow coloration 


24:1 £69 (13) 
25-1 + 6-7 (12) 


First sci 
27-74 7-7 (18). 
26-5463 (12). i 


Each young male kept: 
(4) With one ailatectomized 


male 
(B) ie one allatectomized 
female 


(C) With one normal female 18-6 + 4-0 (12) 20-9 + 4-2 (12). 

(D) In isolation 17°5+ 3-8 (18) 187435 (18) © 

Significance tests A/B not stg. A/B not sig. 

(P AJC <0-05 AIC <0-02 

AID <0-01 A/D <0-001 
BIC < O01 BİC < 0-02 
BID <0-01 BID «<0001 
CID not sig. CID not sig. pee 
A+ B/C +D<0-001 A+ BC +D < 000) 





kept each with one allatectomized female, and anott 
sixteen were kept each in isolation. When dissected at tk 
age of 3 weeks the average lengths of the first or larges 
oocyte were respectively 4-4, 4-2 and 42 mm. Th 
result was therefore negative, no effect of the allatecte 
mized females being demonstrated. 

It has previously been shown? that, although th 
presence of mature males of Schistocerca has an accelerat 
ing effect on maturation, very young adult locusts withi: 
a week of fledging have the reverse effect and retara 
maturation of young males. The retarding influence o 
the allatectomized locusts is similar to that of very youn, 
locusts and it seems that allatectomy, as well as preventin; 
maturation, prolongs the period during which an inhibitor: 
influence on the maturation of others is exerted. 


M. J. NORRIS 
M. P. PENER * 
Anti-Locust Research Centre, 
Wrights Lane, London, W.8 


* Present address: Laboratory of Buoni Department of Zoology 
Hebrew University, Jerusalem, Israel, 


* Loher, W., Proc, Rey. Soc., B, 158, 380 (1960). 
* Pener, M. P., J. Zom., 147(2), 119 (1985), 

* Norris, M. J., Anti-Loeust Bull., No. 18 (1964). 
t Norris, M. J., Nature, 208, 784 (1964). 


VIROLOGY 


Nuclear Surface N-Acetyl Neuraminic Acid 
Terminating Receptors for Myxovirus 
Attachment 


INsiGgHT into the molecular organization of celulë; 
membranes may be gained by defining their molecula 
components in terms of functional groups which serve a 
receptors for virus attachment. Thus, the specific attach 
ment of myxovirus to neuraminic acid-terminating glyco. 
protein groups on the cell surface and the loss of viru. 
binding capacity following exposure of cells to neur 
aminidase serve to define the neuraminie acid moleculs 
in its role as a functional receptor on the plasma mem 
brane}. This report describes the first use of this appro 
to map the surface of nuclei by comparing the charac: 
istics of myxovirus attachment and elution of whole cel 
with isolated nuclei. Here we demonstrate that tł 
surface of eytoplasm-free nuclei prepared by treating ¢ 
with an anionic detergent contains specific receptors: 
the attachment of myxovirus, and that in terms of + 
adsorption and elution the surface of nuclei isolated fr 
HeLa cells reacts much like that of an erythrocyte, o 01 
a host cell the viral engulfment capacity of which hash 
destroyed by heat. : 

Isolated nuclei are prepared by suspending mono. 
disperse HeLa 83 cells to a density of 2 x 10° cells/ml. ir 
a cold 0-01 per cent aqueous solution of purified sodiu 
dodecyl sulphate (SDS)*. The cold SDS-cell suspensi: 
is pipetted 3-6 times through a 10-ml. pipette or mi 
vigorously for about 30 sec on a ‘Vortex-Junior’ mi: 
This brief treatment produces complete dissolution of 
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asma membrane and most intracytoplasmic structures, 
id results in a quantitative yield of nuclei. This tech- 
que is similar in principle to several methods described 
cently*-*, but simpler in practice. The nuclei used in 
ese experiments were washed with a K*-free phosphate- 
iffered-saline by centrifugation at 1,600 r.p.m. for 
)min in an International Model PR-2, and resuspended 

attachment solution? or K+-free saline. Nuclei were 
amined for adhering cytoplasm by means of oil immer- 
mn phase-contrast and dark-field optics, and with 
1orescent microscopy of acridine orange-stained unfixed 
aterial under conditions known to reveal cytoplasm as 
brilliant red-orange fluorescence®. By these tests, more 
van, 99 per cent of the nuclei were judged completely 
ee of adhering cytoplasm and presented an extremely 
iform and smooth appearance at the membrane-fluid 
terface. Electron microscopic investigations are under 
ay to determine whether the surface of nuclei isolated 

. this manner consists of a single or double unit mem- 
‘ane’. 

Virus attachment studies on. isolated nuclei exposed 
) Newcastle disease virus (NDV), a representative of 
1e myxovirus group the members of which character- 
tically bind to receptors terminating in N-acetyl neur- 
minic acid®™1°, are carried out as follows at 2° C: nuclei 
ad cells are suspended in cold attachment solution to 
jual densities, usually 2-0 x 107/ml., and an equal 
umber of plaque-forming particles (PFP) of NDV are 
dded to each of the two suspensions. Aliquots of the 
irus—cell and virus-nucleus mixtures are removed at 
arious intervals, immediately diluted 1:20 in cold 
‘tachment solution, and centrifuged to remove cells, 
uclei and bound virus. The supernatant fluid is assayed 
x3” unattached plaque-forming particles as previously 
escribed". Fig. 1 represents the characteristic attach- 
ent of NDV to HeLa cells and the loss of virus binding 
lowing the treatment of the cells with neuraminidase. 
‘ig. 2 demonstrates that NDV binds equally efficiently to 
lated nuclei, and that, as with whole cells, binding 
apacity is lost following incubation with neuraminidase. 
‘alues of the velocity constants for attachment’, k, of 
TDV to whole cells and nuclei were experimentally equi- 


No, 5015 


eee ee ee 
NEURAMINIDASE-CELLS 





0:5 


0:2 


0'1 


I AOLOUL UL ULLLVAŬIVU Yiluo ya DL 






t03 NDV- Calif :Vo= 3 2 x 107/ml. 


HeLa-S3 Cells :Cg= 2.0 x 107 ml. 


0 02 


0 15 30 45 60 75 90 
Time (min) 


105 


Flg,1. Newcastle disease virus attachment to neuraminidase-treated and 
non-treated HeLa cells. Temperature of attachment=2° O 


NATURE 


1123 


( m 2 "ss nee oe $ 


7 om y è 


NEURAMINIDASE -NUCLEI 








XO 

0:5 
Ay 
Fy 
& 
E y 
m 0-2 \ 
E N. 
oO 
£ 
Š NUCLEI 
S ol f 
8 
F NEURAMINIDASE-CELLS—>NUCLEI 

0:05 

NDV-Calif. Vo = 3.2 x 107 /ml. 
HeLa~S3 NUCLEI: No = 2.0 x 107/ml. 
0:02 
0 15 30 45 60 75 90 105 
Time (min) 


Fig, 2. Newcastle disease viris attachment to neuraminidase-treated 
and non-treated nuclei derived from neuraminidase-treated and non- 
treated HeLa cells. Temperature of attachment =2° C 


valent, with k = 2 x 1¢* cm? min. The patterns of 
NDV attachment to nuclei and cells were similar, that is, 
attachment was rapid and uniform for about 85 per cent 
of the virus populatior, and for the remainder slowed 
markedly to about one-tenth of the original rate. 

When NDV at the lowmultiplicities (virus/cell ratio ~ 1) 
used here is attached tm Hela cells at 2° C less than 
0-2 per cent of the virus elutes when the temperature of 
the virus—cell complex is raised to 37° C (ref. 13), and 
within 10 min essentially all of the particles are engulfed 
by the cell*4. In contrsst, when virus—nuclei complexes 
formed at 2° C are incubated at 37° C virus elution com- 
mences, and within 30 min all initially bound virus is 
recoverable in the surernatant fluid as free plaque- 
forming particles (Fig. 5). This elution is accompanied 
by receptor destruction, and a consequent inability of the 
nuclei to bind virus as evidenced by a ten-fold reduction 
in uptake of a second virus input. Similarly, viral elution 
from the host cell surface may be demonstrated if engulf- 
ment of virus is prevented by heating the cells for 15 min 
at 50° C prior to virus attachment. Then, viral elution 
occurs at essentially the same rate as from the surface of 
isolated nuclei or bovine red blood cells, the latter used to 
verify the well-documented elution characteristics of 
myxovirus from erythrocytes (Fig. 3). 

To test whether recepsors for attachment of myxovirus 
to the surface of nuclei are artefacts, derived from the 
cell membrane during zhe isolation procedure, the fol- 
lowing experiment was performed: HeLa cells were 
treated with neuraminicase (Grand Island Biological Co., 
New York) for 15 min a3 37° C to remove all cell surface- 
situated receptors as tested by: (a) release of N-acetyl 
neuraminic acid (NANA) determined chemically; (b) 
loss of virus binding capacity; or (c) loss of cell sus- 
ceptibility to infection“: then cooled to 2° C, washed, and 
treated with SDS to obtain nuclei. The curve labelled 
‘neuraminidase-cells nuclei’ in Fig. 2 demonstrates that 
under these conditions complete removal of receptor 
N-acetyl neuraminic acid molecules located in the cell 
membrane has no effecs on the receptor complement of 
subsequently isolated nuclei as judged by the rate of 
NDV attachment. 
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Fig. 3. Newcastle disease virus elution at 37° C from HeLa cells heated 
for 15 min at 50° C, nuclei derived from HeLa cells, and bovine erythro- 
cytes. Virus attachment initially at 2° C for 30 min 


We were concerned with the relative amounts of sialic 
acid on the surface of whole cells and nuclei isolated from 
them, and hence determined the amount of neuraminic 
acid freed from these two surfaces following treatment 
with neuraminidase (15-25 units enzyme/1 x 107 cells or 
nuclei for 20 min at 37° C in phosphate-buffered-saline 
containing 10-2 M Cat+; conditions adequate to release 
maximal amounts of sialic acid as assayed by the Warren 
procedure!). Table 1 lists the sialic acid (NANA) content 
of HeLa 83 cell and nuclear surfaces as the average and 
standard deviation of from 5 to 10 determinations made 
on cells, or nuclei from cells, grown in spinner culture. To 
determine whether the low NANA content of the nuclear 
surface was due to removal of membrane bound-NANA 
moieties by SDS, we tested the sensitivity of plasma 
membrane-bound NANA to removal by the detergent, 
since the normal content of NANA on the cell surface 
was known (Table 1). Sialic acid freed from the cell 
surface by neuraminidase was measured after exposing 
the cells to SDS under conditions that do not produce 
dissolution of the plasma membrane, namely, 0-01 per 
cent SDS in cold isotonic K+-free saline. Cells exposed 
in this manner, first to SDS, release the usual amount of 
NANA (0-16 uM/1 x 108 cells) after enzyme treatment, 
indicating that our standard treatment with detergent 
apparently does not free NANA-containing molecules 
from membrane. - 

In light of the equivalent velocity constants for NDV 
attachment to nuclear and cell surfaces, and hence 
the presumed equivalent collision efficiency of the two 
systems, the 24-fold excess of neuraminic acid groups 
on the cell surface revealed in Table 1 presents some- 
what of an anomaly, and suggests that many of the 
NANA prosthetic groups are not functional in a receptor 
capacity (perhaps inaccessible as Burnet?! has thought in 
accounting for the receptor gradient), a concept consistent 
with the fact that only a small fraction of. plasma mem- 
brane-located carboxyl groups of NANA may effectively 
contribute to the net negative charge on the cell surface!’. 
On the other hand, when the contribution of microvilli to 
the cell surface is considered, the surface area per cell 


Table 1 NEURAMINIC ACID CONTENT OF HELA CELL AND NUOLEAR 
SURFACES 
NANA (uM/1x 10° cells Molecules NANA/ 
Surface or nuclei) surface 
Ce 0-168 + 0-041 * 1,050 x 10° 
Nucleus 0 007 +0 002 44 x 10° 


* The direct Ehrlich procedure gave exactly one-half this value for cell 
surface NANA. e 
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approximates 104 u?, or about 105 molecules of NAN 
per u?. With the surface area of the nucleus estimate 
at about 500 u?, there are also about 10° molecules < 
NANA per u?. The errors inherent in evaluating tł 
total cell and nuclear surface areas are of such magnituc 
that the density of NANA molecules on each surfas 
might, as a first approximation, be considered equal. T} 
equivalent k values obtained for the attachment constan 
are thought to support this view. 

During the sialic acid determination we noted th: 
nuclei treated with neuraminidase to release surfac 
NANA did not leak significant amounts of 2-deoxyribos 
as measured spectrophotometrically®, attesting to tł 
integrity of the membrane of isolated nuclei, since ruptun 
of the nuclear membrane by sonication or acid hydrolys 
was shown to release large amounts of this sugar. In th. 
connexion, the relative stability of the nuclear membrar 
of mammalian cells in hypotonic solutions of detergent . 
of general interest. For the preparation of cytoplasm-fre 
nuclei, the concentration of cells suspended in aqueov 
SDS is critical. As higher densities of cells are used, 
correspondingly larger fraction of nuclei is found wit 
cytoplasmic debris adhering to their periphery; notice 
ably, the Golgi-region of the cytoplasm is most tenaciousl, 
bound, . and hence invariably the last portion of th 
cytoplasm to fall free. 

Throughout these investigations we have been im 
pressed with the specificity and sensitivity of the bic 
logical test system, viral attachment, over that of th 
chemical reactions used to detect NANA-terminal group: 
For example, it was necessary to amass more than 10 
nuclei for a single chemical determination, whereas 10 
nuclei suffice to detect receptors, or the loss of same, b: 
viral attachment techniques. 

These investigations demonstrate that viral attach 
ment to particular molecular groups on the surface of cell 
or nuclei can be used as a biological approach of exquisit 
specificity and sensitivity to define the complex mosai 
of chemical entities that constitute the functional group. 
of cytomembranes. To pursue this approach further w» 
have initiated a complementary investigation designe» 
to determine the rate and pattern of reappearance, anc 
conditions governing the replacement of NANA termin 
ating groups on the surface of normal individual cells!’ 

This work was aided by grant AJI-03619-05 from the 
U.S. National Institutes of Health. One of us (P. I. M. 
is a research career development awardee of the Nationa 
Institute of Allergy and Infectious Disease, U.S. Publis 
Health Service (2-K3-GM-15, 461-05). i 
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Effect of 8-Propiolactone and Thiomersal 
on Growth of B.H.K. Cells in the Hamster 
Cheek Pouch 


Tue use of tissue cultures of continuous ceil-lines for 
‘reparing vaccines poses a number of problems which are 
„sumed not to exist when primary cell-cultures are used. 
Jndoubtedly the most interesting aspect requiring celari- 
ication is the potential of these cells to multiply when 
nocwated into an animal. There are several factors which 
‘ould have a bearmg on this, in particular the physical 
reatment that the cells undergo during the preparation 
xf a vaccine. This treatment is probably most severe in 
he preparation of inactivated vaccines, and we have 
»xamined the various stages of this process to determine 
heir effect. 

Newcastle disease vaccine can be prepared by growing 
the virus in tissue culture, mactivating with 1: 1,000 B- 
sropiolactone and afterwards adding 0-013 per cent thio- 
nersal as a preservative. Virus, inactivating agent and 

preservative are each capable of causing cell damage and 
were therefore investigated. The test involved virus 
zrowth in cells derived from the B.H.K. 21 cell line which 
“had been previously modified until they were capable of 
growing in suspended culture. Inoculating the hamster 
«cheek pouch was used for detecting the presence of viable 
velis. This system could also detect oncogenic substances 
shat might be released from the treated cells. 

A suspension of B.H.K. cells in the log phase of growth, 
with a viable count of 1:5 x 10° colls/ml., was con- 

«centrated by centrifuging at 166g for 15 min. The cells 
were immediately resuspended in maintenance medium 
at concentrations of 10 x 10%, 20 x 108 and 30 x 108 
cells/ml. Each of these suspensions was divided into three 
portaons, one being treated with 6-propiolactone, one with 
thiomersal and one left untreated. 

Treatment with §-propiolactone was carried out by 
adding a freshly prepared 10 per cent solution of B-pro- 
piolactone in distilled water to the cell suspension to give 
a finel concentration of 1: 1,000; the mixture was then 
kept at 37° C for 2 h, and after adjustment of the pH to 
7:2 it was inoculated into hamsters. A further sample was 
treated with thiomersal at a final concentration of 0-013 
per cent by adding it to cells maintained at +4°C. This 
mixture was inoculated into hamsters after treatment for 
2h. The control cells received no treatment apart from 
storage at +4° C for 2 h before inoculation. 

Syrian hamsters weighing 50—60 g were used. The 
technique adopted was that described by Handler and 
Foley1, except that the animals were anaesthetized with 
ether before inoculation and when they were exammed. 
for signs of tumour development. 0-1 ml. of a sus- 
pension of cells was implanted under the epithelium 
of the cheek pouch with a 26-gauge needle. Only ono 
cheek pouch was inoculated. Hach cell suspension was 
given to a group of four hamsters ; two of them received 
0-1 ml. cortisone solution (‘Cortelan’ 25 mg/ml.) sub- 
cutaneously at the time of inoculation. This dose was 
repeated three times a week for 3 weeks. The hamsters 
were observed daily during the first week and three times 
a week thereafter. 
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Tablet 
Regres- Mitosis. 
Cells sion (R) or Host Few or 
Oell suspension per progres- Vascular- inflam. none — 
10 mi. sion (P) ization response Many + 
B.H E. alone 30 x 10° P Marked - + 
20 x 10° P Marked — + 
10x10" P Marked — + 
B H.E. + thiomersal 30 x 10° P Marked — + 
20 x 10° P Marked — + 
10 x 10° R Poor + ~ 
B.H.E.+-propio- 30 x 108 R Poor + — 
lactone 20 x 108 R Poor + — 
10 x 105 R Poor + - 
BH,E.+ NDY virus No thiom- R Poor + 
+ P-propiolactone ersal 
Thtomersal R Poor + - 
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Small nodules, approximately 1 mm in size, were evident 
in most hamsters during the first few days after inocula- 
tion. These nodules either regressed or became visibly 
larger, depending on tae type of cell suspension ad- 
ministered. In certain mstances the nodules were asso- 
ciated with a prominert vascularity. When a nodule 
developed, the hamster was retained until the nodule 
became large or showed signs of breaking down. The 
nodule was then excised for histological examination. 
Transplantations of nodales to other cheek pouches were 
not made. In those hamsters in which nodules failed to 
develop, the animals wer3 retained for 42 days before being 
killed, and the area of the cheek pouch that had been 
inoculated was removed for histological study. 

When untreated B.H.K. cells were inoculated at the 
three different cell concentrations, the initial nodules 
enlarged considerably from the seventh day onward and 
became markedly vascular by the tenth day. No apparent 
difference was noticeable between the pairs of hamsters 
receiving cortisone and the others. The hamsters were 
retained for 14-24 days before the nodules were excised. 
Histological examination of the nodules revealed extensive 
cellular proliferation. The pattern was that of an un- 
differentiated cell sarcoma; numerous mitotic figures were 
present and there were signs of tissue necrosis in the 
central area. The interpretation was that cells in the 
inoculum could proliferate in the hamster cheek pouch 
and produce tumours similar to those we have seen in 
earlier studies with Hela cells. 

B.H.K. cells treated -vith thiomersal at the two higher 
cell concentrations produced nodules with an associated 
vascularity in the cheek pouches. Hamsters inoculated 
with the smallest consentrations of thiomersal-treated 
B.H.K. cells, 10 x 10® cells/ml., developed no nodules 
during 42 days’ observation. The histological sections 
on the cheek pouches of these animals revealed no 
abnormalities except occasional local inflammatory 
responses. 

B.H.K. cells treated with $-propiolactone produced no 
nodules in hamsters at any of the three concentrations of 
cells. Histological sections of cheek pouches were normal, 
apart from minimal mflammatory responses in some 
sections. 

An attempt was made to assess the effect of Newcastle 
disease virus on the viability of B.H.K. cells. Unfor- 
tunately this had to be combined with inactivation by 
6-propiolactone in order to avoid the presence of live virus 
in the animal house. A suspension of cells with a viable 
count of 2 x 10° per mL was infected with a tissue-culture 
adapted strain of Newcastle disease virus. Four days 
later the cells were removed and concentrated by centrifug- 
ing; they were then resuspended in supernatant to give a 
final cell concentration of 30 x 10° per ml. Inactivation 
with 1 : 1,000 8-propiolactone was carried out as previously 
described. The sample was divided into halves; one re- 
ceived no further treatment, but thiomersal was added to 
the other at a final concentration of 0-013 per cent. None 
of the inoculated hamsiers developed tumours, and there 
was no histological sigr- of cell proliferation. 

It would seem that B-propiolactone at a concentration 
of 1: 1,000 ıs highly efficient for preventing subsequent 
multiplication of the cells. Thiomersal at a concentration 
of 0-013 per cent appears to have a marginal effect during 
the short period of treatment used. The fact that it was 
able to inhibit cell growth when low concentrations of cells 
were used may be related to the lower protem content of 
this particular cell suspension; with higher cell con- 
centrations non-specific absorption of the substance may 
occur, reducing its availability. Alternatively, the initial 
low concentrations of the preservative or the short treat- 
ment may be responsible for lack of inhibition at higher 
cell concentrations. In practice the cell concentration of a 
vaccine is likely to be less than one-fifth of the lowest 
concentrations we used, and at these levels 0-013 per cent 
thiomersal totally inhibits cell growth. 7 


t 
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Under the conditions of these experiments, the physical 
treatment that a virus vaccine undergoes during the 
various production stages of virus growth, inactivation 
and addition of preservative, was shown to be deleterious 
to the tissue culture cells from which the virus was pro- 
duced; using a highly sensitive test system we were unable 
to demonstrate surviving ceils. We were unable to 
demonstrate any breakdown product capable of producing 
tumours. 

From these experiments it seems that the preparation 
of an inactivated vaccine from virus grown in these cells 
would carry no risk of inducing malignant tumour growth 
in hamsters and hence would also carry no risk for a 
heterologous host, in which there would, moreover, be an 
immunological barrier. S. A. KEEBLE 


C. S5. HEYMANN 
Virus Research Unit, 
Glaxo Laboratories, Ltd., Greenford, Middlesex. 


* Hendler, A. H., and Foley, G. E., Proc. Soc. Exp. Biol. Med., 81, 237 (1956). 
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Linkage in Man: the Inv and the Lp 
Serum Type Systems 


THE new serum type system Lp! is a useful genetic 
marker system, the frequency of the Lp® gene being 
approximately 0:18 in Caucasians?:* and test reagents unre- 
strictedly available. Concerning the serum type system Inv 
(refs. 4 and 5), test reagents have been relatively difficult 
to obtain, but are now increasingly available*-*. The 
established Inv% or Inv™ gene frequencies, 0-06-0-10 in 
Caucasians and considerably higher in other populations, 
would indicate common use of this marker system in the 
future. This pre-supposes the elucidation of the genetics 
of this system, including analysis of linkage relationships. 
This communication provides data on the Inv—Lp linkage 
relation. 

The material comprised 87 unrelated parents and 20 
children from Norwegian families tested for Lp(a) and 
Inv(a). Of the unrelated individuals 67 were derived from 
a family material considered earlier as regards Lp(a) by 
Mohr and Berg?, and 20 derived from a material concerning 
Epidermolysis bullosa (Gedde-Dahl, in preparation). 

Anti-Inv(a) Math. serum and anti-D Roehm serum were 
kindly provided by Dr. A. G. Steinberg, while anti-Lp(a) 
serum was of our own production (K. B.). The Inv typing 
was performed as outlined by Steinberg’ with minor 
modifications, and the Lp typing as described by Berg’. 

Among the 87 unrelated individuals 13-79 per cent 
(12 individuals) were found to be Inv(at) and 33°33 per 
cent (29 individuals) Lp(at) (Table 1). Four matings of 
the type Inv(a*)Lp(at) x Inv(a-)Lp(a-) were observed 
among the 40 pairs of parents where both parents were 


tested. As appears from Table 2, recombination between 


the Inv and Lp loci must have taken place in each of these 
families. The Fisher-Finney method! gave values of 
73-225 units, a linkage score of — 7-233 and a test value of 
—0-845. The most likely recombination frequency is 
50 per cent, that is free recombination. By the Morton- 
Smith method", linkage between the Lp and Inv loci 
may be excluded with a probability of 0:985, and linkage 
below 30 per cent with a probability of 0-996. It may be 
noted that practically all the information, 66 units by the 


Table 1. PHENOTYPE DISTRIBUTION OF 87 UNRELATED PARENTS 


Inv{a*t) Inv(a-) 
Lplaty 4 25 
Lp(a- 8 50 


Table 2. PHENOTYPE DISTRIBUTION OF CHILDREN IN FOUR FAMILIES OF 
MATING TYPE Inv(at}Lp(at) x Inv(a-)Lp(a-) 


Family No. of Inviat) Inv(a-) Invia)  Inv(at) 


children Lp (at) Lps) Ly{at) Lp(a-) 
Eb XXY 12 2 3 3 4 
678 3 1 1 1 
688 3 1 1 1 
Eb LXT . 2 1 1 
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Fisher-Finney method, was derived from a single 12 s 
family. In all four families the double heterozygo: 
parent was the mother. 

Berg and Mohr?? found the phenotype Lp(a*) in 34-( 
per cent of 314 unrelated Norwegians. 67 of these, name! 
23 Lp(at) and 44 Lp(a-) individuals, are included in tł 
present material. The frequency of the phenotype Inv(a 
has not previously been estimated for the Norwegis 
population. The distribution in the present materis 
however, does not differ significantly from our own findir 
of 14 Inv(at) individuals among 143 Norwegians not ii 
cluded here (77: 0:86, 0-5 > P > 0:3). Both materia 
combined gave a phenotype frequency of Inv(a*) of 11 
per cent. These results of Inv(a) will be included in 
later publication. 

From the gene frequencies of Lpè 0:1877? and In 
0:059 an expected number of 0-8 double backcross matin; 
among 40 random Norwegian matings may be calculate: 
Actually, 2 such matings were observed among 33 from a 
unselected family material, and 2 out of 7 in families selec 
ted by Epidermolysis bullosa and. by the number of childrer 

Tt appears that the linkage relations of the Inv loct 
have not previously been analysed beyond an exclusio 
of linkage closer than 30 per cent recombination betwee 
the Inv and Gm loci". 

Work on the relations between the Lp locus and tk 
loci of the ABO, MNS, Rh, Le, Lu, P, Fy, Jk, K, Hp, G 
Gm, and Ag systems has not revealed any linkage, br 
information on some of the relations was scarce”, 

Tho calculations were made by Mr. Dan Woien, of tt 
University Institute of Mathematics, Oslo, by means of a 
IBM electronic computer 1620 IT. 

This work was in part supported by U.S. Public Healt 
Service research grant GM 6842 from the Division « 
Research Grants. 
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Artificial Insemination of Dystrophic Mice 

with Mixtures of Spermatozoa 

MuscuisaR dystrophy in mice (Dysirophia musculari 
symbol dy) is transmitted as an autosomal recessive 
and is linked to Steel (S1) and Ames waltzer (av) in linka; 
group IV3-5. Mice of genotype dy/dy have pronounc 
weakness of the hind limbs and die as young adult 
Dystrophic male mice do not breed, and dystroph 
females may have one or sometimes two litters early 
their reproductive life, when mated to normal male 
The disease can be recognized in mice 2-3 weeks o 
and has a characteristic manifestation, described in det: 
by Michelson et al. and Loosli et al.*. 

In a previous report’, littera consisting entirely 
dystrophie (dy/dy) mice were obtained by inseminatu 
dystrophic F, hybrid females (F, hybrid from 12 
Re-dy/+ x C57BL/6-dy/+) (ref. 8) with spermatoz 
from F, hybrid males of the same genotype. The numb 
of dystrophic females producing litters following artitic: 
insemination approaches that observed with natw 
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able 1. RESULTS OF ARTIFICIAL INSEMINATIONS OF HORMONALLY PRIMED 

YSTROPHIO FEMALES VERSUS NATURAL MATINGS OF HORMONALLY PRIMED 
NORMAL FEMALES 

Litters/ Mean Total 

No. inseminated litter size offspring 


ystrophic females (A)inseminated 73/285 (31%) 7-5 549 
with spermatozoa from dystro- 

phic males (A) 

atural matings of wild typefemales 127/817 (48%) 89. 1,222 
(B) and wild type males (B) 


A = 129(Re)B6— +/p dy/dy derived from 129/Re—p/p +/dy x C57BL] 


+ +iay 
B F TS +/p +/+ derived from 129/Re-—p/p +/+ x CS7BL/ 
+ + +. 


able 2. RESULTS OF INSEMINATIONS OF DYSTROPHIO FEMALES WITH 
MIXED SPERMATOZOA 

ink-eyed dystrophic females (C) inseminated with spermatozoa from a 

ink-eyed dystrophic male (C) mixed with those from a dark-eyed non- 

yatrophic male (D). 


Mean Offspring 
Experiment JLitters/No. litter 
inseminated gize Pink-eyed Dark-eyed Total 

1 9/20 6-1 14 89 53 

2 2/18 90 4 5 

3 5/20 42 8 13 21 

4 5/20 50 18 12 25 

5 1/22 8-0 4 4 8 

6 3/19 70 12 9 21 

7 5/17 110 26 29 55 

8 14/24 7'9 67 43 110 

9 8/20 5'5 23 21 44 
10 15/20 7-2 62 46 108 
Totals 67/200 (34%) 6:7 230 220 450 


Ed ps —pjp™ duļdy derived from 129/Re—p/p +/dy x C57BL] 

D = 120(Sv)B6— +/+ +/+ derived from 129/Sv— +/+ +/+ x C57BL/ 
t— +/+ +/+. 
natings of hormonally primed 129B6F, normal females 
Table 1). The offspring are homozygous for dystrophy 
‘dy/dy) but are otherwise a genetically segregating 
,opulation. Variation in genetic background does not, 
10Wever, cause any appreciable differences in the expres- 
sion. of dy/dy genotype*?°. 

This communication reports reproductive performance 
»f dystrophic females following insemination with mixtures 
of genetically-tagged spermatozoa, along with information 
m genotypes of offspring. The eye-colour markers, 
»ink-eyed dilution (p) and its wild-type allele (+), were 
ised to identify normal and potentially dystrophic indi- 
viduals from 12 days of gestation forward. This method 
vermits within-litter biochemical and histopathological 
somparisons of dy/dy and dy/-+ muscle in pre-clinical stages. 

All mice used in these experiments were 129B6F, 
aybrids, but special mutant-carrying sub-lines of strains 
129 and C57BL/6 were required to provide the desired 
solour markers. A mutation at the pink-eyed dilution 
locus (pm) in the C57BL/6 strain permitted the develop- 
ment of a C57BL/6-p™ dy sub-strain from the existing 
Cbd7BL/6-dy strain, the latter described by Russell et al.°. 
A 129/Sv-CP sub-strain homozygous for the wild-type 
alleles of pink-eyed dilution and dystrophy (N10) was 
available through the courtesy of Dr. Leroy Stevens. 

Ovulation was hormonally induced in all females by 
intraperitoneal injections of 2 1.0. of pregnant mare 
serum (PMS) (Ayerst Laboratories, Inc., New York) 
followed in 36—40 h by 21.0. of human chorionic gonado- 
tropin (HCG) (Ayerst Laboratories, Inc., New York). In 
production of all-dystrophic litters, spermatozoa from the 
ductus deferens and epididymis of one 129B6F,-dy/dy 
male, suspended in 0-4 ml. 0-85 per cent sodium ch.oride 
at room temperature, were sufficient to inseminate approx- 
imately five 129B6F,-dy/dy females. In production of 
mixed dystrophic-normal litters, spermatozoa from’ a 
mature pink-eyed dy/dy male and from a dark-eyed +/+ 
male of comparable age were suspended together in 
0-8 ml. saline. Each female received 0-04-0-05 ml. of 
the spermatozoa through the cervix (method of Dziuk 
and Runner, 1960) (ref. 9), 10-12 h after injection of HCG. 
Immediately following insemination each femele was 
put with a vasectomized male until a vaginal plug was 
observed. The mean age of all females was 55 days, 
range 32-89 days. Dystrophic females frequently do not 
withstand the strains of pregnancy and lactation, hence 
it was often necessary to take their litters by Caesarean 
section at the 19th or 20th day of gestation. Pregnant 
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normal females, which had been primed and mated 2 
days prior to the artificial insemination of the dystrophic 
females, were used as foster-mothers for these litters. 

When spermatozoa, were mixed from two males, one of 
genotype p/p dy/dy and the other of genotype +/+ 
+/+, and then insemirated into females of genotype 
pm/p dy/dy, approximately equal numbers of pink-eyed 
offspring (230) and darx-eyed offspring (220) resulted 
(Table 2). However, in any single experimental group 
the proportion of pink-ey2d and dark-eyed offspring often 
deviated markedly from the expected 1:1 ratio. The 
pink-eyed offspring were presumed to be dystrophic 
whereas dark-eyed offsprng were presumed to be normal 
heterozygous carriers of dystrophy. The majority of 
the potentially dystropkic young were used in various 
pre-clinical studies and thus could not be checked for 
expression of dystrophy. These results suggest equal 
transmission and fertilizing ability of p dy and pm dy 
spermatozoa compared with +/+ spermatozoa. Exten- 
sive counts (unpublished) from dystrophic and normal 
F, hybrid males have shown no significant differences in 
numbers of spermatozoa 

We thank Mrs. Ada Grindle for her technical assist- 
ance. 
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PSYCHOLOGY 


Shift Working : the Arrangement of Hours 
on Night Work 


PROBLEMS of adaptation to shift-working routines may 
be increased by physiolcgical disturbance when changing 
to night work is involved. It has been shown that per- 
formance on some kinds of work can be affected by inver- 
sion of normal time roctines so that output at night is 
lowest in the early hoars of the morning!?. This is 
believed to be associated with diurnal rhythms which 
persist with old periodicities into the new routines. 
Experiments have shown, however, that complete in- 
version of the environment is accompanied after a period 
by synchronization of diurnal rhythms with the new 
routines*. For this reason physiologists have sometimes 
suggested that, to facilitate adaptation and improve 
efficiency, night work should be permanent or for a long 
period*5, 

While this recommendation may be suitable for special 
occupational groups it fails to take into account many 
variables in the industrial situation. Social, domestic 
and recreational interests also have their place in the 
shift-worker’s life, and these make it impossible to live 
in a completely inverted environment. Jn these circum- 
stances adaptation of the diurnal rhythms becomes less 
probable and there is some evidence that it does not 
occur. Van Loon’ has shown that the temperature peri- 
odicity of three men, a_though modified, failed to invert 
after 13 weeks on night shift when continuity was inter- 


1128 
Table 1. THE TWO SHIFT CYCLES 
Average weekly hours 42 
Week 7-shift cycle 8x2x 2 cycle 
1 2 3 1 2 3 4 

Mon 6*-2 of 10*-6 2*-10 6-2 Of 10-6 2-10 
Tues 6-2 Off 2-10 6-2 OW 10-6 2-10 
Wed 6-2 10-6 or 2-10 2-10 6-2 of 10-6 
Thurs 6-2 10-6 Off 2-10 2-10 6-2 Off 10-8 
Fri. 6-2 10-6 2-10 Of 10-6 2-10 6-2 of 
Sat 6-12 30 10-6 12 30-10 Off 10-6 1230-10 6-1230 Of 
Sun. Of 10-6 2-10 6-2 Off 10-6 210 6-2 


*6am.,2p.m,l0pm, 


rupted by a weekly rest-day. Studies by Wyatt and 
Marriott’ of absence from work and work performance 
of shift-workers, both on a fortnightly and on a monthly 
cycle, showed an increase in absence during successive 
weeks of the night sift and a decrease in absence and an 
increase in. output in the following weeks of the day shift. 
Although not based on physiological measures, this sug- 
gests a failure of adaptation and a consequent accumula- 
tion of fatigue over the period of the night shift which was 
dissipated on the subsequent weeks of the day shift. 
Finally, night workers appear to retain some day-time 
eating habits, and if times of food intake are a secondary 
synchronizing factor? this will interfere with adaptation. 

Two studies have been carried out of the behaviour 
and preferences of men engaged on shift work. In the 
first, chemical workers m a large plant had been operating 
@ continuous shift system, m which thoy worked seven 
shifts followed by a rest period, before changing to a 
different shift. On the msistence of the men and after 
balloting, the system was changed to a 3x2x2 cycle 
(Table 1). This type of cycle results in short but frequent 
bursts on the night shift. Interviews with a sample of 
fifty men, after three years experience of the new cycle, 
showed that all but seven men preferred the shorter 
cycle. The main reasons given for this preference were 
that they felt less tired and that they had more oppor- 
tunity for particrpatmg in normal social and domestic 
life each week. Of those preferring the longer cycle, only 
four gave a reason which indicated some degree of physical 
adaptation during the seven-shift cycle. 

The second study’ examined the behaviour of men on 
shift work who were allowed to exchange shifts among 
themselves. They could also ask to be placed on a per- 
manent night list. The men worked a variety of shifts 
arranged in a complex 32-week rota in which night duties 
were listed for two in every seven or eight weeks. The 
study showed that one in five of all listed duties were 
exchanged and that 87 per cent of these changes were 
between day and night duties. ‘The original rota was 
planned so that each man worked 25-35 per cent of his 

_time on night duty. As a result of the exchanges and of 
permanent night-duty listings the numbers of men working 
different proportions of night duty were distributed as 
shown in Fig. 1. The bimodal distribution indicates 
preference for either permanent day- or permanent night- 
working. That this preference 1s associated with adapta- 
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tion of diurnal rhythms, however, is doubtful. The night 
duty worked was one of alternate nights—one night op 
and one night off—and adaptation to a 48-h cycle has not, 
up to now, been demonstrated’. In addition, the 48-b 
cycle was broken by the fairly frequent interpolation of 
overtime nights. A more detailed study of the population 
is planned. 

The varnety of behaviour observed in these investiga- 
tions suggests that adaptation to shift working is a 
complex process involving the balancing of many factors 
in both the internal and external environment. For this 
reason no single solution to the problem of the best 
arrangement of shift cycles is likely to be generally 
applicable. An extension of shift work and night work is 
anticipated and with shortened weekly hours there will 
be greater flexibility in their arrangement. Before 
theories of the optimum arrangement of shifts are formu- 
lated more must be known of the nature and interaction 
of psychological and social, as well as physiological, factors 
in the working situation. 
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Effect of Infantile Treadmill Experience on 
Body-weight and Resistance to Exhaustion 
in the Rat 


AN earlier experiment reported an inverse relationsh}y 
between the age of rats and their exhaustion time on : 
slowly and continuously revolving wheel!. The experiment: 
reported here show the effect of early treadmill experienc 
on later resistance to exhaustion and a hitherto-unnoticer 
weight-gain effect. 

The apparatus used in these experiments was simila 
to that used previously’. The rats were placed i 
individual 5:5 ın. by 9-5 in. cubicles, on wheels two-third 
submerged in water and constantly rotating at 2 r.p.m 
Each animal was in a separate compartment and food wa 
available at all times. 

The Ss in these investigations were male Long-Evan 
rats from the University of Florida colony. 

In Exp. 1, eight Ss were placed on the wheel for 2 day 
at 40 days of age and 4 days at 60 days of age (the sph 
period was inadvertently brought about by a whee 
breakdown). A control group matched by litter and mea: 
group body-weight was given no wheel experience. A 
120 days of age both groups were placed on the wheel 
until exhaustion. The criterion for exhaustion wa 
inability of the S to maintain himself on the wheel. Th 
data from this and the second experiment are summarize 
in Table 1. The mean hours to exhaustion. for the exper: 
mental and control animals were 82 and 67 respectively 
In addition it was noted that at 120 days the experimente 
group weighed considerably more than the control group 


Table 1 BODY-WEIGHT AND EXHAUSTION TIME AS A PERCENTAGE CHANI 
FROM CONTROL GROUP 


Body-weight Body-weight Body-wejght 
before after before 
infantile infantile final Hxrhausti 
experience experience exhaustion test time 
Exp. I 100% 86% 107% 122% 
40 days old 64 days old 120 days old 
Exp. IT 9 69° 114% 143% 


01% % 
60 daya ald 88 days old 1690 days old 
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110 


100 


Body Weights (Group II Ss Only) 


60 
-8 0 7 
50 days old 


14 21 28 35 42 49 56 63 70 77 84 91 
150 days old 
Days since treatment 

Fig. 1. Mean expermental group weight as 8 percentage of control 

group 

Encouraged by these results—and intrigued by the gain 
a weight figures, six Ss were placed on the wheel at 50 
days of age for 8 days. Sıx litter- and weight-matched 
controls were not given wheel experience. Weights were 
'btained prior to and immediately after the wheel experi- 

nee and weekly thereafter. 

At 160 days of age both groups of Ss were placed on the 
readmill until exhausted. The mean hours to exhaustion 
vere 70 and 49 for the experimental and control groups 
spectively. An analysis of variance of the exhaustion 
imes for the combined data from Exps. I and I showed a 
significant difference between the experimental and con- 
rol groups (P < 0-001); however, no significant experiment 
affect (Exp. I versus Exp. II) or interaction (between 
9xperiment and infantile experience) was found. 

Fig. 1 presents the weight of the treated group in Exp. I 
as a percentage of the control group. It can be seen both 
in Fig. 1 and Table 1 that the infantile treadmill experience 
caused the experimental groups to fall behind the control 
Ss in weight and that, following the treat- 
ment, the experimental Ss caught up with 
and by-passed the control group. 
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Form-similarity between Phosphenes of Adults 
and pre-School Children’s Scribblings 


We reported earlier? a method which permits repro- 
ducible electrical stimulation of phosphenes—that is 
subjective light patterns, visible with closed eyes—without 
surgery. It was showr that these patterns resembled 
line drawings of ‘geometrical’ forms, and that a great 
number of them could be stimulated within a rather small 
bandwidth (+10 per cant of the mean excitation fre- 
quency) within the elertro-encephalographic frequency 
range. In the meantime, the dependence of this effect on 
the shape of the stimulating current’, the identification 
and lifetime of single thosphenes* and the influence of 
hallucinogenic drugs on. their shape’ have also been in- 
vestigated. In addition, sopies of 520 phosphenes observed 
by 313 subjects have been collected’: it was possible to 
classify these into 15 form groups (‘phosphene-Linnaeus’, 
1-15, first two columns cf Table 1). 

As reported elsewhere’, a particular similarity was found 
between scribblings of ycung children and such phosphenes 
induced electrically in adults. According to about 300,000 
drawings and paintings from pre-school children of 
American, Chinese, French, English and Negro origin, 
collected by one of us (E. K.) in the Golden Gate Nursery 
School, San Francisco’, it would seem that, at this age, 


Table 1. OCCURRENCE OF 15 TYPICAL PHOSPHSNE FORM Groups (COLUMN A, LIT. 3) IN 
329 SCRIBBLINGS OF ONE SINGLE CHILD (CYNTSIA Lis, GOLDEN GATE NURSERY SCHOOL) 


Two possible interpretations of these Form groups A B C D E F G 
results have been eliminated by further a 
experiments. Animals starved to 72 per 1 Ares @ = 95 0 0 0 0 2 3 
cent of a matched group weight at 50 days 2. Radials se SK 735 12 3 0 3 3 3 
of age (taking about 48 h) caught up with 
the control group weight by 66 days of age 3- Waves RS 2 68 28 22 24 19 26 28 
and remained there with no increase above == 
the control group weight (total N = 14). RRR pe Ih = : ? 1 : w a 
When both groups were placed on the wheel 5 Combmed fig. & 51 4 6 0 6 0 i 
at 150 days of age no significant difference 
in resistance to exhaustion was present. 6. Circles O 44 24 12 36 12 45 47 
Thus neither the weight gain nor the in- : eset ogee. z 
creased resistance Ti E A can be S pee ey ae ee 
attributed to infantile weight loss per se. 8. Odd figures ÊJ BS 2802 1 l 1 BR 
Another possibility was that the increased J 
resistance to Aon of the treated Ss 9 Quadrangles x Q Ü j j i ; : : 
was mediated by their heavier weight. 30, Spirals © © 14 3 3 0 3 28 29 
When normal Ss from another study? were f Ww 
grouped so as to match same-aged litter- 11. “Poles DnE x 13 0 0 0 0 0 0 
mates and compare the heavier with the P 
lighter Ss as to PARI A to exhaustion, it 1” “ces a Ht ‘ : 3 BOA 
was found that at a given age lighter animals 13. Triangles V A 6 0 0 0 0 1 1 
walked longer on the wheel (t = 3:2, n = 16, 
P < 0-01). 14. Fingers [h Z 5 0 4 1 1 1 0 
It appears that the treadmill acted as _ sea s 
a ea: and that this ‘acute stress’ during ei 76 r1 ý i 3 : À: : 
infancy was responsible for the increased Sum of numbers of recognizable phos- 520 124  1l4 154 75 167 172 


growth of muscle and other tissue. It is pame 


not known whether the improved tread- 
mill performance is indicative of a general 
increased resistance to stress or is & 
specific effect of the early treadmill ex- 
perience perhaps reflecting a ‘learning’ 
component. 


sponding 


Percentage of scribbling form groups 
corresponding 


Column A: Number of phosphenes belonging to each phosphene form group. 


Columns B-G: Numbers of recognizable seridblings (out of 329) similar to each phosphene 
form group, according to 6 different experimenters. 


atterns (col. A) and of re- 
cognizable scribblings (cols. B to G) 


Sum of scribbling form groups corre 


- 15 9 12 9 12 13 13 
(Lit. 3) R.K.) (M.K) (J.K) (E.L.) (B.R.) (W.G) 
100 60 80 60 80 86 86 
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such ‘outlinings in geometrical style’ play an important 
part in the development of a child’s expression in. drawing 
or painting. 

The scribbling starts early (from an age of about two 
years); about twenty typical ‘scribbles’ and six typical 
‘diagrams’ (Greek cross, square, circle, triangle, odd- 
shaped area and diagonal cross) have been observed (Fig. 
l, below) and classified (ref. 7, pp. 131-132). From these 
basic geometrical forms (‘scribblings’ end ‘diegrams’), 
the child later develops ‘combines’ and ‘aggregates’ 
(Fig. 1, middle) which each include two or more diagrams 
and enable him, from about an age of four years onwards, 
to compose more complicated representations of objects of 
his environment, such as Sun, people, houses, animals and 
flowers, from the basic geometrical outlinings (Fig. l, 
above). If we compare the basic form groups of the Munich 
‘phosphene-Linnaeus’ (first two columns on the left of 


Table 1), with those of the San Francisco ‘scribblings- , 


Linnaeus’ (ref. 7, pp. 131-132) we see that nearly 90 per 
cent of the phosphene forms can be found in the 
‘soribblings-Linnaeus’, although they were collected 
independently from each other. We note, for example, 
that they have the following figures in common: arcs, 
radials (crosses), waves, lines, combined patterns, circles, 
dots, odd figures, quadrangles, spirals, poles, triangles and 
‘cherries’. Lattices and fingers do not appear in the 
eee ae neous (ref. 7), but are scribbled occasion- 
ally. 

An interesting question arises as to how many different 
basic form groups one particular child can produce by 


PICTORIAL 








AGGREGATES 
CX fm) ( SZ 
QOL KH eae 


COMBINES 


#2 OOS 





6 DIAGRAMS 





20 BASIC SCRIBBLES 


It, SY 


12, “um I7. 


is. & 
4. LEE 18. 


15. @ 2. O 


c. WN 
i 
Mf 
wf . 
5. C 0. A 


Fig. 1 Development of outlınings of 36-year-old children (ref. 7) 


fo. | 


3. m 


NATURE 


December II, 1965 


scribbling, as compared with the number of basic forn 
groups of phosphenes in adults. Table 1 shows in s» 
columns B-G (besides the classification of 520 electrical 
induced phosphenes of adults already discussed in A) tł 
number of basic scribblings selected from 329 spontaneor 
outlinings of one single child (Cynthia Lis, 36-43 montt 
old). The scribblings have been collected and checked b 
the Golden Gate Nursery School. 

The selection of recognizable scribblings and the com 
parison with the phosphene form groups was made by si 
different adult experimenters: one of us (R. K.) foun 
9 such groups (Nos. 2, 3, 5-10, 12) in 124 basic pattern: 
recognizable for her; another (M. K.), 12 groups in 114 
the other (J. K.), 9 groups in 154. Our colleagues founc 
E. L., 12 groups in 75; H. R., 13 groups in 167; W. G 
13 groups in 172. Each column B-G shows the number 
basic scribblings corresponding to each phosphene forr 
group in column A. 

Although we are comparing here the phosphene patterr 
of 313 adults with the scribblings of only one child, ° 
can be seen that a high proportion (60-86 per ceni 
of the child’s ‘eligible’ patterns fits to one of the 1 
form groups of the ‘Phosphene Linnasus’. To obta 
significant statistical results it is, of course, desirable t 
analyse scribblings of a greater number of children ¢ 
well as to increase the number of phosphenes in tk 
Linnaeus further. It can be concluded, however, that th 
forms of phosphenes and children’s scribbling have 3 
common quite a number of elementary geometrical form 
(A similar relationship seems to exist between the forn 
of phosphenes and the forms of certain Neolithic roc 
drawings (see ref. 6). The furnishing of comparative dat 
for both relationships by the Werner Reimers Foundatio 
for Anthropogenetic Research, Frankfurt, is gratefull 
acknowledged.) 

This result may help to clarify the neurophysiologie: 
mechanism for the production of both phenomena, abot 
which, so far, very little is known. As the behaviour < 
young children shows, the ability to scribble ‘geometr 
patterns’ does not exist in a child under the age of thre 
Tt seems to develop. however, starting from elementar 
motorie movements, rather rapidly (within months) as 
result of the very process of scribbling. At the end of th 
period, however, each child does not scribble an innume 
able number of different patterns but only a limited numb 
of ‘basic’ ones. From this one may conclude that we a 
dealing here with the activation of pre-formed neuror 
networks in the visual system. 

Certain networks in the visual system (neurone cha 
oscillators or coincidence filters with small bandwidi 
within the electro-encephalographic frequency rang 
have been considered as a model for the phosphe 
phenomena’®*. In case this or similar approaches confir 
the experimental results, one can perhaps hope for 
satisfactory general neurological clarification of tl 
mechanism of pattern- or Gestelt-recognition. 

For the comparison of phosphene patterns and seri 
blings we thank Dr. W. Grozinger, Mrs. E. Ledig and Pr 
H. Richter. 
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No sois December 11, 1965 
FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, December 13 


OPERATIONAL RESRAROH SOOIETY (at the Royal Aeronautical Society, 4 
familton Place, London, W.1), at 430 pm.—Mr. D. W. Trigg: “Logic of 
tock Replenishment Subject to Production Constraints”. 


SOCIETY OF CHEMIOAL INDUSTRY, COLLOID AND SURFACE CHEMISTRY 
IROUP (at 14 Belgrave Square, London, 8.W.1), at 5.30 p.m.—Mr. 5S. A. 
fitchell: “The Surface Properties of Amorphous Silicas”. 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS (at 9 Bedford Square, 
ondon, W.C.1), at 6 p.m.—Annual General Meeting. 


INSTITUTION OF MECHANICAL ENGINEERS, HYDRAULIC PLANT AND MACH- 
TERY GROUP (at 1 Birdcage Walk, Westminster, London, S.W.1), at 6 p.m. 


-Discussion on “Application of Control Theory to Control of Surges”. 


INSTITUTION OF ELEOTRIOAL ENGINEERS, LONDON GRADUATE AND 
TUDENT SECTION (at Savoy Place, London, W.0.2), at 6.30 p.m.—Mr. L 
Jrucquer—Presidential Address. 


ROYAL SOOLETY OF MEDICINE (at 1 Wimpole Street, London, W.1), at 
. p m.—Prof. P. E. Ireland (University of Toronto): “Preparation of Man for 
‘ravel into Space”. 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S.W.1), 
+ 8.15 p.m.—Dr. R B. Sarjeant: “Background to the Yemen War”. 


Tuesday, December !4 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the Royal 
tociety of Tropical Medicine and Hygiene, 26 Portland Place, London, W.1), 
t 2.30 pm.—Mr. D. A. Mackintosh: “Automation”; 4.15 p.m.—Mr. I. C. 
Sheetham: “Rolling Ball Loss Spectrometer”. 


ZOOLOGICAL SOOIETY OF LONDON (at the Zoological Gardens, Regent’s 
ark, London, N.W.1), at 5 p.m.—Scientific Papers. 


_ INSTITUTION OF CIVIL ENGINEERS (at Great George Street, Westminster, 
“ondon, $.W.1), at 5.80 p.m.—Meeting on “Forth Road Bridge”. 


INSTITUTION OF ELECTRICAL ENGINEERS, CONTROL AND AUTOMATIVE 
DIVISION (at Savoy Place, London, W.C.2), at 5.30 p.m —Mr. D. J. Ray: 
‘Hot-Strip-Mill Adaptive Computer Control’. 


INSTITUTION OF ELECTRICAL ENGINEERS, ELECTRONICS DIVISION at 
Savoy Place, London, W.C.2), at 5.30 p.m.—Mr. E. H. Cooke-Yarborough: 
‘Recent Developments in Nuclear Instrumentation”. 


PARLIAMENTARY AND SOIENTIFIC COMMITTEE, GENERAL COMMITTEE (in 
Yommittee Room 12, House of Commons, Westminster, London, S.W.1), at 
;.30 p.m.—Discussion on “Water Resources” initiated by Mr. N. A. F. 
Rowntree and Prof. Jansen (University of Delft). 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.30 p.m— 
Dr. J. P. S ord: “Cardio-pulmonary Function Following Myocardial 
‘nfarction”. (Fourteenth of fifteen lectures on “The Scientific Basis of 
\Wedicine” organized by the British Postgraduate Medical Federation )* 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION (at 1 
Birdcage Walk, Westminster, London, 8.W.1), at 6 p.m.—Mr. B. J. Albert 
and Mr, J. C. Walker: “Tyre to Wet Road Friction and High Speeds”. 


Tuesday, December 14—Wednesday, December |5 


INSTITUTE OF METALS (at the Royal Commonwealth Society, Craven 
Street, London, W.C.2)}—Inaugural aa of the Joint Committee on Heat 
Treatment, including discussions on: (a) Scientific Aspects, (b) Heat-Transfer 
Practice, and (e) Equipment. 


Wednesday, December 15 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W.12), at 2 p.m.—Dr. F. V. Flynn: “Data Process- 
ing and Computers in Clinical Pathology”’.* 


ROYAL METEOROLOGICAL SOCIETY (at 49 Cromwell Road, London, 8.W.7), 
at 6 p.m.—Mr. D. R. Grant: “Some Aspects of Convection ns Measured from 
Aircraft”: Mr. S. D. R. Wilson: “Instability of a Geostrophic Wind with a 
or Wind-speed Gradient”; Mr. G. O'Mahoney: “Rainfall and Moon 

se”. 7 


ROYAL STATISTICAL SOCIETY (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 515 p.m.— 
Mr. B. P. Emmett: ‘The Design of Investigations into the Effects of Radio 
and Television Programmes and other Mass Communications”. 


INSTITUTE OF FUEL (at the Royal Institute of British Architects, 66 Port- 
ae Place, London, W.1), at 5.80 p.m —Dr. P. J. Foster: “Carbon in 
ames”. 


INSTITUTE OF MATHEMATICS AND ITS APPLICATIONS (in the Large Physics 
Lecture Theatre, University College, Gower Street, London, W.C.1), at 
5.30 p.m.—Prof. M. F. Atiyah, F.R.S.: “Global Aspects of Elliptic Differ- 
ential Equations”. * 


INSTITUTION OF ELECTRIOAL ENGINEERS, POWER DIVISION (at Savoy 
Place, London, W.C.2), at 5.30 p.m.—Mr. K. K. Schwarz: “Further Develop- 
ments in the Design and Performance of High-Voltage Terminal Boxes”. 


INSTITUTION OF MECHANICAL ENGINEERS (at 1 Birdcage Walk, West- 
minster, London, $.W.1), at 6 p.m —Mr. E. J. Richards, O B.E.: “‘Consider- 
ations of Noise in the Design of Industrial Machinery and Factories”. 


INSTITUTE OF SCIENCE TECHNOLOGY, LONDON BRANCH (in the Chemistry 
Department, University College, Gower Street, London, W.C.1), at 6.30 py 
_Mr. A. G. Jones: “Is It Safe in Your Laboratory ?” (followed by a film). 


PLASTICS INSTITUTE, LONDON SECTION ENGINEERING SUB-GROUP (at the 
Coachmakers Arms, 88 Marylebone Lane, London, W.1), at 6.30 p.m.—Mr. 
a T. Hughes: “Thin Wall Injection Mouldings—Mould Design and Tech- 

que”. 
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Thursday, December 16 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, JOINT LE.E./ 
LE.R.E. COMPUTER GROUPS (at the Institution of Electrical Engineers, Savoy 
Placo tea W.C.2), at 2.3D pm.—Colloquium on “Storage—F uture 

033 es”. 


SOOIETY OF CHEMICAL INDUSTZY, ROAD AND BUILDING MATERIALS GROUP 
at 14 Belgrave Square, London, 3.W.1), at 2.30 p.m.—Meeting on “New and 
vised Test Methods”. 


INSTITUTION OF MINING ANI METALLURGY (at the Geological Society, 
Burlington House, Piccadilly, London,.W.1) at 5 p.m.—Mr. H. Squair: “A 
Reflectometric Method of Determining the Silver Content of Natural Gold 
Alloys”; Dr. E. F. Stumpfl anc Mr. A. M. Clark: “Hlectron-Probe Micro- 
analysis of Gold-Platinoid Concentrates from South-east Borneo’ ; Mr. A. A. 
North and Mr. R. A. Wells: “Sokvent Extraction of Uranium from Slurries by 
Means of a Rotary-Film Contactor”. 


LINNEAN SOCIETY OF LONDOX (ai Srila House, Piccadilly, London, 
W.1), at 5 p.m.—Meeting on “Factors uencing the Distribution of 
Amphioxus”. Prof. J. E. Webb:~‘The Influence of Ocean Currents” and “The 
Nature of Deposits Colonized by Amphioxus”; Dr. W. A. M. Courtney’ 
“Temperature as a Limiting Factor”. 


LONDON MATHEMATICAL SOCETY (at the Royal Astronomical Society, 
Burlington House, Piccadilly, London, W.1), at 6 p.m—Dr. J. A. Todd, 
ene “A Representation of the Mathieu Group Ma; as a Collineation 

roup”. 


INSTITUTE OF PETROLEUM, EXPLORATION AND PRODUCTION GROUP (at 61 
New Cavendish Street, Londor, W.1), at 5.80 p.m.—Mr. L. S. Ramsay: 
“Geophysical Work in the Nor Sea”. 


INSTITUTION OF ELECTRICAL ENGINEERS, 
DIVISION (at Savoy Place, Lordon, W.C.2) 
“Recording Instruments” openel by Mr. F. 
and Mr. T. Whiteley. 


UNIVERSITY oF LONDON (at fhe London School of Hyglene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.30 p m.—Prof. 
R. A. Gregory. “Gastrin”. (Las of fifteen lectures on “The Scientific Basis 
of Medicine” organized by the Eritish Postgraduate Medical Federation.) * 


CHEMICAL SOCIETY AND THE SOCIETY FOR ANALYTIOAL CHEMISTRY (in the 
Lecture Theatre, School of Pharmacy, Brunswick Square, London, W.C.1), 
at 6 p.m —Prof. W. Kemula cUniversity of Warsaw): “The Partition of 
Mixtures of Homologues and Isomers by Chromato-Polarography”’. 


INSTITUTION OF MECHANICAL ENGINEERS, APPLIED MECHANICS GROUP (at 
1 Birdcage Walk, Westminster, London, 8.W.1), at 6 p.m,—Discussion on 
anne Infiuence of Hold Time at Elevated Temperatures on High Strain 
atigue’’. 


CONTROL AND AUTOMATION 
at 530 p.m.—Discussion on 
. Axworthy, Mr. R. L. Hales 


Friday, December !7 


INSTITUTE OF NAVIGATION (az the ere Institution of Naval Architects, 
10 Upper Belgrave Street, London, 8.W.1), at 5.30 p.m.—Mr. R. Bennett: 
‘Recent Navigational Aids to Eishing’’. 


Monday, December 20 


Soorery OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, S.W.1), at 5.30 pm—Mr. D. C. Drummond: “Recent 
Developments in the Control of Sommensal Rodents”. 


# 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

EXPERIMENTAL OFFICERS (2) with a degree or H.N.D. or H.N.C. in physics 
or electrical engineering, and pzeferably experience in a research laboratory 
or in a development laboratory) IN THE DEPARTMENT OF ELECTRICAL AND 
CONTROL ENGINEERING, to undertake the design and construction of electrical 
apparatus and to assist in research—Head of the Department of Electrical 
and Control Engineering, Battersea College of Technology, Battersea Park 
Road, London, S.W.11 (December 17). 

LECTURER po with experience in electrochemistry) IN PHYSICAL 
CHEsastry (Post F/708); and a LECTURER (preferably with experience in 
physiology or invertebrate ecolagy) IN BIOLOGY (Post F/71S) IN THE DEPART- 
MENT OF CHEMISTRY AND BIOLOSY, Liverpool Regional College of Technology 
ae Director of Education, 13 Sir Thomas Street, Liverpool, 1 (December 

KEEPER (with an appropriate degree and/or the Museums Association 
Diploma and museum or field experience) OF ARCHAEOLOGY—The Director, 
on y of Liverpool Museums, Wllam Brown Street, Liverpool, 3 (December 

ASSISTANT LECTURER (with a good honours degree in botany. and/or 
zoology, and a special interest fn cell biology and microbiology) IN BIOLOGY 
—The Secretary, University of Exeter, Northcote House, The Queen’s Drive, 
Exeter, Devonshire (December 31). 

FACULTY LECTURER IN THEORETICAL PHysics—The Secretary of Faculties, 
University Registry, Oxford (Lecember 31). 

LECTURER or ASSISTANT LECTURER IN cs (applications will be 
considered in either pure matnematics or mathematical physics and it is 
hoped to make appolntments in both fields)}—The Secretary to the Council, 
Westfield College (University of London), Hampstead, London, N.W.3 
(December $1). 

LECTURER or ASSISTANT LECEURER IN SOOIOLOGY IN THE DEPARTMENT OF 
SooIAL STUDIES—The Registraz, The University, Leeds, 2 (December 31). 

READER, SENIOR LECTURER cnd a LECTURER IN THE SCHOOL OF PHysICsS— 
The Registrar, University of Warwick, Coventry (December 31) 

LECTURER or ASSISTANT LUOTURER (graduate in medicine, veterinary 
science, dentistry, or biology) IN THE DEPARTMENT OF BistoLoay—tThe 
al a of Liverpool, Liverpool, quoting Ref. CV/345/N 

anuary 3). 

LECTURER/SENIOR LEOTURED (with experience in the a plication of sta- 
tistics to biological science) IN STATISTICS/BIOMETRY at the University of 
New England, Armidale, New South Wales, Australia—The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, §.W.1 (Australia and London, January 7). 

LECTURER (preferably with interests in one or more of the following: 
applied geography, social geography, the countries of the European 
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Economic Community) IN GEOGRAPHY—The Registrar, The University, 
Newcastle upon Tyne, 2 (January 8), 

_ LECTURERS (2) IN CHEMISTRY (Organic, Physical or Inorganic) at the 
University College, Dar es Salaam (The University of East Africa)—The 
Inter-University Council, 83 Bedford Place, London, W €.1 (J. anuary 8). 

ASSOCIATE PROFESSOR (with high academic qualifications and practical 
training and experience in medical microbiology as well as experience in 
teaching and research) IN THE DEPARTMENT OF MEDICAL MICROBIOLOGY, 
University of New South Wales, Austraha—The Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
S.W.1 (Australia and London, January 10). 

LECTURER (Grade IL) IN METALLURGY WITHIN THE DEPARTMENT OF 
MECHANICAL ENGINEERING—The Registrar and Secretary, University of 
Bristol, Bristol (January 12) 

ASSISTANT LECTURERS or LECTURERS (3) IN THE DEPARTMENT OF PHYSICS 
—The Registrar, Umversity of Essex, Wivenhoe Park, Colchester, Essex 
«January 15). 

LEOTURER or ASSISTANT LECTURER IN BOTANY at the University of Singa- 
pore—The Inter-University Council, 33 Bedford Place, London, W.C 1 
(January 15). 
_ LEOIURER or SENIOR LECTURER (suitably qualified person with special 
interests ın organic chemistry) IN CHEMISTRY at the University of Canterbury, 
Christchurch, New Zealand—The Association of Commonwealth Universities 
{Branch Office), Marlborough House, Pall Mall, London, §8.W.1 (New Zealand 
and London, January 15). 

LEOTURER (with a good honours degree in geography and if possible post- 
graduate research experience and specialization in surveying, cartography 
and mathematical geography, and preferably a knowledge of statistics) IN 
GEOGRAPHY at the University of Hong Kong—The Association of Common- 
wealth Untversities (Branch Office), Marlborough House, Pall Mall, London, 
3.W 1 (Hong Kong and London, January 15). 

CHAIR OF GEOGRAPHY in the School of Earth Sciences, Macquarie Uni- 
versity—The Registrar, Macquarie University, P.O. Box 458, North Sydney, 
Australia, or The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S.W.1 (January 17). 

SENIOR LECTURER, LECTURER, ASSISTANT LECTURER and a RESEARCH 
ASSISTANT IN THE DEPARTMENT OF PROBABILITY AND STATISTICS 2 er 
may have research interests ın any branch of probability and statistica}— 
The Registrar, The University, Sheffield (January 17) 

LECTURER (specialized ın theoretical and practical aspects of physical 
methods of analysis, particularly ın relation to drugs) IN PHARWACEUTICAL 
CHEMISTRY IN THE DEPARTMENT OF PHARMACY, University of Sydney, 
Australia—The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mali, London, S.W.1 (Australia and London, 
January 31). 

LECTURERS (2) IN THE DEPARTMENT OF BACTERIOLOGY AND IsIMUNOLOGY 
—Prof. D. G. Evans, F.R.S., London School of Hygiene and Tropical 
Medicine, Keppel Street, London, W.C 1 (January 31). 

ASSISTANT (graduate or non-graduate) FOR A MEDICAL PROFESSORIAL 
UNIT for biochemical research involving automated amino acid analysis— 
The Clerk to the Governors, St. Bartholomew’s Hospital, London, B.C.1, 
quoting Project No 611, Ref No, ASC/522 

ASSISTANT LECTURER IN ANALYTICAL CHEMISTRY IN THE DEPARTMENT OF 
PURE AND APPLIED CHEMISTRY—The Registrar, University of Strathclyde, 
George Street, Glasgow, C 1. 

ASSISTANT Or ASSOCIATE PROFESSORS IN THE DEPARTMENT OF PHYSICS 
{special consideration for one position will be gwen to candidates with re- 
search interests in theoretical physics)—Department of Physics, University of 
Victoria, Victoria, B C., Canada. 

ASSISTANT PROFESSOR (national of the United Kingdom or the Republic of 
Ireland, with a good honours degree and relevant experience in teaching first 
degree students, and preferably with a higher degree) of PHYSICS at the 
Middle East Technical University, Ankara—The Appointments Officer, 
Ministry of Overseas Development, Room 404, Eland House, Stag Place, 
London, S.W 1, quoting Ref. RC 203/181/011. 

EXPERIMENTAL OFFICER (with a degree in some branch of biology) IN THE 
DEPARTMENT OF PATHOLOGY to work as a member of a team investigating the 
behaviour of children’s tumours in tissue culture—Dr. J K Steward, Tissue 
Culture Laboratory, Department of Pathology, University of Manchester, 
Manchester, 18. 

EXPERIMENTAL PHYSICIST (Low Energy Nuclear Physics) (preferably with 
experience in the use and operation of nuclear accelerators)—-Prof L. Krause, 
Paa, Department of Physics, University of Windsor, Windsor, Ontario, 

anada, 

GRADUATE (preferably with previous experience 1n cytogenetics) to work 
in the CHROMOSOME LABORATORY OF THE DEPARTMENT OF CLINICAL BE- 
SEARCH at the Royal Marsden Hospital, Fulham Road, §.W 3—The Secre- 
ae qastitate of Cancer Research, 34 Sumner Place, London, 8.W 7, quoting 

POSTDOCTORAL BIOCHEMIST to work on the metabolism of the lens in 
relation to eye disease—Dr. R, van Heyningen, Nuffield Laboratory of 
Ophthalmology, University of Oxford, Walton Street, Oxford. 

PROFESSOR (preferably candidate im the field of solid state, structure of 
liquids, spectroscopy or thermodynamics) IN PAHYSIOAL CHEMISTRY-——Prof. 
Harry E. Gunning, Head, Department of Chemstry, Untversity of Alberta, 
Edmonton, Alberta, Canada. 

RESEARCH ASSISTANT (graduate in psychology) on a three-year project 
concerned with the psycho-physiological investigation of chrome sehizo- 
phrenia—The Secretary, Birkbeck College (University of London), Malet 
Street, London, WC 1, 

SENIOR LABORATORY TECHNICIANS and LABORATORY TECHNICIANS IN 
THE DEPARTMENT OF CHEMISTRY (for some of the posts technical experience 
ın radiochemistry, spectroscopy, Mass spectrometry and gas chromatography 
is required)—-Head of the Department of Chemistry, Northern Polytechnic, 
Holloway, London, N 7. 

SENIOR LECTURER (honours graduate) IN ZOOLOGY; and a LEOTURER 
{honours graduate) IN ZooLo@y—The Secretary, Sir John Cass College, 
Jewry Street, London, E.C 3. 

TUTOR or LECTURER (specialist in any branch of physics) LN Paystcs—The 
Principal, Somerville College, Oxford. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


The Scientific Proceedings of the Royal Dublin Society. Series A, Vol 2, 
No. 6. The Carboniferous Stratigraphy of the Area North-West of Newmarket, 
Co. Cork, Ireland By W. H Morton. Pp.47-65+plate 4 4s. 6d Series A, 
Vol. 2, No. 8° The Upper Carboniferous (Namurian and Westphalian) of 
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Kingscourt, Ireland. By John S. Jackson. Pp. 131-152+plate 11. 78. -1 
Series A, Vol, 2, No. 9. Lower Carboniferous Volcanic Rocks Near Tulla, C- 
Clare, Ireland. By R. W. Schultz and G. D. Sevastopulo. Pp. 153-162- 
plates 12 and 13. 58. Series B, Vol. 1, No. 15° Varietal and Clonal Differenc: 
in White Clover. By P. L. Curran and M E. Reilly. Pp. 163-172 48. Serle 
B, Vol. 1, No. 16. Molassed Beet Pulp in the Rations of Pigs. By F. X. Ahern: 
TA D. M. McAleese. Pp. 173-188. 4s (Dublin: Royal Dublin Pee 
1 : 

The Night Sky: The Stars Month by Month, 1966. Pp. 29. (London: Th 
Times Publishing Company, Ltd , 1965.) 5s. 3) 

University of Oxford. Annual Reports 1963-1964. Pp. 14 (Suppleme1 
ate X ae i Unwernty Gazette, August 1965.) (Oxford: The ives 

965.) 2s j 

The Countryside in 1970, Second Conference, London, 10-12 Novembe 
1965—s Review of the Preparatory Studies. Pp. 48. (London: The Roys 
Society of Arts, and The Nature Conservancy, 1965.) [31 

The Association of Commonwealth Universities. List of Universit 
Institutions in the Commonwealth Ninth edition. Pp 12. (London: Th 
Association of Commonwealth Universities, 1965) Gratis. [31 

A Critical Review of Assessment Procedures in Secondary School Sctene 
(with special reference to C.S.E.). By J. F Eggleston. (Research Unit fo 
Assessment and Curriculum Studies.) Pp. 56. (Leicester: The Secretar 
(Research Unit), School of Education, Leicester University, 1965.) 5s. [81 

as A College of Science and Technology (Royal College of Scienc 
Royal School of Mines; City and Guilds College). Prospectus 1966-67. Pp 
xvili+52+7 photographs. Calendar 1965-66. Pp. x1+519. (London 
Imperial College of Science and Technology, 1965 } [31 


VOL. ZOB 


Other Countries 


Museum of Comparative Zoology, Harvard University. Breviora No 
224 (July 15, 1965) New Species of Land Molluses, with Notes on Othe 
Species from the Solomon Islands. By William J. Clench. Pp 8 (2 plates) 
No. 225 (July 15, 1965) The Asian Species of Galeritula Strand (Coleoptera 
Carabidae). By Hans Reichardt. Pp. 16. No. 226 (July 15, 1965): Thi 
Larval Form of the Heteromi (Pisces). By Giles W. Mead. Pp 5. No. 22’ 
(September 10, 1965): The Species of Hispaniolan Green Anoles (Sauria 
Iguanidae). By Ernest E. Wiliams. Pp.16 No 228 (September 15, 1965) 
Relationships Among Indo-Australian Zosteropidae (Aves). By  Ernsi 
Mayr. Pp. 6 No. 229 faen temher 15, 1965). The Genus Darlingtonia (Ber 
pentes) in Hispaniola, including a New Subspecies from the Domumcar 
Repubhe By Albert Schwartz and Richard Thomas. Pp. 10, No. 23( 
(September 15, 1965). Notes on Some Non-Passerine Birds from Eastern 
Ecuador By David W Norton. Pp 11 (Cambridge, Mass.: Museum o 
Comparative Zoology, Harvard University, 1965 ) [41] 

Bulletin of the Museum of Comparative Zoology, Harvard University 
Vol. 1383, No. 4° The Genera af the Chilocorini (Coleoptera, Cocemellidae) 
By Edward A. Chapin . 227-271, (Cambridge, Mass Museum of Com 
parative Zoology, Harvard Untversity, 1965.) : [41] 

Desert Locust Control Organization for Eastern Africa. Second Annua 
Report of the Director, Ist July 1963 to 30th June 1964. Pp 114+31. (Nairobi 
Government Printer, 1965.) 2s. f [41] 

United States Department of Interior: Fish and Wildlife Service. Bureat 
of Sport Fisheries and Wildlife. Research Report No. 68. Piblograpliy or 
Reservoir Fishery Biologv in North America. By Robert M Jenkins. 
iv+57. 40 cents. Statistical Digest No 55. Propagation and Distribution o: 
Food Fishes for the Calendar Years 1961 and 1962. Prepared by the Divisior 
of Fish Hatcheries Pp ii+49. 25 cents. (Washington, D.C.- Governmen: 
Printing Office, 1965 ) [41] 

World Health Organization Public Health Papers, No 29' Mass Campaign 
and General Health Services. By C. L. Gonzalez. Pp 87. 4 Sw. francs 
6s. 8d.; 1 25 dollars. Technical Report Series No 310° Diabetes Mellitus— 
Report of a WHO Expert Committee. Pp. 44 3 Sw. franes, 5s ; 1 dollar 
No. 311: Special Courses for National Staff with Higher Admimstrativ: 
Responsibilities in the Health Services—Report of a WHO Study Group 
Pp. 31. 2 Sw. francs; 38. 6d.; 0 60 dollars. No. 312: WHO Expert Committe: 
on Dependence-Producing Drugs—Fourteenth Report. Pp. 16. 2 Sw 
franes: 38. 6d.; 0 60 dollars. No. 314: Nutrition and Infectlon—Report of : 
WHO Expert Committee. Pp 80. 2Sw.francs; 33 6d.; 0.60 dollars. (Geneva 
World Health Organization; London: H.M. Stationery Office, 1965) [41: 

F. and M. Scientific Corporation. Gas Chromatography Methods fo 
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Unicam now offers all the advantages of a grating 
filter monochromator combined with the proved 
features of the SP200 prism spectrophotometer. The 
first order of the NPL grating is isolated by four inter- 
ference filters, brought into play by an automatic 
mechanism exclusive to Unicam. The resolution is as 
high as 3 cm“ at 3000 cm- and stray light is less than 
1% throughout most of the range and never exceeds 
2%. The wavenumber accuracy is better than 2 cm- at 
1000 cm~ and 4 cm~ at 3000 cm-". To this performance 
are added the advantages of the flat bed recorder, the 
accessible sample compartment and the convenient 
operation of the SP200. The new SP200G is constructed 
and finished to the high degree of precision for which 
Unicam instruments are famous. Descriptive literature 
is available on request. 


Precision Spectrophotometers 
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Spectrum of ammonia gas recorded 
over 830 cm-1 to 955 cm—1 at the slow- 
est scan speed under maximum reso- 
lution conditions using the scale 
expansion accessory 
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HENDREY 
Mercury Vapour 
Concentration Meter 


Type E 3472 


Measures concentration of mercury vapour present 
in air. Essential where quantities of mercury 
are regularly used or where danger exists of leak- 
age of mercury vapour fram apparatus. 


Two sensitivities are available at the touch of a 
switch, giving either full-scale meter reading at 
a concentration of 770 mucrogrammes per cubic 


metre of a or full-scale meter reading at a 

\ concentration of 200 microgrammes Terminations 
provided at rear for operatien of a recorder to give 
continuous readings of concentration present 


Ug 





Hendrey Relays 
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MANUFACTURING ELECTRICAL ENGINEERS. CONTROL & LABORATORY APPARATUS. Telegrams: Hendrelay, Slough 
On Admiralty, Principal Ministries and Post Office Lists, A.R.B. and M.O0.A. Approved Design and Inspection 
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| PRECISION. INSTRUMENTS 


The 
POLARMATIC 62 


Automatic 





NEW FEATURES— 


This equipment now incorporates 
automatic Verdet Dispersion Correction 
and range change switching, water 
jacketed sample chamber and nitrogen 
purging of the optical deck. 


Spectropolarimeter 






RANGE—IB8I to 600 millimicrons. 


For full details and specification, 
price and delivery, write to 


ROTATION-—Up to 1.4 degrees at 200 
millimicrons positive or negative. 


SAMPLE TUBES—5, 10 and 20 mm 
standard. Water jacketed types available. 


RECORDER—Flat bed plotter. 


RECORDING TIME—200 to 600 
millimicrons in 20 minutes. 


Manufactured underlicence. Patent No. 918078 


The electronic unit for this instrument is manufactured by Messrs. 
Bandix Electronics Ltd., of Nottingham 


7i HORNSEY RISE, LONDON, N.I9. PHDNE: ARCHWAY 2270 
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ORGANIZATION OF THE SCIENTIFIC CIVIL SERVICE 


HE sixth report of the Estimates Committee, which 
included some comments on the organization of the 
Scientific Civil Service in general, has been swiftly followed 
by a report from the Treasury on the organization of the 
Scientific Civil Service*. Much of this report confirms 
the views expressed in the Estimates Committee’s report 
and, broadly, the Scientific Civil Service emerges well from 
both enquiries. The report from the Treasury, however, 
as might be expected, goes in further detail into the 
organization and recruitment of the Scientific Civil 
Service. It is accordingly of greater interest to the 
scientist and technologist, quite apart from the authorita- 
itive character of the Committee conducting the enquiry. 
This Committee was appointed in March 1964 with Sir 
Mark Tennant as chairman, and included among its eight 
members, Sir Frederick Brundrett, Sir Charles Cawley, 
Sir Walter Cawood, Dr. F. M. Lea, Prof. D. G. Tucker 
and Sir Owen Wansbrough-Jones, with Mr. P. L. Towers 
as secretary. The remaining members were Mr. F. J. 
Doggett and Mr. D. S. Watson. The Committee was to 
review the organization of the Scientific Civil Service, 
particularly in relation to the scope for appointments 
made for finite periods in substitution for appointments 
on standard established terms, and to examine whether, 
in practice, the duties assigned to the three component 
classes were fully appropriate to their qualifications and 
experience. The Committee was accordingly to consider 
whether the ‘scientific officer’ class might devolve some of 
its responsibilities to the ‘experimental officer’ class, and 
the latter some of its responsibilities to the ‘assistant officer’ 
class and, if so, whether devolution would require changes 
in the structure of the classes. Any form of organization, 
to be effective, must be related to the purposes it is 
designed to serve; it should be such as to attract, and 
retain, sufficient people possessing the requisite qualifica- 
tions, and their ability should be developed and deployed 
to the best possible advantage. These interacting con- 
siderations lie at the root of the matter and are accordingly 
covered by the Committee in its review. The report 
relates to the situation as it existed at the time, but the 
Committee believes that the substance of its comments 


still holds good, in spite of the substantial re-organization , 


of civil science in the public sector. 

The present structure of the Scientific Civil Service 
dates from the reconstruction period immediately follow- 
ing the Second World War, and the basis of the reorganiza- 
tion is set out in the White Paper on the Scientific Civil 
Service issued in September 1945, with the annexed 
report of the Barlow Committee on Scientific Staff. The 
new scientific officer and experimental officer classes came 
into existence on January 1l, 1946, and a new class of 
assistants (scientific) was introduced a year later to relieve 
the experimental officer class of the more routine work. 
The senior class in the Scientific Civil Service is thus 
the scientific officer class, but a few research fellowships 
are also available in Government scientific establishments 


* H.M. Treasury. Report of a Committee appointed to review me 
Organization of the Sctentific Civil Service. Pp. 28 (London: H.M.S.O 
1965.) 2s. 8d. net. 


at the three different levels of principal, senior and 
junior research fellowships. Moreover, in each of the three 
classes of the Scientific Civil Service, some officers serve 
in a temporary or unestablished capacity, constituting 
some 15 per cent of the scientific officer class and 12 per 
cent of the experimental officer class. 

In both classes 80 pər cent of the officers have been 
employed in the Civil Sarvice for 5 years or less, while in 
the scientific officer class 60 per cent, and in the experi- 
mental officer class 50 der cent, have been employed for 
24 years or less. At present, including unestablished or 
temporary officers, some 4,100 officers are employed in 
the scientific officer class, 7,200 in the experimental officer 
class and 5,500 in the scientific assistant class. No class-to- 
class promotions to the three scientific classes are made 


- under the age of 31; inGividuals over that age are selected 


at departmental discrenon. Promotion within the three 
classes is strictly on merit. 

For class-to-class promotion to the scientific officer 
class especially, it is c:early desirable that the standard 
should be both high and reasonably uniform throughout 
the service, and for this reason the Civil Service Commis- 
sion maintains a central panel of scientists to assist 
departments in making selections for such promotions, 
as well as for promotions within the class to the principal 
scientific officer grade. Above this grade a substantial 
measure of managerial responsibility is normally involved 
in the work; but there sre always some officers in the class 
whose particular interest remains centred on research 
and whose work clearly merits recognition. For this 
reason, some appointments are made each year on grounds 
of special merit, and tke officers so promoted are enabled 
to continue with the work best suited to their particular 
bent. There are no st limits to the number of such 
appointments, but during 1962-64 such appointments 
have numbered some twenty to thirty in each year. 

Commenting next on the functions and requirements 
of the Scientific Civil Service, the Tennant Committee 
points out that, while a striking feature of the Scientific 
Civil Service is the greai variety of its work, basic research 
is an essential element. This wide variety of work requires 
a considerable diversity of talents and abilities and, while 
the Service needs men-who can make an individual con- 
tribution to the frontiers of knowledge, there is only 
limited scope for those-who are interested in research for 
its own sake and who are reluctant to accept any restric- 
tion on this field of activity. Men are needed who can 
visualize an end-product or a specific application and 
direct their research tc that end. Those who are to fill 
the higher posts in the scientific officer class must possess, 
or be capable of developing, considerable managerial 
ability, in addition to their high scientific qualifications. 
The general tone and standard of Government scientific 
work is necessarily set by those who occupy, or may later 
rise to, the more'senizr posts, although they need the 
support of the experimental and other skills provided by 
the experimental officer class and also in turn by the 


scientific assistant class. ` 
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As to the merging of the scientific officer and experi- 
mental officer classes, the Tennant Committee has 
reservations. A unified Service might facilitate the full 
and proper use of the graduate talent and reduce the 
effect of the apparent tendency on the part of some 
universities to discourage graduate entry to the experi- 
mental officer class. Ifthe classes were merged, however, 
there would no longer be a class with a special prestige 
of its own, and the Committee believes that the prestige 
which is attached to the scientific officer class does, in 
fact, appeal to the right type of recruit, while from the 
practical point of view, fusion of the two classes would 
complicate the question of probation. It is not easy to 
assess the relative weight of these advantages and dis- 
advantages, but even if the Committee had believed 
that the balance was in favour of a unified class, it 
would have done no more than recommend that the idea 
should be further investigated. It is, however, satisfied 
that, in the present circumstances, the balance of advan- 
tage lies in favour of retaining the present arrangements. 

Discussing next the recruitment situation, the Committee 
conchides that, although in 1964 the number of vacancies 
in established posts considerably exceeded the number of 
those recruited as established officers, in general the 


Service is attracting to the scientific officer class a fair ` 


share of the graduates it seeks to recruit, but it is rather 
less successful than its competitors in attracting really 
outstanding young scientists. This agrees with the evid- 
ence given to the Estimates Committee. Nevertheless 
the Committee does not believe that a system of recruit- 
ment based wholly or substantially on contract appoint- 
ment would be satisfactory. If, however, ways could be 
found to make such employment attractive to some of 
those who would not otherwise enter the Service, its use 
might have some value as a supplementary method of 
recruitment, and it recommends that the possibility 
should be further explored. 

The Committee emphasizes that the Service must be 
equipped to take full advantage of the increasing flow 
of science graduates from the universities. A proper 
leavening of outstanding scientific ability is essential if 
the standards of the Service are to be maintamed. In 
recruitment, the nature of the work and the opportunities 
it offers, the idea of a permanent pensionable career, 
salary and career prospects all weigh differently with 
different people. So far as immediate salary prospects 
may affect the balance of individual judgment, the Civil 
Service may be at a disadvantage in competing with 
employers who have greater freedom and flexibility in 
making initial offers, particularly with the more talented 
individuals. The Committce suggests that a limited 
degree of flexibility in relation to starting salary might 
improve the ability of the Government to attract the 
most outstanding candidates; this possibility should be 
examined further. Everything possible, however, should 
be done to dispel present-day misconceptions about 
work in the Service and to build up an accurate picture of 
this work. This can be done, to some extent, by informal 
contact between members of the Scientific Civil Service 
and other scientists working in related fields, and every 
opportunity should be taken to develop such links both 
with universities and with industry. In particular, the 
Committee recommends that interchange of staff with the 
universities or industry, whether on a short-term loan or 
on permanent transfer, should be encouraged. 

Quoting at length from the Barlow Report of 20 years 
ago, the Tennant Committee endorses the view, which the 


NATURE 


December 18, 1965 


Barlow Committee then expressed, that prospects for 
scientists of average ability in the Civil Service do not 
compare unfavourably with those offered in most universi- 
ties and in industry for men of like ability. Itis in regard 
to the man of more than usual ability that improvement 
was necessary then and is now. The Barlow Committee 
held that it was a first essential that the scales of pay and 
system of promotion of scientific classes should ensure that 
the best scientific men should have equal prospects of pay 
and promotion with the best men in the administrative 
class at least up to the top of the principal grade. This 
view is reiterated by the Tennant Committee, and although 
the Government, in the White Paper of 1945, agreed that 
staff complements should be so arranged as to ensure that 
the outstanding scientist had a reasonable expectation 
of reaching the principal scientific officer grade in his early 
thirties, its general conclusion is that the structure of the 
class up to and including principal scientific officer is well 
adapted to the needs of the work and, having regard to 
the terms of the White Paper quoted, provides the basis 
for a reasonable career. It does emphasize, however, 
that at a comparatively early stage in their careers some 
formal training in management should be available to 
members of the scientific officer class, although the 
Committee did not regard it as falling within the scope 
of its own review of the organization of the Scientific 
Civil Service to consider the question of permanent 
transfer to the administrative class as general purpose 
administrators, although recognizing the importance of 
the suggestion. It is, however, important that depart- 
ments themselves should do their utmost to promote 
mobility of staff within and between their establishments. 
The Committee recognizes that this may involve estab- 
lishments accepting some temporary inconvenience in the 
interests of the Service as a whole, and that the scientist 
himself must appreciate the advantages to be gained by 
widening his horizons. Nevertheless, it recommends that 
the effort should be made. 

The Tennant Committee considered very carefully: the 
position of the older scientists who may no longer be able to 
contribute materially to original research. It does not 
believe that the difficulty here is as extensive or as serious 
as is sometimes suggested, and it considers that the recom- 
mendations made as to career management and managerial 
training should help to minimize the problem. There 
may be occasional difficulties in the small establishments 
and in those where the main emphasis of the work is on 
research rather than on development. Here every effort 
should be made to arrange for officers to be transferred 
to some centre of work offering greater scope for their 
particular capacities. 

As might be expected from a body of people of the 
experience and standing of the Tennant Committee, it is 
regarded as fundamental that highly qualified staff 
should not be employed on work which does not make a 
full call on their special qualifications, skill and experi- 
ence. To do so is to waste talent and skills which neither 
the Service nor the country can afford, and the Committee 
believes that the importance of devolution of suitable 
tasks cannot be over-emphasized. While it is considered 
impracticable to define specific areas or types of work 
which could be devolved in this way, the Committee 
believes that there is still scope for further devolution 
but the extent can only be determined within the Depart- 
ment or Establishment itself. This is above all a matter for 
management, and is one reason for desiring to see scientific 
training associated with management and administration. 
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Commenting on the experimental officer class itself 
the Committee observes that many of the entrants now 
possess either degrees or equivalent qualifications or 
Higher National Certificates. This trend can be expected 
to become more pronounced as the flow from the universi- 
ties, colleges of advanced technology and technical 
colleges increases, and it recommends that the arrange- 
ments for recruitment to the experimental officer class 
should be reconsidered. It envisages a system under which 
the normal age of direct entry would be the early twenties 
—the academic qualification being a degree or its equiva- 
lent or Higher National Certificate. Candidates without 
such qualifications would be recruited into the scientific 
assistant class in the first instance. Transfer to the 
experimental officer class could come when some practical 
skill and experience had been acquired and possibly 
subject also to obtaining some qualification at least 
equivalent to Higher National Certificate. 

The Committee considers that the present structure of 
this class may not adequately reflect the balance and 
variety of its work. There is a wide gap between the 
accepted standard for the grade of experimental officer 
and that for the senior experimental officer, and the 
Committee thinks that there is work to be done, and 
being done, which is of higher quality than is normally 
expected of an experimental officer but nevertheless does 
not merit senior experimental officer grading. This 
situation could be met by creating a new intermediate 
grade, and the Committee recommends that this should 
be considered as part of a thorough revision of the grading 
and structure of-the class. The future frontiers and 
structure of the scientific assistant class will obviously 
depend on the nature of any new arrangements made for 
the experimental officer class and could be considered 
when the problems associated with the latter class have 
been resolved. 

The main recommendations of the report are in line 
with the comments of the Estimates Committee and also 
with the evidence tendered to that Committee. The 
report of the Tennant Committee clearly goes far deeper 
into the organization and use of the Scientific Civil 
Service than the enquiry conducted by the Estimates 
Committee into the Civil Service as a whole could be 
expected to do. While the Tennant Committee is satisfied 
that the scientific officer class, up to and including 
principal scientific officer, is well adapted to the needs of 
the work and provides the basis for reasonable careers, 
it 18 apparent that the recommendations of the Barlow 
Committee have, even after 20 years, still to be fully 
implemented and the way made clear to the highest posts 
in the Civil Service for those with the necessary adminis- 
trative ability. Nor is it possible to feel entirely reassured 
that highly qualified staff ıs not being employed on work 
which does not make full demands on its special qualifica- 
tions, skill and experience. This is never an easy task 
and demands much of the administrator, who may well 
be ill-equipped to discharge his responsibilities unless he 
himself has at least some modicum of scientific training or 
experience. There remains also the question of ensuring 
that the Scientific Civil Service attracts a sufficient 
number of really outstanding scientists. It is to be 
hoped that, following so swiftly after the Estimates 
Committee’s own survey of the situation, the recom- 
mendations of this report of a Treasury Committee will 
not be neglected, and that steps will be taken to ensure 
that the necossary measures are taken as a matter of 
urgency. 
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Finally, as a tailpieca to the recommendation that the 
Service should take full advantage of the increasing flow 
of science graduates from the universities, it is worth noting 
that the optimism of tae Robbins Report in this respect 
has been firmly challenged, perhaps most recently by 
Prof. R. V. Jones in his Joseph Payne Memorial Lecture, 
“The Advancement >f Learning: 1605-2005 A.D.” 
(Nature, 206, 129; 1965). Prof. Jones doubts whether 
the number of students of high ability going to universities, 
judged by the Ph.D. status, has appreciably increased. 
While university places offered in physics are not all 
bemg taken up, an inc-easing proportion of students do 
not appear to make the grade. This view is supported 
by the evidence of further enquiries at Aberdeen specific- 
ally in relation to physizists. If, therefore, the number of 
graduates of outstandirg ability in physics and in other 
subjects is unlikely to be increased in proportion, it is 
the more imperative to ensure that the maximum use is 
made of such graduates wherever they may be employed. 
Prof. Jones points out <urther that in order to cope with 
the expansion planned in physics departments in the 
universities in the next few years some 50 per cent of all 
those graduating as Ph.D.s ın physics would be needed to 
staff the universities. This is not a practical proposition; 
only 50 per cent would taen be left for Government service, 
for loss by emigration, and for industry. It is in this con- 
text, moreover, that ths Civil Service requirements have 
also to be considered. Obviously much more thought has to 
be given to the use madə of our first-class scientific talent, 
including its distributicn, and the most strenuous efforts 
made to see that such talent is not employed on duties 
for which those with leser qualifications could be used. 


THE FOUNDER OF ABDOMINAL 
SIIRGERY 


Spencer Wells 

The Life and Work of & Victorian Surgeon. By John A. 
Shepherd. Pp. xi+1e2+14 plates. (Edinburgh and 
London: E. and 8. Livingstone, Ltd., 1965.) 30s. net. 


HIS is a book with 3pecial appeal to surgeons who are 
interested in the Aistory of their profession. Mr. 
Shepherd, a Liverpool surgeon, has carefully investigated 
the career and numerots writings of Spencer Wells, and 
is well able to appraise the results of his subject’s work. 
Thomas Spencer Wel's was the eldest son of a builder 
near St. Albans. After apprenticeship to a Barnsley 
doctor he completed his medical education at Leeds, 
Dublin and St. Thomas Hospital, London. He qualified 
as M.R.C.S. in 184] and entered the Royal Naval Medical 
Service in the same year. Already, he had gained some 
distinction by a Dublin prize essay on ‘“Bronchotomy”’ 
and was known to Sir William Burnett, the director- 
general of the Service. 

For about seven years Wells was assistant surgeon to 
the Naval Hospital at Malta, where he enhanced his 
surgical reputation, being elected F.R.C.S. in 1844 and 
promoted surgeon in 1848. Between 1848 and 1850 he 
studied ın Paris and Vienna, and travelled in Egypt and 
Italy in attendance on a nobleman suffering from tuber- 
culosis. From 1851 until 1853 he was surgeon to H.M.S. 
Modeste. 

A pulmonary iulness caused him to be invalided home 
and put on half-pay. Hesoon recovered and was appointed 
surgeon to the Samariten Free Hospital for Women and 
Children and lecturer in surgery to the Grosvenor Free 
School of Medicine. Ir 1855 he was appointed by the 
War Office as a civil surgeon to serve in the Crimean 
War. In 1856 he was recalled by the Admiralty, resigned 
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from the Navy, and resumed his duties at the Samaritan 
Hospital. 

In the first half of the nineteenth century the mortality 
from surgical operations was high, and only the most 
daring of surgeons opened the abdominal cavity. In the 
majority of cases, death occurred from sepsis, and in the 
large metropolitan hospitals morbidity and mortality 
were highest from this cause. One well-recognized con- 
dition was the ovarian cyst, a slow-growing tumour. 

Mr. Shepherd describes at some length the work of the 
early operators, the ovariotomists, both British and 
American, their limited successes and their failures 
through sepsis. By 1857 the operation was in disuse and 
was considered an unjustifiable one by many surgeons. 
Nevertheless, Wells developed this operation, his first 
success being on a woman of thirty-eight in 1858. He faith- 
fully recorded his cases, and soon became famous for his 
masterly technique. Later, when Lister had introduced 
antisepsis into surgery, the mortality from ovariotomy 
was greatly diminished. 

Wells had to face much hostility and opposition. Even 
when the success of his operation was established, attempts 
were made by Clay, Lawson Tait and others to challenge 
his priority. Wells met all these attacks with dignity 
and calmness. “Only an individual possessed of the 
strongest will and determination could have stood up to 
the opposition which he had to encounter.” The account 
of these professional jealousies makes sad reading in 
regard to men who must have adopted the healing art in 
order to benefit mankind. -< 

In the end the claims of Wells were fully vindicated. 
He was elected president of the Royal College of Surgeons 
for 1882—83, created a baronet and accorded international 
fame. He died of apoplexy on January 31, 1897. 

Sir Frederick Treves wrote of Spencer Wells that he 
“by his determination succeeded in founding abdominal 
surgery as we know it”, and also said that his work con- 
tributed to make surgery a precise science. In this bio- 
graphy Mr. Shepherd gives chapter and verse for these 
outstanding achievements. A. MacNatty 


PHYSICS OF THE EAR 


The Physics of the Ear 

(International Series of Monographs on Physics, Vol. 3.) 
By T. S. Littler. Pp.ix+378. (Oxford, London and New 
York: Pergamon Press, 1965.) 80s. 


R. T. S. LITTLER is well known. to the medical and 


educational profession as the director of the Wernher - 


Research Unit on Deafness. His book, The Physics of the 
Ear, contains fifteen chapters with supplementary sections 
giving mathematical treatment of physical data. As the 
title would suggest, the subjects of anatomy, physiology 
and measurements of hearing are dealt with from the 
point of view of the physicist rather than the clinician, 
who would wish a greater discussion on the application to 
various clinical states. The approach given in the book 
lays an excellent theoretical and practical basis for the 
clinician. 

The subjects of hearing and deafness have captured the 
attention of physiologists especially during the past twenty 
years when experimental approaches have been possible 
due to the advances in techniques for investigating nerve 
physiology. Dr. Littler makes a very comprehensive 
and critical survey of the literature to date and is to be 
specially commended for referring to the very early work 
both in Great Britain and the United States. 

In the section on anatomy the most up-to-date data are 
described and discussed, with the possible exception that 
insufficient space has been’ given to the efferent path- 
ways described by Rasmussen and to such work as 
that by Fex,and Hernandez Péon. The work on the 
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physiology of the ear during the past 20 years has 
been most exciting. Dr. Littler manages to convey the 
wealth of knowledge we have gained in this period in a 
careful analytical approach to the hterature, bringing out 
the work of Von Békésy, Davis and his collaborators 
but paying respect to the early pioneers. 

The book gives comprehensive coverage on both the 
physical and physiological aspects of thresholds of hearing 
with reference to auditory fatigue and adaptation—a 
subject with which the author is himself more particularly 
familiar in his research. The chapter on audiometry is 
covered rather from the aspects of the theories of testing, 
hearing than from a detailed clinical application to varying 
pathologies. This is not a criticism of a book which is not 
intended to be primarily a clinical text-book. 

The final chapter, on “Theories of Hearing”, is a most 
valuable conclusion to the main body of the book. It is 
of interest to see that Dr. Littler in planning his own book 
has placed this subject last. Perhaps it is a reflexion 
of his own thinking, which has always placed greater 
emphasis on experimental data as his basis of thought 
and action. As throughout the book, this final chapter is 
dealt with most thoroughly and critically. 

Dr. Littler’s contribution to the standardization of 
audiometric threshold is universally recognized. In the 
chapter on audiometry he reports fully on his own work 
in this field. The chapter dealing with the alleviation of 
deafness bears the stamp of his own experience, as does 
the section describing the development of hearing aids. 
The detailed description of the development of the 
Medresco hearing aid will be of interest to the reader. 
The criticism that must be offered here is that there does 
not appear to have been sufficient differentiation between. 
the congenitally and acquired deaf among children and 
adults. The possibility that congenitally deaf children 
will need a different type of hearing aid from the deafened 
adult does not appear to have been given sufficient critical 
analysis. 

Throughout, the book is written in a clear, readable 
style. Dr. Littler manages in his lucid way to bring 
together the many facets from the old and the new and 
weld together a coherent story, giving each part a per- 
spective which will help the reader to gain an insight into 
the development of audiology. The book is to be highly 
recommended to those entering this field as well as to the 
experienced anatomist, physiologist and clinician. It is a 
book which offers a fund of information, including a 
valuable reference section. The publishers ought also to 
be congratulated on this publication. I. G. TAYLOR 


VOL. 208 


MAMMALIAN POPULATIONS 


Physiological Mammalogy 
Edited by William V. Mayer and Richard G. Van Gelder. 
Vol. 1: Mammalian Populations. Pp. xii+ 381. 86s. 
Vol. 2: Mammalian Reactions to Stressful Environments. 
Pp. xii+ 326. 92s. (New York: Academic Press, Inc.; 
London: Academic Press, Inc. (London), Ltd., 1963 and 
1965.) 
OPULATIONS of small mammals (that is, rodents 
and insectivores approximately up to the size of the 
brown rat, Rattus norvegicus) have attracted the attention 
of ecologists for many years and, especially since the end 
of the First World War, much labour has been spent on 
measuring their population dynamics and putting forward 
theories concerning the natural regulation of their numbers. 
Their importance lies first in their notably wide dis- 
tribution and abundance as primary and, to a lesser 
extent, secondary consumers in most animal communities; 
secondly, in the wide ranges within which their numbers 
fluctuate and in the cyclic nature, especially in Arctic 
and sub-Arctic habitats, of these fluctuations. The per- 
vasive nature of this behaviour and the frequent economic 
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significance of peak populations (“plagues of mice”) have 
been broadly covered by Charles Elton in his book, Voles, 
Mice and Lemmings. 

In spite of the energy which has been devoted to this 
problem, no clear answer has yet emerged to the question, 
“How are these small-mammal numbers regulated in 
Nature ?” Nevertheless, there is no lack of theories and, 
indeed, of controversy about the matter. At various times 
the observed fluctuations have been attributed to changes 
in the physical environment, especially climatic cycles, to 
interaction between the small mammals and their natural 
resources, competitors and ‘antagonists’ (that is, preda- 
tors, parasites and disease organisms) and to interaction 
between the small mammals themselves. The extended 
work of D. H. Chitty on population cycles in the short- 
tailed vole (Microtus agrestis) showed that the cycles were 
not necessarily synchronous and so directed attention 
away from the environment to endogenous factors within 
the populations themselves. The puzzling fact that the 
decline or ‘crash’ of a population continued down to 
exceedingly low densities in spite of little or no apparent 
damage to resources, swung attention to the possibility 
that physiological and/or genetic changes coincided with 
different phases of the population cycles. Although much 
work has continued on measuring the effect of food and 
predators, a tremendous attack has been made in the 
past twenty years from the physiological and social angles. 

The planned series of publications entitled Phystological 
Mammalogy, of which the first two volumes are reviewed 
here, attempts to synthesize the vast amount of informa- 
tion from what might be called classical animal physiology, 
drawn from restricted laboratory types, with more recent 
work on field populations of a wide variety of species. 
Volume 1 contains two long articles, ‘‘The Social Use of 
Space’, by John B. Calhoun, and “Endocrine Adaptive 
Mechanisms and the Physiologic Regulation of Population 
Growth”, by T. T. Christian, both of which present 
evidence for the self-regulating nature of population 
control in (mainly) small mammals. Volume 2, with the 
sub-title of Mammalian Reactions to Stressful Environ- 
ments, contains three articles, ‘“‘Reproduction and 
Development”, by S. A. Asdell, “Water Metabolism of 
Mammals”, by Robert M. Chew, and “Hibernation”, by 
Ch. Kayser, which can be characterized as review articles, 
covering an immense amount of literature, which it is 
valuable to have brought together here. 

Calhoun has a very clear thesis to develop and argue, 
which is that mammalian evolution has been based on 
the efficiency of a social group of about twelve individuals 
and that most of the processes of population control, 
except where herding habits have been evolved, are con- 
cerned, to redress aberrations from this norm. His argu- 
ment concentrates on the way in which sensory contact 
with neighbours and exploratory behaviour conduce to 
home ranges organized in terms of such a social unit and 
in the way in which aberrations reduce viability of 
individuals in various physiological characteristics. Many 
of the data used to substantiate the theoretical steps in 
the argument have not been published previously, and in 
every way Calhoun’s contribution goes far beyond the 
review level which predominates in Volume 2. In detail, 
the theoretical steps are not easy to follow for readers 
unused, to thinking in terms of mathematical notation, 
but the presentation and discussion of relevant data at 
each step bring the argument into focus for the non- 
mathematical biologist. On the whole, it may be said 
that the data presented at each step do not invalidate 
the hypothesis, but whether they are susceptible of other 
interpretations or will be invalidated by fresh data 
remains to be seen. : 

The contribution of Christian is mainly concerned to 
show the mechanisms through which the various physio- 
logical disabilities subsumed under the term ‘stressed’ can 
arise in response to increasing population densities. There 
is more of @ review quality about his article than about 
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that of Calhoun, and kis careful and detailed account of 
the structure, functioning and integration of the endocrine 
system in mammals is an extremely valuable background 
to any thinking about population problems in these terms. 
The rest of the articls examines what is known about 
endocrine upsets in laboratory and wild populations in 
relation to density, with the general theme that here 1s a 
biological system with (in the modern phraseology) & 
built-in homoeostatic mechanism. 

Both these articles deal with ways ın which automatic 
adjustment to an ‘optimum’ equilibrium of numbers may 
be maintained, but are obscure, or reticent, about how 
this ‘optimum’ equilibrium is determined. It seems 
probable that this problem will remain obscure until 
equal or greater energy 1s devoted to measuring the 
resources of the envircnment. 

In Volume 2 the firss article, by S. A. Asdell, consists. 
of a fairly condensed summary of the facts of mammalian 
reproduction and of the patterns observed in different. 
groups. Robert M. Chew gives a very thorough account. 
of the physiology of water metabolism in mammals (with. 
an extensive bibliography) with special attention to their 
capacity to resist dehydration in arid environments. Ch. 
Kayser deals somewhat diffusely with hibernation. 

The editors are to bə congratulated on a worth-while 
accomplishment, involving different levels of presentation, 


and further volumes wil be eagerly awaited. 
H. N. SOUTHERN 


PLATES AND SHELLS 


Introduction to Plate and Shell Theory 
By C. E. Turner. Pp. xii+208. (London: Longmans, 
Green and Co., Ltd., 1£65.) 35s. 


TRUCTURES which qualify as ‘plates’ or ‘shells’ have 
tended for years past to receive rather limited treat- 
ment in standard texts on applied elasticity and strength 
of materials. This is no doubt due to the extremely varied 
conditions of geometry and loading that can arise, and 
consequently compendious and advanced specialist texts 
have emerged separately, of which Timoshenko and 
Woinowsky-Krieger’s' Theory of Plates and Shells and 
Fliigge’s Stresses in Shells might be quoted as classical 
examples. Introduction to Plate and Shell Theory is 
thus to be welcomed as 6 soundly written text of moderate 
length and moderate price which provides a thorough 
introduction to the field and neatly bridges the gap in 
existing literature. 

One is glad to see a student text in which the essential 
and ever-repeating pattern of the actual work of theoretical 
stress analysis is so consciously and deliberately dis- 
played: namely, construction of equations of equilibrium, 
of geometric deformation, of the assumed (normally 
linear) stress-strain bekaviour, leading to the final and 
purely mathematical task of producing working equations 
for whatever parameters are deemed of special interest. 

A short introductory chapter gives a clear account — 
of the basic concepts of a loaded shell element. This is 
followed by a wide-ranging discussion of the membrane 
theory of shells, which, within the limits imposed by its 
simplifying assumptions, can so often yield remarkably 
useful design information in exchange for time spent on 
comparatively short and simple methods of calculation.. 
Flat circular plates are then discussed for situations which 
involve symmetrical stretching (as with rotation or with 
inplane edge loading) and symmetrical bending. The 
conclusion to the introductory function of the book then 
follows in a presentation of a general theory of symmetric- 
ally loaded shells of revolution, in which cylindrical, 
spherical, conical and toroidal forms—together with 
combinations of these—ere examined in some detail. 

The remaining parts af the book chiefly present varia- 
tions and elaborations of the foregoing ethemes; but 
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among the selected problems some useful discussion is 
offered of unsymmetrical bending, the influence of elastic 
foundations and—more briefly—instabilities, thermal 
stresses and inelastic behaviour. 

The text ıs supported by about sixty very clear dig- 
grams, some short tables of mathematical functions, and a 
quite adequate bibliography. It should find a substantial 
readership among students of stress analysis and design, 
and has much to offer to established workers. 

B. N. COLE 


THE DUTCH STUDY CIRCLE FOR 
AGRICULTURAL HISTORY 


De Studiekring voor de Gesche idenis van de Landbouw, 
1939-1964 

(Study Circle for Agricultural History, 1939-64.) Pp. 37. 

(Wageningen, Netherlands: Royal Association for Agri- 

cultural Science, 1964 ) 


N the initiative of Dr. W. A. J. Oosting of Benneken 
an effort was made in 1937 to establish a Dutch 
Study Circle for Agricultural History. The plan came to 
fruition in 1939, but the Studiekring was set up as a part 
of the Netherlandsch Genootschap voor Landbouwweten- 
schap. Dr. Oosting was elected chairman, and J. A. van 
der Loeff was elected secretary with an influential com- 
mittee. The intention was to study agricultural history 
in the broadest sense of the word; but the activities of the 
nascent Studiekring were brought to a standstill by the 
German invasion in 1940. The death of Dr. Oosting in 
1942 was a great loss. 

In 1944 Prof. Z. W. Sneller wrote to van de Loeff saying 
he had been approached by several people to form a 
society for the study of agricultural history, and enquiring 
whether the Studiekring was still operative. It was in 
fact ın being, but in a state of war could do little, and it 
was decided to wait for more peaceful times. The members 
of the Studiekring are historians and scientists working on 
agricultural and kindred subjects. 

Activities were resumed in April 1946. An open meeting 
was held and a programme of work planned. It was (1) 
to organize a ‘history day’ during the Nederlandse 
Landbouwweken in conjunction with the Nederlandsch 
Genootschap voor Landbouwwetenschap ; (2) to encourage 
research in the field of agricultural history, and to publish 
the results in a series of Agronomisch-Historische Budragen ; 
(3) to promote the publication of brief contributions to the 
subject in the Landbouwkundig Tijdschrift and to collect 
reprints of these in an Agronomisch-Historisch Jaarboek ; 
(4) to foster the compilation of a bibliography of important 
articles on Dutch agricultural history from early Dutch 
journals; (5) to encourage the reprinting of scarce old 
publications of value for the purpose. 

Until 1950 it was possible for the Studiekring to partici- 
pate in the Agricultural Week, and the annual lectures 
presented were printed in the Agronomisch-Historisch 
Jaarboek. After that date this arrangement ceased. 
Lectures, however, continued to be read at the annual 
meeting of the Circle. Lectures, combined with excursions 
to the part of the Netherlands discussed, were also arranged 
each year after 1951. 

Five volumes of the Agrononwsch-Historisch Jaarboek 
have been published containing reprints that had been 
contributed to the Landbouwkundig Tijdschrift and other 
material. These appeared in 1940, 1942, 1947, 1949 and 
1951. Unfortunately the Jaarboek had to be discontinued 
for lack of material. Six volumes of Agronomisch-Histor- 
asche Bijdragen have been published, 1948, 1949, 1950, 
1958, 1959, 1964. The last-mentioned bears the title 
Ceres en Clio: Seven Essays on Agricultural History 
written to celebrate the 25th Year of the Studiekring. 

One of the Circle’s desiderata was the compilation of a 
bibliographyeas a fundamental basis for the study of 
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farming history. A committee was set up ın 1946, but 
after collecting some material it laid this programme aside 
in anticipation of the foundation of a readership in farming 
history at the Agricultural University. Instead a chair of 
agricultural, economic and social history was established 
in 1949, At the same time the Dutch Agricultural History 
Institute was formed at Groningen in connexion with the 
State University, one of the purposes of which was to 
solve the problem of publication of sources for Dutch farm 
history. Prof. B. H. Slicher van Bath became the first 
appointed to the new chair at Groningen. Thus ten years 
after the formation of the Studiekring the study of farming 
history was recognized as a subject for higher education. 
The bibliography that was one of the first aims of the 
Studiekring was finally compiled by Dr. J. M. G. van der 
Poel in 1953 while he was director of the Agronomisch- 
Historisch Instituut, -and published under the title 
Wegwijzer in de Landbouwgescheidenis; besides its primary 
purpose this was intended as a guide for teachers in second- 
ary and primary agricultural and market garden schools, 
who wished to teach simple farming history. A general 
international background is provided, but naturally the 
contents are mainly Netherlands sources. 

Another object of the Studiekring was research into 
old land measures, and in 1956 a committee of three 
members was appointed to go into this subject. This small 
committee came to the conclusion that, in addition to land 
measures, other ancient measures and weights ought to be 
collected and related to those of modern times. Prof. 
Slicher van Bath, a member of this committee, published 
an Alphabetical Inst of Books and Articles of Importance 
in Relation to Ancient Dutch Weights and Measures 
in A.A.G. Bijdragen No. 11 issued by the Department 
of Agricultural History of the Agricultural University at 
Wageningen in 1964. 

The work of the Studiekting has been very effective 
during its 25 years of life. Not only has it encouraged 
research and publication of results, but also it has been 
largely responsible for the development of farming history 
at all levels of education throughout the Netherlands. 

G. E. FUSSELL 
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NOMAD PEOPLES OF THE STEPPES 


The Royal Hordes i 
Nomad Peoples of the Steppes. By E. D. Phillips. Pp. 
144 (141 illustrations). (London: Thames and Hudson, 
Ltd., 1965.) 30s. clothback; 15s. paperback. 


HIS is a first-class publication, useful both for the 

specialist and for the interested layman. It is pro- 
fusely illustrated, many of the illustrations being in 
colour. Most people have heard of the Huns, and of the 
danger to western civilization due to their incursions. 
But not everyone realizes that the Huns were only one of 
many hordes who roamed about the vast areas of Central 
Asia, stretching from Modern Russia to China, and who, 
starting as early as 4000 B.C., continued to flourish until 
only a few hundred years ago when they were finally 
suppressed by the growing urban civilizations of Russia 
and China. Nor must one think of these nomad hordes ag 
mere crowds of savages. Nomadism was a real substitute 
for urban civilization, which, given the suitable environ- 
ment, produced fine works of art and a not uncivilized 
way of life. Anyone studying the illustrations in The Royal 
Hordes: Nomad Peoples of the Steppes will have to admit 
that in the realm of art these nomads were by no means 
behind their urban opponents. The ability to produce a 
fine art is one of the criteria which separate man from 
the animals. 

It is suggested that nomadism grew out of an early 
neolithic way of life by emphasizing the domestication of 
animals rather than agriculture; and with the development 
of the horse, a true pastoral as against a settled agricultura) 
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mode of life became possible. It is suggested that such a 
development from the neolithic Tripolye culture took 
place as long ago as 4000-2000 B.0. in southern Russia 
and similarly in Caucasia, western Siberia, Turkestan, the 
Tarim basin and in the Far East during the same period. 
From 2000-1500 z.c. the movement spread, and the new 
way of life developed. 

Naturally, the nomads absorbed useful knowledge from 
their neighbours. Thus the use of bronze, so important 
for horse harness, became general. Pottery was frequently 
painted and real works of art in metal, including gold, 
were produced. The next 500 years see the rise of the 
true mounted nomadism, which reached its full develop- 
ment about the start of our era. This mounted nomadism, 
of course, was especially dangerous to the urban civiliza- 
tions to the West and to the Far East, and it was 
only when each of these latter really united that they 
were strong enough to destroy the nomad hordes. 

There is no doubt that this is a book to possess. There 
is a tremendous amount of information packed into a small 
compass and the illustrations give a vivid picture of the 
splendid art of these folk. M. C. BURKITT 
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INFORMATION SERVICES IN 
BRITAIN 


The Government Explains 
A. Study of the Information Services. By Marjorie 
Ogilvy-Webb. (A Report of the Royal Institute of Public 
Administration.) Pp. 229. (London: Allen and Unwin, 
Ltd., 1965.) 28s. net. 

HIS examination of the information services of the 

central government made by a study group of the 
Royal Institute of Public Administration, of which Sir 
Kenneth Grubb was chairman, and Mrs. Marjorie Ogilvy- 
Webb, writer of the report, was research officer, does not 
cover local government services, and the overseas informa- 
tion services are also excluded. It gives a thoroughly 
competent and readable account of the British information 
services and their development, which not only demon- 
strates the necessity of such services to-day and their 
essential part in the functioning of a democracy but is also 
to some extent an antidote to the undertones of such a 
book as Jacques Elliot’s The Technological Society which 
visualizes the citizen being conditioned by the mass media 
of communication. ‘That danger ıs fully recognized in 
this report, but sound reasons are given for believing that 
it 1s not serious in Britain. 

For the most part the report is factual. After an intro- 
ductory chapter describing the scope of the communica- 
tions between government and governed, there are two 
chapters reviewing the historical development of informa- 
tion services from before 1914 to the present day. The 
next three chapters describe in succession first, the organ- 
ization developed for the co-ordination of information; 
next, the way the departmental divisions work; and then 
the functioning of the Central Office of Information and 
of the Stationory Office. Two chapters deal with staffing 
the information services and with training civil servants 
for their relations with the public, and the final chapter 
contains the comments and conclusions of the examina- 
tion. 

It is this calm appraisal of the information services that 
provides the reassurance, not least because the difficulties 
are frankly faced. No charge of political bias has ever 
been properly sustained against the information services 
nor are individual members of the information services 
known. to have engaged in political controversy. Never- 
theless, the whole question of impartiality is very difficult, 
and there is much in this final chapter for the scientific 
or technical adviser to ponder. The creation of an 
informed public opinion where scientific and technical 
issues are involved is not always simple and, although 
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such issues are not dscussed directly in this book, its 
implications for such issues are easily discovered, though 
the only factual slip I have noted is an inaccurate reference 
to the Advisory Courcil on Scientific Policy. Biblio- 
graphical references appear to be fairly complete although 
the manner of citation is not always the most convenient 
and there are places where more biographical references 
might have been incuded: apart from Lord Reith’s 
Into the Wind, these ere largely lacking. One thing at 
least this report shoulc do: it should prevent any raising 
of the old controversizs and ensure acceptance of the 
information services by the major political parties, while 
stimulating the contincous thinking about their function- 
ing and the constant vigilance that are the safeguards 
against abuse. Not least, it should contribute to estab- 
lishing the information services on a level of esteem and 
status that will help tc attract to such a career men and 
women of the characcer and ability demanded if the 
service is to be of the Highest standard. 
R. BRIGHTMAN 


IRISH BIBLIOGRAPHY 


A Guide to Irish Bibliographical Material 
By Alan R. Eager. Pp. xiii+392. (London : 
Library Association, 1364.) 96s. 


pens National Library of Ireland is at present preparing 
what will be the rst attempt at an Irish national 
bibliography. Eleven volumes, dealing with manuscript 
sources, should appeaz> later this year. As an interim 
measure, Mr. Hager has compiled a bibliography of biblio- 
graphies listing more than 3,800 items arranged broadly 
according to Dewey. 

Much of the materia. consists of catalogues and printed 
bibliographies. Many of these, however, are not specific- 
ally, or even predomirantly, Irish in coverage. General 
works such as the British Union Catalogue of Periodicals 
and World List of Scentific Periodicals are included so 
that Eager duplicates much of Walford and Winchell, 
without their annotatians. 

The comparative peucity of Irish bibliographies has 
tempted Mr. Hager to stray beyond the limits one would 
expect. In his anxiety to record at least one reference for 
every subject he has “included works which are not 
bibhographies per se Lut are standard or representative, 
also articles which appeared in periodicals and newspapers 
that are of value but ere not generally catalogued separ- 
ately and are thus overlooked”. The dangers of such a 
policy are obvious, and Mr. Eager has not avoided them. 
Under “Domestic Science”, for example, the only sub- 
heading is “Hotels, Rastaurants, etc.”, and of the five 
items listed, four are sccommodation guides; the fifth is 
the history of a Dubin hotel. In such circumstances 
would it not have beer better to ignore the subject com- 
pletely ? 

Articles from perioGecals, the other type of material, 
are very oiten from journals such as the Proceedings of 
the Royal Irish Academy, to which rehable indexes already 
exist and which any 2ompetent research worker would 
consult as a matter of 2o0urse. 

Criticism of this book revolves around Mr. Eager’s 
too-good intentions. ins of omission are rare, and if the 
compiler had set out to produce a vade-mecum to Irish 
studies the book would have been a praiseworthy begin- 
ning. Even so, one might have wished for a standard 
approach where the expansion of initials into forenames 
was concerned. An untortunately haphazard presentation 
has been adopted. 

Nevertheless, Mr. Eager’s book has already become a 
standard reference too_, and we should be grateful for the 
accuracy and care in ts compilation which are obvious 
throughout, especially in recording unpublished manu- 
scripts and work in progress. HeJ. HEANEY 
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The Fossil Evidence for Human Evolution 

An Introduction to the Study of Palaeoanthropology. 
By Sir Wilfrid E. Le Gros Clark. Second edition, 
revised and enlarged. (The Scientist’s Library.) Pp. 
xiu+201. (Chicago and London: University of Chicago 
Press, 1964.) 6 dollars; 45s. 


a revised edition of The Fossil Evidence for Human 
Evolution comes at an appropriate time and 10 years 
after the original publication. In 1954, Piltdown had been 
relegated to the history of fakes and forgeriesand thohuman 
evolutionary picture was all the better for the removal. 

The 10 years that have passed have seen fewer crises 
and the emergence of a much more satisfactory realization 
of man’s ancestry. Much of this has depended on the 
labours of a few men: the prescience and persistence of 
Kenneth Oakley, who has added a new system of time to 
human studies; the labours of John T. Robinson on the 
splendid collections of Australopithecines that he has had 
to leave in South Africa on his translation to Wisconsin; 
and always the genius of L. S. B. Leakey in charmmg 
fossils from the ground. 

All this has clarified the general view, if some aspects of 
1t are a little clouded. Most systematists will heartily 
agree with Sir Wilfrid that there are too many names 
along the route of man’s emergence. While it is true that 
in these pages Pithecanthropus and Sinanthropus are now 
less frequently mentioned and Homo erectus stands more 
neatly in their place, yet the Australopithecines bristle 
with genera from A to Z. There is much to be said for 
the author’s plea that, until they become systematically 
established, specimens might bear such names as “‘the 
Steinheim skull’’, the “Swanscombe skull”, etc., rather 
than a too hasty attribution to a new genus and species. 
On the other hand, human palaeontology is of general 
interest and a new genus may more easily and more 
widely be recorded. 

The increase in the size of the new text is largely due to 
valuable descriptions of the methods of dating remains. 
Fluorine, carbon-14, potassium—argon and uranium—lead 
are dealt with. It is interesting to note that dates in the 
Pleistocene are being lengthened and put further back. 
Homo sapiens had a history of 50 thousand years in the 
1954 edition. Now it is 200 thousand. 

This well-produced volume is a necessity for all who 
work in human palaeontology. Others will also appreciate 
the quiet wisdom and the well-turned phrases of its 
distinguished author. W. E. SWINTON 


Mathematical Analysis 

Functions, Limits, Series and Continued Fractions (Inter- 
national Series of Monographs in Pure and Applied 
Mathematics, Vol. 69). Edited by L. A. Lyusternik and 
A. R. Yanpol’skii. Translated by D. E. Brown. Pp. 
xiv+404. (Oxford, London and New York: Pergamon 
Press, 1965.) 70s. 


HE content of Mathematical Analysis is somewhat 

wider than the sub-title suggests. There is a chapter 
on n-dimensional spaces, functions defined there, linear 
operators, convex bodies; the work on series includes a 
considerable amount of material on orthogonal series 
and systems of orthogonal polynomials; there is a short 
section on special functions, such as the Bernoulli and 
Euler numbers, the elliptic functions, the gamma, function, 
Bessel functions. The material is logically arranged and 
clearly set out, but no theorems are proved. It is thus 
difficult to know how the book is to be used, and it is a 
pity that the editors do not tell us how this and succeeding 
volumes fit into the Russian techniques of instruction. 
The arrangement is scarcely suitable for a book of refer- 
ence, but the absence of proofs would prevent it being an 
adequate text for private study. If a teacher were to 
select the more difficult key theorems and go through them 
in. detail with dhis pupils, they might then, granted time 
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and patience, derive very substantial benefit by working 
carefully through the rest of the book, proving the sub- 
sidiary theorems and verifying the numerous formulae. 
There 1s, for example, an immense amount of information 
stored away in the chapter on orthogonal polynomials; 
and to verify the couple of dozen integral forms, not all 
entirely trivial, for Catalan’s constant would make an 
admirable revision exercise in the technique of definite 
integrals. Perhaps if later volumes are translated, a 
prefatory word on how best to use them could be added. 
T. A. A. BROADBENT 


Power Travelling-wave Tubes 

(Applied Physics Guides.) By J. F. Gittins. Pp. xi + 276. 
(London : The English Universities Press, Ltd., 1964.) 
50s. 


RAVELLING-WAVE tubes have played such a 

unique part in the development of microwave com- 
munication links that they well merit close examination. 
Not only-in their conception are they the result of an 
impressive flight of imagination, but also in their construc- 
tion they incorporate some of the most recent technological 
developments. 

Power Travelling-wave Tubes grves a very successful 
presentation of most problems involved in the design of 
traveling-wave tubes In view of the emphasis put these 
days on the importance of advanced engineering education, 
it is encouraging to find a book which is prepared to tackle 
not only the fundamental but also the technological side 
of a problem. 

The author discusses both forward and backward wave 
amphfication processes, including crossed-field interaction. 
The operating of travelling-wave tubes is explained using 
Pierce’s approach, but a commendable use 1s made of 
vector diagrams to illustrate many points. Separate 
chapters discuss slow-wave structures, electron guns and 
collectors and transitions, severs and radiofrequency 
windows. ‘The two final chapters deal specifically with 
vacuum and measurement techniques. 

The book can be recommended as an up-to-date descrip - 
tion of an important field of vacuum tube technology and 
it is a welcome addition to technical literature. 

P. A. LINDSAY 


Structure Antigénique de Tumeurs Expérimentales 
Par C. Deckers. Pp. 180. (Bruxelles: Editions Arscia 
S.A.; Paris: Librarie Maloine, S.A., 1964.) n.p. 


HIS is a monograph covering several years’ work by 

Dr. Deckers, dealing with the analysis of antigens in 
rat tumours by the methods of Ouchterlony double 
diffusion and immunoelectrophoresis. Several methods 
for increasing the sensitivity of the gel diffusion technique 
were described. The most sensitive of these used a com- 
bination of immunoelectrophoresis and double diffusion in 
gel. Hyperimmune rabbit sera were used in all the 
investigations involving rat tissues. Five organ-specific 
liver antigens were demonstrated in normal rat liver. 
During the course of chemical carcinogenesis of the liver, 
the concentration of organ specific antigens progressively 
diminished. In transplantable hepatomata, there was only 
one such antigen remaining. However, a new antigen was 
detected in a transplantable (HA) hepatoma. This new 
antigen could not be detected in other tumours. Attempts 
to provoke circulating antibodies to the HA antigen in 
rats were unsuccessful, as far as the means of detection 
would allow. Inoculation of rats with HA tumour 
extracts either slightly decreased or increased the rate of 
growth of tumours transplanted later. 

The efforts of some of the other workers in this field 
were mentioned. The author deserves credit for persisting 
in a problem which poses many experimental difficulties, 
and it will be interesting to follow the progress of the 
work. ROBERT R. DOURMASHKIN 
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THE ROYAL SOCIETY 


ANNIVERSARY ADDRESS* 
By Lord FLOREY, O.M., P.R.S. 


AWARD OF MEDALS, 1965 
Copley Medal : Prof. A. L. Hodgkin, F.R.S. 


HERE are few areas of modern knowledge the 

development of which can be identified with the 
leadership of one person. Yet, in the field of neurophysio- 
ogy, the important and indeed decisive advances which 
have been made during the past 30 years are almost 
wholly due to the origimal work of A. L. Hodgkin and to 
she influence which the theoretical concepts and experi- 
mental techniques developed by him have had on research 
workers all over the world. 

In his earliest paper, published in 1936, Hodgkin showed. 
that the cable-like structure of a nerve fibre provides 
an. essential link in the conduction of the nerve impulse, 
and, that the electric current generated during excitation 
of a small part of a nerve fibre can stimulate a region 
of a few millimetres length ahead and so propagate with a 
large safety margin. This was Hodgkin’s first expermmental 
sxercise, in which he still used established techniques. 
ľo advance the study of the nerve impulse further, he 
jecided to adopt a more direct approach, by working on 
solated cells and measuring their membrane properties 
with the help of micro-electrodes introduced ınto the 
sell interior. This led to a new kind of experimental 
walysis, far ın advance of what had been attempted 
oefore. Hodgkin’s decision to embark on this project 
and. his refusal to be deterred by what must have seemed 
yppalling technical difficulties have led, during the past 
20 years, to a gradual revolution of the whole neurophysio- 
logical field. 

Hodgkin’s experiments resulted in the discovery of the 
onic mechanism of the nerve impulse. He showed that 
she action potential wave arises from a rapid entry into 
she cells of a small quantity of sodium ions followed by an 
equivalent loss of potassium ions from the cell interior. 
Ihe initial influx of sodium is a regenerative process 
which propagates along the whole length of the fibre. 
The impulse derives its immediate energy from the ionic 
soncentration differences between the cell and the sur- 
counding fluid. 

In a series of vestigations extending over 20 years, 
Godgkin and his pupils have worked out the quantities 
>f the ion movements across the nerve membrane and the 
‘ates of the underlying permeability changes, and more 
‘ecently have been bringing to light the chemical reactions 
nvolved in the restoration and maintenance of the ionic 
store of the cell. 

Hodgkin has had the enthusiastic collaboration of many 
listinguished pupils and has built up a school of physio- 
ogists of high international reputation. Moreover, his 
echniques of intracellular recording and the directness 
f his single cell analysis have served as a model which has 
‘aised the standards of experimentation in a wide area of 
dhysiological research. The new concepts explaining 
n10electric phenomena in terms of specific ionic conductance 
-hanges have not only had a far-reaching influence on 
he study of peripheral nerve and muscle, but have also 
ed to important advances in the investigation of the 
synaptic mechanisms in the central nervous system. 

* Delivered at the Royal Soclety on November 30. 


A Royal Medal: Dr. R. A. Lyttleton, F.R.S. 


Dr. Lyttleton is distinguished for his theoretical studies 
in many fields of astrmomy and geophysics. He has 
shown outstanding abilisy m the application of dynamics 
to astronomical problems, and his book, Rotating Liquid 
Masses, is a unique description of work on obscure 
classical problems that few scientists have hitherto been 
able to understand. In his work he has finally clarified 
problems which puzzled many distinguished theorists 
such as Jacobi and Jeans. In particular, he elucidated 
and clarified the important result that the disruption of a 
fluid mass by rotation would not lead to a pair of bound 
bodies, as Jeans believed, but to two independent bodies. 
Has work on this subjees has had major repercussions on 
several contemporary problems ın astronomy, especially 
on the formation and stability of galaxies, on the origin 
of the Solar System and the capture of satellites by planets. 
In earlier work (in collaboration with Hoyle), Lyttleton 
evolved from Cowling’s pioneer effort the first satisfactory 
model of a main sequence star and gave the first correct 
specification of the boundary conditions in stellar interiors. 
He has made many contributions to the problems of the 
interstellar medium, particularly in the examination of 
the interaction between stars and interstellar matter and. 
the problem of accretior. His work on comets, on which 
he has evolved almost the only existing truly physical 
theory, is widely knowr and he has made many contri- 
butions to the problems of the constitution of the Earth 
and the planets. Lytt-eton is also well known for his 
studies in cosmology; indeed there are few subjects in 
contemporary astronomy which have not been stimulated 
and enriched by his wors. 


A Royal Medal: Dr. J. C. Kendrew, F.R.S. 


Dr. Kendrew has for many years conducted an intensive 
investigation of the malecular structure of sperm-whale 
myoglobin and has the distinction of having revealed 
for the first time the full three-dimensional arrangement of 
the atoms in a protein molecule. This successful culmina- 
tion of more than 20 years’ work is a landmark in the 
history of biology. It is now possible to interpret much of 
the biological function cf this molecule in chemical terms 
and to begm to see hcw the many activities in living 
organisms which are controlled by proteins can be explained 
at the molecular level. 

Kendrew and the groun working in the Medical Research 
Council Unit at Cambricge have given a powerful impulse 
to the establishment of molecular biology as a new branch 
of science. This group has brought together in the elucida- 
tion of macromolecular structure a large number of different 
techniques and, in particular, have shown how X-ray 
diffraction can extend the range of structural analysis 
down to the atomic level, even for the most complex 
molecules, by the use of electronic computers. Kendrew’s 
success is an indication of his insight in the choice of a 
particular molecule on which to concentrate his efforts, 
but he has constantly directed attention to the general 
principles of macromclecular architecture which are 
exemplified in the structures he describes.°® It is largely 
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due to him that the ultimate solution of the problem of 
form and function in biology is no longer a matter for the 
philosophers but is a goal which can be reached by patient 
experimentation. 


A Royal Medal: Dr. H. C. Husband, C.B.E. 


Dr. Husband is distinguished for his work in many 
aspects of engineering, particularly for his design studies 
of large structures, such as those exemplified in the radio 
telescopes at Jodrell Bank and Goonhilly Downs. He has 
achieved great success in his co-operative work with the 
scientists in the evolution and construction of these 
instruments which have been so important to British 
science and technology. Husband was presented with the 
concept of the large radio telescope in 1949 and agreed 
to undertake the design and construction of the fully 
steerable 250-ft. aperture paraboloid, at a time when 
several other engineers had rejected the problem as 
practically insoluble. The scientific specifications pre- 
sented him with a complex of interesting structural, 
mechanical and electrical problems which had never 
before been faced. His work on these problems and on 
those later arising in the smaller precision telescopes is 
typical of his skill in co-ordinating the efforts of engineers 
and scientists in the solution of unusual structural difficul- 
ties, which has led to the successful completion of many 
public works in Britain and abroad. He brings to this 
work some of the width of interest shown by the great 
engineers of the nineteenth century, together with the 
persistence so necessary for success in such fields. 


Davy Medal: Prof. H. W. Thompson, F.R.S. 


Prof. Thompson’s major contribution to chemistry 
has been the application of spectroscopy, especially 
infra-red and Raman, to a wide range of chemical prob- 
lems, although he has also been responsible for important 
pioneering work in gas kinetics and in photochemistry. 

The early spectroscopic work involved the determina- 
tion and assignment of the vibrational frequencies of 
small molecules, the calculation from these of the force 
constants of chemical bonds and the correlation of both 
with structural features of molecules. He can justly be 
described as one of the pioneers in the application of 
infra-red. absorption spectroscopy to the problems of 
structure and analysis of larger molecules, for which he 
had to devise experimental methods which at the time 
were novel. These techniques involved improvement of 
methods for measuring the spectra and also the devising 
of methods of handling samples in all phases and over 
wide temperature ranges. During this period Thompson 
made substantial contributions to the establishment of 
characteristic group frequencies covering many structural 
classes of chemical and biological interest. He was the 
first to study polymers in this way and to use polarized 
infra-red radiation for the study of oriented polymers and 
crystals. A novel and fascinating extension of this work 
was his combination of the reflecting microscope with an 
infra-red spectrometer to investigate minute crystals and 
fibres. 

He has also made extensive measurements and theoreti- 
cal analysis of the rotational fine structure of vibration 
bands of small molecules in the vapour phase, in order to 
obtain the molecular constants and geometry, and to 
extend the theory of molecular energy-levels. Some 20 
years ago, he was a pioneer in the use of the newer photo- 
conductive cells so as to obtain much higher resolution 
in the infra-red. Some of the resulting data on small 
molecules are now accepted for secondary wave-length 
standards, by the international commission concerned. 
The command of these techniques permitted him to 
execute a lengthy programme on the intensities of vibra- 
tional absorption bands of key groups, and their interpre- 
tation in terfns of bond polar properties and molecular- 
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structural features. He was one of the first to construct 
a photoelectrically recording Raman spectrometer, and 
has measured Raman spectra in studies of molecular 
structure, for the determination of molecular vibration 
frequencies, and in studies of intermolecular interactions. 

More recently, he has used spectroscopic methods to 
investigate intermolecular forces and the formation of 
complexes, using solvent effects on vibrational spectra, 
pressure-broadening studies on rotational lines, the 
measurement of hydrogen bonding equilibria, and other 
systems. 
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Hughes Medal: Prof. D. H. Wilkinson, F.R.S. 


Prof. Wilkinson is outstanding in the group of experi- 
mental nuclear physicists who started research in Britain 
in the closing years of the Second World War. At that 
time he was enrolled as a member of the British atomic 
energy team working in Cambridge, and he very quickly 
established himself es an investigator of originality and 
drive. Wilkinson has made a very detailed study of the 
validity of charge independence in nuclear physics, and in 
a long series of papers (written in collaboration with his 
students) he has analysed isobaric spin selection rules 
applicable in many nuclear transitions. Recently he has 
developed a mass formula applicable to the components 
of iso-spin multiplets. 

In recent years his interests in nuclear structure prob- 
lems has led to a series of important experimental studies 
of short-lived excited states of hght nuclei using pulsed 
beam techniques. Wilkinson has also made contributions 
in the field of high-energy physics. Perhaps more than 
any other physicist he has been quick to see the relation 
between the concepts of high-energy physics and those of 
nuclear physics. For example, in a series of papers he 
has analysed the validity of parity conservation in strong 
nuclear interactions. 

He has been particularly fascinated by the possibility 
of using elementary particles as probes for the study of 
nuclear structure. He pointed out that certain observa- 
tions on the capture of K-mesons by complex nuclei 
received, their natural interpretation on the assumption 
that nucleons in the surface of nuclei tend to form closely 
knit clusters, and he has proposed methods of studying 
the detailed structure of the nuclear surface by measure- 
ment of the intensity of K-mesic X-rays. These methods 
appear likely to. be of considerable importance when 
stronger beams of K-mesons become available. 

Wilkinson has also made important contributions to 
the discussion and evolution of national policy in relation 
to nuclear energy and high-energy physics, and recently 
acted as chairman of a representative committee to 
report particularly on future British policy with respect 
to high-energy accelerators. 


PRESIDENTIAL ADDRESS 


No doubt more than one view can be taken of the 
purpose of the President’s address. Some might con- 
sider that a specific scientific field should be singled! 
out for pointed comment and a large, if figurative, 
sign erected to indicate clearly the road ahead. Others 
might expect some philosophical discussion of diffi 
cult contemporary problems while still others, possessed 
of the necessary cynicism characteristic of modern sophis- 
ticated society, will know that to-day the address is largely 
to fill in some 30 minutes or so before the very important 
manoeuvre of inducting my successor. 

I propose to devote this time to considering some of the 
affairs of the Society, but I wish to avoid giving any 
impression that even now I know everything about how 
the Society works, still less that I can instruct my successor 
and his colleagues in how to deal with the many problems 
which confront it. 


December 18, 1965 


While preparing for to-day I re-read Sir Cyril Hinshel- 
wood’s masterly Tercentenary address (Nature, 187, 
274; 1960). He gave a summary of the past activities 
of the Fellows of the Society, he touched on the functions 
performed by an Academy, and he mentioned the un- 
certain and unknown future of science and its relation- 
ship to creative thought and even to the evolution of 
society. He said, after discussing specialized organs of 
Government and the universities, “an Academy, there- 
fore, is a natural body to provide for several vital things; 
non-commercial periodicals for the publication of dis- 
coveries, & measure of financial support for ideas still too 
embryonic to be of immediately obvious practical applica- 
tion, the mutual stimulus of association and discussion 
and the immaterial award of honour for intellectual 
achievement”. 

Perhaps I can begin by discussing ‘financial support 
for embryonic ideas’. The Society serves a useful purpose 
by dispensing sums of money which are in fact almost 
negligible compared with those now handled by a number 
of Government agencies. In spite of the small amount 
of money available, the grants we are able to make are 
greatly valued by the recipients, and Fellows are glad to 
devote their time to the careful scrutiny of applications. 
From 1947 until 1955 Council was able to grant about 
66 per cent of the amount applied for. In the year ending 
March 1965 the figure was 36 per cent. Expressed another 
way, to have granted last year as big a proportion of re- 
quests as 10 years ago would have needed £170,000 instead 
of the £100,000 which we had at our disposal. It should 
be added that the drop in the number of people we were 
able to support was not due to any falling off in the 
excellence of the proposals made to us. Perhaps our 
recent experience merely underlines what is becoming 
only too painfully obvious, and that is that the re8ources 
the country is prepared to devote to scientific activities are 
insufficient to meet the demonstrable current needs, 
and present indications are that the amount of money 
available is not likely to increase substantially in the 
foreseeable future. 

Perhaps the deployment of Government resources is 
the modern equivalent of avents in the early days of 
the Society when Fellows contributed—or sometimes 
did not contribute—a shilling a week towards demon- 
strating experiments at meetings. There never was 
enough money. 

We are now all familiar with the large financial backing 
that has to be put at the disposal of those who wish to 
pursue what is called ‘big science’. Even the general 
public seems prepared to back these expenditures, or at 
least no loud outcry against them has arisen. 

The idea that very expensive experimental equipment 
must be shared at some central institute or laboratory is 
fully accepted on both a national and an international 
basis, and in the most advanced form of expensive physics 
we are approaching the time when co-operation on a world 
scale will be achieved for the construction and working 
of gigantic apparatus. But perhaps we should be taking 
a sharper look at whether more could not be accomplished 
by greater national and international integration in 
smaller, though still expensive, scientific endeavours. So 
far as scientific discoveries are concerned it should not 
matter whether they are made in Oshkosh or Vladivostok. 
Thesame, of course, cannot be said of technological innova- 
tions or developments, simply because the world is divided 
{nto fiercely competitive units each one trying to outdo 
the others for economic reasons. Nevertheless, within 
the framework of contemporary political systems, much 
more could, I believe, be done to forward discovery by 
making use of selected environments throughout the 
world in which concerted efforts could be deployed. By this 
I mean that instead of spreading our national resources 
too thinly between too many institutions we should con- 
centrate on ‘centres of excellence’, and from firm national 
bases international ‘centres of excellence’ could be 
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formed. We might then hear less of ‘brain drains’, and if 
some of our best people did go to work in other countries, 
their going would be balanced at least partially by 
reverse flow. 7 

This might not be entirely unpractical in dealing with, 
for example, institutions in the United States with which 
scientists of Britain have such good relations and with 
which it is easy to communicate. It should not be insuper- 
able in dealing with Western Europe where, although 
something has been attempted, we are still making far too 
few conscious efforts to crganize co-operative work. At the 
present time we are even deficient in the amount of scien- 
tific discussion we have with our near neighbours. Is it that 
we are unwilling to beeome good Europeans? If so we 
should consider whether this is wise. 

When we look at the Iron Curtain countries we have to 
be content with relative_y little. Agreements reached with 
the U.S.S.R. and other communist countries spell out 
in detail exchange arrengements with which we are all 
pleased, but real international working has scarcely 
been touched. . 

I am sure that most. if not all, hard-headed adminis- 
trators of science would look on the accomplishment of 
what I have dimly outlined as far too Utopian to contem- 
plate at all. And yet the Royal Society prides itself on 
its extensive international connexions, its contributions 
to the International Council of Scientific Unions and its 
fostering of the exchange of scientific ideas. I wonder if 
the time might not come in the next 15 or 20 years when 
the Society might find it to be for the benefit of scientific 
endeavour to lead in the direction of greater international 
co-operation, not only st the conference-level but at that 
of the bench. Perhaps we could play a real part here. 

But of course Britain needs something not only in which 
scientists and technologists can take a pride but in which 
the general populace, who now have to provide the 
resources, can also be interested and about which they 
can be informed. What an inestimable boost to national 
morale the great programmes for the exploration of 
space must give in the United States and the U.S.S.R. 
Is it now quite beyond cur capacity as a nation to become 
really mentally and physically stretched to the limit in 
cultivating some field of activity? Can we canalize any 
great scientific adventurs of which the whole country could 
be proud ? Could we make a really great mark in exploring 
the under-water world, for example, rather than making 
what at present seem to be somewhat pathetically 
inadequate, though scientifically and technically com- 
petent, efforts to enter the same fields as the great rocket 
powers? Could not a country that mounted the great 
Challenger expedition foster oceanography and the 
exploration of the possibilities of the sea, its water, and 
what is beneath it, so tnat it would be our national pride 
and joy ? But perhaps you are thinking that I am asking 
too many silly questions. 

I will instead make a statement. It is that there is now 
overwhelming evidence that rapid population growth is 
bringing with it dire consequences, not only in the great 
Asiatic countries but probably even here. Evidence is 
slowly accumulating thax the question is not simply whether 
food can be supplied for an ever-increasing population, 
but whether overcrowding per se does not lead to obscure 
and so far ill-defined difficulties of mental and ‘social 
adjustment to a crowded and rapidly changing environ- 
ment. Observations on animals are certainly pointing to 
some such possibility. Perhaps we should be paying more 
attention to the generally unpleasing form that life is 
assuming in great cities. 

It may be that to relate population to environment 
optimally is the greatest technological task of the end of 
this century. Its solution will not depend on biological 
science or medicine alore. It will involve every discipline 
from economics to psychology. Would the Royal Society 
serve the nation in @ wider sense and science in a narrower 
sense by taking a greater interest in some ofethe questions 
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I have mentioned? To become significantly involved in 
such matters as these will require more resources than the 
Society can at present command, and indeed perhaps more 
than the country conceives that it can afford, though this 
would depend on the great modern game of ‘allotting 
priorities’. 

At the moment it is considered to be desirable to give 
free medicine to all. The application of free calamine 
lotion to the irritated skins of the populace may be more 
important than administering to the needs of irritated 
scientists; but this sort of judgement is in the realm of 
polities and, as you know, we do not mix ourselves in these 
matters here. Still, one cannot help wondering, only of 
course when we are outside Burlington House, whether 
the priorities now being chosen are right for the ultimate 
well-being of Britain. 

In connexion with resources for research I need scarcely 
mention that we have been witnessing during the past 
18 months or so a reorganization of the ways in which 
Government assistance is given for scientific and tech- 
nological research, development and education. Fellows 
of the Society might well be advised to take an increasing 
interest In the way in which these organizational matters 
are handled, for we may be approaching a state which 
was popularly advocated some 20 years ago, when it wes 
said that scientists should be on tap and not on top. 
Perhaps the Royal Society as a collection of active 
scientists might have something to say on these tendencies. 

Coming now to the “immaterial award of honour for 
intellectual achievement”, there is one point that particu- 
larly deserves comment this year. This is the first time that 
the new Royal Medal for merit in the technological field 
has been awarded. The gracious act of Her Majesty in 
instituting this new honour is very greatly valued by the 
Society, for we are particularly delighted to have been 
enabled by this Medal further to proclaim that the Society 
wishes to continue to foster the applied sciences. 

Perhaps I could now turn to the theme of “the mutual 
stimulus of association and discussion”. During about 
nine months of the year the Society meets frequently on 
Thursdays, as is its ancient custom. I suppose that anyone 
who has sat in this chair, and has been in the privileged 
position of not understanding the paper being given and so 
of being able to survey the audience, will have wondered 
whether these exercises still serve a useful purpose. 
These doubts seem to be shared by Fellows, for it must be 
confessed that at times I look around to see how many of 
them are present and I have long learnt on such occasions 
not to ask if there is a quorum for conducting the business 
of the Society. The great growth of specialized societies 
may have diminished the importance of the delivery of 
papers at our meetings. Perhaps in view of the multiplicity 
of calls on the time of Fellows and the numerous activities 
of the specialized societies we now meet formally too often. 
Be that as it may, it has long been the policy of the Society 
to have symposia and lectures, and we are greatly indebted 
to Prof. W. T. J. Morgan and the Hooke Committee for 
setting in motion in the recent past the organization of 
many admirable meetings of this kind. They have grown 
to such an extent that they have almost succeeded in 
displacing the delivery of original papers. Some of these 
meetings have been very popular not only with Fellows 
but also with many other scientists working in the broad 
fields covered by the meetings and, thanks to the Ter- 
centenary Appeal and other sources, we have been able to 
welcome among our speakers prominent scientists from 
abroad. The popularity of such gatherings has brought 
difficulties. Thus, on one occasion, we had to migrate to 
the lecture theatre of the Shell Building on the South 
Bank. On another occasion we went to the Zoological 
Society in Regent’s Park, and on the occasion of a joint 
meeting with the Genetical Society we went to University 
College, London. To all our hosts on these occasions we are 
much indebted. But one consequence of this peripatetic 
existence hasbeen that we have had to procure a, coffin- 
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like box for the transport of the mace, and I am sure that 
our original Fellows, and even Charles IT himself, might 
have been somewhat astonished at the adventures of their 
royal emblem. 

The increased volume of publication associated with 
these activities has thrown a crushing burden on the 
editorial staff of the Society, which brings me to another 
of Sir Cyril Hinshelwood’s headings, the support of 
‘publication’. A number of the symposia and papers at 
discussion meetings are published as separate issues 
of the Philosophical Transactions and the Proceedings, 
and this puts great demands on Mr. J. C. Graddon and 
his staff. I should like to take this opportunity to express 
to them on behalf of the Fellows our gratitude for all their 
splendid efforts to keep our publications up to their 
excellent standard. But of course it has not escaped the 
attention. of the Officers that a number of Fellows are 
dissatisfied with the time taken for publication in our 
Proceedings, especially Proceedings B. I would ask Fellows 
to be patient, and to be sympathetic with those who are 
trying to produce these journals under considerable 
physical difficulties. I should like to say, however, that 
so far as Proceedings B are concerned, we lack that vigorous 
support from Fellows which we could legitimately expect. 
May I take this opportunity to appeal to those on the 
biological side to support the journal more than they do at 
present, either by contributing papers themselves or by 
seeing that those whom they can influence submit work 
for publication. 

I have now the very great pleasure of announcing the 


,biggest single benefaction that has been received in 


the history of the Society. The trustees of the estate of the 
late Mr. M. 8. Napier have arranged to transfer to us the 
sum of £275,000 to be used in the broad field of cancer 
research. For the first 5 years the income will be used to 
assist a project at the Institute of Cancer Research at the 
Royal Marsden Hospital, and thereafter the Society will 
be free to apply the income in the ways it deems best 
under the terms of the Trust. We are greatly indebted to 
the trustees for so munificently increasing our resources 
for research in biological fields. 

There is one matter which affects the future welfare of 
the Society and of all its Fellows. I refer to accommoda- 
tion. Before, however, I mention what is happening I 
should like to make another quotation from Sir Cyril 
Hinshelwood’s address. He said: ‘There has seldom, if 
ever, in the world’s history been a time when existence 
was not in some degree precarious, yet the right response 
to danger lies in action. Faith in the future has indeed a 
very great survival value. The better equipped are cer- 
tainly more likely to survive than the worse equipped and 
not only to save themselves but to save others”. 

These noble sentiments, if such I may call them, were 
of great assistance to me and I think to the other Officers 
and members of Council as we clasped our heads while 
making some crucial decisions in me so-called ‘dog days’ 
of last summer. 

You willremember that we had ne confidently assured 
that we should be able to transform the inside of our 
proposed premises in Carlton House Terrace to meet our 
purposes for about £500,000. In the summer, after a very 
careful look at the detailed plans and estimates, it became 
clear that we could not get into Carlton House Terrace 
without having raised £850,000. Fortified, at least in my 
case, by the words I have quoted, the lease for Nos. 6-9 
Carlton House Terrace has now been signed and work has 
begun on transforming the interior. Unless unforeseen 
circumstances arise, the building should be ready for 
occupation about July 1967. 

In order to proceed with our plans, which those intim- 
ately concerned with the Society regard as essential to 
our future welfare, we shall have to run into a very serious 
debt unless we receive further generous donations. Steps 
are being taken to extract us from this extremely difficult 
position. We have sufficient faith in our friends in the 
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community in general to feel confident that the oldest 
scientific Society in the world, and one which in the past 
has inspired so much scientific work not only in Britain 
but in other countries, will not be allowed to fail or even 
falter from the lack of the material assistance which we now 
so urgently require. Preparations are well advanced for a 
general appeal not only for the new accommodation and 
facilities but also for funds to make the best use of them. 

I must confess that it is for me a cause of great regret 
that I shall leave office without having been able to see 
completed the task of raising the money to equip the 
Society with the accommodation which it so desperately 
needs, if it is to continue to play 1ts part and to expand its 
activities as it should in the modern, rapidly changing 
scientific world. 

The somewhat gloomy thought that possibly through 
some misjudgement of mine something will now go seriously 
wrong with the finances of the Society gives emphasis to 
the fact that I have never ceased to be astonished that the 
Society should have done me the supreme honour of 
electing me to this office. I came very ill-prepared for the 
tasks it involves, and I should not have lasted until to-day 
but for the very sympathetic understanding and help of 
all the officers, the support of Council, and the forbearance 
of the Fellows. 

To-day there is what might be called a considerable 
turn-over in officers. I am most mdebted to the retiring 
‘A’ Secretary, Sir William Hodge, and the Foreign Secre- 
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tary, Sir Patrick Linsead. Both have had a great deal 
to do with the handling of the ever-increasing activities 
of the Society. Durirg his period of 8 years as Physical 
Secretary Sir William Hodge has played a significant part 
in the Society’s confribution to the nation’s scientific 
research programme in space, and during Sir Patrick 
Linstead’s term of offize there has been a very substantial 
increase in the Society’s international relations not only 
within the International Council of Scientific Unions but 
also in inter-academy—relations and in exchange arrange- 
ments. I am sure you would like me to express to them 
the gratitude of the Eociety for what they have done for 
it during their term ofoffice. We welcome the new officers 
and wish them well in what they will find to be an onerous 
job. 

My thanks and those of the Society are, as always, due 
to Dr. D. C. Martin, D>. R. W. J. Keay and their colleagues 
for all the loyal and informed work they have done for us 
during the past year, often in ways which are quite un- 
perceived by Fellows in general. 

It now remains only for me to wish my successor in 
office as happy a time as I have had. I am sure the Society 
will face the future wich greater confidence than it has had 
before, for I believe that, by suitable adaptations to the 
changing environment in which scientific and technological 
work will be carried out, the Society will have an 
even more honourabb future than it has had a glorious 
past. 


CONSERVATION AND MAN’S ENVIRONMENT™* 
By Dr. IAN McTAGGART COWAN 


Dean of the Faculty of Graduate Studies, University of Britisa Columbia 


HROUGH the millennia of his birth, man was a 

poorly equipped, struggling omnivore inhabiting 
environments which offered special favour. Populations 
were small, and the product of a limited area was the 
sole support of its humans. 

As man the inventor, however, he added to his inade- 
quate physical attributes a long series of devices which 
extended his ability as a food gatherer and expanded his 
environmental tolerance. 

With increasing competence, the itinerant hunter— 
food gatherer in his family group became the neolithic 
agriculturist. This was certainly subsistence agriculture, 
but it permitted the first permanent settlements and there- 
with the first truly man-made environments. The dis- 
covery of the river basins with their rich soils led to the 
production of food surpluses and with these the specialists, 
the villages and later the cities. 

Through these years when every man was an intimate 
daily participant in the struggle to wrest survival from 
an unpredictable environment, a rich store of folk images 
grew from the day-to-day experiences. These guided his 
biological routines and provided acceptable explanations 
for the commonplace physical and biological phenomena. 
He was an observant and rational creature, and here and 
there across the world developed some effective practices 
to prolong the food-producing ability of his habitat. 
These folk tochniques, however, were family or tribal in 
scope and died with the group. In general, early man 
lacked a concern for the environment, for the creatures 
in it and for the consequences of man’s activity. Great 
cities were born in the Mediterranean basin and elsewhere, 
many to be abandoned in a few hundred years as desolate 
monuments to man’s ineptitude. Chmatic change has 
been proposed as explanation for these early failures of 


_ * Substance of an address delivered at the Bicentennial Celebration held 
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urban man. The overwhelming weight of evidence, how- 
ever, points clearly -0 man, not climate, as the agency 
that let in the desert, or destroyed the capability of the 
soil. 

Then scarcely a century ago, man turned his talents to 
vital invention. Aseptic surgery, vaccination, public- 
health measures, artibiotics and chemotherapy intro- 
duced a new era in which man emerged as the first creature 
to influence directly she answers to the ageless question: 
Who dies, when, and of what? The outcome of these 
discoveries is clearly revealed in the burgeoning human 
populations. 

It was the thought processes of science that consolidated 
the era of vital invertion and started man on the harried 
course to large-scale environmental manipulation. The 
scientific image emerged, frequently in sharp conflict 
with the folk image of the living world and its relation- 
ships. As Boulding has pointed out, even a relatively 
umperfect shift from the folk image of man and society 
to a scientific image involves man in at least two large, 
irreversible, and related changes. The first of these is the 
increase in self-conscousness, not only of the individual 
himself, but also of tke society in which he has been placed. 
The second change is the development of the integrated 
systems point of view, where the world is seen as func- 
tioning in an orderly-and predictable way, where imposed 
changes have predictable consequences. 

Man is no longer the frail primate, surrounded on every 
hand by baleful ané mysterious forces, wild beasts and 
pestilence. He gloris in his new capacity to go where he 
wills when he wishes. to conquer all natural obstacles, to 
guide his own star. We have man the despoiler, the casual 
pursuer of short-term goals, the arbiter of survival for 
so much of the world’s biota. At the same time, this is 
man the creator of majestic works, self-conscious man, the 
only moral creature, man the conservator ready to answer 
for his errors and to extend the umbrella of his competence 
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over many lesser forms of life with which he shares his 
environment. 

This, to me, is one of the great revolutions of attitude 
of all time; man the fearful becomes man the master. 


Roots of Conservation 


Conservation as we know it to-day is a complicated and 
interesting area of activity. In very large part, ıt is the 
expression of the enlightened self-interest of a population, 
arising from the understanding, scientifically gained, of 
the laws of growth, the known facts of population regula- 
tion, and the discovery that, for wild crops, as for time, the 
environment has a capacity which it cannot exceed, but 
can sustain. 

This is conservation as it ıs properly applied to the 
living, self-replacing resources on which man can draw 
for his sustenance, his energy needs and his economic 
enrichment. The doctrine of wise use 1s the operating 
principle. Properly stated, it is thet a living resource may 
not be used at a rate faster than its capacity to replace 
itself. Sustained yield is the objective of the management 
programmes in forestry, in fisheries and in wild-hfe 
management. - In these areas of conservation, self-con- 
sciousness is happily bolstered by the profit motive. It 
profits man in the long run to conserve the renewable 
resources. 

The evolution. of the principle of sustamed yield has 
its roots ın the folk learning of antiquity, grven form, 
substance and conceptual veracity by science. It first 
received public acknowledgement as the operating frame- 
work of a national policy when, in 1910, President Theodore 
Roosevelt promulgated what has come to be known as 
the Roosevelt Doctrme. This recognized all outdoor 
resources as an inseparable whole, established a public 
responsibility for the wise use of these resources and 
declared science as the working mstrument to guide 
public policy. 

But though the Roosevelt Doctrine marked the inaugura- 
tion of the era of scientific conservation, it was itself the 
outcome of half a century of struggle acted out im the 
political arena of the United States, as the old concepts of 
the private right to all public resources were defeated in 
the devastated forest lands of America, and the role 
of water on the arid lands of the central continent became 
established in law. The names of Carl Schurz, U.S. 
Secretary of the Interior under President Hayes, and of 
John Wesley Powell are prominent among those who saw 
the message of conservation boldly written in a troubled 
landscape nearly a century ago. But, as usual, reason was 
slow in acceptance, as its adversary was the easy short- 
term profit where wealth and political influence were 
bedfollows. 

In almost every instance ıt was born of human tragedy; 
ghost towns ın a chaos of ravished forest land, towering 
clouds of top-soil which carried with them the hopes of 
thousands in Oklahoma and the other dust-bow] areas of 
the world, surging flood waters on the delta lands, stinking 
rivers carrying sickness to all who used them. Always 
the task faced by the ecologist in conservation has been 
to rescue man from the consequences of ignorance, avarice 
or folly. 

The continent ıs still repaying the debt which was 
ruthlessly extracted from the landscape ın the nineteenth 
century. ‘In the forests, as on the ranges, and in the 
mines, it was every man for himself, and ıt would take a 
generation of protest, and a Rough Rider President, to 
slow down the onslaught and put the get-rich-quick 
capitalists on the defensive. The nineteenth century 
lumber tycoons, to give them full credit, housed a growing 
nation, cleared land, and hastened the pace of westward 
expansion. However, they set world records for waste, 
and their prodigal prosperity consumed the stored capital 
of Nature—which, by right, belonged to other generations”? 
(Udall, 98, 1963). 
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The other parent of to-day’s conservation takes its 
origin from more complicated sources: moral conscience 
offended by killing beyond need, religious concepts of 
cruelty and a genuine concern to retain for our enjoyment 
creatures whose beauty of colour, form, movement and 
sound appeal to the senses and give us pleasure. The 
protectionist movement has its roots as deep in human 
antiquity as art, music and religion. In its earhest 
manifestations, it is a folk movement strongly espoused 
by an ever-enlarging segment of our society. However, 
along the way, it is gaining the strength of true under- 
standing derived from scientific mquiry and the un- 
arguable power of the market place. People will pay for 
it. 

This aspect of conservation was at first concerned with 
the protection of birds by the establishment of refuges, 
but rapidly broadened to encompass the preservation of 
entire areas of special beauty or unique biota. The 
concept of the national park emerged as one of the most 
powerful popular movements of our time. 

Perhaps the dominant trend in conservation to-day 
arises out of our growing realization of the influence human 
populations have already had on their environment. If 
mdeed, we seek mastery of our fate, it is of fundamental 
importance to control ourselves and regulate our 
actions as degraders of the potential contribution that 
environments may make to future generations. The 
frontier philosophy of do what most profits without thought 
for to-morrow is no longer tolerated as a working principle 
by any advanced society. 

It is near 30 years since Aldo Leopold gave expression 
to the “ecological conscience”, recognizing each generation 
not as owners outright of the land and its resources, but 
as the holders of life rent with the responsibility of wise 
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custodianship without reduction in potential. Ecologists 


have been slow to involve themselves with a study of 
man as the dominant influence in the world’s terrestrial 
ecosystems. But, even 30, our knowledge of human ecology 
18 growing rapidly, paced by such exhaustive summaries 
as the Wenner-Gren Foundation report on Man’s Role in 
Changing the Face of the Earth (1956); the searching 
studies of the British scene by the Nature Conservancy ; 
and the recent conference on the “Future Environments 
of North America” (1964). As the understanding of the 
ecologists increases, so also does the appreciation of 
our potential for actions detrimental to human environ- 
ment. 

The complex web of man’s impact on his environment 
defies neat compartmentalization; but there are five 
areas that, by virtue of differing group interest and re- 
search, need justify separate comment: (1) Soil conserva- 
tion; (2) The role of man in the survival of the biota or 
of its productive capacity; (3) The ecology of man-made 
pollution; (4) The maintenance of natural beauty and the 
opportunity to relate to Nature; (5) The maintenance of 
genetic variety and the preservation of opportunity to 
learn. : 


Soil Conservation 


Here and there in time and location, man has gleaned 
bits of information on the nature of the soil as he extracted 
his crops from the arid lands or sought his livelihood on 
the steepening hillsides of an overcrowded habitat. The 
great drought period of the 1930's in central North America, 
however, for the first tame found man ready for massive, 
effective, science-based attack on the soil problems of a 
continent. The Soil Conservation Service of the United 
States established under Franklin Roosevelt’s administra- 
tion can fairly claim to have changed the face of a 
continent in its 30 years of existence. In so doing, it has 
mustered an understanding and a technical force that 1s 
carrying its influence to many lands. 

Soil conservation in North America has made possible 
the tremendous food-producing potential of the continent; 
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but beyond this it has had immeasurable influence on all 
other aspects of the conservation of natural resources. 


Conservation of Species 


The expansion of natural history into ecology during the 
scientific revolution saw the principles on which the idea 
of conservation rests added to abundantly, both at the 
operating level and in concept. The community as a 
vital entity operating in accord with discernible laws that 
could yield prediction; the idea of the limiting factor, 
and of density-dependent feed-back between organism and 
environment, were among those hypotheses that provided 
new conceptual equipment. 

The idea of altering the natural forces that were regulat- 
ing the lives of creatures other than ourselves is a major 
landmark in the flowering of human ideas—its emergence 
marked the transition between simple protection and 
management; the purposeful attempt to alter the environ- 
mental impact on a species or community to produce a 
preconceived result. Management includes the regulation 
of the direct or indirect impact of man on. the species or 
community, as well as all attempts to alter such other 
features of the environment as water, food, shelter, 
parasites, disease, predation, special facilities, competition 
or distribution. The objective of management in conser- 
vation to-day is much broader than the mere maximizing 
of profit. Each living organism is seen as the repository 
of a unique assortment of biological information gained 
through the eras via the process of evolution. Each 
offers a potential enrichment of human knowledge, and 
enjoyment that is limited only by our capacity to appre- 
ciate. The loss of any single element in the world’s store 
of varied life is viewed as an erosion of the quality of the 
human environment. 

In general terms, management is directed to the en- 
couragement of those species we desire to assist, to reduco 
populations of creatures we regard as damaging our 
interests or to maintain the integrity of an entire assembly 
of plants and animals; that is, to maintain a community 
for its riches of species and associations. Species-oriented 
conservation. falls into three main categories : Management 
for survival; management of distribution; and manage- 
ment for harvest. 


Management for Survival 


In nineteen hundred years the world has lost 107 kinds 
of mammals, and close on 100 kinds of birds. The extinc- 
tion of plants and the lesser animals is not known but 
probably vastly exceeds that of birds and mammals. 
Nearly 70 per cent of these losses have occurred in the 
past century and mostly through the activity of man. 
Here and there throughout the world, on every continent 
and on many of the remotest islands a host of other species, 
more than. 1,000 strong, faces the rmminence of complete 
and final passage from the world’s fauna. 

Extinction has been an essential companion of evolution 
since the beginning of time, and there 1s no reason to 
believe that the process is complete. Nevertheless, it is 
an ideal of conservation that no creature should pass from 
the face of the Earth through the instrumentality of man. 
If we would pose as the masters of creation, to prevent 
extermination of a large and obvious form of life stands as 
a challenge to our ingenuity and our competence. 

There is an element of drama also in the phght of a 
vanishing creature which captures the imagination. The 
chalienge to aid the troubled species thus has consequences 
far beyond the retention of its genotype. It becomes an 
instrument of enlightenment; thousands of people develop 
an. increased awareness of the principles of conservation 
through identification with the endeavour. 

Several special agencies make their particular concern 
the assembly of all available data on endangered species. 
The International Union for the Protection of Birds, the 
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Survival Service Commission of the International Union 
for the Conservation o- Nature as well as many agencies 
of Western Governmants, Japan and several other 
nations contribute in important degree to the identifica- 
tion of species in trouble and in co-ordinating assistance 
programmes. Tho International Union and the World 
Wildlife Fund muster the skills and organize the support 
for emergency attempzs to redress the havoc man has 
wrought on wildlife inthe farthest corners of the world. 
In the United States she recent Land and Water Con- 
servation Fund Act provides for the protection of endan- 
gered species there. There are substantial successes, but 
the tasks are huge and without precedent. Species that 
are in trouble as an outcome of man’s alterations of 
habitat have proved most difficult to assist, as have insular 
endemics. Long periods of evolution out of contact with 
the specialized compet-tors, predators and diseases of the 
continents have rendezed island species most vulnerable 
to the impact of man-induced changes in environment. 
‘Islands are unique anc desperately fragile. They require 
special care. Introductions of exotics, domestic species, 
or of diseases are almost certain to be catastrophic. 

A recent approach to the restoration of endangered 
species is through the instrument of captive rearing for 
later release into the wild. It cannot be regarded as the 
perfect answer as many species are not susceptible to 
confined rearing, and others have been’ shown to possess 
a heritable factor for wildness which may be selected 
against in captive breeding. 

There are two other Dotential hazards to releasing hand- 
reared or even wild-caught stock from elsewhere in an 
effort to increase the numbers of an insecure population. 
One is the danger of ictroducing a different and less well- 
adapted genotype. The second is the risk of introducing 
disease organisms foreign to the creature. 

An ever-present danger of such programmes of intro- 
duction or re-introduction is the loss of the genetic dis- 
tinction of a local end=mic form. The widespread trans- 
planting of such native North American species as bobwhite 
quail and cottontail is suspected of having changed the 
genotype of some local forms. On occasion, the hybrid 
has locked the time-earned adaptive features of the local 
race, and what started as a logical attempt to aid a 
strugg'ing population became the kiss of death. 

We have slowly learned to appreciate the tolerance 
developed between dissase organism and host during eons 
of mutual evolution. But experience has been a hard 
teacher and many an organism has suffered the devastating 
consequence of either our ignorance or our stupidity as 
we refused to apply what knowledge we had gained. A 
case in point can be sesn in the plight of the largest wild- 
living stock of American bison in the world. The trans- 
plantation of a disease-ridden herd of plains bison into the 
last remaining stronghold of the wood bison in Wood 
Buffalo Park, Canada. led to the predicted but ignored 
consequences. These may not only finish the race but 
may see the transmission of the disease into clean stocks 
of moose and barren ground caribou. 

It ıs impossible to fozesee the direction that our interests 
in the biota will take as human tenure of the Earth length- 
ens, as our population increases, our demands on the 
resources expand and our understanding of the environ- 
ment becomes ever more detailed. To-day our concern is 
for the forest trees, certain more obvious plants, and for 
the mammals, birds, œwme fishes and some reptiles. Our 
knowledge of the ecolozical facts pertinent to the manage- 
ment of most of these is inadequate and we are totally 
innocent of the data which would permit us to manage 
the populations of most of the living creatures of the 
world. The only tenable approach to the maintenance of 
the largest part of the biota is through the management of 
ecosystems rather than individual species. 

Where climax situstions are concerned, the task, in 
theory, is relatively simple. On the other hand, the restora- 
tion and maintenance f any of the transitory seral stapes 
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in a living community of plants and animals is a task of 
great complexity. So much so that we are at present 
almost powerless to plan for the successful ecological 
management of even the smaller national parks of 
America. 

The usual approach to the conservation of vanishing 
plants or animals has been to create a refuge or park to 
contain it and to exclude fire. Special reserved areas have 
been established to maintain stands of climax redwood 
forest, Douglas firs, Monterey cypresses, organ pipe 
cactuses, Joshua trees and the entire flora of some of the 
Hawaiian craters. These measures are seldom adequate, 
and the truly ecological view of the objectives is only 
beginning to enter into planning and administration. 


Management of Distribution 


In general, a species becomes less vulnerable as its 
distribution widens. Of special importance is discontinuity 
of distribution as this protects against the inadvertent 
catastrophe that can overwhelm a single small population. 

We can. sometimes foster discontinuity of distribution 
by carefully selected transplants of a species into un- 
occupied but apparently suitable habitat. 

This, at the same time, provides a unique opportunity 
for the establishment of a disease-free nucleus population. 
Natural extinction has been an active process through all 
existence. Although we have little knowledge of the causes 
of extinction, epizootic disease is a possibility. Thus, the 
establishment of disease-free discontinuous populations 
should give added survival value to the species and will 
give additional surety to our objective of management 
for variety. 


Management of Numbers 


In general, the utilization of a new element in the 
biological resource still follows the primitive pattern. 
Thus, for each new species for which we find a use, there 
occurs first a period of uninhibited exploitation, as if the 
resource was unlimited. Sooner or later, declining avail- 
ability arouses concern that the stock will be commer- 
cially eliminated. Too frequently, the rising cash value 
emerging from progressive scarcity obscures the biological 
situation and renders politically difficult the establish- 
ment of measures adequate to restore the productivity 
of the resource and to place it on a basis of sustained yield 
management. 

Conservation practices designed to manage for sustained 
yield consist of fact-finding, restrictive regulation and 
positive management. The important difference between 
the last two is that, while restrictive regulation is designed 
to regulate human exploitation of a wild species to a level 
at or below the mean replacement rate, positive manage- 
ment is oriented toward increasing the production or 
survival of young, and to lengthening the life of adults of 
the managed species. In terms of the classical sigmoid 
of population growth the objective of conservation of a 
harvested population is to maintain the population at the 
level of greatest rate of increase while at the same time 
moving this upward by raising the ceiling imposed by the 
environment. 

Most wild populations exist within a delicately balanced 
complex of species that make mutual use of the food poten- 
tial of the environment. Some competition between. species 
is frequent. The consequence of human depletion of certain 
species is often to promote a new balance within which the 
preferred species plays a lesser part. A biological vacuum 
often does not arise, and for this reason it may be impos- 
sible to restore the population to its early productivity 
even under the best of management. 

Where the demand is greatest, the concept of maximum 
sustainable yield has come into being. This may be 
expressed in terms of number, weight, or cash return. 

The simpler task of sustained yield management is that 
confronting the forester whose product is wood. His 
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populations are immobile and easily measured ; the regula- 
tion of size of harvest presents few biological problems of 
decision. The unique factors are the long period of growth 
between harvests and, in the narth, the vast areas of 
almost single species forests. These render protection from 
fire and pestilence tho major hazards to success, and the 
technology of these tasks becomes limiting. 

Increasingly, the value of many forests arises not from 
their primary product but from their contribution to 
maintaining the integrity of watersheds, as an environ- 
ment for wildlife and as a place for human recreation. 
Here the designation of goals is more difficult, and the 
knowledge demanded for successful management more 
precise. In only a few areas is adequate research informa- 
tion available. 

Few among the world’s fishes provide commercially 
important harvests and for only a handful of species can 
it be claimed that effective, sustained yield management 
is in force. In many instances our biological ignorance is 
inhibiting the development of management routines. 
For more of the marine fishes the political complications 
of the multi-national competition for the crop frustrate the 
application of even existing information to the task of 
conservation. 

Lhe principle of abstention which is being pioneered 
with respect to certain of the North Pacific fisheries is a 
useful experiment in international conservation. Under 
this Canada, Japan and the United States have agreed 
to abstain from fishing stocks of fish under full use and 
scientific management by any one of them. To be effective, 
however, agreements of this sort require the participation 
of all those nations that are competing for the fish resource 
of the management area. An important effect of such an 
agreement is the incentive for additional studies and better 
menagement. 

The worst example of the failure of conservation, not 
for want of biological information but from bad faith, 
commercial avarice and political iniquity, is to be seen 
in our treatment of the marine mammals of the world. 
Completely adequate demonstration has been available 
for at least a decade that species after species among the. 
larger whales is being reduced to the point of extinction, 
and the industrial potential of the industry thus destroyed. 
Despite this, the responsible international organization 
of whaling nations has been repeatedly prevented from 
establishing the essential conservation measures through 
the political influence wielded by certain commercial 
interests bent only on recouping an investment as quickly 
as possible. : 

The harp and hood seals of the North American. east 
coast are among the remaining cammercially useful seal 
populations, and they are suffering a similar fate. 
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Ecology of Pollution 


The most insidious influences of man in the environment 
arises from the disposal of wastes and from the purposeful 
distribution of biocide chemicals to destroy plants, insects 
and related organisms regarded as inimical to certain 
human activities. These two forms of activity have the 
common denominator of so altering the environment 
chemically or physically that it is no longer a suitable 
habitat for many native forms of life and is often damaged 
as a habitat for man himself. 

Egler (1964) has stated that “‘the problem of pesticides 
in the human environment is 95 per cent a problem—not. 
in the scientific knowledge of pesticides, not in the scien- 
tific knowledge of the environment, but in the scientific 
knowledge of human behaviour’. It is a combination of 
apathy and organized stupidity frequently motivated by 
the market-place. The same can be said for pollution in 
the more usual sense. The devastating consequences of 
the ecological ignorance that fosters and permits such 
action was realistically presented to millions of people the 
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Again to quote Egler: “In general, we have acted with 
remarkable arrogance to the whole of Nature of which we 
are a part. Any part we do not want, we seek to destroy, 
completely and utterly. . With the destruction of each 
such ‘pest’ by the use of the handiest, cheapest, most 
quickly acting pesticide, goes the destruction of anything 
else about which we do not care at the moment, or the 
eventual destruction of other things about which we may 
care but by such remote side-effects that the actual con- 
nection can be disputed”. 

The problem is of world-wide scope and increases with 
the rise of human populations, but is most intense in the 
sophisticated societies with the most advanced chemical 
industries. 

Despite the growing public awareness that there are 
grave consequences from our present introduction of 
destructive chemicals into the ecosystem, the manufacture 
and distribution of these are increasing annually. There is 
no limit to our ingenuity in designing new forms in which 
we can introduce chemicals into the complicated web of 
our ecosystems, while we are powerless to influence where 
they will travel and impotent to remove them. 

The biological destruction of rivers and lakes through 
the introduction into them of sewage and the chemical 
effluent of industry has aroused widespread public concern. 
The problem has become a national emergency in many 
countries and has generated powerful corrective efforts. 
Despite local success, the pollution of fresh waters remains 
one of the most devastating consequences of civilization. 

Nowhere else in our relationship with the biological 
world in which we live are the lines of our understanding, 
our communication, our sources of political action, our 
economic ambitions, our biases, and our fears more 
hopelessly interwoven. It is difficult not to despair that 
an economic society is impotent to prevent the pollution 
of land, air and water which we now support or condone. 
Viewed the world over, mankind to-day is indeed managing 
his environment. This management, however, is not the 
outcome of a studied attempt to proceed toward a desired 
objective; it is rather the cumulative result of varied extem- 
porizing, unplanned and unco-ordinatod, directed toward 
the satisfaction of the immediate need. Individuals, 
societies and governments frequently compete and 
promote conflicting attitudes and acts of strong environ- 
mental consequence. We are completely without any 
well-defined and generally accepted philosophy to direct 
our specific behaviour toward our surroundings. 

Kven our governments are not organized to react 
effectively to a comprehensive management of our actions 
as they influence the human biophysical environment. 
We are geared for local crises; the epidemic, the crop 
failure, the forest fire, the devastation of riparian low- 
lands by flood, all trigger prompt action by some appro- 
priate authority. These are crises easily seen and under- 
stood, dramatic in their impact on our immediate desires. 
The environmental changes of the greater ultimate 
importance take place so gradually, insidiously, unobtru- 
sively that they escape our attention until irreparable 
harm is done. Cumulative contamination of the environ- 
ment by the waste products of our factories, kitchens and 
bathrooms; gradual destruction of wild-life habitats with 
all they contain; the sprawling blight that flows from our 
cities farther and farther into the countryside; the 
indestructible wastes of our technology that beer can 
after ‘auto-carcass’, plastic bottle after ‘pliofilm’ bag 
spread filth over our beauty spots, these have not yet 
reached that point in public understanding where con- 
sensus can lead to effective corrective action. 
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Man and the Enjoyment Resources 


The world of to-day falls, perhaps loosely, into two 
categories of human societies. There are those which, 
despite improvements in scattered technologies, are con- 
cerned, at the level of the average individual, with the 
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day-to-day task of staying alive. For them, it can be truly 
said that the immediate objectives and concepts have 
changed little since the days of human origin. The concern 
is living, not the quality of life. At the other extreme are 
those fortunate societies that have evolved through science 
and social ingenuity a competence that has to a very large 
extent banished the folk fears of starvation and pestilence 
and introduced new horizons to the image of life. Concern 
has shifted to the richness of experience that any individual 
can expect from his environment. It has become & proper 
objective of all mankind to equalize, as far as possible, the 
opportunity available so all individuals in all societies. 
There is no gain for man, however, if equalization is 
downwards. 

~ The logical concomitant of this principle is that those 
societies that have progressed farthest in the search for 
quality of living should exercise a concern extending far 
beyond their borders. Ifankind’s to-morrow will be found 
on the world scene, not within the parochial confines of a 
contemporary political unit. The contribution to the 
food stocks and to the economic potential of a country 
that is to be found in its renewable consumptive resources 
makes these obvious ficst candidates for attention. But, 
Sir Julian Huxley has so well said: “Human ecology in- 
volves finding out what resources are available in our 
environments and how 30 make best use of them. We have 
to think first of all of the material resources—minerals, 
water power, soil, forests, agricultural production—but 
wo must also think of the non-material or enjoyment 
resources of the habitat, such as natural beauty and 
solitude, interest anc adventure, wild scenery and 
wildlife. 

“We should set abcut planning a Fulfilment Society 
rather than a Welfare society, an Efficiency Society, or a 
Power Society.” 

It can safely be said that one of the important criteria 
of an advanced society is its devotion to the maintenance 
of the ecological well-being of the human environment 
in all its attributes. Erominent among these will be the 
non-consumptive uses for recreational enjoyment and 
scientific enrichment. 

The recognition of the deep need of man for opportunity 
to associate himself with Nature first occurred as a revul- 
sion from the stark surroundings of the factory environ- 
ment which became tie lot of the majority during the 
Industrial Revolution. The easily accessible commons, 
though not then reccgnized as such—for psychiatrists 
were as unknown as jst propulsion—became psychiatric 
safety valves for the toiling thousands of Britons. 

A century ago, the lend-grabbing aristocracy of Britain, 
who had already taken to themselves one acre of every 
seven in the nation, atuempted to enclose Wimbledon and 
Epsom Commons. This was the touchstone to a legal 
battle of classical im>dort. Henry Fawcett, M.P., and 
professor of political economy in the University of 
Cambridge, championed the cause and saw in it the great 
principle that was at issue—the public right to open space 
reserved in its name. The legal battle was fought between 
the Corporation of London and fourteen lords of manors 
who sought to divide Epping Forest. The Corporation 
won the suit and established the all-important legal 
principle on which so much of our more recent conservation 
legislation has rested. The Act of 1876 permanently 
declared in Britain ths public interest in open spaces as 
taking precedence over private desires. Since 1925, 
British law has given to the public a statutory right of 
access for air and exercise on every common or place of 
manorial waste and to any rural common (Gibson, 1964). 

An ocean away, the practical dreamers of the New World 
were forming ideas of similar philosophy. With the 
expansiveness of thinking that accompanied the great 
spaces, American concepts spread from such fine civic 
beauty spots as New York’s Central Park to California’s 
Yosemite and the megnificent two million acres of the 
first National Park—yYellowstone: all this before 1870. 
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The first voices also were decrying two and æ half centuries 
devoted to plundering the natural resources of North 
America. The buffalo herds were gone, as were the vast 
flocks of passenger pigeons; but worse, none had success- 
fully challenged the view that the natural wealth of the 
biological resources was free for the taking ; the continent’s 
devastated forests were primé testimony. 

It took the combination of a brilliant, visionary forester, 
Gifford Pinchot, and Theodore Roosevelt, a president of 
the United States with deep roots in the wilderness, to 
turn the tide and to introduce the concepts of conservation. 
Among the first large-scale tangible results was the estab- 
lishment of the great National Forest system of the United 
States. Designed to produce timber for the long-time good 
of the nation, these forests now contribute richly to the 
recreational lands of the continent. None in the new world 
could then foresee the crowded cities, the airports, super- 
highways, the clatter, speed and tensions to come, and the 
desperate need of people to find themselves again in the 
impersonality of unspoiled landscapes, in the surging 
vitality of many small lives. 

“Modern man is turning almost instinctively to the 
last remnants of the primeval scene, to know again the 
mystery of the unknown and the beauties of unchanged 
terrain. While it is doubtful if his ancestors appreciated 
the intangible qualities of wild country, he is developing 
that capacity. Now that wilderness is no longer a threat 
to security or survival, he is beginning to look at it for 
the first time with some measure of appreciation and 
understanding, realizing that within it may be the answer 
to confusion and a source of inspiration closely allied to 
beauty.... National Parks, as reservations of beauty, 
are sanctuaries where people may recapture, at least in 
part, some glimmer of the visions that may have stirred 
their forebears” (Olson, 1962). 

With pathetic frequency our groping hands have left 
irreparable scars on the beauty we sought to serve. 
Super-highways, garbage dumps, hydroelectric impound- 
ments, mining and deforesting (cattle grazing), are only a 
few of the incongruous and destructive activities we have 
condoned in our parks, but we have hammered out some 
principles along the way. i 

(1) On the world scene the national park concept has 
usefully served many objectives. The most frequent 
has been the preservation. of endangered species where 
this depends on intact segments of entire ecosystems. A 
new and exciting concept has emerged on the American 
continent. National parks, as we now view them, may 
have great value as museums of ecology, as wild-life 
reserves, archaeological sites or for the protection of 
natural wonders, but their first function is to provide the 
setting, the beauty, timelessness and natural order in 
which man can regain the perspective he needs. 

(2) The national parks belong to all people and no part 
of the policy that guides their operation should be oriented 
to provide private profit to local residents. 

(3) An attested ecological objective to guide park 
policy is essential. The Leopold Committee urges that 
this be to retain or restore the ecological conditions 
obtaining when the region was discovered. 

(4) Protection of park values from increasing hordes 
of users is among the most challenging problems to-day. 
Zoning for quality of use and the limitation of access are 
growing necessities. 

(5) The social organization requisite to the protection 
of State or Provincial parks whose policy and survival 
can be altered on executive whim has so far eluded our 
political ingenuity. On the American continent, where the 
political voice of the entrepreneur is loudest, the integrity 
of all parks required the constant vigilance of militant 
citizen groups. 

(6) For the economically oriented, it has been shown 
beyond doubt that well-mannered national parks pay 
dividends beyond their operating costs and may, as in 
parts of Africapform the basis of a major industry. 


NATURE 


December 18, 1965 


At this point, the conservation road forks again into the 
scientific and the aesthetic. With or without our consent, 
the evolutionary process will continue, new forms will 
arise and others vanish, most of them without our ken. 
The advent of man introduced a new and dominant force 
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` into the biosphere. By his selection as by his modification 


of the environment he has greatly altered the tempo and 
nature of evolutionary change. It is certain that the 
practical consequences of the revolution in biology will 
further increase our capacity for positive influence in the 
evolutionary process. But this does not mean that we 
should ignore the challenge to interfere with the conse- 
quences of our actions or even to deny to Nature the 
right to extirpate. The world’s store of genetic material 
is seen as an inexhaustible source of novel combinations 
which can be used for the future benefit of man. Each 
genotype lost before evolution has replaced it 1s another 
step in the degradation of our environment. This is an 
expression of our pragmatic concern with conservation. 

The ecologist sees yet another reason for attempting 
to preserve intact samples of the various biotic com- 
munities. 

The task of extracting the ecological truths 1s far from 
complete and new techniques offer constant new oppor- 
tunities to search more deeply. Lost segments of the 
ecosystem take with them their unexposed truths. Our 
opportunity to learn and to understand is permanently 
impoverished. Strong reasons, therefore, can be advanced 
for conserving segments of all major communities for the 
sole purpose of research. 

In the other direction, it is being ever more emphatically 
asked why man should have to seek beauty only in far 
places. There is creative capacity in man that, if given 
full rein, could replace much that is sordid and ugly in our 
urban environment with beauty, clean air and green 
space. 

ne the history of this age is written, conservation as a 
concept will be regarded as perhaps the greatest contri- 
bution of the New World to human ideas. For the idea 
had its birth and saw most of its evolution in the United 
States of America. In a century Powell’s vision of sus- 
tained-yield forestry spread and adapted to encompass 
human contact with the entire living world. It gained 
depth of perception and an almost religious fervour from 
the Marshs, Muirs and Thoreaus, and scientific rationale 
from the host of naturalists and ecologists that have 
emerged, from the universities of the northern hemisphere. 
It provided the banner around which rallied all those whose 
vision of the man at his finest involved a sensitive inte- 
gration into the biophysical world. The Sierra Clubs, 
Audubon Societies, Wilderness Societies and Unions 
for the Conservation of Nature have given power to the 
cause without which the concept could not have found 
political and physical expression. 

But the cause is far from won, and at an increasing rate 
the twin forces of a burgeoning technology and a surging 
human. population are posing ever more difficult problems 
for the conservators to solve. At an increasing rate we 
pollute the land, the air and the sea, convert our rivers 
into sewers and spread our indestructible wastes along 
the remotest shores. An urgent challenge to our ingenuity 
is the disposal of our wastes. 

Over vast areas of the world even the most elementary 
conservation concepts have still ta penetrate. Here fire 
and destructive agriculture rapidly narrow the gap 
between man’s numbers and his food supply; balanced 
ecosystems are degraded to uselessness, biotas vanish 
for ever. 

We have not even approached the fascinating, but 
vital, problem of man in an enclosed ecosystem. In a 
very real sense we are denizens of a space capsule to 
which nothing enters but solar energy. What population 
of men will the renewable resources of the world support ? 
At what level does the addition of another million reduce 
rather than increase the quality of human life? These 
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we questions as close to the core of morality as to con- 
ervation. To attack them at all demands the attention of 
ihe finest ecological, sociological and political minds we 
an muster. The answer is urgent, as each passing decade 
rings us either further on the down grade or nearer the 
isymptote. We know not which. 

It has been relatively easy to find support for conserva- 
sion on the American continent, where our man-to-space 
‘atio has been low, hunger has not been an alternative 
where an acre was allocated to quality of living rather 
shan to food for survival, and where the economic advan- 
ages were obvious. The pressures will change as the 
alternatives gain more immediacy. 

Central to conservation. on this continent is the gradual 
thange in the legal view of the rights of the individual in 
‘elation to the long-term benefits to society. In this context 
ertain recent interpretations of the Supreme Court of 
she United States of America have the greatest significance. 
That the individual as a member of a society retains only 
those liberties specifically allocated to him by the society 
s an interpretation with broad impact in the natural 
sense. There still remains in many quarters, however, the 
1arrow interpretation that only consumptive use is really 
ise and should take priority in competitions. There is the 
jemand also that even the aesthetic qualities of our lives 
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should be justified in dollar values when alternative uses 
of land are an issue. Conservation lives in both our worlds, 
the economic and the aesthetic; the contribution of the 
ideology is equally to bozh, but the standards of comparison 
are probably invalid. 

It is the unique revelation of man that he is not only 
consciously sensitive to his own environment, but also 
relates himself to much larger and more complex pro- 
cesses in which he plays a part. His image of the world 
then becomes an important element in the processes of 
the world itself. 

A central element in dur vision of the kind of world we 
would inhabit is the idzology of conservation. Within 1t 
we find values that we will defend and ideas that we seek 
to propagate. Man has come full circle from the unwilling 
participant in the provesses of survival to become the 
only creature whose vision influences those processes. 
Conservation and other ideology have played so mmportant 
a part in human affairs and hold so much for man’s 
future. 

Even in those unfortunate areas of our own land and. 
others, where avarice and ignorance still triumph, the 
achievements and ideals of conservation stand as a con- 
stant reminder of what could be. Self-consciousness once 
awakened can no longe? be escaped. 


OBITUARY 


Academician Eugene N, Pavlovsky 


THe death of Eugene Nikanorovitch Pavlovsky on 
May 27, 1965, in his eighty-second year, deprived Soviet 
science of one of its most eminent representatives, who 
jominated the scene of medical zoology in his country 
for more than half a century and whose outstanding con- 
sributions in the field of biology and parasitology found 
secognition throughout the world. 

E. N. Pavlovsky was born on March 5, 1884, in the 
town of Birjutch, Voronezh Province. After receiving his 
secondary education at the Borisoglebsk Gymnasium, 
where he gained a gold medal on matriculation in 1903, 
he was admitted to the Military Medical Academy of St. 
Petersburg. Though primarily intended for the training 
of army doctors, the Academy was—and still is—one of 
the greatest medical schools in Russia, where young 
Pavlovsky studied under some of the most renowned 
medical scientists, including I P. Pavlov, the physio- 
logist, A. A. Maximov, the histologist, and N. A. Cholod- 
kovsky, the zoologist. 

Pavlovsky showed an early interest in zoology, and 
while still a student he started the research work in the 
laboratory of Prof. Cholodkovsky on the anatomy of lice 
and on the poison glands of arthropods and fishes, for 
which the Academy awarded him a gold medal. On 
sraduating with distinction in 1909, Pavlovsky was 
appointed assistant to his teacher, N. A. Cholodkovsky, 
and in 1913 he took the M.D. degree with a thesis on the 
structure of poison glands in arthropods, and was elected 
Privat-docent. The first period of Pavlovsky’s scientific 
career was devoted mainly to investigations on venomous 
animals, for the study of which he devised refined methods 
>f manual dissection, described in a series of handbooks 
and recently in Methoden der Sektion von Insekten (Berlin, 
1960). The results of some of this work were incorporated 
in his M.Sc. thesis of the University of Petrograd, and 
eventually in an important monograph on venomous 
animals published in Germany (1927). 

In the meantime, on the death of Cholodkovsky in 
1921, Pavlovsky succeeded him as professor of biology 
and parasitology (as the chair was renamed). During 
this period, the upheaval caused by the First World War 


and then by the civil war brought about an aftermath of 
pandemic outbreaks of malaria, typhus and other infec- 
tious diseases which were ravaging the young Soviet 
Republic. Pavlovsky zesponded to the urgent necessity 
of dealing with the disastrous situation by directing all 
his energy and knowledge to problems of public health, 
thereby initiating the second, and most fruitful, period of 
his scientific activities, to which he dedicated the rest of 
his life. From 1928 onwards Pavlovsky and his teams 
carried out more than 160 parasitological and epidemi- 
ological surveys throughout the U.S.S.R. These 
expeditions revealed a close connexion between diverse 
arthropod-borne infections of man and lower mammals, 
which were shown to bs zoonoses (for example, seasonal 
encephalitides, relapsinz fevers, leishmaniases), and laid 
the foundation, in 1939, of the concept of natural foci (or 
focality) of transmissibls diseases, which was Pavlovsky’s 
most outstanding achievement. 

He demonstrated thai some of these diseases are natur- 
ally localized in foci witain well-defined geographical areas 
(biotopes), where the pathogenic organisms, their vectors 
and hosts form an ecological association (biocenose) 
within which the infection circulates for indefinite periods 
of time from donor-hosss via vectors to recipient-hosts— 
represented by wild snimals—quite independently of 
man. It is only when kuman beings intrude on such an 
enzootic locality or setale down to live there that they 
expose themselves to the attacks of the vectors, which 
then transmit to them the parasites acquired from the 
wild reservoir hosts. On the basis of this discovery, 
Pavlovsky formulated his idea of “landscape epidem- 
ology”: since natural enzootic foci are characterized by 
definite geographical pesuliarities of the terrain, these can 
serve as indicators of the presence in a given area of 
certain diseases presenzing a potential danger to man. 
The examination of the geographical background of zoo- 
noses enabled Pavlovsky and his associates to detect and 
control numerous foci of human infections within the 
Soviet Union. It has also inspired a great volume of 
epidemiological investigations throughout the rest of the 
world. The recognitior of its importance 1s reflected in 
the creation of centres for the study of zoonoses in South 
America, the United States and East Africa, as well as 
at the World Health Organization. 
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To Pavlovsky also belongs the credit of developing an 
ecological approach to the phenomenon of parasitism, 
based on the recognition of the organism of the host 
as the environment of its parasites. He introduced the 
original concept of parasitocenoses, concerning the mutual 
relations between the componenits of the parasitic fauna 
of a host. One of the great merits of his scientific activities 
was the application of scientific principles to the solution 
of problems of practical importance in public health, 
which resulted in the local eradication of certain diseases. 
Pavlovsky was the author of more than 1,000 publications, 
devoted to parasitology, entomology, microbiology, 
epidemiology, toxicology and evolution, as well as to the 
history of biology and medicine, and including several 
monographs and text-books. Some of his most important 
works have recently been brought together in three 
volumes (in Russian): General Principles of Parasitology 
and Zoology (1961); Collected Papèrs on Experimental 
Zoology and Toxic Animals (1963); and Collected Papers 
on Experimental Parasitology (1963), as well as in the 
following English versions: Human Diseases with Natural 
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Civil Engineering in the Welsh College of Advanced 
Technology, Cardiff: Prof. J. D. Geddes 


Dr. J. D. GEDDES, senior lecturer ım civil engineering 
materials in the University of Newcastle upon Tyne, 
has been appointed professor of civil engineering in the 
Welsh College of Advanced Technology, Cardiff, from 
January 1. Dr. Geddes gained a first-class honours degree 
at the University of Newcastle upon Tyne in 1949. Later, 
after work with consulting civil engineers, he returned to 
his alma mater to work on the subject of piled foundations; 
he was awarded a Ph.D. for this work at the age of 
twenty-five. His research was carried out under the 
Radley postgraduate studentship of the Institute of Civil 
Engineers, of which body Dr. Geddes already held the 
distinction of a Miller Prize. In later years he was to 
be awarded prizes and a Bronze Medal by the Institution 
of Structural Engineers for his work on mining sub- 
sidence. After a year or two as head of the Federal 
Laboratory of the Public Works Department of Nigeria, 
controlling all testing and site investigation, he again 
returned to the University of Newcastle upon Tyne and, 
for the past 10 years, has been head of the Materials and 
Building Science Division of the Department of Civil 
Engineering in the University. His researches have 
covered mining subsidence and its effects, heat flow 
through concrete, stresses in buried pipelines, the part 
played by grout in pre-stressed concrete construction, 
and studies in site investigation. Dr. Geddes has con- 
trolled an effective testing laboratory run by the Depart- 
ment as a regional service, and has forged a bond between 
the profession and the University. He has found time to 
become an authority on the history of the British regi- 
ments and will return in the spring to give a University 
lecture on the subject in Newcastle. His new students 
will also welcome his contributions to Problems in Engin- 
eering Soils—a text-book soon to be published under joint 
authorship. 


Fast Reactor Agreement 


THE United Kingdom Atomic Energy Authority and 
Aktiebolaget Atomenergi, Sweden, have concluded an 
agreement for exchange of information and collaboration 
on fast reactor research and development. Information 
to be exchanged concerns design and operating experience 
from research and experimental reactors, basic physical 
and chemical properties of materials for use in fast reactors 
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Foci (Moscow, 1963) and Natural Nidality of Transmissible 
Diseases, with special reference to the Landscape Epidem- 
cology of Zooanthroponoses (in the press: U.S.A.). Pavlovsky 
was also an outstanding teacher, who created an imposing 
school of Russian parasitologists. 

In addition to the professorship at the Military Medical 
Academy, which he relinquished in 1958 with the rank 
of Lieutenant-General in the Soviet Army Medical 
Service, Pavlovsky was for many years director of the 
Zoological Institute of the Academy of Sciences and 
president of the Geographical and Entomological Societies 
of the U.S.S.R. He was also an honorary member of 
several academies of science and of numerous learned 
societies outside his own country. For his outstanding 
scientific achievements he was elected a member of the 
Academy of Sciences in 1939 and of the Academy of 
Medical Sciences of the U.S.S.R. in 1944; he was 
awarded the honorary degree of D.-és-Sc. of the Sorbonne, 
and was the recipient of many prizes and medals, 
including the Darwin—Wallace Medal of the Linnean 
Society in 1959. CECIL A. HOARE 
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and reactor physics, as well as operating experience 
with certain fuels. The agreement will be effected by 
means of reports and visits. There may be exchanges of 
staff from time to time. The progress of the agreement 
will be reviewed periodically at meetings between repre- 
sentatives of the Authority and Aktiebolaget Atomenergi. 


Ministry of Technology 


IN written answers in the House of Commons on 
November 30, the Minister of Technology, Mr. F. Cousins, 
listed, sixteen projects on which he had required the 
Atomic Energy Authority to carry out research at 
estimated costs varying from £500 to £73,000 during the 
financial year 1964-65 and totalling more than £377,800. 
These projects involved 108 people full-time or part-time, 
and accounted for about 1 per cent of the Authority’s 
effort on civil research and development in 1965. In 
addition, work on some minor projects had been author- 
ized, and certain preliminary investigations were being 
made, while Aldermaston was undertaking non-atomic 
work on repayment for Government departments, mainlyin 
the defence field, to the amount of about £600,000 in the pre- 
sent year. Desalination research, to the extent of £278,000, 
was proceeding at Winfrith, Culcheth, Harwell and Risley ; 
work is also under way on hydrostatic extrusion (£54,000) 
at Springfields, on a medical centrifuge (£15,000) at Capen- 
hurst, and on a design study for scientific payload for the 
European Space Research Organization satellite (£41,000) 
at Culham and Aldermaston. The Authority’s expenditure 
on civil nuclear research and development is given as 
£47-9 million. Of the £35 million shown in the Authority’s 
civil trading account as the proceeds of sales for the 
year ended March 31, 1965, 60 per cent is attributed to 
fuel elements for civil reactors, 20 per cent to electricity 
and 6 per cent to radioactive isotopes. Of the £6-5 million 
expenditure on the Ministry of Technology in the past 12 
months, £4°5 million was for research stations, just under 
£2 million on grants for research to research associations 
and other bodies, and £650,000 on the Ministry’s head- 
quarters. Appropriations in aid amounted to £850,000. 


Mechanical and Electrical Engineering 

In a written answer in the House of Commons on 
December 1, the Prime Minister, Mr. H. Wilson, stated 
that the Ministry of Technology would now assume 
responsibility for sponsoring the mechanical and electrical 
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engineering industries as a whole, as well as for engineering 
standards. On these, it would deal direct with the British 
Standards Institution, but it would not deal with the 
Institution’s work on consumer protection. It would also 
take over from the Board of Trade the responsibility for 
determining standard weights and measures. The central 
co-ordination of measures to promote the growth of 
industrial productivity, through the National Economie 
Development Committees and by other means, was a 
primary concern of the First Secretary of State and 
Secretary of State for Economic Affairs, but departmental 
Ministers carried direct responsibility for encouraging 
productivity in those industries which their departments 
sponsored. The Minister of Technology would, accord- 
ingly, have this responsibility for the mechanical and 
electrical engineering industries. The Board of Trade 
would continue to deal direct with these industnes on 
exports, commercial relations and on its other functions 
and responsibilities which affect industry as a whole. 


Scottish Hydroelectric Schemes 


In a statement to the House of Commons on November 
29, the Secretary of State for Scotland, Mr. W. Ross, said 
that he had completed his study of the report imto the 
Enquiry into the Fado-Fionn and Laidon hydroelectric 
schemes. The report concluded that neither scheme was 
needed, at least up to 1975, because adequate capacity 
would be provided by large new stations which must be 
commissioned by that time elsewhere in Scotland. These 
would provide power at a lower cost than either of the 
projected schemes. The assumptions on which these 
schemes were assessed are subject to change with econ- 
omic circumstances. Other factors affecting the pattern 
of electricity generation might also arise out of the con- 
tinuing development of methods of generation and the 
fuller exploitation of pumped storage. While, in the 
light of the report, Mr. Ross was not prepared to confirm 
the schemes now, he did not regard this as precluding 
their reconsideration in the future, and when more 
information was available about future generation plans 
the North of Scotland Hydro-Electric Board would be 
free to submit them again. 


Colour Television 


‘In a written reply in the House of Commons on Decem- 
ber 1, the Postmaster General, Mr. W. Benn, stated that 
the Television Advisory Committee had recommended to 
him that colour television be introduced on 625 lines only, 
using the PAL system of transmission, and that he was 
now considering this advice. 


British Government Aid Overseas 


In reply to questions in the House of Commons on 
November 30, the Minister of Overseas Development, 
Mrs. B. Castle, said that we had now reached the second 
year of the arrangement under which the British Govern- 
ment contributed £250,000 a year for three years to the 
recurrent costs of University College, Salisbury. Since the 
College provides higher education for students of all races 
in Rhodesia, and operates under Royal Charter, the 
Government had decided to continue its assistance to the 
College so long as it is satisfied that conditions con- 
tinue to exist under which the College is able to discharge 
this function. If it became clear to the Government that 
the multi-racial function ofthe University was being under- 
mined, the Government would reconsider the allocation 
of aid. British Government contributions in 1964-65 of 
£6-5 million to the International Bank for Reconstruction 
and Development, £5-1 million to the International 
Finance Corporation, £45 million to the International 
Development Association, £22:7 million to the United 
Nations Expanded Programme of Technical Assistance 
and Special Fund, £31:3 million to the United Nations 
Relief and Works Agency, £3-1 million to the United 
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Nations Children’s Fund, £10-1 milion to the United 
Nations Korean Reconstruction Agency, £1°5 million to 
United Nations Assistence to the Congo, £1-2 million to 
the World Food Progremme and £11 million to the Indus 
Basin Development Szheme, brought the total contri- 
butions to multilateral agencies since 1946-47 to £137°5 
million. Official aid and private investment ın developing 
countries amounted to 1-1 per cent of Britain’s gross 
national product in 1934. 


The Bodleian Library 


THE annual report of the Curators of the Bodleian 
Library for the year ended July 31, 1964, notes an overall 
increase of 10,000 on the previous year’s figures for issues 
of books and manuscripts to readers and staff, while an 
increase in the number of newly admitted readers was 
almost wholly in those who were not members of the 
University. The ratio batweon members and non-members, 
for long steady at 3 : 1. is now almost 5: 2 (University of 
Oxford. Pp. 28. Supplement No. 9 to the University 
Gazette, August 1965. Oxford: The University, 1965. 
2s. 6d.). Besides lists >f publications by members of the 
staff during the year, the report refers to the work of the 
Department of Western Manuscripts and to that of the 
Department of Printed Books, where accessions totalled 
56,244 volumes and 110,330 parts, compared with 44,826 
and 121,276, respectively, in 1962-63; 293,909-microfilm 
exposures, 16,460 photostats and 712 bromide prints were 
made from library material and from manuscripts de- 
posited for the purpose. 


Lord Nuffield’s Benefactions for the Advance of Medicine 


THE Report for 1963-64 of Lord Nuffield’s Benefactions 
for the Advance of Medicine (University of Oxford. Pp. 
28. Oxford: The University, 1965) includes lists of staff 
and, publications by the Department of Clinical Medicine, 
the research interests of which are in gastroenterology, 
haematology and population pathology. Other Depart- 
ments, the publications of which are listed, include 
Surgery, Obstetrics and Gynaecology; Anaesthetics; 
Orthopaedic Surgery, Pathology, Clinical Biochemistry, 
and the Nuffield Institate for Medical Research. Research 
projects in these departments are also briefly listed. 


Soils and Foundations 


AN important application of soil research concerns the 
behaviour of soil particles under the influence of loading, 
and a recent publicatian, entitled Soils and Foundations: 1 
(Building Research Station Digest (Second Series), No. 63. 
Pp. 6. London: H.M.S.0., 1965. 4d.), deals with the 
numerous factors that interact with each other and must 
be kept in mind in kuilding-design. The movement of 
water in the soil is desermined by its texture and by the 
pressure exerted by & foundation load. Shrinkage and 
swelling may operate simultaneously, as when structural 
load is equal to weight removed in excavation. Settle- 
ment of the load is rapid on sands but may continue for 
many years on clays. ‘The differences in settlement 
between strips, rafts and piles are discussed. Attention 
1s also directed to shrinkage and swelling brought about 
by rainfall and vegetation and removal of trees on a 
building site, and the tendency for outside walls to move 
and produce cracks. Other matters dealt with include 
peat soils, made-up ground, frost heave and ‘quick-sand’ 
conditions. E 


Timber as Building Material in Hot Climates 


TuE behaviour of timber used as a building material, 
under what may be called ‘aggressive’ environmental 
conditions, has long been a matter of discussion and 
practical importance; it is a subject of almost endless 
research. In Africa the effects of climatic extremes on 
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timber have engaged the attention of Dr. A. J. Du Toit, 
research officer, Timber Unit, South African Council for 
Scientific and Industrial Research, Pretoria, who has 
published a paper, The Use of Timber as a Building 
Material in Hot Climates (National Building Research 
Institute. Reprinted from RILEM Bulletin No. 26, 
December 1964. Council for Scientific and Industrial 
Research. Ref. No. RU 1.13). Dr. Du Toit points out 
that, in Africa, two types of hot conditions can be dis- 
tinguished, the arid hot type, such as is encountered in 
the region between Timbuktu and Agadés, and the humid 
hot type in the region between Douala and Abidjan. The 
average temperature in both these regions is approx- 
imately 80° F, while the average humidity is approx- 
imately 35 per cent in the dry region and 83 per cent in 
the humid region. Obviously wood, being a hygroscopic 
material, will react quite differently in these contrasting 
climates. The theme of this paper is that wood can only 
give satisfactory service as a building material if its 
properties and behaviour in varying circumstances 
are known and well understood. There exists a certain 
amount of prejudice against the use of tumber as building 
material in tropical countries, but this may be partly due 
to lack of knowledge of its reactions in such environments 
on the part of builders. It is considered that correct 
application of present-day knowledge of the properties 
and behaviour of various woods under tropical conditions 
would do much to overcome this prejudice. -Such m- 
formation includes primarily climatic agents: the effects 
of temperature, humidity, rain, exposure to sun, evapora- 
tion, dust storms, cyclical influences, maritime influences, 
direct effects of sea-water (continuous or alternating 
immersion), saline atmosphere, spray; and biological 
agents: cryptogams (rot, mould, algae, lichens, fungi), 
insects (termites, borers, etc.), and vegetation. Dr. Du 
Toit discusses all these agents, and his paper contains 
much practical advice on ways and means of protection 
of timber exposed to these potentially destructive forces, 
including notes on various West African woods con- 
sidered to be resistant at least to some of them. 


Progress in Protozoology 


THE second international conference on ‘“Protozoology”’, 
held in London during July-August 1965, discussed many 
aspects of this subject. Protozoologists the world over 
wil welcome the publication of abstracts of the many 
papers read at the Conference, entitled Progress in Proto- 
zoology (Abstracts of Papers read at the Second Inter- 
national Conference on Protozoology, London, July 29- 
August 5, 1965) (International Conference Series, No. 91. 
Pp. 278. Amsterdam, New York, London, Milan, Tokyo 
and Buenos Aires: Excerpta Medica Foundation, 1965. 
65s.). Prefaced by a message of welcome and goodwill 
from Prince Philip, the volume discusses so many aspects 
of the biology, morphology and ecology of a wide variety 
of Protozoa that it is impossible to summarize its contents 
in a brief note. An idea of the number and variety of the 
papers read may be gained from the fact that the index 
of authors belonging to many nationalities covers two 
pages, each with four columns of names. 


Antimalarial Prophylaxis in Eastern Nigeria 


EVERYONE concerned with the world-wide campaign 
against malaria, a disease that was once aptly described 
as ‘public enemy No. 1’, will be interested in Dr. Hay 
Arthur’s account of antimalarial prophylaxis in primary 
schools in Eastern Nigeria (Antimalarial Prophylaxis in 
Primary Schools in Eastern Nigeria. February-March, 
1965. Pp. 41. London: Wellcome Museum of Medicel 
Research, 1965). Dr. Arthur shows that in the suburbs 
of a town in Hastern Nigeria, where one out of every 
two children is infected with malaria, the number of 
children suffering from the disease can drastically be 
reduced by a regular weekly dose of ‘Daraprim’. 
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Human Intelligence 


SOME reasons why the evolution of human intelligente 
should be a continuing process have been described by 
Prof. Sheldon C. Reed, director of the Dight Instıtute of 
Human Genetics at the University of Minnesota. When 
parents’ income, education, social status, or I.Q. is 
correlated with the number of children they produce, 
correlation. coefficients are obtained which are negative 
in sign. These well-established negative correlations are 
statistically biased. and seriously misleading, because they 
ignore the important segment of the parental generation 
which had no children. The negative correlation 
(— 0:30 + 0:02) between famıly size and intelligence of 
the children in it has no meaning for the next generation 
because the mentally retarded children will have little 
income, education or social status; they will seldom 
marry or have offspring. The mentally retarded who do 
produce may have large families, but the average number 
of children produced by the retarded is lower than that 
of normal persons. It is impossible to determine what is 
happening to the intelligence of mankind as a whole, but 
it is clear that it is not decreasing at an appreciable rate. 
Prof. Reed’s main conclusion is the perhaps euphoric 
concept that genetic orthoselection for higher intelligence 
is continuing at the present time. The challenge of a 
complex world, with an ever greater premium placed on 
higher intelligence, should result in an acceleration of the 
rate of evolution toward that end (American Scientist, 
September 1965). 


International Commission on Zoological Nomenclature 


Noros is hereby given of the possible use of its plenary 
powers by the International Commission on Zoological 
Nomenclature in connexion with the following cases, full 
details of which will be found in the Bulletin of Zoological 
Nomenclature (22, Part 3; November 2, 1965): (1) Sup- 
pression of Drassus atropos Walckenaer, 1830 (Araneae). 
(2) Validation of Pan and Panthera from Oken, 1816 
(Mammalia). (3) Neotype for Ceratophyllus soricis Dale, 
1878 (Insecta, Siphonaptera). (4) Suppression of Eucidaris 
Pomel, 1883, Papula Bayle, 1878, Cidaris papillataconoidea 
Parkinson, 1811, and Cidarites savignyi Audouin, 1826 
(Echinoidea). (5) Type-species for Phasia Latreille, 1804 
(Insecta, Diptera). (6) Suppression of Papilio lintingensis 
Osbeck, 1765 (Insecta, Lepidoptera). (7) Type-species for 
Monopsyllus Kolenati, 1875; suppression of Gerato- 
psyllus sciuri Kolenati, 1856, Monopsyllus sciuri Kolenati, 
1857, and Ceratopsyllus monoctenus Kolenati, 1856 (In- 
secta, Siphonaptera). (8) Type-species for Stizus Latreille, 
[1802-1803] (Insecta, Hymenoptera). (9) Type-species for 
Diodontus Curtis, 1834 (Insecta, Hymenoptera). (10) Type- 
species for Trychosis Foerster, 1868 (Insecta, Hymeno- 
ptera). (11) Type-species for Prospaltella Ashmead, 1904 
(Insecta, Hymenoptera). (12) Suppression of Mullus 
aurvfiamma Forskal, 1775 (Pisces). (13) Type-species for 
Chamaemyia Meigen, 1803 (Insecta, Diptera). (14) Sup- 
pression of Xyleborus Bowdich, 1825 (Insecta, Coleoptera). 
Any zoologist who wishes to comment on any of the 
foregoing cases should do so, in writing, within five 
months, to the Secretary, International Commission on 
Zoological Nomenclature, c/o British Museum (Natural 
History), Cromwell Road, London, 8.W.7, England. Those 
received early enough will be published in the Bulletin of 
Zoological Nomenclature. 


Selective Control of Weeds in Rice Fields 


In vast areas of the world, rice is the basic food crop. 
There are as many different varieties of rice as there are 
different ways of growing ıt; but wherever it is cultivated, 
weed control has always been, and still is, a primary 
concern of the rice grower. The most universally prevalent 
and troublesome weed to contend with in rice fields is 
what is known as barnyard grass; this is so much hke 
rice that even experienced farmers find some difficulty in 


No 50168 December 18, 1965 
distinguishing one from the other in early stages of the 
growth of the plant. Until comparatively recent times, 
traditional methods of weed control in rice fields were 
hand-weeding and flooding; herbicides were tried, but it 
was found that many of these. which were effective with 
barnyard grass, had the unfortunate side-effect of also 
killing the rice. A few years ago a remarkable, highly 
selective post-emergence herbicide for use on rice was 
developed by Rohm and Haas known as ‘Stam /-34’ 
(3’,4’-dichloropropionanilide); this compound is unique 
in its selective activity in rice; it kills grasses and broad- 
leaf weeds, but not the rice. An illustrated article in 
Rohm and Haas Reporter, entitled “How Stam Works’’, 
explains the facts (23. No. 3; May-June 1965. Rohm 
and Haas Company, Philadelphia, Pennsylvania; Lennig 
Chemicals, Ltd., London, W.C.1). ‘Stam’ is supplied 
as an emulsifiable concentrate; after dilution with 
water, this herbicide is applhed as a spray, generally by 
aerial means. The mechanism by which this product 
operates 1s briefly and technically described: simply 
stated, ‘Stam’ is deactivated by an amazing enzymatic 
system in rice; barnyard grass and other weeds infesting 
rice fields are not able to protect themselves, so they wilt 
and die, and the rice flourishes. The contrast between a 
field treated with this product and an untreated plot is 
strikingly shown ın one of the coloured photographs 
illustrating this article; in sprayed fields, the mature 
rice crop is seen as a clean stand of golden, rice-laden 
heads; untreated fields are described as “‘splotchy with 
green and brown—with weeds often choking out the rice 
plants’. It is claimed that when ‘Stam’ 1s properly 
applied to a grassy rice field a substantial increase in 
yield and a finer quality of rice may be expected. 


University of Oxford: Vice-Chancellor’s Oration 


THE Vice-Chancellor’s Oration, which prefaces the 
annual report for 1964-65 in Supplement No. 3249, of 
October 1, 1965, to the Oxford University Gazette (Univer- 
sity of Oxford. Oration by the Vice-Chancellor and 
Annual Report, 1964-1965. Pp. 37-56. Supplement to 
Oxford University Gazette, No. 3249. Oxford: The 
University, 1965. 28.) emphasizes the value of the work 
of the Franks Commission and refers also to the appoint- 
ment of a Committee on University Libraries under the 
chairmanship of Mr. R. Shackleton. The annual report, 
besides noting the appointment of this Committee, refers 
also to the creation of new graduate societies and to entitle- 
ment to fellowships as recommended by the Norrington 
Committee and to grants from the Common University 
Fund to the poorer colleges. Matriculated students in 
residence increased by 487 on the corresponding figures 
for 1963-64. Candidates entered for the Final Honours 
School in engmeering numbered only 50 compared with 
72 in 1963 and 62 ın 1964; for physics, the corresponding 
figures are 140, 135 and 159, respectively; for chemistry, 
Part I, 180, 141 and 165; for chemistry, Part II, 147, 
130 and 115; for biochemistry, 14, 17 and 18; and for 
mathematics, 130, 91 and 117. An additional £70,000 
was made available to departments for 1964-65 over 
and above normal growth in expenditure on salaries, 
including about £28,000 for new proposals. Most of 
this went to the creation of 16 new posts of lecturer 
status, 5 in physical sciences and 2 in biological sciences, 
and 5 faculty lectureships. A new Diploma in the Science 
of Materials has also been introduced. 


Royal Society of London: Montague Napier Trust Fund 

THe Council of the Royal Society has accepted the 
offer by the Trustees of the late Mr. Montague Napier, 
one of the pioneers of the motor-car and aeroplane engine 
industry, of a capital sum of the order of £275,000. A 
new trust fund will be formed with this sum, the income 
from which will be used for research, with the view 
of ascertainmg the cause of cancer, including any cor- 
responding or allied disease and the means of its preven- 
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tion, cure and alleviation. In accordance with the wishes 
of the Trustees, the income from this Montague Napier 
Trust Fund for the first five years will be transferred to 
the Institute of Cancer Research for the purpose of 
developing the bridge of collaboration, which already 
exists between the F.oyal Marsden Hospital and the 
Institute, for the support and development of those fields 
of cancer research and eancer treatment generally referred 
to as ‘clinical research’. 


Christmas Holiday Films and Talks on Geology 

A SPECIAL Christmas holiday programme of films and 
talks will be held at tke Geological Survey and Museum, 
South Kensington. The programme will include: “‘The 
Underwater Search” (December 28, film); “North Slope, 
Alaska”, and “Fire Fight at Ahwaz’? (December 29, 
films); “Volcanoes in 3ritain’’ (December 29, illustrated 
lecture); ‘‘Landforms from the Air in Canada and Iceland 
and New Zealand” (Dezember 30, films); “‘Continents on 
the Move” (December 30, illustrated lecture); “The Forth 
Road Bridge” (December 31, film); “Geology with a 
Camera” (December 31, illustrated lecture); “The Story 
of Camp Century” and “The Glacier Climbers” (January 1, 
films); “The Search for Oil in Nigeria” and “Rig Move” 
(January 3, films); “The Forth Road Bridge” (January 4, 
film); ‘‘Channel Tunnsl’ (January 4, illustrated talk); 
“First Catch Your Fossil” (January 5, demonstration). 
Further information and tickets can be obtamed from 
the Museum Lecturer, Geological Survey and Museum, 
Exhibition Road, South Kensington, London, 8.W.7. 


Announcements 

Sir WILLIAM HILDRED, director-general of the Inter- 
national Air Transport Association, has been awarded the 
Edward Warner Award for 1965 of the Council of the 
International Civil Avietion Organization, for outstanding 
contributions to the development of eens civil 
aviation. 

ENTRIES are invited Zor the 1966 “Interaction of Tech- 
nologies” award, madə jointly by the Shell Chemical 
Company and the British Association for the Advance- 
ment of Science. The prize of 250 guineas, and a dis- 
cretionary second prize of 100 guineas, will be awarded 
for the best paper submitted, before February 28, 1966, 
on the subject “The Problem of Technological Barriers”. 
Further information and forms of application can be 
obtained from the Secretary, Shell/B.A.A.S. Award, Shell 
Chemical Co., Ltd., Shall Centre, Downstream Building, 
London, 8.E.1. 

A MEETING of the Burton-on-Trent Section of the 
Institution of the Rubber Industry will be held at 
Burton-on-Trent on Jenuary 31. Further information 
can be obtained from the Institution of the Rubber 
Industry, 4 Kensington Palace Gardens, London, W.8. 


A COURSE of eight evening lectures on “Modern Physical 
Aids for the Chemist” will be held at the John Dalton 
College of Technology, Manchester, commencing on 
February 8. Further information can be obtained from 
Mr. P. R. Falkner, John Dalton College of Technology, 
Chester Street, Manchester 1. 

A. SEMINAR On ‘‘Relacions Between the Administration 
and the Scientific Establishment”, arranged by the 
Science of Science Foundation, will be held at the Ciba 
Foundation on January 17. Further information can be 
obtained from the Scierce of Science Foundation, c/o the 
Ciba Foundation, 41 Portland Place, London, W.1. 


A SYMPOSIUM on “‘Scientifie Aspects of Pest Control”, 
arranged by the National Academy of Sciences—National 
Research Council and other United States Federal 
agencies, will be held in Washington during January 31- 
February 3. Further information can be obtained from 
the Agricultural Board. National Academy of Sciences- 
National Research Council, 2101 Constitution Avenue, 
Washington, D.C. e 
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VISUAL OBSERVATION OF SATELLITES 


N October 20 there was an all-day discussion meeting 
at the Royal Society on the subject of visual 
observation of satellites. The meeting was organized 
jointly by the Royal Society and the British Astronomical 
Association, under the chairmanship of Prof. C. W. Allen 
(University of London Observatory), and was the first 
gathering of visual observers of satellites to be arranged 
by the Tracking Working Group of the British National 
Committee on Space Research. 

The first subject discussed was the purposes of making 
observations. This topic was introduced by D. G. King- 
Hele (Royal Aircraft Establishment, Farnborough), who 
explained how visual observations of satellites fitted into 
the general pattern of satellite observations, and how they 
could best be used in geophysical studies. Investigations 
of the changes in satellite orbits have brought about great 
advances in two quite different branches of geophysics: 
the study of the Earth’s gravitational field and the upper 
atmosphere. Visual observations will probably not be 
accurate enough for future investigations of the gravita- 
tional field; but they are quite accurate enough for most 
examinations of upper-atmosphere density and tem- 
perature, and, for the vast majority of satellites, visual 
observations are the only ones available. Visual observa- 
tions, therefore, continue to be of great scientific import- 
ance, and since a large number of observations, ideally 
about 100 per week, are needed to determine accurately 
the orbit of a satellite, it is probably best for the limited 
number of visual observers to concentrate their attention 
on a relatively small number of satellites, particularly 
those with lifetimes of less than about twenty years. 

Although the determination of orbits is the most 
important use for visual observations, nine other uses 
were briefly mentioned, including the improvement of 
predictions, observations of re-entry, the identification of 
satellites, observing satellites made of materials which are 
almost transparent to radar, observing satellites from the 
same launch which pass over very closely together, timing 
fluctuations in brightness, and various other uses. 

The second subject on the programme was the techniques 
of observing. First there is the problem of searching for 
the satellite, especially when the predictions are in error, 
and the various stratagems for overcoming these diffi- 
culties were discussed. Next there is the question of 
accuracy. Since visual observations are not so accurate 
as those made by cameras, visual observers always have 
to strive for the best possible accuracy. Normally, 
observations are made relative to a pair of reference stars, 
and it was generally agreed that the best accuracy can 
be achieved by noting the time and position of the satel- 
lite as it passes two stars very close together, such that 


SCIENTIFIC AND INDUSTRIAL 


N the report of the Department of Scientific and 

Industrial Research, New Zealand, for 1965*, the 
Director-General records a staff on March 31, 1965, of 
1,334. Of these, 511 were scientific officers, and the total 
represented an increase of 32 in the year. In all there 
were 562 technical officers, and of the 1,334 staff, 175 
were employed in the Physics and Engineering Laboratory, 
172 in the Chemistry Division, 91 in the Grassland 
Division and 90 in the Geological Survey. The total 
expenditure on these four Divisions was £343,611, 


* New Zealand. Report of the Department of Scientifie and Industrial 
Research for the yer ended 31 March, 1985. Pp. 83. (H. 34.) (Wellington: 
Government Printer. 1965.) 3s. 


the line between them les perpendicular to the satellite’s 
track. The accuracy to be aimed at by a visual observer, 
even though it will not often be achieved, is about 2 min 
of arc m direction and 0-1 sec in time. There was also 
discussion of the number of observations which an 
observer should make. Two observations are better than 
one if they are equally accurate, but there is less to be 
gained by making a large number of observations because 
of the bias error m timing. Discussion on the types of 
instruments used by observers showed very clearly that 
this is a matter of personal preference and depends more 
on the temperament of the observer than on objective 
scientific criteria. Many observers use binoculars and say 
that they can see twice as well with two eyes as with one, 
while other observers prefer to use telescopes, though 
their optical design and mountings are very varied. 

The next topic discussed was the timing of observations, 
introduced by H. G. Miles (director of the Artificial 
Satellite Section, British Astronomical Association). 
Visual observers normally time their observations by 
starting (or stopping) a stop-watch at the time of the 
observation and synchronizing it with standard time 
signals, such as the MSF radio signals or the Post Office 
speaking clock. The various possible errors arising from 
both stop-watches and time signals were reviewed, and 
the general conclusion was that the various time-standards 
at present used by observers are just accurate enough to 
introduces no significant error in visual observations, which 
can rarely expect to have an accuracy better than 0-1 sec. 
The stop-watches could introduce errors unless care was 
taken in rating them frequently, and running them for 
as short a time as possible before or after the observa- 
tions. 

The final subject for discussion was predictions, intro- 
duced by Mr. D. E. Smith (Radio and Space Research 
Station, Slough). Mr. Smith described some of the diff- 
culties encountered by the Satellite Prediction Service at 
the Radio and Space Research Station and explained 
Improvements which it was hoped to make in the near 
future. In the discussion which followed, many sug- 
gestions were made for particular improvements in the 
prediction service, and these suggestions will be taken 
into consideration in deciding future policy. 

The meeting was attended by twenty leading British 
visual observers, four observers from other countries in 
Europe who report their observations to the British 
Prediction Centre, members of the kinetheodolite teams 
at the Royal Greenwich Observatory, Herstmonceux, and 
the Royal Observatory, Edinburgh, and representatives 
of various other organizations concerned with satellite 
tracking. D. G. Kinc-HELE 


RESEARCH IN NEW ZEALAND 


£310,086, £141,697, and £163,887, respectively, out of a 
total expenditure by the Department of £3,024,792. 
Expenditure on the Geophysics Division, with a staff of 
82, was £195,950; on the Plant Diseases Division (68), 
£127,327; on the Soil Bureau (79), £152,516; on the 
Antarctic Division (23), £105,380; on the Crop Research 
Division (58), £107,332; and on the Information Service 
(47), £104,867. Expenditure on the incorporated Research 
Associations amounted to £230,840—the major share 
going to the Dairy Research Institute (£74,205) and the 
Wool Research Organization (£75,000). 

Steady progress has been made in implementing the 
recommendations of the Mineral Resources Committee, 
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and equipment is being built up and the staff strengthened. 
Sand deposits have been surveyed both for their economic 
value and also to collect information for shoreline research. 
The detailed survey so far has covered much of the east 
coast of Northland, where the modern shore and off-shore 
flats contain between 50 per cent and 75 per cent of lime 
soda feldspar. Clay deposits near Coalgate and Hororata in 
Canterbury, examined by the Geological Survey and 
Chemistry Division, contained an excellent grade of ben- 
tonite. A new series of geological maps of the main cities 
is being prepared and the Seismological Observatory is 
investigating the mechanisms of earthquakes, including 
theoretical research on alternative mechanisms which 
could cause a sudden change in the conditions of elastic 
equilibrium within the Earth. Earthquake occurrence 
has been subjected to statistical analysis, with respect 
both to position and to time, and members of the Applied 
Mathematics Division co-operating with the Geophysics 
Division are making a statistical analysis of the patterns 
of occurrence and location of earthquakes. 

The Physics and Engineering Laboratory is developing 
a method of presenting information on the radiation out- 
put from various types of heaters for guidance in calculat- 
ing the effect of the radiation on the comfort of people, by 
engineers and architects. The Chemistry Division has 
also developed automatic apparatus for separating the 
two types of silver and cupro-nickel coins in circulation in 
view of the change-over to decimal currency. 

A detailed analysis of results obtained from the Bluff 
radar during the International Geophysical Year revealed 
a number of new and unsuspected. features in the pattern 
of behaviour of the radar aurora and gave the first clues 
as to the over-all pattern. Increases in ground radio- 
activity from nuclear weapons tests continue to be 
studied, while the principle of the electromagnetic flow- 
meter has been applied to the measurement of blood 
flow in the heart lung machines of the cardio-thoracic 
surgical unit at Green Lane Hospital and also for measur- 
ing fluid flow in the artificial kidney. 
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Soil studies by the Grassland Division have shown 
that organic phosphorus may progressively accumulate 
under permanent pastures forming about 60 per cent of 
the total phosphorus in such soils. A survey of the 
vegetation and soils of the Tongariro National Park, 
initiated in 1960, is nov nearing completion. A new variety 
of oats named ‘Mapua’, bred at the Cross Research Divi- 
sion, was selected from a 1953 cross of ‘Milford’, a lodging- 
resistant Welsh variety, and ‘Onward’, a plump-grained 
English oat. In full-scale trials since 1957—58 it was super- 
ior to all present variesies, highly resistant to lodging and 
of reasonably good milling quality. Since 1962 the Division 
has also produced thee promising hybrid varieties of 
onion for field trials, and commercial release of New 
Zealand Hybrid No. 1 has already been requested. From 
crosses of turnips with aphid- and mosaic-resistant 
swedes, turnips have been selected with high field tolerance 
to these diseases. The work of the Plant Diseases Division 
on heat therapy for tke control of post-harvest fruit rot 
has concentrated on hot-water treatment for pip fruits 
and peaches. With apples and pears Botrytis rots were 
not controlled at temperatures tolerable to the fruits, 
but the method would appear to have applications in the 
control of stone fruit brown rot in peaches, especially 
canning peaches. The new compound zeatin, extracted 
from the sweet corn kernels, has now been shown. to be 
6-(4-hydroxy-3-methylbut-2-enyl) amino-purine. 

As a preliminary to detailed study of the movement of 
behaviour of red deer and other animals, the Animal 
Ecology Division is developing techniques for capture and 
marking. The Tobacco Research Station has undertaken 
a programme of breecing for resistance to Verticillium 
wilt black root rot, Prytophthora and mosaic virus. 

Included with the D-rector-General’s report are reports 
from the branches and from the incorporated research 
associations. The seventh annual report of the Ross 
Dependency Research Committee is appended. Lists of 
publications are includad in the reports from the various 
branches. 


FOREST HYDROLOGY 


N Advanced Science Seminar supported by the U.S. 
National Science Foundation was held at the Penn- 
sylvania State University, State College, during August 
29-September 10. The symposium was conducted by the 
School of Forestry with three other bodies: the North- 
eastern Forest Experimental Station, United States 
Forest Service; the International Association, of Scientific 
Hydrology; and the International Union of Forest 
Research Organizations. Twenty-one countries were 
represented at the symposium by eighty-five participants, 
the largest single group being from the United States. 
Eighty-five papers and reports were delivered and the 
proceedings will be published during the next nine months. 
Sound organization and critical discussion stimulated by 
several invited scientists made this a successful meeting. 
Many countries are concerned about the adequacy of 
existing and future water resources, and in most, research 
is being conducted into these and other problems in 
hydrology. Particular attention has been given to investi- 
gating the hydrological significance of different types of 
land use and, during the past 30-40 years, the hydrological 
role of forests has been studied in various parts of the 
world. Some well-known experiments have been con- 
ducted, particularly in the United States, Switzerland and 
South Africa, but investigations commenced more recently 
have had the benefit of modern instrumentation and 
better techniques from the start. The aim of these 
experiments is to compare the water balance of forest 


catchments with adjoining catchments of a different vege- 
tational character by showing differences in the volume 
and distribution of run-off. Now, energy budgets for 
catchments are being drawn up in addition to water 
balances and, with the use of neutron scatter devices for 
soil moisture measurement, considerable advances are 
being made in the stud¥ of forest hydrology. The import- 
ance of research of this type and also the timely nature 
of the symposium were emphasized by the severe water 
shortage in New York City and surrounding areas during 
August-September. 

The symposium commenced with a review of activities 
in each country represented. In Israel, a country of few 
trees, difficulties arise xom lack of water, in contrast to 
Taiwan with too much water and many trees. This 
distinction between countries where water conservation 
is important and those with the problem of soil con- 
servation was most apparent. In many countries there 
seemed to be an unnecessary division of responsibility 
for hydrological research among a number of different 
organizations. 

The second session considered forests and precipitation 
—the forest being regarded as a redistributor rather than 
a stimulator if occult precipitation was not taken into 
account. The problems involved in assessing precipitation 
over a catchment- were described by Corbett (U.S.A.) 
using material from San Dimas Waiershed. Leonard 
(U.S.A.) was concerned with the mathematics of inter- 
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ception, while Leyton, Reynolds and Thompson (Great 
Britain) showed that the reduction of transpiration from 
wetted leaves was exceeded by the accompanying increase 
in evaporation. Through-fall, stem-flow and interception 
in different stands as related to gross precipitation were 
given attention with the distribution of moisture in forest 
soils. Such matters as surface detention and drip studies, 
canopy cover measures and through-fall drop sizes were 
touched on by Zinke in a thorough review of interception 
investigations carried out in the United States. Snow in 
forests was considered in relation to transport processes 
and the mechanics of interception, and Martinelli (U.S.A.) 
gave an account of methods of increasing high altitude 
snow packs. 

In the session on forests and soil water, the difficulties 
involved in defining and separating components of the 
hydrograph were evident in papers dealing with overland 
flow and sub-surface flow. Hewlett (U.S.A.) devised & 
response factor for classifying the hydrological perform- 
ance of drainage basins in Appalachian forest areas, while 
Zahner (U.8.A.) dealt with estimation of moisture régimes 
for three forest soils, by using a balance between rainfall 
and potential evapotranspiration with the appropriate 
soil moisture release curve. Field determinations of 
moisture régimes beneath different vegetation types were 
described by Shachori (Israel), who showed that a greater 
reduction in moisture content was caused by maquis than 
by pine or pasture. There were five papers on various 
aspects of forest management and yield as related to soil 
moisture and ground water. In two of these, rise in the 
water table after thinning of pine and birch stands to 
various densities was reported, first by Holstener- 
Jorgensen (Denmark) for a clay area and then by Heiku- 
rainen (Finland) for peat. 

Penman (Great Britain) started the session on forests 
and evapotranspiration by comparing theoretical evap- 
oration from forests with observed results. , Records from 
the Castricum lysimeters and two East African forest 
catchments were used to indicate how calculated evap- 
oration values approached the difference between rainfall 
and run-off. Baumgartner (Germany) showed energy 
reasons for differing evapotranspiration rates over various 
types of surface, and he demonstrated that the energy 
available for evaporation at a grass surface was only three 
quarters of that for a forest. A six-year investigation of 
the evaporation from a Scots pine stand in south-east 
England was described by Rutter, and the result 
(Er = 1:20 #,) was accounted for in terms of the increase 
in evaporation of intercepted water over the reduc- 
tion in transpiration. Knoerr (U.S.A.) solved the 
energy balance equation for a single leaf for different 
temperatures, humidities and stomatal resistances, and 
Swanson (U.S.A.) gave an example of the use of the heat- 
pulse velocity method of sap flow measurement in his 
investigation of transpiration from pine and spruce. The 
value of the dual approach on water balance and energy 
budget lines was apparent from Pereira’s account of land 
use hydrology experiments conducted in East Africa. 
Various aspects of the relation between evapotranspiration 
and forest management (including the use of anti- 
transpirants) were dealt with in several papers. In one, 
Waggoner (U.8.A.) reported that chemical sprays used to 
close stomata caused a 20 per cent reduction in transpira- 
tion from single trees, but that a method of treating whole 
forests had to be found before a significant increase in 
run-off and water yield could be achieved. 

In the ‘Forests and Run-off’ session, Lull and Sopper 
(U.S.A.) used records of discharge from a large number 
of small catchments in the north-east United States, with 
topographic and other characteristics of those catchments, 
in & series of multiple regression analyses to evolve a 
method of predicting various parameters of run-off. 
Ogihara, (Japan) was concerned with predicting flood 
discharges from forest catchments, and, by using a non- 
linear relationship which included a measure of catch- 
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ment wetness and rainfall, he was able to show the 
effect of forest cutting on floods. Differences in the 
volume and distribution of run-off from cleared north and 
south facing catchments at Coweeta were mentioned by 
Hibbert (U.S.A.), and later it was suggested that these 
differences might be linked to the small size of the cleared 
areas, making them unrepresentative. A second Japanese 
paper (Nakano) dealt with clearing forest catchments and 
showed that the effect of cutting in increasing flow is 
statistically significant at the 5 per cent level only for 
the first few years. 

Several papers in the session on forests and soil stabil- 
ization dealt with the factors controlling erosion, such as 
rainfall characteristics, topography and litter cover. The 
quantitative measurement of erosion was discussed and 
the use of Middleton’s dispersion ratio and Anderson’s 
surface aggregate ratio mentioned. Margaropoulos showed 
how small dams and woven barriers with contour planting 
had been used to control erosion in Greece and the 
potential of high altitude sites in Austria for re-establish- 
ment of forest was reported by Aulitzky. In this paper 
it was reported that measurements of solar radiation had 
been made in excess of the solar constant by 18 per cent 
for periods of 10-20 min. Vegetational control of erosion 
in loess areas and strip mined areas of the U.S.A. was 
described along with New Zealand investigations of 
erosion. = 

Errors in run-off measurement, calibration methods for 
catchments and data processing of stream-flow were 
subjects discussed in the first papers in the instrumenta- 
tion and techniques session. Anderson (U.8.A.) reported 
on new techniques in multivariate analysis appled to 
determining sediment yield. Wicht discussed the validity 
of the South African catchment experiments, but doubted 
that a method of analysis had been evolved which could 
readily show the effects of burning, cutting or the develop- 
ment of forest cover. Papers on digital hydrological 
synthesis and the use of isotopes concluded the session. 

A panel discussed a variety of new instruments including 
several neutron scatter devices, a pressure pillow for snow 
measurement, snow depth markers that can be read from 
the air, a photo-electric device for measuring snow in the 
air, & snow resistograph, and an economical radiometer 
fitted with a mercury current integrator. A display of 
these and other instruments took place at the end of the 
symposium. 

Films of a number of experimental areas in North 
America were shown, including one giving vivid portrayal 
of the fire at the San Dimas Watershed. Several experi- 
mental sites were visited, including a flood-prevention 
project and a waste-water renovation project. In this 
latter experiment, treated sewage effluent was being 
sprayed over croplands and over a forest area and there 
had been considerable increases in yield and growth, as 
well as appreciable ground water recharge. 

From the papers and discussions it was apparent that 
a considerable effort had already gone into forest hydrol- 
ogy. In this context it is perhaps surprising that for a 
country with a rapidly accelerating demand for water, 
Britain has had such a limited research programme for 
evaluating relationships between the hydrology and land 
use of catchment areas. Although some worth-while 
investigations of forest hydrology have been carried out, 
not one has been on a catchment scale and has involved 
a land use change. Several experiments of this type are 
proposed in the programme of the Hydrological Research 
Unit, Natural Environment Research Council, but owing 
to administrative difficulties they have not yet been 
started. These experiments should considerably assist the 
understanding of the hydrological cycle in a forest en- 
vironment, as they will incorporate recently developed 
methods of automatic data collection and analysis. It is 
hoped that these new methods will help in overcoming 
the handicap of Britain’s late start in forest hydrology. 

Joun C. Roppa 
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RECONSTRUCTION OF PHASE OBJECTS BY HOLOGRAPHY 


By Pror. D. GABOR, F.R.S. 
Imperial College of Science and Technology, London 
AND 


Pror. G. W. STROKE, D. BRUMM, A. FUNKHOUSER and A. LABEYRIE 
University of Michigan, Ann Arbor, Michigan 


HE principle of wave-front-reconstruction imaging, 

first described by one of us in 1948 (refs. 1-3), has 
recently resulted in spectacular advances, notably in the 
form of three-dimensional ‘lensless’ photography and 
imaging, with both macroscopic and microscopic 
objects**. Excellent images have been obtained in a 
number of variations of the basic method, notably when 
the objects used were ‘half-tone’ intensity objects, or 
transparencies, rather than ‘phase’ objects. 

‘Phase’ objects may be of a primary interest in a 
number of holographic applications, notably in micro- 
scopy, and in several other applications, where phase 
rather than amplitude variations in the light field may 
be wipe sctoaretin characteristic of the physical phenomena 
under investigation, for example, in work with wind 
tunnels and in acoustical applications. 

As holograms are recorded on photographic emulsions 
which register only intensities, not phases, one might 
easily believe that a hologram is not a full substitute for 
a real object. Indeed, the total wave-front which issues 
from a hologram in the reconstruction cannot be the same 
as the original wave-front emitted by the object, because 
one half of the information is missing. In order to obtain 
the total information one requires two holograms, which 
are in sine—cosine relation to one another. Two such 
‘complementary’ or ‘quadrature’ holograms have been used 
in the ‘total reconstruction microscope’ by one of us’. 
Adding up the wave-fronts issuing from two such holo- 
grams, one obtains in the reconstruction the original 
wave-front, and nothing else, except a uniform back- 
ground. 

However, somewhat paradoxically, the original wave- 
front is also contained in the modified wave-front 
diffracted in the reconstruction by a single hologram. 
The incompleteness shows itself in the fact that this 
wave-front is mixed up with an additional wave, which 
appears to issue from a ‘conjugate object’. But the two 





partial wave-fronts can be separated by various methods, 
the simplest of which is using a skew reference beam 
at an angle to the plate, in the taking of the hologram. 
The information—theoretieal paradox that an incomplete 
record contains the full information in a retrievable form 
is explained by the fact that there is a loss of one half 
of the definition. This. however, is as good as unnotice- 
able in almost all present-day applications of holo- 
graphy. 

Consequently, since one of the two (or more) waves 
diffracted by the hologram in the reconstruction process 
contains information or both the amplitude and the phase 
distribution in the object, both the phase and the ampli- 
tude information may be extracted from the reconstructed 
wave-front, for example, by suitable ‘filtering’ of the 
aerial reconstructed images, or diffraction patterns, before 
the final image is recorded on a photographie film. In 
essence, the image-forming wave-fronts reconstructed 
from holograms are indistinguishable from the wave-front 
which would be obtaimed from an ideal lens or mirror 
looking directly at the object, when it is possible to form 
an image in the ordinary ‘one-step’ imaging, for example, 
in microscopy. It has therefore been clear to us for some 
time that we may display the phase in the holographically 
reconstructed images of ‘phase’ objects, when necessary, 
with the aid of any one of the several well-known 
methods?®:!! (for example, phase contrast, interferometry, 
Foucault or Schlieren methods) used to display the 
phase variations in the form of amplitude variations, as 
used in microscopy and other phase measuring applications 
in optics. 

Because of the great present interest in holography, 
and because some of our recent advances seem to indicate 
a good likelihood that high resolutions may indeed be 
attainable in microscopy at very short wave-lengths (for 
example, X-rays), it may be of interest to demonstrate 
that phase-preserving imaging and ‘phase-contrast’ image 
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reconstruction may indeed be readily achieved in holo- 
graphy, using single holograms. 

As one example of the ‘phase-preserving’ reconstruction 
of the image of a phase object, we have used the arrange- 
ment shown in Fig. 1. The phase object used is shown 
(barely visible) in Fig. 2a, and an enlarged transmission 
two-beam interferogram of the object is shown in Fig. 2b. 





Fig. 2a. Direct (not holographic) image of phase object used in this work, 

showing degree to which a ‘pure’ phase object was obtained by suitable 

bleaching of a Kodak 649F emulsion (see text, and Fig. 2b), The object 

is the word ‘phase’ and the letter ‘a’ (the word phase being 20 mm long). 

rhe slight contrast detectable is due to some slight defocusing, and some 
residual absorption in the plate 





Fig. 26. Two-beam single-pass interferogram (6328 A) of the phase object 

used in this work. The hologram of this phase object was recorded in the 

‘lensless’ Fourier-transform hologram recording arrangement according 
to ret, 12 





Fig, 2¢. Two-beam single-pass interferogram (6328 A), illustrating the 

amount of emulsion shrinkage and corresponding phase variation 

achievable in a Kodak 649F emulsion with four different exposures (in 

ratios x1, x2, x3, = 4), and suitable bleaching with Kodak chromium 

image intensifier, used to obtain almost pure ‘phase objects’, with 
miaimum residual absorption 


NATURE 


fa = 600-mm lens. 


VoL. 208 


December 18, 1965 





Fig. 3. Reconstructed image, obtained by Fourier-transform reconstruc- 
tion in the arrangement of Fig. 1, without the use of any phase-contrast 
enhancement. (The ‘lensiess’ Fourier-transform recording of the holo- 
gram of the object was obtained according to ref. 12.) The image shown 
here is characterized by an almost complete absence of any amplitude 
contrast in the phase-portions of the image (the various interference 
effects are spurious, and are caused mainly by imperfectly clean recon- 
structing optics). It may be noted that excellent imaging is obtained 
under similar conditions when the original objects are amplitude or 
intensity objects’*-“, rather than pure phase objects 


The phase object was formed by photographing the word 
‘phase’ and the letter ‘Ø’ on a Kodak 649 plate, and by 
bleaching the emulsion (using Kodak chromium intensifier 
as the bleacher). It is well known that photographic 
emulsions will shrink with the density of the exposure. 
(Typical emulsion shrinkage with exposure factors, 
l, 2, 3, 4, is shown in Fig. 2c.) The phase object was 
recorded by projecting an image on to the plate deliber- 
ately slightly out of focus, in order to avoid steep gradients 
at the edges of the letters. (The amount of shrinkage 
shown in Fig. 26 was achieved in a 20-sec exposure, with 
a 75 W bulb, at f/11, in 1:1 imaging in the enlarger, 
and suitable bleaching.) 

The hologram of the phase object was recorded in the 
‘lensless Fourier-transform’ hologram recording arrange- 
ment, first described by one of us !*, in which the 
spherical waves originating from the various object points 
are made to interfero with a ‘single’ spherical reference 
wave, originating from a source ‘point’ in the mean plane 
next to the object. A reference wave of a radius f, = 415mm 
was used in the recording. (We may note that the ‘lens- 
less’ recording of the hologram permits storage of the 
information about the phase distribution in the object 
without introducing any other optical elements between 
the object and the emulsion, thus avoiding any extraneous 
scattering, which might reduce the fidelity and sensitivity 
of the method.) 

The images reconstructed from the ‘lensless Fourier- 
transform’ hologram are shown in Figs. 3, 4 and 5. Fig. 3 
shows a Fourier transform reconstruction, without filter- 
ing, obtained by simply projecting a plane monochromatic 
(6328 A) wave through the hologram, and by recording 
one of the side-band Images in the focal plane of a 
Inlike the reconstruction-imaging of 
intensity or amplitude objects, the reconstructed image 
of the phase object in Fig. 3 shows no amplitude contrast, 
because of the ‘pure’ phase nature of the object. 

Figs. 4 and 5 show well-contrasted images of the phase 
object, obtained by a number of the well-known phase 
filtering or phase-contrast methods, in which the 
phase variations are made visible in the form of amplitude 
(that is, intensity) variations in the image. 

Figs. 4a and 6 show the reconstructed images, obtained 
by a ‘defocusing’ phase-contrast enhancement, in a 
Fourier-transform reconstruction arrangement, as in the 
sharply focused Fig. 3, but now by recording the images 
together slightly (+ 1/4 f, at f/24) out of focus, with 
respect to the in-focus image of Fig. 3. 
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Fig. 4c shows an in-focus image, in which the phase- 
contrast enhancement was obtained in the filtering 
arrangement shown in Fig. 1, with the help of the corner 
of a phase-contrast filter (also recorded photographically, 
and bleached, similarly to the object recording already 
deseri bed here). 





Fig. 44, Reconstructed image of phase object, obtained with ‘phase- 

contrast’ enhancement by defocusing (here towards the L, lens of Fig. 1 

by —f,'4, with 7,=600 mm). The length of the word in the object was 

20 mm ‘in the image, it is 30 mm, because of the /,//, magnification (see 
Fig. 1)) 





Fig. 4b teconstructed image of phase object, with ‘phase-contrast’ 
enhancement, obtained by defocusing (here, out of fecus, away from 
the lens Le by +/,/4) 





Fig. 4¢. Reconstructed Image of phase object, with phase-contrist 

enhancement obtained by using a phase-contrast filter (the corner ol! 

one of the rectangular phase strips, shown in Fig. 2c) in the arrangement 

of Fig. 1. (Here, the Interference effects are spurious, and due to 
some imperfect cleanliness in the reconstruction optics) 
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Fig. 4i. Reconstructed image of phase object, with phase-contrast 
enhancement, obtained with a Foucault knife-edge used in the phase- 
filter plane of Fig. 1 





“Hologram of the hologram.” 
gram (6328 A laser light) of the interference pattern between the recon- 


Fig. 5. Two-beam single-pass interfero- 


structed aerial image and a plane reference beam. Comparison of the 
image-interferogram shown acre with the similarly obtained object- 
interferogram of Fig. 2b demonstrates that phase-distribution in the 
object is indeed preserved and completely reconstructed in Fouricr- 
transform wavefront-reconstmuction imaging, using a modified ‘phase- 
contrast’ enhancing arrangement, such as that Illustrated in Fig. 1. (We 
may note that phase preservation and phase-enhancing reconstruction 
apply te holograms recorded at one wave-length, and reconstructed in a 
second wave-length, for example, when 2, is in the X-ray domain and 
J, in the visible-light laser domain) 


Fig. 4d shows an in-focus image, with ‘phase-contrast’ 
enhancement obtained in the filtering arrangement of 
Fig. 1, with the help of a Foucault knife-edge filter (at 
right angles to the word ‘phase’). 

Fig. 5 shows a two-beam interferogram of the recon- 
structed aerial image, formed by interference of the 
aerial image with a plane wave (in a suitable beam- 
splitting arrangement): by comparing the interferogram 
of the phase object (Fig. 26), the degree of phase preserva- 
tion and of fidelity of ‘phase-preserving’ reconstruction 
may be readily assesse: 

It is clear from a comparison of the images and inter 
ferogram of the image, of Fig. 4 and of Fig. 5, with the 
phase object and object-interferogram of Fig. 2, that the 
phase-distribution in the phase object was not only 
retrievably recorded in the hologram, but also that the 
phase in the image of the phase object can be readily 
displayed as an amplitude (respectively intensity) in the 
reconstructed image, with the aid of phase-contrast or 
other image-filtering methods, including interferometry 
of various types We may note that there is some indica- 


tion that holograms of phase objects, recorded with a 1/1 
ka 


such recordings automatic, 
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of the ‘conventional’ Fourier-transform reconstruction 
arrangement. 
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MODERN LOW-TEMPERATURE CALORIMETRY 
By Dr. |. M. FIRTH 


Department of Physics, University of St. Andrews 


RECISION calorimetry at liquid helium temperatures 
began in 1929 with the development of a very sensi- 
tive phosphor bronze thermometer by Keesom and Van 
Den Endet. Since that time our knowledge of the heat 
capacity of solids has increased greatly; some of the 
discoveries in this field of measurement have been very 
important, such as the electronic heat capacity in metals? 
and the heat capacity associated with the superconductive 
phase transition’, both measurements agreeing remarkably 
well with theoretical predictions. Before 1929 the main 
stimulus for specific heat measurements was the known 
decrease in the specifie heat of solids at low temperatures 
from the famous room temperature value of 6 cal mole~ 
degree-! of Dulong and Petit. In this period both theory 
and experiment were advenced, producing the theory of 
specific heats of solids by Einstein‘, the refinement to this 
by Debye*®, and the vacuum calorimeter of Nernst®. 
Since those early days of calorimetry, experimental 
methods have been continually improved and now a new 
era- of precision has been entered. This has come oppor- 
tunely, for theoreticians interested in phenomena in the 
neighbourhood of critical points? are calling for more 
accurate data close to such singularities. Although 
-~ modern refinements now allow an accuracy of 0-05 per 
gent and a temperature resolution of 10-8 °K in some cases, 
-oW great many of the older troubles of calorimetry still 
persist, and this remains a research topic where many 
experimental data are taken. Modern ways can make 
7 ) but calorimetry at low tem- 
peratures is still a research problem requiring all the 


* à _ ability of a trained physicist and the facilities of a good 
7 workshop. 


Basic Measurements 
The heat capacity of a specimen is defined by: 


C(T) = Lam a 
7 ATO 
.. and is inherently a measurement averaged over some 
temperature interval when made by direct methods, that 

- is, measuring the temperature rise on adding a knewn 
quantity of heat. Only when C(7’) is determined indirectly, 
from theoretical connexions with some other parameter, 
is it defined at a unique temperature. At room tempers- 
ture, where C(T) is varying slowly, standard two-phase 
methods may give average values that are adequate, but 
at low temperatures, where the variation is rapid, it is 
highly important to reduce as much as possible the 
temperature interval over which the average is taken. 
The experimental problem reduces, therefore, to isolating 
the specimen from its surroundings to a high degree and 
measuring the heat input AQ and the temperature rise 
AT as accurately as possible. 

+ 


At low ternperatures the most convenient source of AQ 
is Joule heating so that AQ is evaluated from measure- 
ments of electrical power and time. Where heat is applied 
intermittentiy in pulses the total heat input is correlated 
with the temperature difference between the initial and 
final states of equilibrium. The other method of applying 
heat in practical calorimetry is to do so continuously 
and requires electrical power to be compared with the 
rate of change of temperature. There are important 
differences between these two techniques which dictate 
their suitability to modern methods and methods of auto- 
matic recording. 

As well as controlled Joule heating there will be an 
extraneous heat input over which the experimenter has 
limited control. This unwanted heat input can be said to 
occur through heat conduetion and heat transfer by 
radiation. By the first, heat leaks to the calorimeter 
through its suspension threads and through the residual 
gas in the vacuum chamber surrounding the calorimeter, 
but both can be kept very small. Radiation of heat to the: 
calorimeter occurs through emission and absorption of 
light and other electromagnetic radiation, and acoustical 
energy transfer, Often the latter two processes are the 
more important and can be minimized by screening 
apparatus from high-frequency radio sources-—television 


transmissions often contribute to this factor through 


pick-up—and by isolating the whole calorimeter apparatus 
from vibrations. 

In sensitive specific heat measurements the heat leak 
must be measured and corrected for, or kept low and 
sensibly constant so that it does not affect measurements. 
In the heat-pulse method a correction. for the extraneous. 
heat input is found for each pulse. Individual corrections 
of this type would be indispensable where the heat leak is 
large and varying with time over the temperature range. 
of interest, but at low temperatures the heat leak can be 
kept small and constant for fairly long times. The method. 
is therefore more powerful than is required here and has, 
in addition, certain shortcomings. First, as the heat 
pulse is generally of short duration, the electrical measure- 
ment of AQ may be difficult to make accurately, for. 
currents of a few vamp and voltages of a few uV have to 
be measured. Secondly, as there is inevitably some ther- 
mal resistance between the calorimeter and the sample, 
and as the thermal conductivity of the sample may not 
be high, the recorded temperature, that is, of the calori- 
meter, is always somewhat higher than the mean tempera- 
ture of the specimen. This temperature difference can 
become quite large during a heating pulse and gives rise 
to the so-called ‘over-heating’ effect® (see Fig. 1), and the 
time to re-establish equilibrium may be long. | 

Corrections for over-heating can be made accurately by 
extrapolating the linear portions of the temperature 
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variation curve to the middle of the heating pulse and 
equating areas x, y to z. This method, therefore, requires 
& continuous recording to be made of temperature against 
time on both sides of the pulse. Corrections and extra- 
polations are then made from geometrical manipulations 
of this record, and the number of points so treated is 
limited by the time it takes the calorimeter temperature 
to reach equilibrium and by the patience of the observer. 
A maximum of data per degree Kelvin may be twenty. 

There is also experimental evidence for not using this 
technique: Shiffman® has observed that in the same 
temperature range the calculated specific heat may vary 
from pulse to pulse indicating that electrical transients 
lead to discrepancies between the real heat input and that 
measured. 

Automatic schemes* have been reported which use the 
heat-pulse technique. Temperature readings are taken at 
specified time intervals before and after the pulse. In 
manipulating the data so recorded, a computer can be 
programmed to make the appropriate extrapolations if 
the linear portions only of the drift curves are used. 
Important data may have to be neglected intentionally, 
and from the discussion of over-heating by Parkinson 
and Quarrington, it is apparent that results of great 
accuracy may not be obtained. 

The continuous heating method, on the other hand, 
requires accurate instantaneous measurement of tempera- 
ture and of input of power at specified times. Because 
heat is applied continuously, a state of dynamic thermal 
equilibrium is attained even in samples of low conductivity. 
Where the highest temperature resolution is required the 
heater power can be reduced accordingly, but the reduction 
can only be made to the level of the extraneous heat input 
so that again, to obtain high resolution, the experimenter 
must emphasize high thermal isolation in his design. 

This method has been discussed in detail by Cochran!'. 
During continuous heating the electronic bridge used to 
measure temperature is repeatedly unbalanced by very 
small steps in a sense that the bridge returns to balance 
as the heating progresses. The time taken between 
successive balances is measured by electronic counters 
and, as the temperature jump between balances is small, 
the heat capacity is related linearly to the power input 
and the time interval. There is little doubt about the 
meaning of recordings here, as there may be in the pulse 
method, and automatic recording schemes can be used with 
ease, for data can be presented in digital form. As many 
readings can be taken as the warning rate will allow, and 
about a hundred readings can be made per degree Kelvin. 
Although the accuracy of each reading is high in itself, 
the large amount of data that can be recorded in this 
fashion makes it possible to achieve higher accuracy by 
statistical methods of analysis. 

The method can be used to evaluate the extraneous 
heat input to the calorimeter, heating is stopped and the 
temperature drift caused by the various heat leaks is 
observed. A check on the heat leak is obtained also by 
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repeating heat capacity measurements with varying 
electrical heat inputs knowing that the heat capacity 
remains constant, so obtaining the heat leak from a 
difference equation. Careful attention to technique and 
design has enabled heat leaks of 1-10 ergs per sec, a temper- 
ature resolution of 1¢-* °K and an accuracy in specific 
heat of 0-05 per cent to be obtained. 


Thermometry 


Temperature in the range of 0:2-5 °K is generally 
measured by means o? a secondary thermometer. Com- 
mercial carbon radio resistors, especially made to be 
temperature insensitivs at room temperature, were found 
some years ago to be most usefully sensitive at low 
temperatures!*. For calorimetry they have the desirable 
properties of high sensitivity, low heat capacity, low 
sensitivity to measuring current and to magnetic fields, 
and low cost. Carbon resistors are affected, however, by 
cycling to room temperature and their resistance- 
temperature response is reproducible to about a milli- 
degree. More undesirable than this is, in principle, the 
fact that full equilibriam of the response is not attained 
for some 8 days when tne resistors are held at low tempera- 
ture, implying, in general, some change in characteristic 
during any experiment. It is most likely that, now they 
have been made available commercially, doped germanium 
thermometers will supplant carbon resistors as the most 
used secondary thermometer, since they exhibit little 
change of response in cycling to room temperature a d 


much more rapidly atiain equilibrium. A 


The most important aspect of calorimetry is the calibra- 
tion of the thermometer because the accuracy of the whole 
experiment depends largely on this. As much experi- 
mental time is spent in comparing the resistance of the 
carbon resistance thermometer to the temperature of the 
liquid helium bath, it ic important that an exact analytical 
description is obtainec. There have been many sugges- 
tions how improvemenss can. be made to the approximate 
formula suggested by Clement and Quinell!?: 


see 
T = & + blog R 


where R is the measured resistance, T is the absolute 
temperature, and a anc 6 are constant parameters. (Once 
the constant parameters have been evaluated for a resis- 
tor, this formula is used with a correction graph showing 
the deviation of the actual response in later experiments 





. from the response defined by the particular a and b.) The 


most notable of these improvements is that by Moody 
and Rhodes", who introduced an expression involving a 
large number of adjustable parameters in the form: 


l 
7 = La, (log R)” 
i laa aia ea) 


where n=0,1,2.... This formula permits easy recalcula- 
tion of all the parameters to high accuracy after each 
calibration and removes the necessity for using incon- 
venient correction graphs. An exact analytical descrip- 
tion of the temperature response fecilitates subsequent 
conversion of resistance to temperature in calculations 
to determine the spezific heat and indicates a great 
advance in the manipu:ation of the calibration procedure. 

An important part of the calibration procedure is that 
a computer is programmed to perform the calculations. 
The root-mean-square deviation is calculated and celi- 
bration points thet are above a pre-set value, for a given 
value of n, are rejectei: the parameters are then recal- 
culated until the allowed deviation is not exceeded. This 
method is compatible end can be used to advantage with 
the scheme already outlined here where the resistance of 
the thermometer is recorded automatically against the 
bath temperature. 

For highest precision, carbon resistance thermometers 
must be used in a suitable bridge circuit where the power 
dissipation is kept low. that is, less than 10-8 W. Prior 
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Pre-amp Lock-in 
Thermometer amp 
(Carbon resistor} 
Fig. 2. A.C. bridge to determine the resistance of the temperature 


sensitive resistor using a lock-in amplifier 


to the carbon-resistance thermometer, resistance thermo- 
metry had utilized a variety of resistance-measuring 
techniques among which were the potentiometer method, 
the Thomson double-bridge method and the Wheatstone 
bridge method. All are capable of high resolution but 
require to be adjusted by hand, involving up to four 
operations for the measurement of resistance between 
branch points and are not suited to any experiment that 
requires an instantaneous indication of temperature. 
With the carbon resistance thermometer came the 
necessary advance in accurate instantaneous resistance 
measurement". A simple Wheatstone bridge is most 


__- Benerally used with a high-gain, lock-in amplifier as 


detectar. Such a bridge is shown in Fig. 2 and is similar 
to that used by Buckingham and Fajirbank!® in their 
famous experiment on the specific heat of liquid helium 
at the superfluid transition temperature. Bridges of this 
type can detect changes of 10-? °K, that is 0-02 ohm in 
50 kohms where the power dissipated in the carbon resistor 
is about 10-1? W. It is this type of temperature-measuring 
system that was referred to earlier. 


Automatic Recording and Calculation 


There can be now few workers who manually calculate 
specific heats from experimental data, for the repetitive 
calculations involved can be better done, in less time, by 
computer. With a well-designed method of undertaking 
the experiment, data can be recorded automatically on to 
any of the many media used for feeding data to digital 
computers, paper tape, magnetic tape or punched cards, 
so reducing the overall time required to perform the 
calculations and, at the same time, reducing the errors 
in recording large amounts of data—the human operator 
with a desk calculator is only about 95 per cent accurate. 

From what has been said already, it seems more mean- 
ingful to use the continuous heating technique with auto- 
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matic recording equipment. In this technique the power 
input can be monitored by repeatedly recording current 
and voltage to the calorimeter heater; the time between 
known small temperature jumps is easily available from 
an electronic timer as is the temperature jump which is 
in the form of a digital setting of a calibrated resistance 
box. The extraneous heat input, manifested by a tempera- 
ture drift, can be recorded in a similar fashion as can the 
thermometer calibration information, except here the bath 
temperature would be recorded against a definite balance 
point of the Wheatstone bridge. 

Data recorded in this way would be processed by a 
computer when programmed appropriately. The pro- 
gramme would be in two parts: first, the thermometer 
calibration data would be converted into analytical form; 
secondly, from measurements of AQ and AT and of the 
extraneous heat input and from information about the 
heat capacity of the empty calorimeter and mass of the 
sample, the specific heat of the sample would be calculated. 

It should be emphasized that to take full advantage of 
this modern, logical modification to calorimetric practice 
both technique and data recording procedures have to be 
carefully considered. Precautions must be taken to ensure 
that necessary information is not discarded in the process 
of recording and that sufficient checks are included in the 
whole process, from apparatus to final results, so that 
meaningful results are obtained with the required overall 
accuracy. 

Much has been accomplished since the time of Nernst 
in this field of research to ease the burden of the experi- 
mentalist. Automatic methods will not reduce the time 
necessary to take experimental data, however, but final 
results, which before might have taken between 30 and 
40 h by manual calculation, can be obtained in 30 min of 
computer time. The research worker must not be en- 
tranced, however, by these advances and must be con- 
tinuously vigilant of his techniques in order to maintain 
the older standards. 
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PROGRESS IN THE PLANKTONIC FORAMINIFERAL BIOSTRATIGRAPHY 
OF THE NEOGENE 


By Dr. F. T. BANNER and Dr. W. H. BLOW 


Exploration and Production Research Division, British Petroleum Co, Ltd, Chertsey Road, Sunbury-on-Thames 


URRENT research into the value of planktonic 
foraminifera (particularly the Globigerinacea) as 
biostratigraphical indexes for the Neogene has now 
reached the stage of refinement wherein 23 zones may be 
recognized within the interval from the Miocene to the 
Recent. These zones may be identified in sediments of 
the circum-equatorial areas of the world, and many havo 
also been directly recognized by us in temperate areas. 
The zones have beon established by the examination of 
the succession of fossil faunas in Venezuela, Colombia, 


Ecuador, Trinidad, Barbados, Carriacou, Jamaica, U.S. 
Gulf Coast, Fiji, Saipan, Guam, Christmas Island, Papua, 
New Guinea, West Irian, Java, Sumatra, New Zealand, 
Australia (Victoria), Japan (Shikoku), Tanganyika, Iran, 
Greece, Sicily, Italy, Libya, south-west France, Austria, 
the Atlantic and Pacific oceans (deep-sea cores), and other 
areas The sequence of zones distinguished is as follows, 
from top to base stratigraphically: 

Zone N. 23: Globigerina calida—Sphaerordinella dehis- 
cens excavata n. sub-sp. assemblage-zone ; characterized by 


_ 
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the assemblage of G. calida forma typica Parker, S. 
dehiscens- excavata (n. sub-sp. diagnosed by its deeply 
excavated sutures exposing the inner whorls'), Globigerina 
megastoma, Hastigerinella digitata. 

Zone N. 22: Globorotalia (G.) truncatulinoides pariial- 
range-zone; defined by that part of the range of the 
nominate taxon prior to the first appearance of the Zone 
N. 23 assemblage. 

Zone N.21: Globorotalia (G.) tosaensis consecutive-range- 
zone; defined by that part of the range of the nominate 
taxon prior to the first appearance of its immediate 
descendant, G. (G.) truncatulinoides, the two taxa being 
phylogenetically consecutive. 

Zone N. 20: Globorotalia (G.) multicamerata—Pullenia- 
tina obliquiloculata (s.s.) partial-range-zone; defined by 
that part of the concurrence of the ranges of the two 
nominate taxa subsequent to the extinction of Globo- 
quadrina altispira (which occurs within the range of P. 
obluquiloculata s.s.) and prior to the advent of Globorotalia 
(G.) tosaensits (which, in turn, occurs at a horizon virtually 
the same as that of the extinction of G. (G.) multi- 
camerata’). 

Zone N. 19: Sphaeroidinella dehiscens (s.s.}/Globo- 
guadrina altispira (s.s.) concurrent-range-zone; defined by 
the interval of concurrence of the ranges of the two 
nominate taxa. 

Zone N. 18: Globorotalia (G.) tumida tumida—Sphaeroid- 
mellopsis subdehiscens partial-range-zone; defined by that 
part of the concurrence of the ranges of the nominate taxa 
which occurs before the first evolutionary appearance of 
Sphaeroidinella dehiscens (s.s.) from its immediate 
ancestor, Sphaeroidinellopsis subdehiscens (s.1.). 

Zone N. 17: Globorotalia (G.) tumida plesietumida 
consecutive-range-zone; defined by that part of the 
range of the nominate taxon which occurs prior to the 
first appearance of its immediate descendant, G. (G.) 
tumida (s.8.), the two taxa being consecutive in appearance, 
phylogenetically’. 

Zone N. 16: Globorotalia (Turborotalia) acostaensis (8.8.) 
—G. (G@.) merotumida partial-range-zone; defined by that 
part of the range of G. (T.) acostaensis (s.s.) which occurs 
before G. (G.) merotumida gives rise to its Immediate 
descendant, G. (G.) tumida plestotumida’. 

Zone N. 15: Globorotalia (Turborotalia) continuosa 
partial-range-zone; defined as that part of the range of the 
nominate taxon which occurs after the extinction of 
G. (T.) stakensts and before the first evolutionary appear- 
ance of G. (T.) acostaensis from its immediate aneestor, 
G. (T.) continuosa. 

Zone N. 14: Globigerina nepenthes/Globorotalia (Turboro- 
talia) siakensis concurrent-range-zone; defined by the 
concurrence of the two nominate taxa. i 

Zone N. 13: Sphaeroidinellopsis subdehiscens—Globig- 
erina n.sp.aff. nepenthes partial-range-zone; defined by 
that part of the range of S. subdehiscens (s.8.) which occurs 
before the evolutionary first appearance of Globigerina 
nepenthes from its immediate ancestor, G.n.sp.aff. 
nepenthes. 

Zone N. 12: Globorotalia (G.) fohsi partial-range-zone ; 
defined by that part of the range of the nominate taxon 
as redefined and restricted‘, which occurs before the first 
evolutionary appearance of Sphaeroidinellopsis sub- 
dehiscens from its immediate ancestor, S. seninulina (s.8.). 

Zone N. 11: Globorotalia (G.) praefohst (n.sp., MS‘), 
consecutive-range-zone; defined by that part of the range 
of the nominate taxon which occurs before the first 
evolutionary appearance of its immediate descendant, 
G. (G.) fohst, the two taxa being phylogenetically con- 
secutive. 

Zone N. 10: Globorotalia (Turborotalia) peripheroacuta 
(n.sp., MS*) consecutive-range-zone; defined by that part 
of the range of the nominate taxon which occurs before 
the first evolutionary appearance of its immediate 
descendant, G. (G.) praefohsi, the two taxa being phylo- 
genetically consecutive. 
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Zone N. 9: Orbulina suturalis—Globorotalia (Turboro- 
talia) perypheroronda (n.sp., MS‘) partial-range-zone; 
defined by that part of the range of O. suturalis which 
occurs before G. (T-) pertpheroronda gives rise to its 
immediate evolutionary descendant, G. (T.) periphero- 
acuta, the two latter taxa being phylogenetically con- ‘ 
secutive. 

Zone N. 8: Globigerinoides sicanus’—Globigerinatella 
insueta partial-range-zone; defined by that part of the 
range of Globigerinatela insueta which is concurrent with 
the earliest part of the range of Globigerinoides sicanus, 
but which occurs before the first evolutionary appearance 
of Orbulina suturalis®. 

Zone N. T: Globtyzerinatella «isweta—Globigerinoides 
quadrilobatus trilobus partial-range-zone; defined by that 
part of the range of Globigerinatella insueta which occurs 
after the extinction of Globigerinita dissimilis (s8.1.) but 
which also occurs before the first evolutionary appearance 
of Globigerinoides sicar-us from its immediate ancestor, G. 
quadrilobatus trilobus, the latter two taxa being phylo- 
genetically consecutive. 

Zone N. 6: Globigerinatella insueta/Globigerinita dis- 
similis (s.l.) concurrert-range-zone; defined by the con- 
currence of the two nominate taxa. 

Zone N. 5: Globoquadrina dehiscens praedehiscens—G. 
dehiscens dehiscens partial-range-zone ; defined by that part 
of the interval durirg which the evolution from G. 
dehiscens praedehiscene to G. dehiscens (s.s.) occurs and 
during which morphologically intermediate specimens are 
frequent, which is above the horizon of extinction of 
Globorotalia (Turborotana) kuglert and yet which is below 
the horizon of first appearance of Globigerinatella insueta. 

Zone N. 4: Globorctalia (Turborotalia) kugleri total- 
range-zone ; defined by the totalrange ofthenominatetaxon. 

Zone N. 3: Globigerina angulisuturalts partial-range- 
zone; defined by that part of the range of the nominate 
taxon which occurs above the horizon of extinction of 
Globorotalia (T.) opime (s.s.)? and below the horizon of 
first appearance of G. ({T.) kugleri. 

Zone N. 2: Globigerina angulisuturalis/Globorotalia 
(Turborotalia) opima (s.s.) concurrent-range-zone; defined 
by the concurrence of the nominate taxa. 

Zone N. 1 (= P.20): Globigerina ampliapertura partial- 
range-zone; defined by that part of the range of G. ampli- 
apertura (8.8.) which oceurs after the horizon of extinction 
of the last-surviving species of Pseudohastigerina (e.g., 
P. naguewichiensts) yet which occurs before the first 
appearance of @. angulzsuturalis. l 

Careful re-assessmens of the zones proposed for parts 
of the Neogene by Bol’, Blow’, Blow and Banner!’ and 
others!!-13 has shown chat, while much of the zonation 
deduced from Caribbeen (Trinidad, Venezuela) and East 
African (Tanzania) successions retains considerable 
validity when applied on a world-wide basis, modifications 
have proved necessary, as already indicated. For example, 
the ‘Globigerina ampliavertu'a zone’ and the ‘Globorotalia 
opima opima zone’, as previously understood, had to be 
redefined following observation of the stratigraphic 
overlap of these two nominate taxa. The zones already 
proposed not only can bs recognized directly in tropical and 
sub-tropical assemblages, but many sequences from the 
complete succession have been observed to occur in tem- 
perate latitudes. The complete documentation for the 
zonal sequence will be published elsewhere, when the 
succession of planktonic foraminiferal faunas will be 
described in relation to these zones, to the local strati- 
graphic succession in each area examined, to the bio- 
stratigraphical evidence of the associated, fossils, and to 
geographic provincialization of the fossil faunas. The 
principal geostratigraphic results may be briefly summar- 
ized here. 

The Oligocene has been found to contain two planktonic 
foraminiferal zones (termed P.18 and P.19)}4; Zone N. 1 
appears to straddle the boundary between the Late 
Oligocene and the Early Miocene, and has thus been 
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equated, in the above scheme, to Zone P. 20, the last zone 
of the Palaeogene. Zone N. 4 occurs at or near the base of 
the holostratotype Aquitanian stage’, older Neogene 
zones being present in parastratotypes of this stage (which 
may have to be accommodated by the Bormidian?® 
stage). The holostratotype Langhian'’ contains Zones 
N.8, N.9 and N.10 (at least), and the holostratotype 
Tortonian contains the uppermost part of Zone N.15, 
all of Zone N.16 and the lower part of Zone N.17. Strati- 
graphically intermediate zones may be represented in the 
Serravallian?®; but this has not yet proved directly determ- 
inable, as the stage lacks a precisely designated stratotype. 
The higher levels of the Vindobonian’’, as exemplified by 
the ‘Bulimina-zone’ (or Bolivina dilatata zone) of the 
Badener series*° at Nussdorf®, include Zone N.15 and/or 
Zone N.16. Zone N.17 is present in the Messinian*’, as 
stratotypified**. Zone N.19 occurs in the lower Pliocene 
(Zanclian*4 and Piacenzian**), whilst Zone N.18 appears 
to straddle the Pliocene/Miocene boundary. The ‘Sphaero- 
idinella-datum’ of Bandy?*® does not correspond precisely 
to the base of our Zone N.19, for that ‘datum’ was based 
upon an incomplete succession in the Philippines?®??, 
where Sphaeroidinella dehiscens appeared abruptly immed- 
iately above a hiatus marking the Pleistocene/Miocene 
disconformity. Globorotalia (G.) truncatulinoides (s.s.), 
which also first appeared at the so-called ‘Sphaeroidinella- 
datum’ in the Philippines, marks the base of Zone N.22, 
the zone which we have recognized to occur in the lower 
part of the stratotype Calabrian of Santa Maria di 
Catanzaro*®, the agreed earliest Quaternary?®. 

In the Far East, it appears that the top of the ‘Te- 
stage’®° occurs within Zone N.9, and that the top of the 
‘Tf-stage’ occurs either within Zone .V.14 or near the base 
of Zone N.15. The base of the ‘Z'f,’ division?! has been 
estimated to occur within Zone N.12—-N.13. 

It must be noted that a re-investigation of the so-called 
‘Globorotalia fohst lineage’! has been completed, resulting 
in a complete taxonomic, nomenclatural and biostrati- 
graphical revision’ of the indexes and of the zones as 
previously understood? and described from Trinidad’? and 
Venezuela?’ in particular. Comparison with other areas 
has shown the presence of a diastem between the Lengua 
and Cipero formations in Trinidad’, Zone N.13 being 
eliminated there by the hiatus; this has necessitated 
revision of the so-called ‘Globorotalia mayeri zone’*. Very 
rich sequences of planktonic foraminiferal faunas from 
Jamaica have shown that the Bowden Shell Bed, long 
famed for its rich mollusc assemblages**, lies within Zone 
N.19. The planktonic foraminiferal assemblage of Zone 
N.19 has independently been recognized to occur in at 
least-three deep-sea cores from c. 100 cm below sea-floor 
in the Pacific Ocean*®. 

We thank Dr. F. E. Eames, chief palaeontologist, 
British Petroleum Co., Ltd., for his advice, and all our 
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colleagues for their advice, criticisms, sample donations 
and geological information. 
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2-TRIFLUOROMETHYLBENZIMIDAZOLES: A NEW CLASS OF 
HERBICIDAL COMPOUNDS 


By Dr. D. E. BURTON, Dr. A. J. LAMBIE, J. C. L. LUDGATE, Dr. G. T. NEWBOLD, Dr. A. PERCIVAL 
- and D. T. SAGGERS 


Chesterford Park Research Station, Fisons Pest Control, Ltd., Saffron Walden, Essex 


HE synthesis of 2-trifluoromethylbenzimidazole was 

published in 1953! and since then a score of benzene- 
ring-substituted derivatives have been described in the 
literature, mainly emanating from the Birmingham School 
of Organic Chemistry?-®. Antibacterial? and antiviral® 
properties of some of these compounds have been 
described. 


During the past five years, workers in our laboratory 
have been interested in the preparation of various hetero- 
cycles derived from o-phenylenediamines’*, for example, 
benzotriazoles!!, quinoxalines!? and benzimidazoles*’, and 
particularly, but not exclusively, in those bearing halogen 
substituents in the benzenoid ring. This led us, in early 
1962, to embark on the systematic study of the synthesis 
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and biological behaviour of 2-trifluoromethylbenzimida- 
zoles, of which a large number have been made having a 
free hydrogen on the 1-position, most being hitherto 
undescribed, in the literature. Early in this investigation 
it became evident that the group possessed interesting 
herbicidal activities, though these appeared to be associ- 
ated with high mammalian toxicity. Further synthesis 
and biological examination, however, showed that these 
two properties were not inseparably associated and that 
an acceptably safe and yet active herbicide could be 
obtained. 

Some members of the 2-trifluoromethylbenzimidazole 
series show interesting and possibly important insecticidal 
activity principally by ingestion, but their foliar-protectant 
interest is limited by phytotoxicity. A high level of 
molluscicidal activity is also shown by certain members, for 
example, 4-bromo-6,6,7-trichloro-2-trifluoromethylbenz- 
imidazole with an LC;, against Australorbis glabratus 
of 0-1 p.p.m. 

Aspects of the chemistry of 2-trifluoromethylbenzimid- 
azoles will be published elsewhere; their preparation was 
effected by reaction of o-phenylenediamine with trifluoro- 
acetic acid or by direct substitution of 2-trifluoromethyl- 
benzimidazoles. The resulting compounds are acidic 
with the pKa decreased by about 4-4-5 units from that 
of the corresponding benzimidazoles with hydrogen in 
the 2-position. pKa’s of 2-trifluoromethylbenzimidazoles 
vary from 8-79 in the case of the unsubstituted compound 
to the highest acidity in our series, 2-96, for 4,7-dichloro- 
5,6-dinitro-2-trifluoromethylbenzimidazole. 

Evaluation of herbicidal activity was made on two 
stages of plant growth. In the first test (post-emergent) 
the toxicity to the aerial portions was assessed by applying 
a solution of the compounds in aqueous acetone to the 
foliage of & selection of young crop plants. 

In the post-emergent test the typical symptoms in- 
duced by the active members of the series were rapid loss 
of turgidity, necrosis and death of plant within about 
four days. In the most resistant species the necrotic 
areas were confined to the areas of spray drop retention. 
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Table 1. 





Average post-emergent herbicide 
toxicity-—6 species 
Dosage in oz./acre 
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There was no evidence of significant translocation and 
the rate of necrosis appeared to be independent of light. 

Acute oral toxicity values in the female rat were obtained 
by standard techniques by our colleague, Mr. D. M. 
Sanderson. The principal toxic effects were dyspnoea, 
weakness, occasionally salivation and death in an extended 
position with immediate rigor mortis. The latter observa- 
tion is similar to that made on other compounds causing 
uncoupling of oxidative phosphorylation'4. This possi- 
bility has been investigated by our colleagues, Dr. O. T. G. 
Jones and Mr. W. A. Watson, and it has been confirmed 
that the most biologizally active 2-trifluoromethylbenz- 
imidazoles are power-ul uncouplers of oxidative phos- 
phorylation}, 

Examples of this class of compounds are the 5-substi- 
tuted-2-trifluoromethyibenzimidazoles (Table 1). These 
derivatives show the typical herbicidal spectre associated 
with this series. The »Ka of the benzimidazole seems to 
be an important factor influencing good herbicidal activity. 
Compounds with elecsron attracting groups in the 5- 
position would appear to be more active than those with 
electron-donating groups at this position. The activity 
of the parent 2-triflueromethylbenzimidazole is signifi- 
cantly enhanced by 5-halo-substitution in the sequence 
5-I = 5-Br > 5-Cl > 5-F (Table 1). The other deriva- 
tives containing an electron-withdrawing group, for 
example, 5-cyano-, 5-mtro- and 5-trifluoromethyl-, have 
the same overall activisy as the 5-iodo-2-trifluoromethy]l- 
benzimidazole. An electron-donating group at the 8- 
position, for example, &methyl-, 5-methoxy- or 5-amino-, 
has little effect on the herbicidal activity of the parent 
compound. A marked feature of this series is the variation 
in species selectivity with slight modification to the 
structure. This can be seen in the halo- series where 
selectivity in favour of peas is increased four-fold in pro- 
ceeding from the 5-fluoro to the 5-iodo derivatives, 
while the reverse occurs in the case of barley. In general 
the mammalian toxicity tends to follow the herbicidal 
trend with the exception that the 5-iodo and 5-bromo- 
compounds, while having greater herbicidal activity than 


POST-BMERGENT HERBICIDAL ACTIVITY OF A SERIES OF 5-SUBSTITUTRED 2-TRIFLUDOROMETHYL BENZIMIDAZOLES 





LD5o-02./acre—to individual! test species * 





Mammalian tox- 











Mustard | Linseed | Buck- Sugar- Barley | ixity—oral LD,, 
wheaz to rats—mgjkg | 

















> 160 §00 
> 160 > 1,600 
80 600 
> 160 — 
> 160 400 
> 160 140 
50 670-800 
40 > 800 
> 160 1,200 
110 70 
70 140 






> 160 






* The species used were peas, Pisum satwum; mustard, Sinapis alba; linseed, Linum usitatessumum; beet, Beta-vulgarıs par Sharpes Klein E); buckwheat, 


Fagopyrum esculentum; an 


barley, Hordeum vulgare (var Proctor). The chemical was applied by means of 


n air-atomizing gravity-fed spray guns (Bullows 


iype L 500) mounted over a turntable, the speed of rotation of which was adjusted so that the plants received a volume equivalent to 80 gallons/acre. The 


nitial application rate was 10 Ib./acre which was halved an successive retests until no significant response was 


abserved The measurement of activity took 


ihe form of a visual assessment seven days after chemical application. The species were scored individually on a 0-100 rating where 0 = no effect and 100= 
vomplete kill. In certain of the tables presented the arithmetic mean of the individual scores is given as belrg the most representative value for overal} 
ierbicldal activity. The LDs, levels were obtained by plotting the dosage/score curve on log-probit analysis paperand obtained by eye from a line of best fit 


All tests described here were carried out in controlled environment rooms at a temperature of 22° C 


with 14 hof artificial lumination (at an intensity of 


000 ft.-candles), using daylight fluorescent lighting. The soil used was John Innes No. 1 potting compost and the plants were grown in small anodized 
uminium pans (‘Ovenex’ ware 7 5 x 3-75 x 2 in.) drilled in the base for drainage. Plants were tap watered throughout the period of the experiment. 


+ Determined spectrophotometrically in water at 20° by Messrs. D. Hughes, W. Mason and Miss P. M. Palmer. 


t Zwitterion. 
§ Dihydrochloride. 
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the 5-chloro-2-trifluoromethylbenzimidazole, have lower 
mammalian toxicity. 

The effect of the different substitution patterns on the 
herbicidal activity is shown by the chloro-substituted 
derivatives (Table 2). Maximum overall activity is 
shown by the 4,5,6-trichloro-2-trifluoromethylbenzimid- 
azole (pKa 6:18). Of particular interest is the consider- 
able increase in mammalian toxicity and decrease in 
herbicidal activity of the 4,5,6,7-tetrachloro- derivative 
as compared with the trichloro- derivatives. One of the 
more promising members of the series so far is 4,5- 
dichloro-2-trifluoromethylbenzimidazole, NC 3363, for 
which the common name chlorflurazole is proposed, which 
shows a high contact toxicity to many broad-leaf species 
at æ rate which is safe to cereals, combined with a fairly 
low mammalian toxicity. Further tests with this com- 
pound have confirmed that it is active against a range of 
cereal weeds, such as chickweed, spurry, mayweed and 
fat-hen, and that it can be markedly synergized by 
addition of certain herbicides of the phenoxyacetic 
range. The field performance of such mixtures will be 
reported elsewhere by our colleague Dr. R. K. Pfeiffer’. 








Structure: 


Average post-emergent herbicide 
toxicity rating —6 species 
Dosage in oz./acre 
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In comparison the 4,6-dichloro-2-trifluoromethylbenz- 
imidazole shows a relatively high toxicity to barley. 

In the mono- and di-substituted halogen series the 
bromo- derivatives were superior in herbicidal activity 
and less toxic to mammals than the chloro- compounds; 
this advantage is lost in higher substitution. 

Introduction of a@ nitro-group into the substitution 
pattern produces the characteristic selectivity shown by 
the other members of the series (Table 3). In the nitro- 
halogen series the 4,6-substitution pattern gives com- 
pounds of good herbicidal activity. The 6-nitro-4-halo 
derivatives produce compounds with an acceptable safety 
factor to peas and barley without adversely influencing 
activity on the other broad-leaved weed species or mam- 
malian toxicity. However, 4-nitro-6-halo derivatives 
have higher mammalian toxicities without improved 
selectivity. The dinitro- derivatives were not as active 
as their dichloro- analogues. The nitro-dichloro-substi- 
tuted compounds had reduced activity compared with the 
corresponding disubstituted chloro-compounds. The 
nitro-trichloro- and dinitro-dichloro- derivatives were of 
only slight interest herbicidally, although they were of 
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Table 2. PoST-EMERGENT ACTIVITY OF HALO-SUBSTITUTED 2-TRIFLUOROMETHYL BENZIMIDAZOLES 


LD, levels—oz./acre to individual test species 











Mammalian tex- 
Table x pKa |160 Peas Mustard | Linseed Buck- icity—oral LDso 
No. wheat to rats—mg/kg 
1 — 879 > 160 70 800 
2 4-01 7 57 30 4 400 
3 4-Br 7:37 38 <25 400 
4 5-Cl 797 37 <10 140 
5 5-Br 7-89 32 3 670-800 
6 4,5-Cl 6 96 li 12 800—400 
7 4,6-Cl 6 78 6 <2-5 50 
8 4,6-Br 6 77 20 425 50 
9 5,6-Cl T4 >80 <25 120 
10 5,8-Br 6 77 24 5 
11 4,7-Cl 6 24 > 80 <€40 40 
12 4,7-Br 5 99 50 06 150 
13 | 4,5,6-Cl 6-18 8 €25 18 
l4 4,6,7-Cl 5-64 5 €2°5 70-80 
15 4,6,7-Br 5°58 54 1 70 
16 | 4,5,6,7-Cl | 5-04 G00 3 16 











Average post-emergent herbi- 
cide toxicity rating—6 species 
Dosage tn oz./acre 









13 | 4-NO,-5,6-Cl 
14 | 4,5-Cil-6-NO, 
15 | 4.6-Cl-5-NO, 


1 6 78 93 | 97 | 98 
2 6-33 96 | 96 | 96 
3 5 48 94 | 96 | 96 
4 6 77 99 | — | — 
5 6 04 97 | — | — 
6 | 4-Br-6-NO; 5 45 85 | — | — 
7 | 4,6-NO, 4 96 82 | — | — 
8 | 5,6-Cl 74 — | 74 | 72 
“09 | 4-NO;-5-Cl 5-98 8 |= = 
10 | 5-Ci-8-NO, 6-20 | 
11 | 5,6-NQ, 4°9 — | 38 | 23 
12 | 4,5,6-Cl 6-1 100 | 92 | 98 
52 — | — 

52 —|— 

4-8 a ee 


m | | | e 





LD levels—oz.jacre to individual test species 





Mammalian tox- 





Mustard | Linseed Buck- Sugar- icity—oral LD» 

wheat beet to rats—mg/kg 
<25 <25 €25 <25 50 

<25 <25] €2 5 425 35-50 

<25 425 425 3 140 
425 €2°5 €25 425 50. 
42-5 425 <€25 €2°5 138 
3 €2°5 <€2°5 <25 150 
2-5 25 €2°5 3 150 
18 <25 <25 6 120 
<10 18 > 160 12 140 
425 €2°5 42-5 <42 5 80 
50 > 80 40 80 > 80 200 
€25 <€2°5 <25 “$25 10 18 
10 > 20 > 20 p20 >20 > 800 
65 40 140 55 160 600 
2-5 3 7 >160 400 





















han the 4, 5,6, 7- 


" guhetituéed® '2-4riftuoromethylbenz- 
ZA es are ompounds of high mammelian toxicity. 
ment. ofa chloro group by a methyl, sulphonamido, 
dino or morpholino group did in fact lower mam- 
toxicity but the herbicidal activity was corre- 
ngly decreased. 
pKa values of these compounds are obviously a 
f one of the significant factors effecting herbi- 
tivity and we found that most of the compounds 
ood herbicidal activity have a pKa in the range 
e 5-t-butyl compound is an exception; the corre- 
Ji tween pKa and biological activity will be dis- 
in a separate paper. 
stitution at the l-position with alkyl or aralkyl 
ps gives compounds of considerably less herbicidal 
aivity than the derivatives having a free hydrogen on 
> nitrogen atom in the l-position. > 
y -omparison with the post-emergent response, the 
iergent activity of the 2- trifluoromethylbenz.- 
zoles, although not insignificant, is of less interest. 
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However, certain maiiba 0! 
selective properties, particularly 3 
present under further investigation. — ayn 

toxicity in the sensitive species are marked gerr 
reduction with chlorosis followed by necrosis an l: 
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- ACTIVITY OF 2-TRIFLUOROMETHYLBENZIMIDAZOLES AS UNCOUPLERS 
OF OXIDATIVE PHOSPHORYLATION 


By Dr. O. T. G. JONES and W. A. WATSON 


Chesterford Park Research Station, Fisors Pest Control, 


AHE herbicidal and insecticidal properties of a series 
. £ of substituted benzimidazoles have been described 
: by ‘Burton et alẹ. These compounds are derivatives of 
2-trifh ioromethylbenzimi dazole : 
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are related in structure to 4,5,6,7-tetrachlorobenz- 
ole, a compound investigated at these laboratories 
known to possess activity as an uncoupler of oxidative 
phorylation®. Preliminary observations suggested 
he 2-trifluoromethylbenzimidazoles also acted as 
plers and the experiments described in this com- 
unication confirm this activity. 
` Rat liver mitochondria were prepared in 0-25 M sucrose 
by standard methods? so that 2 ml. of mitochondrial 
suspension was obtained from each gram of liver. For 
xidative-phosphorylation measurements, incubations 
‘were carried out for 20-30 min at 30°; the incubation 
mixture contained, in a final volume of 3 ml., glycyl- 
glycine (50 umoles), KCI (375 umoles), MgCl, (42 umoles), 
«lucose (180 moles), NaF (45 umoles}), AMP (6 umoles), 
ATP (6 umoles), cytochrome C (0-036 umole), yeast 
hexokinase (200 KM units), potassium phosphate, pH 7-4 
(46-2 umoles), substrate 30 umoles and about 1 mg 
mitochondrial nitrogen. Uptake of oxygen was measured 
using the Warburg apparatus, uptake of phosphate by 
: pod ie Fiske and Subbarowt after the addition of 
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Ltd., Saffron Walden, Essex 


be seen that the tetrachloro- 2-trifluoromethylbenzimid- Sees 
azole is active at much lower concentrations than dinitro- pea 
phenol; 50 per cent urcoupling being achieved at 8&2 x - 
10-8 M. Similar results were obtained with other 2- 
trifluoromethylbenzimidazoles with succinate,. glutamate, see 
pyruvate and 8-OH butyrate as substrates. 3 Bese ee 

The activity of 2 trifluoromethylbenzimidazoles i ing o 
stimulating the ATPase of rat liver mitochondria is shown Pe 
in Table 2. Tetrachlero-2-trifluoromethylbenzimidazolo 
increased ATPase activity at concentrations much lower 
than those required for 2,4-dinitrophenol to be effective. — 
As would be expected from such uncoupling agents, the - 
2.trifluor omethylbenzimidazoles stimulated respiration of —_ 
mitochondria in the absence of a phosphate acceptor. 
Similar results have been obtained for many 2- triflu 
methylbenzimidazoles. 

The 2-trifluoromethylbenzimidazoles behave as 4 
acids! and thus resemb:e the well-known a ; 












Table 1. ACTIVITY oF Some 2-TRIFLVOROMETHYLBE INZIMIDAZOLE 
UNCOUPLING OXIDATIVE PHOS®HORYLATION COMPARED WITH ComPor: 
OF ENOWN ACTIVITY : 

Cone. required, for’ 50 
uncoupling of oxidati 
phosphorylation {4 


Inactive up to. 2x ae 
5 x: ipe WA 


Compound 


2.Trifinoromethyibenzimidazole 
5-Monochloro-2-trifluoromethy! benzimidazole 


hee Dichlore-2- trifuoromethylbenzimidazole @ x 10-7 

4,5, fa Trichloro-2- trifluoromethy benzimidazole 25 x 10-7 
4,5,6,7-Tetrachloro-2-trifluoromethy benzimidazole g xis 
2,4- -Dinitrophenol 8 x 10-* 
4.5,6.7-Tetrachlorobenztriazole 1x10 


Table 2. EFFECT oF 2-TRIFLUOBOMETHYLBENZIMIDAZOLES AND 2 4-DINITRO- 
PHENOL ON THE ATPASE ACTIVITY OF RAT LIVER MITOCHONDRIA 


Coneen- iP liberated. 

Exp. Addition tration nmoles/30 minj 
No. (M) 0-2 mg N) 

1 None — œY 

1 4.5,6,7-Tetrachloro-2-trfucorowethyle 2x407 35 

benzimidazole 

t ae TAx 10°" 4:3 

1 2,4-Dinitrophenol zx 10-* 2-6 

1 i 5 0-2 x 10-* 4-2 

2 None — 03 

2 4-Nitro-6-chloro-2-triflucromethyl- §xi1o-° 13 

s benzimidazole AR ê 

2 l 2-3 


rs a 


: : Bx 10" 


with DNA. 
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$ substituted phenols. When the ionizable hrai of the 
-NH group at position 1 was replaced by ethyl, there 
was a loss of uncoupling activity. Thus, although 4,5,6- 
trichloro-2-trifluoromethyl benzimidazole gave 80 per 
cent uncoupling at 5 x 10-7 M, its N -ethyl derivative was 
inactive at a concentration of 1 x 10 M, which was 
near the limit of its solubility. The uncoupling activity 
of the phenols was shown by Parker! to depend on their 
pKa. Similarly, the activity of the 2-trifluoromethy!- 

.. benzimidazoles increased as the pKa decreased; thus for 

halogen substituted benzimidazoles (Table 1) increasing 
_. ghlorine substitution resulted in a series in which the 
pKa decreased progressively and the uncoupling activity 

increased. However, substitution of nitro groups in 


. place of halogens sometimes reduced the uncoupling activ- 


| ity and caused some departures from this relationship. 

= Replacement of a 5-chloro substituent on the benzene 
ring by substituents such as amino, methyl and hydrogen 
‘which have been found to reduce herbicidal activity! also 
reduced the activity in uncoupling oxidative phosphoryla- 

tion. 
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‘The 2-trifluoromethyl A EA which are- {k 
most effective herbicides! have been found to be extremeh 
active as uncouplers of oxidative phosphorylation. 
Tetrachloro-2-trifluoromethyl benzimidazole appears to- 
be one of the most active uncouplers yet described. It is” 
therefore probable that this activity in uncoupling oxida- 
tive phosphorylation contributes to the herbicidal action: : 
They are thus similar in many respects to the nitrophenols 
and halophenols. < 

Since this communication was submitted a similar- 
report of the uncoupling activity of NH-acidic benzimid-~ 
azoles has appeared (K. H. Buchel, F. Korte and R. B 
Beechey, Angew. Chem., Internat. Edit., 4, 788; 1965). 
Their findings are in substantial agreement with our own a 
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REPLICATION AND THE ACTIVATION OF MUSCLE DIFFERENTIATION 


By Dr. PAUL PIETSCH and SUSAN B. McCOLLISTER 
Biochemical Research Laboratory, The Dow Chemical Co., Midland, Michigan 


HE investigation recorded here was conducted to 

test the possibility that myogenesis can be detonated 
in events associated with cell replication. The work was 
facilitated by the antibiotic phleomycin', whieh has the 
unique property of being able to inhibit DNA synthesis 
without interfering directly with the production of proteins 
or RNA?}18. Phleomycin, like actinomycin D, appears 
to owe its specificity of action to selectivity in its binding 
It appears to have an affinity for poly- 
nucleotides rich in A-T base pairs and it cancels DNA 
polymerase activity at concentrations that do not inter- 
fere with RNA polymerase*. Regeneration in mouse 
skeletal muscle? was selected as the principal test system 
because reasonably close approximations could be made 
-of the time of appearance of the first wave of new muscle 
fibres or myotubes (96-120 hbt), and of the interval 
during which replication takes place (38-72 h‘). Also, 
because regeneration is not spontaneous in healthy 
skeletal muscle, but ensues as an almost inevitable 
consequence of non-fatal injury, it was possible to gauge 
the timing of events from a fairly precise starting pomt— 
much more so than with other specific myogenic systems 
(for example, the embryo, regenerating amphibian limbs, 
rhabdomyosarcoma, etc.). 

DNA synthesis during the second—third day of regeneration. 
When the investigation was begun it was known that 
increased cell division takes place between the second and 
third day after injury’, but more detailed knowledge of 
this interval was r equired i in order to undertake the present 
study. Therefore, the bellies of left tibialis anteriors in 
O57 BL/6J (ref. 5) male miee sharing the same birth-date 
were inflicted aseptically with three puncture wounds using 
an 18-cauge hypodermic needle. Animals, weighing 20-1 
g + 0-2 S.D., received 29 us. tritiated thymidine (6,700 
me./mmole) intraperitoneally at specific times between 
38°5 and 72h. Injections were accomplished with an auto- 
mated device, the dose being regulated by duration of in- 
fusion. The intervals for wounding and for injection among 
individuals in a given group of ten or so mice were kept 
within 3-5 min. At death, 40 min after pulse labelling’, 


the tibialis anterior was dissected out and DNA extracted | 


‘differentially in 1-1 N perchlorate’. DNA was assessed 
quantitatively and qualitatively by ultra-violet absorp- 
tion and radioz®tivity was measured by liquid scintillation 


counting. The size of each muscle was accounted for 
on the basis of its total protein determined by the biuret: 
reaction. Independent experiments were conducted to 
ascertain errors which might arise from differences in wound 
sizes. This was done by inflicting a single puncture in- 
one tibialis anterior and three punctures in its contra-: 
logue. A correlation of 0-99 was obtained in DNA and 
actomyosin synthesis for right and left muscles in these: 
cases, suggesting that the reaction would be all or none 
within the range of traumatization used in these investiga- 
tions. Ei 
There are three waves of thymidine incorporation. 
between 38-5 and 72 h post-wounding (Fig. 1, I, II and IHJ: 
Peaks and profiles for I and III were confirmed in two 
independently executed studies. Wave II also was 
obtained in two separate series, but its peak and period 
varied by some 2 h. Wounds for all groups had beem 
inflicted at approximately the same time of day, and, of ii 
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Fig. 1. Tncorporation of tritiated thymidine at various times after > 
wounding in tibialis anterior muscle. Unadjusted mean values sre o< 
represented by the heavy line, and their standard deviations are shown 
by stippling. Dotted lines at wave ITI represent values corrected for 
circadian rhythm. Dashes indicate extrapolations through regions of 
overlap to the threshold line, that is, the level below which activity is 
not related to the waves per se. Areas under waves I and IIT were inte- 
grated after fitting their respective curves by least squares. The fitted 
curve for wave I was expressed by the equation: y=8-050601494 
~ 0001435099087 X*  — 2253655093; and for F: y=31-2881719.X 
~ O-00254415848.N* ~1,826-22411. The computer ieee values when 
they were rounded off, There were from 6 to 10 individuali cases per point 
in this experiment. In an earlier series with three cases per point the 
same profiles were obtained for waves I and UT, but If varied 
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EFFECTS OF CIRCADIAN RHYTHM ON INCORPORATION OF TRITIATED 
THYMIDINE DURING MOUSE MUSCLE: REGEX ERATION 


*AZT 1. AZT 7* _ AZT 19+ 
(activity x104) a (activity x 104) n (activity x 10$) 
235+ 0°86 SD, í 


No. 5016 


Table 1. 


O Wave | 
(ef. Fig. 1 oA 


I (38-5 h) | 8 SL 2-67+0-99 S.D. 
IR 8 1774038 S.D. T 231E048 SD. 4 2264034 SD. 
TH (62 hò 5 700272 S.D. 8 4765184 SD. 


While wave I shows no influence on thymidine incorporation that may be 
ascribed to circadian rhythm, it has been observed that-constant exposure to 
light for prolonged periods does produce effects during this post-wounding 

arval, Itis also noted that while wave ITY cells incorporate more thymidine 
high: ees in light, splenic cells show greatest uptake at maximal 









{AZT 19). 
oO@ALT, arbitrary Zeitgebe time, AZT 1 representing the onset of 12-h 
period of light. 


necessity, the time of day at which tritiated thymidine 
was introduced varied for each point. This opened the 


possibility that circadian rhythm would influence wave 


amplitudes. Therefore, investigations were conducted 
with wounds (38-5, 42-0 or 62-0 h) receiving tritiated 
thymidine at different hours of the day. Routinely, all 
mice are maintained in a windowless, air-conditioned 
room. and are exposed to consecutive, alternating 12-h 
periods’ of light and darkness, and this, of course, was 
maintained in the experiments under immediate considera- 
tion. It was learned (Table 1) that wave I (38-5- and 
42-h wounds) is not influenced by the light rhythm 
employed in this laboratory. On the other hand, tritiated 
thymidine uptake at wave III was influenced by the time 
of day at which pulse labelling was carried out, for 62-h 
wounds that had been pulsed at the high point in light 
showed significantly more activity than did wounds of the 
same age pulsed at the maximal point in darkness. 

“These results indicated that, in order to approximate 
the true characteristics of wave ITI, it would be necessary 
to correct for the time of day of injection. In the experi- 
ments dealing with circadian rhythm, the arbitrary 
Zeitgebe time scale (AZT 1-24) suggested by others? was 
used. In this scheme AZT 1 represents the time when 
lights go on and AZT 7 (1400 u.s.7. in this laboratory) 
and AZT 19 the high point in ight and darkness, respec- 
tively. Such a seale has the obvious advantage over 
elock time of being readily reproducible anywhere in the 
world and at any season of the year. It was postulated 
that AZT 7 would represent the time of maximal operation 
of circadian factors: in other words, this time was taken 
as infinitely ideal with respect to increments of enhance- 
ment. from light, and accordingly this time was assigned 
a value of zero along the 2@-axis (because zero steps of 
progression would be required to achieve it). AZTs were 
paired reciprocally between 7 and 19 and each set was 
assigned a consecutively ascending value from zero to 
twelve (thus 7/7 = 0, 9/5 = 2, 19/19 = 12, ete.). Each 
set-value corresponded to the numbers of steps along the 
x-axis from the ideal time and each would represent «#/12 
universe along this axis. Unity was assigned to the 
y-axis at the ideal point (æ = 0) and zero to the infinitely 
non-ideal time of « = 12 (AZT 19); that is. infinitely non- 
ideal time would have zero increments of kelp from circa- 
dian rhythm. Furthermore, it was postulated that circa- 
dian factors would decay from the infinitely ideal towards 
the infinitely non-ideal in an exponential manner. Thus, 
experimentally obtained values for wave ITI could be 
idealized or corrected for circadian rhythm by R/e-*/?, 
R being the observed specific activity and x the set-value 
for the AZT at the time of pulse labelling. This correction 
was applied to values for wave ITI (with v greater than 0 in 
each case) in Fig. 1 (dotted lines). The app-icability of the 
correction factor was determined by computing A40—42 h/ 
A62--64 h values from corrected curves and comparing 
this ratio with that obtained from cases with contralateral 
tibialis anteriors presenting I and LIT wave wounds at 
pulse labelling. The latter ratio was 0-382 and the 
corrected one 0-372. The corrected wave HI curve 
proved extremely useful in determining the length and 
period of wave ITT and also in establishing a base-line for 
activity of the waves per se; that is, it was possible to 
axtrapolate through regions of overlap ard to obtain a 
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truer estimate of background values. On the basis of 
information to be described in the next section (ef. 
Tables 2 and 3) of this article it was learned that wave ITT 
terminates a little shost of 68 h, and extrapolating to this 
point from the descending shoulder of the corrected curve 
for this wave, it was pcasible to traverse regions of activity _ 
that could not be handled empirically. The base-lin 


aia: 







an approximation for tae onset of its period. After having - 
dropped the point at 48 h to the base-line (once more © 
on the strength of evidence presented in Tables 2 and 3), 
it was possible to ideal:ze the curve for wave I. This was. 
done by the least-squares method with a Burroughs 5,000. 


digital computer for waves I and III which produced the = 


equations represented in the legend to Fig. l. Areas 
panied correeted curves turned out to be 27,000 units for 


vave I and 34,000 for III. Thus, wave I appears to begin. ogg 


- approximately 38 a and to end just short of 48 h. 


Wave III spans the interval between 60 and 68 h. The. ac eg 


length of wave III, based on corrected expressions, turned — 
out to be almost identical te the time established rather 
masterfully by others for the s-phase (DNA synthesis 
interval) in replicating mouse cells*. The approximately 
10-h length of wave I, 3 h in excess of published s-phase 
values, no doubt represents asynchrony in the population 
plus inaccuracies of extrapolation. Interestingly, the 
similar areas under the curves for waves I and III indicate 
that the total amounts of DNA being synthesized are of 
roughly the same magnitude during these two periods, 
despite amplitude differences. Owmg to these uncer- 
tainties, wave IT was pot evaluated. 

Effects of phleomycin. With knowledge of the waves of 
DNA synthesis, their leagths, periods, peaks and character- 
istics during the important 2~3-day interval, it- was 
possible to investigate the effects of phleomycin- 
with respect both to actormyosin synthesis and DNA 
replication. Actomyosin synthesis was judged by the 
incorporation into this protein complex of L-lysine-MC 
(u.l. 223 me./mmole) given intraperitoneally in two doses of 
10-0 ue. each at 94 and 117 h after wounding. At death, 
seven days after wounding, the entire tibialis anterior 
muscle was dissected aut and actomyosin extracted in 
buffered 0-6 M potassium chioride?®™, 
actomyosin was determined from its ultra-violet absorp- 
tion maximum (275 my), after the Folin reaction. 
Size of starting material was judged by determining non= 
fibrillar protein content:of the sample. Radioactivity wa 
measured by liquid szintillation counting. Uninjur 
muscle was processed similarly in order to develop a base 
line for radioactivity not attributable to newly synth 
sized actomyosin, Phleomyecm (kindly supplied’ by. 
Bristol Laboratories, Syracuse, New York) was dissolved 
in physiological saline pust prior to use, and its biological =- 
activity was confirmed on agar-plates seeded with A, 
aerogenes. Phieomycin (0-25 mg) applied before wounding — 
(minus 13 h) or at the very end of waves I and TIT (48 and: 
68 h, respectively) failed to suppress actomyosin synthesis 
(Table 2). When the antibiotice was applied around the 
peak of wave ITI actwity was moderately suppressed. 
However, phleomycin virtually eliminated actomyosin 
synthesis when it was administered to animals between 
44 and 45 h; that is, on she descending shoulder of wave I. 

The effects of phleoraycin on DNA synthesis (Table 3) 
were judged after a smgle intraperitoneal dose of the 
antibiotic (0-5 mg) follewed 1 h later by 29 uc. tritiated 
thymidine. Animals were killed 40 min later, and tissues 
were processed in the manner described in the last section. 
As might be expected from the foregoing account, thymi- 
dine incorporation was severely depressed when phieomycin 
was given during wave L Incorporation was also markedly 
suppressed when phleormyein was given during wave UT, 
suggesting that, although these cells are influenced by the 
antibiotic so far as DNA synthesis is concerned, their 
future capacity to manufacture muscle proteins is un- 





Le aoe ; 
generated horizontally to the left from 68 h intersected the 
ascending segment of wave I at about 38-5 h, providing 


Concentration of- 






















 Inhibi- 





somya t o 
hous poste. en (activity F(A) tion % 
oe HO x 105) HC x 107) 






96408 S.D. 4 1520+ 0° 1-1 
44-5: (wav D 96208 SD. 4 0044002 SLD. 61 97-5 
45 (wave I) 6 36113 S.D. 6 0234018 S.D. 26 93-8 
o 48 4 P3423 S.D. 4 &20+150 S.D. 0006 6 
l bh leit TY) 5 140447 S.D. 3 11-:164400 S.D. B13 21-5 
oo 2 125446 S.D. 3 12604110 SD 0 













oP deleri to analysis of variation (ref. 16). 

< * Bristol lot A9331-1347 phleomycin used for --13, 44:5 and 64 h experi- 
ments. Bristol lot 49331-909 used for 45 h. Bristol lot 49331-616 used for 
Dowco lot 189 for 48 h. 
yw order significance (> 10 per cent). 
y ighly significant (<0-1 per cent). 
(ref. 5) male mice used for — 13, 44:5 and 64-h experiments, 
E Geof 5 for the rest. 

oi aaa inhibited growth on agar of A. aerogenes at concentra- 


ity NPM) mg actomyosin/non-fibrillar protein} minus specific activity 
soral uninjured tibialis anterior. 


ble 3, -TIME-DEPENDENT EFFECTS OF PHLEOMYCIN ON TRITIATED 
g THYMIDINE INCORPORATION 8, IN WOUNDED MOUSE MUSCLE 


Administration of Control Phleomycia Uptake 
ar phleomycin (hour (activity t (activity t inhibited 
ge pees wounding) n x 10°) ” x 10°} (?) 
Le 4 10204288 SD. 2 18154320 5.D. No 
ieee aL. {waye t$) 10294238 SD. 3 2394094 S.D. Yes 
ales Ls < 4d (wave 1) 7 6704170 SD. 8 28141710 SD. Yes 
ec 8 (wave 1) 4 16964630 S.D. 4 6234088 S.D. Yea 
anrop (wave: Ib?) 3 1180+070 S.D. 4 1037+310 S.D. No 
ee ee 3 15404840 S.D. 4. 11344220 S.D. No 
SHOR RL: 03 (waye HE 7 18184294 S.D. 8 4394122 S.D. Yes 
“8 Pritiated thymidine given 42 h after wounding to catch wave I (Fig, 1). 
oo} Pulse labelling at 64 h to catch wave TIE. 


JEn io t Activity, DPM/meg DNA/total protein. Values below about 2-5 x 10° are 
us not miieibutable to DNA synthesis during the waves (Fig. 1). 


| ape: When the antibiotic was given at minus-17 h 
_. there was no evidence of curtailed thymidine incorpora- 
tion at wave I. Similarly, phleomycin at 59 h failed to 
; ` suppress DNA synthesis at wave ITI. Phleomycin did 
| not suppress activity when given during wave Il; but it 
= is emphasized that there is uncertainty concerning the 
exact period of this wave; consequently the significance 
| of wave IT remains obscure, and for reasons of economy 
ce and simplicity it has not been considered further. 
OSU Different responses to phleomycin. The pattern of 
i suppression of DNA synthesis in regenerating muscle 
<- by phleomycin was not, a priori, completely predictable. 
= Tt was expected, for example, that the antibiotic would 
influence DNA synthesis at almost any time up to the 
eres end of the process. Its failure to do this may have three 
-interesting and not necessarily incompatible explanations: 
(a) the antibiotic might have restricted access to DNA 
cuc except- in rather circumscribed conditions; (b) the 
: ` nucleotide sequences where the antibiotic makes its 
-union may have a different operational significance in 
> repheation of various cell types; (e) the nucleotide 
_-.gaquences where phleomycin attaches to DNA may be 
dissimilar among unlike cells; that is, different ‘genes’ 
ay be involved in binding in varying circumstances. 
ach of these explanations might underlie the relationship 
ication to the read-out of muscle information; each 
uggests de facto differences during replication in unlike 
, and-each leads to a single readily verifiable proposi- 
amely, that specific cell types shall respond differ- 
y to the antibiotic. With this in mind, animals 
re treated with phleomycin and 1 h later they, and a 
up of untreated siblings, were pulsed with tritiated 
a thymidine. Comparison of specific activities of testicular 
DNA from treated and untreated mice showed no essential 
differences (correlation of 1-000). Similar studies were 
-~ eonducted with spleens (Fig. 2, legend) which, like testes, 
showed no short-term responses to the antibiotic. In 
another series with spleens (Fig. 2) pulse labelling was 
delayed until some 18 h after injection of phleomycin, 
and under these conditions DNA synthesis was suppressed 
o but not altogether inhibited. Evidently some splenic 
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DPM/meg protein/g body-wt. x 104 


0 0-5 Va. 
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Fig. 2. Effects of phleomycin on incorporation of tritiated thymidine =< 
into splenic DNA when pulse labelling was delayed until approximat ely oe 
24 h after administration of the antibiotic. In a separate series withe: 
spleens, tritiated thymidine was given 1 h after various doses of phieo-)0. 
mycin, A doss of 0-5 ma/g body-weight produced specimens with 
specific Kote of 10‘, Spleens of animals that received 1:0 and Le 
mg/g showed activities of 7x 10° and untreated control values were: 
8x 10%. Thus, the initial effects of phleomycin are not manifested 
immediately in splenic DNA synthesis. However, as seen in the experi- 
ments represented in this graph, a concentrati Mune TA response too. 
the antibiotic is detectable when tritiated thymidine injection is delayed." 
In the graph, concentration of antibiotic is represented per gm bodys: 
weight along the z-axis 


cells are responsive to phleomycin but at any given” 
moment they represent such a small minority of the total 

population that it is only after a significant time lapse 

that their absence from DNA synthesis is amplified to: 
the point where it is detectable. (It seems possible that 

the responding cells are lymphocytic stem cells.) In a 
limited number of additional experiments, phleomycin = 
was introduced into animals bearing one of the following. 
transplantable mouse tumours: rhabdomyosarcoma. 
(BW10139), myeloid leukaemia (C1498), adenocarcinoma- 
(BW 10232), melanoma (B16) (ref. 5). Tritiated thymidine. 
was injected into treated and untreated tumour hosts ih 5 
after introduction of the antibiotic. Animals were killed” 
40 min later and for each the ratio of specific activity. 
between tumour and splenic DNA was computed and” 
compared. Only the phleomycin-treated rhabdomyo-: 
sarcoma {musele tumour) showed inhibition; that is, a 
significant increase in splenic thymidine incorporatio 
as compared with untreated tumour/spleen ratios (Tab 
4). 










In the other cases, tumour/spleen ratios, treated versus 
untreated, showed insignificant differences, suggesting tha 
like spleens and testes but unlike regenerating muscle and 
muscle tumour, there was no immediate, frank reaction ti 


SHORT-TERM EFFECTS OF PHLEOMYCIN ON TUMOUR) SPLEEN? 
Ratios OF TRITIATED THYMIDINE INCORPORATION 


Table 4. 


Tumour n Untreated ratio n  Phleomycin ratio = 
Adenocarcinoma 2 03417+0013 SD. 3 G115+0-052 AD. 
Melanoma 1 6-269 3 6338540151 SD | 
Myeloid leukaemia 3 G1860+0-0638 S.P. 3 6:159+0-082 SLD... - 
Rhabdomyosurcoma 1 0-929 i 0-159 ae 







$ + aaa does not show an immediate response to phieomycin (ace legend 
Fj g. 


Treated and control spleens showed radioactivity within the same Yan 
7 aes rae phleomycin produces suppression in splenic DNA aynthesis. 
after abon : 





y ioia, carci y ‘melanoma calls. 
n that this happen, it must be 
s and spleens are subject to individual 













f ght very well have been true of tumours; thus, because 
f this the frame of reference might have been variant. 
fore, more exacting conditions were sought to provide 
test of the proposition. While cells of both waves 
II are highly susceptible to phleomycin, their 
causal relationships to actomyosin synthesis 
ed, intuitively, that they would vary mutually in 
eto this antibiotic. 
wing to large standard deviations in data from differ- 
dividual mice (Fig. 1) it was impossible to design a 
stically efficient experiment based on anticipated 
: comparative differences. It was decided, therefore, 
to use both tibialis anterior muscles in the same animal, 
to vary the times of wounding and thereby to make avail- 
able to. wounds of different ages an otherwise uniform set of 
conditions. Specimens were compared on an individual 
basis for each animal, the information sought being the 
comparative value between mean ratios of treated versus 
those for untreated individuals. The premise was that if 
phleomycin influenced wounds on both sides of the 
animalin the same way, then, while absolute values might 
differ, the ratios would fall within the same statistical 
range. Conversely, if cells respond in an unlike manner 
to the antibiotic the ratios between contralateral wounds 
would differ between treated and untreated. Two series 
were conducted, 41/63 and 41/43, numerators and denom- 
inators representing the ages of the wounds when phleomy- 
cin was introduced. Untreated 41/43 ratios showed a mean 
(four cases) of 0-827 + 0-27 S.D.; means (five cases) for 
41/43 phleomycin-treated animals were 0-873 + 0-27 S.D., 
indicating no difference in response to the antibiotic at the 
two points along wave I. In 41/63 h experiments untreated 
ratios (seven cases) were 0-382 + 0-20, but phleomycin- 
treated specimens revealed ratios ; (eight cases) of 0-638 + 
0-18 S.D.; that is, differences between the two groups 
of very high significance (F distribution. beyond 1 per 
cent). 











Thus, phleomycin can virtually eliminate myogenesis 
but only when it is made available durin g a critical time- 
interval. In mouse skeletal muscle regeneration in 
particular this interval coincides with the period of wave I. 
As is true with other agents which inhibit regeneration, 
there is a close correlation between the events going on at 
the time of application and the mode of inhibitory action 
(see review of these in Fig. 3). A phase comparable to 
wave I seems required to set myogenesis into motion, and 
this appears to entail at least one round of DNA synthesis. 
Further division may occur but it is not mandatory. It 
as been reported of tissue-cultured myoblasts that they 
reed not divide in order to accomplish differentiation!?.". 
Judging from the advanced age of embryonic donors in 
ast-cited experiments, the cultivated cells, doubtless, 
assed the point equivalent to wave I prior to explant- 
ation. 

Obviously the channels to muscle ormi aro not 
ypened merely by genomic duplication (otherwise all 
lividing cells would produce musele) and obviously DNA 
synthesis cannot be regarded as the proximate cause of 
nyogenesis. Indeed, the nature of wave I’s contribution 
mains to be established. During regeneration also, there 
s. 4 significant time lapse between wave I and mRNA 

nthesis (at about 72 h (ref. 14)) and it is fairly well 
lished than when DNA synthesis is going on actomyo- 

esis is not’, While it is much simpler to regard 
he immediate source of myogenic cells the 
10uld not be ignored that the wave supplies 
-utilized by other cells.. 
sceptibility of wave I. and TII cells (as 
r types) to phieomy in e that 
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Fig. 3. Summary of time-dependent inhibition of various agents on 
muscle regeneration and the major events that occur during the sensitive 
interval, References: colchicine’, X-rays", actinomycin 77... 


specificity in the operasional features of thymidine incor- 
poration during wave I, at the molecular or chromosomal 
level or both—the specific information that may become 
readable as a result of the uniqueness of factors bestowing 
differences—may determine the kind of future the 
daughter cells shall have, whether they shall divide again. 
or enter into relative dormancy or begin to synthesize, 
anew, polymeric classes previously not among the cell's: 
complement. It seems -juite possible, carrying this line of 
speculation a little further, that the release of specific 
information could in prineiple be a function of detailed 
firing orders among chromosomes, polynucleotide 
sequences, or both, with read-out being a consequence of 
the order in which elements were reproduced, and not 
the gross fact of duplication. If such a method of release — 
is true of myogenesis, then it seems likely that there are- 
other examples of differentiation in which details of 
replication play an important part. This possibility 
suggests that it would be quite worth-while to gain com- 
prehensive knowledge concerning the physical chemistry 
of phleomycin-DNA complexes in different cell types. 
Indeed, the decision to include these few speculations. at 


all was reached only beeause technology exists for determ- 


ining the kinds of interactions possible between this very 
valuable antibiotic and deoxypolynucleotides. | 
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is shown in Table 1. 
< examined, ineluding the venom gland, but not in any 


NOREPINEPHRINE AND SEROTONIN IN 
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By Pror. AARON H. ANTON and Pror. JOSEPH F. GENNARO, jun.* 
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SHE serotonin and catecholamine content of snake 
Å venom is of interest because of their possible contribu- 
$ tion to the profound vascular changes and pain produced 
by this toxic substance. Venoms which have a defensive 


-= uso, such as those of insect origin, have been found to 
....eontain serotonin, the quantity of which has been said to 
be directly related to the pain-producing ability'-*. 
 Aarafonetis and Kalas’ have implicated these materials in 


the skin slough and the necrotic lesions produced by 
reptile venoms because such damage has also occurred 
_ after the injection of serotonin and epinephrine. In their 

“work, the authors mentioned that these amines were 
detectable only from specimens of reptile venom frozen 
Ina dry-ice bath immediately after collection and thawed 
-just prior to testing. They were unable to detect serotonin 
from the lyophilized venom which is used for the produc- 
tion.of antivenin, Because of the implication that lyophil- 


“ized venom, the preparation commonly used in most re- 


searches into the biochemical, physiological and immuno- 
~ logical properties of reptile venom, does not contain mater- 
-als present in the natural state, these observations required 
confirmation. Hence, several tissues of two species of 
poisonous snakes as well as their venom collected under 
various conditions wore analysed for norepinephrine and 
serotonin. 

‘The venom glands were excised and pooled from two 
specimens each of the Eastern diamondback rattlesnake 
(Crotalus adamanteus) and the cottonmouth moceasin 
{Agkistrodon piscivorus). Large snakes were anaesthetized 
with intraperitoneal injections of sodium pentobarbital 
(1-5 mi. of an isotonic saline solution containing 60 mg 
of barbiturate per ml.) and the venom gland was carefully 
dissected on each side of the head. Clamps were fixed to 
the venom ducts to prevent the expression of venom, 
and the glands of each species were pooled separately in 
glass dishes kept on ice before homogenizing for analysis. 

While still anaesthetized various tissues were removed 
and frozen until analysed for norepinephrine and serotonin. 
Fresh venom was collected for analysis from other 
snakes of the same species into beakers containing 5 mg 
of 8-phenylisopropylhydrazine (‘Catron’), a monoamine 
oxidase inhibitor, and packed in dry ice. For collection 
= öf venom the fangs were hooked over the edge of a vessel 
and the snakes were allowed to bite and eject venom 
: naturally. Little or no pressure was placed on the venom 


gland during this process as is sometimes done in the 


‘milking’ of venom commercially. Venom was also 
-collected from these two species into Dewar flasks filled 

almost to the top with liquid nitrogen. Venom ejected 
into the nitrogen bath was instantly frozen into small 


droplets which sank to the bottom of the nitrogen pool. 

.. "The entire container was then transferred to a vacuum 

-¢hamber and the venom was lyophilized. At no time 
~o before dryness did the temperature of the frozen droplets 
approach ambient temperature. 


- Catecholamines’ and serotonin? were measured fluoro- 
metrically after extraction from tissues. 

| The tissue distribution of norepinephrine (NE) and 
serotonin (5-hydroxytryptamine, 5-HT) in these snakes 
NE was detected in all tissues 





vof the venom preparations. 5-HT, on the other hand, was 


found only in the brain of both species, and in the spleen 


of the rattlesnake. As with NE, no significant amounts 


* Present address: Department of Anatomy, University of Louisville, 


ee Daa School of Medicine Louisville, Kentucky. 


Table 1. TISSUE NOREPINEPHRINE (NE) AND SEROTONIN (5-HT) IN SNAKES 


Results are from peoled samples from at least two specimens of each species. 
Figures in parentheses mean that the fluorescence spectra of these samples.. 
were not the same as the serotonin control. Kidney epinephrine of both 
species was about 50 per cent of the norepinephrine content, the spleen: 
epinephrine of the cottonmouth was about 25 per cent of that of the nor- oe 
epinephrine whereas the other tissues contained insignificant amounts of Pe 

epinephrine ae 


Cottonmouth, ngg Rattlesnake, ug/g 
NE 5-HT NE 5-HT 


Tissue 

Brain 0-03 oe 0:44 2-70 
Heart O64 6. 24} O82 (0-06) 
Kidney 98 O82 E 
Liver +10 (0:29) 9-24 (0-06) 
Lang 0-410 0-20 
Spleen 0-43 (0:18) 1-85 
Poison gland O72 (0-29) 0-23 {0-63} 
Venom: 

Lyophilized <t (0-03) < 061 (0°04) 

Fresh milked < (61 (0-03) < O01 (0-04) 

Stored milked <O-O1 (0-03) < 0-01 (0-04) 


of 5-HT were found in any of the venom extracts, not 
even in the specimen collected in the presence of the 
monoamine oxidase (MAO) inhibitor. The inhibitor was 
used to prevent the possible destruction of the amines by 
the MAO that reportedly is present in the venom of these 
snakes’. It should be mentioned that we did not detect 
MAO, catechol-o-methyltransferase or 5-HT/DOPA de- 
carboxylase ia the venom or poison gland of the rattle- 
snake’; these enzymes are concerned with the metabolism 
of NE and 5-HT' However, a contaminating fluorescent 
substance was extracted from the tissue and venom of these 
snakes by the procedure that was used for 5-HT, and this 
is shown in Fig. 1. It can be seen that the fluorescence 
characteristics of authentic 5-HT and the brain extract 
are similar, whereas they are dissimilar in the case of the 
extracts from the poison gland and venom. Although 
the activation. spectrum of the venom extract is shifted 
only slightly to the left of that of the 5-HT standard, the 
fluorescence spectrum lies completely out of the range of 
that exhibited by 5-HT. No differences were noted in the 
fluorescence produced by venoms which were prepared by 
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Fig. 1. Fiuorcscence characteristics of extracts from brain, poison gland - = 
and venom of the rattlesnake compared with authentic serotonin (5-HT)} no 
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Fig. 2. Fluorescence characteristics of rattlesnake poison gland extract 
compared to authentic norepinephrine (NE) 
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lyophilization, or assayed immediately after removal from 
the snakes or were immediately frozen and assayed at a 
later time. In neither species studied here was this 
fluorescence the same as that of authentic 5-HT. 

As shown in Fig. 2, the fluorescence characteristics of 
authentic NE and the substance extracted from the 
venom gland also were compared. In this case the spectra 
are identical, indicatmg that norepinephrine is present 
in. the gland as well as that the analytical procedure for 
NE is more specific than that for 5-HT. 

Norepinephrine was found to be distributed in the 
tissues of these snakes in a manner similar to that in other 
animals. Relatively large amounts of NE as well as 
serotonin were found in brain. This suggests a possible 
neural function for these amines in the peripheral and 
central nervous systems of these species analogous to that 
suggested for other animals. Finding NE in the poison 
gland may reflect some role in the function of this organ. 
On the other hand, 5-HT was not detected in the poison 
gland, and neither amine was found in the venom of these 
snakes as was reported by Zarafonetis and Kalas*. The 
reason for this discrepancy is probably one of methodology. 
We have found the Al,O,-trinydroxyindole procedure for 
catecholamines to be much more specific? than the 
organic solvent extraction method® used by Zarafonetis 
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and Kalas. An organe solvent extraction procedure for 
5-HT was also used br these workers and ourselves; but 
our results indicate the presence of a contaminating 
fluorescing material in venom and the venom gland which 
could be mistaken fo> 5-HT. Ordinary ‘milking’ pro- 
cedures used to obtain reptile venom traumatize the 
glandular tissues, and thus could release cells and cellular 
constituents rich in this unidentified, highly fluorescing 
substance into the spezimen being collected. 

Other investigators əither regard the minute amounts 
of these amines, whick may be present in snake venom, 
as being insignificant, or have actually failed to detect 
their presence!?41, Ir this respect, workers who have 
investigated the role of 5-HT in arthropod venom, where it 
appears in quantity, have found that the removal of this 
material does not alte the toxicity of the remainder’. 
This has led to their questioning the biological significance 
of 5-HT in such venom!%, Welsh and Batty have con- 
cluded that 5-H'T, which can. exist in very large quantities 
in the venom of arthrcpods and insects, may play a part 
in. defence (as pain-producers), though they cite examples 
of scorpions, stinging ants, and solitary wasps which 
produce painful stings and do not contain 5-HT (ref. 3). 

Therefore, it seems tnwarranted at the present time to 
conclude that the possible presence of minute amounts of 
serotonin and norepinephrine contributes significantly to 
the profound tissue damage caused by the necrotizing 
and haemorrhagic prinsiples which have been found in the 
venom of these snakes‘. 

This work was supported in part by funds from the 
National Heart Institute (HE-05251), the Institution 
of General Medical Studies of the U.S. Public Health 
Service (@M-—07024) and a contract with the U.S. Army 
Medical Research Laboratory at Fort Knox, Kentucky 
(DA 15-014—AJII-8189). 
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FRACTIONATION OF MOUSE DEOXYRIBONUCLEIC ACID 
ON HYDROXYAPATITE 


By Dr P. M. B. WALKER 
Chemical Biology Unıt, Department of Zoology, University of Edinburgh 
AND 
Dr. ANNE McLAREN 


Agricultural Research Council Unit of Animal Genetic:, 
Institute of Animal Genetics, Edinburgh í 


E have been examining the ability of various fractions 

of mouse DNA to form specific duplexes with 
homologous or heterologous DNA in agar!?. One particu- 
larly convenient method of obtaining fractions which 
differ either in their degree of secondary structure or in 
their base composition is by the use of hydroxyapatite 
columns?:#, The results which we have obtained with 
such fractions may provide evidence concerning both 


the hydroxyapatite =ractionation procedure and the 
organization of mouse DNA. 

DNA extracted fran mouse livers or from mouse 
L-strain. cell cultures! is heated for 10 min at 100° C in 
either 1-5 x 10-8 M sodium chloride and 1-5 x 10+ 
sodium citrate or 3 x 10-* M phosphate buffer, pH 6-5, 
and is then cooled in iced water. Chromatography of this 
material on hydroxyapatite at a constant temperature 
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with increasing phosphate concentration yields two 
fractions (Fig. 1): a minor fraction, which at any given 
temperature of fractionation elutes at a salt concentration 
similar to native DNA, and a major fraction, which 
elutes at a lower salt concentration. We shall refer to 
these as the ‘stable’ and ‘labile’ fractions respectively. 
If the stable material is refractionated under the same 
conditions, it elutes at the same salt concentration (0-2 M) 
as before; if it is denatured again before refractionation, 
it still elutes at the same 0-2 M phosphate position, with 
only a minor component at the 0-1 M position (Fig. 26). 
None of the labile fraction elutes at the 0-2 M phosphate 
position after a second fractionation (Fig. 2a). In sub- 
sequent experiments, the salt concentrations were changed 
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Fig. 1. Fractionation of sonically disrupted and denatured DNA on 
hydroxyapatite at 70° C. Phosphate gradient increases continuously 
from 0:03 to 0'3 M 
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stepwise, so as to facilitate the recovery and characteriza- 
tion of the fractions. Fig. 3a shows a stepwise elution 
pattern for a sample of DNA disrupted by ultrasound 
and fractionated on hydroxyapatite at 70° C. In the 
stepwise procedure, DNA which elutes at 0-2 M on a 
gradient will appear between 0-15 and 0-3 M, that is in 
the 0-3 M washes. 

Nature of the stable fraction. The fractionation of 
denatured DNA on hydroxyapatite depends on the presence 
of secondary structure, which is stable at the particular 
temperature at which the columns are run. It is therefore 
complementary to the thermal elution chromatography 
procedure also described by Miyazawa and ‘Thomas’, 
in which native DNA is eluted as a function of tempera- 
ture at a constant salt concentration. In the latter pro- 
cedure, the fragments elute as soon as they melt, and it 
has been shown? that the lower temperature fractions 
are rich in adenine and thymine (A + T), and the higher 
fractions in guanine and cytosine (G + C). 

We have compared the two procedures directly by 
first fractionating native DNA by the thermal elution 
method, and then re-running these fractions at a constant 
temperature with stepwise elution on hydroxyapatite 
(Fig. 4). Those fractions melting at the highest tempera- 
tures contained the largest proportion of DNA eluting 
between 0:16 and 0:3 M phosphate. 

Although the stable fraction elutes in the native 
position, it is not identical with native DNA. The most 
striking demonstration of this is seen in its ability to form 
stable duplexes with high molecular weight mouse DNA 
trapped in agar gels’. The high binding ability of the 
stable fraction is the more surprising since melting curve 
experiments confirm that it is at least partially duplex 
in structure. Fig. 3b shows thermal melting curves for 
stable and labile fractions from a 70° C hydroxyapatite 
fractionation. The two fractions have a very different 
melting behaviour: the labile DNA shows a typical 
‘single-stranded’ melting profile, similar to that of RNA, 
while the stable material more nearly resembles the native 
material (curve @, Fig. 5), though its mid-point of melting 
(Tm) is 55° C lower. Its lower Tm, together with the 
wider range of temperature over which it melts, indicates 
presumably that the reformed duplexes are less perfect 
than the native. 

The proportion of sonically disrupted DNA eluting as 
a stable fraction increases as the temperature of fractiona- 
tion is lowered from 70° C to 20° C. Fig. 5 compares the 
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Fig. 2. a, Major fraction from fractionation shown in Fig. 1 re-run; b, minor fraction re-run after a second thermal 
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melting curves of stable fractions obtained at five different 
temperatures with native DNA of a similar molecular 
weight distribution. From the 20° C and 40° C fractiona- 
tions, about three-quarters of the stable material melts 
gradually below 60° C. The increase in size of the stable 
fraction as the temperature of fractionation is lowered 
must, therefore, be due to the inclusion of single-chain 
molecules, eluting at higher salt because of the secondary 
structure which forms in single-stranded material on 
cooling. <A corollary of this is that any DNA fraction 


No. 5016 


0:08 0°10 0-15 030 M PO, 
3 15 h 
fom] 
© 
N10 
5 
A 
3 
2 
Q9 5 
a 
< 
0 
5 10 | 15 20 25 
Tube No. 
(a) 
100 


Percentage increase in absorbance 
a1 
© 





20 40 60 80 100 
Temperature (° C) 
(b) 


Fig. 3. a, 70° O stepwise elution chromatogram of sonically disrupted 
and denatured DNA, b, melting curves of fractionated DNA illustrated ın 
a. ©, 0-1 Miraction; @, 0-3 M fraction, first cycle; @, 0-3 M fraction, 
second cycle. All curves normalized to 100 percent. Percentage increase 
in absorbance between 20° and 95° was 19-4 and 321 for the 0-1 and 
0-3 M fractions respectively. All absorbances recorded in this article are 
at 260 my, and all melting curves are measured in 0-1 M NaCl and 
10+ cacodylate, pH 6 4 


100 


rn 
rg 


[i 
bo 
Percentage appearlng In 0:16-0 30 fraction (@) 


80 


bo 
© 


pan 
foam) 


60 


40 


(e a) 


20 


Percentage radioactivity eluted (0O) 


he 





0 
60 70 80 90 
Temperature (° C) 
Fig. 4 Thermal elution chromatogram of mouse DNA in 008 M 


phosphate (O), and the percentage (@) of the Indicated fractions 
(brackets show pooling) which eluted between 0-16 and 0 30 M phosphate 
on a subsequent salt gradient chromatogram at 70° é 


NATURE 


100 


=J 
ao 


Percentage increase in absorbance (260 my) 
D 





0 
20 40 60 80 100 
Temperature (° 0) 
Fig. 5. Comparison of the melting curves of denatured DNA which elutes 
between 0-15 and 0:3 M phosphate at different temperatures on hydroxy- 


apes ie The temperature of fractionation and percentage increase in 
absorbance between 20° and 95° are as follows: A, 20° C, 21-8 per cent; 
O, 40° O, 28-8 per cent; V, 50° C, 80-2 per cent; W, 60° O, 29-0 per cent; 
O, 70° ©, 32-1 per cent; @, unfractionated, native, 35:7 per cent 


with a base sequence or composition which prevents it 
from forming secondary structure should elute in the 0-1M 
phosphate position at mom temperature. Our mouse DNA 
contains no such fract-on. 

Rate of reformation of duplex structure. The degree of 
reversibility of a thermal denaturation curve gives some 
indication of the speec and efficiency with which ordered 
duplex structure can be reformed. In the experiment 
Ulustrated in Fig. 3b, after heating to 95° C the cuvettes 
were rapidly cooled wizh iced water. On again raising the 
temperature, the absorbance was found to be higher than 
its original 20° C value, by only 20 per cent at 20°C, and by 
32 per cent at 49° C. After 4 h at 49° C, the percentage 
increase at this temperature had fallen to 16 per cent and 
fell little more during a subsequent 12-h incubation at 
49° C. 

When the solution was then reheated to 90° C, it gave 
a melting curve very similar to that obtained during the 
first cycle of heating (9, Fig. 3b). These results indicate 
that a considerable ancount of the original ordered struc- 
ture was almost immediately reformed on cooling, with 
some further reassortment of strands occurring during 
incubation at 50° C. This has been confirmed by other 
experiments in which the second-cycle melting curve 
followed. the first almost immediately. 

Evidence of cross-lurkage. It appears, then, that the 
stable fraction from a 7D° C hydroxyapatite chromatogram 
consists of material which elutes at a high salt concentra- 
tion owing to the rapid reformation of duplex structure 
after denaturation. This might be expected: (a) if the 
DNA fraction were made up of relatively short sequences 
repeated many times, so that association of strands at 
any one of a number of points gave complementary se- 
quences over an extended region; (b) if the DNA strands 
either failed to separate completely on heating or if they 
folded back on themseives from the single-stranded state 
on account of some special sequence of bases. 

On the first hypothesis, rate of duplex reformation 
should be related to tha DNA concentration ; while on the 
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other hypothesis, it should be independent of concentre- 
tion. We therefore determined whether the concentration 
at the time of denaturation affected the relative size of the 
stable fraction. In all cases, DNA solutions in 0-03 M 
phosphate buffer were heated in a boiling-water bath for 
10 min and rapidly chilled in ice; two volumes of distilled 
water were then added and the DNA immediately adsorbed 
on to the hydroxyapatite. We found (Table 1) that the 
size of the stable fraction was affected neither by the 
concentration at which the DNA sample was denatured 
nor by the amount of DNA that was put on the hydroxy- 
apatite column. 

This evidence might suggest that the strands are held 
in register by heat-resistant bonds. Our stable fraction 
may contain a high proportion of CG-rich nuclei (Fig. 4), 
which are known to resist melting at high temperatures®, 
but which are sensitive to alkaline denaturation’. When a 
sample of DNA was denatured by raising the pH to 12-4 
for 10 min at 18° C, the size of the stable fraction was 
unaffected (Table 1) It therefore seems unlikely that the 
thermal stability of the CG-rich regions is responsible for 
holding the strands in register. 


Table 1. THE EFFECT OF CONDITIONS DURING DENATURATION ON THE 
PROPORTION OF DNA ELUTING BETWEEN 1:5 AND 03 M PHOSPHATE 


DNA Amount of DNA % of radioactivity 
Denaturation concentration on hydroxyapatite eluting between 
treatment during denaturation column (ag) 1-5 and 0:3 M 

(ug/ml.) (‘stable fraction’) 
Thermal 30 5 12°7 
Thermal 70 12 110 
Thermal 03 3 13-8 
Thermal 0:7 0°12 9 2 
Alkaline 30 4 8:3 
Alkaline 30 4 93 


Another possibility is that the strands are held together 
by covalent linkages. These, if present in nature, could 
be composed of protein. We therefore subjected our 
DNA before denaturation to digestion by the proteolytic 
enzyme, ‘Pronase B’ (Calbiochem Inc.), for 2 and 15 h 
at 37° C; but this had no effect on the size of the stable 
fraction. 

Cross-linkages may be induced in DNA, for example by 
nitrous acid. Geiduschek® reported that such cross-linked 
vertebrate DNA will renature almost completely, and 
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Tıg. 7. Melting curves of sheared and high molecular weight DNA. 

©, 0 03—00 10 M, sheared DNA, 20:3 per cent; (J, 0 15-0 30 M, sheared 

DNA, 26 6 per cent; @, 0-03-0°10 M, high molecular weight DNA, 20 2 

per cent: W, 0 15-0:30 M, high molecular weight DNA, 216 per cent. 

Numbers refer to molarity of phosphate. The percentages refer to the 
overall increase in absorbance 


that only a small fraction of the amino groups need be 
cross-linked to allow this renaturation to occur. Since our 
stable fraction not only has a T'm 5:5° C lower than that of 
native DNA, but is also able, unlike native DNA, to form 
stable duplex molecules with denatured DNA in agar, 
it cannot be the completely helical molecule which 
Geiduschek’s results might lead one to expect. To in- 
vestigate the properties of deliberately cross-linked DNA, 
we treated a sonically disrupted sample with nitrous acid, 
following Geiduschek’s procedure exactly, then denatured 
it and subjected it to fractionation on hydroxyapatite. 
This treatment caused 60 per cent of the DNA to elute 
between 0-12 and 0-16 M phosphate, the remainder 
appearing between 0:03 and 0:12 M phosphate. The 
melting curves of these two fractions were strikingly 
different (Fig. 6), the high salt fraction showing a sharp 
melting transition 7:0° C lower than that of an untreated 
native sample of the same molecular weight distribution. 

We also fractionated high molecular weight DNA, 
which had been similarly treated with nitrous acid, and 
found that all the DNA now eluted between 0:16 and 
0:30 M phosphate. This DNA had a melting curve 
identical with the high salt fraction from the low mole- 
cular weight sample. The induced cross-linkages can 
therefore allow considerable lengths of DNA to renature 
which are not themselves cross-linked. As will be shown 
below, the stable fraction of DNA is unable to promote 
the complete renaturation of higher molecular weight 
samples. 

To determine whether ultrasonic treatment of our 
DNA might have caused cross-linkages to form, we 
subjected to hydroxyapatite fractionation our high 
molecular weight DNA, and also DNA sheared by & 
single passage through a French pressure cell. The 
sheared material is trapped in a plain agar gel more 
readily than is the sonically broken DNA, and must there- 
fore have a higher average molecular weight. On dena- 
turation and subsequent hydroxyapatite fractionation at 
70° C, the sheared DNA yielded stable and labile fractions 
with 0-3 M and 0-1 M phosphate respectively. The melting 
curve of the stable fraction gave a fairly sharp transition 
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between 65° C and 80° C (Fig. 7), but unlike the corre- 
sponding fraction from ultrasonically broken DNA, it 
also showed a gradual increase in absorbance between 
20° and 60° C. The high molecular weight DNA gave a 
small stable peak eluting with 0-3 M phosphate, and also 
an intermediate peak with 0-15 M phosphate. The melting 
curves of the 0-1 M and 0:3 M phosphate fractions are 
much more like one another than are those of lower 
molecular weight DNA, but some evidence for a fairly 
sharp transition can still be seen at high temperatures. 

We interpret these results to mean that at higher mole- 
cular weights the molecules which elute at the high salt 
concentration are partially single-stranded, a relatively 
short duplex section sufficing to stabilize the whole mole- 
cule on the hydroxyapatite. The small size of the 0-3 M 
fraction obtained from the high molecular weight prepara- 
tion is probably due to the presence of long single-stranded 
regions in some of the molecules which also contain duplex 
regions. A high ratio of the single-stranded to duplex 
parts might cause them to elute at a lower salt concentra- 
tion. As the molecular weight is reduced, a progressively 
larger proportion of each ‘stable’ molecule is in the duplex 
state, resulting in a much cleaner fractionation. These 
results do not support the view that the stable fraction 
consists of material in which cross-linkages have been 
induced by ultrasonic treatment. 

Discussion. While it is clear that the fractionation of 
denatured DNA on hydroxyapatite depends on the 
presence of secondary structure, the method described in 
this article does not easily distinguish between native 
DNA, and duplex molecules of stabilities ranging from 
those melting gradually below 60° C to those showing a 
sharp thermal transition like that of the native structure. 
All these can elute from the columns at a phosphate con- 
centration near 0-2 M. The quality of the 0-2 M fractions 
of DNA, as judged by the shape of their melting curves, 
depends both on the molecular weight distribution of the 
initial preparation and on the temperature of fractiona- 
tion. When these two factors are independently varied, 
the melting curves produced show a similar pattern, 
though for rather different reasons. 

As we lower the temporature of fractionation, using 
sonically disrupted DNA of a constant molecular weight 
distribution, progressively more of the DNA fragments 
are able to form secondary structure and hence to elute 
at 0-2 M phosphate. Thus, each melting curve illustrated 
in Fig. 5 represents a heterogeneous fraction of molecules 
in which the proportion of the more perfect duplexes 
decreases with the temperature of fractionation. When 
DNA of differing molecular weight is fractionated at a 
constant temperature (70° C), the proportion of the more 
perfect duplexes again decreases, this time as molecular 
weight increases, but now the heterogeneity must be 
along the length of the molecules rather than between 
molecules. The additional regions must be capable of 
forming secondary structure at lower temperatures, which 
melts gradually as the temperature is increased to 60° C. 
Presumably in their single-stranded condition at 70°, 
they can be stabilized on hydroxyapatite by the more 
perfect duplexes to which they are attached. 

Our comparison of the chromatographic behaviour of 
high molecular weight and ultrasonically treated DNA 
cross-linked with nitrous acid (Fig. 6), as well as earlier 
evidence®, suggests that the bridges which hold the two 
strands of denatured DNA in register will allow single 
strands to reform duplexes even if they are at a consider- 
able distance from the bridge. Our stable DNA fraction 
appears to lack this property, since increasing the mole- 
cular weight causes less of the DNA to elute at high 
salt, and the molecules which do appear at high salt 
contain a considerable proportion of single strands. 

Since the linkages which we believe to be responsible 
for the properties of the stable fraction are resistant to 
treatment with heat, alkali and ‘Pronase’, we are forced to 
consider models in which the covalent linkage is not 
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between the two strands of the double helical molecule. 
For example, the stable covalent bond might consist 
of a phosphodiester Imkage between bases in a single 
DNA strand, such that the base sequences on either 
side would allow the strand to fold back on itself and 
form a duplex region like a hairpin. Discrepancies in the 
complementary sequen3es, and the random nature of the 
original double-strand scissions induced by sonic dis- 
ruption, could then account for the lower stability of the 
duplex compared with the native molecule, and for the 
availability of sites for binding in the agar experiments. 
The effect of increasmg the molecular weight would 
imply that the sequence restrictions only extend for a 
relatively short distance from the point of inflexion before 
becoming non-complermentary. 

The second model requires further assumptions. If 
the genome in higher organisms has more than one double 
helix of DNA per chromosome, then the semi-conservative 
nature of chromatid reproduction? demands some mechan- 
ism for assorting the old and new strands. If covalent 
linkages joined corresponding halves of the helical mole- 
cule, denaturation would give one linked set of old and 
one of new strands. Ifthe base sequences on either side 
of the lmkages were resiricted as in our first model, so as 
to allow duplex regions to reform, then this model also 
would explain the proparties of stable DNA. 

There is accumulating evidence that there may be what 
might be termed macro-heterogeneity in DNA from higher 
organisms, that is thas there are sections or species of 
DNA which have properties sufficiently different from the 
rest to allow them to be isolated or identified. Such 
sections, which may heve special genetic functions, may 
be sufficiently small to facilitate the eventual determina- 
tion of base sequences. 

The large size of tha DNA fraction with the special 
properties we have been considering, together with the 
evidence that, in sheared and high molecular weight 
DNA, the fractions mey be joined to other single-chain 
parts of the denatured molecule, would seem to preclude 
either cytoplasmic or viral DNA as the source of this 
fraction. It is also too large to be accounted for by the 
DNA sequences coding for ribosomal RNA”, although 
there is evidence from the structure of such RNA! that 
it might be coded by a DNA with similar sequence re- 
strictions to those we have postulated for our DNA frac- 
tion. On the other hand, the ‘satellite’ bands of DNA 
separated by equilibrium density centrifugation from 
several mammals’*, inchiding the mouse, are of the same 
relative size. The satellite band in the mouse is, however, 
lighter than the main band and probably has a higher 
AT content. 
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TG. 1 and 1%s insert illustrate the well-known biological 
response of Avena coleoptile sections to the presence 
in culture medium. of auxin or the plant hormone indolyl- 
3-acetic acid (IAA). This response represents one of 
increased, growth (= cell elongation) rate over that which 
occurs in the absence of IAA. Time-sequence investiga- 
tions (insert, Fig. 1) indicate that the differences in 
morphological responses between controls and IAA- 
stimulated coleoptile sections are particularly pronounced 
after the initial (8-10 h) period of hormone action. By 
24 h the TAA-stimulated sections exhibit increases in 
length which are about 300 per cent greater than those 
of controls. 

In recent years the involvement of RNA and protein 
synthesis in early hormone action has been demonstrated 
for a variety of animal! and plant? tissues. Furthermore, 
the inhibition of various biochemical and morphological 
responses to hormone by actinomycin D (ref. 3) has been 
interpreted as indicating the necessity for DNA-dependent 
RNA synthesis for complete manifestation of the bio- 
logical response to hormone. ‘These investigations! ?»4 
have emphasized—implicitly if not explicitly—the prob- 
lem of elucidating biochemical events which occur prior 
to the morphological ones during sequential responses of 
specific tissue to hormones. We have thus undertaken 
for Avena coleoptile an investigation of the effect of LAA 
on RNA synthesis during the initial 8-h period prior to 
full achievement of morphological response to the hor- 
mone. 

We now report data which indicate a marked stimula- 
tion by IAA of the rate of synthesis of the major classes 
of RNA in sub-apical sections of the Avena coleoptile. 
We find this stimulation by LAA to be inhibited by 
actinomycin D. We interpret these observations to 
indicate that IAA in its early action indirectly or 
directly exerts an influence on some rate-limiting step in 
DNA-dependent RNA synthesis. Along with base com- 
positions of total RNA and ribosomal RNA (rRNA), the 
data presented also provide a partial characterization of 
the ribosomes (80 S) and classes of rRNA. (30 S and 20 S) 
of Avena coleoptile. 

Seeds of Avena sativa L. (Victory strain: U.S. Depart- 
ment of Agriculture, C.I. 2020) were germinated and 
grown according to the method of Wiegand and Schrank’. 
After removal of the primary leaf, 5-mm sections of 
coleoptiles were cut, starting 5mm below the tip. Absolute 
growth-rates at times indicated (Fig. 1) were determined 
by the taking of linear measurements to the nearest 
0-1 mm by use of a dissecting scope equipped with an 
ocular micrometer. For the morphological responses and 
labelling experiments described as follows, all experi- 
mental conditions were identical. 

In the course of this work, bacterial contamination of 
both culture media and cavities of coleoptile sections 
became evident. Thorough washing of coleoptile sections 
by the method of Glisin and Gligin® proved partially 
successful, removing approximately 95 per cent of bac- 
teria in cultures prior to the washings. For an antibiotic, 
penicillin, streptomycin, tetracycline, mycostatin, ery- 
thromycin, and kanamycin were tested. Bacterial levels 
of samples of culture medium and coleoptile homogenates 
were assayed by inoculation tests in brain—heart-infusion 
broth. Briefly stated, with exception of penicillin the 
antibiotics listed (when used in concentrations necessary 
for suppression of bacteria) had inhibitory effects either 
on morphological responses or on RNA synthesis (or 
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both) of coleoptile sections. Exposures to ultra-violet 
light—varying length of exposure, distance from source, 
and intensity of irradiation—were similarly harmful to 
control responses. Neither by antibiotics nor irradiation 
techniques have we been able to obtain a bacteria-free 
coleoptile system without also inhibiting the control 
responses to culture medium. For the purposes of the 
work recorded here, penicillin alone provided some pro- 
tection, but even that resulted in only a slight reduction 
of bacteria number. We note here that there are no 
published reports of an effect of IAA on bacterial 
growth. 

In all experiments, 200 coleoptile sections were in- 
cubated in 10 ml. of a standard medium (0-01 M tris- 
maleate, 2 per cent sucrose, 60 units/ml. penicillin GK) 
having a pH of 5-5 at 5° C. *H-uridine (1-84 c./mmole) in 
amount sufficient to maintain linear incorporation for 
24 h was added to the medium for a final concentration 
of 0-002 mM. IAA and actinomycin D, when used, were 
at final concentrations of 1 x 10-5 M (1:75 ug/ml.) and 
8 x 10-8 (10 ug/ml.). Incubations were carried out under 
dim red light in a water-bath shaker at 25° ©. 8 h 
later, incorporations were stopped by rapid washing at 
0°-2° C of the sections with 500 ml. of an acetate buffer 
(0:01 M NadAc, 0-1 M NaCl, 0-001 M MgCl,; pH 5-0 at 
5° ©). 

Coleoptile sections were homogenized at 0°-2° C by 
20 strokes in 2 ml. of the acetate buffer in a glass—glass 
homogenizer run at 600 r.p.m. The homogenate was then 
adjusted to 1 per cent sodium dodecyl sulphate (SDS) 
and extracted with an equal volume of buffer-saturated 
phenol by vigorous shaking at 0° C for 3 min. The layers 
were separated by centrifugation, and the aqueous layer 
was extracted twice more with one-half and one-fourth 
volumes of phenol. Following addition of 2 vol. of cold 
ethanol to the final aqueous layer, RNA was precipitated 
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Fig. 1. Growth of Avena coleoptile sections as a function of time. 
Measurements are expressed as increases in length (over a base-length 
of 5 mm) from 0 to 8 h. Closed (A) and open (A) triangles denote 
values for sections incubated in control medium and control medium 
with actinomycin D added. Closed (@) and open (O) circles denote 
values for sections incubated in the presence of with actinomycin 
D absent or present. Concentrations of IAA and actinomycin D and 
conditions of incubation are described in the text. Insert shows 
schematically the trends we find for the four experiments run under 
the same conditions for 24 h. Increases here for -stimulated sections 
are typically of an order of 3 5-4-0 mm over the 5-mm length at time 
Zero 
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Fig. 2. 80 S ribosomes and their rRNA for Arvena coleoptile. 
5° C) was centrifuged at 15,000g for 10 min and made 0:5 
at 4° C for 4 h at 24,000 r.pm. 1:0-ml. fractions were collected and 


e 
B, To show the presence of two sedimentation classes of rRNA in ribosomes thus isolated, 
fraction 10 (corresponding to 80 S ribosomes) was dialysed against 0-1 M NaCl, 0005 M MgOl,, 05 
é was run at 15° C for 28 h at 24,000 r.p.m. on a 15—40 per cent 
w/v sucrose gradient containing NaCl, MgCl, and SDS in the concentrations listed. 1-0-ml. 
fractions were collected, and their O.D.ss values determined 


per cent SDS, pH 7-8 at 5° 0. This 


for 2 h at —20° C, collected by centrifugation, and 
reprecipitated in cold ethanol overnight. 

Coleoptile RNA thus obtained was dissolved in 1 ml. 
of the acetate buffer and layered on to a 20-ml. linear 
sucrose gradient (5-20 per cent w/v in the acetate buffer 
already described here). Following centrifugation at 4° C 
n the SW 25 rotor for 18 h at 24,000 r.p.m., 0-8 ml. 
ractions were collected in 1:0 ml. water. Aliquots of 
)-5 ml. from each fraction were added to 15 ml. of Bray’s 
solution’? and assayed for tritium in an Ansitron liquid 
scintillation counter (counting efficiency: 20 per cent 
vith a background of 24 c.p.m.). The O.D..4,) values for 
ihe fraction volumes remaining were determined by use 
xf a Beckman DU spectrophotometer. 

Morphological response to IAA ; effects of actinomycin 
D. In our experimental system, Avena coleoptile sections 
show a linear rate of increase in length during the first 
3 or 10 h, and a substantially reduced rate thereafter to 
14 h (insert, Fig. 1). This observation is in agreement 
vith that of Shibaoka and Hurusawa®. Examining in 
letail the initial 8-h response for effects of IAA and 
iotinomycin D (Fig. 1), we find the following: (1) a 


narked acceleration of rate of increase in length for 
AA-stimulated sections over that 
if controls (ratio of rates: 2-6 as 
eported by Cleland*); (2) only A 


Control 


light inhibition of either control 
x IAA responses in the presence 
f actinomycin D. 

This initial lack of sensitivity to 
ctinomycin D (cf. Fig. 1 and 
nsert) may represent either a 
lelay in time for coleoptile uptake 
f the inhibitor from the medium 
x that part of the coleoptile’s 
norphological response is truly 
nsensitive to actinomycin D. 
jupporting the latter possibility is 
ur finding that increased concen- 
rations of actinomycin D (100 
ig/ml.) and/or pretreatment 
yeriods (30 min; 1 h) also result 5 10 
n the trends noted in Fig. 1 
see following). By 24 h the in- 
ubitory effects of actinomycin 
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A, A cytoplasmic extract of 
coleoptile homogenate (total volume: 2 ml. in 0:02 M tns, 0-02 M KCl, 10 M MgCl,, pH 7:8 at 

‘5 per cent sodium deoxycholate 
The clarified extract was then run on a 5-20 per cent w/v sucrose gradient (in the tris buffer) 
their O.D.9.. determined 
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Eig. 8. Sucrose density gradient 
-uridine into RNA in Avena coleoptile sections. Closed (@) and open (O) circles 
denote values for O.D.ss and radioactivity (c.p.m. ° 
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D on IAA and control responses 
of coleoptiles are clearly discern- 
ible. 

_ Characterization of ribosomes and 
RNA. From 80 S ribosomes!’ 
isolated from cytoplasmic extracts 
of coleoptile sections (Fig. 2), 
and from whole sections, RNA was 
phenol extracted and character- 
ized on sucrose gradients as already 
described here (cf. Fig. 2 and Fig. 
3A). By comparison with sedi- 
mentation profiles of RNA with 
known 8 values and by analyses 
in the Model # analytical ultra- 
centrifuge, we determined the 
presence of 30 S and 20 S classes of 
rRNA in Avena coleoptile sections. 

Base composition for total RNA 
of sections is as follows for per- 
zentages of the nucleoside mono- 
phosphates UMP, GMP, AMP and 

OMP; 13:6, 28-2, 23-4 and 24-8 
‘'GC/AU = 1:70). For rRNA ex- 
sracted from 80 S cytoplasmic 
~ibosomes, the values are: for 
30 S fractions, 19-2, 32-9, 23-8 
and 24+] (1-33); for 20 S fractions, 
18-9, 33-8, 23-1 and 24-2 (1-38)1!. 
The higher GC/AU ratio of 1-70 
for total RNA hints of a higher GC content for soluble 

RNA of coleoptiles. The base composition for total 
RNA of Avena coleoptice is close to that for tobacco leaf 
RNA, but its GC/AU is higher than that reported for 
four other plant species??. 

Stimulation of RNA synthesis by IAA; effects of 
actinomycin D. As shown in Figs. 3 and 4, the presence 
of IAA in culture medium results in a marked increase 
(about 50 per cent) in tke incorporation of 7H-uridine into 
all classes of coleoptile RNA. Under the conditions here 
used, the extent of this stimulation is nearly the same 
(48, 60, 47 per cent) for three major classes (30 S, 20 S, 
4 S) of RNA. The ranges of variation for triplicate 
experiments are shown in Fig. 4. Evidence for an effect 
of IAA on net synthesis of coleoptile RNA is presented 
in Table 1. In each case, the amount of O.D.,..9-absorbing 
material extracted as RNA is greater from [AA-stimu- 
lated sections than from control sections. 

Actinomycin D suppresses the incorporation of °H- 
uridine into coleoptile rRNA (control) as well as inhibits 
the stimulation of such incorporation by IAA (cf. Fig. 5 
with Fig. 3). The residual radioactivity remaining on 
sucrose gradients (Fig. &) of RNA extracted from actino- 
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Fig. 4 Specific activities of the labelled RNA extracted from control 
(shaded bars) and IAA-stimulated (open bars) Avena coleoptile sections. 
Values are derived from Ppa experiments (one of which is shown 
in Fig. 3), and are expressed for each class of RNA as well as for total 
RNA. The specific activity of each class is determined from the five 
fractions compriemg each UV peak (the peak fraction plus the two on 
either side). The specific activity of total RNA 1s based on the total 
Tadioactıvity and O.D.ss60 values for each gradient 


mycin D-treated sections demonstrates, however, two 
peaks. That the bulk of this residual radioactivity stems 
from RNA synthesis by actinomycin D-resistant bacteria 
or chloroplasts’ is evident from the slower rate of sedi- 
mentation; on the basis of comparison with O.D.sso- 
absorbing boundaries of 30 S and 20 S coleoptile rRNA, 
these peaks show smaller S values corresponding in the 
main to bacterial!? or chloroplast rRNA?12, 

Although the close coincidence of O.D..59-absorbing and 
radioactivity profiles from control and ITAA-stimulated 
systems (Fig. 3) indicated otherwise, we tested the 
possibility that enhanced incorporation of ?H-uridine into 
RNA extracted from coleoptiles is a result of influence 
of IAA on bacterial RNA synthesis. The results noted in 
Table 2 show this not to be the case; acid-insoluble 
radioactivity for equal volumes of culture medium con- 
taining coleoptile sections incubated for 8 h exhibits no 
difference for the presence or absence of TAA. 

Our findings for Avena suggest that the role of indoly]-3- 
acetic acid as an inducer of plant growth is, in part at 
least, biochemically manifest by an increase in rate of 
synthesis of ribosomal and soluble RNA. The incor- 
poration of *H-uridine into each class of RNA is markedly 
stimulated in the presence of this naturally occurring 
hormone. Actinomycin D effectively suppresses RNA 
synthesis in both control and IAA- 
stimulated systems. This points 
strongly to the involvement of 
DNA-dependent RNA synthesis 
in the early action of the hormone, 
and we infer that JAA exerts 
its influence by indirectly or 
directly activating some unknown 
rate-limiting step in such RNA 
synthesis. We note, nevertheless, 
that inhibition by actinomycin D 
of hormone-stimulated RNA syn- 
thesis indicates only that the 
DNA-RNA complex of the gen- 
ome must be functional at the 
time of hormone action. Sup- 
pression of hormone action by the 
inhibitor does not mean that the 
hormone acts at the site of the 
gene. 

It should be noted that Avena 
coleoptile sections ‘undergo: (1) 


A 
Actinomycin 


O.D.200 


Fig. 5. 
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Table 1. PHENOL-EXTRACTED RNA FROM SUB-APICAL SECTIONS OF Avena 
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COLEOPTILE 
Exp. Control TAA 
1 8:282 9 958 
2 8 179 9 078 
3 8:806 9 396 
Average 8:422 9-477 


The O.D.ac9 units extracted as RNA are expressed for each experiment as 
the mathematical summation of the thirty-six O.D.ss values for the fractions 
collected from sucrose gradients run under standard conditions (Fig. 3). 
Each experiment is for 200 control or 200 LAA-stimulated coleoptiles incu- 
bated for 8 h as described in the text 


Table 2. AOID-INSOLUBLE RADIOACTIVITY OF COLEOPTILE CULTURE MEDIUM 


Exp. Control IAA 
1 1,176,660 c.p.m. 1,032,900 c.p.m. 
2 983,520 1,082,760 
3 970,980 984,600 
Average 1,048,720 1,033,420 


From standard incubation medium (containing 200 coleoptiles, no penicillin, 
0 002 mM *H-uridine, and either no JAA or 1 x 10° M JAA) 1:0 ml. media 
samples were taken after 8 h incubation and assayed for acid-insoluble 
tritium as follows: 0:5 mg of carrier albumin was added, followed by 10 

er cent trichloroacetic acid (TCA) to a final concentration of 5 per cent. 

he precipitates were collected on ‘Millipore’ filters, thoroughly washed with 
cold 5 per cent TCA, dried, and counted by liquid scintillation. Values are 
expressed for the total 10-ml. culture. 


increases in length to some extent in the presence of 
actinomycin D; (2) increases to a greater extent in the 
presence of actinomycin D and JAA (Fig. 1). That this 
occurs concomitantly with inhibition of RNA synthesis 
(cf. Fig. 1 with Fig. 5) is further evidence for the possi- 
bility that part of the morphological response to control 
medium and to LAA is insensitive to actinomycin D. 

A goal of many workers concerned with the roles of 
nucleic acid formation and function in early hormone 
action ıs to determine the degree of similarity or dis- 
similarity in the pattern of sequential biochemical 
responses of specific vertebrate, invertebrate, and plant 
tissues to their characteristic hormones. For two verte- 
brate hormonal mechanisms (thyroxine — rat liver"; 
oestrogen — rat uterus), it is now clear that stimulation 
of nuclear RNA synthesis precedes stimulation of two 
DNA-dependent RNA polymerase activities in early 
hormone action. Whether such sequences will hold true 
for invertebrate and plant hormonal mechanisms, as well 
as other vertebrate ones, remains to be determined. For 
hormone-sensitive plant tissues, however, an interesting 
set of questions arises concerning nuclear and/or ( ?) cyto- 
plasmic sites of action and synthesis. There is now 
evidence! for the presence of DNA and DNA-dependent 
RNA polymerase in chloroplasts—units functioning as 
‘cells within cells’, thus providing extranuclear sites of 
RNA synthesis. Detailed time-sequence investigations of 
RNA synthesis and RNA polymerase activities for 
nuclear, chloroplast and microsomal fractions isolated 
from Avena coleoptile sections cultured in the presence 
or absence of [AA may provide the answers. 
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PRINCIPLES OF CELL MOTILITY: THE DIRECTION OF CELL MOVEMENT 
AND CANCER INVASION 


By Dr. S. B. CARTER 


Imperial Chemical Industries Limited, Pharmaceuticals Division, Alderley Park, Macclesfield, Cheshire 


TP (VESTIGATIONS of cell motility are generally carried 
cA out with cells attached to glass surfaces, and, in many 
cases, the influence which the glass itself may have on 
patterns of cell movement and behaviour is not fully 
‘taken into account. The use of unconventional trans- 
‘parent materials serves to emphasize the importance of 
the part played by the substrate in cell motility. Cellulose 
acetate has been selected from a wide range of available 
‘materials as being of particular value in experiments of 
this type. 

Mammalian cells in culture do not readily adhere to a 
surface of cellulose acetate, but if this surface is metallized 
in vacuo, cultured cells will adhere to it and spread. By 
varying the amount of metal deposited it is possible to 
: produce a range of surfaces allowing different degrees of 
cell adhesion. 

The investigation of cell behaviour on various surfaces 
prepared in this way has led me to draw a number of 
general conclusions about the principles which govern the 
direction of cell movement, and the mechanism of cell 





saturated with dioxan. and dried under vacuum to avoid 
clouding by atmospheric humidity. The dried films are 
then heated to 280° C “or 10 sec, a procedure which melts 
the acetate layer, fixing it firmly to the glass and sterilizing 
it at the same time. The surface of the film must be pro- 
tected from physical and chemical contamination. Purity 
of materials is essentia. 

Metallic palladium is deposited on the acetate surface 
in a vacuum coating unit of the type used for shadow 
casting in electron microscopy. A measured length of fine 
palladium wire is placed on a cleaned molybdenum strip 
and heated to white heat at 10+ mm mercury. The 
vaporized palladium is deposited on the acetate film by 
placing the cover glass above the molybdenum. strip at a 
height which can be varied to control the amount of metal 
deposited. The minimum quantity of palladium necessary 
to allow full cell adherence to the film gives a very fine 
deposit which cannot be detected by eye. Several other 
metals have been found to be equally effective in this 
respect, but palladium kas proved to be the most convenient 
and there have been ne indications of it being responsible 
for any toxicity. 

In order to make a gradient of metal deposition and 
therefore a surface offering progressively increasing cell 
adhesion, a number o” techniques have been used. The 
simplest of these is to place a short length of stainless steel 
rod, 0-5 mm in diameter, in contact with the acetate film. 
The film is then shaGowed by vaporizing 2 mg of fine 
palladium wire, rolled into a small pellet, at a distance 
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metal which clearly outlines the in ; 

to the scattering of metal particles, however, a much 
finer deposit of palladium extends beyond the visibly 
shadowed area, and tapers off in the narrowing angle under 
the curved surface of tho rod. A gradient of metal deposi- 
tion is therefore produced. The advantago of this method 
is that the upper limit of the gradient is clearly defined 
by the visible edge of the densely shadowed area. 


of 10 em. This makes a relatively heavy deposition of 
ing rod. Owing 


Cell Movement on a Gradient of Adhesion 


Fig. 1 shows a number of cells photographed shortly 
after attachment, lying on an adhesion gradient prepared 
in this way. The full metal deposit is visible as a darker 
àrea in the upper part of the photograph, and the gradient 
extends from the bottom of the photograph to the edge 
of this darker area. Fig. 2 shows the same field after an 
interval of 8 h, and Fig. 3 shows the tracks of all cells 
during this period, plotted from a series of intermediate 
photographs. 

It will be seen that the cells on the gradient move in 
the direction of increasing adhesion to the substrate, 
and their uniformity of movement contrasts with the 
apparently random movement of cells on the evenly 
metallized cellulose acetate, or on glass. As the cells crowd 
together at the upper end of the gradient, progressively 
increasing cell-to-cell contacts interfere with the move- 
ment of individual cells. Nevertheless the cell migration 
continues in the same direction, and Fig. 4 shows the same 
field again after 48 h. At this stage the free edge of the 
cell sheet is retracting, whereas under more usual conditions 
a free edge of this type would advance. 

Not only is cell movement on the gradient directional, 
but also the cell tracks are longer and indicate more 
efficient motility. This is particularly evident in less- 
erowded cultures where there is more room for individual 
cell movement, and in a number of experiments of this 





Fig. 1. Newly attached cells on an adhesion gradient. Substrate adhesion 


necreases from the bottom of the photograph to the edge of the darker 
area. (x 125.) (All photomicro hs in this article were taken by phase 
contrast illumination.) 





Fig. 2. The same field as Fig. 1 after an interval of 8 h. The cells have 
moved up the adhesion g ay SaaS the darker area at the top. 
x 
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Fig. 3. The movement of individual cells on an adhesion gradient. The 

circles represent the ori tions of the cell nuclei in Fig. 1, and the 

lines trace the paths followed by these nuclei to their positions in Fig. 2 

8h later. The two nuclei marked with crosses represent cells which became 
detached. (x 125) 





Fig. 4. Thesame field asin Fig. 1 after 48 h. The cells have continued to 

move up the adhesion gradient in spite of the crowding which results, 

The two isolated cells are late-comers which were outside the original 
field shown in Fig. 1. (x 125) 


type the average length of cell track on the gradient was 
four to five times as long as that on the evenly metallized 
surface. The speed of cell movement on the evenly metal- 
lized surface is of the same order as it is on glass under 
similar conditions. 

It seems probable that movement towards surfaces 
offering greater adhesion is a general phenomenon applic- 
able to all metazoan cells which are dependent on contact 
with a surface for their motility, and I believe that this is 
the essential principle which directs and controls all cell 
movements of this type. It is generally appreciated that 
cell motility and cell adhesion are interrelated, but the 
directness and simplicity of this relationship have not 
previously been demonstrated by experiment. 

Gustafson and Wolpert? suggested on theoretical grounds 
that cells would tend to move up a gradient of increasing 
substrate adhesion, but the mechanism they proposed, 
involving competition between randomly extended 
pseudopodia, would not predict the immediately direc- 
tional movement of individual cells which in fact occurs. 
I suggest that this phenomenon should be called 
‘haptotaxis’ (Greek: haptein, to fasten; taxis, arrange- 
ment), conveying the idea that the movement of a cell 
is controlled by the relative strengths of its peripheral 
adhesions, and that movements directed in this way, 
together with the influence of patterns of adhesion on 
cell shape, are responsible for the arrangement of cells 
into complex and ordered tissues. 

On this basis, the cell migrations involved in morpho- 
genesis, inflammation, wound healing, tumour invasion 
and indeed all tissue cell movements, are considered to be 
the result of haptotactic responses by the cells involved, 
and correspondingly the relative stability of cells in 
differentiated adult tissues is due essentially to the lack 
of adhesion differentials on which effective cell movement 
depends. In discussing the possible mechanisms which 
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might control cell movement, Weiss* pointed out that any 
such mechanism must involve selective conduction or 
selective fixation. His third principle of selective elimina- 
tion is not strictly concerned with cell motility. It is 
interesting to note that the idea of haptotaxis effectively 
combines both these principles of cell movement. 
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Contact Inhibition 


The concept of contact inhibition‘ is valuable in provid- 
ing @ primary explanation for the differences in behaviour 
between normal and malignant cells. Cells which inhibit 
movement in each other on contact, and therefore tend 
to form monolayers in culture, are said to show contact 
inhibition; whereas those which move over each other 
and pile up into multiple layers are said to show loss 
of contact inhibition. To a limited extent this distinction 
divides normal from malignant cells, and a change in the 
pattern of cell growth towards loss of contact inhibition 
serves to indicate the transformation of cells, for example 
by oncogenic viruses. 

However, by varying the amount of palladium deposited 
on a cellulose acetate film and producing surfaces which 
allow different degrees of cell adhesion, it is possible to 
change completely the pattern of growth of the same type 
of cell, without otherwise altering the cultural conditions. 

The cells in Fig. 5 are arranged in a monolayer and are 
demonstrating contact inhibition. These cells are attached 
to a cover glass which has been coated with acetate and 
exposed to vaporized palladium. Fig. 6 shows cells from 
the same culture as they appear on a different part of the 
cover glass where it has been masked to reduce the amount 
of palladium deposited. Here the cells are clumped to- 
gether and would be said to demonstrate loss of contact 
inhibition. An intermediate stage in which cells show a 
tendency to monolayer, but with many cells overlapping, 
can be found in a narrow region between the two areas 
showing these strikingly different patterns of growth. 
This finding indicates that contact inhibition, or lack of it, 
cannot be regarded as an attribute of the cell itself, but 
describes its relationship to other cells in the presence of a 
particular alternative substrate. 

The phenomenon of contact inhibition can be explained 
on the basis of haptotactic movement. Cells showing 
contact inhibition on glass are demonstrating that they 
can adhere more strongly to this material than they ean 
to each other. Cell movement will therefore be towards 
any free glass surface so that the monolayer is preserved. 
Cells showing loss of contact inhibition on glass can adhere 
more strongly to each other, and will tend to leave the 
glass surface and pile up in multiple layers. This type of 
explanation is similar to one of several possibilities con- 
sidered by Abercrombie and Ambrose*, but Abercrombie® 
has since suggested that the explanation least open to 





Fig. 5. 


‘L’ cells showing contact yg on metallized cellulose 


acetate. (x 325) 
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Fig. 6. 
metallized cellulose acetate 
area of the same cover glass as those shown in Fig. 5. (x 325) 


‘L' cells showing loss of contact inhibition on very lightly 
These cells were growing on a different 


objection is that adhesion between cells inhibits the 
ruffed membrane, as argued by Curtis’-*. In putting the 
opposite case it should be made clear that it is a relative 
lack of adhesion to the new substrate which is suggested 
as the operative mechanism, and this need not mean a 
low degree of adhesion in absolute terms. It is also impor- 
tant to emphasize that in discussing the adhesion of cells 
as it affects their motile behaviour, I am referring to the 
adhesion which occurs immediately on contact. The 
adhesion between cells which may develop on more pro- 
longed contact is not at present being considered. The 
argument used by Abercrombie? against this type of 
explanation for contact inhibition is that it fails to account 
for the paralysis of the ruffling movements of the cell. 
In a later paper concerned with the mechanism of cell 
motility, I hope to shew that this objection can be over- 
come. 

The arbitrary choice of glass as the surface on which 
most cells in culture are investigated makes the description 
of a cell in terms of contact inhibition equally arbitrary, 
though under standardized conditions not without 
practical value. Unfortunately glass exists in many forms, 
and its surface propertees are readily changed by washing 
procedures and by substances in the culture medium 
itself. 


Contact Guidance 


The principle of contect guidance, elaborated by Weiss”, 
can also be explained on the basis of cell movement 
along a path of preferential adhesion. Although this 
mechanism is to a large extent implied by Weiss, he 
argues against the acceptaneo of any simple explanation 
in these terms. Orienteted structures are likely to present 
aè correspondingly orientated pattern of differing adhesion. 
This may be so even if the components in the orientated 
structure are all of the same material, since curvatures 
of the surface will affect the relative densities of the surface 
elements which may be concerned with adhesion. 

Very precise contact guidance can be achieved by cutting 
narrow channels in a thin film of cellulose acetate so that 
the underlying glass is exposed, thereby providing a path 
offering far greater adherence for cells than the surround- 
ing acetate (Fig. 7). Weiss has suggested that the mechan- 
ism of contact guidance may involve micro-orientation of 
the guiding surface, and has considered how this orienta- 
tion could be transferred to the molecules of the cell 
surface in contact with it, and hence to the cell as a 
whole. It seems unlikely that there should be an appro- 
priately orientated mucrostructure on a glass surface 
which has been exposed by removing a narrow strip of 
cellulose acetate, although such a microstructure could 
conceivably be imposed by the cutting instrument used 
to remove it. ý 
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Fig. 7. Contact guidance along a channel cut through a film of cellulose 
acetate on glass, (x 225) 


Contact guidance can also be demonstrated on cellu- 
lose acetate when the path of preferential adhesion is 
made by overlaying with vaporized palladium rathor than 
cutting down to underlying glass. 

Such a path can be made by masking the acetate surface 
and restricting the deposition of metal to a strip of any 
desired width. Fig. 8 shows cells demonstrating contact 
guidance along a path made in this way. There is no 
reason why a metallized strip should have an orientated 
microstructure, and the simple interpretation involving 
differential adhesion alone seems adequate as a primary 
explanation for contact guidance phenomena. 


Chemotaxis 


There are probably many thousands of substances 
which can evoke chemotactic responses in vivo, but the 
number which demonstrate this effect under strictly 
in vitro conditions is remarkably small". The explanation 
for this may be that the chemotactic substance is acting 
indirectly by damaging or otherwise altering the surfaces 
of cells and non-cellular structures in its neighbourhood. 
This surface change enables the normally non-adherent 
leucocyte, for example, to adhere. Since the surface change 
will be greatest in closest proximity to the chemotactic 
agent, a gradient of surface adhesiveness will be formed 
to guide the leucocyte to the appropriate area. Such a 
gradient may be reinforced by the action of substances 
released by the damaged cells, and it is probable that 
these substances rather than the chemotactic agent itself 
are mainly responsible for the adhesion gradient produced. 
Chemotaxis is difficult to demonstrate in vitro because 
artificial substrates are less susceptible to these surface 
changes. A direct effect on the leucocyte is also possible 
since the leucocyte itself could suffer surface changes which 
would make it more adhesive on the side nearest to the 
chemotactic stimulus. Failure to demonstrate in vitro 
responses to the majority of agents which are chemotactic 
im vivo suggests that this direct effect may be relatively 
unimportant. The suggestion that chemotaxis is a special 
ease of haptotaxis applies equally well to negative 
chemotaxis, but in applying this principle there is no 
need to consider it in negative terms. 


Cancer Invasion 


If malignant invasion is due to the operation of 
haptotaxis, the implication would be that cancer cells 
can form stronger adhesions to surrounding normal cells 
than they can to each other. 

It was originally shown by Coman?! that cancer cells 
have a reduced mutual adhesiveness, and it has also been 
found that the net negative charge on the surface of a 
virus-transformed cell is higher than the surface charge 
on a homologous normal cell'*, It seems likely that these 
two findings are closely related, and on theoretical grounds 
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it might be expected that a cancer cell would adhere more 
firmly to a normal cell than to another cancer cell because 
the repulsion due to the combined surface charges would 
be less. 

To obtain absolute measurements of the adhesion 
between two cells of individually known type would be 
difficult, but if haptotaxis is accepted as a principle of 
cell movement, then the direction of cell movement itself 
can be used to give an indication of the relative adhesive- 
ness of two surfaces for a particular cell. 

Abercrombie, Heaysman and Karthauser™ made the 
important observation that confronted outgrowths from 
mouse sarcoma and chick embryo tissue showed more 
cell overlaps than occurred in a corresponding experiment 
with two cultures of chick tissue. This involves a compari- 
son of normal and malignant cells from unrelated species, 
and the experiment is further complicated by the presence 
of a third surface in the form of a plasma coagulum. 
Although it points in the right direction, an experiment 
of this complexity would be difficult to interpret with 
confidence in terms of relative surface adhesion. 

The value of virus transformation in culture is that it 
makes possible the comparison of normal cells with cells 
which are as nearly as possible their malignant counter- 
parts. Vogt and Rubin’ observed that chick fibroblasts 
transformed by Rous sarcoma virus form multi-layered 
clumps on glass, but migrate readily over the sheet of 
untransformed cells. This suggests that the transformed 
cells are more adherent to themselves than to glass and 
more adherent to corresponding normal cells than to each 
other. Even so, it would simplify the interpretation of this 
experiment to eliminate any possible interference by the 
glass so that the comparison can be restricted to the cell 
surfaces only. For this reason some interesting experi- 
ments by Stoker’ are particularly relevant. He showed 
that whereas hamster cells transformed by polyoma virus 
formed distinct heaped-up colonies on glass, these same 
cells did not produce colonies when seeded onto pre- 
existing monolayers of normal hamster cells. Although 
he found evidence that the rate of division of the trans- 
formed cells was reduced under these conditions, their 
failure to form multi-layered colonies could also indicate 
that they were spreading over the pre-existing monolayer 
and, therefore, demonstrating a stronger attachment to 
normal cells than to each other. Stoker’s experiments 
were not, of course, designed to test this hypothesis, and 
his own interpretation involves an entirely different theory 
in relation to the mechanism of contact inhibition. Never- 
theless, this type of experiment closely parallels the 
experiment previously described in which cells were 
shown to clump or spread out according to the adhesive- 
ness of the underlying surface. 

Although these experiments with transformed cells 
point to the conclusion that malignant cells can adhere 
more strongly to their normal counterparts than to each 
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Fig, 8, 


Contact guidance on a cellulose acetate film coated in a narrow 
strip with evaporated palladium, (x 225) 
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sther, it is clear that further experiments are required, and 
these need to be specifically designed to make interpreta- 
tion in these terms as direct as possible. In addition, it 1s 
«aecessary to establish haptotaxis more firmly as the over- 
iding principle of cell movement. In order to do this it is 
essential to relate it to the underlying mechanism of cell 
«motility, and this will be attempted in a subsequent paper. 

On the basis of haptotactic cell movements, many 
aspects of the natural history of malignant disease can be in- 
kerpreted. In local invasion, the peripheral tumour cells 
«nove away from the tumour mass into the surrounding 
Kissue in response to the adhesion differential, and are 
followed immediately by other cells moving under the 
same influence. In this way, a column of cells tends to be 
formed and the process of malignant invasion becomes 
more consistent in direction and consequently more 
efficient than if individual cells were cut off from the 
tumour mass so that they were no longer subject to the 
directional cue provided by the presence of norma! cells in 
front and malignant cells behind. 

The pattern of invasion ıs affected by tissue architecture, 
not simply on the basis of the physical structures encoun- 
tered, but also in accordance with the degree of adherence 
that the cellular and non-cellular components of the 
structure offer to the invading cells. Similarly the pattern 
of metastasis for a particular type of tumour is partly de- 
termined by anatomical considerations, and partly by the 
adhesiveness of the endothelial cells lning blood vessels 
and lymphatics in different tissues for the particular type 
of malignant cell. The surface properties of these endo- 
thelial cells would be expected to vary according to the 
differing physiological environments to which they are 
subjected in different types of tissue. 

The invasiveness of a particular tumour cannot be 
regarded as a characteristic solely of the tumour itself, 
since the nature of the surrounding normal cells plays a 
part in determining the degree to which tumour to normal 
cell adhesion exceeds mutual tumour cell adhesion. For 
this reason, a tumour metastasis in a different tissue may 
show a greater or a lesser degree of invasiveness in its new 
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site when compared with the primary tumour, and it 
would be predicted that some tumours which are non- 
invasive and regarded ss ‘benign’ in their primary sites 
could become ‘malignant’ if artificially transferred else- 
where. 

It 1s important to bear in mind that the cells involved in 
malignant mvasion are not moving in a stationary field. 
All tissue cells are potentially motile, and normal cells may 
move ın relation to malignant cells for precisely the same 
reasons as malignant ceLs move in relation to normal cells. 
The movement of fibrocytes, for example, in contact with 
some types of neoplastic cells can result in the effective 
walling off and containment of a tumour within a fibrous 
capsule, and the penetration of fibrocytes into the sub- 
stance of a carcinoma cen convert it into a scirrhous type 
of tumour. The infiltrasion of some tumours by lympho- 
cytes is also a clear case of the ‘invasion’ of cancerous 
tissue by normal cells. It may be more rewarding to 
consider such phenomena with reference to a defined 
concept such as haptotaxis than to describe them in non- 
committal terms of ‘reaction’ to the tumour. Only a 
brief indication of the epplication of such a concept has 
been attempted here. 

I thank Miss Janet Way for technical assistance. 
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A SEX-DEPENDENT FACTOR IN APLASTIC ANAEMIA? 


By Dr D. E. PEGG and J. E. BURNS 
Departments of Radictherapy and Physics, Westminster Hospital, Londen, S.W.| 


PLASTIC anaemia is characterized by the deficient 
production of peripheral blood cells and is nearly 
always attended, and presumably caused, by severe bone 
marrow hypoplasia. The fundamental cause of the 
condition is usually unknown, and although spontaneous 
remissions do occur, they are not common, and treatment 
has usually been conspicuously unsuccessful. Animal 
experiments in bone marrow transplantation indicated a 
possible new approach to the management of this disease 
by the grafting of healthy bone marrow cells: allogeneic 
marrow infusions are attended by difficulties and hazards 
which are avoided by the use of syngeneic donors, and on 
the rare occasions when a patient with aplastic anaemia 
has a normal identical twin 1t is possible to duplicate 
this favourable circumstance clinically. Seven such cases 
have been reported (Table 1). 

In three of the four successful cases recovery was rapid 
and complete (Cases 2, 4 and 5), while in the fourth 
(Case 6) the response was slow and incomplete following 
the first marrow infusion, but a second infusion was more 
satisfactory although some thrombocytopenia persists® 
Of the unsuccessful cases, the first (Case 1) has since 
undergone a slow and partial recovery while under 
treatment with steroids and testosterone (severe thrombo- 
cytopenia persists)®, Case 3 was not significantly bene- 
fited, and Case 7 died one month later. In each of the 


four successful cases the author of the report was con- 
vinced that the treatment had been responsible. It is of 
course necessary to consider the possibility that the 
recoveries were spontaneous and coincided with the 
treatment purely by chance. This seems highly improb- 
able: the spontaneous recovery rate is low, particularly 
when the disease has bean present for a considerable time, 
as it had in Cases 4, 5 and 6 particularly. If it is accepted 
that the treatment was responsible for the recovery of the 
four successful cases, some attempt must be made to 
account for its failure in the other three. There appears 
to be no correlation besween the result of the treatment 
and the cause of the aplasia (in so far as it is known), 
the age of the subject, ar the amount of marrow injected : 
it is striking, however, that all the female cases recovered 
whereas all the male zases did not. To calculate the 
probability of this result occurring purely by chance, 
where the true reason is the operation of a factor not 
dependent on sex, it is necessary to make some assumption 
concerning the number of cases expected to recover. 
Table 2 shows the calculated probability for a selection 
of overall success rates. The highest probability is given 
by assuming that four recoveries will occur in any seven 
cases treated (the obærved success rate) and on this 
assumption the probatility of the observed distribution 
of successes and failures between males and females 
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Table 1 
Case Age and Amount of 
No. Sex Aetiology Duration of aplasia marrow Result Ref. 
e 5 es ee 
1 3 M Chloramphenicol and/or 4 months to first treatment 3°6 x 10° cells Unsuccessful 1 
gulphonamides probably | 6 months to second treatment 2-8 x 10° cells 
2 7 F Paramethadione weeks 5-6 x 10° cells Complete recovery 2, 
B 54 M Unknown Unknown, but longer than 2 4'8 x 10° cells Unsuccessful 3 
mon 
4 9 F Unknown 5 2-5 years 7.3 x 10° cells Complete recovery 4 
5 9 F Unknown 7 months 6-1 x 10° cells Complete recovery 5 
6 55 F Chloramphenicol 10 months to first treatment 6°0 x 10° cells Recovery with some persistent 6 
3 years to second treatment thrombocytopenia 
7 16 M Unknown 1 month 2-0 x 10° cells Unsuccessful 7 


Table 2. PROBABILITY THAT FOUR FEMALE CASES SHOULD ALL SUCCEED 
AND THREE MALE CASES SHOULD ALL FAIL FOR VARIOUS POSTULATED 
SUCCESS RATES 


Success rate 
(%) Probability 
90 0-000656 or 1 in 1,520 
80 0-00328 or 1 In 305 
70 0-00648 or 1 in 154 
60 0-00829 or 1 in 121 
50 0-00781 or 1 in 128 
40) 0:00553 or 1 in 181 
30 0-00278 or 1 in 366 
20 0-000819 or 1 in 1,220 
10 00000729 or 1 in 13,700 


occurring purely by chance can be shown to be 0:0084 or 
1 in 119, a rather unlikely (but not impossible) chance. 
It is, at any rate, sufficient to suggest quite strongly that 
a sex-determined factor is involved in the treatment of 
aplastic anaemia by syngeneic marrow infusion. 

There appear to be two possible explanations for this 
quite unexpected observation: either a sex-determined 
factor is involved in the disease itself and the female 
disease is actually different from the male disease, or a 
gex-linked factor determines the success of the treatment. 
These possibilities will be considered in turn. 


(A) The disease. Aplastic anaemia appears to affect 


both sexes equally! although cases have been described 
in which there has been good evidence that sex or hormonal 
factors have played a crucial part. Havard and Scott 
themselves described two patients in whom the onset of 
aplasia was associated with pregnancy and one of these 
patients relapsed with each of her three pregnancies and 
remained in remission following her last prognancy. 
Similar occurrences have been noted by Lachmann et al.1}. 
Shahidi and Diamond" reported two cases of aplastic 
anaemia in male children in which spontaneous remissions 
occurred precisely at the time of the onset of puberty. 
It is, in fact, well known that the sex hormones play an 
important part in the control of haemopoiesis; Gordon 
and Charipper!® showed that the difference in mean 
haemoglobin levels of male and female rats is due to the 
action of the sex hormones. Tho administration of large 
doses of testosterone in carcinoma of the breast often 
produces erythroid hyperplasia and even mild poly- 
cythaemia" and similar therapy has since been advocated 
for the treatment of juvenile aplastic anaemia’? and 
myeloid metaplasia’. In addition, there is clear evidence 
that sex-linked genetic factors are involved in haemo- 
poiesis. Rundles and Falls!” have described a form of 
sideroblastic anaemia which is hereditary and almost 
certainly sex-linked, sinco it effected only males and was 
recessive in females: the congenital pancytopenia of 
Fanconi is more common in males than females. 

It is quite clear that this evidence falls a long way 
short of establishing the existence of two, sex-linked 
forms of aplastic anaemia, and in the present state of 
knowledge it seems unlikely that this could explain the 
results of syngeneic marrow infusion. 

(B) The treatment. It has of course been widely assumed. 
that syngeneic marrow infusion would work, if at all, by 
cellular transplantation, but it has not perhaps been so 
readily appreciated that this also involves the assumption 
that the cause of aplastic anaemia is a primary failure of 
stem cell activity, presumably brought about by the 
action of a trapsient agent which leaves the stem cells 


irreparably damaged but the marrow environment intac 
to accept a syngeneic graft. In fact there is overwhoelmin; 
evidence against this. In the first place it is very difficul 
to conceive of an agent producing a specific totally letha 
effect on. one group of cells in a complex biological systen 
(if it were not totally lethal, then spontaneous recover’ 
would occur). In any event, since the leucocyte, platele 
and reticulocyte counts never reach zero, there must b 
some intact stem cells remaining, and if this is so, and th 
marrow environment is intact, they would be expecte 
to repopulate the marrow without further intervention 
their total number would certainly exceed 0-1 per cen 
of the normal total marrow cellularity, and this amoun 
is adequate to repopulate the marrow spaces of lethal 
irradiated mice. ‘There is therefore every reason t 
suppose thet aplastic anaemia is not due to stem. failur 
per se, but is due to an abnormality of the milieu intérieu) 
either the absence of an essential metabolite or hormone 
or the presence of a specific depressor substance. if: 
depressor substance was responsible one would expect i 
also to affect the infused marrow, and prevent grafting 
One is led to the conclusion that when syngeneic bon 
marrow is infused in aplastic anaemia, it does not act b 
haemopoietic cell transplantation as this is usuall 
understood, but by a quite unknown stimulator 
mechanism. 

This conclusion is certainly surprising, and in view c 
the nature of the evidence on which it is based, it mus 
be regarded as highly tentative. But in a disease wher 
so little is understood it is perhaps justifiable to conside 
any reasonable hypothesis in the hope that it may lea 
by further observation and experiment to a great 
understanding of the disease, and to more effective trea 
ment. In particular it will be most interesting to see- 
further attempts to treat aplastic anaemia with syr 
geneic bone marrow conform to the same pattern. Limite 
enquiries have brought to light only one additional case? 
This concerns a female aged twenty-three, who die 
3 days after receiving 1-17x 10° marrow cells from he 
twin; this is certainly too short a survival to permit an 
conclusion concerning the effectiveness of the marro 
infusion. 
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LETTERS TO THE EDITOR 


RADIO ASTRONOMY 


Radio Structure of the Galactic Centre 
Region 


RADIO observations have shown that the galactic 
centre region consists of a number of discrete sources. 
The brightest of these, Sagittarius A, is believed to rep- 
resent the galactic nucleus. This communication des- 
cribes a new series of observations of the region, made at 
frequencies of 8-25 and 15-50 Ge/s with a pencil-beam 
antenna. The angular resolutions were respectively 4-2 
and 2:2 arc min, the latter being the highest pencil-beam 
resolution so far applied to the galactic centre region. 
The observations confirm that the microwave spectrum 
of Sagittarius A is non-thermal!, show that the angular 
diameter of the source is approximately 3-5 arc min, and 
demonstrate that, adjacent to Sagittarius A, there is an 
irregular emission region, which is apparently thermal in 
nature. The relation between radio data concerning the 
galactic centre and optical information about the centres 
of nearby normal galaxies is also examined. 

The observations were made with the 120-ft. paraboloid 
antenna at the Haystack field station of Massachusetts 
Institute of Technology, Lincoln Laboratory. The antenna 
has a Cassegrain feed system*®. The receiver at 8-25 Ge/s 
had a band-width of 0-5 Ge/s, and with an output time 
constant of 1 sec the minimum detectable signal was of 
the order of 0:1° K. The receiver at 15-50 Ge/s used two 
channels centred at 15-25 and 15-75 Gejs, each having a 
band-width of 0-5 Ge/s. With an output time constant 
of 1 sec the minimum detectable signal for this receiver 
was 0:2° K. Tho outputs from the receivers were recorded 
by both analogue and digital equipment. The observations 
were made by taking drift-scans, at spacings of 2 arc 
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min in declination at &25 Ge/s, and at 1 arc min at 15-50 
Ge/s. This procedure minimizes the effects of ground 
radiation scattered or diffracted into the antenna. The 
scans were taken when the galactic centre region was at 
meridian transit +2 4, over which period its elevation 
ranged from 18 to 13 are deg above the horizon. 

Fig. la shows the radio brightness contours of the galactic 
centre region at 8-25 Ce/s and Fig. 16 shows the contours 
at 15-50 Ge/s. The bright source is Sagittarius A. To the 
north of Sagittarius A. and partially overlapping it, there 
is a complex emission region, which consists of an irregular 
curved ridge. This rezion may also be distinguished on 
contour maps at othsr frequencies’. Beneath these 
sources, there is a well-known emission region extending 
over several arc degrees, which is not indicated in the 
diagrams. i 


Table 1. FLUX DENSITIES, ANGULAR DIAMETERS, AND POSITIONS OF RADIO 
SOURCES IN GALACTIO CENTRE REGION 


Sgr. A Sgr. B1 Ser. B2 

Flux density (x 10-78 M.K.8.) 

at 8-25 Ge/s 150 35 125 

at 15 50 Gejs 100 60 190 
Angular diameter 

(arc min) 40 x 25 7x5 17 x 5 
Position (1950 0) 

right ascension I7h 42m 27s 17h 42m 34s 17h 42m 59s 

declination — 28° 58 5’ — 28° 51-0’ — 28 47 0’ 


Estimates of the flux densities of Sagittarius A at 8-25 
and 15:50 Ge/s are given in Table 1. These values were de- 
rived on the assumpticn that the flux density of M87 was 
47 x 10- m.K.S. units at 8°25 Ge/s and 28 x 10-8 units at 
15:50 Ge/s. Beam-widsh corrections were made for both 
Sagittarius A and M87. The flux values for Sagittarius A 
fit closely on the intensity spectral curve of index « = 
—0-7 given earlier by Maxwell and Downes, confirming 
the non-thermal character of the source. The position 
co-ordinates of Sagittarius A given in Table 1 are mean 
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Fig. 1. a (Left), galactic centre region at 8-25 Go/s. Contours represent antenna temperature in ° K, corrected by 4 per cent for 
E h o galactic centre region at 15-50 Bole. Contours represent antenna temperazure in ° K, corrected by 8 per cent 
or extinction 
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values taken from earlier position measurements of Max- 
well and Downes, Hollinger? and Broten et al.‘. 

To estimate flux densities from the irregular emission 
region north of Sagittarius A, we have divided it into two 
main areas, which we shall refer to as Sagittarius B1 and 
B2. The centres and angular diameters of these areas are 
listed in Table 1, the centres having been measured relative 
to the position of Sagittarius A. On Fig. 1b the centres are 
represented by the closed contours of antenna tempera- 
ture 0:67° K. Integrated flux densities for Sagittarius 
Bi and B2 are given in Table 1. These values, however, 
should be regarded with caution, particularly at 15-50 
Gc/s, since the present survey provides only a few bright- 
ness contours for the areas. Comparison of the integrated 
fluxes from these areas with data taken by Broten et al. 
at 5 Ge/s suggests that the sources are both thermal in 
nature and that they may therefore be H IT regions. There 
is, however, no evidence to indicate that the sources are 
physically associated with Sagittarius A. 

In considering the structure of the centre of our own 
galaxy, it is instructive to compare the existing radio 
data with optical data concerning the centres of two 
nearby normal galaxies, M3l and M51. (There is, of 
course, little optical evidence concerning the structure 
or nature of the centre of our own galaxy, since the centre 
is heavily obscured by intervening dust clouds.) Both 
M31 and M51 are observed optically to have a central 
nucleus of linear dimensions about 20 parsec*:®. In each 
case this nucleus is embedded in a larger nuclear bulge 
of dimensions about 1,000 parsec. In the case of our own 
galaxy, if we believe Sagittarius A to be at the galactic 
centre and at a distance of 10 kiloparsec’, then its angular 
width of 3-5 arc min to half power would correspond to 
linear dimensions of the order of 10 parsec, which is 
comparable with the optical dimensions of the nuclei of 
the nearby normal galaxies. Similarly, if the extended 
source underlying Sagittarius A is regarded as radio 
evidence for a nuclear bulge at the centre of our own 
galaxy, the radio diameter of about 120 arc min! would 
correspond to linear dimensions of the order of 350 parsec. 

Observations of the galactic centre by radio astronomers 
have now extended over some fifteen years, during which 
time angular discrimination has increased by a factor 
of about 30. With each improvement in resolution the 
central region has generally shown increasing structural 
complexity. Commencing in 1967, the region will be subject 
to a series of lunar occultations, and at that time we may 
look forward to a dramatic increase in the available 
angular resolution, perhaps by a factor of 100 or more. 
The detailed structure of this region should then be revealed 
much more fully. 

We thank Mr. A. B. Hull and Dr. 8. Weinreb of Lincoln 
Laboratory, and Mr. R. Rinehart and Mr. J. H. Taylor 
of Harvard University, for their assistance in making the 
observations. Lincoln Laboratory is a centre for research 
and development operated by the Massachusetts Institute 
of Technology with the support of the U.S. Air Force. 
The Harvard University part of the programme was 
supported by the U.S. National Science Foundation. 
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Common Features of the Optical Continua 
associated with Violent Cosmic Events 


THe purpose of this communication is to point out a 
similarity in the optical continua of several objects, all 
associated with violent events, but which otherwise have a 
diverse character. The objects are the nucleus of the 
Seyfert Galaxy NGO 4151, the galactic, nova-like object 
n Carinae, the Crab Nebula and the quasi-stellar radio 
source, 3C48. (The term nova-like ıs to some extent 
descriptive of the spectrum. In using it, we do not mean 
to imply a mechanism for the outburst in n Carinae. This 
outburst has involved energies characteristic of supernovae 
and, unlike either supernovae or novae, has a time scale 
of the order of a century.) The optical spectrum of NGC 
4151 has been discussed by Seyfert? and Woltjer’, that of 
n Carinae by Thackeray’, that of the Crab Nebula by 
Woltjer: and Mayall>, and that of 3C48 by Greenstein and 
Schmidt*. The emission lines in all of these spectra show, 
as a common feature, evidence of internal motions as 
large as a few thousand km/sec. We indicate in Table I 
some of the principal observed features of these objects. 

In independent investigations, we have recently found 
that NGC 4151 and 7 Carinae radiate continua that are 
remarkably similar to one another and to that observed 
in the Crab Nebula. Further, there are considerable 
grounds for believing that the optical continua of some of 
the quasi-stellar sources, such as 3048, are of similar form. 
The continua are illustrated in Fig. 1, where we plot the 
logarithm of the flux per unit frequency interval, log 
F(v) (with an arbitrary vertical shift for each object), 
against the reciprocal wave-length ()-. 

The observations of 71 Carinae were obtained with the 
photoelectric scanner at the Mount Stromlo Observatory. 
They will be discussed in conjunction with the results of 
coudé spectroscopy in. a forthcoming paper by Rodgers and 
Searle. For our purpose it is important to note that there 
is no observable stellar component in the spectrum of 
n Carinae. Although the spectrum of n Carinae is crowded 
with emission lines, notably of [Fe IT], a smooth, feature- 
less continuum is clearly present and the coudé spectro- 
grams have been used to correct the scan data in order to 
obtain the curve shown in Fig. 1. ņ Carinae lies in the 
galactic plane and suffers considerable interstellar extinc- 
tion. To obtain the results given in Fig. l, a large but 
well-determined correction for this has been applied to the 
observed fluxes. 

The scans of NGC 4151 were obtained by Oke using the 
200-in. telescope at Palomar Mountain and the 100-in. 
telescope at Mount Wilson. They will be discussed, 
together with photographic spectra obtained by Sargent 
at Mount Wilson, in a forthcoming paper. The nucleus of 
NGC 4151 has a continuous spectrum on which are super- 
imposed emission. lines; there is no sign in the spectrum of 
this object of a stellar absorption component such as is 
found in some of the other Seyfert nuclei, for example, ` 
NGC 1068. The continuum shown in Fig. 1 for NGO 4151 
has been corrected for the effect of emission lines, but no 
correction for interstellar reddening has been necessary in 
this case. 

The optical continuous energy distribution of the Crab 
Nebula has been measured by O'Dell’? using narrow band 
observations over the wave-length range 3210-8440 A. 
Estimates of interstellar reddening were made through 


Table 1. RADIO AND OPTICAL PARAMETERS 


Luminosity Ratio of radio to Equivalent 


Object Distance Radius at 45556, optical luminosity width of 


(pe) (em)  (ergs/sec/A) F(v = 10° cpe) HA(A) 
E(v = 1035 oh 
NGO 4151 10 15x10 78x10 <01 140 
Car 15x10? 6x10! 2.3 x 108 <03 114 
rab Nebula 1°1x10? 9x10! 1:8 x 10% 105 8 
3048 10°* < 107" ~10@ 10° 28 
3C273B 5x10°* <2x10% ~4 x 104 10? 98 


* Assuming redshift is cosmological. 
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Log F(v) + const. 
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es) and 3C278B (large 
open circles 


observations of surrounding field stars, the total absorp- 
tion amounting to 1:10 magnitudes. The photometric 
observations were corrected for the presence of emission 
lines due to the filamentary component of the Crab, but 
the corrections do not exclude noticeable amounts of 
Balmer recombination continuum at wave-lengths below 
3647 A. Recent unpublished scanner measurements of the 
Crab by Oke agree in general with O’Dell’s observations; 
but show some evidence for an increase in flux in the 
Balmer continuum. 

We have also plotted, in Fig. 1, Baum’s* measurements 
of the monochromatic fluxes at several wave-lengths for 
3048. These relatively broad band observations have not 
been corrected for the presence of emission lines but have 
been reduced to the laboratory frequency system by 
applying the appropriate redshift corrections for a 
Doppler displacement factor of 1-367. Again, unpublished 
scanner observations by Oke show good agreement with 
those of Baum. 

Among the quite diverse objects represented in Fig. 1, 
there appears to be a remarkable similarity in the radiated 
optical continua longward of 4000 A. There are obviously 
varying contributions of Balmer recombination continua 
at shorter wave-lengths which correlate well with the 
observed equivalent widths of Hf as listed in Table 1. 
The resemblance of the overall continua of NGC 4151 and 
n Carinae 1s particularly striking in view of their dissimilar 
nature. 

Although the objects so far discussed do have a common 
slope, it is also clear that there are other objects where 
this is not strictly the case. As an example, the con- 
tinuous spectrum of 30273B as measured by Oke?’ is 
much flatter in the blue spectral region, although, as shown 
in Fig. 1, there 1s some suggestion that, in the near infra- 
red, the continuum slope of 3C273B approaches that of 
the other objects represented in Fig. 1. Furthermore, 
unpublished observations by Oke have shown that other 
Seyfert nuclei, NGC 1068 and NGC 1275, have con- 
siderably redder continuum slopes than NGC 4151; this 
may be caused by the presence of cool stars in the former. 

The point we wish to emphasize is that for all the 
objects in Fig. 1, there appears to be a common contri- 
bution to the spectrum which dominates the Paschen 
continuum and for which f'(v)«xe-2" where a&2°4x 10-4 
¢.g.s. units. It implies the existence of a common physical 
process occurring in gas masses which experience violent 
internal motions. The cases of 7 Carinae and the Crab 
Nebula show that this process is not essentially connected 
with the behaviour of gas masses on a galactic scale. 

Shklovsky” has proposed that the optical continuum of 
the Crab Nebula is synchrotron radiation; Mathews and 
Sandage1! have ascribed the whole of the optical con- 
tinuum of 3C48 to this process; and Oke® also discusses the 
red continuum of 3C273B ın terms of optical synchrotron 
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radiation. In all cases the optical spectral index is larger 
than that found from the radio observations and the 
difference has been attributed to the effect on the optical 
fluxes of a high-frequency cut-off in the electron energy 
spectrum. It1s remarkable that in such dissimilar objects 
so great a uniformity should obtain in the processes which 
determine the energy spectrum of the relativistic electrons. 
Jf the continua are produced by synchrotron radiation 

we could hope to detect polarization, given a favourable 
magnetic field geometry in the objects. The co-existence 
of a recombination spectrum and a synchrotron spectrum 
in y Carinae and NGC 4151 would lead one to expect 
more polarization m the red than shortward of the 
Balmer jump. In the case of ņ Carinae, Visvanathan!? has 
examined the polarization first observed by Thackeray’ 
and has shown it to be independent of wave-length. This 
1s In contrast to the effsct of interstellar polarization, but 
neither is it to be expected on the synchrotron hypothesis. 
Investigations of polarization and particularly its wave- 
length dependence in these violent objects are obviously 
of great importance in the further understanding of this 
problem. 
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Growth of Interstellar Grains 


IN a previous communication! we obtained an expression 
for the rate of growth af interstellar grains moving relative 
to a gas or to a cloud of grains. The main assumptions 
were that the grain remained spherical during growth and 
its size remained small in comparison with the mean free 
path of the gas molecules, thus enabling the velocity dis- 
tribution of the molecules to be taken as an equilibrium, 
in this case Maxwellian, distribution. We also assumed 
shat a fixed proportion, 2, of the colliding gas molecules 
adhered to the grain. 

In order to obtain fhe actual size of the grain at any 
instant, we made the further assumption that the speed 
of the grain remained constant throughout the motion, and 
was not affected by ccllisions with the gas molecules. In 
this communication we dispense with this assumption and 
take into account the effects of retardation by making use 
of the formula for the resistance to the motion of small 
spheres given by Bainzs, Williams and Asebiomo?. 

In ref. 1 the rate of crease of the mass M of the grain 
moving at any speed U through the gas was found to be: 
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where erf denotes the error function (see, for example, 
ref. 3). The gas, which consists of n molecules, each of 
mass m, per unit volume, is assumed to have a kinetic 
temperature T and as usual we write 8 = m/2kT, where 
k is Boltzmann’s gas constant. We found that equation (1) 
could be written most simply in terms of a non-dimensional 
molecular speed ratio: 


2U 
S= VbU = aw 


where W denotes the mean thermal velocity of the gas 
molecules, in the form: 

dM $ l 
dk = mnai F ) fos + (s + zg vz erf(9)} (2) 


Now the resistance to the motion of a small sphere 


moving through a gas has been calculated in ref. 2 to þe: - 


Rs = mna? YE i(s +35 eS? + 


(s LTE im ve erf(s)| (3) 


on the assumption that all the molecules are reflected 
(A = 0), and that the reflexion is specular. (In specular 
reflexion the component of velocity perpendicular to the 
surface of collision is reversed while the other component 
remains unchanged.) Although in the growth problem a 
proportional à of the molecules adhere to the sphere, it 
can be shown using the appendix to ref. 2 that molecules 
reflected specularly from the sphere carry off no momentum 
on the average. No modification is therefore required to 
equation (3) when A + 0. 

The equation of motion for the grain, assuming specular 
reflexion for the molecules not adhering, is: 


> (MU) = — Rs 
and since S = +/BU, we obtain: 
d 
az (MS) = — VB Rs (4) 
Now: 

— (MS) = M a +8 

or 
d(MS)/dM = S + 1/{d(log M)/ds} (5) 


From equations (5), (4), (3) and (2) we can evaluate 
+ (log M) 


in terms of S, and integration then gives: 


log (37°) 7> f S + = 2 : ae i (s a avr erf(5)) 
Š, 


es: +(s F aTa erf (iS) 


where M, and M, are the masses of the grain for speed 
ratios S = S, and S = S, respectively. 

The integration in equation (6) can be carried out 
numerically. Alternatively, we may approximate to the 
exponential and error functions in the integrand as in 
refs. 1 and 2 by using the first few terms of the expansions 
for large and small S as appropriate (see, for example, 
ref. 3) The integral can then be evaluated and a simple 
analytic expression obtained. 

For S > 1-4 we may replace the numerator of the 
fractional expression in equation (6) by 4/n(1+.S2) and 
the denominator by: 


vals +35) 


* The first equation in the limiting case (ii) in ref. 1 should contain an 
additional factor (4/ m2. 
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while for S < 1-4 the numerator can be replaced by: 
Yg, 
Re TS 
and the denominator by: 
2) 
E Qı t3 


Equation (6) then becomes: 


M, i Pa 
8M, = ] U+ We 28 ST 
zie 
4 2s ds 
| peii g 
SSI 


and integration gives: 


Me, (2: + a/b\—Alab S: —)/2a 
M, ` + a/b S Mi 
or (8) 


M, (S? + 5c/d\-4aled hae 

M, NSi + bed) i Bees 
where for convenience we have written a = à + 2, b = 
2A + 2, c = 32 + 4 and d = 5a + 4. If the speed range 
extends over both S > 1-4 and S < 1-4 both formulae are 
required, the range being split accordingly. The loss of 
accuracy has been discussed in detail in ref. 2, and in the 
present case is scarcely enough to affect three-figure 
accuracy. 

If wo make the more drastic approximation of keeping 
only tho first term in the expansions of the numerator 
and denominator in equation (6) for large and small S, 
the loss of accuracy may be greater. The corresponding 
analytic expressions are, however, very simple, and 
equation (7) becomes: 


M, _ ( ee +1) a +1) 
My NS, ~ \U, 


M —BA/(3A + 4) —37](34 + 4) 
m=) = GI Sos < 14 


As the speed ratio S, drops to zero the grain clearly 
grows without limit. However, our model is restricted: 
(a) by the size of the grain being small compared with the 
mean free path of the gas; (b) by the neglect of the 
thermal motion of the grain itself, which implies a 
minimum speed ratio of the order of 10-5. In calculating 
the growth we have therefore confined ourselves to speeds 
with a lower limit of S = 10-5, while for the upper limit 
we chose S = 103, as this implies an actual speed of the 
order of 108 om/sec, which is unlikely to be exceeded. 

Tables 1 and 2 show the ratio 
E of the final mass to the mitial 
dS (6) mass as given by equation (8) 

for grains slowing down from 
initial speed ratios S, = 1, 10, 
10*, 10° to final speed ratios 
Sa = 10-2, 10-3, 10-4, 10-5. Table 1 
has been constructed using ìà = 1, and Table 2 using à = 
1/10, in both cases using the equations (8) resulting from 
a two-term approximation for the functions in equation 
6). 
Tables 1 and 2 RATIO oF FINAL TO INITIAL MASSES FOR VARIOUS RANGES 


or S, USING EQUATIONS (8) i 
Table I, 2=1 Table 2, A=1/10 


Si, So = 1-4 
(9) 


many! 


Initial speed 
ratios. LogioS; 


1,580 | 4,280 





-3 —é4 


-4 -5 —2 
Final speed ratios. Logio Ss 
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From Tables 1 and 2 the mass ratio can be calculated 
for any two speed ratios of the form 10” where n lies 
between 3 and —5. To illustrate this point, we note: 
M, 
Mı 


M. (S, = 10-1, S, = 10) 


No, 5016 





(Sı = 102, S, = 10-*) 
(Sı = 102, S, = 10+) = 


The maximum growth obviously occurs when A= 1 
and the change in the speed ratio is greatest, namely, 
when it drops from ©, = 10° to S, = 10-5. This gives a 
ratio of the final to the initial mass of just over 4 x 10°. 
For the same speed ratios and 4 = 1/10 the corresponding 
ratio of masses is only 6. 

In view of the simplicity and ease of application of 
the formulae in equations (9) we also calculated the ratio 
of final to initial masses using these formulae, for the same 
range of parameters as already mentioned. The percentage 
differences between these results and those given in Tables 
1 and 2 were then calculated. The greatest percentage 
difference for any of the situations considered was only 
1:4 and we therefore deduce that equations (9) are per- 
fectly satisfactory for two-figure accuracy. 

Finally, we remark that appreciable growth of a grain 
moving through interstellar gas cannot occur before its 
relative motion is lost if less than one in ten of the col- 
liding molecules adhere to it. Moreover, for most astro- 
physical problems a good estimate of the growth is given 
by the simple formulae in equations (9). 

We thank M. A. Mustafa for assistance with the 
calculation. 
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RADIOPHYSICS 


Anomalous Intensity Ratios of the Interstellar 
Lines of OH in Absorption and Emission 


We have previously found! intensity ratios of the four 
microwave lines of OH in disagreement with the theoretical 
and laboratory ratios? of 1: 5:9: 1 for the lines at 1,612, 
1,665, 1,667 and 1,720 Mc/s. For the strong OH absorp- 
tion of the radio source Sagittarius A it appeared that the 
ratios might be attributed to high opacity®. We now 
report a more detailed series of measurements which shows 
that high opacity alone cannot account for the observa- 
tions and that disturbed populations of the levels have to 
be invoked. 

Weaver et al.4 have recently announced the discovery 
of narrow-band emission at 1,665 and 1,667 Mc/s in 
ionized hydrogen regions. The emission at 1,665 Me/s is 
usually the stronger, and the excess emission is attributed 
to an ‘unidentified microwave line’. We have observed 
emission from a number of sources at all four OH frequen- 
cies, and conclude that all the emission is produced by OH 
molecules. Weinreb et al.5 have expressed the same 
opinion from observations of three of the four lines in the 
radio source W3. The intensity ratios of the emission 
lines are abnormal, but can be explained as extreme cases 
of perturbation of the populations. 

Anomalous intensity ratios for all four OH lines in 
absorption have been measured with the Australian 210-f%. 
telescope at many points in the complex region near the 
galactic centre. The ratios vary widely, as is illustrated 
by the examples in Table 1; there is one case where the 
absorption on 1,665 Mc/s exceeds that on 1,667 Mc/s. The 
marked inequality of the absorption at 1,612 and 1,720 
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Table 1. INTENSITY RATIOS OF OH ABSORPTION LINES 


Position Claud velo- Intensity ratios 

HI b cisy km/s 1612 1665 1667 1720 
0° 0° 0 1 25 33 0:5 
0° —0° 10’ +40 1 1:5 ‘7 0-5 
0° —0° 10’ +8 1 1-9~ 2°4 03 
0° 30’ 0° + 24 1 2-7 35 1:7 
0° 40’ i — 85 1 2°6 3:7 1°4 
0° 40’ —Q° 10’ — 94 1 34 4:6 20 
0° 40’ —0° 10’ +60 1 2-2 2:0 0-9 
Sgr. +42 1 1-9 23 07* 


* More accurate measurement of value reported earlier’. 


Mc/s is clear evidence for a disturbance of the populations. 
Recent observations of the nebula RCW® 38 have shown 
weak absorption with ratios of 3 : 3 : 1 for the lines at 
1,665, 1,667 and 1,720 Mc/s; thus the anomalous ratios are 
not confined to the galactic centre region nor to cases of 
high opacity. 

Our first evidence of OH in emission came from observa- 
tions in the direction of M= 0° 40’, b=—0° in June 1964. 
Fig. 1 shows the profiles at 1,612, 1,665, 1,667 and 1,720 
Mc/s over the radial velocity range —80 to +120 km/s, 
measured with the 37 ke/s filters of the multichannel line 
receiver. These spectra are blends of absorption lines 
except for a reversal at about +70 km/s on the 1,665 
Mc/s profile and possibly on 1,612 Mc/s. That this is 
emission and not just lack of absorption is clearly demon- 
strated by observatiors with 10 ke/s band-width, shown in 
Fig. 2. In this case tke 1,665 Mc/s peak breaks up into at 
least four components. The principal feature is an 
emission peak of aerial temperature 36° K and line width 
not noticeably greater than the experimental band-width. 
An absorption feature at +64 km/s and additional 
features at +75 and +78 km/s are visible on three of the 
profiles in Fig. 2. The source of OH line emission was 
found to be centred at I = 0° 40’ + 2’ and bu = —0° 2’ +2’; 
its angular size is less than the experimental limit of 5’ of 
arc. 

We have observed nine other thermal radio sources, 
including three of tke sources where emission at 1,665 
and 1,667 Mc/s is reported by Weaver et al.'. 
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Fig.1. Line profiles observed at the four OH frequencies in the direction 

l=0° 40’, b=0°, with a bend-width of 37 ke/s. A sharp emission feature 

is found at 1,665 Mc/s and possibly at 10a Me/s, on the edge of the broad 
absorption 
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For W49 very strong emission was observed at 1,665 
and 1,667 Me/s, as seen in Fig. 3. Two main peaks were 
resolved with the 10 ke/s filters, the higher velocity peak 
being visible on all four OH frequencies. The 1,612 Mc/s 
profile closely resembles that at 1,665 Mc/s, but the +16 
km/s feature is displaced on the 1,667 and 1,720 Mc/s 
profiles. The intensity ratios of the main emission peaks 
are 1: 19:5:0-3 and 1:11: 46:04. The line emission 
source coincides in position with the western (thermal) 


Acrial temperature (°K) 
ZERO LEVELS 





+70 
Radial velocity (km/s) 


Fig, 2. Detail of the profiles of Fig. 1 over the velocity range 60-85 

km/sec. These measurements were made with 15 channels of band-width 

10 ke/s. Profiles for each of the OH lines have been superimposed. The 
zero levels for the four profiles are marked on the ordinate 
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Fig. 3. Emission from the nebula W49 at each of the four OH frequencies. 
The aerial temperatures for 1,665 and 1,667 Mejs reach high values, and 
the intensity scale for these profiles has been reduced by a factor of 5 
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component of the double source. The OH emission 1s 
not resolved with the 12-min beam, and so must have an 
angular size less than 5 min of arc. The observed peak 
antenna temperature of 140° K at 1,665 Mc/s would thus 
correspond to a brightness temperature of over 800° K. 

For NGC 6334 a complex emission feature was observed 
near — 10 km/s at 1,665, 1,667 and 1,720 Mc/s, the peak 
temperature being 33° K at 1,665 Mc/s. Pronounced 
absorption occurred on all four frequencies near — 3 km/s. 
The line emission is clearly displaced by 4 min of arc to the 
east of the continuum maximum, coinciding with the edge 
of one of the bright condensations of the nebula. Again 
the OH source is unresolved with the 12 min of are 
beam. 

OH emission was seen in the directions of the Orion 
nebula, y Carinae, MH R49 (R.A. 16 h 09 m 34 8, Dec. 
—57° 20-5) and possibly NGC 6357. We found no 
emission in RCW38, ROW49, ROW57, 30 Doradus or the 
Crab Nebula. 

Weaver et al.4 have suggested that some or all of the 
emission near 1,665 Mc/s was an unidentified microwave 
line. Their argument was based on the finding that the 
emission at 1,665 Mc/s was stronger than that at 1,667 
Mc/s, that the profile shapes on the two lines were very 
different, and that no counterpart to the 1,665 Mc/s 
emission in W49 could be found at 1,612 Mc/s. They 
explain the anomalous 1,665 Mc/s emission in W49 and 
NGC6334 as a blend of the OH line and the line of ‘mys- 
terium’ (with a slightly higher rest frequency). 

In W49 we find that the 1,665 Mc/s profile is closely 
reproduced at 1,612 Mc/s. Related emission features are 
also seen on 1,667 and 1,720 Mc/s. We have also observed 
emission at all four OH frequencies near 1=0° 40’, b= 
—0° 02’, and Weinreb et al.5 have observed emission at 
J,665, 1,667 and 1,720 Mc/s near the nebula W3. The 
intensity ratios are ‘abnormal’, but as anomalous ratios 
are also found in many of our absorption measurements 
we conclude that both phenomena are produced by OH. 
molecules the populations of which are disturbed from the 
equilibrium values. The high brightness temperatures of 
the emission also support the argument for departures 
from equilibrium. 

The Berkeley and Massachusetts Institute of Tech- 
nology observations show that the emission profiles have 
many extremely narrow-band components, some as 
narrow as 1 ke/s. If the intensity ratios are different for 
each of the components, we would expect the composite 
profile to have different overall shapes on each of the 
frequencies. Í 

High molecular densities would be required to explain 
the observed emission as spontaneous emission from 
excited molecules. Further, all cases of OH emission, are 
Seen against a strong continuum background, when 
stimulated transitions would be the dominant term in the 
equation of transfer unless the excitation temperature 
exceeded the brightness temperature of the continuum. 
If the populations were inverted, the background could be _ 
amplified; then lower OH. densities would suffice and 
narrow lines would, be produced. 

The anomalous OH emission or absorption has been 
found only in some ionized hydrogen regions. As the 
nebulae have appreciable internal motions, the narrow 
lines imply that the emitting regions are of small size and 
low kinetic temperature. In W49 and N@C6334 we find 
that the emitting region is small and displaced to the edge 
of the nebula. The selective excitation of the molecules 
may be due to radiation from these bright nebulae. 
Alternatively the OH molecules might be formed nesr the 
ionized region and not all reach equilibrium before they 
are dissociated or involved in other reactions. A possible 
mechanism for forming excited OH molecules in the 
*iIs;2 state has been proposed by Dr. J. L. Symonds 
(following communication) involving capture of protons 
by negative oxygen ions. The energy-levels of the result- 
ing molecules might also be perturbed, thus modifying the 
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natural rest frequencies. With very weak magnetic fields 
the molecules so formed could give emission that is 
polarization sensitive. This could explain the observa- 
tions’ of linearly polarized emission in some features 
without the need for a magnetic field strong enough to 
separate the components by Zeeman splitting. 

We thank Prof. W. A. Fowler and Prof. V. H. Rumsey 
for their advice. We also thank Mr. J. D. Murray for 
modifications to the receiver. 
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Formation of Hydroxyl Molecules in 
Interstellar Space 


Durine the past year, radio astronomers!* have been 
increasingly interested in microwave signals at frequencies 
of 1,612, 1,665, 1,667 and 1,720 Mc/s, produced. by tran- 
sitions between four energy levels of the OH molecule in 
the #J],,;, state. Theoretical and laboratory intensity 
ratios? for the four microwave lines were found to be 
1:5:9: 1. It was reported! recently that anomalous 
intensity ratios had been measured in the strong OH 
absorption lines of the radio source Sagittarius A. McGee 
et al.4 have extended their measurements to other radio 
sources and find emission and absorption at all four 
frequencies with instances of extremely anomalous 
intensity ratios. 

Emission and absorption lines showing such anomalous 
intensity distributions indicate unusual populations of 
energy levels in the OH molecules. The observed distri- 
butions are more like those expected of a chemical reaction 
mechanism, followed by radiative deactivation, rather 
than those from thermal excitation. Since the gases are 
tenuous in the regions which produce these signals, the 
long time-scale between collisions will give the molecules, 
formed in an excited state, a greater probability of 
radiative rather than collisional de-activation. 

The process of association of two atoms to form a 
molecule normally has a low probability. Since atomic 
recombination is known to proceed more rapidly in the 
presence of a third body, ‘dust’ grains in space have been 
suggested as a suitable medium. The tenuous nature of 
the gas would seem to rule out a three-body process, 
however, and such reactions do not appear likely to produce 
the observed intensity anomalies. The processes for 
production and loss of OH molecules by two-body pro- 
cesses, therefore, deserve closer study. 

In relation to the known concentrations of oxygen and 
hydrogen in our galaxy, the concentration of OH molecules 
is such as to make it improbable that they are all formed 
by the direct collision process between atoms. In the 
study of gaseous processes in flames by spectroscopic 
means, OH spectra show evidence of pre-dissociation, 
made possible by radiationless transitions between states 
of nearly the same energy where the potential energy 
curves of the states cross or approach closely. The 
inverse pre-dissociation process’ (pre-agsociation) is also 
possible for forming molecules from a two-body collision. 
The pre-dissociation of the OH molecule to O and H atoms 
and its inverse are believed to occur, but with a small 
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probability, because a normally forbidden transition is 
involved. 

It is suggested that other two-body processes should 
be investigated for an alternative mechanism. Since the 
atom recombination is low, a mechanism worthy of con- 
sideration is the excthermic association of negative 
oxygen ions, O-, and positive ions of hydrogen, H* 
(protons). 


O-+ Ht+t=OH + approximately 12 eV 


The presence of O- ions seems assured by the strong 
electron affinity of oxygen (1-45 eV) and the known 
presence of oxygen atoms in the regions under study. The 
anomalous emission and absorption has only been found 
in ionized regions? where large concentrations of electrons 
and protons must also exist. The pre-association of O- 
and, H+ essentially may be a transition from the coulomb 
potential energy curve to the ?E+t or, more probably, the 
2{]igfg State curve, involving charge transfer. The inter- 
action cross-section should have a maximum value when 
the relative velocity of the two ions produces kinetic 
energy close to the differences between the binding 
energy of the OH molecule and the electron affinity of the 
oxygen atom, that is, <:45-1-45=3 eV. 

In such circumstances, it 1s possible to form OH mole- 
cules in the ?II,;, state with the population of each of the 
four levels depending greatly on the relative velocity of 
the O- and Ht ions. Whether the molecules emit or 
absorb energy will depend on the populations of the 
energy levels and, in bulk, one would not expect to see the 
theoretical intensity ratios. Situations could arise where 
the relationships between lines were completely unusual, 
for example, apparent absorption ın some of the four hnes 
and emission in the otters. The actual result will depend 
strongly on the relative velocity distribution of the two 
ions. Investigation of she intensity ratios may, therefore, 
give a great deal of information on relative ion velocities. 

Since the reaction has a ‘resonance’ character, it will 
favour relative velocities producing about 3-eV kinetic 
energy between the ions. If the O- ion were stationary, 
the proton velocity would need to be about 25 km/sec, 
which is certainly in tha range found in the ionized regions 
of the galaxy. The lack of emission or absorption at the 
four frequencies in galactic regions of lower temperature 
may be explained in terms of a low cross-section at proton 
velocities well below 25 km/sec. An accurate calculation 
of the reaction cross-sestion and the state of the resulting 
molecule would be informative. 

The process of association between O- ions and protons, 
or for that matter any similar process between other Ions, 
does not appear to heve received great attention. The 
study of recombinatior rates in flames? shows evidence of 
a non-equilibrium. concition in the excitation of molecules 
and atoms in the flame. Unexplained concentrations and 
intensity ratios exist which relate to OH molecule form- 
ations. These conditions may be the result of ionic 
recombination to form molecules and not atom-molecule 
reactions. Evidence af strong negative and positive ion 
concentrations has been found?:®, but the result of their 
presence on the state of excitation of product molecules 
has not been elucidated. 

If the reaction mechanism ıs as proposed, radiationless 
transitions will leave the OH molecule with a velocity 
similar to that of the O- ion. However, it is not obvious 
what the ‘temperature’ of the O- ions will be since their 
velocity will depend on their mode of formation and their 
lifetime. 

Two effects must be studied. First, the OH line will be 
shifted by Doppler effects resulting from mass motion 
relative to the observational point, and the mass motion 
may not necessarily be related to the motion of the O and 
H atoms. Secondly, the line broadening may differ from 
that produced by the ‘temperature’ of the surrounding 
ionized gas region bezause the radiationless transitions 
occurring in pre-association results in some perturbation 
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of the rotational levels in the states involved. Corre- 
sponding shifts in line positions and changes in the intensity 
distributions will occur, with widths also being reduced in 
the process. 

Orientation of the magnetic moment of the O- ion by a 
magnetic field should produce a modification of intensity 
ratios, possibly an alteration of frequency not associated 
with a mass movement, and certainly polarization effects. 
Viewing the OH radiation coming from an ionized region, 
the proposed mechanism suggests that the radiation will be 
linearly polarized’® since the movement of hydrogen. 
appears to be radially outward and the axis of rotation of 
the OH molecules will tend to be in a plane normal to the 
proton direction. 

The known presence of OH molecules must also lead to 
the assumption that OH- molecular ions are also present. 
The electron affinity of the OH molecule is greater than 
that of the oxygen atom, making possible two reactions of 
interest. The first is similar to that for the formation of 
OH and would lead to the formation of the H,O molecule. 
The second is the charge transfer process which will result 
in the production of an atom of hydrogen and an excited 
OH molecule. Apart from ionizing and other processes 
which remove OH molecules, it is obvious that there are 
other modes of OH formation by collision processes 
between ions, atoms and molecules which must be taken 
into account. 

Finally, the proposed mechanism offers some interesting 
prospects in relation to the formation of other molecules. 
Atoms with strong electron affinities are more likely to 
produce similar reactions with protons. Equally, the 
rotational states of such molecules will be excited. Atoms 
of hydrogen, carbon, oxygen, silicon and sulphur would be 
capable of forming negative ions. Whether the pre- 
association process 1s possible is not known for every case. 
Since nitrogen does not form a stable negative ion, NH 
may not be observed. Nevertheless, similar reactions may 
take place between N+ and O- or C- to give NO and CN 
molecules. 

The formation of H, from H- and H+ ions may require 
higher relative velocities, but the cross-section for H- 
production from H is four orders of magnitude less than 
for O- formation. Such a process may not be observable 
on this count alone, without invoking the question of the 
frequency range in which signals may be expected. 

In summary, the association mechanism appears to 
offer some prospect of success in accounting for the 
anomalous intensity ratios; the emitted radiation may well 
be linearly polarized if a magnetic field is present; some 
suggestions can be made as to kinds of molecules that 
might be formed. More theoretical and experimental 
work on reactions between negative and positive ions 
appears to be necessary to establish their importance. 
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PHYSICS 


Laminar and Turbulent Flow in Open 
Channels 


IN a paper published in 1884, Prof. Osborne Reynolds! 
expressed the opinion that free surfaces, as found in open 
channels, tend to be “conducive to direct or steady 
motion”. Thus we should expect the critical Reynolds 
number for open channels to be, in general, higher than 1t 
is for pipes, using the hydraulic radius as the length- 
parameter throughout. 

This view would appear to be borne out by the results of 
recent work carried out here, in which channels of narrow 
rectangular and ‘T-shaped cross-sections were used. 
Further confirmation is supplied by a study of the investi- 
gations quoted in Table 1. 

It will be appreciated that an analysis of laminar and 
turbulent flow is considerably more difficult for open 
channels than for circular sectioned pipes, since (a) only 
channels having the same width to depth ratio are geo- 
metrically similar, while (b) the symmetry of the velocity 
distribution which occurs in flow through circular pipes 
cannot be assumed for the more complex pattern of flow 
encountered in channels. This is particularly true of 
narrow channels in which the drag of the side-walls has a 
great influence. 

It is tentatively suggested after an examination 


of Table 1 that the dimensionless group 





e] = ae 
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Table 1. CRITIGAL REYNOLDS NUMBERS FOR VARIOUS SECTIONS, DETERMINED BY DIFFERENT INVESTIGATORS 








* From the curve of f against Reynolds number where avaulable. 
t There seems to be some doubt whether this was a lower critical number. 























Dimension of the cross-section R= Hydraulic Critieal Minimum 
Nature of the Investigators qj] - width radius Reynolds value of 
cross-section Width (in.) Depth (an ) depth m (in ) No * F/2 
a a a ee 
Circular pipes Stanton and Pannell (ref. 2) Pipes of various diameters 525 0 00887 
Rectangular pipes | Davies and White (ref. 3) 100 0-0059-0 0138 169-72-5 0 00295—0 0069 720 0 00468 
jä 55 Cornish (ref 4) 0 464 0-159 2 92 0 059 525 0:00412 
a3 is Allen (ref 3} 1-00 0-256 8 92 0-102 600 
Rectangular open | Allen (ref 6 3°15 1 12-6 00 2 81-0 525 0 655-1 25 1,400T 
channels Horton, Leach and Vliet (ref. 7) 5°64. 0:42 470 012 548 0 0035 
45 š Straub (ref. 8) 1°7 0:14-2 04 12 15-0:833 0 120-0 60 Approx. 640 0 00375 
5 jí Owen (ref 9) 15 Max, 0 3 Mın. 50 0 214 750-800 0 00400 
os 3 Straub, Silberman, and Nelson 1:7 014 121 0-120 — ` 
(ref 10) 0:23 74 0-181 588 0 00375 
0:33 51 0-238 775 (average 
0:47 3°6 0:303 900 value 
0:63 27 0-362 663 
Author’s results 1:0 4:0 0°25 0-445 657 0-008372 
60 0:167 0-461 676 0 00396 
8-0 0:125 0-470 716 0-00401 
00 0-10 0-475 767 0-00419 
U.S. Waterways, Vicksberg (ref, 27°76 0-348 80 0-336 760 
11) 27°76 0-288 97 0:276 870 
27°76 0 228 122 0-228 610 


~ 


December 18, 1965 


of paramount importance in determining the laminar or 
turbulent nature of the flow. Thus it seems that f/2 has 
a reasonably constant critical value irrespective of the 
shape of the cross-section. 

A physical interpretation of the significance of the 
factor a/pv? is that it represents the ratio of the shearing 
stress at the solid boundary to the momentum per unit 
area of the section. In the early stages of laminar flow 
the shearing stress o is sufficient to ensure that eddies are 
not created, but if the mean velocity v then rises gradually, 
the denominator, pv*, increases more rapidly than the 
numerator c, thus causing a drop in the value of f which 
continues until a stage is reached, marking the onset of 
turbulence, when the shearing stress is insufficient to 
overcome the effects of the inertia. Further resistance is 
then developed in the form of eddies. 
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ENGINEERING 


Detonability of Nitroglycerin contained in 
Porous Rock 


In the course of experiments to determine the feasibility 
of using liquid explosives to enhance the productivity of 
oil- and gas-bearing sandstones after hydraulic fracturing, 
it has been found that dry porous sandstone could imbibe 
sufficient nitroglycerin-ethylene glycol dinitrate (50-50 
NG-EGDN?) to yield a detonable charge. 

The rock used was Berea sandstone of density 2-2 g/cm? 
when Imbibition tests with both water and NG- 
EGDN showed that this rock is capable of holding 11-13 
per cent of its own volume of liquid, although comparison 
of its bulk density with that of crystalline silica indicates 
that about 17 per cent of the rock volume is void space. 

The rock samples were 2 x 2 x 6-in. blocks which were 
dried at over 100° C for more than 16 h. They were then 
immersed in NG-EGDN for several hours. It was found 
that the rock absorbed 6-6—7:4 per cent by weight of the 
explosive after 2 h immersion, and that this could be 
increased to 8:2 per cent by immersion for 48 h. 

The detonability trials were instrumented with an 
expendable pressure transducer having a useful range of 
1-70 kbar located at the downstream end of the charge 
and @ continuous, pressure-actuated detonation velocity 
probe for measuring detonation rates along one side of the 
charge. Data were recorded oscillographically. 

The initiator consisted of a No. 8 electric blasting cap 
and either a 7:5 or 15-g tetryl pellet (0-75 in. diam. x 
0:5 in. long or 0-75 in. diam. x 1-0 in. long); in one case 
which detonated, there was an additional booster consist- 
ing of a reservoir of NG-EGDN 2 in. square and 0-75 in. 
deep, holding 73 g. For each trial using NG-EGDN, a 
corresponding test was made using water as the imbibed 
medium in order to determine the response of the instru- 
mentation to the inert shock transmitted from the donor. 
In no case was this shock sufficient to actuate the instru- 
mentation, although the sandstone, which was quite 
frangible, was completely shattered. 
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Samples with up to 7:4 per cent NG-EGDN did not 
detonate, although it is possible that the booster was 
inadequate in these cases. With the NG-EGDN reservoir 
and with a sample that had absorbed 8-2 per cent NG- 
EGDN, the measured detonation rate was 4:7 mm/sec. 
The record from the pressure transducer was slightly 
obscured by electrical ringing, but a pressure in excess of 
25 kbar was indicated. ` 

Thus, it appears that nitroglycerin, absorbed into a 
solid, porous, inert matrix, is detonable in concentrations 
as low as 8 per cent by weight; the resulting system, while 
insensitive, has an unexpectedly high velocity of detona- 
tion. This may be compared with the behaviour of gelled 
NG absorbed in sodium chloride (density 1:37 g/cm) 
where the detonation rate with 15 per cent NG in 4:45-cm 
diam. is 1-55 mm /ysec (rf. 2). 
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CRYSTALLOGRAPHY 


Structure of Calcium Oxalate Monohydrate 


THOUGH details of the structure of some of the hydrates 
calcium oxalate have been reported! *, the monohydrate 
is less amenable to crystallographic analysis, since the 
synthetic salt? precipitates as a finely divided powder 
and the naturally occcrring mineral whewellite usually 
contains impuritiest®. Calcium oxalate occurs widely in 
biological subjects, however, and in plants, where X-ray 
diffraction powder diagrams have been used, to distinguish 
the various hydrates®:?. crystals of optically visible size 
are commonplace®. In she course of our investigation of 
the nature of calcium oxalate in plants, we have been 
able to isolate crystals of the monohydrate of sufficient 
size to permit complete measurement of the lattice. 

The crystala used in the work recorded here were 
separated from the leaves and stems of Yucca rupicola 
Scheele collected from a native habitat near Oak Hill, 
Texas. Calcium oxalase monohydrate is present as an 
intracellular deposit®, erzher in the form of solitary styloids 
(in the case of the largest crystals) or as smaller needle- 
shaped crystals in the raphide bundles. The crystals were 
prepared by triturating the chopped tissue in 95 per cent 
ethyl alcohol in a high-speed blender, followed by filtration 
through coarse muslin to remove cellular debris. The 
filtrate was centrifugec to separate the denser oxalate 
from the lighter organ substances and the precipitate 
was resuspended in fresh alcohol and recentrifuged repeat- 
edly until the sedimens consisted principally of whole 
or broken crystals. Samples of the total sediment, and 
samples of representat-ve groups of the larger crystals 
selected with a fine g:ass needle, were examined in & 
cylindrical X-ray diffraction powder camera. <A few 
specimens of the largess and most perfect crystals, up to 
200u long, were selected under a low-power polarizing 
binocular microscope, mounted on a ee glass fibre and 
subjected to single cryszal analysis. 

Single crystal X-ray diffraction data obtained with 
Weissenberg and precession cameras using copper Ke 
and molybdenum Ka vadiation can be indexed on the 
basis of a monoclinic cdl; a = 6-61 A, b = 14:46 A, c = 
10-07 A and B = 116-5. The AOI diffraction data permit 
also the choice of 8 = 109-4° which is closer to the pre- 
viously reported values of 107°; the cell parameters then 
become a = 6-28 Å, b = 14-46 Å and c = 11-10 A. There 
are eight formula weighzs in the unit cell and the calculated 
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density of 2-254 compares favourably with the densities 
recorded elsewhere. Observed systematic extinctions 
occurred for A0l when J is odd and for 0&0 when k is odd. 


2 
The space group is thus Pe The hkO Weissenberg 


diagram shows that festoons of spots whose k index is 
divisible by 4 are very strong while the spots lying along 
curves of different k values are either missing or extremely 
weak. Thus the calcium atom appears to lie near y = 1/4. 
In Table 1 our X-ray diffraction results are compared 
with axial ratios and B-angles deduced from optical 
measurements reported previously. 


Table 1. COMPARISON OF AXIAL RATIOS AND -ANGLE OF CALOLUM OXALATE 


MONOHYDRATE 
a,A ald b,A bb cA elb B° 
Goldschmuidt?°® 0 8698 1 13695 107-3 
Becke!! 0 862 1 1:3677 107 
ASTM No. 13-601?" 625 0-480 14°62 1 989 0681 107 
Present work 661 0457 14-46 1 10:07 0-696 116°5 


The powder diffraction pattern of our material compares 
closely with the pattern of Montana whewellite reported 
by Pecora and Kerr!. In agreement with these authors, 
we can find no diffraction lines greater than 5-95 A in 
any of our specimens, in contrast to the data recorded by 
Gude eż al.5 which include a line at 14:3 A indexed as 
(101) and a line at 10 A indexed as (001). Since both these 


2 
lines cannot occur in the space group P~ , their presence 


may be explained by polymorphism, by alteration of 
space groups by variation in the ratio of water to oxalate, 
or by impurities such as mica, or chlorite. 

This work was supported in part by National Science 
Foundation grant GB 1458 and by National Institutes 
of Health grant. 571GM789; a complete structure 
analysis will be reported in due course. 
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CHEMISTRY 


Thermoluminescence and Ultra-violet 
Phosphorescence of the Nucleic Acid Bases 


THIs communication reports some preliminary experi- 
mental results obtained from a study of: 

(1) Thermoluminescence induced in the five nucleic 
acid bases following irradiation at 77° K in a cobalt-60 
y-ray source. 

(2) Ultra-violet phosphorescence from the same materials 
at the same temperature, excited by a Hanovia fluorescence 
model 16 mercury arc lamp. 
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(1) Thermoluminescence. The samples were prepared 
as cylindrical pellets of diameter 1-25 cm and depth 1 mm, 
formed, under pressures of about 4 tons/in*. Following 
irradiation in silicate glass tubes, in the presence of 
oxygen, glow curves were recorded using a technique 
identical to that described by Charlesby and Partridge!. 
The temperatures at which the peak light intensities 
occurred were deduced from traces drawn by a recorder 
connected to a thermocouple in contact with the emitting 
surface of the sample facing the photomultiplier. 

The doses were varied from 200 rads up to 1-25 M rads, 
and in all cases the total light output, taken as propor- 
tional to the area under the glow curve, was found to 
vary directly with the dose. In cytosine three intensity 
peaks were recorded, and in thymine the persistence of 
thermoluminescence at temperatures close to 273° K 
was very marked. 

The results are summarized in Table 1, and are compiled 
from at least four separate determinations. The figures 
given in brackets under the temperature heading are 
those obtained by Lehman and Wallace’, from a similar 
investigation. The accuracy of the present measurements 
is +10° K. Thus it will be seen that the two sets of results 
agree within experimental error, except in the case of 
cytosine. This discrepancy may be accounted for by the 
more precisely controlled warming rates pertaining to 
Lehman and Wallace’s work. We found no evidence for 
the existence of a second (160° K) glow peak in uracil. 
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Table 1 
Relative thermoluminescent 
Peak temperature (° K) light yield 
Adenine 127 (120 +10) 1 
Cytosine 100, 145, 200 (115, 130, 180) 0 01, 0:3, 0:05 
Guanine 120 aS +4) 0 012 
Thymine 105 (105) 0-02 
Uracil 127 (120, 160) 0 03 


A determination of the spectral distribution of the glow 
curves was attempted, having first established by exten- 
sive optical filter experiments that the spectral content 
of each glow peak of the thermoluminescence emission 
did not vary appreciably with temperature/time. The 
results are shown, for adenine and cytosine, in Fig. l. 
The curves were obtained using a Hilger and Watts 
E498 ultra-violet quartz spectrograph, in conjunction 
with the #720 photoelectric scanning unit manufactured 
by the same company. Since the thermoluminescence 
emission continued for, at most, 60 sec after the samples 
had been removed from the irradiation Dewar vessel, 
the procedure adopted was to set the scanning unit on 
the required wave-length (at 250 A intervals) and determ- 
ine the total intensity of the emission at that wave- 
length, taken as proportional to the area under the glow 
curve, suitably corrected for variation of photomultiplier 
sensitivity with wave-length. Unfortunately, the light 
collection efficiency of the spectrometer was not sufficiently 
high to permit the recording of similar spectral curves for 
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Fig. 1. Thermoluminescent spectra, — -—, Adenine; , cytosine 
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Fig. 2. Phosphorescent spectra. @, Adenine; x, thymine 


the low intensity emission of guenine, thymine, uracil, 
and the low temperature (100° K) peak of cytosine. 

(2) Ultra-violet Phosphorescence. The spectral curves 
shown in Fig. 2, for adenine and thymine, were obtained 
using the rotating can phosphoroscope method first 
proposed by Lewis and Kasha’. The samples, in crystalline 
powder form, were contained in continuously rotated 
quartz test-tubes immersed in liquid nitrogen in a quartz 
Dewar vessel. The phosphorescence persistence time was 
approximately 1 sec for adenine, but was less than 0:1 
sec in the case of thymine. No phosphorescence was 
observed from cytosine, guanine, and uracil. These latter 
results differ from those of Bersohn and Isenberg’, 
obtained for water-glycerine glasses at 77° K. They 
observed phosphorescence from guanine but not from 
thymine; the absence of guanine phosphorescence from 
our experiments may be due to the presence of impurity 
metal ions in our guanine samples. 

The similarity between the thermoluminescence and 
phosphorescence spectral distribution curves for adenine 
would appear to indicate that the same luminescence 
centre is involved in both cases, a conclusion already 
reached by Singh’. Consequently, the absence of phos- 
phorescence in cytosine, contrasting with the relatively 
strong thermoluminescent glow peaks, is perhaps some- 
what surprising. Furthermore, the spectral content 
differences between the two higher temperature thermo- 
luminescent peaks, at shorter wave-lengths, is the reverse 
of what might be expected from the greater depth of the 
electron trap associated with the highest temperature 
(200° K) glow peak. In the absence of further evidence 
on the long tail of the thymine glow curve, no explanation 
of this observation is attempted at present. 

R. J. FLEMING 
R. M. KERR 
Department of Physics, 
Royal Military College of Science, 

Shrivenham, nr. Swindon, Wiltshire. 
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Dissociation Energy of the N—H Bond in 
Hydrazine 


Tue value of the dissociation energy of the N—H bond 
in hydrazine is uncertain as there exists a discrepancy 
between the measured value and that indicated by other 
chemical evidence. 

A value may be obtained from electron impact measure- 
ments by means of the relationship: 


D(H—N,H,) = A(N,H;*) — I(N2Hs) 
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provided that the appearance potential, A(N.H +t) from 
hydrazine, involves mo kinetic energy and that the 
ionization potential, J(N,H;), is close to the adiabatic 
value. Dibeler! obtained 11-3 + 0-1 eV for A(N.H,*) 
from hydrazine. We kave confirmed this value by inde- 
pendent measurements. In our experiments ıb was 
possible to obtain parallel ionization efficiency curves for 
hydrazine and the calitrating gas only after the hydrazine 
had been present in the mass spectrometer for several 
hours. 

Dibeler derived an indirect value for J(N.H;) of 6-2 eV 
which combined with his value for A(N,H,*) gave 
D(H—N,H,) = 115 kcal-mole. This was later revised 
to 78 kcal/mole by the use of J(N,H;) = 7:88 eV obtained 
by Foner? from the direct ionization of the N,H; radical. 
Other chemical evidence has been suggested by Gray? to 
give a value of D(/H—-N,H,) = 91-93 kcal/mole. Direct 
values of radical iontzation potentials are difficult to 
assess, however, and tre following arguments are offered 
in justification of Fonpr’s value for I(N,;H,) and hence 
the lower value of about 78 kcal/mole for D(H—N,H;). 

An indirect value for J(N,H;) can be obtained in the 
following manner. Consider the metathetical reaction: 


CH, + N.H, —> CH, + N.H, (1) 
for which Gray! obtamed an activation energy, Eo, of 
5.0 kcal/mole. An ovərall enthalpy of reaction, AHi), 
can be calculated by using Semenov’s equation’: 

E, = 11:5 + 0-25AH 

This gives AH) = — 26:0 kcal/mole. The heat of 
formation of the hydrezyl radical is given by: 
AH;(N2H;) = AH) — AH;s(CH,) + AHz(CHs) + 

AHy (N.H,) 
which leads to AH;(N,H,) = 47:1 kcal/mole. The heat 
of formation of the hydrazyl ion is given by: 

AH;(N,H,+) = A(N2H;*) — AH;(H) + AH; (N2H,) 
which loads to AH-(N.H,*t) = 230 kcal/mole. The 
ionization potential is simply given by the difference: ' 
I(N.H,) = AH;s(N2H;*) — AHs(N2Hs) = 7-9 eV 


in good agreement with Foner’s direct value. This pro- 
cedure for deriving radical heats of formation. is somewhat 
arbitrary but apparently justifiable in that, by similar 
reasoning, for the reacéion: 
CH, + NH, — CH, + NH, 
I(NH,) and D(H—NH.) so determined are in good agree- 
ment with established values. It is interesting to note 
that, quite independent of any electron impact data, the 
bond dissociation enerzy calculated for the reaction: 
N.E, — H + N.H; 

and given by: 

D(H—N,Hs) = AHH) + AH;(N.H;) — AH;(N2H,) 
leads to D(H—N,.H;) = 77 kcal/mole. 

Tt is possible to calculate the ionization potential of 


the radical CH,NH, in an analogous manner to I(N.Hs;). 
For the reaction: 


CH, + CH,NH, —> CH; + CH.NH, (2) 
Gray‘ obtained a value of 8-7 kcal/mole for E.. Thus 
AH is, = — 11:2 kcal/mole which leads to AH;(CH,NH,) 


= 32-5 kcal/mole and D(H—-CH,NH,) = 91 kcal/mole. 
Mass spectra* of the deuterated amines CH,ND, and 
CD,NH, indicate that hydrogen loss in the dissociative 
ionization process : 

e + CH,NH,— CH,Nt + H + 2e 
occurs mainly to give the ion CH,NH,* and not CH,NH*. 
Collin’s data’ thus give AH;(CH,NH,*) = 176 kcal/mole. 
The value of I(CH,NH,) is then 6:25 eV. 

A similar calculation for the reaction: 
CH, + (CH-),NH — CH, + (CH,).N 
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leads to I((CH;),.N) = 9-45 eV, compared with a value 
of about 9-1 eV obtained by Gowenlock®. 

It is possible to assess Foner’s value for I(N.H,) 
by calculation of the following differences in ionization 
potentials of isoelectronic radicals: 


I(NH,) (ref. 2) — I(CH,) (ref. 9) = 11-4 — 9-85 = 1-55 eV 
I((CH;),N) — I((CH,).CH) (ref. 9) = 9-45 — 7-9 = 1-55 eV 
I(N.H,) ~ I(CH,NH,) = 7-9 — 6-25 = 1-65 eV 


It can be seen that the differences between isoelectronic 
pairs are practically constant, indicating that Foner’s 
value cannot be greatly in error. 

Using our value of A(N,H,+) = 11-3 eV and J(N,H;) = 
7-9 eV, a value of D(H—N,H;) = 78 kcal/mole is obtained. 

Unless otherwise stated, thermodynamic values were 
obtained from the National Bureau of Standards Circular 
500, Washington, 1952, and JANAF Thermochemical 
Tables, The Dow Chemical Company, Midland, Michigan, 
up to Quarterly Supp. No. 17, March 1965. 
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Effect of pH and Addition of Organic Materials 
on Denitrification Losses from Soil 


WE have reported! that added nitrate-nitrogen was lost 
by denitrification during incubation of soil at moisture 
levels as low as 20 per cent saturation (20 per cent of the 
maximum water-holding capacity). For the soil used this 
saturation level was equivalent to pF 4-2, which is com- 
monly taken as the soil moisture content at which wilting 
of plants occurs. This loss occurred even in the absence of 
added organic materials. The results do not agree with a 
previous report? that denitrification of added nitrate 
occurred only at moisture levels greater than 60 per cent 
saturation and then only when decomposable organic 
materials were added. 

In view of the conflicting results it was decided to 
supplement the results of the previous study! by using 
the same soil and studying the effects of addition of 
organic materials on the extent of loss of added nitrate 
over the moisture range from the wilting percentage to 
waterlogging. In addition, pH was studied as a further 
variable, as this effect appears to have been studied, as 
yet, only under waterlogged conditions?. 

Samples of the soil were adjusted to different pH levels 
by addition of varying amounts of calcium carbonate or 
aluminium chloride, followed by moist storage for 3 
months with intermittent leaching. Samples having pH 
values of 4-7, 6-5 (the origina] soil) and 8-0 were selected 
for study. The methods used were as described pre- 
viously’, involving 12 weeks’ incubation at 28° C after 
applying the treatments shown in Table 1. Losses of 
nitrogen were determined by the differences in total 
nitrogen content initially and at the end of incubation, 
with due precautions being taken to ensure complete 
recovery of all organic and inorganic forms of nitrogen in 
the samples. 
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Table 1. NITROGEN LOSSES IN SOIL DURING INCUBATION 
pH 4°7 pH 6°5 pH 80 
% saturation* % saturation % saturation 
20 60 133 20 50 133 20 50 133 


Percentage loss of applied mitrate-nitrogen 
25 44 56-9 103 217 824 2-0 24°5 71 
» + strawt 22°8 47:0 94:9 23°8 44-3 95-7 
» + compost 31:2 29-7 60'8 24-4 48-0 96-1 
L.S.D. (P <0:05)=5-0 per cent. i 
Each result is mean of duplicate treatments, 
* 20 per cent, 50 per cent and 183 per cent saturation equivalent to pF 4-2, 


25 and 0 vatorlorged) respectively. ; 
t 600 p.p.m. (soil basis) as potassium nitrate dissclved in added water. 


t Ground straw and compost added at 2 per cent w/w (dry soil basis). 


NO 3N Hi 


The three results obtained in the previous study! are 
included in Table 1 for completeness, namely, losses at 
pH. 6:5 at the three moisture levels in the absence of 
added organic material. In the absence of added organic 
material significant losses of nitrogen occurred at all pH 
levels under waterlogging, at pH 6-5 and 8-0 at 50 per 
cent saturation, and only at pH 6-5 at 20 per cent satura- 
tion. Losses due to addition of’organic material (straw or 
compost) were increased by an average of 26 per cent at 
20 per cent saturation, 28 per cert at 50 per cent saturation 
and 19 per cent under waterlogging. Losses of nitrogen 
due to addition of straw averaged 13 per cent more than 
those due to addition of compost, although the differences 
due to the two materials were consistent only at pH 8-0. 
In the presence of added organic materials nitrogen losses 
averaged 48, 55 and 56 per cent at pH 4:7, 6-5 and 8-0 
respectively. With straw additions there were no con- 
sistent effects of pH on nitrogen losses at the different 
moisture levels. With compost additions the only con- 
sistent trend due to pH was at 20 per cent saturation, 
where nitrogen losses decreased with increasing pH. 

In general, although greater losses of added nitrate- 
nitrogen occurred under waterlogging than at the two 
lower moisture levels, the addition of organic materials 
increased the extent of losses at all moisture levels, but 
proportionately more so at the two lower levels. The 
generally greater loss of nitrogen where straw than where 
compost was added is presumably due to the higher 
content of readily decomposable substances in the tormer 
material resulting in a greater supply of energy for the 


-~ activity of the denitrifying organisms. 


~ The high nitrogen losses even at pH 4-7 when water- 
logged disagree with the results obtained by Bremner and 
Shaw’, who found only small losses below pH 5-0. At any 
moisture level pH. had no consistent effect on losses where 
organic materials were added. This may be related to the 
ability of denitrifying organisms to operate over a wide 
pH range’. f 

The results obtained indicate that losses of nitrogen by 
denitrification may occur in the field, where heavy appli- 
cations of nitrate and organic materials are applied, even 
at low soil moisture levels, and that the losses may occur 
over a wide range of soil pH. Whether such losses would 
be of agronomic or economic significance in comparison 
with losses of nitrate by Jeaching can only be determined 


- by field trials. 
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Absence of Diffusion Control of Reaction 
Rate in the Thermal Decomposition of 
Amorphous Polymers 

OnE of the difficulties in the determination of decom- 
position kinetics of solids by dynamic thermogravimetry 
is the recognized dependence of the results on procedural 
variables, particularly sample size and rate of heating? *. 
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Iti is 3 often postulated that slow diffusion of products from 
the reaction sites is a rate-controlling factor, 

: The decomposition of rubbers in @ stream of inert gas 
(nitrogen) has been studied using techniques described in 
previous publications? :*. 4, The materials were mounted 
80 as to permit free release of volatile decomposition. 
products from the sample to the inert gas stream. 
dn logis to published results of Gecomposition 


aorpl ous polymers in the rubbery state do not 
i Honced Fimer i 2 Top size or ko 
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a. of Formation of the 
ylacetonato-iron (ill) Complex 


estigations on the formation of com- 
mes are found in the literature. Taft 
the reaction of the oyl ifluoroacetone 
in pa me with Fe(III). 
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They found tha Pie deters 
Fe(III) with the enolate anion’ 
investigated the kinetics of the reaction of ace 
benzoylacetone and its-derivatives with Cu(II), 
cated that the rate-determining step is the reac 
Cu(II) with the enol sorm of the §-diketone: anc 
its enolate anion®. In an attempt to evaluate - 
types of mechanisms >roposed, we have examin 
reaction of acetylacetone, benzoylacetone, trifluct 
acetone and thenoyltrřiuoroacetone with Fe(1 
behaviour is very sinclar in all cases and i 
conditions the produc» is the mono- chelated. O 
Fe(AA)?+, The results of experiments on the acet ac 
Fe(II) reaction are reported here. ae 

The complex Fe(aca)*+ was reported to be fora 
acetylacetone (Haca) reacting with Fe(III) at pH - 
2-65 (ref. 4). To avoid the formation of Fe(aca)t. 
examined this reaction ander conditions where tha F 
Haca ratio was maintained at between 100/4 and 300/. 
and high acid concentration (0-01-0-1 M). The. kin 
were observed by a spectrophotometric method using 
absorption band at 485 mu which is Amax for Fel 
(ref. 4). Good linear first-order plots were obtained. 
Some typical results as» shown in Table 1. 


Table 1 BOL REA E AA 
kors vs (Haca) ({Fei=2 x104 M, (HE}=01 M, usp) 
(Hacu) [Fe] [Haca] Kobs (seo-3) 10 ite 
1-0» 10-4 200 1:90 
20 x 10-* 1600-0: 1:98 
3-0 x 10-4 66°70... 1:89 
4-0 x 10-4 50: 1-89: 
5-0x 10-4 20 1°88 





By varying the amounts of excess Fe(III) and acid 
concentration we have found that et ee 


Kops = kı ~ | kr + Ry, 


are | Fe 


and so the overall rate expression becomes 


Rate = k,[Haca] — k,{Haca] [Fe] + k[Haca “fe Cee 





The values of the k’s ab 25° C and p=0-5 are: 


k, = 1-22 x 10-2 (see-t) 
k, == 26 (sec~™M-?) 
ky == 0-81 x 10- (sec) 


To interpret this equetion we propose that three simul- 
taneous reactions are cperating, — nee 


az H+ ate 


Fe ee 
> REE, enna Fe (aca)? Ae He oe 
BOW fast eae 














Haca 2 Fe (Hacu)*+ — Fe(aca)™* + H. 
A slow 

fast "7 = Fe (OH) (Haea)® Fe(aca)® + He 

fy, Fe(OH) ® R 


If this scheme is correet the first term corresponds t 
rate of acid dissociation of the @-diketone: the & 
corrected to zero ionie strength (1-40 x 10-2 see~?) ag. 
closely with that reported for such dissociations. { 
10-2 sec-! (ref. 5a), B32 x 10 sec"! (ref. BD}, 
10-2 sec" (ref. 5c)). s, 
The reactions (B) ane (C) are reminiscent of the real jons =o 
of Fe(III} with anions such as SCN-, Ci, ete.§. Neglig bles 
effects of ionic strengta on $, and b. are observed. DAT ie 
The temperature vasiation of the rate constant has been. 
measured, and the AF? and ASt values calculated from 
the plots of log k/T versus 1/T are shown in Table 2. 





Table 2. TEMPERATURE DEPENDENCE OF ky, ka, ks 


an: 8 Ast 


i 113 cal -27-4 cal deg 
ka Wy ,, —18- a 
ks 14 3 38 pan 15- i as 


This reaction has been used as an indicator for e 7 
the solvolysis of M(acz),FeCl, where M=Si, Ge (ref. 3). 
These compounds hava been shown to ba 1:1 electrolytes 
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with octahedrally co-ordinated cations’. The solvolytic 
behaviour for Si(aca),;FeCl, and Si(aca);HCl, is very 
similar. The rates are shown in Table 3. 


Table 3. SOLVOLYSIS OF M(aca),* 


pu koba (5607!) x 10° Ref, 
257 Ç 89" q 
Si(aca) FeCl <6 2-8 77 (3) 
Gelaca) FeCl, <6 2-7 (3) 
Si(aca), HCl, <6 2:7 — (8) 


It is interesting that the solvolytic reactivity of the 
germanium compound is closely similar to that of silicon. 
This contrasts with the situation in the four co-ordinated 
halides in which Ge and Si can show wide differences’. 
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Heterogeneity of Titan Yellow demonstrated 
by Thin-layer Chromatography 


Since the first observations by Mikkelsen and Toth? it 
has been well established that the reaction between 
magnesium ions and titan yellow (the sodium salt of 
methylbenzothiazole (1,3)-4,4’-diazoamino benzene (2,2’)- 
disulphonic acid) can be extremely variable due to differ- 
ences in the composition of the dye. In an attempt to over- 
come difficulties in the determination of magnesium in 
plant samples due to such variations Bradfield? recor- 
mended a technique for assessing the sensitivity of the 
dye and later reported the presence of a component which 
was intensely fluorescent’, 

Although atomic absorption spectroscopy has to some 
extent supplanted the use of titan yellow for magnesium 
determinations there are many investigators who still 
rely on this procedure, and during some recent work in 
this laboratory difficulties were encountered with the 
determination of plant and soil magnesium employing the 
dye by published methods**. Examination by thin-layer 
chromatography of some fourteen samples of titan yellow 
from three manufacturers showed them all to be much 
more heterogeneous than has previously been described. 

Figs. 1 and 2 show a thin-layer chromatogram of a 
selection of the titan yellows examined from the three 
sources. The separation was effected on silica gel/alumina 
(6 2:12 g in 36 ml. of 5:1 water/ethanol mixture) and 
developed for 6 h with n-butanol equilibrated with 1-5 N 
NH,OH. The plate was spotted with 20 ul. of a solution 
containing 5 mg/ml. of dye and was photographed in ultra- 
violet light using a Kodak Plus X Pan film. The yellow 
component which is magnesium reactive had an Rpr 
value of 0-25—0-40 with a mean of 0-32 and was the major 
fraction in samples B, E and H. Samples A and H 22, 
however, contained very little Mg+*-reactive material, but 
large amounts of yellow non-reactive substances were 
present which remained at the base line or moved much 
more slowly than the Mg*+-reactive dye. Sample M 
appeared to be a mixture containing many unreactive 
components but was also fairly rich in the active fraction. 
In addition to the multiple yellow fractions, all the samples 
of titan yellow which were examined contained a varying 
number of spots which exhibited brilliant blue and yellow- 
green fluorescence when viewed in ultra-violet light and 
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Fig. 1. Thin-layer chromatogram of titan yellows on silica gel/alumina 


viewed in ultra-violet light 


Fluorescent 
spots 


| 
Mg-active — — 
Unreactive 
t < 
fluorescent 


which tended to travel much faster than the yellow com- 
ponents, although fluorescent spots and bands were seen 
in some samples interspersed with the main yellow spots. 
Evidence of the blue fluorescent substances was particu- 
larly striking in samples A, H and H 22. In H two large 
mushroom-shaped components were seen. These particu- 
lar fluorescent spots were initially invisible to the eye in 
daylight but after several days’ exposure became brown, 
presumably due to the formation of an oxidation product. 

Although colour transparencies demonstrated the 
complexity of the chromatogram rather better than can 
be seen in Fig. 1, many more spots were seen in ultra-violet 
light with the naked eye. 

Use has been made of these observations in selecting a 
titan yellow for magnesium determinations. Samples 
A, H, H 22 and M were found to be unsuitable for analyti- 
cal procedures. Further work has now been carried out to 
establish the presence in all the samples of dye, of a fraction 
which gives a consistent reaction with magnesium, and 
the optimum conditions required. It has been possible to 
develop methods for the determination of total plant 
magnesium and available magnesium in soil extracts, the 
results of which show close agreement with those obtained 
by atomic absorption spectroscopy. 
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eae Transfer Properties. of di-Thioctic 
: _Acid and Other Disulphides 


y of organic sulphur compounds to act as 
stron acceptor molecules is well established. 
ras disu phides : are concerned, previous studies have 
bee _ limited to simple aliphatic compounds with iodine as 
the acceptor! ‘In these systems, the charge trensfer (CT) 
band appears between the disulphide absorption and the 
blue-shifted iodine absorption, and its position appears to 
be little affected by changing the alkyl groups. We wish 
to report that alkyl aryl and cyclic disulphides form 1: 1 
complexes in. solution with tetracyanoethylene (TCNE), 
which show well-separated CT bands in the visible region. 
Further, the position of these bands clearly reflects steric 
and electronic factors in the disulphide molecule. 

- The complexes are readily generated by mixing rigorous- 
ly purified solutions of the donor and acceptor. Special 
care must be taken to remove thiols, which are the major 
impurities in disulphides, since these react with TCNE. 
Table 1 lists some representative spectral data; several 
sulphides are included for comparison. It is apparent that 
(1) simple alkyl disulphides show a progressive decrease in 
CT transition energy with increasing chain length; (2) 
branched chain complexes absorb at longer wave-lengths 
than the corresponding straight chain complexes; (3) for 
disulphides, ring closure has a larger effect on the CT 
transition than elongation of the alkyl chain, while the 
opposite is the case for sulphides. The complexes have 
low formation constants (Ke, l./mole) and molar extinction 
coefficients (>). In dichloromethane at 25° typical values 
are: methyl disulphide K,=0-16, ¢=2,100; teré.-butyl 
disulphide. Ke=0°36, ¢= 4,500; dl-thioctie acid K,= 1-22, 

0, The ‘corresponding enthalpies of formation are 

























0-4, — 14 ‘and — ‘7:2 keal/mole. Based on the photo- 
ni zat ton value of 8-46 eV for methyl disulphidet, we 
aate the ionization potentials of tert.-buty] disulphide 
an dl-thioctic acid to be 7-78 and 7-53 eV, respectively. 
T general | trend of these data may be rationalized in 
s of the increased inductive (electron-releasing)-effect 
larger alkyl groups, and the decrease in the dihedral 
bet wean, the adj ES sulphur ue orbitals which 





om iko CT band, the complexes show absorption 
arising from. the comple xed components. Resolution of the 
spectrum of a TONE-dl-thioctic acid solution (Fig. 1) 
reveals that the band associated with the —S-—-S-— group 
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Table 1. CHARGE TRANSFER MAXIMA OF TCNE-Stientur COMPOUND 


COMPLEXES IN DICHLOROMETHANE SOLUTION 





Donor fmax On) Donor Amas (Tua) 
A kyl, a T epil Cyclic disulphides: 
ee thyi 425 Tetramethylen 536 
450 Trimethylene 570 
453 dl-Thioetie acid 583 
460 Sulphides: 
465 Ethyl 505 
; 530 n-Butyl 530 
C 6. 525 Pheny! 500 
Phenyl = 515 Pentamethylene 495 
Mesityl 430 T etramethy tene D15 
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Fig. 1. Resolution of spectrem of dichloromethane solution, 2-7 736: x r 
M in di-thioctic acid and 4-726 x102 Min TENE. 4, Total absorption; 
B, free —S-—-S--; O, Sree TONE; D, complexed a a 


of the complexed acid (curve D) is shifted to shorter sie ; 


lengths by about 23 ma, relative to that of the free acid = 
(curve B). With TCNE-ethyl disulphide the component eae 


absorptions overlap, and the complexed —S—S— band | 
cannot be clearly separated from the complexed TENE 
band. The shift is estimated to be 0-6 my to longer- 
wave-lengths. For ethyl disulphide, complexation can be. 
envisaged to increase the dihedral angle’ with consequent 
lowering of the transixion energy. No such structural 
adaptation occurs with the rigid cyclic disulphide. Con-_ 
sideration of the orientetion of the donor orbitals indicates 
that the two complexes would differ in geometry, 
particularly with respect to symmetry in the donor- 
acceptor bond region, and that consequently the. per- 
turbation of these orbicals would be different. A forth- 
coming publication will elaborate this concept. 

This work was supperted by the Air Force Cambridge 
Research Laboratories. Office of Aerospace Research, 
under contracts A F'19(#04)-7358 and A F19(628)-3836. 

Wayne M: MOREAU | 
Karu WEISS 
Photochemistry and Spectroscopy Laboratory, 
Northeasterr University, 
Boston, Massachusetts. 
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Homogeneous Hydrogenation and 
Hydroformylation using Ruthenium 
Complexes 


We have shown! vhat the rhodium (I) ee. S 


RhCl(PPh,);, is an extremely efficient catalyst for thè o = 
homogeneous hydrogenation of olefines and acetylenes at 
25° C and at < 1 atmosphere pressure in benzene solu- 
tions. This activity is lue, in part, to the dissociation of = 
the complex in solution to give a solvated species > 


RbCl PPhH,).8, which has a vacant co-ordination site 
additional to the solvent-oceupied axial positions. 

We now find that the ruthenium (II) complexes, 
RuCl,(PPh,), and RuCl,(PPh,),, prepared respectively by 
the inter action of cold and refluxing methanol solutions 
of hydrated ruthenium trichloride with excess triphenyl- 
phosphine, dissociate im benzene solutions*. Molecular- 
weight investigations show that the dissociation is: 


RuCl,(PPh,), > RuCl(PPh,)s8 + PPh, 





RuCl (P Pha); = + Rað AP Pha): + PPh, 
Since the solutions are sensitive to air, the colour changes 


reported? for solutions of RuCl,(PPh,); are probably 


attributable to oxidatien. 
4 



















tion in be an 





the hydrogenation mechanism; in absence of such a 
co-solvent, hydrogenation is exceedingly slow. Deuterium 
_ investigations, coupled with mass spectroscopic and 
_.. nuclear magnetic resonance examinations show that: 
_ > (a) mixed hydro-deutero paraffins are obtained using D,; 
{6} in the absence of olefine, rapid exchange between the 
hydroxyl group of ethanol and D, occurs. Treatment of 
concentrated solutions of the complex in ethanol—benzene 
vith H; gives a hydrido complex RuCiH(PPh,),, identified 
analysis, infra-red (vay ~ 2,000 em-!) and nuclear 
tic resonance (tH = 28-6) spectroscopy, so that, as 
hydrido species is confirmed as a hydrogenation 
ate. 
odium complex RbCl(PPh,;),; with CO rapidly 
ACO(PPh,), and the latter is an effective hydro- 
or ion catalyst for olefines and acetylenesi-+*, 
though the tetrakistriphenylphosphine ruthenium com- 
lex gives only low yields of aldehyde from, for example, 
ept-l-ene (due to the formation of an insoluble carbonyl 


























Be pecies RuCl,(CO),(PPh;).) the more-soluble complex 
 RuCl,(PPh,),CH,OH gives higher yields. However, the 
= most effectiveruthenium complex is Ru(CO)s( PPha) (ref. 5), 
- which in benzene solution at about 10- M concentration 
-. under mild conditions, for example, 100 atm. total pressure 
Of CO and H, (1:1) and 100° C, gives more than 80 per 
gent yields of hexaldehydes from pent-l-ene, in about 
tS h. This appears to be the first case where a well- 
_ defined ruthenium complex has been shown to be a 
-© hydroformylation catalyst. There have been patents 
-Claiming the use of solid catalysts? and a very general 
claim’ covering the use of transition metals in the presence 
af phosphines, phosphites, etc., but no examples using 
< yuthenium. or rhodium were quoted, nor were any 
=- stoichiometric complexes of these elements defined. 
ee D. Evans 
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BIOCHEMISTRY 


_.. Lysozymes characterized in Duck Egg-white: 
-annoi fsolation of a Histidine-less Lysozyme 
NTINUING our work on lysozymes from different 
ins (human; avian egg-white)!, we have purified, 
wl and compared different lysozymes isolated from 
ck egg-white. 
|. of duck egg-white was homogenized with 4 l. of 
ie pH was adjusted to 4:5 and the solution was 
s. 1 for 4 h with 200 ml. of ‘Amberlite CG-50 (Type II)’ 
buffered at pH 6-5 with a 0-2 M phosphate buffer. Tho 
purification was continued following the procedure of 
Jollés et al.2: elution from ‘Amberlite’ with a 0-8 M 
phosphate buffer of pH 6-5; chromatography on CM- 
_. cellulose, filtration on ‘Sephadex G-25° with water as eluent, 
_ and lyophilization. Yield at this stage was about 500 mg 
af lysozyme (expressed as hen’s egg-white lysozyme). 
It was possible to purify this material further by ion- 
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contrast _ be o 


‘to the rhodium system, ethanol plays an intimate partin 





















W. i in this way, containing respectively 25, 25. 
and 50 per cont of the initial activity. However, peak: 
No. 3 was not eluted during the ion-exchange chromato- > 
graphy but only with a 0-8 M buffer solution. This lysozyme: 
was desalted again on ‘Sephadex G-25’ and submitted toa _ 
new chromatography in slightly different conditions as- 
indicated in Fig. 2. The purity of these three lysozymes — 
obtained in a chromatographically pure state had been _ 
tested again by electrophoresis on ‘Cellogel’ strips 
(Chemetron, Milan) (0-1 M acetate buffer of pH 45; 
110 V; 1-5 h) (Fig. 3). The third active fraction had also- 
been purified by a different procedure by Fujio et al.. 
but no further analytical investigations were reported _ 
by these authors. ee 
Amino-acid analyses were performed after total hydro- 
lyses (6 N hydrochloric acid; 110°; sealed tube) of 18 and 
40 h with a Technicon ‘AutoAnalyzer’, Cystine was deter- 
mined after performic acid oxidation and tryptophan — 
following the procedure of Spies and Chambers‘. As can 
be seen from Table 1, peak 1 on one side, peaks 2 and 3 on 
the other, contain analytically quite different substances; — 
the lysozymes from peaks 2 and 3 contain no histidine: 
it is the first lysozyme devoid of this amino-acid, and this 
observation seems importent, as many investigations were _ 
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: En | Electrophoresis on ‘Cellogel’ strips of duck eggeewhite lysozymes. 
og, peak No. 1; b, peak No. 2; ¢, peak No. 3; d, peaks No. 1 + No. Z + 
- No. 3 as. contained in the gar sor ial basta after chromatography on 
-cellulose 


devoted to the possible part played by histidine in an 
eventual active centre’-*. The different chromatographic 
behaviour of the enzymes contained in peaks 2 and 3 may 
be due to a different amide-group content. 

Digestion experiments with carboxypeptidase allowed 
to establish that leucine is the C-terminal amino-acid of 
the duck egg-white lysozyme contained in peak 3. 

The new lytic enzymes possess the six properties which 
allow them to be ranged among the lysozymes?:!*: they 

are basie proteins of low molecular weight, stable at 
-acidie pH even at 100° for 1-2 min, unstable at alkaline 


eak 1 Peak 2 





1 l Peak 3 

i 40h 1h 40 h 18 h 40h 

o Oy8O.H 67 nd. 7-0 n.d. T7 ma. 

ASP 193 18°35 17°6 1585 172 16-4 

Ehr 735 645 5-9 55 6'4 &0 
Ser 9-9 8-7 8-6 74 od T25 

. Glu SA 5-0 §1 48 §-0 +5 

Pro 2-0 27 2-0 16 21 bes 

< day 12-4 11:8 14 11-0 11°9 11-8 

-Aia 11-6 10-85 10:3 0-6 10-4 6 

: Vail 49 7 6:05 6-45 61 BS 

“Met 1-4 0-95 1-15 0-7 1-4 1-0 

o: Heu +5 45 47 5-6 46 F0 

oo CIAU T TA T45 8-6 8-1 7-8 

et 2°7 23 3°65 30 4-1 4-3 

“Phe 30 2-0 0-8 ri LO 10 

Pry 6-0 n.d. DG md, 56 n.d. 

Lys or 6-0 p4 50 5T -3 

His Td 0-85 Q G 0 
Arg 108 10-0 11-5 11-2 12°7 13-0 


ond., not determined. 


Table 2, COMPARATIVE DATA CONCERNING SOME LYSOZY MES 







% of initial Ion-exchange chromato- No. C-terminal 
Lysozyme activity graphy on ‘Amberlife’ amino- = aminc- 
a pu M acids acid 
. Duek egg-white Peak 1:25 766 0-20 3045 nd. 
P Peak 2:25 7-56 0-20 125 + & nd, 
l Peak 3:50 7:56 0-28 125 + 6 Leu 
xà, 95 £5% 718 0-20 129 Leu 
i : 747 0-20 125 +5 Leu 
95 + 5* 6-98 0-20 122 + 5 rad, 


‘peak (<10 per cent of total activity) is eluted before the 
8 probably the same enzyme partially deaminated. 
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pH, active against suspensions of M., lysodeiktieus and 
liberating, by their action on an appropriate substrate, —__ 
substances which can be detected by specific reagents for — 
amino sugars. | od : 

Table 2 summarizes some results obtained dur 
comparative examinatoon of duck lysozymes, two o 
birds’ egg-white and three human lysozymest 1-4, 

This investigation was supported in part by g 
FG-Fr-106 from the U.S. Department of Agrieultur 
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Evidence discriminating between the i 
Chemical and the Chemiosmotic Mechanisms 
of Electron Transport Phosphorylation 


We have recently reported that when suspensions of 
intact rat liver mitechondria hydrolyse ATP, oxidize 
succinate, or oxidize §-hydroxybutyrate, protons are 
translocated (written —>H+) outwards through the mito- 
chondrial membrane with stoichiometries closely approx- 
imating to —-H+/P=2, -»H*/O=4 and -+Ht/O=6 
respectively!. These ebservations are in close accord wi 
the requirements of the chemiosmotic hypothesis, accord- 
ing to which electron transport and phosphorylation are 
soupled by the proton current flowing cyclically through 
the respiratory chaia and reversible ATPase systems. 
across the cristae membrane; but they could also be- 
explained according te the chemical hypothesis, by invok- © 
ing a proton pump driven by hydrolysis of X ~I, either 
directly, or via the “W complex’ suggested by Lardy, 
Connelly and Johnsor™®. We have, therefore, sought more 
crucial experimental tasts of the alternative hypotheses 

The fact that fragments of cristae membrane (sonic 
particles), segregated from sonically disintegrated mito- 
chondria, will catalyse oxidative phosphoryle tion‘, energy- 
linked transhydrogenation5, and other reversed electron- are: 
transfer reactions* appears to favour the chemical hypo- > 
thesis, because: (a) the system still works chemically 
though apparently disorganized morphologically; (b) the 
membraneous (or other) barrier confining soluble enzymes, 
co-enzymes and substrates within intact mitochondria, 
and preventing intermediates such as NAD and NADP 
from participating ir ‘energy-linked’ electron transport 
from outside, have apparently disappeared from the sonic 
particles. It seemec to us that in view of the facts 
concerning sonic particles, the survival of the chemiosmo- 
tie hypothesis would be dependent on the following two 
rather exacting critera: (1) the limiting membrane of the 
sonic particles must be osmotically functional; (2). the 
membrane of the parzicles must be inside out so that the 
side normally accessible only to internal NAD, ATP, 
substrates, etc, would be directly accessible to NAD, 
ATP, substrates, etc. in the suspension medium. We have 
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examined these criteria experimentally in sonic particles? 
from rat liver and from beef heart mitochondria, using 
techniques similar to those reported on intact rat liver 
mitochondria!; these preliminary investigations can be 
summarized as follows: 

(1) The sonic particles behave as a two-phase system 
when titrated with acid or alkali, and the rate of acid-base 
equilibration between the internal and external phases is 
of the same order of magnitude as the rate observed in 
intact mitochondria. 

(2) When the sonic particles hydrolyse ATP, oxidize 
succinate, or oxidize NADH, protons are translocated 
inwards through the membrane which separates the inner 
phase of the particles from the suspension medium, the 
stoichiometries so far obtained, under conditions that are 
probably sub-optimal, being respectively ->H+;/P = 0-53, 
= >Ht/O = 0-83, and —H+/0 =1:29. Proton translocation 
during ATP hydrolysis could be inhibited by oligomycin 
but not by antimycin A or rotenone, whereas proton trans- 
location during succinate and NADH oxidation was 
stimulated (about 25 per cent) by oligomyein and inhibited 
by antimycin A. Rotenone inhibited the NADH-linked 
proton translocation, but not the succinate-linked proton 
translocation. 

We conclude that the sonic particles possess an osmoti- 
cally functional membrane, and that, as suggested by Lee 
and Ernster® in connexion with the effects of Mg++ on 
reversed electron transport, the cristae membrane is 
effectively turned inside out during sonie disintegration of 
mitochondria. 

Our observations imply that the facts relating to the 
sonic particles can no longer be regarded as favouring the 
chemical hypothesis of electron transport phosphoryla- 
tion. On the other hand, the proponents of the chemical 
hypothesis could explain the proton translocation in sonie 
particles, just as in intact mitochondria, by invoking a 
hypothetical membrane-located proton pump driven by 
hydrolysis of X ~J. 

According to the chemiosmotie hypothesis, protons are 
translocated across the membrane during oxido-reduction 
because hydrogen atoms pass across one way via hydrogen 
carriers and electrons pass across the other way via electron 
carriers in the membrane-located respiratory chain®; and 
it follows that the direction of translocation of protons 
should reverse if electron and hydrogen atom flow reverses, 
According to the explanation of proton translocation, in 
terms of the chemical hypothesis, however, protons would 
be pumped through the membrane when forward electron 
transport synthesized X ~I (via © ~I, Ca~I, ete.); but 
although, according to this view, the reversal of electron 
transport would consume X ~F, it would not reverse the 
flow of protons through the X ~J-hydrolysing proton 
pump unless either X ~I could exist in minus quantities, 
or the proton pump could become possessed by a Maxwell 
demon, reversing the thermodynamically natural pro- 
cesses and synthesizing X~J from NH, JOH, and HQ. 
It is thus evident that the relationship between the 
change of direction of electron flow and the direction of 
proton translocation should be diagnostic of the coupling 
mechanism., 

We have observed, by techniques similar to those 
recently described', that the flow of electrons in the 
reverse, or ‘energy-consuming’, direction through the 
transhydrogenase system of sonic particles from beef 
heart mitochondria (prepared by a method similar to that 
of Léw and Vallin’) causes the outward translocation, of 
protons through the membrane, whereas the protons are 
translocated inwards during forward electron transport 
and ATP hydrolysis by these particles. Our present 
techniques give an observed ->H*/2e stoichiometry of 
0-21, which, like the forward stoichicmetries, can be 
assumed to be sub-optimal. Further, we have found that 
reversed electron transport through the succinate oxidase 
segment of the respiratory chain of beef heart mitochon- 
dria between fumarate and the component reacting with 
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artificial hydrogen donors. on the oxygen side of the anti- 
mycin A-sensitive site is accompanied by reversed proton 
translocation. 
These observations, which will be reported in detail 
elsewhere, appear to provide the first crucial evidence 
against the chemical hypothesis of electron transport 
phosphorylation. They also provide the most powerful 
evidence so far obtained in support of the chemiosmotic 
hypothesis. 
PETER MITCHELL 
JENNIFER MOYLE 
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Enzymatic Formation of ¢-Cyanoalanine 
from Cyanide by Escherichia coli Extracts 


BLUMENTHAL-GOLDSCHMIDT et al.) demonstrated that 
carbon-14 atoms from C-labelled HCN supplied to 
several types of seedling became incorporated almost. 
exclusively into the amide-C of asparagine. Subsequent 
work? indicated that these authors had selected, some- 
what fortuitously, mainly asparagine-synthesizing species 
rather than others which incorporated 34C-cyanide 
almost entirely into a dipeptide, y-glutamyl-8-cyano- 
alanine. This y-glutamyl peptide is known as a normal 
constituent only of certain Vicia species’; its formation 
in other species is apparently dependent on an exogenous 
supply of cyanide. 

The time-course of ™C-cyanide incorporation by 
Chlorella cultures indicated that 8-cyanoalanine was the 
primary labelled product’: this is afterwards converted 
either into asparagine by the action of a hydrolysing 
nitrilase or into y-glutamy!-8-cyanoalanine by a y-glutamyl 
transferring enzyme. These alternative pathways from 
8-cyanoalanine adequately explain the labelling patterns 
that develop after “C-cyanide feeding to a wide variety 
of species including cultures of E. coli, which accumulate 
radioactivity mainly in asparagine. 

Nigam and Ressler! suggested that 8-cyanoalanine was 
formed by a reaction between serine and cyanide, after 
observing that cyanide stimulated the incorporation of 
radioactivity into y-glutamyl-f-cyanoalanine in intact 
V. sativa seedlings that had received '*C-serine. The 
present communication describes some properties of an 
enzyme, present in E. colt extracts, which catalyses j 
B-cyanoalanine formation from serine and cyanide, while | 
the accompanying letter? presents similar data for an ~ 
enzyme from Lotus seedlings. Since B-cyanoalanine and — 
y-glutamyl-$-cyanoalanine are not encountered generally — 
in plants, we consider it likely that the catalysis of 
B-eyanoalanine formation represents a non-specific activity 
of an enzyme that plays some other indispensable part in 
living cells. Such an enzyme could be serine sulphydrase®, 
which promotes cysteine biosynthesis from serine and 
sulphide. 

Enzyme preparations were obtained from cells of E. 
coli (strain K12) growing logarithmically on a glucose- 
mineral salts medium at 30° C. Heavy suspensions of 
washed cells were disintegrated ultrasonically and the cell- 
free supernatant obtained efter centrifuging at 40,0009 for 
30 min was dialysed overnight at 1° C against 0-1 M- 
K,HPO,. This dialysed extract (containing 25-50 mg — 
protem/ml.) was used as a source of enzyme. Activities 
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were measured by following the incorporation of radio- 
activity into B-cyanoalanine in systems normally contain- 
ing L-(3-4C) serine as the labelled substrate. Unlabelled 
B-cyanoalanine was added to the assay system in amounts 
sufficient to reduce to negligible proportions the further 
conversion of the labelled @-cyanoalanine produced into 
asparagine. 

The standard assay mixture had the following composi- 
tion: serine, 0:5 uc., 11 ug; KCN, 500 ug; @-cyanoalanine, 
25 ug; enzyme preparation, 0-1 ml.; total volume, 0-12 ml. 
Mixtures were incubated at 30° C for various periods and 
reaction was stopped by the addition of two volumes of 
ethanol. After the removal of precipitated protein, the 
supernatant was applied to two-dimensional chromato- 
grams (developed in phenol-ammonia followed by butan-1- 
ol-acetic acid—water) to separate B-cyanoalanine from other 
14C-labelled_, substances before determination of radio- 
activity by Geiger scanning. Under these conditions, a 
pH of 9-0 was optimal for 6-cyanoalanine formation. The 
high concentrations of cyanide present in the standard 
assay mixture did not fully saturate the enzyme, since a 
further small increase of rate was observed with amounts 
of KCN up to 800 ug (that is, a concentration of about 
0-1 M). The Km value calculated for KCN was about 
4 x 10-? M; this value corresponded to a Km value of 
about 1:3 x 10-* M for cyanide ion. 

The dependence of reaction rate on serine concentration. 
was investigated using potassium 44C-cyanide (5 uc., 
500 ug) as substrate: serme concentrations in the range 
10-* — 7 x 10-2 M were used. The reaction attained. its 
limiting velocity at a serine concentration of 4 x 10- M 
and a Km value of 8 x 10-3 M was calculated. The E. 
coli enzyme (unlike that from Lotus seedling’) exhibited 
a partial dependence on ATP. Fig. 1 illustrates the stimu- 
lation of 8-cyanoalanine formation by ATP: a four-fold 
increase of reaction rate was observed in the presence of 
ATP concentrations greater than 0-01 M. Schlossmann 
and Lynen? state that serine sulphydrase is ATP- 
dependent. 

The effect of other additions to the standard assay 
mixture is illustrated by the data in Table 1. The presence 
of Mg*+ or Q-phosphorylserine resulted in a striking 
inhibition of radioactive B-cyanoalanine formation (com- 
pare with the findings using the Lotus enzyme). Smee 
ATP stimulated the reaction, phosphorylserine seemed at 
first to be a logical intermediate in B-cyanoalanine forma- 
tion. A biogenetic mechanism of this type would be 
associated with the incorporation of radioactivity into the 
phosphoryl derivative, but in practice phosphorylserine 
remained unlabelled in our experiments. However, it was 
hydrolysed rapidly, thereby reducing the specific activity 
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Fig. 1. Effect of ATP formation ın the standard assay mixture con- 
taining E. cols enzyme 
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Table 1. SHOWING THE COMPARATIVE RATES OF 8-CYANOALANINE FORMATION 


Determined after the addition of various substances to the standard assay 
mixture containing. L-(3-“C) serine, 05 uc., 11 wg; KON, 500 xg; B-cyano- 
alanine, 25 ug; enzyme preparation, 01 ml., in a final volume of 0-12 ml 


Per cent of 
control rate 
Standard assay mixzure (control) 100 
— Cyanide <01 
+Mg’+ (80 mM) . 22 
g + O-phosphorylserice (8 mM) 26 
+ 3-Alanine (16 mAD 109 
+1L-Threonine (12 mM) 103 
+ATP (10 mM) 434 
+1-Cysteine (4 mM 5-10 
+ Sodium sulphide @2 mM) 4 
+ Sodium sulphide .0-5 mM) ~ 80 


of the “C-serine in the assay mixture and so causing an 
apparent reduction in reaction rate. Neither alanine nor 
threonine affected the zate of B-cyanoalanine production 
and so they did not compete as alternative substrates 
for the active sites of the enzyme. 

The addition of cysteine caused a most pronounced 
reduction in the conversion of 4C-serine into 6-cyano- 
alanine. This observation suggested that cysteme also 
may act as asubstrate for enzymatic formation of B-cyano- 
alanine. Confirmation was obtained in an experiment in 
which labelled 8-cyanoalanine was formed from “C-cyamide 
(5 uc., 500 ug) and cysteine; the Km value determined for 
cysteine was approximsetely 5 x 10-3 M. The presence of 
sulphide ion also resulted in a striking reduction of 
@-cyanoalanine formation. Under these conditions radio- 
activity was introduced into a sulphur-containing amino- 
acid (presumably cysteme) because 14C-label was detected 
in cysteic acid present m mixtures that had been oxidized 
at the end of the reactzon period. 

If serine sulphydrase, which catalyses reaction (1), 
can utilize a wider renge of substrates than has been 
appreciated so far, ther our observations can be explained 
in terms of the non-specific action of this enzyme in 
catalysing reactions (2) and (3). 

serine + H.S _ ATP (1) 
serine + HON _ ATP g-cyanoalanine (2) 
cysteine + HON _ ATF? | (3) 


Most of the experiments described have been aimed at 


cysteine 


B-cyanoalanine + H,S 


examining reaction (2), but those involving cysteine 
suggested that this emino-acid can undergo a facile 
reaction with cyanide æs in reaction (3). 


Patricia M. DUNNILL 
L. FOwDEN 
Department of Botany, 
University College, 
London, W.C.1. 
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Enzymatic Formazion of g-Cyanoalanine from 
Cyanide 

In 1963 Blumentha:-Goldschmidt et al.t demonstrated 
the incorporation of "C-labelled hydrogen cyanide into 
asparagine by seedlinzs of a number of plant species. 
They showed that the label from H™“CN almost exclusively 
entered the amide carbon of asparagine and obtained 
preliminary evidence that the other three carbon atoms 
might be provided by s»rine or a closely related metabolite. 
These findings have been confirmed and extended by 
Tschiersch®?, Ressler 2t al.4> and by Fowden and Bell®. 
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The available evidence suggests that HCN reacts with 
serine to form 8-cyanoalanine which then, depending on 
the plant species used, can either be hydrolysed to aspara- 
gine or can be converted into a peptide, y-glutamyl-f- 
cyanoalanine. The two latter reactions have been demon- 
strated in extracts of seedlings®, but enzymatic evidence 
for the first reactions has so far not been reported. 

Lhe enzymatic formation of B-cyanoalanine has now been 
observed by incubating homogenates of Lotus tenus 
seedlings with H™CN and t-serine. The reaction was 
followed by measuring the incorporation of C from 
K™CN into B-cyanoalanine. Differential centrifugation of 
homogenates prepared ın the presence of 0-4 M sucrose 
showed the enzyme to be present mainly in the mito- 
chondria, with some activity in the supernatant solution 
obtained at 105,000g. The enzyme could be rendered 
soluble by preparing acetone powders either of whole 
seedlings or the mitochondria. With HCN and serine 
as substrates, the activity has been precipitated from 
extracts of acetone powders of whole seedlings between 
35 and 50 per cent saturation with ammonium sulphate 
at pH 7:3 and subjected to a heat treatment (10 min at 
50°). This preliminary purification gave a five-fold 
increase 1n the specific activity. 

Both “C-labelled cyanide and C-labelled serine have 
been used as substrates. On incubation with KCN, 
96 per cent of the radioactivity of B-cyanoalanine was 
found to be located in C-4, while with u-serine-U-C, 
C-4 had 1 per cent, C-1 37 per cent end the two centre 
carbons had 62 per cent of the radioactivity of cyano- 
alanine. As shown in Table 1, however, the rate of 
B-cyanoalanine formation from HCN ‘and cysteine is 
about 50 times as rapid as from H™“CN and serine. Under 
identical conditions, for example, 1:80 myuM of cyano- 
alanine were formed without added serine, 2°75 muM on 
addition of 2-5 x 10-3 M t-serine but 98-0 myM in the 
presence of 2'5 x 10-8: M L-cysteine. The fact that cysteine 
apparently can serve as a source of carbon atoms 1, 2 
and 3 of B-cyanoalanine was confirmed by the use of 
cysteine-1-C, which gave rse to “C-labelled 8-cyano- 
alanine carrying most of its label in the carboxyl group. 
The formation of §-cyanoalanine in the intact plant thus 
may involve cysteine rather than serine as & 3-carbon 
precursor, a possibility which so far seemingly has not 
been investigated by feeding experiments. 


Table 1. EFFECT OF POSSIBLE CO-FACTORS AND INHIBITORS ON ENZYMATIC 


FORMATION OF £-CYANOALANINE 


Reaction mixture’ enzyme 1:0 ml., potassium phosphate pH 7-3, 70 moles, 
L-serine, 5 zmoles; KCN, 5 uc. =0:5 wzmoles; final volume 20 ml. Incuba- 
- tions were run for 2 h at 33° 


mumoles Cyano- Per cent of 
alanine formed controls 
Control 2°75 100 
— Serine 1:80 66 
— Serine + 2-5 x 10~ serine phosphate 1:96 71 
— Serine + 2:5 x 107 M cysteine 98-0 3,560 
+5x10— M MgCl, 2°70 98 
+ 2:5 x 10“ M pyridoxal phosphate 5 86 213 
+107 M ATP 1:93 70 
+10- M EDTA 2°68 98 
+10 M, a,a’-dipyridyl 0-24 9 
+10-? M semicarbazide 1°34 49 
+10-? M hydroxylamine 0-36 13 
+10-* M isoniazid 4°50 164 
+107 M iodacetamide 071 26 
+10 M p-chloromercuribenzoate 0 36 18 
+107 M Heol, 0 62 23 


The reaction leading to B-cyanoalanine had a pH 
optimum at pH 9. The Km value for KCN was found to 
be pH dependent; approximate values were estimated 
(using serine as a second substrate) to be 4 x 10-* M at 
pH 7:3 and-1'5 x 10-5 M at pH 9:0. This shows that CN- 
and not HCN 1s the true substrate of the reaction and the 
true Km value for CN- can be estimated to be in the order 
of 5 x 10-* M. For cysteine a Km of 9 x 105 was 
determined. No Km value for serine could be obtamed 
because the response of cyanoalanine formation to 
changes ın the serme concentration was too low to give 
significant data. 
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The results of some experiments with possible co- 
factors and inhibitors are also shown in Table 1. The 
reaction does not require ATP, and serine phosphate 
cannot replace serine or cysteine as substrates. The 
enzyme may use pyridoxal phosphate as a prosthetic 
group, as shown by the stimulation obtained on addition 
of this compound and by the inhibitory effect of some 
carbonyl reagents. There seems to be no requirement for, 
divalent metal ions smce Mgt+ does not stimulate and 
EDTA does not inhibit the reaction. The enzyme is 
inhibited by Hg** ions and p-chloromercuribenzoate. 

The evidence presented classifies the formation of 
B-cyanoalanine into the group of pyridoxal phosphate 
catalysed B-replacement reactions of serine and cysteine. 
Some of the enzymes carrying out such reactions are 
known to deaminate their amino-acid substrate, particu- 
larly serine, in the absence of the second reactant. How- 
ever, no formation of pyruvate could be detected on 
incubating cyanoalanine synthetase preparations with 
either labelled serine or labelled cysteine in the absence 
of cyanide. Likewise, a preparation of cystathionine 
synthetase which also deaminates serine did not synthe- 
size §-cyanoalanine. 

A number of other organisms was assayed for cyano- 
alanine synthetase. §6-Cyanoalanme formation was 
demonstrated in an extract of Vicia sativa seedlings, and 
in mitochondria from seedlings of sorghum, barley, 
safflower, flax and mung beans. In addition to these 
plant sources, cyanoalanine synthetase activity was found 
in an extract of E. coli (cf. ref. 7), but not in homogenates 
or mitochondria of rat liver. 

The part played by cyanoalanine synthetase in the 
living cell is not fully understood. It may serve to dispose 
of HCN in those plants containing cyanogenic glucosides 
and the location of the enzyme in the mitochondrion is of 
particular interest. However, its occurrence is not re- 
stricted to such plants_and the physiological significance 
of this enzyme in organisms not known to have cyano- 
genic compounds is obscure. 

H. G. Fross 
L. HADWIGER 
E. E. CONN 


Department of Biochemistry and Biophysics, 
University of California, 
Davis. f 
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Thalidomide as a Possible Biological Acylating 
Agent 


THE teratogenic activity of thalidomide is now well 
known, but the mechanism by which the drug produces 
foetal abnormalities is obscure. Recent investigations in 
this laboratory! on the relationship between embryotoxic 
activity and chemical structure in a series of compounds 
related to thalidomide (a-phthalimidoglutarimide) sug- 
gested that the phthalimide portion of the molecule is 
important in determining teratogenic activity. Replace- 
ment of the phthalimide rmg of thalidomide by other ring - 
systems such as those of succinimide and hexahydro- 
phthalimide was found to lead to the loss of embryotoxic 
activity in the rabbit. However, replacement of the 
glutarimide ring of thalidomide by other groups did not 
in every case lead to complete loss of embryopathic 
activity, for 4-phthalimidobutyramide, phthalimidoben- 
zene and 2-phthalimidoglutaric acid anhydride were still 
embryotoxic in rabbits but much less so than thalidomide. 
These observations suggested that an N-substituted 
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phthalimide structure was essential for embryotoxic 
activity. However, the exact structural requirements in 
the N-substituent for embryotoxicity are not yet clear, 
but, so far as is known at present, optimum embryotoxic 
activity is found when the N-substituent is «-glutarimide 
as in thalidomide itself. 

These findings raised the question of the possible signi- 
ficance of the N-substituted phthalimide structure in 
biological systems, and this may be considered from two 
aspects. In the first place, it is possible that the phthali- 
mide structure (1,3-dioxoisoindoline) is closely related to 
some substance involved in the metabolism of the embryo, 
and thereby interferes in some essential reaction. But, so 
far as we are aware, the phthalimide structure does not 
occur naturally. The second possibility is that the embryo- 
toxic activity of certam phthalimide derivatives is a 
function of their chemical reactivity. It 1s possible that 
certain N-substituted phthalimides, because of a particular 
chemical reactivity, are able to interact with certain 
chemical substances essential to the normal development 
of the embryo and thereby cause malformations or death. 
Such an interaction would be a biochemical basis upon 
which the embryotoxic effects of thalidomide and related 
N-substituted phthalimides could be explained. 

In this communication, preliminary evidence is presented 
which indicates that, under certain conditions, thalidomide 
behaves as an acylating agent and is able to acylate 
certain aliphatic diamines of biological interest such as 
putrescine and spermidine. 

Our interest in the acylating activity of thalidomide 
arose from the discovery, in this laboratory, that thalido- 
mide, at physiological pH values, is hydrolysed and, in 
effect, the drug acylates water, forming mainly a-(o-carb- 
oxybenzamido) glutarimide?. The ability of thalidomide to 
acylate the hydroxyl group of water suggested to us that 
it might also react with hydroxyl or amino groups in 
other compounds. In fact, it is well known that phthali- 
mide itself will acylate hydrazine to form o-carbamyl- 
benzoylhydrazide (ref. 3). The progress of an acylating 
reaction involving the phthalimide ring of thalidomide 
can be readily followed spectrophotometrically. The intact 
phthalimide ring system exhibits an intense ultra-violet 
absorption at 220 mu (ref. 4). Cleavage of the five-membered 
ring of phthalimide results in a marked decrease in this 
absorption so that the extent of ring-splitting following an 
acylation reaction can be readily estimated by measuring 
the decrease in optical density at 220 my (ref. 5). Using 
this procedure we havo been able to follow the ability of 
thalidomide to acylate a number of compounds con- 
taining hydroxyl or amino groups in the absence of waiter. 

Thalidomide (4 x 10-5 M) in absolute ethanol con- 
taming the test compound (10-2 M) was incubated at 37° C 
for periods up to 10 h. Samples of the incubates were 
withdrawn at hourly intervals and the optical density at 
220 mu was measured in a Unicam ‘SP 500° spectrophoto- 
meter. The optical densities so obtained were compared 
to those of a similar solution of thalidomide in ethanol. 
In ethanol solution, thalidomide is stable, and no change 
in optical density at 220 my is detectable. In cases where 
acylation occurred, the disappearance of the thalidomide 
and the appearance of acylation products were confirmed 
chromatographically using the solvent systems already 
described by uss. 

Table 1 gives a list of ten compounds whose ability to 
interact with thalidomide was tested. Thalidomide does 
not, under the conditions of the experiment, react with 
glucose nor the simple monoamines, n-butylamine, 
n-octadecylamine and ethanolamine. However, the 
aliphatic diamines, putrescine and spermidine, inter- 
acted rapidly with thalidomide, while ethylenediamine, 
cadaverine and spermine reacted less readily. ‘hus, when 
thalidomide was incubated with spermidine at 37° © for 
2 h, the drug completely disappeared from the incubation 
medium, as was shown spectrophotometrically ~ and 
chromatographically. 
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Table 1. ACYLATING ACTIVITY OF THALIDOMIDE TOWARDS VARIOUS ALI- 
PHATIG AMINES AND OTHER COMPOUNDS 


Compound incubated with Percentage thalidomide 


thalidomide disappearing m2hat 37° C 
Glucose 0 
n-Butylamine 0 
n-Octadecylamine 0 
Ethylenediamime 
1,4-Dlaminobutane (putrescine) 72 
1 '5-Diaminopentare (cadaverine) 27 
1-(3’-Aminopropylamino)-4-aminobutane 100 

(spermidine) 
1,4-Di(3’-aminopropylamino)butane 28 
(spermine) 
Ethanolamine 0 
y-Amuinobutyric aad 0 


Thalidomide (4x10-5 M) ard the compound under test (10-* M) were 
incubated together ın absolute ethanol at 37° C for periods up to 10 h. 
Spermine, however, was tested ıt a concentration of 10° M 


It is possible that the reactivity of thalidomide towards 
certain natural diamines may be of significance in relation 
to the biological properties of the drug. This aspect of the 
reactivity of thalidomids is being further investigated. 


S. Fasro 
R. L. SMITH 
R. T. WELIAMS 
Department of Biochemistry, 
St. Mary’s Hospital Medical School, 
London, W2. 
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‘Buried’ Tyrosyl Residues and the Activity of 
Trypsin 


CHEMICAL modifications of enzymes have generally been 
used to identify catalysically functional amino-acid resi- 
dues. Thus, inactivation with diisopropylphosphofluori- 
date (DFP) has identified a number of ‘seryl’ enzymes? and 
interaction with alkylhalides or ~paramercuribenzoate 
(PMB) has defined a group of sulphydryl enzymes’. 
Similarly, we have used_N-acetylimidazole to demonstrate 
a ‘tyrosyl’ enzyme, carboxypeptidase A (ref. 3). 

The categorization of enzymes in terms of catalytically 
functional, active-centre residues is the direct consequence 
of the chemical specificity of selective reagents. Such 
reagents can also serve to identify amino-acid residues 
which function primarily through maintaining the struc- 
ture of enzymes rather shan participating directly in their 
catalytic mechanisms. In many enzymes, thiol residues 
may become reactive only after denaturation®. These 
unreactive or ‘buried’ thiol groups are thought to be 
internally bonded, thereby stabilizing structure in a 
manner as yet undefired, but distinct from disulphide 
linkages. 

Similarly, ‘buried’ tymsyl residues (the terminology here 
employed has been discussed previously®) are thought to 
maintain structure, fo? example, through tyrosyl-carb- 
oxylate hydrogen bonds, as shown for ribonuclease? *. 

We have now acetylated trypsin with acetylimidazole 
and the experiments reported here provide evidence that 
in this enzyme, also, buried’ tyrosyl residues stabilize 
tertiary structure. Thi stabilization is required for the 
function of the enzyme, presumably by maintaining the 
critical conformation of the active centre. i 

Acetylimidazole has been shown to be a relatively 
specific agent for the O-acetylation of ‘free’ tyrosyl 
residues of proteins. Experimentally, the degree of 
acetylation is apparent by a marked decrease in molar 
absorptivity at 278 mu?. In a series of proteins, the 
number of tyrosyl residues acetylated with acetylimidazole 
at pH 7-5 corresponded quite closely to the number of 


1210 


‘free’ residues measured by pH titration’. Thus, this 
reagent permits the selective acetylation of those tyrosyl 
residues of native proteins which are readily accessible to 
the ambient medium. Reaction of all of the tyrosyl 
residues of a protein can be achieved subsequent to 
denaturation’. 

Previously, we have reported that 6-7 of the 10 tyrosyl 
residues of trypsin can be acetylated with acetylimidazole 
at pH 7:5 without loss of enzymatic activity*. This number 
of ‘free’ tyrosyl residues is in substantial agreement with 
the data of Inada et al.?, who have shown, by titration, 
that six groups are ‘free’ while four appear to be ‘buried’. 
Since urea denaturation of trypsin is reversible’ and 
exposes the ‘buried’ tyrosyl residues (see Table 1, column 
3), we have acetylated the enzyme in urea with acetylimid- 
azole and studied the resultant enzymatic changes (the 
minor discrepancy in the number of ‘free’ tyrosyls deter- 
mined by titration and by acetylation might be due to a 
partially ‘buried’ residue as discussed elsewhere®:®), 


Table 1. EFFECT OF ACETYLATION ON THE ESTERASE AND PEPTIDASE 
AOTIVITIES OF TRYPSIN 


Peptidase Esterase O-Acetyltyrosyl 
D Ve ViVe mole/mole 
1. Trypsin 1-0 10 0 
2 Irypsin+3 2 M guanidine 05 05 0 
3. Trypsin +acetylimidazole 11 0:9 6:7 
4, Trypsin-+3-2 M guanidine + 
acetylimidazole 01 0-0 10:2 


Peptidase activity was determined by the hydrolysis of casein!” and esterase 
activity was determined by the hydrolysis of benzoylarginine ethyl ester?® 
using a pH-stat. Acetylation was carried out with a 120-fold molar excess of 
aoe at 20° and pH 7 5 in 0 01 M ires buffer + 3-2 M gilanidine 


Twice crystallized salt-free lyophilized trypsin (Wor- 
thington Biochémical Corporation) was dissolved in 0-01 
M tris buffer at pH 7:5 and acetylated with a 120-fold 
molar excess of N-acetylimidazole (K. and K. Labora- 
tories) at room temperature’. After 30 min, an aliquot 
was removed, diluted and assayed for esterase and 
peptidase activities (Table 1). Compared with the native 
enzyme, there is no change either in peptidase or esterase 


activity. However, when the enzyme is acetylated in the * 


presence of 3-2 M guanidine hydrochloride (Table 1) or 
8 M urea (Fig. 1), both activities are virtually abolished, 
though the controls remain active. The abolition of 
enzymatic activity is accompanied by the acetylation of 
the buried tyrosyl residues as measured by spectral 
changes. In 0-01 M tris buffer 6-7, but in 8 M urea all 10, 
tyrosyl residues of trypsin are acetylated (Table 1, column 
3). The esterase and peptidase activities of such acetyl- 


Vive 





Fig 1. Changes in esterase (closed symbols) and peptidase (open sym- 
bols) activities on acetylation of trypsin + 8 M urea. @ O, Trypsin in 
0 01 M iris, pH 7 5, and trypsin im 0-01 M tris, pH 7 54-120 molar excess 
acetylimidazole; W (1, trypsin in 0 01 M tris, 8 M urea, pH 7°5,and (A A) 
trypsin in 0 01 M tris, 8 M urea, pH 7 5+120 molar excess acetylimidazole 
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Fig. 2. Inactivation of trypsin by acetylation in 8 M urea and reacti- 
vation by deacetylation with 1 M hydroxylamine A 120-fold molar 
excess of acetylimidazole was added to trypsin in urea and activities 
were measured as a function of time ——-—. After 30 min the acety- 
lation mixture was made 1 M ın hydroxylamine (indicated by arrow), and 
esterase (closed symbols) and peptidase (open symbols) activity measure- 
ments continued (——), Activities are expressed relative to the control 
sample measured at the same time 


trypsin, mactive in 8 M urea, are restored to the control 
values by deacetylation with 1 molar hydroxylamine 
(Fig. 2). Since the active centre O-acetyl serine is not 
stable at pH 7-5 (ref. 10), the reactivation of the acetylated, 
inactive enzyme with hydroxylamine suggests that the 
acetylation and deacetylation of ‘buried’ tyrosyl residues 
accounts for the reversible abolition and restoration of 
activity. These results are consistent with the hypothesis 
that at least one buried tyrosine is essential to the main- 
tenance of the active configuration of trypsin. 

Reversibly denatured trypsin has been inactivated by 
acetylation in dimethylsulphoxide with acetic an- 
hydride*7*. Under these conditions, however, only lysyl 
residues were modified and the inactive acetyltrypsin 
could not be reactivated; hydroxylamine was not used. 

A critical structural role of a specific ‘buried’ tyrosyl 
residue in trypsin has been proposed on the basis of 
activity changes which accompany ionization of the 
enzyme’. The alkaline limb of the pH-rate profile of 
trypsin coincided with the ionization curve of the four 
‘buried’ tyrosyl residues, one of which was thought to be 
essential to the maintenance of the active centre. Ioniza- 
tion of the ‘free’ tyrosyl residues did not affect activity. 

Amino-acid sequence is thought to be a major determi- 
nant of secondary and tertiary protein structure}, 
Acetylation of ‘buried’ tyrosyls in trypsin disrupts the 
normal sequence and may thereby prevent reformation of- 
one or several specific internal tyrosyl linkages, broken by 
urea or guanidine. Alternatively, acetylation may preclude 
proper three-dimensional re-alignment of the molecule, 
solely through steric effects. The restoration of activity 
to trypsin by regeneration of interna] tyrosyl bonds 
appears analogous to restoration of activity in ribonuclease 
by regeneration of disulphide bridges. It may well be that 
in the latter instance both processes, operating simul- 
taneously, mutually facilitate proper re-alignment. (Simi-` 
lar conclusions regarding the role of ‘buried’ tyrosyl 
residues in ribonuclease have been reached by a different 
approach, that is, inhibition of oxidative reactivation of 
the reduced enzyme. by analogues of tyrosine!*). ‘Buried’ 
lysyl residues may also have structural importance in 
trypsin as suggested by the results of acetylation in 
dimethylsulphoxide!!'!2, though acetylation of tyrosyl 
residues was not entirely ruled out in this instance. 
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The present observations extend the information con- 
cerning the essentiality of tyrosyl residues in the mecha- 
nism of enzyme action. Two of the seven ‘free’ tyrosyl 
residues of carboxypeptidase have been shown to be 
essential for the interaction of this enzyme with peptides"; 
however, on acetylation of these two tyrosyl residues, the 
esterase activity of this enzyme increases about seven-fold, 
while peptidase activity is virtually abolished?:15, Acety- 
lation of trypsin exposed to guanidine or urea abolishes 
both esterase and peptidase activities by rendering the 
‘buried’ tyrosines accessible to acetylimidazole. Since 
these critical tyrosyl residues in trypsin are ‘buried’ they 
cannot be considered functional in the same sense as the 
‘free’ tyrosines of carboxypeptidase, that is, by interacting 
directly with substrate. Rather, they appear to be respon- 
sible for maintaining the active centre of the enzyme in the 
configuration required for catalysis. 

This work was supported by the Howard Hughes 
Medical Institute and by grants-in-aid HH#-07297 from 
the U.S. National Institutes of Health. 
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Comparison of Salivary Amylase-levels 
in the Human Male and Female 


In 1940, Lacassagne! demonstrated sexual dimorphism 
in the submandibular glands of mice and other rodents. 
Later, Raynaud and Rebeyrotte?’ found that the amylase- 
level of saliva from male mice is 50 per cent higher than 
that of female mice. They also reported that administra- 
tion of testosterone propionate to female mice raised 
their salivary amylase-level to that of untreated males 
and that castration of males reduced their amylase-level 
to that of normal females. Swigart et al.4 have reported 
that the amylase content of the submandibular glands of 
male mice ıs three times that of the female, that castration 
reduced the submandibular gland amylase-level of the 
male mice to less than 50 per cent of normal and that 
administration of testosterone to castrated females raised 
the submandibular amylase-level to a level comparable 
to that in the male. 
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The observations reported hore were carried out in an 
attempt to determine whether any sex-linked differences 
exist in the salivary artylase-levels of man. 

Saliva samples for shese experiments were collected 
from each of ten men and ten women aged between 20 
and 46. Each subject contributed saliva on three separate 
occasions, 2-4 weeks apart. In all cases saliva was col- 
lected at the same time of day, between 10 and 11 a.m. 
All subjects had rinsed their mouths thoroughly before 
collecting saliva and salivary flow was stimulated by 
chewing gum from which sugar and flavouring was first 
removed by preliminary chewing. 

The saliva samples wore centrifuged to remove any solid 
particles and dilutions of 1 : 1000-1 : 5000 were prepared 
with 0-9 per cent sodtum chloride. Amylase activities 
were determined by the method of Van Loon et al.°, 
carrying out each determination in duplicate or triplicate. 
Values for salivary amylase are given in Van Loon units 
per 100 ml. Van Loon units are numerically equivalent 
to Somogyi units. 

The value given for zach individual subject in Table 1 
is the average of the dsterminations carried out on three 
different samples, collezted as indicated earlier at several 
weekly intervals. Salivary amylase-levels in these three 
different samples from the same individual varied from 
one another by as little as 10 per cent in some cases and 
as much as 50 per ceat in others. The mean of these 
averages for male subjects was 84,900 and, for the female 
subjects, 80,400. Using the student ‘t?’ test as outlmed by 
Snedecor’, the ¢-value for the difference in these two groups 
is 0-35. Snedecor’s table indicates that the t-value should 
be at least 2-87 at the 1 per cent level of confidence and at 
least 2-10 at the 5 per cent level for the difference seen in 
the salivary amylase-lsvels of these two groups to be 
considered statistically significant. The ¢-value of 0:35 
indicates that the difference is not significant. The proba- 
bility that such a difference will occur by chance is 98 
per cent. 


Table 1. HUM-N SALIVARY AMYLASE-LEVELS 
Salivary smylase in units/100 ml. 
Male Fe 


male 
(2) 94,700 94,000 
(2 64,600 33,100 
(3) 85,600 88,600 
4 64,600 65,900 
(5) 115,100 92,400 
{8} 96,800 122,200 
7) 50,300 91,600 
(8 93,500 72,000 
(9 76,800 23,800 
(10 106,500 120,000 
Mean 84,900 — 3,160* 80,400 + 9,770* 


* Standard error of the mean. 


The salivary amylase-levels for all three determinations 
for each female subject were examined in relation to the 
subject’s menstrual cyzle and the times of collection of 
saliva. No correlation could be established. For one female 
subject, determinations were then undertaken of her 
salivary amylase-level on samples taken daily throughout 
seven menstrual cycles. Variations in amylase-level 
occurred during the cycle studies, but again none of the 
changes could be correlated with hormonal changes during 
the cycle. 

It is apparent, then, that while there is considerable 
variation in the salivary amylase-levels of different 
individuals from week to week, both mele and female, 
there is no statistically significant difference in the salivary 
amylase-levels of the human male and female and no 
salivary amylase chenges attributable to hormonal 
changes during the menstrual cycle are seen in the 
female. 

This work was partmlly supported by research grants 
(AM 02610 and AM (7944) from the National Institute 
of Arthritis and Metabolic Diseases of the National 
Institutes of Health. Dne of the authors (P. A. H.) was 
a participant in the Netional Science Foundation Under- 
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Acid Mucopolysaccharide and Hexosamine 
Metabolism in Dermal Connective Tissue of 
Adrenalectomized Rats 


SINCE steroids have been reported to be involved in 
the metabolism of the mucopolysaccharides of the 
dermis}-*, it appeared interesting to investigate the effect 
of adrenalectomy on the amount of acid mucopolysac- 
charides and hexosamines in dermal connective tissue. 
The investigations were performed on young male rats 
of the CFE strain. Animals in the experimental group 
were adrenalectomized when 30 days old; they weighed 
95-100 g at this time. Both adrenalectomized and control 
animals were purchased from Carworth Farms, Inc., 
New York City, Rockland County, New York. The 
animals were fed ad lib. ‘Wayne Lab Blox’ (mice and rats) 
diet. The adrenalectomized rats received 2 per cent sodium 
chloride in tap water, those of the control group were 
nh tap water alone; both beverages were offered 

The animals were killed when 60 days old (average 
weight 240 g) by incising the aorta. Their skin was 
shaved, freed from adherent muscles by scraping with 
blades, ground into paste in a mill (Wiley laboratory mill, 
intermediate size) and weighed. One portion of the 
‘fresh skin’ (15-20 g) was defatted with acetone in a 
Soxhlet extractor, dried at 80° C in a drying oven and used 
for mucopolysaccharide as well as total hexosamine 
determination. The other portion of ‘fresh skin’ (about 
l g) was successively extracted with 0-154 M, 0-5 M sodium 
chloride and finally with 0:5 M sodium citrate. The 
hexosamine content was determined (Ehrlich method 
according to Blix’) in these extracts, in soluble residue 
and in a portion of dry defatted skin after hydrolysis with 
6 N hydrochloric acid at 104° C for 4h. 

‘The acid mucopolysaccharides were extracted, fraction- 
ated and determined as described earlier*. For this, the 
dry defatted samples (3—6 g) were digested with papain *, 
then with trypsin * using respectively 4 and 3 mg of these 

* Papain (three times recrystallized) and trypsin (twice recrystallized, 


ace of salt), supplied by Worthington Biochem. Corp., Freehold, New 
ersey. 
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enzymes per gram of dry fat-free tissue. The liberated 
polypeptides and amino-acids were separated by dialysis. 
The mucopolysaccharides were precipitated with cetyl- 
pyridinium chloride (CPC) and the precipitate washed 
with 0-03 M sodium chloride. Then the mucopolysac- 
charide—CPC complex was successively extracted with 
0-4, 1:2 and 2:1 M sodium chloride in order to solubilize 
and separate the three types of mucopolysaccharides, 
that is, ‘hyaluronic acid’, ‘chondroitin sulphates’ and 
‘heparin’ as in the procedure of Schiller et al.7. The content 
of various mucopolysaccharides was determined by the 
carbazole method according to Bitter and Muir® using 
glucurone as the standard. - 

The results are given in Tables 1 and 2. The values for 
mucopolysaccharides are expressed as umg of glucurone 
equivalent per gram of dry defatted skin. The values for 
hexosamine obtained for different fractions are given in 
mg per gram of dry defatted skin. Comparing the results 
obtained with normal and adrenalectomized animals no 
significant difference was found in hexosamine content as 
well as in that of the various mucopolysaccharides. The 
ratio of total hexosamine to hydroxyproline (Stegemann’s 
method’) for dry defatted skin was 0:044 for adrenalecto- 
mized and 0-047 for intact rats. 

It was previously reported that the hexosamine content 
accounted for by mucopolysaccharides which contain 
uronic acid represented only a small portion of the total 
hexosamine occurring in the dermal tissue’®. Similar 
results were also reported by Boas! for subcutaneous 
tissue. The present study confirms these findings since 
the total hexosamine content in the skin of both normal 
and adrenalectomized rats was approximately thrice 
that of uronic acid (Tables 1 and 2). 

These results do not contradict those previously reported 
on dermal mucopolysaccharides of norma] intact animals 
treated with corticosteroids!-*, since the concentration of 
these compounds in the dermis of such animals was never 
determined. (At present Schiller et al.1° have found a 
decrease in the hyaluronic acid and chondroitin sulphate 
contents in the dermis of intact rats treated with hydro- 
cortisone.) As recently shown by Schiller!*, the previously 
reported decreased uptake of sulphur-35 (refs. 1-3) and 
carbon-14 (ref. 3) by skin mucopolysaccharides of rats 
pretreated with cortisone and hydrocortisone is not neces- 
sarily related to a reduced tissue concentration of acid 
mucopolysaccharides. Moreover, Bostrom et al.* found 
no significant effect of hydrocortisone on the inhibition 
of uptake of sulphur-35 by the heart valve mucopoly- 
saccharides. l 

Boas!! found in adrenalectomized. rats, an increase 
(about 20 per cent) in the total hexosamine content of 
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Table 1. CONCENTRATION OF ACID MUCOPOLYSACCHARIDES IN THE SKIN OF 
NORMAL AND ADRENALECTOMIZED RATS 


No. Total concentration Distribution of uronic acid (%). 
of umg uronic acid/g Hyaluronic acid Chondroitin Heparin 
animals dry skin sulphates 
Normal rats 
6, 1,066 + 358 548 + 65 3091+18 6:142-0- 
Adrenalectomized rats 
14 1,166 + 262 512 + 17 441420 4842-3 


Table 2, CONOENTRATION OF HEXOSAMINE AND NITROGEN IN THE SKIN OF NORMAL AND ADRENALECTOMIZED RATS (MG/G DRY DEFATTED TISSUE) 














Fresh skin 
No, 
| of Obtained on 
animals Extracting medium: Insoluble defatted dry 
fraction skin* 
0 154 M 05M 0-5 MI ‘ 
NaCl Naoi Na-citrate F 
Normal rats 
Hexosamıne 9 114 + 009 | 044 + 006 | 0:19 + 002 1°65 + 0-19 | 3°35 + 0°10 
Nitrogen { 20-3 + 1:3 14-3 +10 62 +09 | 112-2 + 6-4 156 + 32 
- Adrenalectomized rats 
Hexosamine 21 101 +012 0-43 + 0:07 0-18 + 0-04 1:49 + 009 $°22-+ 0°22 
Nitrogen 182 +040 | 156 +060 5'51 + 1-2 | 1207 + 13-9 154 +33 \ 











* Values found by separate determinations on dry defatted skin. The proportion of dry defatted tissue, based on wet weight, was 296 + 08 per cent for 
normal and 31:9 + 0-4 per cent for adrenalectomized rats. The ratio of hexosamine to hydroxyproline was 0 047 and 0 044, respectively, for defatted dry skin 


of normal and adrenalectomized rats. 


: However, because of the different 

(subcutaneous versus cutaneous) and 
od of time between adrenalectomy and the 

d by Boas, the result cannot be compared 
rom the comparison of the present data with those 
+btained earlier on hypophysectomized rats* it is apparent 
ihat neither adrenalectomy nor hypophysectomy altered 
ho gross mucopolysaccharide concentration in the skin. 
wiwise, the hexosamine content of the dermis 
fied by hypophysectomy! was not affected in the 
‘rats with ablated adrenals. 

\drenalectomy and hypophysectomy were previously 
‘eported to affect markedly the activity of compounds 
iltering connective tissue permeability. Our earlier 
in vive and in vitro investigations have suggested that 
aiyaluronic acid is an important factor regulating con- 
rective tissue permeability’, The fact that mucopoly- 
saccharide concentration is not altered by adrenalectomy 
sin agreement with our previously suggested hypothesis 
‘hat the effect of substances altering tissue permeability 
may be related mainly to a different degree of poly- 
merization of hyaluronic acid and seems to be independent 
of the gross raucopolysaccharide concentration”. 

-Te conclusion, the results recorded here show that 
ulrenalectomy does not affect mucopolysaccharide or the 
nexosamine contents of skin of two-month-old rats tested 
a month after ablation of the adrenals. 

_ The work was supported by the U.S. National Institute 
for Arthritis and Metabolic Diseases, grant A-4619, and the 
John Polachek Foundation for Medical Research. 
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<- Occurrence of Odd-numbered Fatty Acids 
jn the Mullet Mugil cephalus 

fatty acids (Cis Cip Cig and Cy) in 
ormally found to total 1-4 per cent of 
hain-lengths. This is most reliably indi- 
quid chromatography of hydrogenated 
nce minor amounts of unsaturated odd- 
-acids may be overlooked or confused 
e predominant. even-numbered chain- 
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lengths. An exception to these -typic: lee 
is the oil of the striped mullet Mugil cephalus, which 





has been found to contain up to 25 per cent sa 
mono-unsaturated and poly-unsaturated odd-num! 
fatty acids!~*. ee 
A survey of fatty-acid compositions as determined 
gas-liquid chromatography for phytoplankton, Zoopla 
ton and other lower marine organisms, including 
molluses feeding on phytoplankton, does not suggest 
odd-numbered fatty aeids would occur in the. di 
proportions high enough to influence the depot-fat 
position of the mullet. The lugworm Arenicola mare 
from European waters is, however, reported! to have s 
unusually high proportion of odd-numbered fatty ac 
Unless the metabolism of tho mullet is unusual in sc 
respect, a view which has been discounted’, an alterna 
to a diet high in longer-chain odd-numbered fatty acids 
must be sought. SP? oa 
It has recently been found in this laboratory’ that a 
culture of the coccolthophore Syracosphaera carterae 


(courtesy of Dr. J. McLachlin, Atlantic Regional Labora. oe 


tory, National Research Council of Canada) contained — 


equal proportions (about 4 per cent each on a wet weight — - : 
basis) of extractable lipid and of a material tentatively = | 


identified on the basis ef its behaviour with cold alkali? * 
as dimethyl-8-propiothetin {or dimethyl-2-carboxyethy! — 
sulphonium chloride). This thetin is found in a number 
of marine alga’, although the species investigated. have 
usually been sessile forms and not planktonic. Lesser 
proportions of the thetin were found in five other species 
(out of a total of fourteen investigated) of unicellular 
planktonic algae. 3 

The death of the host alga has been shown in at least 
one instance to lead rapidly to enzymatic degradation 
of the thetin with dimethyl sulphide and acrylie acid as 
the principal products*. Propionic acid has also been 
suggested as a product®. In carnivorous fish such as the 
Pacific chum salmon? or Atlantic cod? the digestive 
processes apparently de not break down the thetin, but 
dimethyl sulphide may be found in the fish at certain: 
times®’, indicating that natural decomposition does 
occur, probably in a zocplankton”’. = 

Propionic acid is aecepted as a precursor of odd- 
numbered fatty acids, as has been demonstrated by 
feeding mice, It has been suggested that acrylic acid 
may be associated with propionic acid in some metabolic 
roles!#5, although acrylyl-CoA acts as an inhibitor of 
normal fatty acid synshesis'* and acrylic acid inhibits 
2.oxidation!?, There is no evidence that the basie path- 
ways of fatty acid metabolism in fish differ significantly: 
from those in mammals: | 

It is therefore suggested that the odd-numbered fatty 
acids in the mullet may originate in very high proportions — 


of propionic acid or related materials derived from the E 
thetin in the diet, particularly in relation to the total -= 


lipid ingested from the same primary phytoplankton food- 
source. The mullet is stated to feed extensively on diatoms 
and foraminifere, sometimes at the surface, but primaril 
on mud bottoms, and mud is commonly found in t 


digestive tract. The omission of zooplankton from the oo 
food chain and a digestive system somewhat different 


from that of the carnivorous species of fish could lead to 
decomposition of the thetin during digestion by the mullet. 
The metabolism of intact thetin in fish livers, where it 
may act as a methyl conor, varies appreciably between 
chum and red salmon®, and may also be markedly different 
in the mullet. 

Syracosphaera is a tropical to subtropical species (the 
culture was grown at 21° C) and the occurrence of the 
thetin in one or more species of algae in the gulf of Mexico 
is entirely probable. At certain times of the year such 
algae might form a major part of the diet of the mullet, 
leading to the synthesis of odd-numbered fetty acids in 
high proportions. Once formed, these acids wou'd be un- 
likely to be very actively rernoved from depot fats. The 
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Further Purification and Characterization of 
a Placental Protein with Immunological 
Similarity to Human Growth Hormone 


Josimovich and MacLaren! purified a substance from 
human placentas which cross-reacted immunologically 
with antiserum to human growth hormone in Ouchter- 
lony’s double-diffusion system. Moreover, they detected 
this substance in the blood and urine of pregnant women, 
thereby raising the possibility that it might be a new 
placental hormone. Investigation of the physiological 
role of this substance has been hampered by the limited 
supply of material. The relatively easy method outlined 
here yields substantially greater quantities of this sub- 


_ stance than could be obtained by the previously described 


purification from fresh-frozen placentas?. 

Fraction VII, a by- ‘product of the extraction of y- 
globulin. from human placentas, was obtained from 
Lederle Laboratories through the courtesy of Dr. P. Bell. 


_ When examined by starch-gel electrophoresis and by 
C> diffusion in Ouchterlony plates, it was found to contain 
< oo eonsiderable quantities of the desired substance. 
hundred g, dissolved in 0-05 M ammonium bicarbonate 


Two 


3 te: make a 10 per cent solution (w/v) were stirred with 


k = 100 g (wet wt.) of diethylaminoethyl cellulose previously 


equilibrated for 24 h with 0-05 M ammonium bicarbonate. 
The ion-exchange medium was collected and washed 
repeatedly with 0-05 M ammonium bicarbonate until the 
absorbance of the washings at 278 my. was less than 0-5. 
The active component was then eluted with 1-51. of 0-5 M 
ammonium bicarbonate. On freeze-drying, 5-8 g of 
powder were obtained. 

Thirty g of this powder, dissolved in 300 e.c. of 0-1 M 


C ammonium bicarbonate, were fractionated using a column 


: . of ‘Sephadex G-100’ (8 x 80 cm) previously equilibrated 
with the same buffer. A high concentration of the com- 


- ponent which reacted with antiserum to human growth 


ei hormone was found in the peak of the retarded fraction 


Fig. 1). 


This was pooled, lyophilized and 2-3 g of white 
powder were obtained as compared with 150 mg by our 
earlier method. On examination by starch-gel electro- 
phoresis this fraction was still heterogeneous (Fig. 2), but 
it appeared similar to our previously purified preparation. 

Five mg or more of the final fraction caused a small 
increase in the body-weight gain of hypophysectomized 
e 
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Fig, 1. Absorbance at í 
G-100° 3 x 55 em. l | 
with 0-5 M ammoninm bicarbonate was applied, 


278 me of effluents oxi a column of ‘Sephadex i 
One g of the fraction obtained by elution of DEAT ..>. 
12 mil./tuhe l 





Fig. 2. Starch-gel electrophoresis of concentrates from the effluents- of: 
the column shown in Fig. 1. The marker P indicates the immunologically 
active substance present in highest concentration in channel 15 


rats. In some assays 1 mg or more caused a definite but 
limited increase in the width of tibial epiphysial . 
cartilage (Tables 1 and 2). Dr. Knobil found. no. 
increase in the serum free fatty a in three hypophy-. 
sectomized monkeys 4 h after administering 10 mg/kg 
of the placental protein; human growth hormone: is 
effective at one-twentieth this dose. A 

In 1953, Astwood* reported a delay of oestrus in. Tat ii 
prolactin were given within 24 h of the appearance of 
cornified cells in vaginal smears. The extension of the. 
cycle equalled the number of days the hormone was 
injected. Table 3 shows the prolongation of the cestrus - 
cycle of rats by subcutaneous injection of prolactin or of 










Table 1. EFFECT OF THE PLACENTAL PROTEIN ON BODY-WEIGHT GAN, pi 
HYPOPHYSECTOMIZED RATS a 





Dose No. of Average wt. gain 
{mg/day *) rats per rat/day (g) 
Controls {} 13 — 0-08 
Placental protein 1 22 +008 
2 5 +002 
5 5 +0°10 
19 9 +10 


* The placental protein was injected intraperitoneally for 10 days, 


Table 2, EFFECT OF THE PLACENTAL PROTEIN ON THE WIDTH OF THE TIBIAL . 
EPIPHYSEAL CARTILAGE * 


Dose No. of sr cp iphysea! 
(mg/day) rats h Go 
Controls 0 10 ie £6 
Placental protein 1 10 15l 48 
5 10. 167+8 
10 19 16145 
20 16 15845 


* Injections were given subcutaneously for 4 days. 
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Table 3, EFFECT OF PROLACTIN AND THE PLACENTAL PROTEIN ON THE 
OESTRUS CYCLE OF RATS 


No, 5016 


Total dose Total No. of rats in which cycle prolonged + 
(ug* prolactin) No. of rats 0-2 days 3-5 days >5 days 
50 5 4 1 
100 10 5 2 3 
200 12 4 7 1 
400 0 4 2 
Placental protein (mg) 
0:50 6 6 
1-0 16 10 4 2 
2-0 l4 9 3 2 
50 11 4 í 1 
10-0 10 0 2 8 
15-0 11 1 2 8 
* Injections were given twice daily subcutaneously. Ovine prolactin, 
20 L.U./meg. 


t The average duration of the 4 oestrus cycles prior to injection was used 
as the control period. 


Table 4. EFFECT OF PROLACTIN OR THE PLACENTAL PROTEIN ON THE 
PIGEON CROP Sac 
Total dose No, of Crop sac Equivalent 
(mg) birds wt. (g) (U/mg) 
Control weight 2-0+0-2 
Ovine prolactin * 
0-35 9 S2406 
1:05 3 9:543-3 
Placental protein 
70 3 2+0°5 
35 3 80+1-0 
17-5 3 10017 
140 3 11:310 1-14 
11:2 3 79412 oo 
T0 3 62403 1-14 
5-6 3 6-317 l4 
3:5 3 50402 1-9 
2'8 3 2-7+0°1 1-7 


* Ovine prolactin, 10 1.0./mg. 


the placental protein. When 200 ug of ovine prolactin 
were administered in divided doses for four days, the 
return of oestrus was delayed by more than 3 days in 
6 of 10 rats. It is apparent that, following the injection 
of placental protein, the results are variable. One mg 
or less infrequently delayed the return of oestrus, but 
larger amounts caused prolongation of the cycles in a 





Fig. 3. Photograph of the mammary glands of a pseudopregnant rabbit. 


The glands in which milk is present (upper left and lower right) were 
injected with 500 sg of the placental protein; the control gland was 
injected with saline 
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greater percentage of rats, and 5 mg or more frequently 
caused pseudopregnancy. 

Dr. R. W. Bates kindly assayed this preparation for 
prolactin activity using the pigeon crop sac response. 
By the systemic assay in adult pigeons (Table 4) the 
placental protein had a potency of 1-4 u/mg compared 
with 0-:25-0-5 u/mg by the local intradermal method in 
juvenile pigeons‘. However, there was a quantitative 
difference between prolactin and the placental protein 
in the slope of the dose-response curve and also in the mean 
maximum weight of the erop sac. The latter was only 
about 10 g for the placental extract, while it is about 20 g 
with prolactin. Therefcre, it is difficult to assign an accur- 
ate ratio of potency to she placental protein. 

Twelve days after virgin albino rabbits were given 
150 u chorionic gonadotrophin intravenously, ovine 
prolactin or the placental protein was injected into the 
mammary ducts according to the method of Bradley and 
Clarke®. Five days later the animals were killed and the 
mammary glands were examined after stripping off the 
overlying skin. Although no attempt was made to estab- 
lish the minimum effeccive dose, 500 ug of the placental 
protein caused extensive milk formation in the sector of 
the mammary gland which was injected (Fig. 3). 

Additional biological investigations are now in progress 
to define the physiological role, if any, of this interesting 
protein. 

I thank Dr. E. B. As»wood for his advice. 
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Health Service. 
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Influence of the Cerebral Cortex on the 
Cuneate Nucleus of the Monkey 


NEARLY all neurones in the dorsal column nuclei of the 
cat are either excited er inhibited by stimulation of the 
pericruciate cortex'-*, the excitation being carried entirely 
by the pyramidal tract, while inhibition involves an 
additional route**. The cortically excited neurones 
occupy deep and rostral sites in the dorsal column nuclei, 
near the pyramidal terminations*:*, while the ecortically 
inhibited neurones are found more superficially. The 
latter, usually hair-sensitive neurones, possess peripheral 
inhibitory surrounds’; they may be identified with the 
cluster neurones, receiving large synaptic terminals’. 
The former are more often touch-sensitive or pressure- 
sensitive neurones possessing peripheral facilitatory 
surrounds®. Thus, neurones excited from one region of 
cortex are similarly excited from other cortical regions, 
ipsilateral and contralateral; the same rule holds for 
inhibition’ *. Few nearones have been observed with 
both types of cortical influence or with no cortical in- 
fluence whatever. 

By sharp contrast, less than half the neurones in the 
cuneate nucleus of the monkey seem to be under cortical 
influence—and those that are often suffer a mixed in- 
fluence, depending on the site of cortical stimulation. 
Furthermore, quite unlike that in the cat, cortical excita- 
tion in the monkey can eften be shown to be monosynaptic. 

In this investigation, the dorsal column nuclei and 
pericentral cortex were exposed in dial-urethane-anaes- 
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thetized, curare-paralysed rhesus monkeys. Bipolar 
stimulating electrodes were placed on both precentral and 
postcentral arm and leg cortices, and needle electrodes 
were inserted into the palm and five digital phalanges of the 
hand ipsilateral to the cuneate recording site. Also, a 
concentric-needle electrode was stereotaxically placed in 
nucleus ventralis posterolateralis for antidromic activa- 
tion of certain cuneo-thalamie projection neurones. 
Micropipettes filled with sodium chloride were driven in a 
three-dimensional co-ordinate system with the obex as 
origin. Responses to ‘natural’ stimulation were also 
obtained. 

Three-fourths of the cuneate neurones were isolated 
less than 1,000. in depth, in the lower component of a 
dimodal distribution. Of about 400 neurones, 44 per cent 
were measurably influenced by stimulation of one or more 
of the four cortical sites, and 90 per cent of these were 
isolated less than one millimetre in depth. Excitation and 
inhibition were observed equally often—but one in 
every ten of these neurones displayed both types of in- 
fluence. Among the latter, nearly every possible combina- 
tion of excitation and inhibition from the four cortical 
stimulus sites was observed. In fact, the pattern of cortical 
influence violated every rule established in the cat. Hair, 
touch, pressure and joint neurones were scattered through- 
out the nucleus and revealed all degrees of cortical in- 
fluence. Cortically driven neurones, half of which could 
not be fired by any form of peripheral stimulation, were 
confined to a region? about 1 mm in radius, centred 1-5 mm 
caudal and 1-5 mm lateral to the obex. Cortically inhibited 
neurones, on the other hand, were scattered throughout 
the nucleus. Only 38 per cent of the touch neurones were 
under cortical influence, while 74 per cent of the hair 
neurones could be affected. However, there appeared a 
pronounced tendency for touch neurones to be inhibited, 


while hair neurones received more than their share of 


excitation. Also, three in every five cortically affected 
neurones displayed large receptive fields, while nine in 
every ten neurones not affected by cortical stimulation 
possessed very small receptive fields. 

The idea’ that cortically driven neurones are inter- 
neurones mediating inhibition on to the cuneo-thalamic 
projection neurones does not appear tenable in either the 
catë or the monkey. Although one in every four cortically 
driven neurones was shown to be a projection neurone, 
the highly restricted thalamic stimulus may have given a 
limited picture. Several of these projection neurones were 
monosynaptically driven from the cortex. Fig. 1 shows 
an intracellular recording of a small field, touch neurone 
fired antidromically from the thalamus at 0-7 msec latency 
and orthodromically from postcentral arm cortex in 3-0 
msec and postcentral leg cortex in 1-0 msec; it was not 
affected by precentral stimulation. Evidently mild 
inhibition descended from the arm cortex, for 100/see 
repetitive stimulation decreased the burst length; the 
decrease could not have resulted from recurrent inhibition, 
for similar stimulation of leg cortex increased the dis- 
charge reliably to two spikes. Alternatively, the route from 





Fig. 1. 


Intracellular recording of neurone (1-0 lat, 2-0 caud, 2-6 deep) 
responding to tactual stimulation on ulnar half of dorsum of hand, 


from knuckles to wrist. A, Upper, response to thalamic stimulation (0-7 
msec latency); middle, 100/sec stimulation; lower, 250/sec stimulation. 
B, Upper, respense to 0:5 msec, 7°2-V square pulse to postcentral arm 
cortex; lower, 100/sec stimulation. C, Upper, response to 0-5 msec, 
7-2-V square pulse to postcentral leg certex; lower: 100/sec stimulation. 
Time pips are 1 and 5 msec 
e 
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Fig. 2. Extracellular recording of neurone (1-0 lat, 1-0 caud, 1-2 deep) 
responding to hair deflexion anywhere over entire arm, shoulder, neck, 
side of head and half-way down torso, A, Response to 0-1 msec, 7-2-V 
pulse to skin of distal phalanges, from thumb (1) to little digit (5). 
Neurone responded well to 100/sec stimulation of any digit. B, 
Response to thalamic stimulation (0'5 msec, 7-2-V). C, Response to 
100/see thalamic stimulation. D, Response to 0-5 msec, 7-2-V pulse to 
postcentral arm cortex. Neurone followed 50/sec stimulation of cortex. 
Time pips are 1 and 5 msec 


arm cortex to cuneate may not have been monosynaptic, 
and a cuneate interneurone may have been failing at 100/ 
sec. Fig. 2 shows a wide field, hair neurone responding to 
electrical stimulation of all five digits, to the thalamus at 
3-3 msec and to the postcentral arm cortex at 10-4 msec; all 
other cortical sites mildly inhibited the neurone. The late 
spikes produced by thalamic stimulation, a common 
occurrence, resulted either from excitation of a cortical 
loop to the cuneate nucleus or spread to some nearby, 
descending excitatory pathway. The former explanation 
is more likely, for such late spikes were the rule for cortic- 
ally driven neurones, whether or not the neurones could 
be fired antidromically. The presence of these late spikes 
militates against hypothesizing a recurrent inhibitory 
loop, keeping brief the response of this neurone to skin 
stimulation. 

The foregoing observations show clearly the hazards of 
extrapolating across such highly divergent phylogenetic 
lines as from carnivores to primates. Many of the proper- 
ties and response patterns of the cat cuneate nucleus are 
seen in the monkey, but a wide variety of other patterns 
is also evident. From some point common to both, perhaps 
in late Cretaceous times, these two somatosensory relay 
systems have developed separate and distinctive organiza- 
tions and may perhaps be treating their inputs in slightly 
different ways. 

This work was supported by grants B396 and NB5136 
from the National Institute of Neurological Diseases and 
Blindness, U.S. Department of Health, Education and 
Welfare. 
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Fluctustions in frequency when the stimulus is held con- 
stant have often been considered merely as unwanted 
‘noise’ limiting the accuracy of the experimental results. 
1ese fluctuations may also limit the amount of 
vhich can be transmitted down & nerve fibre 
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and this is often the case’. However, one of us (P. B. C. M.) 
noticed that the discharge initiated from single secondary 
endings of muscle spindles of the cat seemed to be consider- 
ably more regular than that from the primary endings, 
though these latter have the larger afferent nerve fibres? ; 
later this was also found to have been noticed by others*‘. 

In order to check this observation and to compare the 
predictions of two different mathematical models for the 
cause of the variability®.*, approximately 200,000 inter- 
spike intervals frora thirteen muscle spindle afferents 
(seven primaries, six secondaries) from the soleus muscle 
of the anaesthetized cat were analysed. Fusimotor 
activity was eliminated by section of the appropriate 
ventral roots. The methods of dissection’, classification 
of the afferent fibres*’, and application of stretches? 
have been described previously. The discharge of single 
afferent fibres was recorded on magnetic tape for periods 
of 1-3 min, after stretching the muscle to a new length. 
Later, a high-speed timer and recorder® measured the 
intervals between successive discharges to the nearest 
tenth of a msec and punched this in binary coded form on 
to eight-hole paper tape. These tapes were afterwards 
analysed by the English Electric KDF9 computer of the 
Oxford University Computing Laboratory. 

Fifty or 100 intervals were sampled at a time from the 
longer periods of recording. The distribution of intervals 
of the second sample was compared to the first using 
Smirnoff’s lambda test. If the second sample was not 
statistically different at the 5 per cent level, it was added 
to the first sample to form an enlarged comparison sample 
and the process continued until a statistically different 
sample was found. Then the distribution of intervals and 
various statistics for the total comparison sample were 
printed out. by the computer. The new sample, which was 
statistically different, was used to begin a new comparison 
sample. Statistically different samples were found more 
often than expected for a completely stationary process, 
‘and this could only in part be explained by the fact that 
noticeable adaptation often continued for a couple of 
minutes following a stretch. 

Fig. 1 shows four examples of the relation between the 
variability of the discharge and its mean interval. For 
each of the endings, the coefficient of variation (the ratio 
of the standard deviation to the mean interval) is plotted 
against the mean interval on a log-log scale. Each point 
represents values for a sample of between 100 and 1,200 
successive intervals; within a sample the intervals were 
normally distributed about the mean at the higher action 
‘potential frequencies. For the lowest frequencies the 
‘interval distributions were often positively skewed about 
the mean (more very long than very short. intervals) as 
J ed by various mathematical models*.*. The range 
was obtained by stretching the muscle 
ths, all within the normal physiological 
yecause of adaptation, the mean intervals 
elicited by different length stretches 
oefficients of variation were similar. It 
jr three of the endings (10-2, 10-5, 3-3) 
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that the coefficient of variation tended to fall to a constant 
value as the mean mterval decreased. This was a 
typical finding and oceurred for twelve of the thirteen 
endings. One primary ending (10-1, Fig. 1), however 
behaved in almost the -opposite manner and tho reaso 
for this is unknown. Suzh behaviour is not covered by the 
theories to be discussed and will not be further considered |. 
here. ee 
The variability of all the primary and secondary — 
endings was compared at a mean interval of 40 mse 
which fell within the range of discharge of all the uni 
examined. The averages coefficient of variation for 
seven primaries was 0-(48 and the range was 0-035-0-068 
(that is, the standard deviation was 3-5-6-8 per cent of > 
the mean, and at the mean interval of 40 msec the average o o0. 
standard deviation was € msec). When theatypicalprimary oo cio 
ending was excluded th» average was 0-045, and the range 
was 0:°035~0-056. The everage coefficient of variation for 
the six secondaries wae 0-020, and the range was 0-018- 
0-023 (that is, the average standard deviation was 0:8 
msec). In no case wae the coefficient of variation for a 
secondary ending higher than it was for a primary ending 
at this particular interwal (40 msec). The same was true 
for comparisons at shorter intervals. The greater varia- 
bility of the primary enclings was not due to their greater 
dynamic sensitivity? ceusing them to respond to small 
random movements of the electro-magnetic stretcher, for 
their variability did notachange when the stretcher current 
was turned off and its position maintained by mechanical 
clamping (the filled cirelzs of Fig. 1). Nor were the primary 
endings examined being significantly influenced by vascular 
pulsation, for this give: a rhythmic disturbance of their 
discharge, which is reacily recognizable on the reciprocal 
pulse interval display? which was observed throughout the 
recording ; rather, the variation in their discharge appeared 
to be random. Thus it may be concluded that at frequencies 
above about 20/sec the secondary endings fire appreciably 
more regularly than do the primary endings. It therefore 
appears that they previde the more accurate signal 
of the length of the muscle, at least in the absence of 
fusimotor activity; for a given length of the muscle the 
absolute frequency of d:scharge of the two kinds of ending 
may be very similar?. In addition, it may be noted that 
the length response of the secondary endings is much less 
disturbed by small dynamic stimuli than is that of the 
primary endings*. 

It is also interesting to consider the results in terms of 
the mathematical modes of Verveen and co-workerst: #9 
and of Stein? for the variability of neuronal discharge. 
Both models predict thet the coefficient of variation should 
tend to a constant value at short intervals of discharge. 
This was indeed the o»served behaviour. At very long 













©, Unit 10-1; primary 
©, Explanation in text: 
x, Unit 3-3; secondary 


©, Unit 10-2; primary 
@, Explanation in text 
x, Unit 10-5; secondary 
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Coefficient of variation 
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Fig.1. The fractional variakility of the discharge of single muscle spindle 
afferents plotted as a functiox of the man inter-spike interval on a log-log 
scale 
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intervals both models predict that the coefficient of 
variation should tend towards unity, the value for a 
random exponential distribution, but sufficiently long 
intervals for this situation have not been studied here. 
The region in which the coefficient of variation increases 
with increasing mean interval may be called the ‘transition 
region’, and here the two models lead to different pre- 
dictions. 

Verveen assumed that the disturbing noise which caused 
the variability was Gaussian in its distribution. This led 
him to conclude that in the transition region the standard 
deviation should increase as the square of the mean 
interval. The coefficient of variation should thus increase 
linearly with the mean interval, so that the right-hand 
side of plots such as those of Fig. 1 should tend to a straight 
line with a slope of 1. For the primary endings, the mean 
value of the slope in the transition region was indeed 0-98 ; 
but that of the secondary endings was 1:56, which seems 
to be too great a deviation to be readily accommodated 
by the theory. Stein’s model? assumes that there is a 
quantum, or unit of excitation, and that these unit excita- 
tions occur randomly with a frequency determined by the 
stimulus and then decay exponentially in size with time, 
Summation and decay of unit excitations continue until 
threshold is reached. By computer simulation experiments 
(as in ref. 6) it has been found that in the transition region 
the coefficient of variation increases roughly as a power 
function of the mean, and that the power exponent 
increases as the number of quanta required to reach 
threshold increases. In addition, as the number of quanta 
increases, so the asymptotic value of the coefficient of 
variation decreases’. On both these criteria (high exponent, 
low asymptotic value) the excitation of the secondary 
ending would appear to depend on more quanta than that 
of the primary ending. The asymptotic values suggest that 
about 700 quanta are required to excite the primary 
ending to discharge, and that about 3,600 are required 
for the secondary endings. These figures also agree with 
computations based on the rather less accurate values of 
the slopes. 

The nature of the quantal unit is, however, quite un- 
certain. One possibility is that it corresponds to the 
opening of a single pore in the receptor membrane, thus 
permitting the ionic flux which generates the receptor 
potential. A difficulty with this interpretation is that to 
give the best fit to our results the time constant for decay 
in the effectiveness of each quantum has to be 30-50 
msec, which is far too long to correspond to the time- 
constant of the receptor membrane. Preliminary calcula- 
tions indicate that this difficulty can be overcome if it is 
assumed that the closing of pores is also a random process 
and that the effectiveness of the pores is constant while 
open. This model yields very similar predictions and would 
fit the experimental results well if the mean time a pore 
stays open is of the order of 50 msec. It is possible that 
some of the variability may be due to other as yet un- 
considered causes, such as the interaction of abortive 
impulses oceurring in the different terminals of a single 
afferent ending". 
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Squid Giant Axon: Repetitive — 
Responses to Alternating Current 
‘Stimulation 


SINUSOIDAL alternating currents were used by. H Ih, 
Katz, and Solandt' to stimulate the frog sciatic ner 
At low frequencies of stimulation, repetitive responses 
caused discrepancies between the observed threshold 
values of current and the values predicted by Hill’s 
theory of excitation®. Teorell? used triangular- -wave 
alternating currents to excite action potentials in the 
Nitella cell. At low stimulus frequencies, two spikes per 
current cycle were occasionally observed. Repetitive 
all-or-none responses to constant currents were reported 
by Katz* in frog sciatic nerve, by Hodgkin? in single 
crustacean axons, and by Hagiwara and Oomura® in the 
squid giant axon. Hagiwara and Oomura* also stimulated 
the squid giant axon with linearly rising currents. In 
these experiments, single-action potentials were followed 
by a steadily increasing depolarization of the membrane, 
but repetitive action potentials did not occur. Tasaki* 
obtained similar results when he used linearly rising 
currents to excite single toad-nerve fibres. The present 
research was undertaken to determine whether the squid 
giant axon could produce repetitive all-or-none responses 
to triangular-wave and sinusoidal alternating-current 
stimuli and to observe the responses at various current 
amplitudes and frequencies. 

Giant axons 300-500u in diameter were isolated from 
the squid Loligo pealliz. Stimulating and recording 
electrodes made of 50u silver wire were inserted longi- 
tudinally in an axon as it lay in a shallow pool of sea- 
water at a temperature of approximately 21° C. The 
stimulating electrode extended 7 mm in each direction 
from the recording electrode, which was 1 mm in length. 
Sinusoidal and triangular-wave alternating currents were 
supplied by a Hewlett Packard 202A function generator 
in series with a resistance of 0-5, 1, or 2 MQ. A Tektronix 
502 differential-input oscilloscope was used to measure 
the potential difference between the recording electrode 
in the axon and a return electrode in the sea-water pool. 
It is assumed that the observed potential differences 
largely appeared across the membrane. 

Membrane potential was recorded as a funetion of 
current at stimulation frequencies in the range 20—-1,000 c/s 
and with peak currents up to 37 uamp. Typical data are 
presented in Fig. 1. Before and after alternating-current 
stimulation, each axon was tested for all-or-none excita- 
bility with short current pulses. Thirty-eight axons 
yielded acceptable data. 

When the squid axon was stimulated by sub-threshold 
currents, the recorded voltage increased continuously 
with the current amplitude. The current and voltage 
waveforms were related in approximately the same way 
as the current through a series RC circuit is related to 
the voltage across the capacitor. Thus a sinusoidal 
current yielded a sinusoidal voltage, while a triangular- 
current produced a voltage waveform consisting of con- 
secutive curved segments. This behaviour is to be expect- 
ed, sinee the resting membrane can be represented by an 
RC ladder network. 

All-or-none action potentials appeared when the mem- 
brane was excited by the outward-flowing or positive 
phase of the alternating current. Threshold values of the 
stimulating current and of its amplitude were frequeney- 
dependent. However, the threshold membrane potential- 
was constant to within +10 mV when the axon was 
excited by sinusoidal and triangular current waves of all 
amplitudes and frequencies that were tested. 

A train of repetitive action potentials was observed 
during each current eyele when the axon was stimulated 
at frequencie s of 20-80 c/s. All-or-none responses rarely 
occurred at frequencies less than 20 c/s. The spike trains’ 
always began before the stimulating current reached its. 
peak value and often continued after the current had 
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(g) 370 c/s, 93 pamp 


Fig. 1. Membrane potential as a function of triangular-wave current., 
and peak current of stimulus are indicated. Vertical scale: 50 mV/em. 


(h) 525 c/s, 15:5 vamp 


10 wamp/em. Positive current flows out of the axon 


begun to decrease. The threshold potentials of the indi- 
vidual spikes were approximately equal. 

The trains of repetitive action potentials decreased in 
length as the stimulation frequency was increased. 
Typical lengths were four to six spikes at 25 c/s, two spikes 
at 50 c/s, and just one spike at 100 c/s. With frequencies 
in excess of 100 c/s, a single response occurred when the 
stimulating current had passed its peak and was de- 
creasing. Above 150-300 c/s, a spike followed every 
second, third or fourth current maximum. 

The preceding results may be compared with the data 
obtained by Hagiwara and Oomura* when they stimulated 
the squid giant axon with linearly rising currents. In 
both studies, responses appeared at a critical membrane 
potential that was independent of the current and its 
time derivative. The alternating current, unlike the 
linearly rising current, was capable of eliciting repetitive 
responses, each of which occurred at approximately the 
same critical membrane potential. 

This research was performed at the Marine Biological 
Laboratory, Woods Hole, Mass., while I was an employee 
of the National Institute of Mental Health, Bethesda, 


Maryland. 
j H. R. Hrrescu 
Department of Physiology and Biophysics, 
University of Kentucky, Lexington, Kentucky. 
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PHARMACOLOGY 


Teratogenic Effects of Synthetic Compounds 
related to Trypan Blue: the Effect of 
| ,7-Diamino-8-naphthol-3,6-disulphonic 
Acid on Pregnancy in the Rat 


Ix 1948 Gillman et al.' observed that the injection of 
the disazo dye, trypan blue, into pregnant rats pro- 
duced congenital abnormalities in their offspring. Since 
then a number of papers dealing with the teratogenic 
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activity of several closely related dyes and 
chemical compounds, in various species, have 
been published, and attempts have been 
made to cerrelate molecular structure with 
teratogenic activity. Beaudoin and Picker- 
ing? tested several synthetic disazo com- 
pounds, and it is suggested, on the basis of 
their results, that a naphthalene nucleus 
with an NH, group in position 1, and two 
HSO, grouns, preferably in positions 3 and 6, 
is at least mecessary for teratogenicity. This 
communicetion reports the results of an in- 
vestigation of the effect of such a compound 
namely, 1,7-diamino-8-naphthol-3,6-disul- 
phonic acid on—pregnancy in the rat. 
Twenty female rats of a Wistar strain 
(average weight 200 g) were used. Prelim- 
inary experiments in non-pregnant does had 
shown that the LD,, (Karber*) of the com- 
pound to be tested (hereafter referred to as 
compound A) was 66 mg/kg rat, so 5 mg in a 
distilled water solution were injected sub- 
cutaneously on day 8-5 of pregnancy. Control 
animals were injected with saline. The does 
were killed at 24-h intervals from 10-5 to 12-5 
days of gestation, as pregnancies persisting 
beyond that time tended to be totally 
aborted. The uterine horns, liver, kidney, 
lung and spleen were removed and fixed 


in Bouin’s fixative. After 24 h the 
embryos were dissected out of their membranes in 
70 per cent alcohol ander a dissecting microscope, 


examined for abnormalities, and classified into develop- 
mental stages accordng to Christie’. The other 
tissues, including the placenta and yolk sac, were em- 
bedded in paraffin wax, and sectioned at 10u. Unstained 
sections, and sections stained with haematoxylin and 
eosin, were examined for the presence of dye granules, 
and for histological alterations, and compared with 
sections from the contrel pregnant animals. 

Ascending chromatography of the compound tested, 
and of trypan blue, was carried out in n-butanol—pyridine 
water (1:5:4 by volume) as deseribed by Beck and 
Lloyd’. 


Table 1. EFFECTS ON PREGNASCY OF AZO DYES OR RELATED COMPOUNDS 
INJECTED ON OR ABOUND DAY 8-5 OF PREGNANCY 
Pregnancies 
terminating % Pregnancies continuing to killing day 
No. of before Total % % Sur- % Sur- 
Compound mothers killing day resorp- of all No. of vivors  vivors 
% maternal tion preg- implan- re- mal- 
death nancies tations sorbed formeil 
Control 1] 0 E 100 113 6:2 0 
Trypan blue 45* rl 16 80 407 44 49 
Niagara 
blue 4B 15* 7 13 R0 126 15 4 
Compound 8&8 &ł 76 14 3 
o-Toluidine 10° 0 100 109 N 0 
Compound A 20 35 35 30 61 13 0 


* Data from Wilson (ref. 5). 
t Data from Beaudoin and Piekering. 


As can be seen from ‘lable 1, the quantity of compound 
A injected (5 mg) produced an incidence of 35 per cent 
each for maternal death and total resorption before the 
killing day, these figures being higher than those quoted 
for any of the other compounds listed. In the surviving 
pregnancies, however, the average number of embryos 
per litter was no differert from that in other experimental 
groups or controls. Some increase in the percentage 
resorption (13 per cent) was present, but was no greater 
than with the least toxic of the dyes tested. 

Enlargement of the adrenals and spleen (as has pre- 
viously been reported bay Gillman et al." for trypan blue) 
and of the kidney wes present in the injected rats. 
Histological examination showed lymphoid hyperplasia in 
the liver, spleen and lumgs. Degeneration of the cells of 












aa the puter Sea in eich “calla me debris. eire 
droplets of basophilic material was present. ‘The glom- 
eruli, distal convoluted tubules and remaining kidney 
structure appeared normal. The placenta appeared 
normal in structure. No dye was found in the unstained 
sections of any of the tissues examined. 

Table 2 shows the stage of development attained by 
_ the embryos at the time of killing. All exhibited general 
developmental retardation of the order of one half to one 


-` staget, but no abnormalities were present. As the entire 
_ litter was either aborted or retarded in development, it 


seems probable that this was related to the degeneration 
of the renal proximal tubule in the mother, rather than 
to a direct effect of the dye on the embryos. 
Chromatography of compound A showed that it was 
< not identical with either of the commonly described red 


ay : : ar purple contaminants of trypan blue. 


Table 2. DEVELOPMENTAL STAGE OF EMBRYOS AT TIME OF KILLING IN 


INJECTED GROUP AS COMPARED WITH CONTROL RATS 


Day of killing Developmental stage Normal stage reached 

10-5 (1) 3 at stage 16 18-19 
7 at stage 17 

10-5 (2) 4 at stage 16 18-19 
4 at stage 17 

11°5 (1) 3 at stage 20 (early) 20 (ate)-21 

11-5 (2) 2 at stage 19 20 Gate}-21 
9 at stage 20 (early) 

5 (3) 3 at stage 19 20 (late)-21 

5 at stage 20 (early) 

12-5 8 at stage 22 (early) 22 (late) 


The chemical formulae of trypan blue and the other 
known teratogenic disazo dyes tested in Table 1 include 
two 8-naphthol rings (one in the case of compound 8) 
substituted in the 1 and 7 positions with amino groups, 
and with two sulphonie acid groups in the 3,6 positions, 
linked. through di-o-toluidine, or di-o-anisidine. As 
o-toluidine has been found not to have teratogenic 
»oe@etivity, it seemed likely that reduction of trypan blue 

-in- vivo over the disazo linkage could release the active 
part. of the molecule, that is, compound A. However, 
this investigation has clearly shown that this is not so, 
„andit would appear that it is to the whole molecule 
rather than parts of it that one must look for teratogenic 
activity. 

“J thank the Clayton Aniline Company for supplying 
the compound tested in this investigation. 
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Biphasic Dose-response Relationship with 
Acetylcholine on the Heart of the Mollusc 
Tapes turgida 


ee “Tas heart of the mollusc Tapes turgida has been shown 







Ps = ee very sensitive to tuk bonnet and Povia j 


“Tn the experiments described here, only the ventricle 
was used, and this was suspended between threads tied 
at the anterior and posterior vessels, in an organ bath 
containing sea-water. In most experiments, oxygen 
containing 5 per cent carbon dioxide (carbogen) was 


2 bubbled through the bath, though in some, no aeration 
a at. -all was provided. Under the conditions of assay, 
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 Abobyteholine produces: a negative inotropic 
the hearts of both Venus and Tapes aiid the doso-respo! 
relationship i is particularly steep in both species. A: 
centration of acetylcholine between 10-1 and 10 g/m 
is generally sufficient to produce complete block. a 
During an examination of the effect of concentrations 
of acetylcholine less than 10-!° g/ml. we have found that 
the heart showed another inhibitory phase, often pro- 
ceeding to a complete block, but only when aeration with 
carbogen was used. The dose-response curve over the 
range of acetylcholine concentrations studied showed: ra 
biphasic effect (Fig. 1). 
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Fig. 1. Graphs showing the relationship between concentration of: 


acetylcholine and the percentage reduction in the amplitude of the 
heart beat in four hearts of the mclluse, Tapes turgida 


Preliminary experiments without aeration failed to 
reproduce inhibition at the lower concentrations of 
acetylcholine. 

A similar biphasic dose-response relationship.. with 
acetylcholine has been described recently for the inhibitory 
effect on the perfused frog heart?, and for the sumalin 
of the frog rectus abdominus muscle’. 

This biphasic relationship presents an inherent: source 
of error when the Tapes heart, aerated with carbogen, is 
used as an assay preparation for acetylcholine. Particu- 
larly is this so if the ‘matching’ technique is used, wh 
the concentration of the unknown solution is estin 
by matching a response on the heart (generally about 
50 per cent inhibition) with that produced by a stan 
solution of acetylcholine. : 

With this technique it is possible to match resp 
produced by the unknown and standard solutions 
different slopes of the biphasic dose-response curve. 

However, preliminary experiments suggest that 
difficulty does not arise if the heart is allowed to be 
sea-water without aeration. 
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HAEMATOLOGY cultures were incubated for 6 h at 37° C in an atmo- 

sphere of 95 per cent oxygen and 5 per cent carbon 

i z ; dioxide. Following incubation, the contents of the flasks 
somone oh AAOS (Darcy) were frozen and thawed once, centrifuged, and the super- 
” = POSNE EIST natant dialysed against four changes of 0-14 M sodium 

AN a glycoprotein present in normal rat serum has chloride over a 48-h period. The dialysand was concentra- 
been observed to increase markedly in concentra- 
tion in conditions characterized by tissue injury 
or cell death'. Based on the reduced response of 
the protein to tissue injury in partially hepatec- 
tomized rats, it has been suggested that the liver 
is the tissue of origin®:*. The present communica- 
tion reports the demonstration of the synthesis of 
%,-glycoprotein (Darcy) by the liver during the 
acute phase of an inflammatory response. 

An anaesthetized, adult, male rat of Sprague— 
Dawley origin weighing approximately 400 g was 
injected with 1-0 ml. of a sterile solution of spirits 
of turpentine, N.F., in corn oil (v/v); 0-5 ml. sub- 
cutaneously in the scapular area and 0-25 ml. 
intramuscularly in each thigh. Twenty-four 
hours later, the rat was exsanguinated by cardiac 
puncture under ether anaesthesia and the liver 
removed aseptically. 

The tissue culture and radio-immunoelectro- 
phoretic techniques described by Hochwald et al.* 
and by Williams et al.’ were followed. The liver 
was minced and duplicate 500 mg (wet weight) 
portions were incubated in 25-ml. Erlenmeyer 
flasks containing 3 ml. of Hanks’s buffered salts 
solution at 37° C for 30 min to deplete the system 
of amino-acids. The salts solution was removed 
and replaced by 3 ml. of a medium consisting of 
the vitamin mixture recommended by Eagle et 
al.*, 600 units penicillin, 600 pg streptomycin, 0-5 
per cent ovalbumin, and the following compounds A B 


(mmole x 10°): glucose, 48; L-asparagine, 
3 Fig. 2. A, Photograph of results ofimmunoelectrophoretic analysis of tissue 
0-9; L-glutamine, 45; pbuL-tryptophan, 0-09; Suthers fluid and serum using monospecific antiserans. B, Autoradlograph 


and tu-hydroxyproline, 0°45. As a source of same slide 

of other essential amino-acids and the radio- 

active label, 10 uc. of “C-algae hydrolysate (1-4 me./ ted 20-fold by dehydretion with ‘Aquacide’ (Calbiochem, 
mg) (New England Nuclear Corporation, Boston, Mas- Los Angeles, Californie). The concentrated culture fluid 
sachusetts) were added to each culture flask. The was analysed by immunoelectrophoresis in 0-05 M 
veroral buffer, pH 8-2, according to 
Scheidegger’, using a 1:1 dilution of 
serura from the donor rat as a protein 
carrier. After washing and drying 
the slides, autoradiography was car- 
ried out by the method of Hochwald 
et ai‘, using Kodak ‘Royal Ortho’ 
sheet film and an exposure time of 
2 weeks. The preparation of the 
anti-whole serum and the specific 
antissrum in rabbits has already been 
described’. 

Fig. 1A shows the photograph of the 
resul’s of the immunoelectrophoretic 
analyses of the concentrated tissue 
culture fluid and carrier proteins. Fig. 
1B is an autoradiograph of the same 
slide. Radioactive labelling of the 
a,-glycoprotein (Darcy) indicative of 
synthesis by the liver was unequivocally 
demenstrated. Also of interest was the 
incorporation of radioactivity into 12 
other proteins. These are depicted 
schematically and designated according 
to a system of nomenclature previously 
reported*. Results of similar analyses 
using the monospecific antiserum are 
presented in Figs. 2A and B, respec- 
tively. These results provide indepen- 
dent confirmation of the findings shown 


Fig. 1. A, Photograph and schematic Fg ye ony of results of immunoelectrophoretic i w. ith respect to the -glvco- 
analysis of mixture of tissue culture fluid and carrier serum proteins from donor rat. B, = Fg Bs an poss k agy 
Photograph and schematic depiction of autoradiograph of same slide protein (Darcy). 
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A New Bisalbuminaemic Family 


THIS communication reports the first bisalbuminaemic 
family found in France. As the family tree shows (Fig. 1), 
the anomaly seems to be due to a co-dominant, autosomal 


ct 


F 


E 


Fig, 1. The family tree. Positive cases, black spotted circles; negative 
cases, blank circles; cases not examined, broken circles 





Fig, 2. Cellulose-acetate strip electrophoretogram of a positive case 
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Fig. 3. 





Fig. 4. 


Immunoclectrophoretie analysis of a positive case, Development 
with equine anti-human serum. The serum of the subject is diluted to 


1/30th; so the a,-globulin traits are distinctly separated from the 


albumin trait 


allele at the albumin locus ; we have confirmed this 
general conclusion. The separation of the two albumins 
was excellent on a cellulose acetate strip (Fig. 2) and 
shows, without any doubt, that the anomalous albumin 
is the slower one. But free electrophoresis using a 
Perkin-Elmer apparatus disclosed only a weak ‘shoulder’ 
on the cathodic side of the albumin band (Fig. 3). 
Immunoelectrophoresis and the Ouchterlony test using 
anti-human serum, or specific anti-human albumin 
serum, did not show any difference between the two 
albumins (Fig. 4). The anomalous albumin, evaluated 
after dye elution on the cellulose acetate strip, represents 
in all cases about 40 per cent of the total albumin. The 
subjects presenting the anomalous trait were normal in 
all other respects. 

A recent check disclosed that about fifteen bisalbu- 
minaemic families have been reported in the literature?. 
Nearly always, the anomalous albumin demonstrated the 
same characters. Only Tarnoky et al.’ and Wieme® 
conclude that the anomalous albumin was the faster- 
moving one. But in these cases, due perhaps to technical 
imperfections, the separation of the two bands was very 
poor and so any comparison with normal sera is not 
likely to lead to any clear-cut conclusion. We agree with 
Harris? that bisalbuminaemia could be a unique hereditary 
trait. Taking into account the chemical results obtained 
by Gitlin et al.4, it may be attributed to a mutation 
involving a specific point in the albumin polypeptide 
chain. 
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Bone Marrow as the Major Source of 
Potential Immunologically Competent Cells 
in the Adult Mouse 


Previous work from this laboratory! has suggested 
that immunologically competent cells are derived from 
foetal liver during embryonic life and that their ‘functional 
maturation’, or proliferation, or both, is dependent on the 
residence of these cells in thymic tissues. The source of 
these lymphoid precursor cells during adult life is not 
known. Using chromosomally marked cells, it has been 
shown, however, that when cell suspensions of various 
adult lymphoid tissues are injected into lethally irradiated 
mice only those cells derived from bone marrow are found 
in the thymus of the host ın significant numbers; while 
the cells from other lymphoid tissues readily proliferate 
in the peripheral lymphoid tissues of the host, they are 
only rarely found in the thymus*. In experiments involv- 
ing the restoration of immunological competence in lethally 
irradiated thymectomized adult mice, Miller et al. 
concluded, that ‘‘marrow cell suspensions lack adequate 
numbers of immunologically competent cells but contain 
precursor cells” which mature under the influence of the 
thymus. Furthermore, Feldman and Globerson’ have 
reported work which suggests that the immunological 
reactivity manifested by thymectomized mice which have 
been. lethally irradiated, but protected with bone marrow 
cells and restored to immunological competence with an 
allogeneic thymic graft, may be due to the donor marrow 
cells rather than to cells from the thymic graft. Taken 
together, these results suggest that bone marrow is the 
source of potential immunologically competent cells 
in the adult. It is the purpose of this communication to 
present data which suggest that bone marrow may be 
the major, or perhaps sole, source of lymphoid precursor 
cells in the adult mouse. 

The presence of potential immunologically competent 
cells was demonstrated by a modified parental-/’, 
hybrid, ‘graft-versus-host’, method. When adult lymphoid 
tissues from a homozygous donor are injected into sub- 
lethally irradiated F, hybrids, one parental strain of 
which is identical to that of the donor, a significant 
number of deaths will occur as a result of animmunological 
reaction by the donor cells against the transplantation 
antigens of the second parent of the hybrid. Survivors 
can be obtained, however, by transplanting small numbers 
of donor cells. If it is postulated that mature immunologi- 
cally competent cells are consumed, that is, ‘allergic 
death’, during the course of this graft-versus-host reaction’, 
then surviving mice which were injected with mature 
cells only should no longer contain lymphoid cells of 
donor origin. On the other hand, immature lymphoid 
cells (potential immunologically competent cells) are 
incapable of responding to the foreign antigens of the 
host!-4 and, as was found with foetal hver cells!-+, should 
survive in the primary host in significant numbers. On 
this basis, graded numbers of cells from various lymphoid 
tissues of adult homozygous mice were injected nto 
groups of sub-lethally irradiated F, hybrids. The spleen 
and lymph node cells and cells from the thymus of the 
mice which survived 60 days were then injected into a 
second F, hybrid (one parental strain identical to that of 
the donor but the second parental strain differing from the 
second parent of the first F, hybrid). Death of the second- 
ary recipients was taken as evidence for the presence of 
lymphoid precursor cells in the original inoculum. The 
experimental design may be summarized as follows: 


60 days spleen and lymph nodes — (A x C)F, 
A adult lymphoid—(A x B)F, 
tissue : 
thymus 
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The lymphoid organs used were spleen and lymph 
node, thymus, bone marrow, liver and peripheral blood. 
These tissues were obt2zined from 12-14-week-old A/HeJ 
male and female mice. Where necessary, the tissues were 
gently disrupted in a glass homogenizer, and the cells 
were suspended in Tyrode’s solution. Graded numbers of 
viable nucleated cells were injected into (BALB/c x A)F, 
mice which had just received. 500-rad whole-body X- 
radiation. After 60 days, the survivors were killed 
individually; their spleen and lymph nodes and thymus 
were gently disrupted, -and the resultant cell suspensions 
were injected into one thymus) or two (spleen and lymph 
node) sub-lethally radiated (500 rads) (C57L x AF, 
mice. In addition, lymphoid tissues were taken from adult 
CBA-T6T6 mice and, as already described, injected into 
sub-lethally irradiated C57BL/10 x OBA-T6T6)F, mice. 
After 80 days these mice were killed and their tissues 
(thymus, lymph node, spleen and bone marrow) prepared 
for chromosome analyses’. CBA-T676 mice contain two 
distinct minute chromosomes; their presence among the 
metaphase plates of tae F, hybrid host would provide 
direct evidence of the survival of the donor cells. 


Table 1 SIxTy-DAY MORTALITY IN SUB-LETHALLY X-IRRADIATED (500 RADS) 

PRIMARY AND SECONDARY F HYBRID RECIPIENTS OF ADULT LYMPHOID 

TISSUES. THE SECONDARY EOSTS REOEIVED EITHER SPLEEN AND LYMPH 
NODES OR THYMUS FROM THE PRIMARY RECIPIENTS 


Adult No. of 60-day mortality (No wot) 
tissue cells Primary Secondary hosts 
injected x 105 hosts Spleen + Thymus 
lymph node 
Spleen and 09 7/10 0/6 0/3 
lymph node 1:0 8/15 1/10 
2°5 10/10 
Thymus 21 0/10 0/20 
25 8/10 0/6 
7:0 0/10 4/20 1/10 
Peripheral 02 1/10 0/18 0/10 
te) 02 8/10 0/4 
05 9/10 0/2 0/1 
10 8/10 0/4 
Bone marrow 21 0/10 5/20 
60 0/10 11/20 0/10 
70 3/10 9/14 
Liver 1/40 adult 0/10 0/14 0/7 
liver 
1/4 ss, 3/10 0/20 0/10 
None 0/36 3/49 0/17 


Table 2. CBA-7676 CELLS IN THE LYMPHOID TISSUES OF SUB-LETHALLY 
X-IRRADIATED (C57BL/10 x CBA-7676) F, Hosts 80 DAYS AFTER THE 
INTRAPERITONEAL INJECTION OF VARIOUS ADULT CBA-767'6 LYMPHOID 


— ‘TISSUES 
Adult No of CBA-T6T6 cells/total mitotic figures 
tissue cells Bone Lymph 
injected x 10° marrow Spleen nodes Thymus 
Spleen and lymph 10 0/60 0/50 *?3/69 0/50 
nodes 

Thymus 30 * ? 3/200 0/77 *?1/118 0/39 
Peripheral blood 0'3 * ? 3/125 0/38 0/14 0/28 
Bone marrow 7:0 2/34 1/21 2/15 3/28 
Liver 80 * 24/125 *?1/50 *?1/50 0/50 


* These mitotic figures contained one typical 76 minute chromosome and 
another small somewhat atypical minute chromosome. As there was no other 
evidence of radiation damage z0 the chromosomes in these plates, they were 
classified as possible 7'67'6 


A significant number of deaths occurred among the 
secondary hosts only when they had received spleen cells 
from mice which had been injected with adult bone marrow 
(Table 1). There were no deaths among the mice which 
received thymus cells from the primary hosts. Further, 
the CBA-f6T6 chromosomal marker was found con- 
sistently and unequivccally only in those mice which had 
received bone marrow cells: (Table 2). While there were 
cells which might hav2 been of CBA-T6T6 origin in the 
peripheral lymphoid «issues of mice given other adult 
lymphoid tissues, CH4-T67'6 cells were found ın the 
thymus of the host mly when bone marrow had been 

ven. 

j While & is known that bone marrow con- 

tains relasively few mature immunologically 

competent cells, taken together, these re- 

sults, based both on functional and on 

morphological criteria, support the thesis 

that bons marrow serves the adult mouse 
e 
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as a major, or perhaps as the sole, source of potential 
immunologically competent cells. Furthermore, these 
results imply that the thymus is not the source of lym- 
phoid precursor cells, but rather that it provides a critical 
site for the maturation of these cells. M. L. Tyan 
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Immunogenic Activity of Lipids of 
M. tuberculosis 


Lims of mycobacteria are known to be immunogenic- 
ally active components of tubercle bacillit. First of all, it 
was surprising that mycobacteria contain lipids up to 
35 per cent of their dry weight*. This fact did not escape 
the notice of immunologists. It seemed highly improbable 
that this fraction of the mycobacteriae should not contain 
antigens or—more likely—haptens. Since alcohol-soluble 
lipids form stable aqueous suspensions, they can be 
examined relatively easily. However, the majority of 
mycobacterial lipids consists of waxes which form no 
stable aqueous suspensions and usually exhibit an anti- 
complementary action. By means of a newly developed 
microprecipitin technique? it became possible to investigate 
all kinds of lipids, independently from. their solubility in 
organic solvents. 

The extracts were prepared according to the method 
described by Aebi et al.4.. Seven fractions were obtained: 
fats, phosphatides, waxes A, B, O (cord-factor) and D, and 
firmly bound lipids. It has been shown that only three of 
these fractions contained compounds capable of combining 
with antibody’. These fractions were the phosphatides and 
the waxes B and D. All other lipids were serologically in- 
active. The phosphatides and the waxes B showed, no 
strain-specificity. However, the wax D might have strain- 
specificity®. It is interesting to note that C (cord-factor), 
the toxic substance of mycobacteriae, did not combine 
with antibody. Consequently, antitoxic immunity might 
be impossible. 

The waxes B did not always contam serologically active 
substances. This might be due to minor variations of the 
fractionating procedures. The active substance of the 
phosphatide fraction consisted of phospholipids, which 
contained inositol and 2-5 mannoses’. After saponification, 
phospholipids gave no precipitation, while with the water- 
soluble part of the wax D a weak precipitation could be 
observed. (Pure phospholipids and many other fractions 
were kindly supplied by Prof. E. Lederer and Mme. E. 
Vilkas, Gif-sur-Yvette, France.) The hydrophobic part of 
the molecules (for example, mycolic acid) had no antibody- 
combining capacity. Evidence available at present indi- 
cates that the determinant groups of lipid haptens are 
hydrophilic. 

The immunogenic activity of mycobacterial lipids was 
experimentally tested in guinea-pigs. Groups of 10 guinea- 
pigs each of mixed colour and sex, approximately 500 
grams in weight, were used. Groups of guinea-pigs were 
inoculated subcutaneously with phosphatides (0-5 mg 
phosphatide per ml.), wax B (0:25 mg wax B per ml.), 
wax D (0-6 mg wax D per ml.) with and without bovine 
serum albumin (0-5 mg/ml.) in 1 ml. of Freund’s adjuvant. 
Control animals received Freund’s adjuvant alone (1 ml., 
‘Arlacel A’, Paraffinol, Merck, saline), heat inactivated 
bacteria (1 mg/ml.) of the strain H 37 Rv, and living bacteria 
of the BCG strain (1 mg/ml.). 

e 


NATURE 


December 18, 1965 






VOL. 208 
100 
90 J a, 
80 N 
SEEE aa 
70 ae or an a H 37 Ry 





CONTROL cr 


Per cent 
an 
Qo 


"a 
Sern, 
' 
da 
` 


0 10 20 30 40 50 60 70 80 90 100110 120 130 140 150 160 
Days 


Survival-time of guinea-pigs (wax D). Day 0 represents the 
day of challenge (4 months after immunization) 


Fig. 1. 

In order to avoid non-specific reactions, the animals were 
infected with 1 mg of virulent bacteria of the strain H 37 
iw 4 months after immunization. They were observed 
for 160 days. After that period all control animals 
inoculated with Freund’s adjuvant alone died. The tuber- 
culosis was diagnosed, macroscopically. 

Fig. 1 shows the results of a typical experiment. The 
survival time of the control group and of the test group 
(wax D) did not differ significantly. The results of the other 
control experiments (heat-killed H 37 Rv and BOG) 
indicated a partial protection against tuberculosis; the 
difference between the survival time of these groups is 
significant. The phosphatides, waxes B and waxes D failed 
to provide measurable immunity, even when administered 
together with bovine serum albumin. 

B. Stross 
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Robert Koch Institute, 
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Cutaneous Elastin in Ehlers-Danlos Syndrome 


EXHLERS—DANLOS syndrome (cutis hyperelastica, india- 
rubber skin), a rare heritable generalized disorder of the 
connective tissues, is characterized by hyperextensibility 
of the skin, hyperlaxity of the joints, fragility of the skin, 
and, not infrequently, by one or a combination of such 
internal manifestations as cardiac anomalies, dissecting - 
aneurysm of the aorta and diaphragmatic hernia!. Pre- 
vious investigations directed towards identifying the 
fundamental defect in the connective tissues, using the 
methods of light and electron microscopy, have led to 
contradictory results. Many investigators have described 
an increase in the amount of elastin in the corium while 
others have observed a normal or even a decreased amount 
of elastin’. Similar controversy exists over the possibility 
that the collagen is either quantitatively or qualitatively 
abnormal in this disease??. The purpose of the work 
reported here was to isolate elastin quantitatively from 
the skin of patients with this disease and from the skin 
of normal, control subjects, and to examine chemically 
the purified elastin isolated from these two sources. 

Normal human skin was obtained as.necropsy specimens 
from the thighs of Caucasian females. The skin from four 
female patients with Ehlers-Danlos syndrome (E-D) 
was obtained as biopsy material from the same site as in 
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the control subjects. All test subjects demonstrated the 
complete syndrome. Hair and subcutaneous fat were 
removed mechanically as completely as was possible. 
The skin, after being cut into small pieces and frozen in 
liquid nitrogen, was crushed by percussion in a small 
metal mill. The powdered tissue was weighed both before 
and after drying in a desiccator over phosphorus pentoxide 
at room temperature. When the weight of the tissue 
became constant it was treated with a 5-0 M sodium 
chloride solution at 4° C for 48 h. After removal of the salt 
by washing with water, the material was treated with 
acetone for 72 h. The dried, defatted tissue was auto- 
claved in a 2 per cent aqueous solution of acetic acid 
(50 ml./g of dried tissue) at 15 1b./in.* for 2 h. The re- 
maining insoluble material, washed free of acetic acid, 
was exposed to a 0-1 N sodium hydroxide solution for 
15 min at 98°. The treatment with sodium hydroxide 
was repeated for a second 15-min interval using a fresh 
aliquot of alkah. The insoluble product, after suitable 
washing and drying, was weighed and designated purified 
elastin. Amino-acid analyses were carried out on the 
Technicon auto-analyser after hydrolysis of the purified 
elastin with 6 N hydrochloric acid for 24 h. 

The elastin content of skin from patients with E-D 
and from normal subjects was essentially the same 
(Table 1). The 40-year-old patient with E-D had demon- 
strated marked clinical improvement in the elasticity 
of her skin over the years, and at the time the biopsy was 
taken the skin was much less extensible than that of her 
9-year-old daughter with the disease. The observation 
that the elastin content of their respective skin biopsies 
from corresponding sites was so similar, suggested that 
improvement in the condition of the skin with age was 
independent of the amount of elastin present. It was of 
interest that the elastin content of the skin from the knee 
and, from the thigh of one of the patients was almost the 
same, as it has been suggested that, in this disease, 
excessive and repeated stretching of the skin at articular 
sites might stimulate the production of excessive amounts 
of elastin!. Germane to our biochemical findings was the 
observation made with the electron microscope that 
teased preparations of skin from all four patients with 
E-D and from normal control subjects demonstrated 
similar amounts of elastin in the skin of test and control 
subjects. This observation conflicts with the findings of 
an early paper by Tunbridge et al. but confirms the work 
of Jansen‘. We found no consistent difference in the amount 
of elastica staining material seen by ght microscopy in 
the skins of patients with E-D and of normal individuals. 
The amount of such material varied greatly even in a 
given case and depended to a large extent on the exact 
angle at which the tissue was cut. 

The amino-acid composition of elastin from the skin 
of patients with E-D and from that of normal subjects 
was almost identical. Typical results are shown in Table 
2. The polyfunctional, isomeric amino-acids, desmosine 
and isodesmosine®, involved in the cross-linking of the 
polypeptide chains found in the elastin of aorta and 
bovine ligamentum nuchae also appeared to be present 
in the elastin of human skin and in similar amounts as 
in elastin from aorta and ligament. The elastin in the skin 
of patients with E-D contained a normal amount of desmo- 
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Table 1. ELASTIN CONTENT OF SKIN FROM NORMAL SUBJECTS AND FROM 
PATIENTS WITH EHLERS—DANLOS SYNDROME 
Subject * Dry welght of skin Purified elastin 

(mg) (% of dry wt.) 
N 15 155 2 8-17 
N 6 146 1 2°78 
E-D 15 145 8 3°32 
E-D 24 
thigh 188 3 3°00 
knee 121:6 2°81 
E-D 40 120 0 2°50 
E-D 9 153-7 2:63 


* N designates a normal subject while E-D represents a patient with 
Ehlera—Danlos syndrome. The figure following the letters gives the age of 
the subject. All subjects were female and except in E-D 24 the skin samples 
were removed only from the lateral aspect of the midthigh. 
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Table 2. AMINO-ACID COMPOSITION OF ELASTIN FROM NORMAL SKIN AND 
FROM A PATIENT WITH EHLERS—DANLOS SYNDROME 


' Elastin from skin of Elastin from skin of 


Amuno-acid normal subject * patient with E-D* _ 
g amino-ac1d/100 g protein g amino-acid/100 g protein 
Aspartic acid 04 04 
Threonine 06 08 
Serine 06 08 
Glutamic acid 2-4 25 
Proline 18:0 159 
Glycine 234 24:2 
Alanine 22-0 219 
Valine 13:0 133 
isoleucine 28 3°0 
Leucine 78 77 
Tyrosine 34 3°2 
Phenylalanine 37 3°8 
Quarter-isodesmosine 0:7 06 
Quarter-desmosine 0'9 08 
Lysine 06 086 
Histidine trace trace 
Arginine 0-7 07 
Hydroxyproline 0:9 06 


* The normal subject 1s the one designated N 15 while the patient with 
E-D 1s the one identified as E-D 15. 


sine and isodesmosine. As the lysine content of elastin 
varies inversely with the desmosine content®, the normal 
lysine content of the skin elastin from these patients 
provided further evidence that the elastin in E-D was 
normally cross-linked. 

However, another type of cross-linking in elastin, one 
involving sialic acid, has been described’. This type of 
cross-linking was not examined by us, as the small 
quantity of elastin isolated from the biopsy material 
was insufficient to permit us to measure quantitatively 
the minute sialic acid content of purified elastin. 

As the quantity, amino-acid composition and desmosine 
cross-linking -of elastin in the skin of these patients was 
normal, one can conclude that elastin is most probably 
not the defective element in the connective tissues in 
E-D. The observation made by Rollhauser that the 
tensile strength of the skin of these patients was only 
approximately 1/5 thas of normal skin? makes ıt even 
more likely that the fundamental defect does not lie in 
the elastin. The tensi strength of skin is attributable, 
for the most part, to the collagen present by virtue of the 
quantity (70 per cent of the dry weight of skin) and nature 
of its fibres”. Any marked decrease in tensile strength in 
skin is thus more likely to be secondary to a change ın the 
quantity and/or quality of the collagen or in factors such 
as water and polysaccharide content which influence 
collagen strength, than to abnormalities in the elastin. 
On theoretical grounds alone, 1t is difficult to understand 
how an increase in the elastin content of skin without a 
proportional decrease -n collagen could account for the 
observed increased extansibility of the skin. The hyper- 
laxity of non-cutaneous structures in this disease, such as 
fascia and joint capsales composed almost wholly of 
collagen with no elastin, further supports the hypothesis 
that the collagen rather than elastin is defective in E-D. 

We thank Dr. R. Reed for doing the electron microscopy, 
Miss Rosalind Slater fcr the preparation of specimens for 
light microscopy, Dr. L. Rodén for the amino-acid analyses 
and Prof. R. E. Tunbr-dge for his assistance in obtaining 
the pathological skin specimens 
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Prevention of Cholestanol-induced 
Cholelithiasis by Neomycin 


Raspits receiving 0-25-1 per cent dietary cholestanol 
(5a-cholestan-38-ol) for 3-6 weeks develop gall-stones 
which have been shown to consist predominantly of 
calcium and sodium glycoallodeoxycholate (3a-, 12a- 
dihydroxy-5a-cholanoyl glycine)!»*, Gall-stone formation 
in cholestanol-fed rabbits has been postulated to occur as 
follows: Cholestanol is absorbed from the intestinal tract 
of the rabbit and is transported to the liver where some 
of the stanol is metabolized to allocholic acid (3a-, Ta-, 
12a-trihydroxy-5«-cholanoic acid). The latter is con- 
jugated with glycine, excreted into the bile and eventually 
reaches the intestinal tract where ıb is hydrolysed and 
dehydroxylated by the intestinal bacterial flora to form 
allodeoxycholie acid (3«-, 12«-dihydroxy-5«-cholanoic 
acid). This dihydroxy bile acid is reabsorbed and returns 
to the liver where it is conjugated with glycine and re- 
excreted into the bile as glycoallodeoxycholate. The 
mixed calcium and sodium salt of the latter is relatively 
insoluble in bile?, and therefore is thought to be the cause 
of gall-stones in cholestanol-fed rabbits. In contrast, the 
calcium-sodium salt of glycodeoxycholate is relatively 
soluble in aqueous media. 

Since a major step in the formation of gall-stones appears 
to be the bacterial 7-dehydroxylation of allocholic acid, 
it is reasonable to assume that the reduction or elimination 
of the bacteria responsible for the conversion might 
interfere with gall-stone formation. Because of its well- 
known anti-microbial effect against the normal intestinal 
flora, neomycin seemed to be a suitable antibiotic for 
testing this hypothesis. 

The experiments were carried out as follows. Two 
groups of six rabbits each were fed 1 per cent cholestanol 
(kindly donated by the Schering Corporation) in their 
diet of Purina rabbit chow pellets for a period of four 
weeks. One group was given drinking water containing 
0:5 per cent (w/v) neomycin sulphate (kindly donated by 
E. R. Squibb and Sons). The control animals received 
ordinary water. During the experimental period food 
and water intake was measured daily, and the animals 
were weighed weekly. None of the animals suffered any 
diarrhoea. Specimens of faeces were collected at the start 
of the experiment, at the end of two weeks and on the 
final day of experiment. The number of coliform organisms 
per gram dry faeces was determined, using eosin—methylene 
blue plates? and lactose broth in the five-tube method®. 
The animals were killed at the end of four weeks and autop- 
sies were performed. The contents of the gall bladders, 
either as liquid bile or gall-stones, and samples of the 
liver were collected from each animal; the livers were 
analysed for total sterol and cholestanol’. Gall-stones, 
when. present, were dried, weighed and analysed for allo 
(5«-) and normal (58-) bile acids?. Bule, when present, 
was treated with hot ethanol to precipitate the proteins. 
The ethanol supernatant was analysed for bile acids by the 
methods applied to the gall-stones. The results are sum- 
marized in Table 1. 

None of the animals that received cholestanol and 
neomycin developed gall-stones. In contrast, all the 
animals that received cholestanol alone developed gall- 
stones; the average dry weight of the stones was 211 mg 
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per animal. The neomycin-treated group ate 16 per cent 
less food and drank 28 per cent less water than the 
cholestanol group, and, as a result, the rabbits in the neo- 
mycin—cholestanol group gained only 150 g each in four 
weeks compared with 300 g gained by the cholestanol 
group. However, all animals appeared healthy throughout 
the experiment. The average food intake of 75 g/day in the 
neomycin—cholestanol group corresponded to the ingestion 
of 750 mg of cholestanol daily which should have been 
adequate to induce cholelithiasis!. 

Bacteriological analysis of the faeces disclosed that the 
administration of neomycin generally resulted in an 
almost complete abolition of the coliform organisms. 
However, in one animal there was a thousand-fold merease 
of coliform bacteria resistant to neomycin, but, like the 
other animals of the group, it did not develop gall-stones. 

Histological examination of the gall bladder revealed 
little difference between the two groups. One small 
collection of inflammatory cells was seen in two of the six 
animals with cholelithiasis. Necrosis, ulceration of the 
mucosal surface, oedema, or marked inflammation were 
not observed. These findings confirm those of Borgstrom 
et al. and suggest that cholestanol-induced cholelithiasis 
can. occur without antecedent injury to the wall of the gall 
bladder. No abnormalities were found in other organs. 

The average liver total sterol content and the relative 
proportion of cholestanol to cholesterol in the liver 
sterols were lower in the neomycin-treated group than in 
the control group which received no antibiotic. However, 
the results listed in Table 1 show that there was consider- 
able overlap among the two groups. For example, one 
rabbit in the neomycin group (which had no gall-stones) 
had a higher proportion of cholestanol in its liver sterol 
fraction than any of the controls. 

Analysis of bile and gall-stones by thin-layer and gas- 
lquid chromatography’ revealed the following: (1) The 
gall-stones of the rabbits receiving dietary cholestanol 
but no antibiotic consisted of glycoallodeoxycholate 
(75 per cent), and small amounts of glycodeoxycholate 
and glycocholates, as described previously*. (2) The bile 
of the animals treated with cholestanol plus neomycin 
(in which gall-stones were absent) contained only traces 
of glycoallodeoxycholate. Glycodeoxycholate and glyco- 
cholate were present in approximately equal proportions 
together with lesser amounts of glycoallocholate and 
unidentified cholanoic acids. 

The oral administration of neomycin to cholestanol-fed 
rabbits prevented gall-stone formation because it reduced 
the bilary concentration of glycoallodeoxycholic acid, 
which is the major component of cholestanol-induced 
gall-stones. The absence of allodeoxycholate from the 
bile of rabbits treated with cholestanol plus neomycin 1s 
thought to be due to the antibiotic action of neomycin 
on the intestinal micro-organisms which carry out the 
7-dehydroxylation of allocholic acid. 

These findings are compatible with the followmg possi- 
bilities: (a) the bacteria acting on 5«-(allo) bile acids are 
different from those acting on the normal 568-bile acids; 
(b) the bacteria acting on 5a-(allo) bile acids are extra- 
ordinarily sensitive to neomycin; (c) neomycin, in reducing 
the bacterial flora, reduces the amount of enzyme available 
for the 7-dehydroxylation of the bile acids. If the enzyme 
has a greater affinity for the normal 58-bile acids, little 
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Table 1. EFFECT OF NEOMYOIN ON THE BIOLOGICAL DISPOSITION OF CHOLESTANOL 























1% cholestanol plus neomycin (0:5% of 
drinking water) 


* Range. t DHC = 5a-cholestan-36-ol. 
d 


Average weight Average g 
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(kg) (kg) (mg) (dry weight) % DHCr 
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enzyme may be available for the dehydroxylation of the 
5a-(allo) bile acids; (d) neomycin acts by preventing the 
re-absorption of allodeoxycholic acid from the intestinal 
tract. 
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RADIOBJOLOGY 


In vitro Effect of Gamma-radiation on 
Different Cholinesterase Preparations 


THE interaction of high-energy radiation with protems 
has received a great deal of attention and in the past few 
years much has been published on this subject. 

Although the interactions with proteins undoubtedly 
play a vital part, the biochemical effects are frequently 
ambiguous, and this is the case m the results described 
for the variation of the cholinesterase activity after 
y-1rrediation. 

Experiments were designed to investigate the ın vitro 
effect of y-rays on cholinesterase from various sources 
and of differmg grades of purity. Irradiations were per- 
formed at 18° Cin a thermostatically controlled cylindrical 
2,000-c. cobalt-60 source The dose-rate used was 2:5 x 
105 x./h. Ten samples were simultaneously irradiated in 
sealed glass ampoules with a head space of 6 ml., con- 
taining air. Controls were handled in the same fashion, 
but they were not placed within the cobalt source. Dosi- 
metry for experiments was performed by the method of 
Weiss!. 

The preparations exposed to y-radiation were: (1) 
bovine red blood cell cholinesterase (Sigma Chemical 
Co.); (2) common fly-brain cholinesterase preparations at 
different stages of purification. These stages were: whole 
heads; homogenate; and a purified fraction. Heads were 
collected by the Moorefield method? and the homogenate 
had 60 mg of fresh tissue per ml. distilled water. 

The purified fraction was obtained according to the 
following method: a homogenate was adjusted to pH 8-5 
with 0-1 N sodium hydroxide and allowed to stand 20 h 
at 5° C, after which time it was centrifuged in the cold 
at 100,000g for 30 min. The supernatant was brought to 
41 per cent saturation with sohd ammonium sulphate and 
centrifuged again at 15,000g for 15 min. The supernatant 
was brought to 78 per cent saturation. Centrifugation at 
15,000g yields a purified cholinesterase preparation which 
was used as a suspension in distilled water’. 

The enzymatic activities of the samples were controlled. 
within I h of irradiation. Cholinesterase activity was 
measured potentiometrically using as substrate a solution 
of 0:5 M sodium chloride—0:04 M magnesium chloride— 
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Fig. 1 pH decrease (ApH) following several doses of y-radiation. 
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Fig. 2 Effect of irradiation on the activity of cholinesterase prepara- 
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0-002 M acetylcholine bromide in 0:5 M phosphate buffer 
pH 7 and 38° C. The acetic acid liberated was auto- 
matically determined by titration with 0-005 N sodium 
hydroxide. Enzymatic activity was expressed as ml. 
consumed alkali per min 

Fig. 1 gives the extent to which the pH of the samples 
was affected by the y-1rradiation. 

Experimental results were evaluated by plotting the 
percentage of the remaining enzymatic activity as a 
function of irradiation dose (Fig. 2). 

From these results it -s clear that the more purified the 
samples were, the more was the inactivating effect of the 
irradiation. In the cholinesterase preparations from 
common fly, the ordez of inactivation was: purified 
sample > homogenate > whale heads. Assays carried out 
with red blood cells and cholinesterase from the electric 
eel (Sigma Chemical Co.) showed a high grade of in- 
activation (100 per cent of inactivation in a 50 v/ml. 
solution receiving a 10° >. dose). Some data on the nature 
of this radio-resistance were obtained. The homogenate 
completely lost its choHnesterase activity by heating 1% 
at 100° C for 2 min; when the filtrate was added to the 
purified sample, a clear protection could be shown ranging 
from 80 to 40 per cent. Mevertheless, the supernatant from 
the homogenate precipitated by addition of trichloro- 
acetic acid did not show any protective properties. 
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Evolutionary Tendency of Relative Growth in 
Arthropods and Man 


In a series of investigations dealing with the comparative 
studies of relative growth in various groups of arthro- 
pods and man!-? I have confirmed a tendency that 
the growth ratios of rapidly growing parts of the body tend 
to be more similar than those of slowly growing parts when 
two or more closely related forms (such as geographically 
isolated populations, subspecies, parthenogenetic and 
bisexual strains of the same arthropod species, interspecific- 
hybrid and very closely related species in arthropods, 
Negro and Caucasian children) are compared. This indi- 
cates that in incipient stages of structural divergence 
during evolution the slowly growing parts would tend to be 
more affected than rapidly growing parts. 

This tendency appears, a priori, to be possible (Fig. 1). 
If the growth ratios of rapidly growing parts differ greatly 
between very closely related forms, the final (adult) sizes 
and shapes of these parts would tend to be greatly dif- 
ferent, and these forms would scarcely appear to be closely 
related. Therefore, the growth ratios of rapidly growing 
parts are expected to be similar among very closely 
related forms. In the comparison of Negro and Caucasian 
children’s growth (see ref. 9), the growth ratios of five out 
of six most rapidly growing parts (bitrochanteric breadth, 
upper arm length, lower arm length, thigh length, lower- 
leg length) are nearly identical between the two races. 
The same tendency may well hold true in similar compari- 
sons in other groups of animals besides the arthropods 
and man. 

If the growth ratios of slowly growing parts are con- 
siderably different (Fig. 1) while those of rapidly growing 
parts remain much the same, the adults of the closely 
related forms would tend to look similar in general size 
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80 per cent of the corresponding parts in species A. The final difference 
between rapidly growing parts here is five times greater than that between 
slowly growing parts 
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and shape while showing minor yet distinct structural 
divergences. This is exactly what taxonomists would 
expect to see in comparing closely related forms. This 
tendency has been abundantly proved in several groups 
of arthropods and the human races. 

The modification of growth ratios of rapidly growing 
parts would tend to lead to the divergence at higher 
taxonomic units. The evolution of relative growth at 
higher levels of taxonomic unit in arthropods has been 
discussed earlier’. 

RyvicHl MATSUDA 
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Phytotoxin Production by Verticillium albo-atrum 
Reinke et Berthold 


Tuer physiology of vascular wilt diseases caused by 
Fusarium and Verticillium species has received consider- 
able attention during recent years'-*. Of these organisms, 
less work has been carried, out on Verticillium, and certain 
aspects of the disease syndrome caused by this fungus are 
not fully understood. Studies on symptom initiation have 
for the most part been concerned with the production by 
the fungus of pectolytic enzymes®-!!. Numerous authors 
have mentioned the possible role of toxins in disease 
initiation, but httle supporting experimental evidence 
has so far been produced. Moreover, from the lack of a 
precise definition, the toxins of some authors!?:!® might 
include extracellular pectolytic enzymes. Porter and 
Green" and Green! published the first authentic accounts 
of toxins produced in Verticillium culture filtrates. Bio- 
assay of nearly all suspected disease-inducing agencies 
has been on cut shoots, in an attempt to simulate wilt 
conditions, in the naturally infected plant. In Nature, 
however, wilting symptoms usually develop after about 
14 days, and experiments in this laboratory have shown 
that, in the case of seedling infection, growth inhibition 
rather than overall wilting is a more valid symptom of 
disease. Up to five weeks after infection in these plants 
wilting is a gradual basipetal desiccation while the leaf 
area, of apparently turgid leaves is reduced by 80 per 
cent. This symptom is quite different from the general 
collapse of turgor common in mature infected plants and 
may be independent of it. 

Exxperiments reported in this communication represent 
the preliminary findings of an attempt to isolate from: 
Verticillium culture filtrates a growth-inhibiting substance 
other than a large protein molecule which could account 
for some of the naturally occurring stunting symptoms. 
A. virulent strain of V. albo-atrum Reinke et Berth. was 
used, originally isolated from a wilting tomato plant by 
Dr. H. H. Glasscock of the National Agricultural Advisory 
Services, Wye, Kent. Still cultures consisting of 300 ml. 
of ‘Seitz’-filtered tomato xylem exudate, supplemented 
with 1 per cent sucrose in horizontally placed 1-1. Thomp- 
son flasks, were grown at 22° C for 21 days in a dark incu- 
bator. The xylem exudate collected from tomato, cultivar 
‘Victory’, had previously been stored at —20° C until 
required. Culture solutions were filtered once through 
several layers of fine cheese muslin and then twice through 
Whatman No. 1 paper. The filtrate was centrifuged at 
16,000g for 15 min at 5° C and then reduced to small 
volume in a cyclone evaporator at 23° + 5° C. The 
pH of the filtrate was adjusted to 2-5 with N hydrochloric 
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acid and partitioned against three equal volumes of 
‘AnalaR’ redistilled ethyl acetate. The individual solvent 
phases were extracted on the counter-current principle 
with a single equal volume of 5 per cent sodium bicarbon- 
ate (pH 8-2). The residual solvent phases were bulked 
and regarded as the neutral fraction and the aqueous 
alkaline phase was adjusted to pH 2°5 with 4 N hydro- 
chloric acid and extracted as before with ethyl acetate, this 
latter phase being regarded as the acidic fraction. The 
original aqueous phase after the preliminary partition was 
adjusted to pH 8-2 with an excess of solid sodium bicarbon- 
ate and extracted with ethyl acetate as before. The 
extracts were dried by freezing out the water at —20° C 
and then reducing to dryness at 23° + 5° C. The three 
dry or oily residues were dissolved in a minimal quantity 
of ethyl acetate and chromatographed on Whatman 
3 MM solvent-washed paper for about 15 h with the 
solvent isopropanol-ammonia—water, 10:1: 1 viv de- 
scending. Active regions were eluted and rechromato- 
graphed on Whatman No. 1 paper and run with the same 
solvent ascending. Papers were dried and segmented 
into 10 strips parallel with the origin, each about 6-4 x 
2 cm corresponding to an Rr value of 0:1. These were 
eluted with 1-5 ml. M/100 phosphate citrate buffer and 
incubated with 1 cm segments of etiolated tomato hypo- 
cotyl tissue in a test designed to measure growth 1n- 
hibitors'*, The final lengths of extended hypocotyl 
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Fig. 1. Histograms of acidic, basic and neutral ethyl acetate extracts 
from 21-day-old cultures of Verticillium albo-atrum, chromatogra hed in 
isopropanol-ammonia—water, 10°'1:1 v/v, and bioassayed on etiolated 
tomato hypocotyl segments. Shaded portions represent inhibition 
statistically significant. P=0-05 
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segments after 48 h incubation corresponding to each Rr 
value were expressed as a percentage of the control seg- 
ments meoubated in brffer only. Fig. 1 illustrates the 
results of assays of acidic, basic and neutral extracts of 
culture filtrates. In the acidic fraction, two large peaks of 
inhibition are evident at Rr’s 0-0-2 and 0-3-0-6, each of 
about 30 per cent of the control values. Tissue in these 
tubes was brown and flaccid and incapable of further growth 
when washed and place¢ in pure buffer. In the assay of the 
basic fraction, inhibition was detected at Ar 0-8-—0°9 with 
a peak at Rr 0-85. A single peak was seen similar to the 
basic at Rr 0-85 mn the histogram of the neutral fraction 
with, in addition, a minor peak at Rr 035 Tests with 
various substances using the foregomg method of extrac- 
tion have shown that weakly acidic substances may 
partition imperfectly between ethyl acetate and water at 
pH 2-5 and very small quantities of acidic substances may 
escape into the neutral fraction. The neutral substance 
at Rr 0-35 might therefore represent escaped acidic 
material. 

Wilting tests carried out on cut shoots of six-week-old 
tomato plants cultivar ‘Potentate’ using aqueous eluates 
of chromatographed acidic, basic and neutral extracts 
showed that the acidic extracts were not capable of induc- 
ing wilt symptoms. Neutral and basic extracts, however, 
both induced wilt ın tke tomato shoots only ın the eluate 
corresponding to Rr 0-75. The neutral eluate at Rr 0°35 
was inactive as a wilt mducer. 

These results from in vitro studies on Verticillvum 
albo-atrum suggest that wilting and stunting in infected. 
plants may result from different causes. It is unlikely 
that the disease syndrome could result from a single 
causative factor, and indeed, by the time of symptom 
appearance, disordered host metabolism, quite apart. 
from. the initiatimg effect, may account for a great part 
of the visible symptoms. 

Substances such as zhose described in this communica~ 
tion, however, could ke instrumental in initiating patho- 
genesis in Vertecillewm-infected tomato plants. 


G. F. Peaca 


Department of Biological Sciences, 
Wye College, 
University of London. 
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Establishment of a Pure Infection of the 
Nematode Ostertagia circumcincta 
tn the Sheep 


Tus four smaller n2matode parasites of the abomasum. 
of the sheep, Ostertagza corcumemeia, O. trifurcata, Telador- 
sagua davtiani and O. mentulata, commonly occur as mixed 
infections. A search of the hterature revealed only three 
instences!-8 in which ıt was claimed that pure infections 
of O. circumcincta Lad been used. In all three, the 
evidence on which tha claim was based was not provided. 
However, Horak (pecsonal communication) states of his 
pure strain that he -has “ekamined thousands of male 
worms and all have been O. circumcincta’. In Australia, 
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and elsewhere, mixed infections have been reported to be 
the common finding by Gordon (personal communication) ; 
Sommerville’; Armstrong’ in New Zealand; Todd® in the 
United States; Parnell? in Great Britain, the proportions 
of the different species being between 80 and 90 per cent O. 
circumcincia**, and the remainder one or a mixture of the 
others, the predominant species being O. trifurcata. 

In an examination of the immunological reactions of 
sheep to ostertagiosis, and possible antigenic differences 
between the four species and of their validity as distinct 
species, an attempt was made to establish a pure fection 
of O. circumemnecia. 

Morphologically, the four species resemble each other so 
closely that females cannot be differentiated; but males are 
distinguishable by the length of their spicules together with 
certain less prominent differences in structure of thei 
genital cone. On the basis of spicule length the nematodes 
fall into three groups—long spicules (O. meniulaia), 
medium length spicules (O. cercumeincta) and short 
spicules (T. davtiant and O. trofurcata). 

Three hundred living adult O. circumcincia males were 
collected individually from the sbomasal contents of 
freshly killed sheep, using a dissecting microscope, and 
placed via a laparotomy incision in the abomasum of a 
worm-free lamb together with 300 fourth-stage mixed 
larval females of unidentifiable species. These latter 
came from a sheep in which 88 per cent of the males were 
O. circumcincta and 12 per cent of the short-spicule group, 
mainly T. daviiant and a few O. irifurcata. The experi- 
mental lamb was kept in a metabolism crate in a bird- 
proof pen which was washed daily. The resulting eggs 
were collected and infective larvae obtained from them. 
Ten thousand larvae were then given intra-ruminally to 
another worm-free lamb and the resulting worm burden 
examined six weeks later. The proportion of the short- 
spicule group had fallen to 2:9 per cent; of these T. 
davtiant was predominant. 

The procedure was repeated, again using adult males of 
O. circumcincta, but this time fourth-stage larval females 
came from the first experimental lamb in which O. circum- 
cincia constituted 97-1 per cent of the male population. 
The second selection further reduced the short-spicule 
group to 0-82 per cent of the total male population, all of 
which were T. davtiant. The third and final selection 
produced 100 per cent O. circumcincta males. Throughout 
the experiment controls remained free from nematode 
infection. 

Although ‘cross-mating’ apparently occurred between 
O. circumcincta males and females of the short-spicule 
group resulting m apparently normal T. davivans and 
O. trifurcata males together with a few aberrant and un- 
classifiable males (having dissimilar and unequal spicules 
and present only in the first selection), it would appear 
that a distinct fertility barrier is present, suggesting O. 
circumcincta to be a true species. This supports Trach’s 
hypothesis? that some of the more rare and unusual 
‘species’ of the genus Ostertagia may be the result of inter- 
specific variation of O. circumcincta, O. trifurcata and T. 
daviianit. It is interesting to note that hybridization 
between two members of a closely related genus Cooperia 
has already been observed experimentally’. 


J. W. COPLAND 
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Gametogenesis of Plasmodium vinckei 


Many authors in the past have observed the disappear- 
ance of gametocytes of certain blood protozoa as a result 
of their continuous and prolonged mechanical transmis- 
sion. This phenomenon was especially studied by Vincke 
et ab.t, Rodhain et al.*, Jadin, Yoel and Pierreux®, and by 
Michiels‘ in strains of Plasmodium berghet maintained in 
the laboratory for years by “syringe passages’. The rodent 
malaria parasite Plasmodiwm {(Vincketa, from Garnham") 
vincket®, isolated in 1952, behaves similarly. 

It has recently been observed by Vincke, Scheepers- 
Biva and Bafort’? that P.t berghei which has lost tts 
ability to produce gametocytes could recover this power 
if kept in a state of ‘quiescence’. This ‘quiescence’ may 
be obtained by transmitting the infection to adult albino 
rats in the metacritical phase, where it survives in a mild, 
latent stage, and also by keeping the parasite at low 
temperatures (— 75° ©). 

We wondered if the same phenomenon could be observed 
with P. vincket. This parasite has been maintained since 
its isolation by blood transfers and has long lost its ability 
to produce gametocytes. We received the strain on Septem- 
ber 14, 1962, from Algeria, through the courtesy of Prof. 
Fabiani. No precise information was available on the num- 
ber of mechanical transmissions undergone by the strain 
prior to its arrival in our laboratories. Our estimation is 
that the strain had, at the time, passed at least 400 times, 
assuming that one blood transfer was carried out every 
ten days between the time of tts discovery by Vincke in 
January 1952 and November 1962. 

We maintained the strain by weekly transfers in mice 
and rats. On May 20, 1965, the strain, about thirteen years 
old, had been passed, 68 times in 934 days in our labora- 
tory: 59 times in mice, four times in albino rats, and 
in five transfers in tree rats, Thamnomys surdaster. Two 
transfers were also carried out in deep freeze at — 75° C 
during this period. 

Tables 1 and 2 summarize the details of the successive 
blood transfers in the two lines of animals which originated 
from the P. vincker-infected animals received from Prof. 
Fabiani in September 1962. 

It must be stressed that the blood of all P. wneker- 
infected animals was regularly checked for the appearance 
of gametocytes and for exflagellation, but none was 
observed. However, after keeping P. vincket-infected 
blood from rat 362 at low temperature (—75° C} and 
later passing it twice through albino rats, few gametocytes 
and scarce exflagellation were observed in the blood of 
mouse 734. More numerous exflagellation occurred in the 
blood of mouse 901 after the strain was maintaimed for a 
second period in deep freeze 


VOL. 208 


Table 1, SUCCESSIVE TRANSMISSIONS AFTER RECEIPT OF THE STRAIN ON 
NOVEMBER 14, 1962: MOUSE 901 
No of 
Date passage Animal Observations 
14/11/62- 1-2 Young mice Weekly transfers 
20/11/62 
aN ee 3-7 Thamnomys Weekly transfers 
1 
2J1 Saras 8-41 Young mice Weekly transfers 
20/9 
27/9/63 42 Albino rat 362 Blood in deep freeze (— 75° ©) tenth day 
after inoculation. Kept at low tempera- 
ture for 67.days (8/10/63-1 2/12/63) 
i 43-53 Young mce Weekly transfers 
0/2 
27/2/64 54 Albino rat Weekly transfers 
eae 65-63 Young mice Weekly transfers 
15/5/64 64 Ratreservoir Rat clinically cured on the 30th day 
after inoculation and sub-inoculated on 
the 107th day 
31/8/64 65 Rat reservoir Rat clinically cured on the 2lat day 
after inoculation and sub-inoculated on 
the 60th day 
20/10/64 66 Young mouse 
80/10/64 67 Young mouse Few exflagellations of microgametocytes 
734 observed in the blood on 5/11/64, the 


6th day after inoculation The blood was 
kept at — 75° C from 6/11/64 to 18/5/65, 


190 days 5 
Exífegellation observed on 20/5/65, the 


13/5/65 68 
fth day after moculation 


Young mouss 
901 
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Table 2? SUGOBSSIVE TRANSMISSIONS AFTER REOEIPT OF THE STRAIN ON 
NOVEMBER 14, 1962 MOUSE 931 


No 5016 


Date ee Animal Observations 
E 1-2 Young mice Weekly transmissions 
ce 3-7 Thamnomys Weekly transmissions 
2 Ky 68 8-41 Young mice Weekly transmissions 
2706s 42 Albino rat 362 Blood in deep freeze on 10th day after 


inoculation. Kept at low temperatuie 

for 414 days (%/10/63-26/11/64) 

26/11/64 43 Young mouse 

3/12/84- 44-45 Albino rat 
11/1204 

18/12/64— 46-68 Young mice 
29/5/65 

28/5/66 


Weekly transmissions 
Weekly transmussions 


69 Young mouse Few exflagellations observed in the blood 


on 3/6/65, 6 days after inoculation 


We observed also exflagellation in the transfers originat- 
ing from mouse 931 (Table 2). This animal was also 
infected with P. vincket blood originating from rat 362, 
but the infected blood was kept for 414 days at — 75° C 
and afterwards passed in successive transfers to mice. 
Exflagellation of microgametocytes in small numbers was 
observed at the 69th blood transfer. In the five observa- 
tions in which exflagellation was hitherto observed, all 
were made on the sixth and seventh days after inoculation. 

It may, therefore, be concluded (or at least assumed) 
that in P. vinckei, asin P. berghei, a period of ‘quiescence’ 
at low temperature (— 75° C) favours the later re-appear- 
ance of viable gametocytes. This phenomenon, however, 
must be confirmed by further observations as it conflicts 
with investigations made in human malaria in which 
gametogony is present in acute cases of malaria. However, 
it is important that more attention should now be given 
to the possibility of transmission of infection by asympto- 
matic cases. 

We thank Prof. M. Yoeli for his help in correcting our 
translation. 


J. BAFORT 
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Institut de Medecine Tropicale 
Prince Leopold, 
Anvers, Belgium. 


1 Vinoke, I. H., Peeters, E., and Frankie, Gh , Ann. Soc. Belge Med. Trop., 33; 
3, 269 (1953). 


2 Rodhain, J., and Vincke, I. H., Ann. Soc. Belge Med. T'rop., 2, 297 (1951). 


F es 5 , Yoeli, M., and Pierreux, G., Ann. Soc. Belge Med. Trop., 39, 847 


‘ Michiels, G., Ann. Soc. Belge Med. Trop., 48, 1, 67 (1968). 
e Garnham, P. O. C., Ann. Soc. Belge Med, Trop., 44, 2 (1964). 
6 Rodhain, J., Ann Soc. Belge Med. Trop., 32, 275 (1952). 


7 Vincke, I. H., Scheepers-Biva, M., and Bafort, J, Ann. Soc, Belge Med. 


Trop., 45, 1 (1965) (in the press). 


Phosphorus-deficiency Symptoms in Tobacco 
and Transpirational Water Loss 


PHOSPHORUS-DEFICIENCY symptoms have been des- 
cribed for tobacco! and have been duplicated here in 
solution culture with the ‘Virginia Gold’ variety. The 
symptoms, however, do not develop until a weather 
condition permits a high rate of transpiration. It is under 
this condition that the spotting and scorching of the lower 
leaves of tobacco plants occur. Until there was a stress 
there were no visual symptoms present. 

The water loss per unit of leaf area from plants to which 
no phosphorus was added was about twice as great for 
phosphorus-sufficient plants as for the phosphorus- 
deficient plants (‘Table 1). The kerosene spot test indicated 
that the stomata of most of the lower leaves of phos- 
phorus-deficient plants not having any visual symptoms 
were closed when stomata of phosphorus-sufficient plants 
were fully open. Stomata on leaves on top of the plant 
were open in either case. The reason for this latter effect 
is that phosphorus in deficient plants is retranslocated to 
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new growth. Hence, tha low water use of the phosphorus- 
deficient plants was re_ated to the failure of stomata to 
open. When the top third of both kinds of plants was 
cut off, the differential transpirational water loss per unit 
area, was about 2-5-3 simes greater for the phosphorus- 
sufficient plants. 

The classical explaration’ for regulation of stomatal 
opening is a photosynshetic decrease of carbon dioxide 
in the guard cell, which decreasos pH. This in turn stimu- 
lates amylase which couverts starch to sugar, which leads 
to an increase in osmotzc pressure which results in opening 
of the stomata?. More recently, the metabolism of glycolic 
acid has been implicated’. Oxidative phosphorylation 
seems to be associated in some manner, in that appropriate 
inhibitors prevented stomatal opening®. 


Table 1. YIELDS, WATER LOSS, AND PHOSPHORUS CONTENTS OF PLANTS 


Measurements No phosphorus 0 003 M phosphorus 
B Whole plants 

Dry wt. of tops (g) 243 705 
Dry wt. of roots (g) 50 56 
Leaf area (cm*) 5,570 13,300 
Water loss in 6 days 

per cm? leaf (ml.) 0 50 0-91 
Water loss in 6 days 

per g root (ml.) 560 2,160 
P in top leaves (% dry wt.) 0-17 071 
P in middle leaves (% dry wt.) 0:07 0-82 
P in bottom leaves (spotted 

and scorched without P) 

(% dry wt) 0 07 0 65 

Plants with tops removed 

Water loss in 6 days 

per cm? leaf (ml.) 0:30 0 80 
Water loss in 6 days 

per g root (ml.) 290 791 


The role of phosphorus in metabolism is s0 pronounced 
that it is quite understandable that phosphorus deficiency 
can upset the functions of guard cells. The interesting 
point is that the reactions in guard cells are more sensitive 
to phosphorus deficiency than many other plant reactions 
in that the plants conzinued to grow under the conditions 
of the experiments. Ji can thus be expected that the 
phosphorus nutrition of at least this one plant species 
can regulate to a certain extent its water relations. 

An intriguing question relates to the function of trans- 
piration. In tobacco, injury occurred when transpiration™ 
could not proceed at the usual rate. This was very pro- 
nounced where the kerosene had, been applied to the leaves. 
In phosphorus-sufficient plants the kerosene entered the 
stomata and there was no subsequent mjury. In the 
phosphorus-deficient plants, the kerosene did not pene- 
trate but formed a layer on the leaves and evidently 
decreased, even more the exchange of gases between the 
leaf and atmosphere. These kerosene spots developed the 
usual phosphorus-deicient leaf spots for this species. 
The logical inference = that transpiration, or at least open 
stomata, serves a benpficial role. It could be that of regu- 
lating the temperature of the leaf, although the loss of a 
toxic volatile compound through open stomata may offer a 
better explanation of all the results. 

The phosphorus deficiency in this plant species resulted 
in decreased yield of tops but in little decrease for that of 
roots (Table 1). This behaviour is observed for nitrogen* 
but has not been reported for phosphorus. The volume of 
water transpired per gram of roots was about three times 
as high for the phosphorus-sufficient plants as for the 
phosphorus-deficient plants (Table 1). 

This work was supported in part by a grant, G-23841, 
from the National Sdence Foundation. 
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Undernutrition and Early Embryonic Mortality 
in Merino Ewes 


UNT recently there was little vvidence that the plane 
of nutrition in early pregnancy could affect ovine foetal 
growth or survival!-3, In the past year or so, however, it 
has been shown that maternal undernutrition during the 
first 90 days of gestation may influence foetal weight at 
90 days: and possibly embryo survival’. 

In a recent investigation in this Department, short- 
term, severe nutritional stresses durmg the first 20 days 
of pregnancy have resulted in increased embryonic mor- 
tality. Groups of mature Merino ewes (mean body-weight, 
96 lb.) were submitted to 7-day periods of sub-main- 
tenance feeding from mating (day 0) to day 20 post- 
mating. Numbers of ova shed were recorded by counting 
corpora lutea at laparotomy, ard subsequent embryonic 
loss or fertilization failure was assessed by return to 
service, pregnancy test by laparotomy about day 40, 
and lambing performance. The imposed stress consisted 
of 7 days in a bare yard, with a ration of 100 g/head/day 
lucerne hay, plus water. A mean body-weight loss of 3 lb. 
per sheep resulted. 

Oestrus was synchronized, using progesterone, m 
150 Mermo ewes, and the ewes were hand-mated to 
fertile rams at the second post-synchronization oestrus. 
They were then divided at random on the basis of body- 
weight into groups of 30, 30 and 90 ewes. One group of 
30 received sub-maintenance treatment from day 0 to 7 
(Group 1); the second group (2), their control, grazed 
normally. Ewes in Groups 1 and 2 were laparotomized 
and their corpora lutea counted on day 12. 

Laparotomy was performed on the remaining 90 ewes 
on day 6, and these were then randomized according to 
body-weight and number of ova shed into three groups 
of 30 ewes. Group 3 received sub-maintenance treatment 
from day 6 to 13 and Group 4 from day 13 to 20; Group 5 
was a control. Except during sub-maintenance treatment, 
all ewes were paddock-grazed together on adequate 
pasture. During pregnancy their mean body-weight gam 
was 22 lb. 

Following mating, the ewes were run with raddled 
fertile rams for 7 weeks, after which raddled infertile 
rams were introduced. Returns to service were recorded 
daily to day 60, and thereafter thrice weekly. On day 
40 (+2), ewes which had not returned to service were 
tested for pregnancy by laparotomy. Just prior to 
lambing, the groups were separated so that an accurate 
count of lambs born in each group was obtamed. 

Table 1 shows the experimental layout and the results 
in terms of ova shed and their eventual fate. Significantly 
(P < 0-05) less lambs were born in the treatment groups 
than in the controls. 


Table 1. OVULATION, LAMBING a EMBRYONIC MORTALITY DATA BY 
ROUPS 


Ova not represented by 
Group Treat- No. of No. of No. of m 
ment ewes ova lambs born No. Per cent 

1 Day 0-7 29 44. 26 18 40-9 

3 Day 6-18 30 43 22 `- 21* 48-8 

4 Day 13-20 29 41. 20 21 51-2 
Sub total ga 128 68 60T 46-9 

2 Control 80 43 31 12 27:9 

5 Control 30 44 29 15 34°1 
Sub total 60 87 60 27 31-0 
Total 148 215 128 87 40:5 


* Groups 3 and 4 versus group 5. P < 010 > 005 
t Treatmenta versus controls, P<0 05. 


There was a high level of homogeneity within treatment 
groups and within controls, but differences between 
individual treatment and control groups did not reach 
significance. 

Further analysis of the data showed that the loss of 
potential lambs was significantly higher (P <0-01) among 
ova shed as twins than as singles. 

The apparent embryonic deaths in Group | did not 
result in prolonged oestrus cycles, but in each of Groups 

eo 
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3 and 4, following nutritional stresses during the second 
and third weeks after mating, respectively, five ewes 
experienced cycles exceeding 22 days in length. Each of 
the control groups had one such ewe. This 1s considered 
to be strong supporting evidence that embryonic deaths 
have, in fact, resulted from the treatments. 

The effect of early embryonic death on subsequent 
cycle-lengths 1s now being subjected to detailed invest- 
gation, and further work on the effect of nutritional 
stress in the pre-implantation period is in progress. 


T. N. EDEY 
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Human Lymphocytes cultured in Microplates 


LymMPHocytss from peripheral blood can be stimulated 
to undergo blast-like transformation when cultured 
ın virot, This reaction 1s revealed by many techniques 
including direct morphological observations, the 
appearance of mitotic figures m dividing cells, and 
specific staming or autoradiography for the various 
biochemical processes involved in cell division?. Although 
any of these techniques 1s satisfactory, the percentage of 
transforming cells in many specific immune reactions 1s 
low’, making standardization both tedious and difficult 
In addition, ın culture, a small percentage of lymphocytes 
undergo blast transformation in unstimulated controls 
either spontaneously or possibly because of prior sensitiza- 
tion of the individual to one of the products in the tissue- 
culture medium‘. 

We attempted to avoid some of these difficulties by 
using microtechniques which enabled us to test an 
individual’s cells against a series of antigens on successive 
days and to have each determination matched by at 
least one control. So far we have only used the method 
of counting cells in metaphase (mitotic index) to 
standardize our observations. We shall report initially 
promising results as well as details of the method of growth 
of lymphocytes in microplates and some data of individual 
variation in responses to phytohaemagglutinin (PHA). 

A disposable glass 10-ml. syringe was pre-woetted with 
heparin, leaving about 0-2 ml. in the syringe. Exactly 
10 ml. of venous blood was drawn and the syringe was 
placed upright at room temperature to allow the red 
cells to sediment. When red cells had settled, leaving 
4 ml. of plasma above the cell pack (30 min—3 h depend- 
ing partially on room temperature), the needle was bent 
into a U-shaps and by gentle pressure on the plunger 
the plasma was ejected into a collecting tube. This 
plasma contained some red cells, and the white cell counts 
on numerous occasions ranged from 6 million to 10 million 
cells per cubic ml. The cells were agitated to assure 
equal distribution in the plasma and one drop of the 
plasma-cell suspension was placed in each well of plastic 
disposable U-shaped microplates (Cooke Engineering 
Co. 220-24). Initially, we used micropipettes, but found 
that disposable Pasteur pipettes were sufficiently accurate 
for our needs. To the drop of plasma-cell suspension we 
added three drops of tissue culture medium, either alone 
as a stock solution or containing phytohaemagglutinin 
(PHA) or a known antigenic product. Our basic medium 
was Medium 199 with inactivated foetal calf serum, and 
penicillin, streptomycin, acromicin and mycostatin. In 
order to determine the optimum concentration of PHA, 
old tuberculin (OT), purified protein derivative (PPD) or 
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brucellargin, dilutions of these products were prepared and 
tested against several people’s lymphocytes. We used a 
minimum concentration of PHA which produced blasto- 
genesis in the majority of cells by the fifth day. For all 
other reagents we used the maximum concentration 
which did not produce obvious toxicity when compared 
to cells in control wells. All solutions were approximately 
> C at time of inoculation. 

F ort-term cultures, up to 6-8 days, it was not 
ÖNE o use fostal calf serum in Medium 199, the 
ma being sufficient to maintain growth. 
culture cells in the absence of homologous 
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maintained in a moist chamber. 
-for up to 4 weeks although the numbers gradually dimin- 
ished. When the experiment called for the addition of 
coleimid, one drop of a stock solution of coleimid was 
added directly to the wells the evening before the readings 
were to be made. The coleimid solution passed through 
the mineral oil without agitation within 5 or 10 min 
because of its relative density. 

The microplates were not pre-treated or cleaned before 
use. The Pasteur pipettes were clean but not sterile, and 
the mineral oil was not autoclaved. In no instance was 
contamination apparent in the cultures. 

All readings were made as wet mounts. Using gentle 
suction from a water pump, a Pasteur pipette was im- 
mersed below the fluid level of the wells and as much 
liquid as possible was removed without agitating the 
small white button of cells on the bottom. To the cells 
in the well, one drop of a stain consisting of 2 per cent 
orcein in 45 per cent glacial acetic acid was added. Cells 
and the stain were removed with a cotton plugged plastic 
disposable l-ml. pipette. The pipette was introduced 
to the bottom of the well and rotated gently in order to 
free the cells from the plastic surface. We were surprised 
_ at the sticking properties of white cells in the U-shaped 

plastic wells. After several revolutions of the pipette the 
stain and cells were vigorously sucked up into the pipette 
and blown on to one pre-wiped glass slide. Immediately a 
cover slip (22 mm x 50 mm) was placed on the drop and 
this caused even spreading of the lymphocytes. Occasion- 
ally when too much mineral oil remained in the well 
there were mineral oil islands on the slide which inter- 
fered with the reading. Slides were sealed with nail 
polish and could be read for at least 8 h when desired. 
In general, however, they were not sealed and were studied 
immediately. We attempted to read two to five slides per 
determination, counting 200 cells and disregarding 
polymorphonuslear leucocytes. 
~ When PHA- was added to the cultures we hed no diffi- 
eulty in observing the morphological changes previously 
described!.  Blast-like cells were observed in cultures 
containing OT, PPD and brucellargin, but when these 
cultures were read blindly with control cultures we were 
unable to demonstrate differences in percentages and types 
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of cells which would consistently distinguish them 
morphologically from tke controls. 

In cultures to which PHA had been added, up to 7 
per cent of cells were in metaphase after addition of 
colcimid. This percentage varied considerably among the 
three individuals sampled repeatedly. In one individual, 
ten cells in a thousand were in metaphase on day 2 (48 h 
after inoculation) with a peak of 78 per thousand on day 4 
and still having four per thousand on day 17. This indi- 
vidual consistently had a few cells in metaphase even 
without the addition of colcimid from day 2 to day 17. 
A second individual had cells in metaphase only from day 
4 to day 7 with a peak of 65 per thousand on day 6. On 
days 6 and 7, cells in metaphase were seen in cultures 
which did not receive coleimid. The third individual 
had cells in metaphase frem day 5 to day 8 with a maximum 
of 35 per thousand on day 6. This individual had spon- 
taneous (no coleimid added) eells in metaphase from day 
& to day 7. 

Examination of cells in metaphase in the presence of 
OT after addition of coleimid was conducted on a 
tuberculin positive and tuberculin negative individual. 
The tuberculin negative individual did not show cells in 
metaphase during 25 days of observation, either in the 
wolls with OT or in the controls. The tuberculin positive 
individual showed no cells in metaphase for the first 14 
days. Thereafter, metaphases appeared through day 23 
but never more than one per hundred cells counted. (In 
order to prolong the namber of days of observation woe 
only made one slide perday and occasionally we could not 
count more than 100 cells per slide.) On day 23, one cell 
in metaphase was observed in the control preparation 
of 160 cells counted. 

The microtechnique has the advantage of providing 
numerous preparations. from a single specimen of blood 
which can be tested against several antigens or against 
varying concentrations of reagents and under different 
conditions. Further, the technique permits serial samp- 
ling of a given specimen. Utilizing the mitotic index to 
demonstrate changes, our results were encouraging and we 
were able to demonstrete marked variations in responses 
by different individuals. We are now examining the use 
of various differential stains or techniques for demon- 
strating RNA or DNA or aeid phosphatase or glycogen, 
all of which are reported to accumulate during different 
phases of blastogenesis’:*-7. 

JACOB A, BRODY 
Bos HUNTLEY 
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è Hutton, W. E., and Watson, E. D., Proe. See. Exp. Biol. and Med., 116, 
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t Quaglino, D., Hayhoe, F. G. 7., and Flemans, R. J., Nature, 196, 338 (1962). 
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A Well-preserved Grizzly Bear Skull recovered 
from a Late Glacial Deposit near Lake Simcoe, 
Ontario 


Tue results of a carbon-14 collagen test performed on 
a portion of a long bone collected in association with the 
skull of a grizzly-type bear of the Ursus arctos—horribilis 
complex have just been received which indicate that this 
remarkably well-preserved specimen died some 11,700 + 
250 years ago. The specimen was discovered in a load of 
gravel removed from epproximately 30 ft. below the local 
grade of a commercia. gravel pit in November 1964. 

The geology of the general area has recently been 
investigated and mapped'. According to the map pro- 
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Fig. 1 


vided, this site is associated with beach sand and gravel 
deposits near the shore of Lake Algonquin. More recent 
investigations have suggested that the North Bay outlet 
of Lake Algonquin opened about 10,000-11,000 years 
ago. Further excavations and examinations of the site 
are planned as soon as the frost is thawed 
sufficiently to allow work. 


Cranial measurements (mm) of this 


specimen (R.0.M. 34226) are as fol- 
lows: condylobasal length, 322; zygomatic 
breadth, approximately 302; mastoid 
breadth, 136-6; length of palate, 164; 


canine-molar length of maxillary tooth 
row, 128; length of last three upper cheek 
teeth (P*-M*), 75:8; greatest width of 
palate including last molars (M*), 87-8; 
width across upper canines, 70-2; height 
of occiput, 96-7; least interorbital breadth, 
76:5; width across postorbital processes, 
110:6; greatest length of mandible, 320; 
canine-molar length of mandibular tooth 
row, 145-3; length of last four lower cheek 
teeth (Ps-M,), 82:8; width across lower 
canines, 61-7. The dentition is complete 
except for the incisors and the anterior or 
first premolars, both above and below. 
There appear to be no valid records of 
the grizzly bear in eastern Canada (east 
of Manitoba) in historical times. How- 
ever, there have been persistent rumours 
of such an animal in the Ungava region 
of northern Quebec, although no specimen 
or portion of specimen is known to exist. 
A large bear of grizzly size has been 
suspected in the interglacial deposits of 
the eastern Great Lakes region on the 
basis of post-cranial fragments, but this 
appears to be the first cranial specimen 
to be recovered from the late glacial 
deposits east of the Great Lakes and 
S 


Fig. 2. 
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Opposite half of same 
free medium; rostral basophi 


Fig. 3. Pituitary cultured for 8 days on a hormone-free medium; rostral basophils 
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provides a particularly good specimen of confirmed 
age. 
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Direct Action of Thyroxine on the Trout 
Pituitary in vitro 


ALTHOUGH it is established that a negative feed-back 
system operates between the thyroid and pituitary in 
teleosts’, the mechanism controlling the activity of the 
pituitary thyrotrophs has searcely been examined. In 
mammals where the problem has been extensively in- 
vestigated, a normal or high level of thyrotrophie activity 
seems to depend on stimulation from the hypothalamus 
and requires an intact hypothalamo-pituitary link?; 
a reduction of thyrotrophic activity can largely be attribu- 
ted to the inhibitory action of thyroxine acting both on 
the hypothalamus and also directly at the pituitary level? 
In the teleost Poecilia (Mollienesia) formosa, experiments 
suggest, on the contrary, that the thyrotrophs possess 
an intense autonomous activity which is normally sup- 
pressed by the hypothalamus®. Whether or not thyroxine 
also has a direct inhibitory effect on their activity is not 
known. The present work investigates the nature of the 
hypothalamic influence and the effect of thyroxine on the 
trout pituitary, using an organ-culture technique. 

Adult trout (Salmo gairdneri), 27-30 em in length and 
weighing 200-230 g, were used for these experiments. 

In experiment A, carried out in November, the pituitar- 
ies were cut in half sagittally. One half, acting as a control, 
was fixed immediately in sublimated Bouin-Hollande for 
histological study; the other half was cultured on a 
hormone-free medium with an agar base, as described 





Fig. 1. Uneultured pituitary; rostral basophils are darkly stained 


Ituitary as Fig. 1, cultured for 28 days on a hormone- 
are degranulated, hypertrophied and vacuolated 


are degranulated 


Fig. 4. Opposite half of same pituitary as Fig. 3, cultured for 8 days on a medium 
enriched with 20 «g/ml. thyroxine; rostral basophils are not degranulated 


Arrows indicate rostral basophilic cells, All sections stained with Herlant’'s 


tetrachrome (x ¢, 95) 
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E breie Table 1 
No. of pituitaries -Thyroxine concentration Period of culture 
ees 40 agimi. 6 days 
ee 20 agim. & days 
goo 40 agjml 14 days 


previously®. Pituitaries were cultured for 6 days (sixteen 
pituitaries) or 28 days (eight pituitaries) after which they 
we d; sectioned at 4u and stained with Herlant’s 
F., or periodic acid—Schiff and haemalum. 
, carried out in June-July, the control 
uitary was cultured on a hormone-iree 
ie the other half was cultured on a medium 
or 16-0 ug of thyroxine (Roche) was added, 

neentration of 20-0 ug/ml, or 40-0 pg/ml. 
ese concentrations are of the same order as 
08 ffective in vivo to inhibit thyrotrophic 
activity in the eel’ or cause hypothalamic modifications in 
S. gairdneri" when used as an ambient solution. Pituitaries 
were cultured for 6, 8, or 14 days (Table 1) and then fixed 
and stained as in experiment A. 

Experiment A. In the control pituitary halves, rounded 
or angular basophilic cells with dense, homogeneous 
cytoplasm, staining intensely with aniline blue, periodic 
acid-Schiff or A.F., were always found rostrally, near the 
junction of the pro- or meso-adenohypophysis. These 
cells oceurred between the other cell-types bordering the 
neurohypophysis and were also found scattered within 
the neurohypophysis itself. Similar cells were less fre- 
quently found throughout the meso-adenohypophysis, 
again bordering the nourohypophysis. These cells seem to 
correspond in. position and staining reaction to those 
ideritified by Olivereau et al. in S. gairdneri as thyrotrophs’. 
Their identification as thyrotrophs is supported by the 
fact that in fish with rudimentary gonads they were the 
only basophils present; in fish with well-developed gonads, 
other basophils were also present, but these were usually 
distinguishable from the rostral basophils by differences in 
position, staining intensity and size of granules. 

After 6 days of culture, the staining reaction of the rostral 
basophils is much weaker than in the controls. The cyto- 
plasm is less homogeneous and may be slightly vacuolated. 
After 4 weeks of culture, their histological appearance 
suggests an intense secretory activity: the cells are hyper- 
trophied and rounded, with degranulated and very vacuo- 
lated cytoplasm; the nuclei are usually rounded with a 
distinct nucleolus (compare Figs. 1 and 2). 

‘Experiment B. In ten of the twelve pituitaries cultured 
for 6-8 days on a thyroxine-enriched medium, the rostral 
basophils were less degranulated and more intensely 
stained than in the control half of the same pituitary, 
cultured on a hormone-free medium. (Compare Figs. 
3 and 4.) The degree of difference between the staining 
reaction of the two halves was very variable: for some 
pituitaries the difference was very striking, in others it 
was much less intense; in two pituitaries, any difference 
between the two halves was doubtful. These variations 
were not correlated with the different doses of thyroxine 
used. In the two pituitaries cultured for 14 days, the 
basophils of the control cultures were completely de- 
granulated and very vacuolated; those of the thyroxine- 
treated cultures were only slightly more granulated but 
very muchlessvacuolated. Noconsistent difference between. 





















the appearance of the nuclei in the control and thyroxine- 
treated halves could be observed. None of the other cell- 





types showed. any histological changes in response to 
thyroxine and both the experimental and eontrol cultures 
appeared very healthy, with very little or no central 
erefore seems improbable that the response 
basophils is a pathological one. 
., these results indicate that the rostral 
p the trout pituitary become hyperactive after 
oval from hypothalamic control; this activity can be 
aodified by thyroxine. If the identifieation of these 
basophils as thyrotrophs is correct, then: 
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(a) their response to separation from the hypothalamus 
is comparable with the increased thyrotrophic activity 
observed in pituitary grafts in Poecilia’; i 

(b) the results woud suggest that thyroxine may 
normally inhibit thyrosrophic activity in teleosts, as in 
mammals, by acting directly at the pituitary leveli = 

This work was supported in part by the award of a 
N.A.T.O. fellowship and by a grant from the C.N.RBS., 
Paris. : 
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Differences in the Antigenic Pattern of 
Azotobacter grown on Different Nitrogen 
Sources 

THe presence of hydrogenase m  nitrogen-fixing 
bacteria is ascribed a specific significance, as this 
enzyme is considered to take part in the fixation of 
gaseous nitrogen’. This assumption is based on several 
observations. First, a significantly higher hydrogenase 
activity has been demenstrated in Azotobacter cells assimi- 
lating molecular nitrogen instead of combined forms of 
nitrogen, for example, ammonium ions, nitrate or glutamic 
acid. Secondly, Azotobacter mutants which have lost 
their capacity for nitrogen fixation also displeyed a low 
hydrogenase activity as compared with the wild type. 
Thirdly, an extract of Clostridium pasteurianum with a 
retained capability for nitrogen fixation was also shown 
to contain hydrogenase activity. A fraction contaiming 
the hydrogenase activity which is separated from the 
extract loses its ability to fix nitrogen. Recombination of 
the fractions restored the activity’. The site of the 
hydrogenase activity in Azotobacter has been located to 
the surface components of the cell?’, 

This paper comprises a study of the antigenic structure 
of Azotobacter cells grown with either nitrogen gas or 
ammonium ions as the sole source of nitrogen. The 
organism used, Azotobacter vinelandii, strain ATCC 7492, 
was cultivated in Erlenmeyer flasks on a rotary shaker 
at 30° C ina nitrogen-free medium’, or in the same medium 
to which ammonium chloride (1 g/l.) had been added. 
In the latter medium the sodium molybdate was omitted. 
Antigens prepared frem the cells of these cultures were 
studied by gel precivitin tests, which were performed 
according to the techaiques described by Feinberg’. The 
supernatants of cell suspensions, subjected to sonic 
treatment, were used as precipitating antigens. 

Antisera were prepared in rabbits. Antigens for 
immunization consisted of washed suspensions of whole 
cells, grown in the two different media. Each type of 
antigen was injected into a group of three rabbits. Dm- 
munization was perfermed by intravenous injections of 
0-5 mg of the antigea twice a week for ten weeks. The 
rabbits were then exsanguinated and sera collected. The 
globulins precipitating at half saturation with ammonium 
sulphate in the cold were prepared from each antiserum. 
The globulin precipitate was dissolved in distilled water 
to approximately one-tenth of the original volume of the 
serum. 
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Fig. 1. Gel-precipitin test illustrating different precipitation patterns 

obtained with antigens from Azotobacter cells grown in a medium contain- 

ing ammonium ions and devoid of sodium molybdate (1) and in a nitrogen- 

free medium (2). Antiserum against the latter type of antigen was 
placed in the serum well (3) 


The results are illustrated in Fig. 1. Cells grown in 
nitrogen-free medium displayed an antigenic pattern with 
five precipitation lines. Cells prepared from a culture 
grown in the medium containing ammonium ions developed 
two lines, one of which showed a reaction of identity with 
one of the lines of the other system. The six different 
antisera gave similar precipitation patterns. 

The fact that the rabbits immunized with cells grown 
in the medium containing ammonium ions develop anti- 
bodies against all antigens detected indicates the presence 
of these antigens also in ammonium-grown cells. The 
concentration of these antigens, however, is apparently 
much lower in the ammonium-grown cells, since they were 
not detected in the gel-precipitin tests. Hydrogenase 
activity is regularly observed in ammonium-grown cells, 
although at a much lower level than in cells grown with 
molecular nitrogen. 

As can be seen in Fig. 1, a number of additional antigens 
were demonstrated in the system using an extract of cells 
grown in a nitrogen-free medium. These antigens might 
possibly represent different enzymes of the nitrogen-fixing 
system. We hope that the technique demonstrated in this 
report might be of value in investigations concerned with 
the mechanism of nitrogen fixation. 

This work was aided by è grant from the Swedish State 
Technical Research Council. 
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Human Indigenous Microflora in Gnotobiotic 


Rats 
WHILE the existence of a symbiotic relationship 
between man or animals and micro-organisms was 


recognized as early as the times of Pasteur and 
Metchnikoff', little is known concerning the evolution, 
complete identification, survival factors and the mech- 
anisms which control the beneficial or pathogenic activities 
of the intestinal flora. Recently, however, model systems 
for examination of the intestinal flora have been made 
available in the establishment of germ-free*, gnotobiotic 
(known flora)? and specific pathogen-free (SPF) animals’®. 
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Using the germ-free rat, we have established known 
microfloras composed of l-4 predominating micro- 
organisms of human intestinal origin. Our work comple- 
ments that of Gibbons et al.* who established bacteria 
indigenous to the gingival crevice area of the mucous 
membranes of man in germ-free mice. Four of the 
organisms we used were originally isolated by Gall 
et al.*® from the billionth and higher dilutions of fresh 
faeces of young men participating in space investigations. 
These bacteria are obligate anaerobes which far out- 
number the aerobes. They are only tentatively identi- 
fied but have been separated into faecal anaerobe (FA) 
‘groups’ by well-defined differences based on morphology 
and reaction to various media’. The one other pure 
culture used was a Lactobacillus acidophilus isolated from 
human faeees after ingestion of a commercial culture 
for one week. The test micro-organisms are listed in 
Table 1. 

A semi-synthetic diet was prepared in agar-gel form by 
the method of Miller and Allison*, sealed in No. 2 cans 
and sterilized by irradiation to 4 Mrads in the U.S. Army 
Natick Laboratories cobalt-60 source. Diet composition 
on a dry basis in per cent is as follows: casein (22), sucrose 
(18), dextrose (18), dextrine (19), lard (7), corn oil (3), 
Wesson salt mix (4), vitamin mix (1), cellulose (4) and 
agar (4). One kg of the vitamin mix contained 9,750 1.v. 
vitamin A palmitate, 975 1.v. vitamin D, 2,000 mg 
ascorbic acid, 125 r.v. vitamin E acetate, 100 mg mena- 
dione, 60 mg thiamine hydrochloride, 30 mg riboflavin, 
100 mg niacinamide, 2,000 mg choline chloride, 300 mg 
calcium pantothenate, 1,000 mg inositol, 50 mg pyridoxine 
hydrochloride, 10 mg folic acid, 1 mg biotin, 50 mg para- 
aminobenzoic acid, 25 meg vitamin B,, and glucose 
diluent to make up the balance of the kilogram. Agar 
was dissolved in hot water before being added to a dry 
mix of the other dietary components. Ratio of dry in- 
gredients to added water was 1: 1. 

After sterilization, the above diet was fed to weanling 
germ-free rats of the Charles River Breeding Laboratories 
strain maintained in Trexler-type® flexible film isolators. 
At the start of the experiments, animals were inoculated 
with desired micro-organisms which were brought into 
the isolators in sealed ampoules and then introduced into 
the diet which had been withheld from the rats for 12 h. 
The experiment consisted of two runs conducted two 
months apart with experimental groups as shown in Table 
1. Germ-free rats and gnotobiotes inoculated with normal 
rat caecum contents served as controls. There were five 
rats per group. Each experiment was of three weeks 
duration. 

Establishment of inoculated organisms was determined 
by culturing of fresh faecal samples obtained in the isolators 
and of the contents of the gastrointestinal tract at the 
termination of the runs. Samples were cultured aero- 
bically and anaerobically in thioglycollate broth and 
Gall’s medium’. In addition, Gram stain smears were 
examined microscopically. 

At the end of the first run, cultures taken from the 
jejunum, caecum, and colon showed that the mono- 
contaminants FA 1, 9, 13 and 15 were established in 
greatest concentration in the colons and caeca. Very few 
micro-organisms were found in the jejunum as compared 
with the caecum and colon. Therefore, when the second 
run was terminated, only the caeca were sampled for bac- 
teriological culturing. As shown in Table 1 (run No. 2), 
mono-inoculated FA 13 was found to be associated with a 
contaminant which was not intentionally introduced. Also, 
in the tetra-inoculated group FA 13 and FA 15 were 
identified as being present, but morphological similarities 
made it difficult to determine definitely whether both 
FA 1 and FA 9 were established. While there was no 
quantitation, it was noted that FA 15 predominated 
in the tetracontaminated rats. 

Early growth as measured by weight gain was the over- 
all measure of physiological response to the artificially 
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Table 1. WRIGHT GAIN, CAECUM SIZE AND CHOLESTEROL-LEVELS OF GNOTOBIOTIO RATS MAINTAINED GERM-¢REE OR INOCULATED WITH ORAL DOSES OF 
HUMAN AND RAT ORIGIN MIORO-ORGANISHS. ALL ANIMALS WERE FED THE SAME STERILE SEMI-SYNTHETIC DIET FOR THREE WEEKS 





Micro-organisms introduced * 





Three-week ae 





Caecum as % of 


Plasma chelesterc: t Liver cholesterol} 





gain (g)T body weight (mg/103 mi.) (mg/g) 

Germ-fi 74 + 3 (¢)§ 7-1 (a) ne 95 ( 2-62 + 011 (ab) 

erm_-free + 3 (e ‘l(a te (a 52 + 
FA 1 (Sphaerophorus f : 

or Cantenabacter) 95 + 5 (a) 6:8 (ab) 97 + Z0 (a) 278 + 0'28 (ab) 
FA 9 (Bacterovdes) 80 + 5 (bc) 6-2 (ab) 124 +6 (b) 326 + 016 (b) 
FA 13 (Veronella sp.) 98 + 2 (a) 5 6 (ab) 99 +4 (a) 2°16 + 010 (a) 
FA 15 (Fuseformis sp ) 91 + 2 (ad) 5'1 (b) r X 5 158 + =3 (b) 2-64 + 0:18 (ab) 

un No. 

Germ-free 83 + 6 (a? T Ki 88 +3 (b) 241 + 019 (a) 
Rat caecum organisms 101 + 6 (b) 24 (ce) 78 +2 (a) 221 +017 A 
FA 1, 9, 13,15 | 83 + 4 (a) 6°6 (ab) 95 + = (b) 254 + 008 (a 
FA 13 + Lactobacillus 

acidophilus 77 + 8 (a) 6 1 (b) 73 42 (a) 2-11 + 0:13 (a) 
FA 13 + contaminant 87 + 2 (ab) T 0 7143 {2} 214 + 0 20 (a) 
Lactobaculus acidophilus 90 + 3 (ab) 7:8 (a) 74t (a 2°17 + 0:06 (a) 


eS TT OOO 


* FA (faecal anaerobic) micro-organisms only tentatively identified. 





+ Average body-weight gams and standard errors, not corrected for caecum weights. 
t Cholesterol determined by the fluorometric procedure of R. W. Albers and O. H. Lowry (Anal. Chem , 27, 1829; 1955). 
§ Common letters denote statistically similar group values by analysis of variance. 


established microfloras. As shown in Table 1, mono-estab- 
lished organisms varied in their weight-gain promoting 
ability. The weight gains of monocontaminated rats were 
8-32 per cent greater than those obtained ın the flora-free 
animals. Inrun No. 2 the greatest weight gain was obtained 
in the group polycontaminated with normal rat caecum 
organisms. Simce the average gain of 4:8 g/day compares 
favourably with that of conventional rats, it may be 
assumed that the sterile diet used was of high nutritional 
value. Animals with the other induced microfloras in 
run No. 2 were not statistically different in body weight 
from germ-free controls. The failure of micro-organisms 
which increased weight gain as monocontaminants to do so 
when. associated together indicates that physiological re- 
sponse is governed not only by the type of micro-organisms 
present but also by the outcome of complex competitive 
inter-relationships 

Enlarged caeca, characteristic of the germ-free state in 
rodents?, were found in all rats except those polycon- 
taminated with rat caecum organisms. Omitting this 
group, the caeca which varied from 5-1 to 7-3 per cent of 
body weight were not as large as those obtained by some 
workers. This may be a diet-influenced effect. Neverthe- 
less, the presence of enlarged caeca indicates that none 
of the human-origin micro-organisms established in the 
germ-free rat, either singly or im combination, were 
physiologically adequate. 

Plasma and liver total cholesterol-levels were also 
influenced by the introduced micro-organisms. In this 
respect, our results are not ın agreement with those of 
Graber et al.1° who found that differences in plasma 
cholesterol of conventionally maintained rats were the 
result of dietary factors rather than of alteration in bac- 
terial flora. Average plasma cholesterol of rats mono- 
contaminated with FA 15 organisms was significantly 
higher than that of the germ-free rats and two other mono- 
contaminated groups. Also, liver cholesterol-levels in FA 9 
rats were statistically greater than those of FA 13 animals 

The reported pattern of higher cholesterol-levels in 
germ-free rats over conventional rats", probably due to a 
decrease in cholesterol catabolism in the germ-free rats’*, 
was observed in run No. 2. However, there was one 
exception in that the tetracontaminated group had the 
highest plasma cholesterol levels. An explanation for the 
cholesterol elevation may be that FA 15, which pre- 
dominated in the tetracontamination, by itself results 
in a high level of blood cholesterol. Thus, our results 
appear to indicate that, while some intestinal micro- 
organisms may help to eliminate cholesterol, others may 
contribute directly or indirectly to the body cholesterol 

ool. 
7 While we have established human indigenous micro- 
organisms in germ-free rats, we emphasize that differences 
exist between the two species. Two important differences 
are that the rat has a caecum and practices coprophagy. 
Our results demonstrate that the germ-free rat can 


maintain specific orgarisms native to other species, with 
subsequent physiological changes. yf A. Dymsza 


G. S. STOEWSAND 
J. J. ENRIGHT 
Nutrıtion Branch, Food Division, 
U S. Army Natick Laboratories, Natick, Massachusetts. 
P. C. TREXLER 
Gnotobiotic Research Foundation, 
251 Eallardvale Street, 
North Wilmington, Massachusetts. 
L. C. GALL 
Life Sciences and Space Environment Laboratory, 
Repubhe Aviation Corporation, 
Farmingdale, Long Island, New York. 
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PSYCHOLOGY 


Neural Volleying : Upper Frequency Limits 
detectable in the Auditory System 


THE discovery that nerve fibres exhibit a refractory 
period which limits the number of impulses produced 
in a given time dealt a death blow to early ‘telephone’ 
theories, which postuleted that information concerning the 
frequency of a tone (or a Fourier component of a complex 
sound) was faithfully reproduced by the rate of discharge 
of an individual fibre. Simple ‘telephone’ theories of 
neural encoding of piteh were replaced by ‘volley’ theories* 
in which stimulus frequency was encoded in the auditory 
nerve as a whole. According to ‘volley’ theory, different 
fibres firing at sub-multiples of the stimulating frequency 
produce a composite Jischarge that faithfully reproduces 
the frequency of the stimulating wave-form. 

Evidence for ‘volleying’ in the auditory system comes 
primarily from electrophysiological experimentation. 
Wave activity of the sighth nerve (presumed an envelope 
of a large number of individual fibre discharges) was 
observed by Derbyslure and Davis? to be synchronous 
with the stimulus tona up to a limiting frequency of about 
4 ke/s. More recent studies? utilizing computer averaging 
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of eighth nerve activity failed to demonstrate synchronous 
activity beyond 3 ke/s. A report‘ on wave activity in the 
trapezoid body indicated an upper frequency limit of 
synchronous activity about 2-5 ke/s. 

In the present experiment the upper limits of volleying 
were investigated by recording the wave activity generated 
in the superior olivary complex (SOC) in anaesthetized 
cats’. Five chronically implanted animals and five acute 
preparations were used. The animals were placed in a 
head-holder equipped with hollow ear bars into which were 
introduced tone bursts, 15-20 msee in duration with a 
i-msec rise time and a fixed phase of onset. Stimulation 
was to the ear contralateral to the SOC because the 
amplitude of the wave response was larger and the pos- 
sibility of picking-up volume-conducted cochlear micro- 
phonics, eighth nerve potentials or possible cochlear 
nuclei potentials was minimized. 

Recording was monopolar with respect to an indifferent 
electrode on the bone over the frontal sinus or to a flap of 
skin. Insulated insect pins were used and the recording 
site histologically verified. The SOC potentials were 
amplified, passed through a band-pass filter’, and then 
either fed directly into a computer of average transients 
or recorded on magnetic tape for averaging when replayed 
at a slower speed’. The computer-averaged wave-forms 
were written out with an «—y recorder. . 

Earlier observations of SOC potentials in which a 
computer was not employed had usually failed to detect 
synchronous wave activity above 3 ke/s*. With response- 
averaging, no difficulty was encountered in demonstrating 
synchronous activity well beyond 3 ke/s, although ampli- 
tude declined markedly with higher stimulus frequencies. 
As the frequency of the stimulating tone increased above 
3 ke/s, more and more intense tones were required to raise 
the signal above the noise-level. 

Averaged responses to stimulus tones of different fre- 
quency are presented in Fig. 1. In this figure it is readily 
apparent that the frequency of the stimulating tone is 
reliably reproduced in the SOC wave up to 4:3 ke/s. The 
upper limits for demonstrating synchronous activity varied 
from animal to animal and this was probably a result 
of differing electrode positions. In all cases it was above 
3:5 ke/s. A definite upper limit could not be established. 
Other than electrode position, the criterion for determin- 
ing whether the averaged potentials were generated in the 
SOC was that the latency of the response to a high-intensity 
tone was greater than 2 msec. About 4 ke/s the ampli- 
tudes of the SOC potentials were so small that the limits 
of resolution of the recording system were approached, 
and it became difficult to separate SOC potentials from 
possible artefacts. These artefacts included volume 
conducted potentials from other areas, ‘broadcasting’ 
from the earphone and possible mechanical vibration of 
the head-holder with high intensity tones. 

That computer-averaged SOC responses show an upper 
frequency limit higher than any demonstrated in the eighth 
nerve is possibly due to differences in experimental con- 
ditions and the large amplitude of the potentials generated 
in the SOC. The surprising fact is that the introduction 
of a synapse at the cochlear nuclei and probably another 
at the accessory nucleus (the method of recording cannot 
distinguish presynaptic from postsynaptic potentials) 
apparently does nothing to disturb the temporal relation- 
ship of inter-fibre volleying. This fact implies extremely 
accurate temporal resolution at the cochlear nuclei relay 
to maintain stable inter-fibre volleying relationships. 
Temporal variability of inter-fibre discharge can also be 
introduced by minute variation in the length or diameter 
of the trapezoid body fibres innervating the accessory 
nucleus, but this variability is either minimal or somehow 
counterbalanced. 

“There is evidence from single-unit investigations that 
extensive re-coding of auditory information often occurs 
in the cochlear nuclei®. Té is evident from the present study, 
however, that the temporal information encoded in the 
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Tig. 1. Computer-averaged responses recorded from the superior olivary 
complex of an anaesthetized cat. Stimuli were tone bursts of different 
frequency delivered to the ear contralateral to the SOC. -The number 
of responses averaged is N. Stimulus intensity expressed in decibels 
above 0:0002 dynes/cm?. Vertical calibration line is 0:1 mV 


eighth nerve by means of inter-fibre volleying is encoded 
in the same way by the trapezoid fibres innervating the 
SOC. That the detectable upper frequency limits of the 
wave activity recorded from the eighth nerve and SOC 
are about equal implies little or no loss of the temporal 
information encoded by inter-fibre volleying. Apparently, 
the accessory nucleus of the SOC, which is evidently 
primarily involved in binaural localization®, finds it con- 
venient to receive temporal information in a form relatively 
unmodified from that found in the eighth nerve. 
James C. BOUDREAU 
Division of Psychology, 
U.S. Army Medical Research Laboratory, 
Fort Knox, Kentucky. 
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FORTHCOMING EVENTS 


Monday, December 20 


SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP -(at 14 Belgrave 
Square, London, 8.W.1), at 5.30 pm.—Mr. D. C Drummond: ‘Recent 
Developments in the Control of Commensal Rodents”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

ASSISTANT LECTURER (with a good honours degree in botany and/or 
zoology and a special interest in cell biology and microbiology) IN BLOLOGyY— 
The Secretary, University of Exeter, Northcote House, The Queen’s Drive, 
Exeter, Devonshire (December 31) 

ASSISTANT LECTURER (with special qualifications in expermmental physics, 
aeronomy or astronomy) IN PLIED MATHEMATICS (QEOPHYSICS)—The 
Secretary, The Queen’s University, Belfast, Northern Ireland (December 31) 

CHAIR IN AND HEADSHIP OF THE DEPARTMENT OF METALLURGY AND 
MATERIALS TECHNOLOGY—The Secretary, Battersea College of Technology, 
Battersea Park Road, London, 8.W.11 (December 31). 

LECTURER IN EDUCATION COMBINED WITH GEOGRAPHY—The Assistant 
Registrar (Establishment), University of Sussex, Stanmer House, Stanmer, 
Brighton, Sussex (December 31). 

LEOTURER IN EDUCATION with special reference to the teaching of science 
or engineering or mathematics in Technical Colleges and Sixth Forms—The 
Registrar (Room 39, O.R B ), The University, Reading (December 31). 

LECTURER or ASSISTANT LECTURER IN ICAL: STATISTICS—The 
Secretary, University of Exeter, Northcote House, The Queen’s Drive, 
Exeter, Devonshire (December 31) 

LECTURER (preferably with an interest in physical chemistry) IN CHEMISTRY 
at the University of the West Indies—The Inter-University Council, 33 
Bedford Place, London, W.C 1 (December 31). 

LEOTURER (with an Hons. B.Sc. degree in biochemistry or equivalent 
qualification, and preferably a dental qualification) IN DENTAL BIOCHEMISTRY 
—The Secretary of the University Court, The University, Glasgow 
(December 31). 

LECTURERS or ASSISTANT LECTURERS (with interest in inorganic chemistry, 
physical chemistry, or theoretical chemistry) IN OHEMISTRY—The Registrar, 
University of East Anglia, Earlham Hall, Norwich, NOR 88C (December 81). 

RESEARCH STUDENT IN THE DEPARTMENT OF PHYSICS to carry out research 
with a small group working on certain aspects of vacuum breakdown within 
the Research School of Ionization Physics—The Registrar, University 
Singleton Park, Swansea (December 31). 

FELLOW IN THE DEPARTMENT OF METALLURGY to 
metal production either by 
University College of 


College of Swansea, 
SENIOR RESEARCH 
carry out research in the technology of primar 
the conventional or powder routes—The Registrar, 
Swansea, Singleton Park, Swansea (December 31). 
ASSISTANT EDITORS and EDITORIAL ASSISTANTS (preferably with a good 
honours degree in chemistry and some postgraduate experience) for various 
duties with the Society’s scientific publications—The General Secretary, 
The Chemical Society, Burlington House, Piccadilly, London, W.1 (January 


1). 

ASSISTANT LECTURER IN STATISTICS IN THE DEPARTMENT OF APPLIED 
STATISTICS (formerly the Unit of Biometry), for duties which will involve 
teaching, consulting and research—The Registrar (Room 39, O.R.B.), The 
University, Reading (Janu 1). 

HEAD (with high academic qualifications and considerable research ex- 
perience in genetics and plant breeding, not necessarily with vegetables) OF 
THE BREEDING SECTION—The Secretary, National Vegetable Research 
Station, Wellesbourne, Warwick (January 3) 

SENIOR LECTURER IN CLINICAL MEDICINE; & LECTURER IN PATHOLOGY, and 
a LECTURER IN SURGERY at the University of Singapore—The Inter- 
University Council, 33 Bedford Place, London, W.C.1 (January 7). 

SENIOR SOLENTIFIC OFFIOER/SCIENTIFIO OFFICER (with first- or second- 
class honours degree in chemistry or microchemistry with suitable post- 
graduate experience; or an honours degree in agricultural chemistry with 
postgraduate experience) IN THE CHEMICAL RESEAROH DIVISION, MINISTRY 
OF AGRICULTURE, to undertake research work in animal nutrition (successful 
candidate may be required to undertake teaching duties in the Faculty of 
Agriculture in Queen’s University, Belfast)—The Secretary, Civil Service 
Commission, Stormont, Belfast, 4, Northern Ireland (January 7) 

LECTURER IN ANCIENT PHILOSOPHY—The Secretary of Faculties, Univer- 
sity Registry, Oxford (January 8). 

SENIOR LECTURER/LECTURER IN PHARMACOLOGY IN THE DEPARTMENT OF 
MATERIA MEDICA AND THERAPEUTICS—The Secretary, The University, 
Aberdeen (January 8). 

SENIOR LECTURER IN VETERINARY MEDIOINE at the University of Queens- 
land, Australia—The Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, S.W.1 (London and Bris- 
bane, January 14). a 

CHAIR OF PHYSICAL CHEMISTRY —The Secretary, The Queen's University, 
Belfast, Northern Ireland (January 15). 

CHAIR OF PSYCHOLOGY at the University of Cape Town—The Secretary- 
General, Association of Commonwealth Universities (Branch Office), Marl- 
borough House, Pall Mall, London, 8.W.1; and The Registrar, University of 
e e Town, Private Bag, Rondebosch, Cape Town, South Africa (January 

PROFESSOR OF GEOBOTANY—The President of the Board of the Swiss 
Federal Institute of Technology, Leonhardstrasse 33, CH-8006, Zurich, 
Switzerland (January 15). 

SENIOR LECTURER or LECTURER (with a higher degree in psychology and 
preferably with specialization in personality and social psychology) IN 
PsyoHoLoay at the Australian National University—The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, 8.W.1 (Australia and London, January 17). . 

ASSISTANT LECTURERS or LECTURERS (2) (preferably with interests in 
either theoretical chemistry, chemical crystallography or physical organic 
chemistry, and research experience at post-doctoral level) IN THE DEPART- 
MENT OF CHEMISTRY-—Thd Registrar, University of Essex, Wivenhoe Park, 
Colchester, Essex (January 22). 

FELLOW/LECTURER IN ANTHROPOLOGY within the Centre for Middle Eastern, 
and Islamic Studies—The Registrar and Secretary, University of Durham, 
Old Shire Hall, Durham (January 28). i 

ASSISTANT or ASSOCIATE PROFESSORS (with research experience in bio- 
chemistry, plant physiology or experimental biology) IN BIOCHEMISTRY AND 
BioLoGy—-Head of the Bioscience Departinent, Brock Umversity, St 
Catharines, Ontario, Canada (January 31). 
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LECTURER or SENIOR LECTURER (suitably qualified graduate in science, 
medicine or veterinary science, and preferably with some research experience) 
IN PHYSIOLOGY at Massey University of Manawatu, Palmerston North, New 
Zealand—The Association of Sommonwealth Universities (Branch Office), 
pace yh House, Pall Mall Londan, 8.W.1 (New Zealand and London, 

anuary 31). 

LEOCTURER/SENIOR LECTURE? (with a suitable, preferably a higher degree 
in science or agricultural scierse and experience in the field of plant physi- 
ology) IN AGRONOMY (Plant Paysiology) IN THE FACULTY OF AGRICULTURE 
AND HORTICULTURE, Massey University of Manawatu—The Association of 
Commonwealth Universities (Eranch Office), Marlborough House, Pall Mall, 
London, 8.W.1 (New Zealand and London, January 31) _ 

OFFICIAL FELLOW IN ENGIGEERING SCIENCE—The Principal, Brasenose 
College, Oxford (January 31). 

SOLENTIFIO OFFICER or SENIOR SOIENTIFIO OFFICER (botanist with a good 
honours degree) to study the physiology of sucrose storage in sugar beet— 
(an lee Rothamsted Experimental Station, Harpenden, Herts 

anuary 31). 

SENIOR LECTURER IN METECROLOGY at Victoria University of Wellington, 
New Zealand—The Associaton of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, 8.W.1 (New Zealand and 
London, January 31). 

SENIOR LECTURER IN STATISTICAL MATHEMATICS and/or NUMERIOAL 
MATHEMATICS at Victoria University of Wellington, New Zealand—The 
‘Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, 8.¥0.1 (New Zealand and London, January a: 

LECTURER (preferably gradeate in sociology and social anthropology) IN 
SOCIOLOGY OF THE MIDDLE EAST IN THE DEPARTMENT OF SoOLAL THEORY 
AND INSTTTUTIONS—The Registrar and Secretary, University of Durham, 
Old Shire Hall, Durham (Febzuary 1). 

LECTURER (with a good honours degree in metallurgy or physics and 
preferably post-doctoral experience in the application of X-ray diffraction 
methods to the study of metals) IN METALLURGY—The Registrar, The 


University, Sheffield (February 15). 
Registrar, University of Strathclyde, 


CHAIR OF BIOCHEMISTRY—The 
Glasgow, C.1 (February 28). 

ANDRE DORFMAN FELLOW FOR RESEARCH IN MINING ENGINEERING and/or 
MINING TECHNOLOGY—The Registrar, Imperial College of Science and 
Technology, London, S.W.7 (March 31). 

LECTURER (with a degree in-pure science or agricultural science) IN ENTO- 
MOLOGY IN THE DEPARTMENT OF AGRIOULTURAL ZOOLOGY, Lincoln College 
(University of Canterbury), Ney Zealand—The Association of Commonwealth 
Universities (Branch Office), PlarIborough House, Pall Mall, London, 8.W 1 
(New Zealand and London, Merch 31). . . 

ASSISTANT DIRECTOR (with 2 degree in agriculture, agricultural botany or 
pure science, a reading knowiedge of two or more modern languages, the 
ability to write good concise English, and preferably some editorial exper- 
tence) OF THE COMMONWEALTH BUREAU OF PASTURES AND FIELD CROPS, 
Hurley, near Maidenhead, Berks—The Secretary, Commonwealth Agricul- 
tural Bureaux, Farnham Hous, Farnham Royal, near Slough, Bucks. 

GRADUATE ASSISTANT (science or biology graduate) IN THE CYTOLOGY 
DEPARTMENT of a large mocern group laboratory, for duties which will 
include routine cytodiagnostic and research work under the dance of the 
Consultant Pathologist in charze—The Director or Consultant in charge of the 
Cytodiagnostic Unit, Group Laboratory, St. Stephen's Hospital, Fulham 
Road, Chelsea, London, 8.W.10. 

LECTURER IN INORGANIO CHEMISTRY IN THE DEPARTMENT OF CHEMICAL 
TECHNOLOGY—The Registrar, Bradford Institute of Technology, Bradford, 7. 

LECTURER or ASSISTANT LIOTURER IN GEOGRAPHY—The Registrar, The 
University, Hull. 

LECTURER (with qualificafions in communication and 
operational research or stochzstic processes) IN MATHEMAT 
trar (Room 89, O.R.B.), The University, Reading. 

RESEARCH ASSISTANT to work on radio-biological and oncological problems 
using histological, histochemial, autoradiographic and electron-microscope 
techniques—The Deputy-Ditector, Strangeways Research Laboratory, 
Wort’s Causeway, Cambridge. 

RESEARCH ASSISTANT (witt a good honours degree in physics or a good 
general honours degree including physics) IN PAYSIOS for research in the fleld 

- of either radiation physics or vacuum physics, and would lead to the higher 
degree of either M.Sc, or Ph-D.—Head of the Department of Physics, The 
Polytechnic, Regent Street, London, W.L. 

RESEARCH ASSISTANT (witk H.N.C. in physica or chemistry, or an equiva- 
lent qualification) to join a small group working on high temperature 
chemistry and physics—Dr. A. J. Croft, Clarendon Laboratory, University of 
Oxford, Oxford. 

RESEARCH FELLOW (young research worker, either post-Ph D., or about to 
submit a Ph.D. dissertation) IV THEORETICAL ‘Prysics in one of the following 
fields: elementary particle pkysics, nuclear physics or solid state physics— 
The Assistant Registrar (Establishment), University of Sussex, Stanmer 
House, Stanmer, Brighton, Sassex. 

RESEARCH LABORATORY TECHNICIAN to assist in a study of the physiology 
and biochemistry of isolated mammalian nerve cells—The Chief Laboratory 
pe a Battersea College of Technology Annex, 14 Falcon Road, London, 

SOIENTIFIO INFORMATION GFFICER Siete a degree in agriculture or related 
subject and a flair for languages, Including English) to join a team engaged in 
publishing the latest research-findings on temperate and tropical grasslands 
and annual field crops in twoJournals of international repute—The Director, 
Commonyycat st Bureau of Pastures and Field Cropa, Hurley, nr. Maidenhead, 

erks. 

SENIOR LABORATORY TECHNICIAN (preferably with some experience in 
metallurgical analysis) to supervise fhe chemical laboratories af the Depart- 
ment of Metallurgy, Sir John Dass Callege, Whitechapel High Street, London, 
E.1—The Secretary, Sir Johm Cass College, Jewry Street, London, E.C.3. 

SENIOR PHYSICIST to tak= charge of the Physics Department, Radio- 
therapy Centre, St. William’s Hospital, Rochester, Kent—The Group 
Secretary, Modung ess Grawsend Hospital Management Committee, Med- 
way Hospital, Gillingham, K=nt. 

SENIOR TECHNICIAN (CHEMICAL PATHOLOGY) for research projects, mainly 
enzymological—Dr. D. M. Matthews, Deputy Director, Vincent Square 
ADOT AVOIR of Westminster Hospital, 124 Vauxhall Bridge Road, London, 

SENIOR TECHNICIAN (preferably with experience of working with an 
electron microscope and/or electronics) IN THE CRYSTALLOGRAPHY RESEARCH 
DEPARTMENT—The Administrative Assistant, Birkbeck College (University 
of London), Malet Street, London, W.C.1, quoting Ref. C.S T. 

TEOHNICIAN (with a good G.C.E in science subjects including chemistry, 
and preferably previous e=perience in biochemical techniques) FOR A 
RESEARCH UNIT—The Administrator, Department of Biochemistry, The 
University, South Parks Rost, Oxford ; 
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TEOHNICIAN (with previous experience of chromosome work) to work in 
the Chromosome Laboratory of the Department of Clinical Research at the 
Royal Marsden Hospital, Fulham Road, London, S W.3—The Secretary, 
SOLDI ie Cancer Research, 34 Sumner Place, London, S.W.7, quoting Ref. 


REPORTS and other PUBLICATIONS - 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Ditch or Crash-Land? By B. W. Townshend. Pp. vii+ 60. (Farnham, 
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Tavistock Pamphlet No. 12: Towards a Theory and Practice of Social 
Architecture: The Building of Indispensable Institutions. By Dr. Howard V. 
reas Pp. viit+60. (London. Tavistock Publications, 1965.) ve oe 
net. 

Manchester Literary and Philosophical Society. Memoirs and Proceedings, 
Vol. 107, 1964-65. Pp. 142+)h1. (Manchester: Manchester Literary and 
Philosophical pared 1965.) 318. 6d. [311 

The British Cast Iron Research Association. Forty-fourth Annual Report 
for the year ending 30th June 1965. Pp. 111. (Alvechurch, Birmingham: 
The British Cast Iron Research Association, 1965.) [311 

The West of Scotland Agricultural Colleges. Research Bulletin No. 34: 
Comparison of Production of Four Varieties of White Clover By. I. V. Hunt, 
E. D. Harkess and T. W. Marim Pp 39. (Auchincruive, by Ayr: The West 
of Scotland Agricultural College, 1965.) 1s. [811 

University of Oxford Annual Report of the Curators of the Bodleian 
Library for 1963-64. Pp. 23. Toe nent No. 9 to the Uniwersity Gazette, 
August, 1085.) (Oxford: The University, 1965.) 2s. 6d. [811 

Medical Research Council Monitoring Report Series, No. 11: Assay of 
Strontium-90 in Human Bone ın the United Kingdom, Results for 1964, 
Part 2. Pp. v+17. (London. H.M. Stationery Office, 1965 ) 1s 9d. net. [311 

Queen Elizabeth College (University of London}. The Development of 
Experimental Botany. By Prof. J. Edelman. (Inaugural Lecture delivered 
19th January, 1965.) Pp 17. (London. Queen Elizabeth College, 1965 ) [311 

Marine Biological Station, University of Liverpool. Annual Report No. 77 
for 1964. Pp. 55. (Liverpool: Liverpool University Press, 1965 ) 811 

The Overseas Development Institute, Ltd. The Decade of Development—a 
Study 1n Frustration? `(A lecture delivered in London under the auspices 
of the Overseas Development Institute on May 3, 1965.) Pp. 28. (London: 
The Overseas Development Institute, 1965) 3s 6d. [311 

Scottish Society for Research in Plant Breeding: Scottish Plant Breeding 
Station. Record 1965. Pp. 235. (Pentlandfield, Roslin, Midlothian. Scottish 
Society for Research in Plant Breeding, 1965.) ' [311 

Publications List of the Commonwealth Agricultural Bureaux 1965-66 
Agriculture; Animal Health; Forestry. Pp. 42. (Farnham Royal’ Common- 
wealth Agricultural Bureaux, 1965.) ‘ pu 

The Institute of Personnel Management, 1964-1965. Pp. 41. (London' 
The Institute of Personnel Management, 1965.) 311 

Proceedings of the Society for Psychical Research, Vol. b4, Part 197 
(August, 1965): The Blue Vase. By G. W Lamberts Time and ESP. By 
H. A.C Dobbs. Pp. 233-361. (London’ The Society for Psychical Research 
1965.) 12s. 6d.; 2 dollars. [311 

Ministry of Technology. Research for Industry 1984. (A Report on work 
done by industrial research associations in the Government scheme) Pp. 
jii+72+20 plates. (London: H.M. Stationery Office, 1965.) 8s. net. [311. 

Friends of the Lake District. Report and News Letter, September 1965. 
Pp. 18. (Ulverston’ Friends of the Lake District, 1965.) [$11 

Procter and Gamble, Ltd. Financial Statement for the year ended 30th 
Te CA Pp. 16. (Newcastle upon Tyne: Procter and Gamble, Tet 
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National Union of Teachers. What Chance Has Your Child? By Kathleen 
Gibberd. (A Study of the Effects of Overcrowded Classes in Our Schools.) 
Pp. 15. (London’ National Union of Teachers, 1965.) 6d. [311 
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Republic of South Africa‘ Department of Commerce and Industries. 
Division of Sea Fisheries. Investigational Report No 52: Ocean Cnrrenis 
and Water Masses at 1,000, 1,500 and 3,000 Metres in the South-West Indian 
Ocean, By G. A. Visser and M M. Van Niekerk. Pp 46. Investigational 
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lalandii (H. Milne-Edwards). 1: Notes on the Reproduction Biology and 
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ieee) Beydorn. Pp 32. (Sea Point, Cape Town: Division of Sea TEND 

Bilan des Maladies et Infirmités Décelées dans les Classes de Milice 1953— 
1960 en Belgique. Par, F. Twiesselmann, J. Francois, P. Moureau et S 
Vrydagh. (Extrait de Population et Famille, No. 5.) Pp. 81. (Brussels: 
National Center for Radiobiology and Geneties, 1965.) 411 

New Zealand ‘Report of the Board of Trustees of the National Art Gallery 
and Dominion Museum for the year ended 31 March 1965. Pp. 28. (H. 21) 
(Wellington Government Printer, 1965) 1s. 64 ` [411 

Salamandra, Band 1, Heft 1/2 (September 1965}. Herausgegeben von de 
Deutschen Gesellschaft fur Herpetologie und Terrarienkunde. Pp. 52. 
(Frankfurt/Main-Niederrad: Deutsche Gesellschaft fur Herpetologie und 
Terrarienkunde, 1965.) 411 

of the New York Academy of Sciences. Vol. 105, Article 18° In 
Vivo and In Vitro Behavior of Clotting Factors in Blood and Tissues. By F. 
Nour-Eldin. Pp. 988-1004. 2 dollars. Vol. 118, Article 13: Further Approxi- 
mations to the Blasius Function. By Brnest D. Kennedy. Pp. 575-584. 
1.50 dollars. Vol. 118, Article 14: Application of Electrokinetic Phenomena in 
Civil Engineering and Petroleum Engineering By S A. Anbah,C.M Beeson 
and G. Y. Chilingar. Pp. 585-602 Vol. 118, Article 15: Mercenene: in Vivo 
Effects of Mollusk Extracts on the Sarcoma 180. By M. Rosarii Schmeer and 
Cecilia V. Huslia. Pp 603-610. 1.50 dollars. Vol. 118, Article 28° The 
Formation of Noble Gas Compounds. By Leland C. Allen. Pp. 883-898. 
ian ere (New Yorks New York Academy of Sclences, 1964 ae 

The Research Institute of Applied Electricity, Hokkaido University 
Monograph Series. No. 11: Network Synthesis with Multiwire Lines. By 
Prof. A. Matsumoto Pp. 98. No. 12: Developments in Multiwire Networks. 
By Prof. A. Matsumoto. Pp. 107. No. 13: Dipole, Molecule and Chemistry. 
By Prof. K. Higasi. . 67. (Sapporo, Japan: The Research Institute of 
Applied Electricity, Hokkaido University, 1963, 1964 and 1965 ) ` [41 

Regeneratie, Volumetrische en Numerieke Hypertrofle van Skeletspieren 
bij Kikker en Rat. Door Walter Reitsma. Pp. 118. (Amsterdam: Vrije 
Universiteit, 1965.) i [411 
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Institutt for Atomenergi, Kjeller Research Establishment. Kjeller Report 
No. 96: Correlation Between Calculated and Measured Mechanical Properties 
of Thin-Walled Fuel Element Canning Tubes of Stainless Steel. By Erik 
Brodahl and Steinar Aas. Pp. 14+18 figures. (Kjeller, Norway: Institutt 
for Atomenergi, Kjeller Research Establishment, 1965.) [411 

Food and Agriculture Organization of the United Nations. Indo-Pacific 
Fisheries Council. Proceedings—1lth Session, Kuala Lumpur, Malaysia, 
16-21 October, 1964, Section 1. Pp ini+90. (Bangkok. IPFC Secretariat, 
FAO Regional Office for Asta and the Far Bast, 1985. f [411 

Indonesia: Ministry of Air Communications. eteorological and Geo- 
physical Service. Earthquakes in Indonesia 1962. Pp. 18. (Djakarta. 
ioe of Air Communications, Meteorological and Geophysical ery 

Transactions of the American Philosophical Society. New Series, Vol. 55, 
Part 6: The Pyramid of the Sun at Teotihuacán; 1959 Investigations. By 
René Millon, Bruce Drewittt and James A. Bennyhoff. Pp. 93. (Philadelphia. 
The American Philosophical Soclety, 1965.) 3 dollars. [411 

Publications of the Dominion Observatory, Ottawa. Vol. 30, No.- 3° 
Bibhography of Seismology, Items 17127-17944 (September—December, 
1963). By F. E. Langill and J. H. Hodgson Pp. 75-117. (Ottawa: Queen's 

Printer, 1965.) 1 dollar. , [411 

United States Department of the Interior. Geological Survey- Water- 
Supply Paper 1475-Q: Present and Future Water Supply for Mammoth 
Cave National Park, Kentucky. By R. V. Cushman, R. A. Krieger and John 

A. McCabe. Pp v¥+ 601-647. 25 cents. Water-Supply Paper 1662-B: Specific 
Yield—Laboratory Experiments Showing the Effect of Time on Column 
Drainage. By R. O. Prill, A. I. Johnson and D. A. Morris Pp iv+55. 25 
cents. Water-Supply Paper 1682: Magnitude and Frequency of Floods in 
the United States. Part 8 Western Gulf of Mexico Basins. By James L. 
Patterson. Pp xvi+506+ plate 1. Wafer-Supply Paper 1787: Ground- Water 
Conditions and Storage in the Central Sevier Valley, Utah By Richard A. 
Young and Carl H. Carpenter. Pp vit95+plates 1-6. Water- pupply 
Paper 1792: Ground Water in Permafrost Regions—An Annotated Biblio- 
graphy. By John R Williams. Pp. iii+ 204+ plate 1. 125 dollars. Water- 
Supply Paper 1794: Ground Water Resources of Pavent Valley, Utah By 
R. W. Mower. . V +78 + plates 1-10. Water-Supply Paper 1802: Fluvial 
Sediment of the Issippi River at St, Louis, Missouri. By Paul R. Jordan. 
Pp. vui +89 (Washington, D.C.: Government Printing Office, 1965.) [411 

United States Department of the Interior: Geological Survey. Water- 
Supply Paper 1804 Drought of the 1950's, with Special Reference to the 
Midcontinent, By R. L. Nace and B. J. Pluhowski. . ¥+88 + plates 1 and 
2 Water-Supply Paper 1809-D. An Evaluation of Aquifer and Well Character- 

istics of Municipal Well Fields tn Los Alamos and Guaje Canyons, Near Los 
Alamos, New Mexico By R. L Cushman Pp. v+50+ plates 1-4 1 dollar. 
Water-Supply Paper 1809-I: Ground Water Pumpage and Water-Level 
Changes in the Milwaukee-Waukesha Area, Wisconsin, 1950-61. By J. H.- 
Green and R. D Hutchinson. Pp. iii+19+2 plates. Water-Supply Paper 
1809-J: Water-Resources Reconnaissance of the Ouachita Mountains, 
Arkanses. By Donald R. Albin Pp. hi+14+plate 1 45 cents. Water- 
Supply Paper 1809-M: Elimination of Thermal Stratification In Reservoirs 
and the Resulting Benefits, with special emphasis on Study of Lake Wohlford, 
California. By Gordon E Koberg and Maurice E. Ford, Jr. Pp. iv+28. 
15 cents. Water Enpply Paper 1809-N: Effects of Waste Water from A.B.C. 
Plant on the Hydrology of Glowegee Creek at West Milton, New York, 
1958-61. By F H. Pauszek and F H. Ruggles. Pp. iv+29 20 cents. 
(Washington, D ©.. Government Panong Office, 1965.) [411 

Annals of the New York Academy of Sciences Vol, 127, Article 1. Com- 
parative Cardiology. By A. M. Albina and 80 other authors. Pp. 1-876. 
(New York’ New York Academy of Sciences, 1965.) 7 511 

Smithsonian Miscellaneous Collections. Vol. 148, No. 6: Middle and Late 
Turonian Oysters of the Lopha Lugubris Group. By Erle G. Kaufmann. 
(Publication No. 4602.) Pp. i+92+8 plates. (Washington, D.C.. Smith- 
sonian Institution, 1965.) [511 

Canada: Department of Mines and Technical Surveys. Geological Survey 
of Canada. Bulletin 115: Chemical Analyses of Canadian Rocks, Minerals, 
and Ores, Compiled from the Records of the Geological Survey of Canada 
for the period 1846-1955. By J. A. Maxwell, K R. Dawson, Margaret E. 
Tomlinson, Dorothy M. E. Pocock and Diane Tetreault. Pp. 476. (Ottawa: 
Queen’s Printer, 1965.) 6 50 dollars. » [S11 

Records of the Australian Museum Vol. 26, No 15 (8rd March, 1965): 
Cestoda (Tetraphyllidea and Trypanorhyncha) from Marme Fishes of New 
South Wales. By E. S. Robinson. Pp. 341-848 (Sydney: The Australian 
Museum, 1965.) 2s. . [511 

Occasional Papers of the California Academy of Sciences. No. 50 SoD 
tember 15, 1065): A Review of Kittoma, a Genus of Diatoms. By A. L. 
Brigger and G.-Dallas Hanna. Pp. 10. Proceedings of the California 
Academy of Sciences, Fourth Series. Vol. 80, No. 12 (September 15, 1965): 
New Species of Plants from Baja Cahfornia, Mexico. By Prof. Ira L Wiggins 
A ian (6 plates). (San Francisco. California Academy of se AT 
1965. 

Bulletin of the Museum of Comparative Zoology, Harvard University. 
Vol. 184, No 4 (September 30, 1965}: The Species Bufo granulosus Spix 
Salientia: Bufonidae) and Its Geographic Variation. By José M. Gallardo. 

p. 107-1388. Vol. 134, No. 5 (September 30, 1965): The Mesopelagic Fishes 
Collected During Cruise 17 of the R/Y Chain, with a Method for Analysing ` 
Faunal Transects. By Richard H. Backus, Giles W Mead, Richard L. 
Haedrich and Alfred W. Ebeling. Pp. 139-157. (Cambridge, Mass.. Museum 
of Comparative Zoology, Harvard University, 1965.) as, [511 

Current. Tissue Culture Literature. a Key to the World Periodicals and 
Abstract Indexes, Vol 5, Nos. 1 and 2 (June 1, 1965). By Margaret R. 
Murray and Gertrude Kopech. Pp. 71. Annual subscription: 25 dollars. 
(New York, N.Y.. October House, Inc , 1965.) [511 
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Unicam SP800 Spectrophotometer 
with automation accessories 


Save operator time, increase speed 
and efficiency with Unicam 
automation for: 


ENZYME REACTION RATES 


LIQUID COLUMN 
CHROMATOGRAPHY 


ALL ROUTINE ULTRAVIOLET 
& VISIBLE SPECTROSCOPY 


Send for descriptive brochure. 





Among the many important applications for the 
Unicam SP800 Spectrophotometer none is a better 
example of its potential than the measurement of 
enzyme reaction rates. For this the Automation 
Accessories are vital components. Other widely 
acclaimed features are the Flat Bed Recorder, 
the Beam Balance Smoothing Cam and the unique 
Second Sample Position, all of which mark the 
SP800 as the outstanding U.V. and Visible 
Recording Spectrophotometer. The Automatic 
Equipment provides: 

AUTOMATIC interchange of up to 4 sample and 
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CONSERVING THE 


N impressive feature of the First Study Conference, 
“The Countryside in 1970”, held in November 1963, 
was the range of the papers presented and of the reports 
of its several working parties and panels. This is equally 
true of the Second Study Conference held in London 
during November 10-12, 1965 (see p. 1265 of this issue). 
Its twelve study groups, whose work was initiated and 
co-ordinated by the Nature Conservancy, covered the 
training and qualifications of planners; the training and 
quahfications of the professions concerned with land 
and water; technology in conservation; countryside 
planning practice; outdoor recreation, both active and 
passive; traffic and its impact on the countryside; 
legislation; the preservation of natural, historic and 
other treasures; information and the countryside; living 
and working in the countryside; and the reclamation and 
clearance of derelict land. One panel was specifically 
concerned with the planning and development of the 
countryside in Scotland. The membership of the panels 
was representative and authoritative. Mr. E. M. Nichol- 
son’s review of the preparatory studies they presented 
shows how thoroughly the problems considered were 
tackled and that particular attention was given to the 
selection of pnorities, to practicabilities and to timing in 
the light of further developments and enquiries since the 
previous conference. 

The thoroughness of the preparation for this Conference 
is unmistakable, not merely from this review of the pre- 
paratory studies, but equally from the terms of reference 
of the study groups. This constitutes a major distinction” 
from the First Conference two yeers ago, though it 1s 
possibly unfair to .over-emphasize the very hurried pre- 
paration for that first conference, as is done ın the review. 
Be that as ıt may, the first conference brought together 
for the first tıme many interested parties and made some 
advance towards a common understanding and a sense 
of common concern and a recognition of the opportunities 
for fuller co-operation. It did not lead to any adequate 
programme of action, and continuing reports in the 
interval from the Nature Conservancy and the National 
Parks Commission have indicated no decrease in their 
concern over particular threats to their responsibilities in 
the countryside. On the contrary, ıt has been substan- 
tiated by recommendations from the Town and Coun- 
try Planning Association, and by the call for a Buchanan 
code to protect the countryside which came recently from 
a conference on roads and traffic in the National Parks, 
organized by the Friends of the Lake District, at Buxton. 
The reaction. of the Botanical Society and the Northumber- 
land and Durham Naturalists’ Trust to the threat to 
Upper Teesdale inherent in the proposals of the 
Tees Valley and Cleveland Water Board, and very not- 
ably im the forthright report and newsletter, Septem- 
ber 1965, issued by the Friends of the Lake District, have 
also added weight to the recommendations of the First 
Conference. 

Throughout all this material there is a remarkable con- 
sensus of opmion as to the two critical needs of finance 
and of effective authority and power, failure in which 
respects has from the start imtensified defects in organ- 
ization that might otherwise have been less important or 
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insignificant. It is searcely surprising, however, that this 
consensus of opinion should be reflected so largely and 
authoritatively in the conclusions and recommendations 
which the study groups made to the Second Conference. 
This is the more significant in that, as Mr. Nicholson 
explains, the subjects which the study groups tackled 
were limited in number, and priority was accorded to 
problems on which several different interests and organ- 
izations were ready to work with some prospect of pro- 
ducing realistic ecneclusions which might command 
widespread acceptanze and thus be likely to be followed 
up effectively. Other factors which determmed the 
selection of problems were suitable tıming, the need for 
tackling issues of strategic importance for advances all 
along the line, the need to give the greatest possible 
impetus to improvec communications, and co-ordination 
of the many diverse efforts within a more coherent and 
gradually emerging national policy for the countryside. 
The emphasis is on a series of simultaneous practical 
advances, expressing a new attitude and enabling it to 
develop faster and further in future. 

Accordingly, this Second Study Conference began with 
an impressive stock of facts, of ideas and of well-considered 
proposals endorsed >y people of impressive experience 
widely representative of the leading interests concerned. 
As suggested already the varied and balanced member- 
ship of the study groups added greatly to the weight 
which their agreed reports could command on their in- 
herent merits. Mz. Nicholson is fully justified in 
claiming that it can no longer be said that nothing can 
be done pending further investigations, or that the whole 
matter 1s too controvarsial for agreement among the main 
parties to be practicacle. The main difficulty now appears 
to be not in reachirg agreement but in getting action 
taken on the established facts. 

Endorsement by the Conference of the proposals of the 
various study groups will create a new situation, in that 
the many and diverse interests in the countryside will 
have begun to come together, in something much larger 
than any of them, to ensure a fair and acceptable future 
for the countryside as a whole, within which each interest 
can find its place. If adequately sustained by public 
understanding and support, the new awareness, the new 
sense of common purvose and the new intimate contacts 
created by the Conference could maintain a new dynamic, 
leading to countless constructive actions, by individual or 
co-operative efforts. They must be supported, however, 
by vigorous and concprehensive measures in Parliament 
and by the provision cf adequate resources by the Govern- 
ment, and no public protestations by the Government 
will dispense with its responsibility for finding Parlia- 
mentary time in spite of the heavy pressure of business. 

Here may well lie the acid test of smcerity, and, wel- 
come as was the presence at the Conference of one of the 
Ministers concerned—the Minister of Land and Natural 
Resources—that test nas still to come. Its importance 1s 
demonstrated by the specific measures recommended for 
legislation not merely by the study group concerned with 
this aspect but also by those concerned with planning 
practice, the preservaczion of natural, historic and other 


national treasures and the Nuffield Enquiry into Common 
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Lands. They include, for example, the re-enactment, on 
a comprehensive basis in a new Town and Country 
Planning Act, of the so-called ‘amenity clause’, to be 
renamed the ‘conservation clause’, the removal of 
exemption from planning control of all ‘sites of special 
scientific interest’, and its modification in respect of 
agricultural and forestry buildings; the removal of any 
obligation for the Ministry of Agriculture to make plough- 
ing grants in respect of such sites, and conferment on the 
Nature Conservancy of powers to make agreements with, 
and payments to, their owners. Also proposed are an 
amending Act to the National Parks and Access to the 
Countryside Act, 1949, incorporating the proposals of the 
National Parks Commission, but with the major new 
provision that the Commission should be reconstituted 
with nation-wide responsibilities for conserving fine land- 
scape, co-ordinating surveys of outdoor recreation 
resources, designating a new category of “areas of special 
value for open-air recreation”, and for ensuring the 
development of use of these resources with due regard 
to conservation and other interests. There are more than 
a dozen further specific proposals, but in sum they amount 
to the creation out of the National Parks Commission of 
@ much stronger and more adequately supported (finan- 
cially and in other ways) Countryside Commission, armed 
with more comprehensive powers. 

These recommendations for legislation have been men- 
tioned in some detail because they indicate the funda- 
mental responsibility which rests on the Government and 
the key importance of adequate finance and of adequate 
powers if the Commission is to be effective. They also 
show that the Minister of Land and Natural Resources 
is only one of several Ministers directly involved and 
possibly not even the most important. Besides the 
Minister for Agriculture, those for Transport, for Power, 
for Housing and Local Government, for Education and 
Science, and for Technology, are deeply involved. Further- 
more, the position has not been made the easier for the 
Minister of Land and National Resources by some of the 
recent changes in the structure of Government. Time has 
still to show how they will work in practice, but ostensibly 
the Ministry appears to be 1ll-served in the vital matter 
of advice. While the National Parks Commission falls 
within his responsibility, the Nature Conservancy now 
enjoys special status as a statutory Committee of the 
Natural Environment Research Council, which together 
with the other Research Councils falls within the Depart- 
ment of Education and Science. 

The scientists working with the Nature Conservancy do 
not appear to be unduly disturbed by the change, and it 
is the quality of the advice on which the Minister appears 
to be relying that calls attention to the fact that a logical 
place for the Natural Environment Research Council 
would be within his Ministry. This weakness has, how- 
ever, been highlighted by the Minister’s own statement 
to the Second Conference, ‘““The Countryside in 1970”, and 
by the ineptitude of the second annual report of the 
Water Board, which was pubbshed by the Minister within 
a week of the Study Conference. Mr. Willey can surely 
not be unaware that his Ministry has already been strongly 
criticized, and not just by political opponents, for being 
unresourceful. He might have been expected to be on his 
guard against any further such charge, particularly as, 
when questioned in the House of Commons on November 1, 
he said that he hoped to indicate to the Conference the 
lines along which the Government was thinking. He had 
also stated on that occasion that due account would be 
taken of the reswlts of the Conference and of the informal 
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consultations with representatives of the local authorities 
before submitting proposals to Parliament. 

This was repeated by Mr. Willey ın his statement to 
the Conference on November 12, but although he also said 
that he had been most impressed by what he had seen 
of the work leading up to the Conference, his statement 
gave no indication that either he or his advisers had paid 
any attention to that work or even to the results of the 
First Study Conference or to the present representatives 
of the Nature Conservancy or the National Parks Com- 
mission in their latest annual reports. The review of the 
work of the study groups was available at a press con- 
ference on November 3 and presumably to the Minister's 
advisers also, but there was no hint in his remarks that 
the crucial issues were recognized, either as presented 
there or in the many reports coming from other bodies. 

Tt is in all these circumstances that the Minister’s state- 
ment should be considered, and it says much for the 
restraint and good manners of the Conference that bis 
statement should have been received without violent 
protest. Either Mr. Willey did not trouble to examine 
the evidence submitted to him, or he failed to appreciate 
the significant ıssues, for all that they have been clearly 
and emphatically reiterated in successive reports from 
the Nature Conservancy, the National Parks Commission 
and other bodies, independently of those coming from the 
working groups of the Conference itself. 

The Minister’s statement begins with the admission 
that Britain is now in a new situation which could not 
have been foreseen in 1949. His assertion that the National 
Parks Act of 1949 has been singularly effective in securing 
its objectives is certainly open to question. He admits, 
also, that there 1s a general consensus of opinion on the 
need for change, but that the Government is concerned. 
merely to find the largest common measure of agreement 
on what ought to be done now and to limit its action to 
measures already long overdue, dealing with matters 
where continued inaction is causing harm. Even within 
this frame of reference, his statement is self-condemning: 
he limits his proposals to the care of the countryside and 
its enjoyment by the general public. By excluding con- 
sideration of the system of planning control and of the 
provision of the increase in financial support, which all 
are agreed is imperative, his proposals are ineffective and. 
unworthy of serious positive discussion. 

This is demonstrated by the paragraph which ex- 
pressly excludes any major change in the admunistrative 
structure of the National Parks. In its endeavour to 
secure the co-operation of the local authorities to develop 
the National Parks, which undoubtedly is a cardinal con- 
dition of success, the Government omitted to write into 
the 1949 Act the establishment, for-each Park, of a fully 
independent Planning Board, even when the Park lay 
within the area of several local authorities. Although, 
notably in the Peak District, this arrangement has some- 
times worked surprisingly well, it was recognized from 
the start to be an administrative weakness, which was 
intensified by the failure to provide adequate financial 
support from national resources. This fundamental weak- 
ness was revealed in a glaring anomaly during the Man- 
chester Water Inquiry, to which the report and newsletter 
of the Friends of the Lake District directed attention. 
Although the Lake District National Park Planning Board 
was whole-heartedly against Manchester’s proposals, none 
of the Board’s three planning officers was called to give 
evidence at the Inquiry in support of the Board’s policy. 
These three planning officers are on the staffs of the 
three County Councils constituting the Board, and because 
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the county authorities differed ın their opposition or 
objection to the proposed Order, none of the officers was 
called. - 

This example alone demonstrates the absurdity of 
taking seriously any legislative proposals which do not 
remove such a long-standing anomaly and provide the 
Planning Boards with their own planning officers, if not 
complete autonomy. Mr. Willey, however, appears to 
favour the continuance of the system of Joint Planning 
Boards where more than one county is mvolved. Although 
this system is fraught with weaknesses and drawbacks, 
he now proposes to extend the responsibilities of the 
Boards. Even on the financial side, he offers no more 
than that tho additional administrative expenses directly 
involved in creating new facilities or improving the land- 
scape should qualify for grant aid. The fundamental 
point is ignored that national issues and national respon- 
sibilities should be a prime charge on national resources 
and not, as at present, on local authorities, the financial 
resources of which are, in the nature of things, among the 
most limited of all the County Councils. Not even 
the legislative question, which was so clearly set out 
by a special study group of the Conference, is consid- 
ered. 

It is this context that renders the Minister’s statement 
and its proposals so derisory. He cannot even claim that 
his major proposal that the National Parks Commission 
should be reconstituted as a Countryside Commission with 
& new function of encouraging the provision of oppor- 
tunities for enjoying the countryside generally has the 
support of the study groups of the “Countryside in 1970” 
Conference. The Countryside Commission there recom- 
mended would be much stronger and more adequately 
supported than the National Parks Commission and 
would be armed with more comprehensive powers and 
with effective administration at both national and local 
levels. These qualifications, which refer explicitly to 
legislative action, cannot be ignored without destroying 
the basis of the whole proposal. 

Mr. Wuley’s concept of ‘Country Parks’, to be created 
by local suthorities with Exchequer assistance in the 
countryside or on the coast, seems to pay no attention to 
the fundamental and vital issues on which urgent action 
is imperative ıf much of the countryside is not to be 
irreparably destroyed; this applies as much to the country 
parks now proposed as to the national parks and nature 
reserves. Nor does he show any wide vision, or deeper 
understanding, when he refers to forestry, to reservoirs, 
or to waterways. He promises that the Government will 
examine the findings of the report of the British Water- 
ways Board on the future of the waterways, with reference 
to preserving for recreation and amenity those waterways 
which are no longer of importance for transport and 
commercial use; however, he gives no hint that the im- 
portance of waterways as a national resource in transport 
is generally appreciated. Even on derelict land and eye- 
sores he says no more than that the Government has in 
mind legislation providing that expenditure by local 
authorities on derelict land should qualify for Exchequer 
aid, and that a programme should be drawn up, by con- 
sultation between the Countryside Commission and local 
authorities, to deal with places where removal of eyesores 
18 specially urgent and where expenditure could restore a 
landscape of great attractiveness. 

On traffic, Mr. Willey said that the powers in the 1949 
Act to regulate road traffic in National Parks-were out of 
date, and that it was proposed to amend the Act to bring 
these powers into Ime with the present needs of the 
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National Parks and to apply them, where necessary, to 
the Country Parks. In spite, however, of the wide and 
growing support for the policy of the Friends of the Lake 
District, who have urzed the Minister of Transport and 
the Minister of Housing and Local Government to com- 
mission @ species of rural Buchanan report on the traffic 
problems of National Parks, Mr. Willey gave no hint of 
any check to the pres=nt process of piecemeal ‘improve- 
ment’ and lack of consultation. The closure of the passenger 
train services between Ulverston and Lakeside, mean- 
while, not only sacrifices an opportunity to relieve road 
congestion but aggravates the present severe congestion. 
on the reads in the Lake District. 

Mr. Willey made more encouraging remarks about the 
creation of long-distance footpaths and public access to 
open country, and hirted at the possibility of lepislation 
to improve the situation. His Ministry is also considering 
the better use of our common land without waiting for 
further legislation, the lines of which are also being con- 
sidered. He referred also to the need for further research 
into potential demancs, and into the techniques of con- 
servation and management, but, apart from the points 
already noted, the trend of the statement raises doubts 
as to how well the Minister is served by his advisers. 
These doubts are intensified by the recent annual report 
from his Water Resocrces Board, as well as by the un- 
satisfactory reply of the Secretary of State for Scotland 
to a recent question in the House of Commons regarding 
the feasibility study o the Solway Firth Barrage scheme. 
The Water Resourcee Board is itself in charge of the 
feasibility studies for the Morecambe and Solway barrage 
schemes and ıt was presumably on its advice that Mr. 
Wuley based his reply. Even in its narrow view of them 
as potential sources of water supply, it appears to be far 
behind the times and unaware of the advice of the Nature 
Conservancy against locating resources in the hills and 
tapping water at the scurce. The advantages in transport, 
land reclamation, power and economics generally are 
ignored, not to menticn the overriding importance of the 
results of such investigations being available at the earliest 
possible date if censured and unjustifiable decisions are to 
be avoided. The Board’s shallow and obsolete thinking 
on the economic benefts of barrage schemes is paralleled 
by its inept remarks about the national parks. 

These doubts are scarcely dispelled by the reply which 
Lord Mitchison, Joins Parliamentary Secretary to the 
Ministry of Land ani National Resources, gave to a 
question in the House >f Lords on November 16 regarding 
the feasibility survey of the Morecambe Bay Barrage 
scheme. Lord Mitchison said that the preliminary study 
now authorized to disover the quantity of water likely 
to be made available, she best way of making it potable, 
and the probable cost of making it available for use where 
required would take about 6 months and was unlikely to 
cost more than £16,000. The proposals for feasibility 
stucies had been estimated by the consultants in July as 
costing £324,000 in tha present and 3 subsequent years, 
or £80,000, £100,000, £90,000 and £54,000 in 1965, 1966, 
1967 and 1968, respectively. 

Lord Mitchison’s resly makes nonsense of the reason 
given by Mr. W. Ross on November 3 for not proceeding 
with the full-scale trials immediately, and only brings to 
bear on the Secretary of State for Scotland the same 
criticisms which have already been made against the 
Minister of Land and Natural Resources. Whatever the 
extent to which his advisers have failed him, he cannot 
be entirely absolved fram responsibility. He must, indeed, 
ask some of them to tiink again and quickly—especially 
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the Water Resources Board-—for there is a strong case 
for bringing in others with a wider outlook and keener 
appreciation of the possibilities that exist to-day, alike 
for the utilzation and the preservation of natural re- 
sources. Seldom, however, can a Cabinet Minister have 
confronted a meeting of the standing and authority of 
the Second Study Conference “The Countryside in 1970” 
with a brief so ill-prepared and irrelevant to the critical 
issues. For his own sake, to clear himself of the charge of 
incompetence and neglect, Mr. Willey must do some rapid 
and hard thinking before he prepares and presents his 
promised White Paper, or Parliament and the nation will 
be entitled to demand a change not merely of advisers 
but of Minister. 


THE ROCKEFELLER INSTITUTE UNTIL 
1953 


A History of the Rockefeller Institute 1901-1953 
Origins and Growth. By Dr. George W. Corner. Pp. 
635+ 41 illustrations. (New York City: The Rockefeller 
Institute Press, 1965.) n.p. 


OR students of the history of science in the twentieth 
century A Hostory of the Rockefeller Institute 1901- 
1953 should be obligatory reading. For all of us who like 
to be reminded of great advances made in our life-time. 
it tells a fascinating story ın which different parts of the 
puzzle are gradually fitted together to reveal a coherent 
picture. Dr. Corner has written a masterly account of a 
great Research Institute which was founded in New 
York in 1901 and has been intimately concerned with the 
spectacular advance of the ‘life sciences’ 1n recent years. 
He is an author distinguished for his scientific work as well 
as for his writing He can describe the wide range of 
problems investigated at the Rockefeller Institute, with- 
out confusing us by the technical language of pathology, 
bacteriology, immunology and biochemistry, and he can 
interest us in the men as well as in their achievements 
The typography and illustrations are worthy of the 
contents. 

The Rockefeller Institute deserves such a volume, for ıt 
has played an essential part in the development of the 
natural sciences in the United States and of medical and 
biological science everywhere. The names of those who 
worked there and the subjects of their research recall 
many of the major advances in medical science in this 
century. It is of great interest, too, to learn how the 
Institute came to be founded, how its particular organiza- 
tion has suited different periods and different types of 
problem and of investigator, how ıt fared in the two groat 
wars and how 1t has faced the recent expansion of scientific 
research and the tendency to substitute the team for the 
individual worker. In fact, Dr. Corner’s history has 
lessons for all who may be concerned in the advance and 
the application of scientific knowledge, by research and by 
teaching, and under the aegis of Governments, universities 
or private institutions. 

The Institute was founded by John D. Rockefeller, 
senior, advised by his almoner, Frederick Gates, and by 
his son, John D. Rockefeller, junior. Gates had been a 
Baptist mimster for eight years and had then shown his 
great talents for organization as secretary of the Baptist 
Education Society. He came to Mr. Rockefeller in 1891, 
and soon acquired a poor opinion of current medical 
practice, of the efficacy of the medicines which were 
prescribed and of the theories on which they were based 
(whether by homeopaths or allopaths) He found that most 
of the medical schools in the United States had nothing to 
match the active research going on in universities or 
institutes in Europe. Here, then, was an opportunity for 
Mr. Rockefeller to use his great wealth in a most worthy 

e 


NATURE 


December 25, 1965 


cause, for the relief of pam and sickness in the United 
States and throughout the world. 

The proposal was accepted m 1901 and it was only 
natural to seek the help of Dr. Welch of Baltimore, already’ 
recognized, as the leading authority on medical science 
and scientists in the United States. A board of directors 
was set up in 1902 and one of them, Simon Flexner, 
was made director of the Institute. There was still a farm 
of 13 acres for sale in the heart of New York beside the 
East River. It was bought for 650,000 dollars to provide 
a site for the permanent buildings: they were started ın 
1904 and Flexner began work in that year in temporary 
laboratories with the group of scientists he had collected 
with Welch’s advice. It included Opie, Meltzer, Noguchi 
and Levene the biochemist, with some able people in 
junior posts and several voluntary workers, including 
Auer and Newton Richards. 

Flexner made no attempt to follow the continental 
pattern of a research institute occupied exclusively on one 
kind of investigation. Hus staff were free to choose their 
own problems. Noguchi investigated snake venoms, 
Levene identified and analysed nucleic acids, Flexner 
worked on bacillary dysentery and on an epithelhal tumour 
which he and Jobling had found in a rat and were able to 
transplant from one rat to another; he was soon to be 
widely recognized as the author of an improvement 
in the treatment of cerebro-spinal meningitis. 

The new building, opened in 1906, had rooms for more 
men m the senior posts. Flexner and his advisers 
appointed Alexis Carrel, already well known for his 
successful vascular surgery, and Jacques Loeb, who came 
in 1910 to start a division of experimental biology. Mean- 
while, the poliomyelitis epidemic in New York in 1907 
had led Flexner to search for the source of infection, and 
in 1909, following a clue discovered by Landsteiner in 
Vienna, Flexner and his assistant, Lewis, succeeded first 
in infecting monkeys with material from fatal human 
cases and then in showing that the infectious substance 
could be drawn through a Berkefeld filter without losing 
its potency; that in fact 1t must be what is described as a 
filterable virus. Landstemer and Levaditi made the same 
important discovery only a few days after Flexner and 
Lewis. It was not long before other discoveries were 
announced, for in 1910 Noguchi succeeded in detecting the 
spirochaete of syphilis in the brain and cord of patients 
with Tabes and general paresis, and Peyton Rous, 
appointed in 1909, found a transmissible chicken sarcoma 
which was caused by a filter-passing virus. In the same 
year the Hospital of the Institute was opened with a 
group of able young residents and a programme of research 
into five diseases: poliomyelitis, lobar pneumonia, syphilis, 
heart disease and ‘intestinal infantilism’ (coeliac disease). 
Judged by 1ts immediate effects cn the treatment of these 
diseases, the work done at the hospital may seem unre- 
warding, but we can now realize that some of 1t has played 
an essential part in the general advance 

- The story of the attack on lobar pneumonia could, in 
fact, be used to point a variety of morals. It seemed for 
a time to be a story of wasted effort, when pneumonia 
could be cured by the use of antibiotics, but much of it 
can now be seen as having led to, or at least given strong 
support to, some of the recent developments of molecular 
biology 

The chemical investigation of the pneumococcus, con- 
ducted by Avery and his associates, showed that the 
immune reactions of the four known types of pneumococ- 
cus depend on the presence of particular polysaccharides 
in the capsule of the bacterium In 1928, however, 1t was 
reported by Griffith in England that a harmless strain of 
living pneumococci became virulent when placed m 
contact with the dead remains of a virulent strain Avery 
and his group found that the transforming agent appeared 
in a cell-free extract of the dead bacteria. By systematic 
fractionation they arrived at a practically pure substance 
of very high potency and this, in the end, proved to be a 
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nucleic acid of a type already studied at the Institute by 
Landsteiner and Jacobs and identified as deoxyribonucleic 
acid (DNA). It seemed, therefore, that a nucleic acid 
‘could be the effective agent in inducing heritable changes 
in a living orgamsm, and, since this work was done, many 
investigators have shown that DNA is present in the 
chromosomes of higher animals and is a constant ingredient 
in the genes. 

Avery’s work on the pneumococcus was not completed 
until after his retirement in 1943, but much earlier the 
Rockefeller Institute had set up a branch at Princeton 
for the study of animal diseases, and here another chapter 
of the nucleic acid story had been added by J. H. Northrop 
and Wendell Stanley (who shared a Nobel Prize for it in 
1946). Northrop had studied the chemistry of enzymes 
and found methods of crystallizing and purifying them. 
In. 1936 he turned to the bacteriophages and was able to 
isolate a highly purified nucleoprotein which would invade 
a culture of streptococci and ultimately destroy it. He 
found that his phage material was actually a nucleo- 
protein containing ribonucleic acid, and it is now agreed 
that the bacteriophages are aggregates of nucleoproteims 
which replicate their substance by drawmg on the host 
bacteria for the necessary ingredients. By that time 
Stanley, also at Princeton, had already succeeded in 
obtaining crystals of the tobacco mosaic virus and in 
showing that they were formed of some kind of protein 
molecules of very high molecular weight. Within a few 
years, Bawden and Pirie had shown that the active sub- 
stance was not a simple protein but a nucleoprotein, with 
a nucleic acid fraction containing ribose. 

These researches have helped to build up the present: 
conception of living matter and the story of DNA and 
RNA, familiar to every schoolboy but still a wonder to 
his teachers. They have done so by introducing new 
techniques as well as by the facts they have established. 
But the Institute has many other investigations to its 
credit. Dr. Corner gives a full account of these and is able 
to show how the whole research programme of the Insti- 
tute was helped by the progress in. different departments. 
The two World Wars have chapters to themselves, with 
accounts of research on blood and blood substitutes, wound 
infection, shock and anti-malarial drugs. Another 
chapter deals with the retirement of Simon Flexner 
from his position as director in 1935 and the appointment 
of Herbert Gasser to succeed him. Dr. Corner’s account 
of these two able and devoted scientists will show the 
reader why both were so well supported by their staff. 
Gasser’s appointment came at a time when the effects of 
the Depression ruled out a policy of further expansion, 
but his many friends will be glad to realize how much was 
achieved in many fields of research under his direction. 
His retirement in 1953 brings Dr. Corner’s history of the 
Institute to a close. It is a fine history: the world should 
be grateful to Mr. Rockefeller and to those who helped 
him to found and to run his Institute. It has mereased 
our understanding of living things. The University 
which it has now become 1s increasing 1% still further and 
we can be sure that it will continue to do so. ADRIAN 


EXPANDING* HORIZONS IN 
OPERATIONAL RESEARCH 


Proceedings of the 3rd International Conference on 
Operational Research, Oslo 1963 

Edited by G. Kreweras and G. Morlat. Pp. xiv+ 952. 

(London: English Universities Press, Ltd.; Paris: Dunod, 

1964.) 130s. 


i ie is scarcely possible to mention operational research 
in general conversation without provoking the question 
“What is operational research and what does it do ?” 
Many people will identify operational research with 
management science, but usually only a few well-informed 


NATURE 


1245 


individuals will be able-to distinguish ıt clearly from other 
branches of management science or to identify areas of 
research or types of problem to which the techniques of 
operational research can be applied. 

Lhe publication of the Proceedings of the 3rd Inter- 
natonal Conference or Operational Research, Oslo, 1963, 
may help to extend acquaintance with the subject among 
those who are not yet familiar with it. The book is 
intended primarily for the operational research specialist, 
both as a report of the conference and as a work of refer- 
ence, but it also provides a wealth of informative reading 
for workers ın other felds who are aware of the mmpact 
of operational research.and who wish to keep abreast of the 
most recent developments. The volume runs to 982 
closely printed pages and contais the text of more than 
80 papers presented at the conference and reports of 
discussion. The international character of the conference: 
is borne out by papers from fourteen different countries 
but the tendency for such conferences to be dominated by 
one or two countries remains. In this case more than half 
the papers came from the United States, France and Great 
Britain. ý 

Operational research is characterized by the'application 
of mathematical techniques to management problems. 
It is therefore not surprising to find an appreciable 
mathematical content in the book, but this should not 
deter the non-mathematician from reading it. Only a 
few of the sessions were devoted to specialized mathe- 
matical topics, while the greater part of the conference 
was devoted to the application of operational research in a 
great variety of civil, ezonomic and social problems. One 
does not have to be a mathematician to appreciate this 
publication. 

There is said to be s firm of operational research con- 
sultants whose definition of the subject is: “If we do ıt, it 
is operational researcnr”. This might have been the 
principle adopted by she organizers of this conference, 
for not only were there papers on well-established areas of 
operational research activity such as programming, 
scheduling, simulation, and forecasting, but also on less 
familiar operational research topics such as public health, 
traffic, research planning, long-term investment, national 
planning, agriculture and forestry and social organization. 
For this reason the book should appeal to a much wider 
readership than the specialist in operational research. 
It will serve to help workers in other fields to formulate 
their own empirical definition of operational research 
and to inform them >f the impact which operational 
research is likely to make on their problems. The book 
should certainly appear as a reference work on the shelves 
of hbraries catering for a great variety of interests. 

In reviewmg a book bf this sort it 1s impossible to deal 
with the subject-matter and treatment of all the individual 
papers in sufficient dezail to do each one justice. Also 
it is difficult to find ar mmpartial basis for sampling the 
contents. In a review eddressed to scientists 1t may prove 
acceptable to discuss ənly those papers presented at a 
session on “Research Planning” since this is a topic in 
which all scientists have an interest. 

In the first of these papers, Eric Rhenman (Sweden) 
discusses the theories of planning and decision-making 
and observes that the nost refined methods have only been 
applied to simple routine decisions, and not in important 
complex situations. Ee suggests a reason for this and 
urges closer contact wish the emerging modern theory of 
orgamization.. He warns operational research workers 
against the danger of attempting to derive algorithms 
when the problems are too complex for an analyt- 
ical solution, and recommends an examination of the 
heuristics of practising research managers. In a much 
more mathematical peper, H. Theil (The Netherlands) 
makes a mathematical analysis of an idealized situation 
and considers the interplay of a decision-maker and 
research manager, when the goal of the former is to 
maximize a quadratic objective subject to linear con- 
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straints. In a paper by B. V. Dean (United States), on 
group research as an educational tool, the author discusses 
the advantages and disadvantages of group research (as 
distinct from research done by individual students). This 
will be of special interest to educationalists and others 
responsible for planning courses in which some form of 
applied research is an essential part of the curriculum. 
K. W. Webb (United States) reports on an exploratory 
operational research study of the United States national 
oceanographic programme, and makes the point that the 
experience that operational research has gained in the 
field of industrial management can be applied to good 
effect in the field of national management. He makes 
specific recommendations for work of an operational 
research nature to be continued in certain specific fields of 
oceanographic research. Perhaps one of his most impor- 
tant recommendations relates to the setting up of a scienti- 
fic information system, with special attention to the 
information explosion that will take place because of 
continuous recording devices and sensor satellites. A 
paper by A. H. Rubenstein and M. Radnor (United States) 
deals with an investigation of the organization of research 
and development in decentralized companies and focuses 
attention on the relationship between top management 
and divisional management in the area of research and 
planning. Data from two field studies are presented. 
Finally, there is a paper by B. T. Price (United Kingdom) 
on the national control of scientific and technical resources, 
which takes the form of a contribution by someone who has 
not specialized in operational research, but wishes to find 
out whether it can help in the difficult problem of managing 
research and development at Government level. 

This small sample of the subject-matter and content of 
papers presented at the conference should serve to attract 
the interest of scientists who are not directly concerned 
with operational research. S. J. MORRISON 


SHAPE AND ARRANGEMENT IN 
LIPIDS 


The Structure of Lipids by Spectroscopic and X-ray 
Techniques 

By D. Chapman. Pp. xu + 323. 

Co., Ltd- 1965.) 63s. net. 


T has frequently been observed that the investigation 
of lipids, once carried out by only a few patient in- 
vestigators, has been revolutionized during the past ten 
years by the application of chromatographic techniques 
in general and of thin-layer and gas-liquid chromato- 
graphy in particular. These procedures have solved many 
of the problems of separation and isolation which all lipid 
investigators have to face, and in recent years rapid 
advances have been made on problems where progress 
had been slow and a beginning has been made on problems 
which previously could not be started. These important 
developments must not be allowed to overshadow the less 
spectacular, but nevertheless important, developments 
recently made in our understanding of the shape and 
arrangement of the fascinating Lpid molecules in erystals 
and in biological systems. Dr. D. Chapman has con- 
tributed to these advances and is well placed to describe 
for us the present situation. 

Though it is now possible to isolate a lipid ın a relatively 
pure state and to determine its structure and fatty-acid 
composition without too much difficulty, this tells us 
little about the arrangement of lipid molecules zn vitro 
or in vivo systems, and advances in this area have devel- 
oped from the application of those spectroscopic and 
X-ray methods which occupy the greater part of The 
Structure of Lipids by Spectroscopic and X-ray Techniques. 
It is made clear that there remain large areas of uncer- 
tainty and ignorance. This follows, for example, from the 
comparison between what is known about the long-chain 
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acids and thew simple glycerides and the paucity of 
information concerning the more complex lipids. It is, 
of course, in the nature of science to start with simple 
and controllable systems, and to move from these to more 
complicated systems. Dr. Chapman has placed us in his 
debt by summarizing so effectively the answers to the 
simpler (relatively speaking) questions and by indicating 
the more difficult questions which still have to be solved. 
It is to be hoped that he will provide a sequel when 
further advances have been made. 

After a brief chapter outlining the field of lipids, Chap- 
ter 2 (29 pp.) is devoted to the major separation techniques, 
including the use of the ultracentrifuge for lipoproteins, 
counter-current distribution, and the usual battery of 
chromatographic procedures. It seems to me that this 
chapter could have been omitted without serious loss. 
Apart from the final chapter (“Future Developments and 
Other Techniques”, 5 pp.), the remainder of the book 
consists of six chapters covering the use of five spectro- 
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-scopic techniques and of X-ray crystallography. The 


space given to each topic (ultra-violet spectroscopy, 15 pp.; 
infra-red and Raman spectroscopy, 81 pp.; mass spectro- 
metry, 47 pp.; nuclear magnetic resonance spectroscopy, 
48 pp.; electron spin resonance spectroscopy, 13 pp.; 
and X-ray diffraction, 95 pp.) reflects the present-day 
value of these various techniques. In each of these chap- 
ters a description of the basic theory 1s followed by a 
brief account of the experimental technique. Thereafter 
its application to carboxylic acids and related aliphatic 
compounds, glycerides, and, where relevant, sterol esters, 
phospholipids and other complex lipids, is deseribed. 
Figures and tables are liberally distributed throughout 
the book and add considerably to its value. Selected 
references are given at the end of each chapter and the 
index seems adequate but not over-long. Only a few 
minor errors were noted. Thore is no doubt in my mind 
that this is a valuable addition to lıpid literature which 
chemists, biologists and medical men wil] want to have 
and will consult frequently. F. D. GUNSTONE 


COGNITIVE DEVELOPMENT OF THE 
YOUNG CHILD 


The Early Growth of Logic in the Child 

Classification and Seriation. By Bärbel Inhelder and 
Jean Piaget. Translated from the French by E. A. 
Lunzer and D. Papert. Pp. xxv+302. (London: Rout- 
ledge and Kegan Paul, Ltd., 1964.) 40s. net. 


HE gulf which, for forty years, has separated the work 

of Jean Piaget from the mainstream of psychological 
thought in the United States and in Britain is at last 
being bridged. Evidence of this is to be found in the 
new books which are appearing in Britain and in the 
United States, summarizing Piaget’s work so far and 
attempting to synthesize it with recent developments in 
American and British psychology; and in- Piaget’s 
attempt to take account of the objections which are 
commonly, if sometimes rather uncomprehendirgly, made 
to his methodology. 

In such a context, translations of recent books by 
Piaget are to be-welcomed, especially when the translation 
is of an unusually high standard and the book itself makes 
an important contribution to Piaget’s theory of cognitive 
development. Not that The Early Growth of Logic in the 
Child is an easy book to read, even in its elegant transla- 
tion. Nor does it make a good introduction to Piaget’s 
work. (It is far too specialized for that, and the recent 
American texts by J. MeV. Hunt and J. H. Flaveli— 
read in that order—make a better introduction than 
anything written by Piaget himself.) But it is an impor- 
tant book since it provides a highly detailed description 
and explanation of the ways in which, according to Piaget, 
the logical processes of classification and seriation develop 
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in the young child: processes which are central to the 
attainment of the concept of number. 

Piaget’s orientation is a developmental one (or, as 16 is 
often termed, rather misleadingly, ‘genetic’). He takes 
the position—contrary to that of American developmental 
psychologists such as Gesell—that, at any stage of 
development, abilities can be fully understood only by 
referring to their growth out of behaviour at an earlier 
stage. Thus, in the systematic errors, failurcs and omis- 
sions of the younger child are to be discovered the begin- 
nings of the mechanism (or ‘structure’) which eventually 
enables the child to classify and tó seriate without ‘trial 
and error’: abilities which are so facile in the average 
seven-year-old as to delude many non-Piagetians into 
taking them as given. 

In their preface to the present book, Piaget and 
Inhelder imply that a reading of the conclusions section 
18 virtually all that is required. “The main body of the 
work can be consulted as he [the reader] thinks fit, to 
find the justification for this argument or that. Finally 
(but only if he feels obliged to read the whole) he may 
turn to the mtroduction, to find out why these problems 
have been chosen.” Even for the reader experienced ın 
Piaget’s writings, such a course of action 1s, I think, 
scarcely feasible. Piaget’s habitual failure to define new 
terms in the appropriate place sees to that. (A fortiori, 
the reader new to Piaget will find that many terms 
peculiar to the system are defined only in the author’s 
earlier texts.) Nevertheless, it might be wise to read the 
conclusions as a preliminary to tackling the main body 
of the work since expermmental evidence on a number of 
investigations 1s presented in enormous detail. 

A summary of these experimental studies is, of course, 
beyond the scope of a review such as this. Piaget and 
Inhelder not only trace the development of simple 
classification and seriation more thoroughly than any 
previous investigator but also investigate in detail the 
ability to deal with complementary classes, multiplicative 
classification. (matrices) and multiple seriation. In each 
of these studies (most of which are broken down into a 
number of sub-problems) Piaget and Inhelder display 
considerable ingenuity in providing the child with 
meaningful problems which require physical manipulation 
for their solution and hence avoid the dangers inherent 
in relying on a merely verbal response. 

One of the features of this book is that in ıt Piaget for 
the first time represents his findings in the form of 
statistical tables. This 1s certainly an 1mprovement on 
the previous texts, in which it was impossible to tell how 
many cases Piaget had mvestigated before drawing his 
conclusions. But this mnovation is—or should be—a 
long way from satisfying Piaget’s critics. Just as many 
of them have failed to see the need to derive their hypo- 
theses by first looking to see what is actually there (that 
is, Piaget’s clinical technique), so Piaget still fails to come 
to grips with their basic criticism, the need for proper 
statistical tests of clinically derived hypotheses as distinct 
from the merely descriptive statistics contaimed in the 
book. Meanwhile, The Early Growth of Logic in the Child 
provides for those research workers such as Smedslund 
and Lovell, who are already attempting such a pro- 
gramme of testing, an unparalleled source of hypotheses 
concerning the development of classification and seriation. 

J. H. Durum 
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SEROTONIN 


Serotonin 

By Prof. 8. Garattinı and Prof. L. Valzellı. Pp. x+ 392. 

(Amsterdam, London and New York: Elsevier Publishing 

Company, 1965.) 140s. 

Soe IN is a comprehensive review of the available 
literature on serotonin, an amine usually referred to 


as 5-hydroxytryptamine in most scientific journals. As 
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such, it is a fine reference book which should be on the 
shelves of all who work with biogenic amines. Although 
serotonin was only truly discovered and synthesized about 
fifteen years ago, no fewer than three thousand six 
hundred literature refsrences are included in this volume. 
Not only that—the book contains more than 30 tables in 
which are given the serotonin concentrations in various 
animal and vegetable tissues. The appendixes are also 
extenstve—the first, cn the distribution of the amine in 
Nature, occupies 30 pages; the second and third, on the 
effects of drugs and various treatments in relation to 
amine levels in animals, cover nearly 60 pages; the fourth, 
on drugs affecting the actions of serotonin, is contamed in 
16 pages; while the fith (a very useful one) describes in 
20 pages the distribusion of many amines and enzymes 
forming or inactivating them in various parts of the brain 
of different animal species. 

The first part of tae book covers the biochemistry, 
physiological behaviour; localization and turnover of 
serotonin, and the pharmacology of the amine is contained 
in the second part. After reading the text, one has the. 
impression that the authors have attempted to be critical 
in several sections; yes in other chapters this approach is 
entirely lacking and tre reader is left bewildered by the 
mass of confused reports on a particular subject. Further, 
although the presence of serotonin in the nervous system 
is undoubtedly important, this should not completely 
overshadow the fact shat serotonin and its metabolism 
are vitally concerned in the patient with a carcinoid 
tumour and even in the normal process of peristalsis. 

The production of sach a vast volume of data on sero- 
tonin has been no easy task, so one must not comment too 
much on presentation. However, references are sometimes 
confusing to the reader—for example, the reference 
numbers are in large size print in the tables yet in the text 
they appear as small upgrades. And this is not all the 
story, as reference numbers also appear in large size print 
in the text. An example is on page 112, lines 13 and 14, 
where reference 214 appears twice, each in a different 
form. It is more complicated when many reference 
numbers are listed (æ on page 214, lines 12-14), and 
suggests that consistency has not been considered in this 
respect. 

The book is printed in The Netherlands and is published 
on good paper. It wil remain the major reference book 
on serotonin for some time to come. G. B. Wrst 
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FIBRINOLYSIS 


Fibrinolysis 
By George R. Fearnley. Pp. xii+ 191. (London: Edward 
Arnold (Publishers), Lid., 1965.) 35s. net. 


OLLOWING a lengthy period in the scientific wilder- 
ness, the fibrinolytic enzyme system now attracts 
the interest of biochemist, physiologist, pathologist, 
and physician. The resultant voluminous literature is 
scattered over a multitude of scientific journals covering 
a variety of disciplines. A monograph on fibrinolysis is 
therefore timely. The crescendo of interest in the fibrino- 
lytic system would noz be surprising if its function were 
so well-defined as that of the coagulation system. Its 
exact physiological role remains speculative, however, 
despite an accumulation of information on many of its 
facets. Its possible rolə in the prevention of fibrin deposi- 
tion in blood vessels 13 one of the major reasons for the 
interest of the clinician in fibrinolysis and, as a clinician. 
the author has orientased his monograph, Fibrinolysis, in 
this direction. 

After an account of the known components of the 
fibrinolytic system and their inter-relationships, the 
author discusses the methods used to assess overall blood 
fibrinolytic activity and the measurement of the individual 


components of the system. There follows an account of 
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the mechanism whereby the fibrinolytic system may re- 
move deposited fibrin, and a discussion on the relatıon- 
Ship between fibrinolysis and occlusive vascular disease. 
The changes in blood fibrinolytic activity produced by 
exercise, stress, fat meals, etc., are described. It may be 
argued that much of the quoted work in this section and, 
indeed, throughout the book has methodological’ weak- 
nesses, but there can be little doubt that the use of these 
methods has contributed to knowledge about fibrinolysis. 
As the author says, “they are the tools of clinical-rather 
than of fundamental research”. There is a persuasive 
argument for the use of pharmacological enhancement of 
blood fibrinolytic activity in the treatment of thrombo- 
embolic disease, although evidence of therapeutic efficacy 
has still to be sought. No such enthusiasm is apparent 
for the use of thrombolytic therapy, and the author out- 
lines the reasons why such therapy may be of little 
therapeutic benefit, particularly in occlusion of the 
coronary and cerebral vessels. There is a suitably brief 
account of the rare fibrinolytic states which occur in 
various pathological conditions. A chapter on the relation- 
ship between fibrinolysis and coagulation reinforces fre- 
quent pleas throughout the book that the two processes 
should be considered together; their separation into 
distinct entities loses sight of their probable interplay in a 
state of dynamic balance. A hint of the protean functions 
of the fibrinolytic system is provided by a chapter on 
fibrinolysis and inflammation and a chapter with sections 
on such topics as its relationship to cancer, renal disease, 
and immunology. The author finally discusses future 
developments by pointing out some areas of defi- 
cient knowledge and suggesting that their elucida- 
tion will require the participation of workers of several 
disciplines. | 

This unpretentious monograph is more than a mere 
aggregation of facts; the author adds a stimulating and 
sometimes provocative commentary. As befits one who 
has maintained an active interest ın this subject for a 
decade and a half, he has drawn extensively on his 
observations. It is pointed out that the investigation of 
fibrinolysis has become so diverse that it is outside the 
scope of one individual to be competent and informed on 
all its aspects. For the non-clinical investigator this 
monograph will perhaps be disappointing since it is not, 
nor was it intended to be, a complete reference manual 
on fibrinolysis. It can, however, be warmly recommended 
to the general physician who wishes a readable guide to 
a relatively new subject. As an introduction to those 
intending to take up the study of fibrinolysis, it provides 
a valuable survey of practically every aspect of the subject, 
and its many suggestions for future research will help to 
channel effort into productive areas. D. OGston 


NEUROTROPHIC PROCESSES 


The Effect of Use and Disuse on Neuromuscular Func- 
tions 

Edited by Ernest Gutmann and Pavel Hnik. (Proceedings 

of a Symposium held at Liblice, near Prague, September 

18-23, 1962.) Pp. 576. (Amsterdam, London and New 

York: Elsevier Publishing Company, 1963.) 100s. 


Mechanisms of Neural Regeneration 

Edited by M. Singer and J. P. Schade. (Progress in Brain 
Research, Vol. 13.) Pp. v +241. (Amsterdam, London and 
New York: Elsevier Publishing Company, 1964.) 80s. 


T has long been known that many organs tend to 

atrophy when deprived of their nerve supply; this 
has naturally led to the concept of a trophic influence of 
nerve fibres, which is thought to be conveyed either by 
special trophic fibres, or by the ordinary motor and 
sensory innervation. This kind of influence, whatever its 
true nature, acts in a very slow and intangible manner, 
and if was therefore somewhat neglected by experi- 
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mentalists while the more readily distinguishable electrical 
events accompanying nerve conduction and synaptic 
transmission were being analysed in great detail. 

In recent years, however, the trophic processes have 
become of great interest to many biologists; if anyone 
should doubt this, he need only glance at these two large 
books. In the first symposium (first book), held in 
Czechoslovakia, sixty-six participants contributed nearly 
fifty short articles, covering a great variety of subjects. 
They have been classified basically into two main groups. 
The first covers the trophic function of the nerve cell, as 
reflected in long-term interactions between nerve and 
muscle. Here, one finds articles by Eccles, Gutmann, 
Miledi, Thesleff, Hnik and others, dealing with the 
properties of denervated and re-innervated muscle; 
further articles by Eccles, Szentagothai, Buller, ete., 
describe changes in the properties of muscle which follow 
re-innervation by foreign nerve fibres; and finally there 
is a discussion of axonal flow by Weiss and by Lubinska, 
as well as a somewhat less obviously relevant description 
by Hyden of neurono-glial interactions. - 

The second main group is concerned with the effects 
of use and disuse on nerve and muscle cells. Most of the 
observations on nerve cells were made on spinal moto- 
neurones (Asratyian, Eccles, Kostyuk, Beranek, etc.), but 
three articles by Hyden, Malcolm and Desmedt also 
describe experiments on cerebral neurones; in the final 
section, various aspects of muscle function and metabolism 
are considered by several authors, including Feng, Lissak 
and Shamarina. This book is full of fascinating mforma- 
tion and interesting ideas; as usual, many questions are 
raised, the most glaring perhaps being that of the identity 
of the specific trophic factors which are generally assumed 
to be released by nerve fibres. There is, at present, scarcely 
any evidence about the kind of substances which are likely 
to be involved. 

Although the second book is part of the now well- 
established series published under the general title of 
Progress in Brain Research, it is mainly concerned with 
changes observed in peripheral nerves. The approach 
here is much more didactic; there are only nine authors 
and their articles are based on lectures given at a summer 
school on brain research. Most of these articles are com- 
prehensive reviews of selected subjects and they include 
extensive lists of references. Thus, although there is a 
substantial overlap with the Czech symposium, both in 
subject-matter and in authors (five authors are found 
in both books), the emphasis is mainly on processes of 
regeneration, and the tone and presentation are quite 
different. . / 

There are three long reviews, by Lubinska on axoplasmic 
streaming, by Gutmann on neurotrophic relations and by 
Zelena on the degeneration and regeneration of receptor 
organs. Other substantial articles deal with intraxonal 
movements of phospholipids (Miani), the nerve growth 
factor and spinal regeneration (Scott and Liu), de- 
myelination and remyelination (Webster) and some other 
aspects of the mechanism of regeneration (Trampush). 
Apart from a singularly obscure and unhelpful introduc- 
tion (by the presumably overworked editors of this 
prolific series), most of the material has been clearly 
presented and it should be of much value to anyone 
needing detailed information in this field. 

Both books have been well produced, with very legible 
print and with plenty of figures and tables, and each has 
an author index and a subject index; moreover, unlike 
the Proceedings of many other symposia, they have been 
published with commendable speed. Both books report a 
good deal of the informal discussions held during the 
meetings. Most readers will no doubt have their own views 
about the desirability of this rather general practice; to 
me, it seldom seems to add much substance to the main 
presentations, yet it must often contribute appreciably 
to the bulk and the cost and the delays of publication. 

K. KRNJEVIĆ 
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Solid Circuits and Microminiaturization 

Edited by G. W. A. Dummer. (Proceedings of the Con- 
ference held at West Ham College of Technology, June 
1963.) Pp. 346. (London and New York: Pergamon 
Press, 1964.) 60s. net. 


ii conference held at West Ham in 1963 made many 
sections of the British electronics industry more aware 
of the coming revolution in equipment design and tech- 
nology. But too much must not be made of the implication, 
in the title of the conference, that the main. driving force 
in the development of integrated circuits is the desire for 
large reductions in the size of equipment; reduced cost 
and increased reliability will often, singly or together. be 
greater incentives. 

The Proceedings of the conference, informally written 
and mformally presented to the reader, show a fair 
balance between the extension of the planar transistor 
technology to solid circuits, the relative merits of various 
logic circuits, the problems confronting the designer of 
analogue circuits, some new technologies such as electron 
beam machining, and several other important aspects of 
the subject. Packaging and interconnexions, however, 
are less well dealt with. 

American developments have long dominated thesubject 
and were given attention mainly by authors working in 
the European laboratories of the subsidiaries of American 
firms. But the Proceedings must now be seen against a 
recent issue (December 1964) of the Proceedings of the 
Instatute of Electrical and Electronics Engineers which 
devoted about 340 pages to integrated circuits, giving a 
fairly comprehensive picture for mid-1964. Although even 
now the scope for improvements in materials, processing 
and assembly, for new active devices and for new outlets 
is very large, the stage has been reached when the 
customers of the industry can sample the products of the 
already extensive development programmes and study 
on an adequate scale the advantages accruing. 

The rapid rate of advance in the field makes fairly 
frequent conferences very desirable, but greatly reduces the 
period over which any conference Proceedings continue 
to be reasonably up to date. This volume may, therefore, 
already be of little more than historical value. 

J. R. TILLMAN 


A Review of Sterilization and Disinfection as Applied 
to Medical, Industrial and Laboratory Practice 

By Prof. Sydney D. Rubbo and Dr. Joan F. Gardner. 

Pp. xni+ 250. (London: Lloyd-Luke (Medical Books), 

Ltd., 1965.) 35s. net. 


| i o G the past ten years it has become increasingly 
obvious that many time-honoured methods used for 
sterilization ın medical and hospital practice are either 
intrinsically inefficient or are rendered so by ignorance or 
inefficiency on the part of the operator. Nevertheless, 
very few hospital bacteriologists possess the necessary 
background knowledge to detect and correct these errors. 
It is for this reason that A Review of Sterilazation and 
Disinfection as Applied to Medical Industrial and Labora- 
tory Practice by Prof. Sydney Rubbo and Dr. Joan 
Gardner is all the more welcome. 

Following chapters on the theoretical basis of steriliza- 
tion, tests for its efficiency and the preparation of articles 
for sterilization, each of the usual sterilizing agents such as 
hot water, steam, hot air, radiation, filtration, gases and 
chemicals are described in considerable detail. The 
remainder of the book deals with special cases such as 
treatment of the hospital environment, the preparation 
of the skin or mucous membranes before operation, the 
treatment of pharmaceutical products and the steriliza- 
tion of glassware and media used in bacteriological 
laboratories. 

A great deal of useful information not easily obtainable is 
summarized in this way. This includes such diverse matters 
as tables giving the various indicators that may be used 
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to detect mefficiencies and the various faults that may 
develop in steam stemlizers, the methods used for the 
sterilization and preservation of pharmaceutical prepara- 
tions, how to deal with discarded culture media and even 
a conversion table, which will be of particular value to 
anyone dealing with engineers who still persist in using 
the Fahrenheit scale. 

Some of the opinions expressed by the authors may not 
be acceptable to everyone: this 1s perhaps inevitable, 
but adequate referenc@s are given to previous work so 
that anyone who is prepared to take the trouble can form 
his own. 

The book is well produced, with a large number of 
diagrams and tables, together with an adequate index. 
It can confidently be recommended. R. HARE 


Germs and Ideas 

Routes of Epidemics aad Ideologies. By Andre Siegfried. 
Translated by Jean Henderson and Mercedes Clarasó. 
Pp. vii+98. (Edinburgh and London: Oliver and 
Boyd, Ltd., 19° 5.) 15s. 


HIS book is based on a lecture given by Dr. Siegfried 

at the Clinique Médicale Propédeutique of Paris in 
1958. It ıs an interesting example of the new outlook 
brought to a well-kncwn subject by a wide and lvely 
intelligence which had received no previous formal training 
in this field. Siegfried. lectured on the routes followed by 
germs in the process of infection. In the first part he 
considers the geographical factors which dictate the 
routes, by caravan, by sea or by aeroplane, along which 
men, goods and germs travel. The germs tend to start 
from. centres of infection in India, China or South America 
and to travel outwards, assisted by the speed of modern 
transport, hindered by modern hygienic and public 
health control. The spread of infection is then illustrated 
by accounts of the wor.d-wide epidemics of cholera, Asian 
flu, plague and yellow fever. These are clearly and inter- 
estingly described for non-medical readers (probably 
medical readers would doubt whether there is danger of 
yellow fever being spread by cargoes of bananas bitten 
by infected mosquitoes!. In the fourth part, Dr. Siegfried 
makes an imteresting development by passing from the 
spread of germs to the spreading of ideas and propaganda. 
There is almost a suggestion that these are equally pernici- 
ous, and if they cannon be exterminated in their primary 
focus (as Simon de Mortfort exterminated the Albigensian 
heretics) then they car often be kept out by an effective 
quarantine at the frortier (as practised in the U.S.S.R. 
and China). 

This booklet contains mteresting ideas, set out with 
French clarity and brevity. Besides students of medicine 
it should interest students of geography, history and 
sociology, bringing to their notice medical information 
in an attractive and camprehensible guise. The transla- 
tion is good and lucid. F. HAWKING 


Native Vegetation of Nebraska 
By Prof. J. E. Weave>. Pp. 185. (Lincoln: University 
of Nebraska Press, 19€5.) 4.75 dollars. i 


N his latest book, Pmf. Weaver, who 1s well known for 
his researches on prairie ecology, outlines for “the 
widest possible audienze” the vegetation of the State ın 
which he has worked for half a century. The native 
communities are straigntforwardly described in turn, with 
a rather fuller ecological commentary for grasslands thar 
for forests, and a final chapter ıs concerned with the 
cultivated crops of grassland soils. Vernacular names are 
used throughout, and their botanical equivalents are not 
given, not even in an appendix. There is no vegetation 
map, no index, and no list of the numerous illustrations. 
eD- R. Hone 
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1965 NOBEL PRIZE FOR MEDICINE 


By Pror. M. R. POLLOCK, F.R.S. 
Department of Molecular Biology, University of Edinburgh 


Tia Nobel Prize for Medicine this year acknow- 
ledges the achievements over the past 15 years of 
three great French biologists: Prof. André Lwoff, Prof. 
Jacques Monod and Prof. François Jacob. It will be 
especially welcomed by molecular biologists as a highly 
appropriate recognition of the brilliant contributions of 
these scientists to our understanding of the mechanism 
of gene action in cell physiology. In this respect, it can 
be regarded as complementary to, and in some degree 
dependent on, the great discoveries of Dr. F. H. C. Crick, 
Prof. W. Watson and Prof. M. H. F. Wilkins, recognized 
by their Nobel Award of three years ago, which solved— 
at the molecular level—the problem of gene replication 
and laid the foundation for the formal solution of the 
nucleic acid code for sequences of amino-acids in proteins. 

One need be no expert in this subject to appreciate the 
impact of the work of the ‘Pasteur group’, if one remembers 
that well-known terms in constant current use such as 
‘prophage’, ‘temperate’, ‘virulent bacteriophages’, 
‘episome’, ‘structural’, ‘regulatory genes’, ‘permease’, 
‘operon’, ‘messenger-RNA’, ‘allosteric proteins’, etc., 
owe their origin to these three workers. Indeed, the con- 
cepts these terms represent, if not in every case entirely 
new, were defined, developed and made precise by them 
and their collaborators. 

But, of course, their achievement ranges further and 
deeper than this by itself might imply. Its greatness is 
based, to a large extent, on the unique type of co-operation 
and cross-fertilization of ideas (perhaps ‘complementation’ 
might be a more appropriate description) arising from their 
three very different personalities. 

Each of them would rank on his own as a scientist of 
outstanding talent. Though originally in the same depart- 
ment at the Pasteur Institute, they have seldom worked 
together in the same laboratory, and, unlike many success- 
ful research collaborators, only rarely plan the minutiae 
of experiments in continuous consultation. 

Indeed, the circumstances and basis of how the members 
of this group (which was never a ‘team’ in any sense of the 
word) matured and developed towards an intellectual 
symbiosis make a fascinating story. It has often seemed 
that they came together almost by chance; certainly their 
co-operative work did not appear to arise from long-term 
conscious planning. Yet, it is difficult to believe that it 
could have happened without the encouragement and help 
originally provided, no doubt very consciously, by 
André Lwoff. Frangois Jacob, trained in medicine, might 
perhaps be lingering in frustration in some antibiotics 
production unit (though one doubts it) and Jacques 
Monod might have fulfilled his earlier dreams and become 
an orchestral conductor. France might have had one more 
talented physician or even her Toscanini; but molecular 
biologists the world over would have remained the poorer 
for many years. 

Lwoff, assisted by his wife Marguérite, had already, of 
course, achieved an international reputation in proto- 
zoology from work begun before the Second World War. 
This included their joint discovery of phosphopyridine 
nucleotide as the ‘V’ growth factor for Haemophilus, 
his theories on the independent genetic continuity of 
ciliate cinetosomes, and his thesis on evolution through 
loss of function. 

Monod had discovered the phenomenon of biphasic 
growth (‘diauxie’) of bacteria growing on twin sources 
of carbon and energy in 1942. This, he found, was due to 


the sequential utilization of the two carbohydrates present 
in the medium. His tentative interpretation had been in 
terms of the repression, followed by the induction, of the 
enzymes metabolizing the compound utilized last. From 
then on, he and his colleagues devoted themselves more 
and more completely to the elucidation of the fascinating 
problem of enzymic adaptation in micro-organisms. In 
1950 it was still an open question whether this phenomenon 
was due to activation (or minor metabolic conversion) 
of a pre-existing inactive protein molecule, or to true 
de novo synthesis of enzyme from amino-acids. By 1954 
he had succeeded (in collaboration with Cohn and Hogness) 
in showing that the process did indeed involve the bio- 
synthesis of the whole enzyme molecule. 

The ‘great period’ of the Pasteur group began only a 
little more than 15 years ago, following Lwoff’s discovery 
that the genes of many bacteriophages could exist and 
multiply in two different alternative states: -freely in the 
bacterial cytoplasm (leading to phage maturation and cell 
lysis) or integrated (as ‘prophage’) at a specific locus in 
the bacterial chromosome. It is encouraging for middle- 
aged research workers to realize, as they approach their 
half-century, that Lwoff was beginning his study of 
lysogenic bacteria (which previously had been little more 
than a biological curiosity) only a year or so before he 
reached his sixth decade. This has undoubtedly been his 
greatest scientific achievement so far. From it, the trail 
led, albeit somewhat tortuously, towards the formulation 
of two important biological concepts. 

The first was that of ‘episomes’—genetic entities which 
could be either extra-nuclear and partially autonomous 
or integrated as part of the chromosome, according to 
circumstances. This was developed by Jacob together 
with Elie Wollman, primarily on the basis of the phage/ 
prophage interrelationship and their own observations 
on the semi-autonomous sex factor in Ẹ. colz (see later). 

The second concept was that of ‘cytoplasmic repres- 
sors’—a class of molecule responsible for specifically 
inhibiting the expression of a variety of genes. This was 
based, in the first instance, on two closely analogous 
phenomena: (a) the so-called ‘zygotic induction’ of pro- 
phage to free-growing active phage (discovered by Jacob 
and Wollman), which occurs after transfer of prophage, 
during conjugation, into a (non-immune) female cell not 
carrying prophage; and (6) the spontaneous production 
of 8-galactosidase (for a limited period at maximal rate) 
which occurs immediately after transfer of the inducible 
gene during conjugation into a female cell carrying the 
‘constitutive’ allele (discovered by Pardee, Jacob and 
Monod). In both instances reciprocal crosses had no such 
effect. This led to the notion that the donor cells, in 
both cases, contained in their cytoplasm an inhibitor 
responsible for blocking phage and §-galactosidase pro- 
duction respectively. The idea was developed mainly 
by Jacob and Monod. . 

‘In the early ’fifties, however, Jacob worked mainly with 
Wollman, whose critical mind contributed essentially to 
their remarkable success during the remainder of that 
decade. 

In initial investigations of the autonomous, cytoplasmic 
F (sex) factor in Æ. coli (discovered independently by 
Hayes and by the Lederbergs and Cavalli in 1953), Jacob 
and Wollman elucidated its episomal nature by showing 
that it could be integrated into the chromosome and was 
thereby responsible for promoting the process of chromo- 
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some transfer during sexual conjugation. Their demon- 
stration that the chromosome of E. coli is circular (broken 
only just before conjugation at the point where the sex 
factor had been incorporated) was really part of this 
discovery, since one of the two chromosomal ‘ends’ thus 
formed proved to be the leading point in its migration from 
the male to the recipient female, in which recombination 
occurs. By mechanical interruption of the mating process 
at different times after its initiation, they further demon- 
strated that there was a fixed order of entry of the various 
genes into the female cell. This order corresponded almost 
exactly to the order determined, by the completely different 
method of measuring relative recombination frequencies 
of the chromosomal genes. It was thus a further con- 
firmation of the validity of the classical mapping tech- 
niques which had been in use in all types of organism for 
several decades. Moreover, taken in conjunction with 
the demonstration that the chromosome was transferred 
from male to female at constant speed, it enabled the 
distance between genes to be measured in absolute terms 
(tıme units). Knowing the total amount of DNA present, 
this could be translated directly into lengths of DNA 
double helix. 

During this period, Monod and his group were concerned 
primarily with defining and characterizing the so-called 
‘permeases’—specific enzyme-like entities, often inducible 
like ordinary enzymes and similarly controlled by genes 
with precise loci on the chromosome. They appear to 
function as energy-requiring pumps for transporting small 
molecules through the otherwise poorly permeable barriers 
of the cell envelope. 

Although permeases have not yet been isolated or 
characterized at the molecular level, the idea that they 
could be regarded as entities in their own right has proved 
stimulating and useful. Moreover, the study of permease- 
less (‘cryptic’) strains and mutants clarified a number of 
perplexing problems in cell enzymology. 

„It was not until 1957 that Jacob and Monod began 
their famous collaboration, with the demonstration 
{together with Pardee) that in E. coli strains diploid with 
respect to the B-galactosidase locus the wild-type character 
of inducibility usually completely suppressed the (mutant) 
character of constitutivity, and never vice versa. This was 
powerful evidence against the frequently discussed possi- 
bility that enzyme production might be due to direct 
stimulation of gene function by a specific inducer (endo- 
genous in constitutive strains). It strongly indicated that 
enzyme induction, just like the induction of prophage 
(in lysogenic bacteria) to the free-growing, active phage 
state was essentially a release from inhibition. The fact 
that the A+ genome (showing the property of inducibility) 
inhibited the expression of the R- (constitutive) mutant 
allele in the trans position (that is, across the physical gap 
presumed to separate the two homologous chromosomes 
of the diploid) suggested that the suppressing effect was 
due to a diffusible molecule. The idea of specific cyto- 
plasmic repressor substances being primarily responsible 
for control of gene expression was thus further developed. 

During the next few years, Jacob and Monod defined, 
studied and characterized (one might almost say 
‘promoted’) the following important biological entities, 
many of which have since received further experimental 
substantiation from other laboratories. 

(1) Regulatory genes, specifically controlling the rates 
of formation of proteins, as distinct from structural genes, 
responsible for determining their amino-acid sequences. 

(2) The operon, consisting of a cluster of genes, arranged 
contiguously along the chromosome, being concerned with 
one particular metabolic function (such as the formation 
of enzymes catalysing the biosynthesis of an amino-ac:d) 
and expressing themselves co-ordinately, being switched 
on. and off together, under the control of a single regulator 
gene. 

(3) Messenger-RNA. Not entirely a new idea, of course, 
and investigated by many other molecular biologists, 
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but illuminated by she work of Monod and Jacob and 
their associates in a sharacteristically impressive fashion. 
According to them, it embodies the properties of a 
relatively labile and :apidly produced carrier of informa- 
tion from the gene to the rest of the cell, by its action as a 
template for protein synthesis. 

Their work toget=r culminated in the classic paper 
published ın 1961 in the Journal of Molecular Biology on 
“Genetic Regulatory Mechanisms in the Synthesis of 
Proteins”. In this they outlined ther famous hypothesis 
on the mechanism of sontrol of genetic expression through 
the action of a series of specific cytoplasmic repressor 
substances. In the case of induction of a particular 
enzyme, it is supposed that the regulatory gene produces 
@ repressor molecule which, by combining with a specific 
chromosomal locus (the ‘operator’) located at one end of 
the operon, inhibits tzanscription of the operon genes into 
messenger-RNA, so that synthesis of the relevant proteins 
is suppressed. The rcle of the inducer is to inactivate the 
repressor. With repzessible enzymes, the production of 
which is normally inàibited by the compound they syn- 
thesize, the product cf the regulatory gene is supposed to 
become activated as a repressor only after combination 
with the end-produc; (‘co-repressor’) molecule. 

The essence of this theory is that the information pro- 
vided by the small efector molecules involved in enzyme 
induction or repressicn is a ‘switch impulse’, transmitted 
through the activatic or inactivation of a specific pre- 
formed inhibitor of the expression of a predetermined 
genetic sequence. ‘hus, one of the most important 
mechanisms by whica the environment can ‘mould’ the 
physiology of the cell towards more effective performance 
in a given situation is by the ‘uncovering’ of genes in their 
role as blue-prints for the synthesis of the relevant enzymes. 
The pattern that is changed by an alteration in the environ- 
ment is thus the relstive amounts of different enzymes 
present in the cell and not their chemical structure. This 
is now generally accepted as one of the fundamental bases 
of biological adaptation processes at the cellular level. 

However, the hypothesis, in its detailed form, is 
far from proved. Jt mast be remembered that cytoplasmic 
‘repressors’ have not yet been isolated in any form, nor 
have their effects ben directly demonstrated. Like 
permeases, they do not yet have molecular reality. 
Moreover, it is uncertain how complete the model is, 
even for E. coli B-gatactosidase. And it is still largely 
a matter for conjecture how far it may be extended to 
living systems beyord. the bacteria and certain other 
species of micro-orgarism. For example, it could clearly 
be applied to embrvonic differentiation; but even if 
differentiation is based on a sequential expression of 
various portions of ths genome, triggered individually by 
inducers and represscrs, the theory does not by itself 
indicate by what mechanism the ‘control’ genes are 
themselves controlled. Is it simply the structural genes 
themselves—acting trough the inducing or repressing 
properties of the metabolites the production of which 
they activate? Or is there some new entity still waiting 
to be discovered—a master regulatory gene, perhaps, with 
an endogenous rhythm or maturation-pace ‘of its own’? 
The speculative ‘regu-atory circuits’ outlined by Monod 
and Jacob are interesiing attempts to give some idea of 
how interrelated control systems might be built up on the 
basis of their main hypothesis. The irreversibility of 
differentiation processes can indeed be thus modelled. 
But the authors woud probably be the first to admit 
that they have not yes provided a satisfactory answer to 
the problem of the time sequencing that is inevitably 
involved. 

On the other hand, there is no doubt that the theory 
has had a profound influence on the trend of biological 
thought during the pas; four years and has been of immense 
Importance in stimulatng much valuable experimentation, 
as well as in providing a model for workers investigating 
regulation processes inmany types of biological system. 
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Monod, together with Changeux and Wyman, has now 
plunged deeply into the problem of enzyme function, in 
elaborating the concept of ‘allostericity’ in proteins. This 
principle is based on the Bohr effect and O,-dissociation 
curves of haemoglobin, and on the more recently observed 
phenomenon, of ‘feed-back inhibition’ of certain enzymes 
by the end-products of the metabolic chain which they 
have initiated (discovered by Novick and Szilard, and by 
Umbarger). The essential idea, which has already received 
considerable support, is that the functioning of the active 
site in an enzyme can. be specifically modified by combina- 
tion with another type of molecule (chemically unrelated 
to the normal substrate) at a different site. In this way, 
the function of an enzyme can be specifically controlled, 
with immediate effect, by direct action and not only by 
influences on its rate of biosynthesis. The mechanism of 
what Monod has called ‘allosteric transitions’ involves 
reversible switches between alternative conformational 
states in the structure of the enzyme. He believes it 
must often, if not always, depend on the molecule being 
oligomeric and having bilateral symmetry. Certainly, 
most enzymes that show the phenomenon do consist of a 
number of (often identical) polypeptide chains. It offers 
a reasonable teleological explanation of why enzymes are 
often such large, polymeric molecules. 

Furthermore, as Monod and Jacob have often emphas- 
ized, their hypothetical ‘cytoplasmic repressor’ must also 
possess the property of ‘allostericity’ in order to exhibit the 
character of interrelated reactivity with both the effector 
molecule and the operator locus. Indeed, it is difficult to 
avoid the conclusion that ıt was just this particular 
character, with which the repressor molecule had to be 
endowed in order for it to fulfil 1ts role in the Monod- 
Jacob scheme, that led them to search for analogous 
properties in other, more concrete, types of molecule. 
If so, 1t is a fascinating example of the ironic way by which 
man can make his great discoveries. A purely logical 
necessity involving the postulate of a new type of property 
in a purely hypothetical molecule leads to the search for, 
and discovery of. just this property—observed but hitherto 
not adequately recognized—in a whole range of concrete 
and well-defined substances. But it is probably best not 
to try to recapitulate the mental processes involved. 
The results by themselves justify the method, whatever 
if may be. Although ın some ways less complete and less 
precise than the other hypotheses, this may ultimately 
prove to be the most useful of them all. 

But this cannot be the end of the story. There is still 
plenty of time ahead for further discoveries, and one 
wonders what new natural phenomenon—observed, no 
doubt, but not yet properly appreciated or understood— 
will be the next to blossom under such patronage. 

All this work has rightly been regarded as typical of the 
‘French’ approach at its best: what has been called the 
‘hypothetico-deductive’ type of reasoning, which many 
believe to be the only satisfactory method of argument in 
science. But in their case (as in so many others) it is 
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surely the method of presentation, rather than the method 
of thinking or reasoning, that stands out so clearly as 
‘hypothetico-deductive’. It ıs difficult to believe that 
something akin to a process of induction from observa- 
tions that have often been made fortuitously has not 
contributed importantly to their discoveries. 

The work of the ‘Pasteur group’ has, inevitably, been 
subjected to the criticism that would be expected from 
those who do not understand what molecular biology is 
about, or who are envious of its great achievements. 
They have been accused, by many old-fashioned 
morphologists and by neo-vitalists of the twentieth 
century, of having an oversimplified or mechamstic 
approach. 

On the other side, chemists, and even some biochemiusts, 
have been distrustful of interpretations made at the 
molecular level, which often do not involve identification 
and isolation of a known type of compound, or the 
specific demonstration of its action m a chemically 
defined system. 

More seriously, there has developed in some quarters 
a resentment at what has been taken to be an inflexibly 
dogmatic attitude which is too impatient of criticism or 
alternative hypotheses. Certainly the devastatingly 
brilliant disposal of ‘‘objections from the floor”? in open 
conference, which is characteristic of this outlook, would 
scare off all but the most confident contestant. But m 
private discussions among themselves, and ın tête-à-tête 
conversations with colleagues, there is often so sweet a 
reasonableness that criticism is disarmed. Few visitors 
to their laboratories in the old days failed to fall under the 
spell of the charmed atmosphere in the Service du Physio- 
logie Bactérienne—though it might have been only a 
matter of minutes since they had been hacked to pieces 
in one of those well-known seminars. 

Nevertheless, there is perhaps substance in some of 
this anxicty—ain the sense that too great an intellectual 
dominance and too brilliant an advocacy in promoting a 
theory can dazzle the originality out of other workers 
and stop people thinking. Far too much may then be 
taken for granted. But ıt would have to be admitted 
that, great experimentalists though they may be, ıb is 
just this abilivy to clarify an issue, define the problems, 
contrast and evaluate alternative mterpretations, and 
finally to offer a precise all-embracing hypothesis (not 
necessarily entirely original or totally satisfying: how 
could ıt be?) that Lwoff, Monod and Jacob have been able 
to offer most to science. It is interesting that this has, 
indeed, been specifically recognized in their Nobel Award 
citation. 

Moreover, they usually expound their ideas.in papers 
written in an English that (it must reluctantly be conceded) 
is not only grammatically impeccable, but has a beauty of 
style and clarity of expression that an Englishman, would 
be almost ashamed to contemplate, were it not such a 
pleasure to see our native language prove itself to be so 
fine a vehicle for the communication of ideas. 
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BIOCHEMISTRY AND MENTAL FUNCTION* 
By Pror SEYMOUR S. KETY 


Chief, Laboratory of Clinical Science, National Institute of Mental Health, National Institutes of Health, Bethesda, Maryland 


F we are ever to understand and rationally to meliorate 
the disturbed processes which underlie mental illness, 

it will be by investigation of the clinical problems them- 
selves and examination of the mental, social, neural and 
biological elements which comprise behaviour. It is all 
of these which the Americans call ‘psychiatric research’, 
* Substance of the Third Mental Health Research Fund (38, Wigmore 


Street, London, W.1) Lecture delivered on February 26. 
e , : 


and in Great Britaim, the Mental Health Research Fund 
has added much to its vigour for more than a decade. 
Although they are not alone in their importance to 
psychiatry}, the biological sciences have a significance 
which is not attenuated by community with the social 
and psychological sciences, nor is their power less real by 
having been only partially demonstrated. It is the area, 
tentative as yet, between biology and human psychology 
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that I have chosen to dwell on, and I shall do so largely 
in terms of the work of my associates and myself in the 
Laboratory of Clinical Science at the National Institutes 
of Health, Bethesda, without any pretension that this 
will constitute an adequate review of a growing field. 

The time is not yet at hand, if, in: fact, it will ever be 
reached, when one can speak meaningfully of the bio- 
chemistry of mental state. There are, however, a few 
areas where one can see the beginnings of correlations and 
significant interrelationships and these include conscious- 
ness, intellectual function and affect. 

My interest in consciousness goes back to the Science 
and Philosophy Club at the Central High School in Phila- 
delphia, a club which bore the brave motto “Felix qui 
potuit rerum cognoscere causas’, and in which a great 
teacher, Edwin Landis, introduced us to Berkeley, 
Mach, Eddington, and the fathomless problem of the 
nature of consciousness. Many years later I was intro- 
duced to the cerebral circulation by Carl Schmidt, through 
his definitive work in the rhesus monkey. and began to 
feel how much might be learned from measurements in 
man, whose brain, with its subjective wealth, and whose 
diseases could not be replicated in animals. Making use 
of some fundamental principles of inert gas exchange, 
the Fick principle, and-a little calculus, which there is no 
time to discuss in any detail, we were eventually able to 
make what still appear to be satisfactory measurements 
of blood flow, oxygen and glucose consumption in the 
conscious human brain under a variety of physiological 
and pathological conditions. In Table 1 are presented 
some normal values representing, in fact, the average 
of the first investigations of healthy volunteers of about 
twenty-five years of age’. Measurement of glucose con- 
sumption followed later, confirming the thesis that the 
major substrate for oxidative energy in the brain is glucose, 
the utilization of which represented an almost stoichio- 
metric equivalent of the oxygen consumed. From these 
measurements it was possible to compute the rate of 
energy utilization by the human bram which turned 
out to be close to 20 W. In comparison with the enormous 
expenditure of energy which modern computers require, 
this represents a remarkable degree of efficiency and 
miniaturization. 


OVER-ALL BLOOD FLOW AND ENERGY METABOLISM OF THE 
NORMAL HUMAN BRAIN 


Table 1. 


Blood flow ml./100 g/min 54 

Oxygen consumption ml./100 g/min 3-3 
Respiratory quotient (CO,/0,) 0-9 
Glucose consumption mg/100 g/min 49 


We were anxious to examine states markedly different 
from the normal in functional level and chose states of 
altered consciousness (Table 2). It was quite apparent 
that there was a rough correlation between level of 
consciousness and over-all oxygen and energy utilization 
by the brain’. In anaesthesia, for example, where the 
cerebral oxygen consumption was reduced by 40 per cent, 
there appeared to be support in vivo to the earlier in vitro 
investigations of Quastel‘, who had shown that anaesthe- 
tics interfere with the oxygen consumption of brain 
slices. But all these data merely tell us that the oxygen 
consumption and energy-level of the brain are reduced in 
states of depressed consciousness; they do not explain 
the coupling between function and metabolism which is 
one of the most interesting topics of present concern. 
One could argue that the primary effect in any of these 
conditions was on the metabolic ‘power supply’ of the 
brain necessary for the maintenance of consciousness. 
An alternative hypothesis, however, would be that the 
primary site of interference was in the interaction between 
neurones at the synapses, which once inhibited, depressed 
both the functional activity and the energy requirements 
of the system. This interesting problem of the coupling 
between function and metabolism must await clarification 
by the work of those like McIIwain, Rodnight, Larrabee 
and Chance, among others. 
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Table 2. CEREBRAL OXYG=N CONSUMPTION IN STATES OF DEPRESSED 
CONSCIOUSNESS (EXPRESSED 4S PERCENTAGE OF THE VALUE IN HEALTHY 
YOUNG MEN) 


Senile psyzhosis 82 
Diabetic azidosis 82 

ulin hypoglycaemia 79 
Surgical anaesthesia 64 
Insulin coma 58 
Diabetic mma 52 


Table 3. CEREBRAL OXYGEN CONSUMPTION IN VARIOUS MENTAL STATES 
(EXPRESSED AS PERCENTAGE OF THE VALUE IN NORMAL CONTROL STATES) 


Normal sleep 97 
Schizophrenia ` 100 
LSD psychosis 101 
Mental arithmetic 102 


There are states of altered consciousness, however, in 
which such a neat correlation with total cerebral meta- 
bolism and energy does not exist (Table 3). Normal sleep 
is one such state; the poetic description of the wakening 
brain by Sir Charles Srerrington in ee on His Nature” 
is well known: 

‘Suppose we choose the hour of deep deep: Then only 
in some sparse and out of the way places are nodes flashing 
and trains of light-pomts running . . . the great knotted 


-headpiece of the wholə sleeping system lies for the most 


part dark. . . . Should we continue to watch the scheme we 
should observe after = time an impressive change which 
suddenly accrues. In the great head end... spring up 
myriads of twinkling stationary lights and myriads of 
trains of moving ligats of many different directions. 

. the great topmost sheet of the mass, that where hardly 
a light had twinkled cr moved, becomes now a sparkling 
field of rhythmic flasking points with trains of travelling 
sparks hurrying hither and thither. .The brain ıs waking 
and with it the mind is returning.” 

Not only did our results’ force the rejection of a simple 
cerebral ischaemic thsory for sleep which dated back 
to Alemaeon; they zhallenged as well the generally 
accepted ‘Sherringtonian’ notion which equated sleep with 
neuronal inactivity. More recent neurophysiological 
findings are more consonant with what we learned about 
the nature of sleep. Evarts’, in very elegant investiga- 
tions of the activity oZ individual neurones which he has 
observed through microelectrodes chronically implanted 
in the cortex of unanaesthetized cats, has found no net 
decrease in cortical neuronal activity during natural 
sleep. He has, on the ather hand, demonstrated character- 
istic alterations in the activity of individual neurones or 
groups of neurones, sme showing inhibition when the 
animal sleeps, but others coming mto greater activity 
at that time. 

The results in schizophrenia’, during LSD psychosis’ 
or in mental arithmetie® all reinforce the concept that the 
brain, unlike the heart or the liver or kidney, is an organ 
for computation and communication. In such functions 
there is no necessary correlation between the energy 
utilized and the efficiency of the process or the quality 
of the output. To diferentiate these alterations of con- 
sciousness In terms of the cerebral oxygen consumption 
would be like trying <o correlate the nature of a radio 
programme with the power used. 

Some of our more rezent investigations have attempted 
to examine the energy utilization of many structures 
within the living brain. The first approach to measure- ' 
ment of oxygen consumption is in defining the local per- 
fusion rates. Using basic principles similar to those of the 
nitrous oxide method, we have related the quantity of an 
inert diffusible substance taken up by a small tissue region 
to its perfusion’®. If the tracer is radioactive, one can 
measure its uptake during a standard time interval in 
the various structures of the brain by autoradiography. 
In the autoradiogram, density is related to the concentra- 
tion of tracer which ir turn can be related to the blood 
flow during the physiobgical state just prior to the abrupt 
killing of the animal. Under most physiological condi- 
tions there is reason for believing that the blood flow is 
determined by the orygen consumption, so that in a 
rough way the autorad-ographic density gives information 
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on the differential energy utilization in various structures 
of the brain. Such investigations have revealed a remark- 
able differentiation of cortical blood flow in the unanaes- 
thetized bram with the primary sensory areas showing 
far greater activity’. This differentiation does not appear 
to be present in the brain of the foetus or the neonate. 
Anaesthesia obscures this differentiation, reducing the 
areas of greater cortical oxygen consumption to a relatively 
homogeneous average value, while there is evidence that 
sensory stimulation results in a recognizable increase in 
blood flow and, presumably, oxygen consumption along 
the appropriate sensory pathways”. 

The maturation of intellectual function and its mal- 
development depends on many processes in addition to 
oxygen. consumption. In 1949, when Sokoloff first became 
associated with us, we undertook an investigation of 
cerebral blood flow and oxygen consumption in patients 
with hyperthyroidism. This resulted in the quite sur- 
prising finding that although the total oxygen consumption 
of such patients was markedly elevated, there was no 
significant increase ın the oxygen consumption of the 
brain!®. These results demonstrated that the effects of 
thyroid hormone were not uniformly applied to the 
metabolism of all cells in the body. A finding such as this 
requires an explanation and Sokoloff set about to find one. 
Using radioactive thyroxine he learned that the hormone 
crossed the blood-brain barrier and was available to the 
cells of the brain. He knew also that the brain was peculiar, 
in that its oxidative processes were almost entirely con- 
fined to a single substrate, glucose, and that, although 
Richter, Waelsch and others had demonstrated an active 
protein synthesis in the mature brain, that process was 
still considerably slower in brain than in liver and could 
scarcely account for a significant fraction of the cerebral 
oxygen consumption. These considerations led him to the 
hypothesis that thyroxine neither stimulated oxidative 
metabolism directly nor uncoupled it from phosphoryla- 
tion (which were the prevailing concepts) but acted on 
some specialized process such as protein synthesis. 

In 1954 he came to the National Institute of Mental 
Health and began a highly productive collaboration with 
Kaufman. In 1959 they were able to report that 1-thyrox- 
ine, administered to normal animals in vivo or added 
directly to the incubation medium 4n vitro, stimulated the 
rate of amino-acid mecorporation into protein in cell- 
free, rat liver homogenates. This stimulation of protein 
synthesis in vitro occurred in the absence of changes in 
oxygen consumption or oxidative phosphorylation. They 
further suggested that the characteristic effects of thyrox- 
ine on energy metabolism were secondary to the stimula- 
tion of reactions which required energy such as protein 
biosynthesis". 

The mitochondria are clearly involved in this process 
since it is these structures alone rather than the micro- 
somes or the cell sap which differentiate hyperthyroid 
rats from euthyroid controls in the ability to stimulate 
amino-acid incorporation into protein!®. Thyroxine in the 
presence of mitochondria and an oxidizable substrate 
apparently produces a soluble factor that can be isolated 
and which will in itself stimulate protein synthesis. The 
evidence indicates that this factor stimulates the transfer 
of sRNA-bound amino-acids into microsomal protein?* 1", 
Much remains to be done ın identifying the factor and 
further defining its action on the microsome and the 
precise step in protein synthesis at which it occurs. 
The demonstration of a stimulation of protein synthesis 
by thyroxine, however, clearly defined as it is by in vitro 
Investigations and confirmed in vivo, appears to be the 
fundamental mechanism of action of this hormone and 
explains much of its physiological effects. 

Recently, Sokoloff, in collaboration with Klee}, has re- 
examined the effects of this hormone on the brain. 
Although thyroxine does not stimulate protein synthesis 
in mature brain, explaining its failure to increase cerebral 
oxygen consumption in adult man, it does so significantly 
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in neonatal brain, and again it is the mitochondria which 
differentiate the two. 

These findings help to explain the well-known clinical 
effects of the thyroid hormone on the development of the 
brain and of intellectual function in infants compared with 
its relatively minor effects on these functions in the adult. 
They corroborate and offer a mechanism for Hayrs’s 
finding of the requirement for thyroxine in the dendritic 
proliferation of 1mmature cerebral cortex. Thus, this 
work forms a crucial link between the absence of thyroid 
hormone and the retarded cerebral development in 
cretinism. 

In 1956, soon after the Laboratory of Clinical Science, 
National Institute of Mental Health, was organized, 
some of us became interested in the cluster of thought 
disorders which is called schizophrenia, and gave attention 
to the hypothesis which attempted to explain many of the 
mental symptoms of schizophrenia on the basis of an 
abnormal degradation of circulating epinephrine to 
abnormal oxidation products such as adrenochrome or 
adrenolutin!®. That hypothesis seemed especially plaus- 
ible because it took cognizance of the evidence for genetic 
factors as well as the importance of stressful life experiences 
in the pathogenesis of the mental disorder. The difficulty 
in testing the hypothesis lay in the lack of knowledge 
concerning the normal metabolism of epinephrine, let 
alone its possible abnormality ın schizophrenia. In 1956 
one could account for some 5 per cent of administered 
epinephrine which was excreted unchanged in the urine, 
while the remaining 95 per cent was disposed of by 
unknown mechanisms. 

Isotopic techniques, which had been so valuable in the 
tracing of other metabolic pathways, were not readily 
applied to this problem because the pharmacological 
potency of epinephrine prevented the administration of 
enough of the hormone labelled with carbon-14 which was 
then available to permit characterization of its products. 
It was apparent that to use isotopic techniques to advan- 
tage for studies of the metabolism of epinephrine, especially 
in man, would require an istotopically labelled epinephrine 
of unheard-of specific activity. We were finally successful 
in having a few millicuries of 7-*H-epmephrine synthe- 
sized. The tritium label made possible the high specific 
activities required, while its position at C7 met our 
expectation that the label would be retained through the 
various possible metabolic degradations. 

In 1957, Armstrong, McMillan and Shaw identified the 
first major metabolite of epinephrine (vanillylmandelic 
acid, VMA, or 3-methoxy-4-hydroxymandelic acid) in 
the urine of a patient with phaeochromocytoma and in 
normal urime?’. 

A few years before, Julius Axelrod had joined the 
Laboratory, bringing with him great interest and com- 
petence in the catecholamines. Although the metabolism 
of adrenaline to VMA was generally regarded as involving 
first deamination by monoamine oxidase and then O- 
methylation, Axelrod, on the basis of pharmacological 
and biochemical evidence, postulated the existence of an 
alternative pathway with O-methylation as the first step 
followed by deamination. He then proceeded to demon- 
strate in the urine the existence of that hypothetical 
compound which he designated “‘O-methylepinephrine”’ 
or ‘‘metanephrine”’, a second major metabolite of epi- 
nephrine*!?. He described and characterized the enzyme 
responsible for this conversion (catechol-O-methyltrans- 
ferase) and the requirement of S-adenosylmethionine as the 
methyl donor?*. He suggested that O-methylation rather 
than deamination was the principal enzymatic process in- 
volved in the mactivation of circulating epinephrine and 
later went on to show that norepinephrine was metabolized 
through completely analogous pathways by the same 
enzymes?*, Fig. 1 shows the present state of knowledge 
of the metabolism of these two catecholamines with a 
number of additional minor metabolites which Axelrod 
et al. have identified. Together all these metabolic pro- 
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ducts account for some 98 per cent of administered epi- 
nephrine or norepmephrine and, presumably, a similar 
accountability would hold for these substances when they 
are released into the circulation under physiological 
conditions. 

With the background of information on the normal 
degradation of the hormone which was thus provided, it 
was then possible to examine the metabolism of epi- 
nephrine in schizophrenic patients and normal volunteers 
using the tritium-labelled substance?!:*5, We were unable 
to find any evidence for a significant abnormality in the 
metabolism of intravenously administered epmephrine 
among the schizophrenics either qualitatively or quanti- 
tatively, the four normal metabolites and the unchanged 
hormone accounting for 98 per cent of the tritium in the 
urine in both groups of subjects. 

The synthesis of tritiated epinephrine which was 
- stimulated by that hypothesis but, most Important, the 
work of Axelrod et al. have, however, had important 
implications for psychiatry. The identification of the 
metabolites of epinephrine and the development of 
methods for their estimation in urine make it possible to 
obtain information on the secretion of this hormone in a 
variety of physiological and pathological states and in 
response to drugs. Investigations by Axelrod and Kopin, 
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among others, with ncrepinephrine were a logically related 
step, and ın the past “ew years the storage and release of 
norepinephrine at the sympathetic nerve endings and the 
factors which control these processes have become one of 
the most exciting fields of pharmacology**. The insights 
which such investigations have given us into the possible 
actions of drugs which affect mood will be discussed later. 

Thirteen years ago Osmand and Smythies, in conjunc- 
tion with Harley-Mason?’, advanced the interesting hypo- 
thesis that there was an accumulation of an abnormal 
methylated compound with hallucinogenic properties in 
schizophrenia. ‘They were led to this possibility by the 
fact that the potent psychotomimetic drug, mescalinc, 
was almost identical -with trimethylated dopamine. In 
the same communication Harley-Mason pointed out 
that the dimethyl derivative (3,4-dimethoxyphenyl- 
ethylamine), which Lad interesting behavioural effects, 
could possibly be formed by transmethylation in vivo. 
In 1961, Pollin, Cardon and FS tested this hypothesis 
by observing the menzal effects of methionine given orally 
to a small number of chronic schizophrenic patients who 
had been maintained on a monoamine oxidase inhibitor. 
We reasoned that under those conditions it was con- 
ceivable that the levels of S-adenosylmethionine, which 
Cantoni?” had shown to be an important methyl donor, 
could be increased and the biological 
transm=athylation of amines facilitated. In 
some o- the patients there was a temporary 
but qucte obvious exacerbation of psycho- 
tic symptoms associated with methionine 
administration. These observations have 
now been confirmed by several other 
groups”-%2; in addition, Brune and Him- 
wich found similar effects with betaine, 
another methyl donor**. 

Further work by investigators in our 
laboratory has tended to support some of 
this reasoning. The absence of informa- 
tion regarding tissue levels of S-adenosyl- 
methionine Jed Baldessarini and Kopin** 
to devise an ingenious assay of high speci- 
ficity. By means of this they found a 
considerable elevation of S-adenosyl- 
methionine in brain and liver of rats follow- 
ing methionine feeding. Axelrod** demon- 
strated the presence in normal mammalian 
tissue af an enzyme capable of methylating 
normal metabolites, that is, tryptamine 
and serotonin, to their dimethyl deriva- 
tives in the presence of S-adenosylmethion- 
ine. Dimethyltryptamine has been shown 
to be a potent psychotomimetic agent*. 

In 1362, Friedhoff and Van Winkle*® 
detected a substance which behaved like 
3,4-dimathoxyphenylethylamme in the 
urine of a substantial fraction of schizo- 
phrenic patients and which appeared to be 
absent from normal urine. That finding, 
which has had substantial confirmation 
by Bourdillon and Ridges*’, lends further 
support to the hypothesis of Osmond, 
Smythies and Harley-Mason, especially 
since is was that compound to which 
Harley-Mason had directed attention ten 
years pzeviously. 

Our observations of the effect of 
methiorine in schizophrenic patients, as 
well as the findings of Friedhoff and 
Van Winkle, are open to a number of 
alternative explanations which have not 
been ruled out. Nevertheless, the hypo- 
thesis that the accumulation of one or 
more methylated compounds plays a 
significent part in some forms of schizo- 
phrenia.remains a plausible and parsimoni- 
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ous explanation of a number of different and independent 
observations and seems worthy of further evaluation. 

The possible interrelationships between the biogenic 
amines and affective states have become a subject of lively 
interest and productive investigations in the relatively 
few years which have elapsed since the pioneering studies 
of Gaddum and Vogt in Great Britain, Erspamer in Italy, 
Rapport and Woolley in the United States. Interest 
centred at first on serotonin after the remarkable demon- 
stration by Shore et al.** of a depletion of that amine from 
the brain during reserpine-induced depression and its 
elevation following the antidepressant monoamine oxidase 
inhibitors. As evidence accumulated, however, it was 
learned that these drugs also affected noradrenaline- and 


dopamine-levels in the brain and that the catecholamine | 


precursor, dopa, promptly and effectively reversed the 
depressant actions of reserpine in animals, suggesting to 
some an equally important role for catecholamines in the 
action of these drugs and possibly in affective states. 
It has been difficult to explain, however, the action of 
two effective antidepressant drugs in terms of the central 
biogenic amines. These agents, amphetamine and 
imipramine, are not especially active as monoamine 
oxidase, inhibitors and have not been shown to 
RN the levels of norepinephrine or serotonin in the 
rain. 

Recently, Kopin was able to demonstrate, in the 
isolated, perfused heart, a differential metabolism of 
tritiated noradrenaline released under different circum- 
stances®®, When the catecholamine was liberated in a 
manner which did not provoke its characteristic effects 
on the heart, that is, by reserpine, it appeared largely as 
deaminated products in the perfusate. On the other 
hand, when its release was accompanied by cardiac 
stimulation as with stimulation of the cardiac sympathetic 
nerves or by tyramine, O-methylated products appeared 
in the perfusate. These observations have suggested 
the generalization that catechol-O-methyl transferase is 
the enzyme normally involved in the degradation of 
norepinephrine which is released physiologically and 
_ perhaps its O-methylated metabolites are indicative of 
adrenergic activation, at least in the periphery. : 

The release and metabolism of noradrenaline in the 
brain, however, remained quite a mystery, since the blood- 
brain. barrier prevented the uptake by the brain of radio- 
active norepinephrine and the amount of label which 
could be applied through synthesis from tagged tyrosine 
was hardly enough for fractionation. In 1964, Glowin- 
ski, who had applied Feldberg’s technique to injection 
into the lateral ventricles of rats, joined Axelrod and 
Kopin and succeeded in developing what appears to be 
a valid technique for labelling, at a high specific activity, 
the norepinephrine stores within the brain by injecting 
the tritiated form intraventricularly**. The label dis- 
tributes itself quite rapidly in a pattern similar to that of 
endogenous norepinephrine and shows the same. intra- 
cellular localization. Furthermore, it follows a curve 
of disappearance from the brain similar to that of 
14C-norepinephrine endogenously ‘produced from 1C- 
tyrosine. è 

With convincing evidence that they were studying the 
metabolism of endogenous norepinephrine in the brain, 
they examined the effects of a'number of psychoactive 
drugs. Reserpine caused a rapid depletion and the pre- 
dominant formation of deaminated products as it did in 
the heart. On the other hand, monoamine oxidase inhibi- 
tors, amphetamine and imipramine, all of which are 
antidepressant or euphoriant drugs, were followed by an 
increase in O-methylated norepinephrine products in the 
braint. If one may generalize from Kopin’s findings in 
the heart and infer physiological activity from an increase 
in norepinephrine O-methylation, these findings are 
compatible with the thesis that-the drugs which induce 
depression or elevation of mood do so by depressing 
of facilitating the release of physiologically active nor- 
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epinephrine in the brain or altering its availability at 
effector sites. 

Such a hypothesis as well as the possibility that normal 
and abnormal changes in mood are dependent on altera- 
tions of catecholamines in the brain remain to be valid- 
ated. The possibility of labelling norepinephrine in the 
brain has overcome a major obstacle in the way of elucidat- 
ing its physiological role there. A 

Another recent development in this laboratory has 
some clear-cut implications, this time for cardiology. 
Despite the expectation that monoamine oxidase inhibitors 
should elevate the levels of the sympathetic neurotrans- 
mitter, these agents are found to have hypotensive and 
other sympatholytic effects which, though undesirable in 
psychiatry, have been found useful in the treatment of 
hypertensive disease and angina pectoris. An explanation 
of this paradoxical effect has been advanced by Kopin 
et al.4#2, who presented evidence for the normal synthesis 
and accumulation of octopamine, the -hydroxylated 
derivative of tyramine, in the region of the sympathetic 
nerve endings, its enhancement by monoamine oxidase 
inhibitors and its release by sympathetic stimulation. 
Their hypothesis that this relatively inactive amine may 
replace norepinephrine and act as a false neurochemical 
transmitter appears capable of explaining the partial 
sympathetic blockade observed after chronic inhibition of 
monoamine oxidase. 

Much of what I have outlined is illustrative of an impor- 
tant generalization from the history of science, a principle 
which, though taken for granted by most scientists, 
nevertheless requires reinforcement to-day. The most 
practical way to attack a major medical problem or to 
bridge `a great hiatus is not usually head-on, but by 
strengthening and extending the foundations on both 
sides and narrowing the gap which lies between. This is 
best accomplished when the scientists themselves choose 
their logical next steps, which each will do from his 
knowledge of the state of the field, the feasibility of an 
approach, the likelihood and significance of its being 
successful. 

Nearly a hundred years ago in England, Thudichum, 
whom many regard as the father of modern neurochemis- 
try, advanced a hypothesis that many forms of insanity 
were the result of toxic substances. produced within the 
brain by faulty metabolism. But, more important, he 
went on to suggest that these processes, then quite 
obscure, would be obvious when we understood the bio- 
chemistry of the brain to its utmost detail*®. It was in 
the latter area that he spent the next ten years in what 
was to become the classical isolation, description and 
characterization of the chemical constituents of the 
brain. 

It is not difficult to predict what would have resulted 
had Thudichum spent those years and the funds made 
available to him by the Privy Council in a premature 
search for the toxins of insanity. With the tools, tech- 
niques and knowledge available to him at that time, it is 
extremely unlikely that he would have found any of those 
hypothetical substances; it is equally unlikely that he 
would have made his fundamental contributions to our 
present knowledge of the biochemistry of the brain. 
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CHEMICAL EDUCATION 


HE Royal Institute of Chemistry is launching an 

appeal for £100,000 with which to develop and extend 
its work in the educational field over the next five years. 
Already the Institute is spending £10,000 a year out of 
its limited resources on this work, but it is considered that 
a greatly increased effort is now urgently necessary if the 
Institute is to meet its national obligations to ensure an 
adequate supply of properly trained entrants to the 
profession. 
~ With the present trend away from science in the 
schools and the consequent large number of vacant places 
in university science departments, the main emphasis for 
utilizing increased funds is placed on improving the 
teaching of chemistry at school-level. This, it is believed, 
is where the root of the problem lies, for only by presenting 
-chemistry in a sufficiently attractive way to encourage 
boys and girls to adopt it as a career can the problems of 
the universities and the British chemical industry be 
solved. In fact, the marked decline.in interest in chemistry 
on: the part of school-leavers may be associated with lack 
of stimulation during their formative years at school, 
often due to out-dated methods of presenting the subject. 
| The trend away from chemistry in the school is dis- 
turbing in itself, but it is made more serious by the 
continuing shortage of qualified chemists in industry and 
_ elsewhere. It has been estimated by the secretary of one 
of the major university appointments boards that by 
1970 there will be a shortage of some 10,000 qualified 
chemists in industry alone. This estimate is based on the 
best available figures, including those from the 1962 
Report of the Scientific Manpower Committee and the 1961 
Census. A particularly disturbing feature ıs that, on 
average, Only 41 per cent of university graduates in 
chemistry’ enter. industry—either directly or after staying 
at university for a higher degree. Indeed, in 1963 only 
32 per cent of such graduates entered industry. 

Present educational work of the Institute. The interest 
that the Institute now takes in educational matters 
stems from its functions as a qualifying and examining 
body, and in 1957 a Fund for the Development of Educa- 
tion ın Chemistry was established to finance educational 
activities. With the exception of a repayable grant of 
£10,000 generously provided by the Nuffield Foundation 
for the launching of Education in Chemistry the Fund has 
been financed solely by the Institute, essentially out of its 
subscription income. 

. In addition to the new journal, Education in Chemistry, 
which was launched in 1964 and is now issued six times. 
a year, the Institute, through its Trust Fund, publishes 
a series of Monographs for Teachers on aspects of chemical 
principles and arranges a number of symposia, or refresher 


courses for teachers, as well as summer schools in chem- 
istry. More recently it has organized, jointly with the 
Chemical Society, tke first two of a series of review 
symposia for practising chemists. 

Proposed future programme. The main emphasis of the 
Institute’s five-year programme of work ıs on the teaching 
of chemistry in schoo3, because it is at this level that the 
need is greatest and aiso because experience over the past 
four or five years hes demonstrated the ability of the 
Institute to help substantially in this sector. Moreover, 
the impetus given by the Nuffield Foundation to curricu- 
lum reform in scieme education provides a valuable 
opportunity for profssional institutions to play their 
part in supporting complementary projects for the mutual] 
benefit of the profess-on and the schools. 

Among the projecte to be sponsored for school teachers 
are: (a) Refresher ccurses; a flexible series of one-day 
symposia and one-week courses aimed at all teachers of 
chemistry (not just the keener ones) and also provision 
for married women vishing to return to the profession. 
(6) Bursaries; to enable a selected number of teachers to 
be seconded to a university or college of education, for a 
period of up to one year, in order to study modern aspects 
of chemical education and to take part in research projects 
in the field of science education. (c) Teaching aids; a 
series of teaching chaxts, filmstrips and other visual aids. 
(d) Surveys; to follow the progress of the projects outlined 
earlier and to use tke information to modify the pro- 
gramme accordingly. 

In addition to the problems of the schools there are 
very real difficulties to be tackled ın the re-education of 
practising chemists and in the teaching of chemistry at 
university-level. The Institute intends to devote some of 
its funds to these problems. 

Indeed, the importence of providing extensive courses, 
of short and long duration, for bringing practising chem- 
ists up to date in their subject and its applications cannot 
be over-emphasized. The expansion of scientific know- 
ledge may mean that within fifteen years of graduation a, 
scientist is ignorant >f half the total knowledge in his 
field. This has given zise to a great deal of waste of older 
men and women anc the ‘too-old-at-forty’ prejudice is 
re-establishing itself in British industry, at least for new 
appointments. The yyunger scientists are less out of date 
than their senior collsagues and the solution of retiring 
men early and replacng them by scientists under thirty 
is one that an increasmg number of companies are using. 
That such a solution is unjust, wasteful and unsatisfactory 
goes without saying, and it may well defeat its own object 
by discouraging sixth-form pupils from choosing science 
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To combat this situation, a systematic and massive 
programme of refresher courses is required. Such a pro- 
gramme could be provided in the long vacations at 
selected universities and technical colleges and, because 
of its close liaison with these academic institutions and 
with industry, the Institute would be well placed to 
administer it for chemists. 

Finally, the Institute proposes to devote a proportion 
of its funds to assisting the teaching of chemistry in the 
developing countries, especially the newly independent 
countries of the British Commonwealth. Help that might 
be given includes the provision of symposia and refresher 
courses for teachers, the secondment of teachers from the 
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United Kingdom, and the provision of all kinds of visual 
aids and of programmed learning techniques. 

By acting as a pioneer and ‘pump-primer’ in the ways 
suggested in this article, the Institute feels that it can 
best exercise its function as an independent professional 
body in promoting the development of chemical educa- 
tion and ensuring an adequate supply of properly 
trained chemists to meet national needs in the United 
Kingdom and in the developing countries of the Com- 
monwealth. 

Further details about the proposals are contained in an 
appeal booklet available from the Royal Institute of 
Chemistry, 30 Russell Square, London, W.C.1. 


OBITUARIES 


Sir Ronald Hatton, C.B.E., F.R.S. 


Str RonaLtp HATTON died on November 11, 1965, in 
his eightieth year at his home in Benenden, Kent. 

On leaving Balliol College, Oxford, he went to the 
South Eastern Agricultural College, Wye, Kent, and soon 
afterwards became a member of the horticultural staff 
there. Later he was transferred to the newly established 
Wye College Experimental Station at Hast Malling, where 
he assisted Wellington, the first director. After the First 
World War, Hatton was appointed director and remained 
so until his retirement in 1949. Under his guidance, 
despite numerous financial difficulties, the Station rapidly 
developed and attained a world-wide reputation. During 
the formative period he was whole-heartedly supported 
by the fruit industry of the United Kingdom and a 
devoted staff. When he retired he had the satisfaction 
of knowing that horticultural science was fully recognized 
as an essential service to the fruit-growing industry. 

Hatton’s own research in the twenties on rootstocks 
was a major turning-point in fruit culture. There were 
then wide variations within the same orchard in tree size 
and fruit quality: Hatton aimed at obtaming uniformity 
in both, and his research resulted in a series of rootstocks 
which imparted to the scion standardized growth charac- 
teristics. This was a major, 1f not the major, development 
for fruit culture throughout the world. Order was created 
out of chaos, for his work made possible a planned pattern. 
for orchards and prepared the way for future trends in 
orchard practice, including, in particular, extensive 
mechanization. As a result, orchards of the future will 
be planted for high yields at the lowest possible costs. 

Although pomological research remained his great 
interest, Hatton was fully alive to the importance of 
developing at the Research Station ancillary subjects such 
as plant physiology, applied entomology, plant pathology 
and statistics. i 

His delightful and friendly personality inspired con- 
fidence and was a constant stimulus to everyone, both 
in the Station and outside. His staff were known as 
‘‘Hatton’s boys” and there was among them a wonderful 
productive team spirit. His appetite for work was enor- 
mous and he was never satisfied that enough progress had 
been made. Perhaps his only fault—a forgivable one— 
was that he failed to realize anyone grew older, and 
although he knew that progress must require additional 
staff, he dreaded the Station expanding beyond a scientific 
“famıly circle”. 

Among his many achievements was the major part he 
took ın the establishment of the Imperial Bureau of Fruit 
Production at East Malling, of which he was consultant 
director. His interests went far beyond his own Station: 
he was generous-minded to all and he had innumerable 
fruit-grower friends, who took his advice because it was 
so forward-thinking and practical. Undoubtedly there 
was in him a most happy blending of science and horti- 
cultural technology, which plays such a big part in the 


well-being of a crop research station. The fruit-growing 
industry will for ever owe a great debt of gratitude to Sir 
Ronald Hatton. H. G. H. Kearns 


Prof. E. J. Dijksterhuis 


In 1924, Eduard Jan Dijksterhuis, an obscure mathe- 
matics teacher in the Tilburg secondary school, published 
a book, Val en Worp, sub-titled ‘Contribution to the 
History of Mechanics from Archimedes to Newton”, 
which was actually a summary of all that history could 
tell on this subject at that time, written by somebody 
who was obviously a master in this art. 

Although the history of mathematics had flourished in 
The Netherlands for many years around the monumental 
work of editing Christian Huygens’s works and the dis- 
covery and publishing of Isaac Beekman’s journal, 
Dijksterhuis as a historian was an autodidact. He had 
attended the secondary school ın Tilburg, where his 
father was the principal. Then, m order to be admitted 
to a university, he prepared for the final examination of 
a grammar school; this he passed after one year, at the 
age of seventeen. Still considered by his parents to be 
too young to study at a university, he spent one more 
year at home, during which he immersed himself in the 
classics, with which he had fallen in love during the 
preparations for his examination. Nevertheless, at the 
University of Groningen he chose his older favourite, 
mathematics, as his major subject. In 1918 he gamed a 
doctor’s degree for a thesis on a geometrical subject. 
Meanwhile, he had already taught at a Groningen girls’ 
school, but in 1919 he agreed to fill a vacancy at the 
Tilburg school where he had been a student. This com- 
mitment did not end until 1953, when he was appointed 
a professor extraordinary in the history of mathematics 
and exact sciences at the University of Utrecht; from 
1954 he also held an equivalent post at the University of 
Leiden. From 1960 until his retirement in 1963 he was a 
professor ordinary at the University of Utrecht. 

From his marriage in 1920 with Johanna K. E. Nie- 
meyer until his departure to Utrecht in 1953 he lived in 
the lovely Brabant town of Oisterwijk. In this rustic 
climate he matured as a scholar, and he wrote the greater 
part of his work. But he did not lead a retired life. For 
many years he was a ‘privaat-docent’ at the Universities 
of Amsterdam and Leiden—an activity which was inter- 
rupted by the Second World War. He played a great 
part in commissions on the teaching of mathematics 
and mechanics, and from 1934 until 1958 was a member of 
the Government Education Council (Onderwijsraad). 
For nearly a quarter of a century he was an honorary 
secretary to the most outstanding Netherlands literary 
periodical, De Gids. But, first of all, he was admired as a 
lecturer because of his firm grasp of the subject and the 
easy command of the language in which he expressed his 
thoughts. 
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His Val en Worp was followed in 1929-30 by his com- 
mentary (in Dutch) on Euclid’s Elements. His Archimedes 
was written before the War; its English translation 
appeared in 1956. In 1943 his Simon Stevin appeared, 
and in 1950 the best known of his works, De Mechanisering 
van het Wereldbeeld, was published; the latter has 
been translated into German and English. Besides these 
books, he published a large number of papers, lectures 
and addresses on historical, educational and philosophical 
subjects. His longest-lasting activity was that of chairman 
of the Royal Netherlands Academy Commission on the 
Edition of Works of Simon Stevin, which still met at his 
home when he had lost his speech and had to rely on 
gestures to conduct its meetings. 

Educated people, and above all scholars of the human- 
ities, were struck by his style. He abstained completely 
from metaphors, puns, oratorical and dramatic effects, 
and, from any choice of words that would excite emotions 
rather than thoughts. He was a lover of art and poetry, 
but in his own work he never gave way to the spell of 
rhetoric. He put his thoughts into a form which matched 
their contents, and above all matched his character. He 
wished to grip the reader by the subject rather than by 
the form—though just for this reason it was the form 
which fascinated. 

For his De Mechanisering van het Wereldbeeld he was 
awarded a high literary honour? he was a member of the 
Royal Netherlands Academy of Sciences, a bearer of the 
Karl Sudhoff Medal of the Deutsche Gesellschaft fiir 
Geschichte der Medizin, Naturwissenschaften und Technik, 
the George Sarton Medal of the American History of 
Science Society and many other honorary awards. 

H. FREUDENTHAL 


Prof. R. H. Hopkins 


Pror. R. H. Hopxins, who was formerly Adrian Brown 
professor of brewing and applied biochemistry in the 
University of Birmingham, died recently after a short 
illness at his home in Bournemouth, aged seventy-four. 

His association with Birmingham was a long one, as he 
graduated in 1910, after which he gained experience in 
various analytical laboratories. He returned to the 
University towards the end of the First World War and 
became assistant to the first professor of brewing, Prof. 
Adrian Brown. 

He became a Fellow of the Royal Institute of Chemistry 
in 1918, and served on the Council for two periods. 

In 1920 he took up an appointment in the Department 
of Chemistry of the Heriot-Watt College, Edinburgh, and 
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was in charge of courses in meltmg and brewing and 
biochemistry. In 1926 he was awarded an M.Sc., and in 

1928 a D.Sc. of Birmingham. When the Adrian Brown 

chair of malting and brewing fell vacant in Birmingham, 

his record and qualifications rendered him a very appro:° 
priate candidate, and he was appointed in 1931. 

Hopkins always, and rightly, insisted that the bio- 
chemical principles on which the art of malting and 
brewing rested were of fundamental importance, and he 
strongly resisted attempts to isolate the School of Brewing. 
He was able to mairtain the dual nature of the Depart- 
ment as a School of Brewing and Department of Indus- 
trial Fermentation, later of Applied Biochemistry. There 
is little doubt that without this steady pressure over the 
years there would have been no Department of Bio- 
chemistry as it exists to-day. 

He was-primarily a2 man of academic interests, but he 
combined this to a very unusual degree with a knowledge 
and appreciation of the technical processes and problems 
involved in malting end brewmg. This is clearly demon- 
strated ın the large number of papers which he contributed 
to the Journal of the Institute of Brewing, the Biochemical 
Journal and other journals of a more technical nature. 
There is scarcely any fundamental aspect of malting 
and brewing which he failed to deal with in his publica- 
tions. 

A topic which held his sustained interest over a number 
of years was the nature of starch and the complex amylo- 
lytic actions involvec in its breakdown. He did much to 
bring order and clarity into a field of research where con- 
fusion reigned, and h:s claim to recognition will doubtless 
be confirmed-in futuze perspective. 

He directed a team of research workers in the Depart- 
ment under the segis of the Institute of Brewing from 
1934 until 1950, whea it became absorbed in the Brewing 
Industry Research Foundation in Surrey. During the 
Second World War he sponsored work by the teaching 
staff on the qualitetive and quantitative aspects of 
vitamins in beer. Most of the water-soluble vitamins 
came under scrutiny. and the large and useful amounts 
of riboflavin which occurred naturally in the beverage 
were reported for the first time. 

He was a frequert participator in symposia and con- 
gresses throughout tke Western world, and made several 
lecture tours of the United States. 

His other interests included. a deep appreciation of 
many branches of music, and he was particularly fond of 
holidays in the mourtains and by the lakes of the Con- 
tinent. He will be missed by a host of colleagues, students 
and friends. F. W. NORRIS 


| NEWS and VIEWS 


European—American Committee on Reactor Physics 


Dr. V. Rarevsx1, head of the Reactor Physics Depart- 
ment at the Ispra Joint Nuclear Research Centre of 
Euratom, has been elected chairman of the European- 
American Committee on Reactor Physics for the next 
2 years. Dr. Raievski succeeds Mr. Peter Mummery of 
the Atomic Energy Establishment, Winfrith, U.K. At 
the same time, Dr. H. Kouts, of Brookhaven National 
Laboratory, has been elected scientific secretary of the 
Committee in succession to Mr. E. Critoph of Atomic 
Energy of Canada, Ltd., Chalk River. The European- 
American Committee on Reactor Physics is a group of 
fifteen reactor physics experts from member countries of 
the Organization for Economic Co-operation and Develop- 
ment, and Euratom (nine from Western Europe, three 
from the United States, one each from Canada, Japan 
and Euratom). It was set up in 1962 by the Steering 
Committee of the European Nuclear Energy Agency, 


which recently confirmed its mandate for a further 4-year 
period. The work of the Cammittee consists of reviews of 
national programmes ın reactor physics, periodical 
examination of researsh on selected topics, and exchange 
of information on new research results. The Committec 
also advises on priorities for new research activities. 


Analytical Chemistry in the National Bureau of 
Standards: Dr. David H. Freeman 


Dr. Davin H. FREEMAN recently joined the Analytical 
Chemistry Division of the Institute for Materials Research 
at the National Bureau of Standards. His work will be 
concerned, with the prediction, control and reproducibility 
of analytical separaticns, and he will deal especially with 
the relationships bet-veen chemical specificity and the 
structure of ion-exchange derivatives of synthetic organic 
copolymers. Dr. Fr3seman was formerly an assistant 
professor at Washington State University, where his 
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research activities were supported by a contract from the 
Atomic Energy -Commission. From 1958 until 1960 he 
worked as a research associate at the Massachusetts 

„Institute of Technology. Born in Rochester, New York, 
Dr. Freeman completed his B.S. in chemistry ab the 
University of Rochester in 1952; he then went to the 
Carnegie Institute of Technology for his M.S. in 1954, and 
gained his Ph.D. at the Massachusetts Institute of Tech- 
nology in 1957. His professional affiliations include 
membership. in Phi Lambda Upsilon (president of the 
Massachusetts Institute of Technology Chapter in 1958- 
1959), American Chemical Society, American Institute of 
Physics, American Optical Society, American Association 
for the Advancement of Science, and Sigma X1. 


Preserving the Lake District 


Some of the points raised in the Report and Newsletter, 
September 1965, of the.Friends of the Lake District are 
noted elsewhere in discussing the ‘Countryside in 1970” 
Conference (see pp. 1241, 1265 of this issue of Nature). It is 
obvious from the report, however, that the Friends of the 
Lake District are concerned that considerations of amenity 
are being pushed into.a minor place in proposed amend- 
ments to the National Parks Act. They feel that without 
the expression of a widely based and well-informed body of 
public opinion the objects for which National Parks were 
created are unlikely to be achieved. Much of the criticism 
in this report centres on the water plans-of Manchester, 
particularly the powers sought to construct a duplicate 
in Longsleddale of the Mardale tunnel, although it is 
recognized that the Order has been most carefully framed 
and that the initial quantities of water to be abstracted 
are so calculated that it is extremely difficult to estimate 
the effect on the two lakes. It is the ultimate effects and 
the immediate physical effects on Longsleddale that are 
the cause of misgivings, and the report does well to 
emphasize the viable alternative of extraction from rivers 
rather than lakes, and of the possibilities of desalination: 
consideration of our water resources in terms of nine- 
teenth-century thought is no longer, valid., One welcome 
feature of the report is an indication of some improvement 
in the litter position, although constant effort and vigilance 
are still necessary. 


Information Activities of the U.S. National Academy 
of Sciences 


THE scientific information activities of the National 
Academy of Sciences—National Research Council of the 
United States are surveyed in a booklet recently issued 
by the Office of Documentation (National Academy of 
Sciences—National Research Council. Publication 1291: 
Scientific Information Activities of the National Academy 
of Sciences—National Research Council. A Report of the 
Office of Documentation. Revised 1965. Pp. 116. 
Washington, D.C.: National Academy of Sciences— 
National Research Council, 1965). This is a revision of 
a booklet issued under the same title in 1962. It covers 
such activities as the preparation. of abstracting periodicals 
and literature digests, bibliographies, codes and classi- 
fications, tables of data, glossaries, handbooks, indexes, 
lists of publications, reviews, translations, the main- 
tenance of information centres and the provision of 
information services, as well as studies and analyses in 
these fields. Original research publications are not in- 
cluded unless concerned with these fields. The information 
is arranged alphabetically by the several divisions of: 
behavioural sciences; biology and agriculture; chemistry 
and chemical technology; earth sciences; engineering 
and industrial research; mathematics; and physical 
sciences. Within these are given, alphabetically by title, 
details of the committees, boards, offices or similar units. 


Scientists in the ‘New Deal’ 


Tre summer issue of Minerva contains an interesting 
article by L. E. Auerbach, ‘Scientists in the New Deal”, 
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reviewing the relations between science and Government 
in the United States at the time of the formation of the 
Science Advisory Board. The article is essentially an 
account of the establishment and work of the Science 
Advisory Board under the National Research Council 
during its brief existence from July 1933 to December 
1935. The Board sought to broaden the perspec- 
tives of the Government and to increase its awareness 
of foreign scientific achievements, but Mr. Auerbach 
considers that many of its recommendations were 
made largely in a political vacuum and that its 
attempt to formulate a comprehensive national science 
policy was essentially a failure, although the Board itself 
was rather a failure in adaptation to a new situation. 
This is attributed largely to conflict between the National 
Academy of Sciences and the Science Advisory Board. 
Dr. K. T. Compton held that if the National Academy of 
Sciences had been more involved with the social sciences, 
many of the difficulties would have been avoided. Mr. 
Auerbach also suggests that the Board would have been 
more influential if the scientific community as a whole had 
been able to agree on a united stand on the need for a 
national science policy. To-day its most valuable con- 
tribution to national welfare and towards raising the 
support and status of basic research appears to be the 
political experience it gave to men like K. T. Compton, 
I. Bowman and Vannevar Bush. 


VOL. 208 


Science and Economic Growth 


An article by Dr. C. E. Chastain, “Science, Tech- 
nology and Economic Growt ”, in Impact of Science on 
Society (14, No. 4; 1964) reviews some recent studies of 
the relation of science and technology to economic growth 
and emphasizes the need for further understanding of 
those relations, which require studying at three levels. 
We need to know more about the diffusion of techno- 
logical knowledge for the development of new products 
and processes at the level of the individual firms in an 
industry. We need, next, a detailed study of some major 
industries, emphasizing the capacity of firms to adopt new 
technologies and analysing what motivates or hinders 
their advance. Thirdly, studies of the effect of techno- 
logical change on the overall economy would also illustrate 
how technological change promotes new industries and 
new sectors in the economy. The Industrial Development 
Research Programme of the Institute of Science and 
Technology at the University of Michigan has recently 
completedan investigation, at the firm level, of engineering 
and technical developments and their business implica- 
tions in the Michigan machine-tool industry, and a similar 
investigation of the electronics industry will shortly be 
completed. > 


The Royal Society of Edinburgh 

Tur Year Book of the Royal Society of Edinburgh, 1965, 
covering the session 1963-64 (Pp. 133. Edinburgh: Royal 
Society of Edinburgh, 1965. 20s.; 3.50 dollars), contains 
the usual calendar, obituary notices, proceedings of the 
ordinary meetings and of the statutory general meeting, 
together with laws of the Society, accounts for the year 
ended July 21, 1964, and lists of Fellows of the Society, 
members of Council and recent awards. There are also 
lists of additions to the Library and of papers recently 
published in the Proceedings and Transactions of the 
Society. Among the obituary notices are those of W. M. 
Ames, Prof. R. N. Arnold, L. E.-Bayliss, Prof. E. Finlay- 
Freundlich, A. H. R. Goldie, Prof. I. A. Preece and Sir 
James Wallace Peck. : 


The Manchester Literary and Philosophical Society 


Tue Memoirs and Proceedings of the Manchester Literary 
and Philosophical Society (107; 1964-65. Pp. 142+1u. 
Manchester: Manchester Literary and Philosophical 
Society, 1965. 31s. 6d.) includes, besides the account report 
of the Council, accounts, lists of presidents of the Society, 
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Council members, awards-of the Dalton Medal and special 
lectures, Sir Wiliam Slater’s Joule Memorial Lecture, 
“The State as the Patron of:Science”’. Other papers in 
the Memoirs include those by K. F. Bowden on progress 
in oceanography; N. L. Hanson on “The Architect’s 
Dilemma”; G. Polanyi on “North Sea. Gas—What will 
it Mean ?”, F. Oldfield and Ð. C. Statham on “‘Strati- 
graphy and Pollen Analysis on Cockerham and Pilling 
Mosses, North Lancashire’; R. H. Kantorowich on 
“Choice and Chance—Prospects for the North-West”; 
Brian Rodgers on ‘“‘Making Social Policy’; and an auto- 
biographical sketch of J. B. Dancer, with a foreword by 
W. Browning. 


National Art Gallery and Dominion Museum, New 
Zealand 


THe year 1965 marks the centennial year of the 
Dominion Museum and is being celebrated by evening 
functions, special exhibitions and the publication of a 
history of the Museum. In addition to various curatorial 
activities, the extra-mural influence of the institution is 
particularly umpressive and includes circulation of works 
of art and museum specimens, public lectures, scientific 
excursions and advice on conservation. Exhibition effort 
has been concentrated mainly in the Maori Hall, new 
cases of foreign aviary birds, early silver, and the com- 
pletion of a reconstruction of an Egyptian tomb (a life- 
sized X-ray negative of the mummy was added to this 
exhibit). The report for the year ended March 31, 1965, 
also records the opening of the Hall of Memories-in 1964 
and comments on the beauty and artistry of the interior 
and the manner in which the symbolic message is conveyed 
(New Zealand. Report of the Board of Trustees of the 
National Art Gallery and Dominion Museum for the year 
ended 31 March, 1965. Pp. 28. (H.21.) Wellington: 

-Government Printer, 1965. ls. 6d.). 


French Oceanography 


THe September 1965 issue of Le Progrès Scientifique 
(No. 88) is devoted to a survey of the situation and 
perspectives of French oceanography, with, for com- 
parison, an estimate of expenditure on oceanography in 
Great Britain and in the United States programme for 
1966. Some 596 scientists and engineers are estimated to 
have been engaged on oceanographic research in France in 
1964, equivalent to 450 full-tume workers; the correspond- 
ing expenditure is estimated at 90-100 mullion francs. 
There is also a brief account of three recent French con- 
tributions to the advance of oceanographic technique in 
the Bouée laboratory, the submarine seismograph, and 
the Télénaute. 


Chemical Analyses of Rocks and Minerals 


THE latest of a recent succession of regional compilations 
of chemical analyses of rocks and minerals, prepared to 
facilitate the more ready use of data in the files of Govern- 
ment departments, emanates from the Geological Survey 
of Canada and is the first part of a project designed to 
bring together all available Canadian geochemical m- 
formation (Canada: Department of Mines and Technical 
Surveys. Geological Survey of Canada. Bulletin 1185: 
Chemical Analyses of Canadian Rocks, Minerals, and Ores. 
By J. A. Maxwell and others. Pp. 476. Ottawa: Queen’s 
Printer, 1965. 6.50 dollars). It comprises analyses, with 
petrographical and topographical annotations, made by 
the Survey from the time of its foundation in 1846 up to 
the end. of 1955. This follows closely on a similar mono- 
graph based on sixty years of records of the Geological 
Survey of Malaya (Geological Survey of Malaya Professional 
Paper H-64: Chemical Analyses of Malayan Rocks, Com- 
mercial Ores and Mineral Concentrates. Compiled by J. B. 
Alexander and others. Pp. 295. Ipoh: Malaysian Ministry 
of Lands and Mines, 1964. 10.00 Malayan dollars). In 
the U.S.S.R., an important regionally based collection of 
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some 2,000 full (but mot annotated) chemical analyses of 
rocks and rock-forming minerals, mostly executed in recent 
years, has appeared under the aegis of the Institute for Ore- 
Deposit Geology, Pexrography, Mineralogy and Geochem- 
istry (Khimicheskie enalizy izverzhennykh gornykh porod ie 
porodoobrazuyushchiEh mineralov. Compiled by V. F. 
Morkovkina. Pp. 250. Nauka, Moscow, 1964. 3r. 66k). 
It carries useful caleulations of the average composition 
of the more importent rock-types in the several regions 
of the U.S.S.R. « fourth recent work of this kind 
is a compilation by Miss Germaine A. Joplin of the 
analyses in Austral-an literature (Chemical Analyses of 
Australian Rocks. Part 1: Igneous and Metamorphic. 
Bureau of Mineral Resources, Geology and Geophysics 
Bulletin, 65. Pp. 426. 1963). Part 2 of the Australian 
monograph, on sedimentary rocks, ıs in preparation. 
These several works bring together data from a wide 
range of sources acd they will save petrologists much 
tedious searching of the literature. 


Chiswick—Langley Section of the M.4 Motorway 


THE Chiswick—Langley section of the M.4 motorway 
opened by Mr. T.: Eraser, the Minister of Transport, on 
March 24, 1965, is 125 miles long, and contains the 
longest stretch of elevated road in Europe; incidentally, 
it also incorporates a much-needed link road to London 
Airport. Some interesting details of the design and con- 
struction of this highway, with its viaducts, overbridges, 
underbridges and footbridges, some of which are illus- 
trated, are contained in an article, ‘‘Chiswick—Langley 
Section of the M.4’* (Concrete Quarterly, No. 65; April- 
June, -1965. Cement and Concrete Association, London). 
For about the first 2 miles from the Chiswick end, this 
motorway is a viaduct with two twin-lane carriageways. 
The first mile or æ is constructed with pre-cast, pre- 
stressed concrete dezk beams carried on T-shaped piers; 
this follows the line of the Great West Road. The remain- 
der of the viaduct swings away from the Great West 
Road and is of steel and concrete construction. There 
are thirty-one bridges between Chiswick and Langley, 
including the link mad to London Airport; these owe 
their lightness of fozm and speed of construction to the 
use of pre-cast concrete units and pre-stressing techniques. 
Twelve bridges carry roads over this new section of the 
M.4; sixteen carry zhe motorway itself over roads, rail- 
ways, canals and rivers; three footbridges are available 
for pedestrians, and sixteen pedestrian subways have 
been constructed at various points along it. At the end 
of the elevated secticn, where it descends to ground-level, 
the carriageways widen to accommodate three 12-ft. 
lanes; outside these carriageways are constructed hard 
shoulders, 10 ft. wids, bounded by grass verges of similar 
width. The length of approximately 7 miles between 
Boston Manor and Landon Airport is in concrete; between 
the Airport and Largley interchanges there are approx- 
imately 4 miles of flexible construction on various bases; 
this section was purposely laid for practical specification 
trials by the Road Research Laboratory. It is stated 
that the concrete raad slab is 38 ft. wide, 11 in. thick, 
with welded steel mesh reinforcement 3 in. below the top 
surface. The consol:dated granular sub-base is between 
7 m. and 12 in. thisk. Expansion joints are provided 
every 240 ft. and contraction jomts at 80-ft. centres. 
The illustrations ın this article, including one of the 
elevated section of the motorway with slip roads at the 
Brentford interchangs, and one of an elegant pre-stressed 
footbridge with spiral ramp at the Langley imterchange, 
are particularly good. 


Shrinking Aggregates a Cause of Failure in Concrete 
THERE exists an extensive literature on research into 
failure of concrete escribed to instability of aggregates 
involved, both physical and mineralogical. Aggregates 
known to exhibit excessive dimensional change on drying 
out and ageing of concrete would normally be inad- 
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missible, but there are cases on record where such 
materials have been used, apparently with disastrous 
results. Thus there is every reason for investigating those 
rocks which are potentially vulnerable to dimensional in- 
"stability when emplaced as aggregates in concrete, and 
especially the role of the mechanism set up by shrinkage in 
causing distress and ultimate breakdown. This problem 
has recently been successfully tackled by H. Roper, J. E. 
Cox and B. Erlin, in a joint paper entitled ‘“Petrographic 
Studies on Concrete Containing Shrinking Aggregate” 
(Journal of the P.C.A. Research and Development Labor- 
atortes, 6, No. 3; September 1964. Pp. 2-18. Portland 
Cement Association Research and Development Labor- 
atories, Skokie, Illinois). As the title implies, the approach 
to the problem of shrinkage of aggregates is essentially 
petrographic; it has been shown that this technique is 
useful in detecting and diagnosing distress in concrete, 
also in supplying new information leading to a more 
complete understanding of the phenomena involved. 

Two extreme cases of aggregates known to possess 
high-shrinkage properties resulting from water loss were 
chosen for this investigation, both from Karroo System 
of South Africa. These materials were used because their 
physical properties have been thoroughly studied; they 
were used in a distressed building, which initiated investi- 
gations on excessive dimensional instability, and ıt was 
considered important to use materials which had given 
rise to the largest shrinkages recorded. ‘The material 
used as coarse aggregate was the Adendorp Sandstone, 
from a quarry in Cape Province, Union of South Africa, 
with a water absorption of 5:78 per cent; the fine aggre- 
gate was Kruidfontein Sand, with a water absorption 
of 4-17 per cent. Petrological studies of concretes made 
from these aggregates show that internal cracking of 
the mass has resulted from shrinkage of the aggregate; 
cracking occurs around aggregate particles and 1s some- 
times modified by the relative positions of adjacent 
particles. The various stages of cracking and disruption 
of concrete due to this mechanism are convincingly 
illustrated in this paper in a series of ground sections 
of specimens examined, accompanied by interpretative 
diagrams showing the precise relationships between 
peripheral, to a lesser extent radial, crack developments 
and the aggregate particles causing the trouble. An 
important general observation is made in this paper; 
it appears from the examination of many concrete 
ageregates that rocks prone to excessive shrinkage when 
used. for this purpose often contain clay minerals, which 
may occur as matrix materials, as alteration products 
of minerals due to weathering, or to the formation of 
secondary unstable minerals under hydrothermal con- 
ditions (for example, chlorophaeite in the case of some 
basic igneous rocks). 


Reactivation of the Hijaz Railway, Saudi Arabia 


OnE of the world’s most famous railways, the Hijaz 
Railway, lmking Esh Sham (Damascus) in Syria, Amman 
in Jordan, and Medina in Saud: Arabia, and its con- 
temporary reactivation, is the subject of an interesting 
and well-illustrated article by Daniel da Cruz, entitled 
appropriately ‘‘Pilgrim’s Road”, and published in a special 
issue of Aramco World (16, No. 5; September—October, 
1965. Arabian American Oil Company, New York, 10022). 
This was originally an Ottoman Empire project designed 
to link Damascus with Medina and Mecca, and destined 
to follow the centuries-old pilgrims’ route through the 
then forbidding country of Hijaz, bordering the Red Sea. 
Construction of the Hijaz Railway commenced in May 
1900; by September 1901 the first section, Damascus— 
Der‘a, was completed; a year later the Der‘a—Zarqua 
section was opened, to be followed by the extension to 
Amman in 1903, thence to Ma‘an in 1904, Tabuk in 
1906, Mada‘in Salih in 1907, reaching Medina in 1908. 
For various political reasons it was not prolonged to 
Mecca. Thus, in the course of eight years the Turks 
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had put down 808 miles of rail, a remarkable engineer- 
ing feat considering the nature of the country, the climate, 
and, the attitude of often hostile inhabitants. But the 
aspirations of the promoters of this worthy project 
were doomed, largely because of the advent of the First 
World War when Turkey sided with the Central Powers 
and her occupation of the Middle East threatened the 
Suez Canal, along which passed the vital lifeline between 
Britain and her maritime bases in the Far East. Following 
the Allied capture of Aqaba, many Turkish locomotives 
and many miles of track were destroyed; travelling on 
this railway became an uncertain adventure; civilan 
traffic languished, and with the termination of hostilities, 
ceased altogether. After 1918 the Allies set about repairing 
as much of the line as possible; so much so that despite 
many vicissitudes, a fairly regular service on the Damas- 
cus—Ma‘an section has been maintained up to the present 
day. But rehabilitation of this famous railroad was 
inevitable, especially on the long-abandoned Ma‘an— 
Medina section. Following the independence of Syria and 
Jorden, an Executive Committee for Recommissioning 
the Hijaz Railroad Line was established, representing 
Syria, Jordan and Saudi Arabia; a re-survey was under- 
taken in 1956, culminating with a contract being placed. 
for the necessary reconstruction in 1963. Work began in 
March 1964, and if the projected schedule is met, there is 
every reason to anticipate this reactivation towards the 
end of 1966. Apart from the details of this Hijaz Railway 
scheme, this number of Aramco World, entirely devoted 
to Saudi Arabia, contains other articles, and a remarkably 
fine series of coloured and black-and-white photographic 
illustrations which bring to life glimpses:of “‘Arabia the 
Beautiful”, as ıt is herein described, but equally leave 
little to the imagination of what the founding and now 
the revitalizing of the Hijaz Railway have really meant 
in, terms of human effort and achievement. 


National Institute of Agricultural Engineering: Com- 
ponent Failure Investigation 


A ‘coMPONENT failure investigation’ service has been 
started at the National Institute of Agriculture to enable 
a manufacturer who is investigating the cause of failure 
of a component in an agricultural machine to draw on 
experience accumulated in the course of machinery 
testing and research and on the facilities available at the 
Institute. The work done by the Institute, which is on 
a confidential basis, can include laboratory examinations, 
calculations and possible rig testing, but any extensive 
field tests or collection of information about machines in 
service will normally be carried out by the manufacturer. 
A consultation fee of from £5 to £20 will be charged for 
the initial examination, which will be based on written 
evidence and samples supplied by the manufacturer. If 
further work is needed, a programme and cost estimate 
will be agreed between the.manufacturer and the In- 
stitute, and the closest possible liaison. will be maintained 
throughout the work. The new service, which has been 
welcomed by the Agricultural Engineers’ Association, 
will be operated by the Materials Engineering Section of 
the Engineering Division, National Institute of Agri- 
cultural Engineering, Silsoe, Bedfordshire, from which 
further details can be obtained 


Pollen Studies in New York State 


AN ambitious and well-planned attempt to reconstruct 
the vegetational and climatic events from late glacial into 
post-glacial and recent times 1s recorded in Bulletin 397 
of the New York State Museum and Science Service 
(Pollen Studies in the Crusoe Lake Area of Prehistoric 
Indian Occupation. Donald D. Cox and Donald M. Lewis. 
Pp. iii+ 29. Albany, New York: The University of the 
State of New York—The State Education Departments, 
1965). Prehistoric Indian sites are widely distributed ın 
the immediate area, and the authors have also tried to 
incorporate this occupational evidence into the climatic 
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sequence, although their success in this aspect 1s rather 
limited, because no indications of cultivated plants were 
ound in any of the pollen profiles taken from three 
different areas. Of some interest is the tentative recog- 
nition of three episodes within late glacial times, repre- 
senting the pre- Valders ice retreat, Two Creeks interstadial 
aid Valders ice advance, although until now it was 
believed that the Valders re-advance in fact covered the 
area. ‘The detailed geological evidence for this 1s not 
discussed, but clearly some further consideration is 
required to resolve the problem. The subsequent post- 
glacial vegetational history is well documented, and radio- 
carbon dates from the area and elsewhere combine to 
present a closely detailed picture of the environmental 
conditions which influenced the prehistoric Indian groups 
attested here from about 3000 B.c. 
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Traditional Celtic Customs 


THE latest issue of Folk Infe (3; 1965), the journal of 
the Society for Folk Life Studies, contains a number of 
papers recording traditional customs and technological 
processes of certain areas within the British Isles. It is 
noteworthy that almost all the areas selected for study 
are in the “Highland Zone’, the Celtic fringe of north- 
western Europe. A well-illustrated article on ‘“Pennine 
Houses” records a number of constructional features 
ranging from cruck-framed houses and fourteenth- 
century aisled halls to stone buildings of the eighteenth 
century. There follow papers dealing with Cornish 
migrants to America, customs and traditions in Glamorgan 
and Ulster, and elver fishing on the Severn. Of particular 
interest is the publication of a plan, with descriptive 
text, of the multiple-tenancy farm at Auchindrain in 
mid-Argyll. The fine preservation of this complex is due 
to a continuity of occupation down to relatively recent 
years, and the linear settlement, of mainly cruck-framed. 
buildings, is expected to be maintained ın its present or 
restored state. Of more widespread interest may be the 
paper on holed stone amulets and their traditional use as 
protective or recuperative agencies against such rms- 
fortunes as nightmare, bewitching and disease of horses 
and cattle, rheumatism, and night-ridmg. The volume 
also contains a number of notes and reviews. 


Commentariolus of Copernicus 


Dr. J. Dobrzyeki (Institute for the History of Science, 
Polish Academy of Science, Warsaw) and Dr. W. P. D. 
Wightman (Department of History and Philosophy of 
Science, King’s College, Aberdeen) have written to the 
Editor as follows: “It is fairly generally known that early 
in his life, and some considerable time before the pub- 
lication of his epoch-making De Revolutionibus, Copernicus 
circulated a few MS. copies of a brief work (commonly 
referred to as the Commentariolus) ın which the idea of 
a heliocentric system was sketched out. Before the end 
of the sixteenth century Tycho Brahe had difficulty m 
obtaining a copy; thereafter 1t disappeared until the 
nineteenth century when two copies—an apparently com- 
plete one in Stockholm, and a somewhat defective one in 
Vienna—were brought to light. A few years ago a single 
page of the Commentariolus was discovered ın the mter- 
leaved copy of the Basle (1566) edition of the De Revolu- 
tionibus in the hand of Dr. Duncan Liddel (whose hbrary 
passed to the Marischal College and University of Aber- 
deen on his death in 1613) (Science and the Renassance, 2, 
item No. 172; Edinburgh, 1962). A further search 
recently gave promise of a complete transcript of the 
Commentariolus on inserted folios widely scattered 
throughout the book. As a result of a more detailed 
collation we are now convinced that these MS. pages 
comprise a complete transcript corresponding closely to, 
but differing in some significant features from, the Stock- 
holm MS. of the Commentariolus. A new recension of the 
Commentariolus based on all extant transcripts wl] be 
prepared in the Institute for the History of Science 
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(Polish Academy of Science) in Warsaw with the view of 
publication, probably in the course of 1966”. 


Albert Lasker Medical Research Awards 


THE twentieth annual Albert Lasker Medical Research 
Awards have been presented to Prof. A. B. Sabin, pro- 
fessor of research pediatrics at the University of Cin- 
emnati College of Medicine, in recognition of his funda- 
mental contribution fo the understanding of the nature 
of poliomyelitis, and the development of a live vaccine 
that can be taken by mouth, and to Prof. R. W. Holley, 
professor of bioichemistry at Cornell University, in 
recognition of his determination of the chemical structure 
of alanine <RNA. 
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Feldberg Foundation Award 


THe British prize-vvinner for 1965 of the Feldberg 
Foundation Award is Prof. B. Katz, of the Department 
of Biophysics, Univ2rsity College, London, and the 
German prizewinner is Dr. G. Braunitzer of the Max- 
Planck-Institut fur Biochemie, Munich. The Feldberg 
Foundation for German-English scientific exchange was 
established in 1961 tarough the generosity of Prof. W. 
Feldberg, a member cf the staff of the Medical Research 
Council at the National Institute for Medical Research, 
London. The Foundation provides for a prize to be 
awarded each year to one German and one British 
scientist. In recognition of the gift the German recipient 
gives a lecture in Bzitain and the British prizewinner 
lectures in Germany. 


Davisson—Germer Prize 


TaE American Physical Society and Bell Telephone 
Laboratories have anrounced the establishment of a new 
Prize for outstanding contributions in the fields of electron 
and atomic physics. The award will be given in honour 
of the late C. J. Dav-sson and of L. H. Germer, former 
members of the research staff of the Bell Laboratories, 
and pioneers in the study of the wave-like quality of 
electrons. The award will be presented every other year 
by the American Physical Society until 1973, and will 
consist of a 2,600 dolla= cash prize and a citation describing 
the accomplishments f the recipient. 


New Sheil Research Fellowship 


A NEW series of post-doctoral research fellowships, each 
worth £1,300 per ancum, has been instituted by Shell 
International Petroleum Co. in extension of the consider- 
able support 1t already gives to research and education. 
This is announced ın tne November issue of Shell’s Science 
and Technology Newsltter. These awards, tenable for 2 
or 3 years ın any university, college of technology or 
other recognized reseerch establishment in Britain, are 
intended to assist Fellows to pursue research on a subject 
of their own choice lying within the spheres of engineering, 
mathematics, physics, chemistry, biochemistry, botany, 
zoology or microbiolcgy—disciplines with which Shell’s 
own research in the United Kingdom 1s concerned. Two 
awards will be made eech year. Candidates may be of any 
nationality but must hold a Ph.D. degree or equivalent, 
and be less than thirty years old on October 1 of the year 
of appomtment. Application forms for the 1966-67 
research fellowships cen be obtained from the Secretary, 
Shell Grants Committe, Shell Centre, London, S.E.1, and 
should be returned by February 1, 1966. 


South-East Asia Treaty Organization: Research Fellow- 

ships 

THe British Council on behalf of the South-East Asia 
Treaty Organization ‘SEATO), announces that SEATO 
research fellowships fcr 1966-67 are available to scholars 
whose academic standards are of approximately doctorate 
level. The research projects for which the SEATO grants 
will be given should late to social, economic, political, 
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cultural, scientific or educational problems of the countries 
in South-East Asia or the South-West Pacific. Such 
projects should accord with the aims of SEATO. Appli- 
cants for the fellowships must be nationals of SEATO 
countries: Australia, France, New Zealand, Pakistan, 
the Philippines, Thailand, Britain and the United States. 
Grants are normally for a period of from four to ten 
months and will include a monthly allowance of 400 
dollars as well as tourist-class return air travel to the 
country or countries where the research is undertaken. 
For British nationals full information and application 
forms can be obtained from the British Council, Universities 
Department, 65 Davies Stceet, London, W.1. The closing 
date for receipt of applications is February 5, 1966. . 


International Esperanto Congress 


_ Tae fiftieth International Esperanto Congress was held 
in Tokyo during August 1-8, 1965, under the patronage 


of Prof. Yuji Shibata, president of the Japanese Academy.. 


This was the first such congress to take place in Asia. 
About 1,700 participants attended, from forty countries; 
all proceedings, formal and informal, were in Esperanto. 
Scientific lectures included four by Japanese scientists: 
F. Egami (molecular biology), M. Suzuki (electricity and 
life), S. Kawamura (soy-bean products) and N. Oka (a 
film on orang-utan intelligence); and two by foreigners: 
C. Step-Bowitz (survival through glacial epochs), and 
R. A. Lewin (algae). Among topics discussed at a meeting 
of the International Science Association of Esperantists 
were norms for standardization of editorial policy and 
format for publication, and translation by computer (chief 
contributor, H. D. Neumann). Members of the Universal 
Medical Esperanto Association visited the National 
Cancer Institute and the Cardiac Surgery Hospital; they 
were also treated to a social reception at Chinzan-So, as 
guests of Dr. M. Shinoda. There were various post-congress 
excursions in and around Kyoto during August 8-13. 
The fifty-first International Esperanto Congress is 
scheduled for August 1966, in Budapest. 


Prof. J. B. S. Haldane 


Science Reporter, published by the Council of Scientific 
and Industrial Research, New Delhi, has published a 
“Haldane Number” (2, No. 11; November 1965. 50 p.). 
This is devoted entirely to assessments of the late Prof. 
J. B. S. Haldane by numerous European and Indian 
scientists. As might be expected, it deals more fully with 
the Indian period of his life, but other aspects are not 
neglected. 
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Announcements 


Mr. E. B. TEESDALE has been appointed director of the 
Association of the British Pharmaceutical Industry as 
from December 1. 


Dr. A. R. CoLLIŒs has been appointed director of the 
Civil Engineering Research Association as from January 1, 
following the resignation of Dr. M. F. Kaplan, who has 
been appointed professor of civil engineering at the 
University of Cape Town. 

Dr. B. R. Nusawan, director of the National Metal- 
lurgical Laboratory, India, has been awarded the 1964 
Shanti Swarup Bhatnagar Memorial Award for his con- 
tributions in the field of engineering sciences by the 
governing body of the Indian Council of Scientific and 
Industrial Research. 

Dr. F. AYLWARD has been appointed director and Dr. 
T. G. Gillespy deputy director of the Fruit and Vegetable 
Canning and Quick Freezing Research Association. 


THE seventh international Transplantation Conference, 
sponsored by the New York Academy of Sciences, will be 
held in New York City during February 14-16. Further 
information can be obtained from Felix T. Rapaport, 
New York University Medical Center, 560 First Avenue, 
New York 16, N.Y. 


A SEMINAR on “The Role of a Ministry of Technology”, 
arranged by the Science of Science Foundation, will be 
held at the Ciba Foundation, London, on February 21 
Further information can be obtained from the Science of 
Science Foundation, c/o the Ciba Foundation, 41 Port- 
land Place, London, W.L. 


A MEETING of the Midlands Section of the Society for 
Analytical Chemistry will be held in the University of 
Birmingham on January 5. During the meeting the 
Elwell Award will be presented. Further information can 
be obtained from the Society for Analytical Chemistry, 
14 Belgrave Square, London, S8.W.1. 

CoRRIGENDUM. In the article entitled ““Transpiration 
as related to Internal Water Content”, by Dr. E. R. C. 
Reynolds, which appeared on p. 1001 of the August 28, 1965, 
issue of Nature, the quantities of water, where expressed 
as equivalent depths of water, are 6-1 times too large. 

Errarom. In the article entitled “Relationships 
between Constituents of Cones and Male Flowers of the 
Hop (Humulus lupulus, L.)’, by Dr. R. D. Hartley and 
Dr. R. A. Neve, which appeared on p. 804 of the Novem- 
ber 20, 1965, issue of Nature, the seventh word on the second 
line should read ‘brewing’, not ‘breeding’. 


THE NIGHT SKY IN JANUARY 


All times are in Universal Time 


Moon 
New Moon 21d 16h 
Full Moon 7d 05h 


CONJUNOTIONS WITH THE MOON 


Venus — 

Mars 28d 12h, 4° N 
Jupiter 
Saturn 25d 05h, 8° N. j 


5d 17h, 2° 8. 


PLANETS 
l Times of rising (R) and setting (S) during the month 
Name R/S Beginning Middle End Mag. Dg (10* miles) Zodiacal position 
Mercury g i an A A T 25m Unfavourable — 126 — 
a m 10m E m 
Venus Te be: om ah aon -3-8 26 — 
Mars Ss 18h 15m 18h 20m 18h 30m +14 207 Capricornus 
Jupiter S 7h 05m 6h 00m 5h 00m —22 396 Taurus 
Saturn S 21h 35m 20h 45m 19h 55m +13 959 Aquarius 
Dg 1s the distance of planet from the Earth on the 15th of the month 
OCCULTATIONS OF STARS BRIGHTER THAN MAGNITUDE +6 AT GREENWICH 
Star RID Time Mag. 

n Leo D 9d 20h 53-5m +386 

n Leo R 9d 21h 19 7m +36 

51 Tau D 31d 20h 53 3m +56 

58 Tau D 31d 21h 01°8m +54 

(D, disappearance; R, reappearance) 
“ ‘METEORS 
Name Active period Date of maximum Radiant Remarks 
Quadrantids 3d-4d 3d 20h 232° R.A., +50° Dec. Unfavourable 


OTHER PHENOMENA: 8d 05h, Venus 4° N. of Mars 
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By E. M. NICHOLSON, C.B. 


Director-General, The Nature Conservancy, 19 Belgrave Square, London, S.WY.I 


ONFERENCES nowadays follow one another so 

rapidly that those most involved in them may find 
it hardest to assess their real objectives in relation to 
what they actually do and what, if any, further results 
flow from them. Yet the fact that conferences monopo- 
lze so much time of busy people and cost so much to 
organize and attend casts a moral obligation on their 
promoters not only to see that these resources are well 
spent, but also to provide their quota towards the neces- 
sary data for developing the science and art of holding 
conferences, as well as towards whatever may be the 
subject-matter of their own exercise. This is borne in 
mind in the following discussion of the Duke of Edinburgh’s 
Second Study Conference on ‘“The Countryside ın 1970”, 
held in London during November 10-12, 1965. 

Conflicts between developers accused of despoiling the 
countryside and champions of its preservation go back at 
least to Wordsworth, and arguably to John Evelyn, who 
succeeded three centuries ago in promoting what would 
now be termed a highly successful conservation campaign 
against the ironmasters who were laying waste the 
English woodlands. Thus vanquished, they found neces- 
sity the mother of invention to the extent of devising 
means of substituting coal for charcoal and thus, under 
conservationist pressure, finding the way to creating the 
steel industry. During the nineteenth century, however, 
development in its crudest forms was increasingly permit- 
ted, and the well-meaning voluntary bodies formed to 
combat such tendencies never won enough support or 
attained enough cohesion to reverse the trend. This was 
dramatically shown in the main London exhibition for 
National Nature Week in 1963. Following a visit to 
the exhibition the Duke of Edinburgh resolved to bring 
the parties together at a study conference in the autumn 
of 1963 to seek a means of agreeing on both a diagnosis 
and an approach to a remedy before, as he feared, the 
national inheritance in the countryside became irrevocably 
damaged by about 1970. 

Hurriedly improvised and patchily documented, the 
1963 Conference was nevertheless judged a considerable 
success. It brought together representatives, mainly at a 
high level, of some ninety national organizations including 
Government departments and public concerns, professions, 
scientific and technical organizations, and bodies represen- 
tative of industry, agriculture, landowning, recreation, 
natural history, amenity and other interests concerned. 

Many of these were hitherto scarcely aware of the 
existence of one another, and it proved a revelation for 
them to meet face to face in the three large working 
parties and to begin to learn of their respective aims, 
problems, policies and points of view. By the time the 
Conference ended, it had initiated many fruitful contacts, 
harnessed much vague goodwill into a definite, if frankly 
empirical, common movement embracing hitherto con- 
flicting parties, and prepared the, way for a more scientific 
and educational treatment of the whole vast complex of 
problems. 

Such treatment was facilitated by a contribution from 
the Nature Conservancy of a chart of “Human Impacts 
on the Countryside”, prepared by A. W. Colling and my- 
self. This chart listed and analysed the incidence and 
effects of all traceable activities and operations (number- 
ing more than 160) involving distinguishable types of 
impact by a human group or organization on the country- 


side. The Conferences directed much attention to require- 
ments in terms of research and investigation leading to a 
better understanding of the problems. Following publica- 
tion of the Proceedings of the Study Conference (H.M.8.O., 
1964), an exhaustive analysis was made of all the sugges- 
tions, and recommendations for action or for further study. 
Three follow-up corferences were arranged, on “‘Agri- 
cultural Chemicals—?rogress in Safe Use” held in London 
in March 1964, on Scottish aspects held at Inverness 
in April 1964, and on educational aspects at the Univer- 
sity of Keele in Mazch 1965. Special account was also 
taken of a number of allied projects, including the National 
Trust’s ‘‘Enterprise Neptune” for saving key areas of 
coastline, the Nature Conservancy working party and 
report on ‘‘Broadland’’, the Civic Trust’s recreational 
plan for the Lea Valley, and the Nuffield-Cambridge survey 
of common lands. 

While these conerences and projects contributed 
encouragingly towards giving practical shape to the ideas 
outlined in Novembar 1963, it was felt that a renewed 
effort in more depth was needed. This took the form of a 
second conference, two years after the first, prepared by 
twelve study groups working intensively within four 
broad areas; legislation and administration; users and 
uses of the countryside; technology and impacts on land; 
education, trainmg end qualifications; and information. 

With the formation of these study groups a new depar- 
ture began, since their terms of reference were based on 
needs brought to light by the first conference, while their 
membership included more than 180 men and women 
selected partly for their specialized knowledge and 
partly for their closs association with a wide range of 
bodies most intimstely and continuously concerned. 
Each study group was serviced by a different organization, 
official or unofficial, including the National Parks Com- 
mission (4, countryside: planning practice); the Scottish 
Development Department (9, countryside: planning and 
development in Scotland); the Forestry Commission 
(3, technology in corservation); the National Coal Board 
(12, reclamation and clearance of derelict land); the 
Lincolnshire (parts of Lindsey) County Counoil (8, 
preservation of natural, historic and other treasures); 
the Town Planning Institute (1, training and qualifica- 
tions of planners); the Royal Institute of Chartered 
Surveyors (2, training and qualifications of the professions 
concerned with land and water); the Council for Nature 
(5, review of legislat.on); the National Council of Social 
Service (11, living and working in the countryside); the 
Automobile Associat-on (7, traffic and its impact on the 
countryside); the National Benzole Co., Ltd. (10, informa- 
tion and the countryside). 

All these study zroups worked simultaneously to 
complete their reports by July 1965. Their devoted 
chairmen and convener secretaries formed, together 
with the organizing committee of vice-presidents, sessional 
chairmen, joint secresaries and others, a central steering 
group, served admin stratively by the Royal Society of 
Arts and on matters of programme and content by the 
Nature Conservancy. Thus, of about 360 who participated 
in the final plenary sessions of the second conference, 
some 50 had actively assisted in its organization, and 
nearly 150 more hac worked on the preparatory study 
groups from many different points of view, and had taken 
part in the lively and critical review of the findings as a 
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whole during the first two days (November 10 and 11). 
It appeared, as was to be expected, that this stiffening of 
seasoned members gave the eventual conference a markedly 
greater depth, cohesion and focus than that held in 1963, 
when the majority came new to the subject and to one 
another. 

It had been expected that some study groups would not 
merely overlap ın their coverage, as they rightly did, 
but would reach conflicting or inconsistent findings, which, 
with negligible exceptions, they did not. The difficulties 
which occupied the conference were of a different order, 
arising from differences in underlying assumptions or 
emphasis regarding the right scope of the enquiry and the 
true importance of different elements or interests. Differ- 
ences also arose regarding the means of fulfilling aims on 
which all were broadly agreed, and the safeguards for 
other national or sectional interests affected. 

Originally it had seemed that the most urgent and in- 
tractable problems might be to resolve differences between 
voluntary bodies within the naturalist and conservation 
movement, and between that movement and its potential 
allies in recreation and among the other ‘guardians of 
amenity’, so as to enable the ‘conservationists’ to speak 
with one voice to the ‘developers’. This presupposed that 
the ‘developers’ themselves would become familiar with 
the issues and be organized not only to express views but 
also to be able to play an active part in improving liaison, 
planning machinery and procedures, so as to transform 
the often negative and time-wasting encounters into a 
positive and constructive process of reconciling, so far 
as practicable, conservation with development. 

Somewhat surprisingly, if seemed, subject to later 
confirmation, that these difficulties had been overrated. 
Since, and no doubt partly owing to, the first conference, 
it had become fashionable to pay a good deal more than 
mere lip-service to the overriding need for rapid joint 
action, and many good examples became manifest. 
These included. the voluntary agreement for withdrawal of 
toxic chemicals known to be injurious to wild life under 
certain conditions; the joint policies and practices agreed. 
on by the Forestry Commission; the National Parks Com- 
mission and the Nature Conservancy; the surprising 
unanimity reached by authorities and interests concerned 
with the Lea Valley and the Norfolk Broads; the pro- 
gressive outlook of the ‘land-linked professions’ revealed 
ia Study Group 2; and the almost universal-welcome for a 
broad-based ‘Countryside Commission’. The merger of 
representative bodies for employers and industry in the 
new Confederation of British Industry opened fresh pos- 
sibilities of haison. There was also a marked and most 
welcome growth in the readiness of planners and planning 
authorities to envisage substantial changes. 

Welcome as were these and other signs of probable pro- 
gress, they were still outnumbered and outweighed by more 
adverse factors. The new Regional Boards, too lately 
constituted to be reliably evaluated yet, were clearly liable 
to exercise great influence over large-scale development 
which could fail to take adequate account of the findings 
of the conference. Nationally it was clear that, in the 
absence of such impetus as the conference provided, 
recent tendencies to neglect countryside factors and inter- 
ests in national planning were likely to continue. It seemed 
misguided on this basis to argue, as some did, that the 
scope should be widened to include the whole of urbaniza- 
tion and town planning, the effect of which could only be 
to relegate countryside problems and interests to a minor 
place in the only effective forum available to them. On 
the other flank some, although by no means all, spokesmen 
of country-dwellers and rural occupations adopted an 
attitude by no means consistent with the growing trends 
and impacts, which they seemed to underrate or mis- 
understand, and which called for much more energetic 
and thoughtful efforts on their part to reach a new 
modus vivendi with the towns and their recreational, 
technological and accommodation pressures before it is 
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too late. While it is only too easy to attract letters to the 
editor and impromptu speeches and articles from the 
angle of the country-dweller, there seems to be a severe 
dearth of thorough study and critical thought by country- 
dwellers themselves about present-day and impending 
impacts on the countryside. While this situation persists 
it helps no one to coin slighting descriptions of academic 
and other contributors who try, as best they can, to throw 
some light on these dangerously neglected problems. 

Another problem area in this regard is education, and. 
some feeling was aroused by the suggestion that the 
educational world had not been approached to partici- 
pate, or that it had been approached in the wrong way. 
In fact, although every other major national interest 
approached, from administration (national and local) and 
angling to women’s institutes and youth hostels, responded 
to the call, it proved impossible, even with patient, 
tactful and persistent efforts in many quarters, to obtain 
leading representatives of the teachers who bear so 
great a responsibility and dispose of such great resources 
and potentialities regarding the future of the countryside. 
It is to be hoped that the leaders of this great profession 
will soon awaken, and that meanwhile they will discourage 
suggestions that their help has not been invited, which are 
very far from the truth. Meanwhile, fortunately, such 
bodies as the Field Studies Council and a number of local 
education authorities and training colleges are demon- 
strating how much can be done where the vision and the 
will exist. 

Among problems which remain to be seriously faced are 
the study of resource economics, including the adequate 
development of cost/benefit analysis in relation to 
recreational uses, the future relation. of industry to the 
countryside, tourism in relation to domestic, educational 
and recreational policies, and the implications of a national 
land-use policy based on multi-purpose use and zoning 
principles. Others include land requirements for defence 
purposes and the role of research in both the natural and 
the social sciences on human impacts on the natural 
environment. It is to be hoped that the Natural Environ- 
ment Research Council and the Social Sciences Research 
Council will be able to stimulate more adequate work in 
these fields. 

So far as practicable, the Countryside Conferences have 
been based on assembly of data from research and investi- 
gations, supplemented by fresh work wherever time and 
resources permit, and brought into focus on emerging 
problems as a basis for the disciplined discussion of the 
issues and of possible recommendations by selected 
groups deliberately drawn from a wide range of professions 
and interests. Much of the knowledge used was either 
new, unused or under-used previously, and it therefore led 
to an unexpectedly wide and rapid advance in understand- 
ing of the problems. For example, the report of Study 
Group 3 assembles a range of selected factors in technology 
relevant to ths countryside which make possible a new 
and more comprehensive view of modern environmental 
management. Not only the results of the Conference, but 
the means by which they were reached, will repay investi- 
gation. 

No other country has yet attempted such an approach. 
The nearest has been President Johnson’s White House 
conference on “‘Natural Beauty’? in May 1965, but this, 
although most impressive of its kind, was very lightly 
documented and was preoccupied with urgent legislation 
and administrative action, much of which has long been 
taken in Britam. It is, however, to be borne in mind that 
documentation on such aspects as recreational pressures 
and water resources is vastly fuller and more advanced 
in the United States than in Britain. There is, however, 
no scientific organization elsewhere in the world looking 
systematically at problems of the natural environment 
and the impact of man on it. Without such a basis any- 
thing quite like the conferences on ‘“The Countryside in 
1970” would not be possible. 
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MALARIA AND THE OPENING-UP OF CENTRAL AFRICA 


l; his inaugural address to the University College of 
Rhodesia and Nyasaland, Prof. Michael Gelfand took 
the opportunity to review the part which malaria played in 
delaying the opening-up of Central Africa to European 
traders and settlers’. His original paper is illustrated 
with reproductions of some fine contemporary pictures 
which add to the interest of the text. 

The earliest in the field were the Portuguese, who were 
setting up trading posts along the west coast of Africa as 
early as 1443. Somewhat later they were establishing 
footholds along the east coast too, but the ‘Angel of 
Death’ effectively blocked their penetration into the 
interior. When quinine became available, the Portuguese 
took to it more readily than the British and put it to more 
effective use. Its introduction, although spread over a 
longer period of time, ‘‘had an impact on medicine similar 
to that of antibiotics to-day”. 

Lhe legend that cinchona bark was introduced to 
Europe by the Countess of Chinchon, wife of the Viceroy 
of Peru, has been convincingly disproved. What is clear 
is that Jesuit missionaries were in contact with Indians 
who were aware of the medical properties of cinchona 
bark, at Loxa, in Brazil, and in Peru, about the beginning 
of the seventeenth century. Its first recorded importation 
into Europe was made by Barnabe de Cobo, after exploring 
parts of Mexico and Peru in 1632. News of it soon spread 
from Spain to Italy and the Netherlands, and it was 
introduced to England by James Thomson of Antwerp 
in 1650. 

In many places its acceptance by doctors was very 
varied, in part perhaps on religious grounds, but in 
England, resort to its use was stimulated by some serious 
epidemics of ague, so that the weekly publication Mercur- 
tus Politicus could report that, by 1658, the bark was on 
sale by several London chemists. Its fame was heightened 
by Robert Talbot, who among many others treated King 
Charles IT and the Dauphin Charles of France. He made a 
fortune out of its secret use. Sydenham was convinced 
of its efficacy as a medicine, and administered the powd- 
ered bark mixed with red wine. As early as 1659 Willis 
found that the bark relieved acute attacks of ague, 
although relapses were common; and it was not until 
1768 that James Lind observed that, in cases of fever, the 
drug was most effective if given early in large doses. 

In 1745, Claude Touissant de Cagarage attempted to 
produce an extract of quinine, as did Bernadino Antonio 
Gomes, of Lisbon, in 1810. Ten years later, Pierre 
Joseph Pelletier and Joseph Caventou were the first to 
isolate two of the four alkaloids in the substance. This 
discovery so stimulated the demand for cinchona bark 
that exploitation of the forests of Peru, Ecuador and 
Bolivia was carried to such an extent that fears arose about 
their exhaustion; the English and the Dutch took up its 
cultivation, and by 1862 the Dutch had almost established 
a monopoly in its supply, mainly based on Java. 

In comparison with the Portuguese, the British were slow 
in making attempts to trade with or settle in Central 
Africa. One of the earliest schemes for settlement was 
made by William Bolts; it was sponsored by Maria 
Theresa of Austria. The expedition set out from Leghorn 
in 1776. It consisted of 152 Europeans, who set up stations 
along the Masoomo River, in Delagoa Bay, but malaria 
soon made its presence felt; local Africans rose against 
the enfeebled party, which was later attacked by the 
Portuguese, and within three years the entire scheme had 
` collapsed. 

These experiences might be taken as representative of 
a series of disasters which were to follow. About that 
time some people thought that the Niger joined up with 
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the Nile, others that = had a confluence with the Gambia 
River. To explore thə Niger, the Britısh African Associa- 
tion sent out a Major Houghton, but he, after travelling 
through the kingdom of Bambouk, was robbed of his 
possessions and later died. His task was taken over by a 
Dr. Mungo Park, whc left England with two servants in 
1795. He reached tha Niger in 1796, followed it for 300 
miles, and then, emaciated with fever, returned home. 

In 1803 Mungo Pars led a fresh expedition. This time 
he asked for a mosquito net and two pairs of trousers for 
each man. The party left England in 1805; and, after 
having to contend wita malaria, dysentery, incessant rain, 
swollen rivers and mud, they reached the Niger. There 
they built a schooner, and sailed down the Niger past 
Timbuktu, after which the boat capsized and all were 
drowned. Of the 44 Kuropeans ın the expedition, 35 died 
of malaria. 

An expedition finanzed by the Navy and led by Captain 
James Kingston Tuckey set out from England in 1816. 
The party entered the mouth of the Congo, and some 
members worked their way up the River as far as Soondy 
Nsanga, 280 miles from Cape Padron, where, stricken 
by disease, they had z0 abandon all hope of progressing 
farther. Of the 44 Europeans in the party, 18 died of 
malaria. Dr. McKerrow, a member of the team, gave a 
good description of the symptoms of malaria. He noticed 
that the men most seriously affected were those who 
had visited African vlages or slept in the open. As a 
medicine he made some use of cinchona bark, but only 
as a last resort, and tke results were unpromising. 

Another expedition, sponsored by the Admiralty, left 
England in 1822, with the view of exploring the east 
coast of Africa, Madagascar and parts of Arabia. A small 
detachment attemptec to make its way up the Zambesı, 
reaching as far as Senna. Of the three Europeans in the 
group, one had already died, and the other two died on the 
journey back to their base. 

The failure of the Congo expedition, sent out in 1816. 
intensified the desire 30 solve the problem of the Niger 
In 1822 Hugh Clapperton with two companions set out 
to cross the desert fram Tripol. They discovered Lake 
Chad; then Oudney, one of the group, died, leaving 
Clapperton to struggle as far asSokoto by way of Kano, 
whence he was able tc return alive. 

Clapperton made another attempt in 1825, with five 
Europeans in the party. From the Bight of Benin, one 
of the group reached Yzourie before being murdered by his 
followers. The remainder went on to Jannah, where they 
were all ill with fever; but against formidable odds. 
Clapperton reached Eatunga, crossed the Niger, and 
moved on to Kano. Weakened with dysentery and 
malaria he died at Sokoto, so that, of the Europeans, four 
died. 

At about the same zime, a further expedition set out 
to reach the Niger by way of Tripoli and Timbuktu. It 
was led by Major Alexander Gordon, who was the first 
known European to rea2h Timbuktu, but he was murdered 
by Arabs soon afterwards. In 1827, a Frenchman, René 
Caillié, starting from Freetown, reached the Niger and 
became the second European to see Timbuktu; he suc- 
ceeded in returning to France alive. 

The riddle of the Nizer still remained unresolved. To 
solve 1t, Richard Lander, who had been a member of 
Clapperton’s expedition, and his brother, John, offered 
their services to the British Government. They left 
Portsmouth in 1830, folowed Clapperton’s route as far as 
Bussa, and set sail down the Niger with four Negroes as a 
crew. They reached Eboe, near the Atlantic, but were 
then captured by Ibu traders and held by, different people 
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until finally released, when they found their way to the 
Atlantic along one of the subsidiary channels of the Niger 
delta. A boat picked them up and took them to Rio de 
Janeiro before they could return to England. They had 
been advised to take two to five grains of quinine every 
six hours. 

Interest in the Niger rose still higher. A company at 
Liverpool financed an expedition which was led by 
Richard Lander and had the use of three small steam- 
boats. Special attention was paid to the physique and 
fitness of the crews. But before the ships reached the 
Niger, fever began to take its toll. Moving up to Eboe, 
two of the boats were surrounded by dense vegetation and 
swamps on either side, and the men were exposed to 
relentless rain and “‘torrents of sandflies and, mosquitoes”. 

Further up stream, one of the boats, the Quorra, ran 
aground and remained stuck fast from November until 
the following March. At the end of March, MacGregor 
Laird penetrated up stream as far as Fundah, but got no 
further, and what had been the supply ship, the Alburkah, 
reached Raba and then turned round. At the end of two 
years, of the total European complement of the three 
ships, numbering 82, 64 were dead. 

By this time the British Navy was active along the west 
coast of Africa, attempting to suppress the slave trade. 
Some indication of the health risks to which the crews 
were exposed is conveyed by the fact that in 1834, of 
792 men serving in seven British ships, 204 died. Never- 
theless, in 1841 the British Government and members of 
the public jointly financed the Great Niger Expedition. 
Three special ships were built, with the Wilberforce 
joining them later. Each boat had a special system of 
ventilation: during the night as few men as possible were 
to remain on deck, and when up river, all the white crew 
had to sleep below. Special clothing was provided, 
and dry clothing was to be readily available. The men 
selected were all robust and in the prime of life. 

The ships left Woolwich in 1841, and in August, entered 
the Niger. On September 4 a virulent attack of fever 
struck the crew of the Albert; soon after, the Soudan was 
sent down stream with all the sick. In October the plan 
to reach Raba was given up. Sickness.and deaths con- 
tinued so that the British Government decided to recall 
the- expedition. Of a total of 145 Europeans, 42 died— 
almost all of them of malaria. 

In his book on this expedition, M‘Williams, surgeon 
of the Albert, reported that the practice of blood-letting, 
which had been the procedure of first choice for almost all 
the earlier expeditions, was of no value whatsoever, while 
quinine given at a late stage and in large doses was of 
some benefit; but he missed the point, which his own 
records would have shown, that quinine was more effective 
if given early. He gave details of eight autopsies in each 
of which he found the gall bladder distended with bile, 
“the colour and consistence of tar’. The colon was 
generally empty except for “dark pultaceous matter 
viscid and tenacious”. 

By this time it was obvious that Africans were much less 
susceptible to malaria than Europeans, although these 
too became more resistant if they lived in the country 
for long periods. This realization, along with a better 
appreciation of the value of quinine, marked the turning- 
point in the opening-up of Central Africa. Quinine had 
been put to medicinal use in the Navy by Sir William 
Burnett, although it was not given a fair trial. But 
Alexander Bryson, who was later to become Director 
General of the Naval Medical Service, recommended that 
it should be used as a prophylactic and administered to 
all members of crews on going ashore and on their return, 
as well as to those who remained on board in swampy 
places. 

With considerations like these in mind, a new vessel, 
the Pleiad, set sail from Plymouth in 1854, under the 
command of Mr. Beecroft—later succeeded by Dr. William 
Blaikie. With 12 Europeans and 53 coloured men on 
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board, 1t entered the mouth of the Niger and travelled as 
far as Tshomo; scurvy broke out among the crew, yet 
although the Europeans were subject to great fatigue and 
went ashore in unhealthy places, while some of them slept 
on deck, none of them died. They took three to four 
grains of quinine every morning, and sometimes in the 
afternoon. 

At this stage David Livingstone came into the picture. 
It was through reading M‘Wuilliams’s account of the Niger 
expedition that he devised his famous pill, consisting of 
quinine and purgatives. That was in 1850. With 1t he 
first treated an English party and members of his own 
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‘family. His procedure was to give doses large and early; 


by means of it he was able to cross Africa from coast 
to coast. His confidence in the pill was so great that he 
severed connexion with the London Missionary Society, 
so that he could operate on a wider scale. 

By then a national hero, Livingstone had no difficulty 
in persuading the Foreign Office to sponsor an expedition 
to ascend the Zambesi as far as Chobe and plant a mission 
somewhere near the Batoka plateau. When the party 
reached Africa the members took two grains of quinme 
every day. Livingstone doubted if that was enough, but 
he felt that he could stave off serious attacks of fever by 
extra doses.- Altogether, at first things went fairly well 
in spite of personal dissensions, and in spite of the fact 
that with a good deal of malaria about, some individuals 
became more seriously affected. Livingstone also believed 
in the therapeutic value of physical exertion. 

In April 1859, he discovered the Shire Highlands, and 
in September, Lake Nyasa. Soon afterwards he heard of 
the fate of the Helmore-Price expedition to Linyanti— 
an ‘unhealthy place’. There was no medically trained 
person in the group, and out of nine Europeans, six lost 
their lives. 

Further experience of malaria, to which Europeans 
made a varying response, induced Livingstone to abandon 
the prophylactic use of quinine for a time. He ran into 
difficulties over the U.M.C.A. Mission at Magomero, and 
a series of disasters followed, including the death of 
Bishop Mackenzie, who lost his supply of quinine when a 
boat capsized. Worse was to follow: Livingstone’s wife 
died of malaria; the Mission at Magomero, which had been 
moved to Chibisa, had to be closed down, and he was 
recalled to England. 

The two doctors, John Kirk and Charles Meller, now 
with extensive experience of malaria, realized that the 
disease was not so simple as Livingstone had imagined. 
They identified the dysenteric kind called ‘blackwater 
fever’. Meller distinguished the asthenic and hepatic 
forms, and experience convinced him of the prophylactic 
value of quinine, with doses of up to five grains taken daily. 

The next steps in the conquest of malaria are more widely 
known. In 1880, Laveran, a French Army doctor, 
discovered the cyst-like bodies of the protozoon in the red 
corpuscles of human blood. This observation was only 
slowly taken up, but it was confirmed by Marchiafava in 
1884; and in 1889, the tertian, quartan and malignant 
types of the disease were distinguished. Following the 
discoveries of Manson and Theobald Smith, that insects 
can act as vectors of disease, on Manson’s suggestion, 
Ross, a British Army doctor, started work in India, and 
in 1897 found the oocyst in the outer wall of a mosquito’s 
stomach. He worked out the life-cycle of the avian type 
of the plasmodium in the following year. 

Up to 1914, quinine was the only drug known to be 
effective against Plasmodium falciparum, P. vivax and 
P. malariae, but not against the gametocytes. The 
outbreak of the First World War stimulated the search 
for other preventatives, particularly in Germany where 
supplies of quinine might be cut off. An observation by 
Guttmann and Ehrlich, in 1891, that methylene blue had - 
some action against the plasmodium served as a starting- 
point for Schulemann, who after a series of trials synthe- 
sized plasmoquin in 1925, the first artificial anti-malarial. 
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The discovery of atebrin soon followed. This proved to be 
@ valuable drug for prophylactic use in the Second World 
War. Still more potent drugs, chloroquine and amodi- 
aquine, were isolated shortly afterwards. These two are 
excellent, having a complete prophylactic action against al- 
most all forms of malaria, while producing no side-effects. 
Two further anti-malarials to be discovered were proguanil 
and pyrimethamine (“Daraprim’), the latter being partiou- 
larly long-lasting. It was discovered by George Hitching 
of the Burroughs Wellcome Laboratories. 

The conquest of malaria has also been greatly assisted 
through the use of insecticides, such as pyrethrum, Paris 
green, benzene hexachloride (BHC) and DDT. In the 
case of some of these there was long delay between their 
first discovery and exploitation. BHC, for example, was 
isolated by Faraday in 1825, yet its insecticidal properties 
were only discovered in the United States in 1933; and a 
German chemist, Zeidler, synthesized DDT in 1874, yet 
its properties as an insecticide were first noticed by Paul 
Miller in the Geigy Laboratories, in Basle, in 1939. The 
Second World War did a great deal to stimulate the pro- 
duction and exploitation of these compounds. As an 
example of insecticidal potency, one might mention BHO, 
which six months after application on mud walls is capable 
of killing 80 per cent of Anopheles gambiae. 

Taken together, all these developments have com- 
pletely transformed the situation in relation to the con- 
quest of malaria. In Nyasaland, for example, as late as 
1897, the death rate among European settlers averaged 
between 9 and 10 per cent, mainly from fever, in a young 
population. In Northern Rhodesia, during 1907-08, the 
death rate from malaria and blackwater fever combined 
was 30-4 per 1,000; in 1925, even before the aforemen- 
tioned developments, it had fallen to 2-8. 

Such results can be compared with those associated with 
the construction of the Kariba Dam, which was started in 
1956 and completed by 1960. Not once was work held up 
or even interrupted because of disease. This huge under- 
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taking involved the importation of enormous numbers of 
African workers from many parts of the country and the 
employment of many Europeans who had not previously 
built up any immunity through exposure to malaria. 
For health and comfort, the living quarters were placed on 
high ground. All worxers were informed about the dangers 
of heat stroke, and employers were encouraged to allow 
their workers a pericd for acclimatization. A survey of 
the locality showed a spleen rate of 80 per cent, and a 
parasite rate of more shan 30 per cent among the original, 
local community. AI the interior walls of dwellings were 
sprayed with BHC, and this procedure was repeated three 
times & year. 

As a preliminary measure, an attack was made against 
mosquito breeding-places through spraying with ‘High 
Spread Malariol’ (Shell). Survey counts showed that the 
operation was effectiv>, so that there was no need to repeat 
it later. All workers were required to take the prophy- 
lactic drug with whica they were provided—at first, 0-4 g 
of camoquin weekly for the Europeans, and 100 mg of 
mepacrin for the Africans. Later, daraprim was substi- 
tuted at the rate of 25 mg each per week. 

All windows of the European houses were screened, and. 
this helped to keep away millions of other insects as well as 
mosquitoes. As a consequence, there was not one death 
from malaria among Europeans living on the site during 
the first two years. There were two deaths, however, of 
men living in temporary camps outside the recognized 
limits, and nearly all the European cases of fever gave a 
history of irregular prophylaxis, or fishing or hunting at 
night beyond the controlled area. 

These results show that apart from human factors, in 
Central Africa the conquest of malaria is now almost 
complete. They also show that in Africa it is a mistake to 
think of medicine in terms of individual territories. 

R. WEATHERALL 


1 Gelfand, M , Rivers of Death (Supplement to The Central African Journal of 
Mediene, 11, No. 8, August, 1965). 


APPLIED SCIENCE IN THE SCHOOLS 


N recent years a recurrent theme in discussions of science 
teaching has been the inability of courses in applied 
science and engineering at universities to attract the 
best students. This has led to a good deal of self-analysis 
and exposition of their aims by engineers, and to attempts 
to acquaint science and careers masters with the nature 
and purposes of these courses. More fundamental ques- 
tions are those concerned with changes in the nature of 
school science teaching itself, and some of the great 
interest in the new pure science syllabuses of the past 
few years has now shifted to the possible introduction of 
applied science courses at school level. This concern 
led the Institution of Mechanical Engineers* to ask Mr. 
G. T. Page to assemble a report on the present situation 
in schools, and in a very short time he produced a mass of 
information and ideas, obtained both by direct visits 
and by a postal survey, collated, compared and sum- 
marized into an urgent, highly relevant volume. 

A conference in October, to discuss this report, showed a 
very high degree of interest in the whole subject and also 
produced very complimentary estimates of the report 
itself, and it is certain that it is at present exercising 
headmasters and many educational authorities throughout 
the country. Mr. Page labels his book as descriptive rather 
than prescriptive, and a large part of the 328 pages is 
taken up with detail of what is done in a number of 
schools, both in terms of actual teaching of applied science 
and ‘application-conscious’ teaching of physics and chemis- 


* The Institution of Mechanical Engineers: Engineering Among the Schools : 
Activities in applies Science and Enguneering—a Survey of 290 Schools. 
Pp. 328, (London: The Institution of Mechanical Engineers, 1965.) 


try, with syllabuses, details of projects, costing and much 
more important information, both in the text and in 
appendixes. A lot of space is devoted to the best known 
experiments in the field, such as the Technical Activities 
Centre at Sevenoaks School, the examined project work 
at Dauntsey’s Schocl, and the sixth-form courses in 
applied science such as that at Ealing Grammar School. 
However, the report -s much better regarded as a digest 
of many different opinions about, and aspects of, the whole 
subject. There are, for example, chapters on ‘Engineers 
as Teachers” and “Workshop and Laboratory Technical 
Assistance”, and a provocative section called “What the 
Universities Really Think”, in which the widely different 
views of many authorities are contrasted. Throughout, 
one finds figures, data of all kinds, and tables and photo- 
graphs of typical labo-atories as a basis for further discus- 
sion and investigation. In the final chapter, thirty-one 
suggestions of possible definite actions are made, ranging 
from joint industria_/school associations to long-term 
curriculum research. Two particularly interesting lines 
of argument emerge. One is that it was everywhere in- 
sisted by schools who ‘have begun applied science courses 
that this was done for educational reasons rather than 
vocational reasons (although some comment in Scotland 
was less altruistic). The Crowther Report suggested that 
for many schoolchildren, the ‘alternative road’ to interest 
in scientific and technological matters is the most attrac- 
tive one, and in many zases it has been stated that applied 
science has been introcuced to make school science in some 
way less dull. Generelly, it is true to say that there has 
been in the past, and still is, in school courses, a pre- 
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ponderance of analytical rather than synthetic or creative 
work, a tendency to measure an effect rather than to make 
use of it; new courses, especially, say, those of the Seven- 
oaks type, can be more properly regarded as introduced to 
redress this lack of balance. This kind of response may 
automatically help to foster the kinds of attitude one would 
look for in successful engineers, but has not specifically 
been introduced for this purpose. 

Yet, secondly, a good deal of play is made of the 
reluctance of headmasters to accept that the ‘alternative 
road’ into a scientific career might be the best one for 
some of the best students. This necessarily brings to 
mind many thoughts about educational attitudes in the 
country, and the concern of engineers with their own 
‘public image’, especially in the eyes of science teachers 
counselling boys and girls when they consider university 
courses. If one considers the diversity of activities under 
the broad head of engineering and technology, it is perhaps 
not too surprising that this image is a little out of focus, 
but the present careful expositions of the need for flexi- 
bility, breadth and social and economic awareness in 
an engineer may alter this. Ifa teacher is able to consider 
an engineer as a bridge-builder between two cultures, 
rather than a glorified technician, he can then be more 
inclined to satisfaction at the prospect of the best intellects 
entering engineering careers. The objections by a number 
of authorities to the idea of A-Level examinations in 
applied science make good sense when one considers the 
present-day attempts to ask for more flexible university 
entrance requirements, and the talk of a single chemistry- 


CHEMICAL PHYSIOLOGY OF THE 


LYTHOUGH there have been several excellent sym- 
posia on connective tissues, it is now too big a 
subject to cover adequately in a meeting of manageable 
size, and its various compartments tend to be treated 
separately. The acid mucopolysaccharides have been 
quite fully discussed from the metabolic and chemical 
aspects, but not often from the point of view of the 
chemical physiologist. This is not surprising, since the 
state of combination of acid mucopolysaccharides in 
tissues was unknown, their localization depended on 
primitive and non-specific techniques, and practically 
nothing was known of their molecular biology. Consider- 
able progress is being made on all three problems, and it 
was thought that the results would support a three-day 
meeting, with ample discussion. 

The symposium was organized by Dr. Giuliano Quin- 
tarelli, of the University of Alabama, and held under the 
auspices of the Carlo Erba Foundation in Milan during 
September 23-25. Travel grants were made available by 
American Chicle Co. and Colgate-Palmolive Co. through 
Dr. J. Volker, vice-president of the University of Alabama 
Medical Center. 

Seventeen speakers were invited, several of whom com- 
prehensively reviewed their subjects in addition to pre- 
senting new data. Dr. Helen Muir (St. Mary’s Hospital, 
London) opened the proceedings with a paper on “Pro- 
tein-Polysaccharides”, and was followed by Dr. L. Rodén 
(University of Chicago) on “The Protein—Carbohydrate 
Linkages of Acid Mucopolysaccharides”. Dr. Rodén 
presented the evidence that chondroitin sulphate A is 
linked to protein by means of a glucuronosyl-galactosy1- 
galactosyl-xylosyl-serine bridge, with much detail on 
positions of glycosidic bonds, ete. Dr. P. Hoffman 
(Research Institute for Skeletomuscular Diseases, New 
York) discussed threonine, serine and asparagine as 
alternative linkage points for the polysaccharide at the 
protein. Dr. Hoffman took up a theme introduced by Dr. 
Muir (frequently mentioned during the meeting) as to 
how heterogeneous the cartilage protein-polysaccharide 
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physics A-Level subject. At the same time, the investiga- 
tions of approaches to technological studies at sixth- 
form level and the centralization of such work by the 
Schools Council are very welcome. What seems vital 
is that any teaching institution should be concerned, 
within the general framework of science courses which its 
size and resources allow it to offer, to present as wide a 
picture of what the whole effort of scientific and tech- 
nological work consists of, as is possible, whether this 
be through complete courses in large schools, or project 
work, or re-orientation of existing pure science into 
application-conscious treatment. This is particularly 
true, if like the Nuffield Scheme co-ordinator, one regards 
a sixth-form course as being a final chance to sample 
disciplines; it will be of very great interest to see the 
eventual content of the Nuffield A-Level courses. Help 
which can be obtained, through curriculum research of 
any kind, for example, is obviously most important in. 
ail circumstances. 

In any event, the Page Report, making avauable de- 
tailed information, opinion and informed suggestion, is a 
key document for anyone concerned. in decisions about 
school science courses. In addition, it is eminently read- 
able, and, despite the rapidity of its publication, excel- 
lently produced. It is possible that it may be the pre- 
liminary to further substantial changes in school work, 
and it will certainly help the careful thinking about this 
rather complex subject which is needed while school 
science is altering at the present rapid rate. 

T. A. BURDETT 
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ACID MUCOPOLYSACCHARIDES 


is, and showed that his preparations contamed chemically 
dissimilar fractions, separable on electrophoresis. 

Papers by Dr. Castellani (Pavia) and Drs. Pedrini and. 
Pedrini-Mille (University of Iowa) dealt with the keratan- 


-sulphate—-protein complex from epiphyseal plates and 


human costal cartilage, respectively. Dr. Pedrini reported 
three components in his water extracts, as shown by 
electrophoresis on cellulose acetate, the slowest being 
predominantly the keratansulphate complex, and the 
fastest the chondroitin sulphate complex. The ratio of the 
slowest to the fastest increased with age. They differed 
significantly in thew amino-acid content. Dr. J. D. 
Gregory (Rockefeller University, New York) described 
countercurrent fractionation of the hyaluronidase digested 
cartilage protein-polysaccharide. Two components were 
isolated, one containing the keratansulphate, and the other 
reronants of chondroitin sulphate attached to protein. Dr. 
N. di Ferrante (University of Texas), in the course of a 
review of the ‘‘Antigenicity of the Protein Polysaccharide 
Complexes from Cartilage”, presented evidence that the 
keratansulphate—protein fragment of Dr. Gregory pos- 
sessed the antigenic properties of the original protein- 
polysaccharide. The second fraction of Dr. Gregory, 
contaming remnants of chondroitin sulphate, was not 
antigenic. 

The papers of Dr. S. M. Partridge (Low Temperature 
Research Station, Cambridge) and Dr. D. Dziewiatkowski 
(Rockefeller University, New York) dealt with the effects 
and the isolation, respectively, of an enzyme present in 
cartilage which proteolytically degrades the protein- 
polysaccharide. The implications of these findings to the 
study of the complex are great, and probably much of 
the work already done will have to be reassessed. Dr. 
Cifonelli (University of Chicago) rounded off this section 
by pointing out areas in which chemical investigations 
had turned up conflicting data, and discussed degradative 
techniques which could resolve the difficulties. 

Dr. T. C. Laurent (University of Uppsala, Sweden) 
opened the ‘molecular biology’ section with a demon- 
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stration of the importance of the ‘excluded volume’ and 
‘available volume’ concepts in this field. The inter- 
pretation of the physiological role of the acid mucopoly- 
saccharides is likely to draw heavily on this work. Dr. 
E. A. Balazs (Retina Foundation, Boston) considered the 
role of polyanions in the transformation of chemical to 
mechanical energy in a paper entitled “The Mechano- 
chemical Function of Mucopolysaccharides in the Organ- 
ization of the Intercellular Matrix”. Dr. J. E. Scott 
(Taplow, England) reviewed “Ion Binding in Solutions 
containing Acid Mucopolysaccharides”’ and suggested that 
Coulombic complexes of proteins and acid mucopoly- 
saccharides could be ‘ion-buffers’. Work on the “Inter- 
action of Collagen and Acid Mucopolysaccharides” was 
presented by Dr. M. B. Mathews (University of Chicago). 

The microlocalization section was introduced by Dr. G. 
Quintarelli (University of Alabama) ın a review of relevant 
histochemistry which demonstrated that little reliance 
could be placed on previously accepted techniques. Dr. 
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J. E. Scott (Taplow, England) described how the “critical 
electrolyte concentrazion’”’ phenomenon could be used to 
investigate and imprcve on the specificity of cationic dyes. 
In the final paper, Dr. 8. Gardell (University of Lund, 
Sweden) compared tke results of the best available muco- ° 
polysaccharide fractionation techniques for the analysis 
of microgram quantities of tissues obtained by micro- 
dissection. 

The chairman of the concluding session, Dr. E. A. 
Balazs, thanked th= organizers and particularly Dr. 
Sirtori and the Carb Erba Foundation for their mag- 
nificent hospitality; the participants joined in complete 
agreement. This was the first full three-day symposium 
in English to be held at the Carlo Erba Foundation, and 
everyone present wil wish for the opportunity to be 
present at others in the future. 

Lhe Proceedings will be edited by Dr. Quintarelli and 
published in book form by Little and Brown, Boston. 

J. E. Scorr 


POSSIBLE CONTRIBUTION OF JUPITER’S MAGNETOSPHERIC 
TAIL TO THE RADIO EMISSIONS OF THE PLANET IN THE DECAMETRIC 
REGION 


By G. M. GRUBER 


Department of Physics, Rhodes University, Grahamstown, Socth Africa 


INCE Bigg! showed that the satellite Io influences 

the decametric emission it seemed promising to look 

for dependences which are not related to the rotation of the 

planet Jupiter. Prof. J. A. Gledhill suggested to me that 

it might be interesting to investigate the possibility that 

radiation from Jupiter’s magnetospheric tail contributes 
towards the decametric noise. 

Since the data obtained at our research station were 
insufficient for any large-scale investigation, the obvious 
choice was the data of J. W. Warwick and W. T. Kreiss? 
compiled from observations during January 1, 1960- 
December 31, 1963. In addition, Drs. Warwick and Dulk 
supplied me with the data obtained during January 1, 
1964—May 31, 1965, for which I thank them. 

In their data they recorded the v.r. start and finish 
of each observing period and of each Jupiter event, its 
frequency range, intensity (on a scale of 1, 2 and 3), the 
burstiness as weak, moderate or strong, and the System ITI 
OML (Central Meridian Longitude) of each event. 

To find whether any influence of the magnetospheric 
tail existed, the following procedure was adopted. The 
period between two superior conjunctions was divided into 
27 intervals each of 15 days, except for the first and the 
last which have less than 15 days. The intervals were 
numbered from —13 to +13; interval 0 was centred on 
the day of opposition. For each of these intervals the total 
time for which Jupiter was observed was computed as 
well as the total time during which Jupiter events occurred. 
The ratio of the latter to the former gives the percentage 
probability of occurrence for that particular interval. 
(No notice was taken of the frequency distribution of 
the bursts.) The number of events during the five appari- 
tions were 57, 247, 354, 429 and 229 respectively. The 
results for each apparition are shown in Figs. 1-5. 

On combining the values for the five apparitions, 
that is, calculating the average percentage probability 
for correspondingly numbered intervals, a most interesting 
result is obtained. (Fig. 6). 

From the graph ıt appears that the percentage probabil- 
_ ity of observing decametrie emission is much higher 
before opposition than after opposition, the ratio being 
approximately 3:2. Furthermore, a sudden ‘cut-off? 
after opposition is evident. 


G. A. Dulk? has drawn up histograms for tho first and 
second half of the aaparitions of 1963 and 1964. The 
higher probability of cccurrence is quite noticeable, and he 
suggested that the diference might be. attributed to the 
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influence on Jupiter reception of the maximum usable 


frequency of the Earth’s ionosphere. 


To check whether the cut-off frequency of the ionosphere 
has any noticeable influence, the ‘mean lowest frequency’ 
eobserved was calculated for each interval for the five 
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Fig. 4. Percentage probability versus interval number for 1968 
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Fig. 6. Percentage probability versus interval number for the five-year 
period 1960—1964 
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Fig. 7. ‘Mean lowest frequency’ versus interval number for the five- 
year period 1960-1964 


apparitions. This was done by noting the lowest frequency 
observed and totalling over the fifteen days interval, the 
sum then being divided by the number of events in the 
interval. The results were plotted as Fig. 7. 

From Fig. 7 1s seems obvious that the variation of the 
mean lowest frequency observed does not account at all 
for the large drop in percentage probability after opposi- 
tion. The steady level reached in Fig. 6 from interval 2 
to interval 8 emphasizes the discrepancy. 
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Furthermore, it can be seen by comparing Figs. 6 and 
7 that the rise in percentage probability starting at inter- 
val —10 and the fall of percentage probability starting 
at interval +8 can be explained by the rise in cut off 
frequency. 

The asymmetry of Fig. 6 suggests that the emission 
from the planet Jupiter does, in a certain way, dspend on 
the relative position of the Sun, Earth and J upiter, the 
higher percentage probability of receiving J upiter noise 
being before opposition. Such a pattern of radiation can 
be produced by a magnetospheric tail. The tail, assuming 
it oxists, would be swept back from the Sun—J upiter line 
by an amount depending on the ratio of J upiter’s velocity 
in its orbit to the velocity of the solar wind in the vicinity 
of Jupiter. This means that the angle which the tail sub- 
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Earth relative to the Sun—Jupiter line, the tail subtending a 
larger angle before opposition, the maximum value being 
reached three months before. If this source is anisotropic 
a sudden cut-off, such as shown in Fig. 6, might bee 
expected. 

Fig. 6 can therefore be explained if one assumes two 
sources, although they might have similar mechanisms, 
one closely related +o the rotation of Jupiter, and Io 
related, the other having its origin in a Jovian magneto- 
spheric tail. 


! Bigg, E. K., Nature, 208, 008 (1964), 
s Women J. W., and Kreiss, W. T., IGY Solar Activity Report Ser. No. 28 
( 


* Dulk, G. A. (private communication). 


WELDING BY HIGH-VELOCITY PARTICLE IMPACT 
By Dr. ROBERT F. ROLSTEN* 


Technical Operations Research, Burlington, Massachusetts 


ALAN K. HOPKINS 
Air Force Materials Laboratory, Wright-Patterson Air Force Base. Dayton, Ohio 
AND 
HAROLD H. HUNT 
5965 Manon Street, La Mesa, California 


pee of target plates have been spot-welded by the 
hypervelocity impact of a microparticle’. Parts of the 
plate surfaces became plastic under the impulsive load and 
were welded. Metallographic examination of the cross- 
section of the weld indicated that the structure was rippled. 
The ripples show a definite crest structure, which may 6x- 
plain the mode of their formation; that is, the movement 
of tho plastic surfaces at different velocities while the sur- 
faces are held together under the high pressure produced 
by the projectile impact. The ripple effect associated 
with the welding may be described as “surface jetting”, 
which enhances welding because of the maximum surface 
friction and the increased contact area at the interface. 

In an investigation of these impact spot welds we have 
conclusively related the weld-ripple phenomenon to the 
explosive welding of metals as described by Rinehart and 
Pearson* and Cowan and Holtzmann* and to the surface 
jotting described by Walsh et al.5, Allen et al.*, and 
Abrahamson’. 

Hypervelocity particle impact welding was obtained by 


firing 0-005-g ‘Mylar’ cylinders into stacked targets of 
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Fig.1. Welded 1100-0 aluminum plates. Impact velocity, 28,200ft./sec, 
Section at arrow shown in Fig. 2 





Fig. 2. 


Cross-section of welds, Area indicated by arrow in Fig. 1 


aluminium or copper plates or a combination of alum- 
inium and copper plates. In one experiment a target of 
1100-0 aluminium plates alternating in thicknesses of 
0:064 in. and 0-010 in. was impacted in vacuum by a 
‘Mylar’ projectile at # measured velocity of 28,200 ft./sec. 
A profile of this target is shown in Fig. 1. Welds were 
produced between the third (0-064-in. thick) and fourth 
(0-010-in. thick) plates and between the fourth and the 
fifth (0-064-in. thick) plates. The wavy, or rippled, 
interfaces of these welds, shown in Fig. 2, have been 
attributed to the phemomenon of surface jetting. 

Welding did not always occur during hypervelocity 
impact on a stack of plates. In some experiments the 
rippled interface and weld were produced, but the weld 
bond was ruptured by shoek in the parent metal plates, 
and the plates became separated. This forceful separation 
of a once smooth, rippled and welded structure resulted 
in a sawtooth and fre» surface, as seen in Fig. 3. In other 
experiments a weld did not form or was exceptionally 
weak, but the mating surfaces, plastic and moving at 
different velocities, were left with a rippled surface, as 
shown in Fig. 4. 

* Consultant, 5141 Willow Crest Road, Dayton, Ohio. 
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The target shown in Fig. 4 was a two-plate target con- 
sisting of a 0-090-in.-thick plate of 6061-7'6 aluminium in 
contact with a 0-375-in.-thick plate of the same material. 
It was impacted in air at 15,000 ft./see by a 0-25-in.-diam. 

eight circular steel cylinder of 0-5-g mass. Fig. 5 is a 
diagram of the sequence of events which we believe 
occurred during impact on the target in Fig. 4, which 
punctured the two-plate target system and produced 
concentric ripples around the puncture. In Figs. 4 and 5 
we have designated the outer boundary of a series of 
concentric ripples as A; the outer boundary of a galled, 
or chaffed, ring-shaped area, evidently caused by relative 
motion of the two surfaces while they were tightly com- 
pressed, as B; and the outer edge of the upward bulge of 
the surface produced by lateral displacement of material 
surrounding the puncture as C. 

The outer radius of the chaffed ring (B, Fig. 4) in a 
two-plate system, by our hypothesis, should be a measure 
of the time for penetration of the first plate according to 
the following relation: 


B; = Ry = f ( Va Ka E, Vp) 





Fig. 3. Sawtooth structure produced by forceful separation of welded 


plates 





Fig. 4. Second, or bottom, plate with concentric ripples (A), galled ring 
(B), and distorted surface (C) referred to in Fig. 5 
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Fig. 5. Puncture of a two-plate system 


Top to bottom: 

A shock-wave in the first plate from lateral pressure of the projectile 
reduces to an elastic wave at A, the outer boundary of the ripple pattern. 

The elastic wave reaches B, the outer boundary of the galled ring, 
as the projectile punctures the first plate. The pressure holding the plates 
in contact is reversed by elastic rebound ejecta now moving from 
the developing crater in the second plate. 

The first plate ‘petals’ under pressure of ejecta from the second plate. 
Lateral plastic and shock waves are set up in the second plate. 

The lateral elastic wave reaches C, the outer edge of the upward bulge 
of the surface as the second plate is punctured. 


where R, is the outer radius of the chaffed ring, Rp is the 
radius of the projectile on impact, Ve is the wave 
velocity, 7’ is the thickness of the first plate, Æ is the 
elastie recoil of the first plate, and Vp is the velocity of 
penetration. Data to establish the functional relation 
are lacking. However, the available data do show that 
the length of the outer radius of the galled ring is a func- 
tion of the thickness of the first plate and an inverse 
function of impact velocity. This has been determined 
from the experiments with right circular cylindrical steel 
projectiles 0-25 in. in diameter with a 0-5-g mass fired 
in air into a stack of two 6061-76 aluminium plates 
(Table 1). 

We postulate that the ripple strueture in Fig. 4 resulted 
from dynamic instability of the shock wave in the first 
(top) plate at the interface of the two plates. Material in 
the first plate was being forced outward radially. The 
chaffing, or galling, in the area between A and B was 
caused by the same shock wave after it had been reduced 
to an elastic wave. The welling up of the surface, which 
extends from B to C, resulted from shock and plastic 
waves produced in the second (bottom) plate during its 
puncture. The area between B and C is not related to the 
rippled or the galled area since the surfaces of the first 
and the second plates were no longer in close contact. 


Table 1, SIZE DEPENDENCE OF CHAFFED RING ON IMPACT VELOCITY AND 


THICKNESS OF First (TOP) PLATE 


Measured Thickness Radius of 
impact velocity, of frst plate chaffed ring 
ft./sec (in.) (B, Fig. 4) (in.) 
15,000 0:090 0-53 
14,700 01875 578 
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The first plate was forced away from the second plate 
and deformed in a direction opposite that of the projectile 
movement by the force exerted by the relief wave sweeping 
over the upper free surface of the first plate and by the 
ejecta from the crater in the second plate and to a lesser 
extent by its elastic reaction to the release of impact 
pressure. No evidence of welding was noted in this ex- 
periment, although the same rippled structure is associated 
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stacked targets welding has been observed to 

10 first and second plates of the structure 
ive plate interfaces; in other targets the 
ib oecur before the second plate and third 
xe. If either the relief wave or the crater 
jhe projectile and the second and successive 
e first plate away from the structure, then 
ï. the welds to occur in this first interface 
-tensile strength of the first plate material. 


202473) will resist this upward deformation and there- 


The impact energy in the experiment referred to in 
Fig. 1 was 1-85 x 10° ergs. Complete deceleration of the 
projectile was accomplished in 0-8475 em, giving a force 
of 2-185 x 10° dynes. A circle with a radius of 0-565 em 
will include the welds, which yields a surface area of 
L em*. If we assume that the entire impact pressure was 
applied normal to the target face simultaneously and was 
evenly distributed over 1 sq. cm, the pressure would be 
2:185 x 10° dynes/em?, or 31,750 Ib./in.*, a direct pressure 
which we believe to be far below the threshold necessary 
for welding. The very high pressure contained within the 
thin expanding circle at the shock-wave front must be the 
cause for the welding that oceurred®. 

The impact pressure at the surfaces of a two-plate 
target system forces the target interface surfaces into 
intimate contact during the time the projectile is moving 
through the first plate. At this same time, the projectile 
with the target material directly under the point of impact 
expands radially and exerts a lateral thrust (cavitation) 
tending to enlarge the hole in the first plate. The lateral 
disturbance is propagated as a shock-wave. To permit 
sufficient. heat transfer to induce all parts of the shock- 
wave to propagate at the same velocity, it is necessary 
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for the whole wave front to be very thin, or ‘steep’. 

Material in this shock front is highly compressed. The 

high-pressure wave ront sweeping radially outward in 

the first plate can act across the interface since the surfaces 

of the two plates are in intimate contact. The inertia ofe 
the materials responding to the pressure across the inter- 

face creates a dynamic instability in the pressure at the 

interface due to the elternation of jetting and non-jetting 

collisions. This causes a rippling of the surfaces as the 

shock-wave sweeps cutward. 

The rippling of the surface structure inereases the 
surface area and produces maximum shear, which opens 
wide fissures in the surface layers of adsorbed gases, 
reactants, and foreiga materials. This dilution and shear 
effect, combined with the induced turbulenee and the 
high pressures within the wave-front, promotes intimate 
contact and permits the linking of metal atoms across the 


interface. If the surfaces are reasonably free of foreign ~~ . 


substances and entrapped air, mate well, and are held in 

firm contact, then bonding may result. This bonding 

may be enhanced by an interlocking action of the 
ripples. 

The experiments reported here suggest that satisfactory 
welds can be made in a stacked target with a minimum 
amount of energy (wnere the surfaces of the target plates 
are held in intimate eontact under high pressure) by pro- 
jecting a strong shock-wave to one of the parts more or 
less parallel to the interface. The conditions for the 
production of the desired weld are dependent on the plate 
material, surface condition and thickness and on the 
strength and propagation velocity of the shock-wave. 

We thank the Utah Research and Development Com- 
pany for performing the hypervelocity impact experiments 
at the Air Force Meterials Laboratory, and Lieutenant 
W. A. Dean, who corducted the metallurgical analyses of 
all specimens. 
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* A shock-wave also results in an embossed surface. A scratch placed across 
the surface of one plate was observed in raised relief in the mating face. 
This reproduction of the scratch did not extend into the elastic region: 
that is, not in the regiomof RC, Fig. 4, 
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UCH effort has been expended in sub-dividing the 
AVA Canadian Shield into suitable units of study. 
Early classifications!-* were based primarily on strati- 
graphic, petrological and structural similarities. Features 
such as parallel fold belts, foliation trends and truncation 
of ancient. orogenic centres by younger mountain belts 
were invaluable aids in this work. Lately, the classifica- 
tion has been carried out with the aid of geochronological 





. en assembled on a large-scale map and the contin- 
ent has been sub-divided according to the latest available 
information. References used but not mentioned in 
the text are listed at the end of this article. The 





compilation now consists of nearly 2,000 dates, with 
the majority being potassium-—argon determinations on 
biotites, muscovites and hornblende. Rubidium-stron- 
tium whole-rock ages and lead-uranium concordia and 
discordia!" ages were included wherever available. A 
small-scale copy showing the geological provinces and 
the general location of the data is reproduced in 
Fig. 1. | 

The classification, mto geological provinces in Fig. 1 
and Table 1 is based on the oldest reliable dates present 
in each area. A certain amount of subjective judgment — 
cannot be avoided and particular points of difficulty are. 
discussed below. When considering the K/Ar data alone, 
the boundaries proved to be surprisingly sharp considering 
the presence of over-thrusting, tectonic inliers and the 
effect of multiple metamorphism along adjacent orogenic 
belts. When model lead and strontium whole rock ages 
are aiso considered the boundaries are less distinct. 

So far as possible, secondary features, such as miogeo- 
synelinal mountains, basins and troughs known to be 

+ 
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Table 1. CLASSIFICATION OF GEOLOGICAL PROVINCES BY Limits ON RADIO- 
ACTIVE AGE DETERMINATIONS 00 


Geological Range of age 

province determinations (m.y.) 
Superior 8,300-2,300 
. Slave 2,900-2,200 
Churehill 2 300-1, 700 
Penokian 1,960-1,400 
Ozarkian 1,450-1,200 
Grenvilie 1,200- 800 
Innuitian ü- 200 
Appalachian 550- 200 
Cordilleran 350- 0 


underlain by older erystalline rocks were not considered 
in this map. Neither were such igneous bodies as the 
Duluth gabbro, which has a well-established age of 1,000 
million years on the basis of K/Ar, Rb/Sr (ref. 9) and 
strontium whole-rock analyses!®, This large sill occurs 
among rocks metamorphosed and folded about 1,700- 
1,800 m.y. ago and was emplaced in a series of intrusions 
into these older rocks through fractures formed in response 
to the severe 1,000-m.y. event which had its greatest 
effect in the Grenville province 500 miles to the east. 

The nomenclature closely follows that used by Stockwell 
in the Geological Survey of Canadat?13, Gastil’® recog- 
nized that the data indicate the necessity of at least two 
new geological provinces. The first of these is here called 
the Penokian® province and includes the large strip from 
eastern California to Sudbury. It appears to extend into 
‘the region of the Purcell Mountains in British Columbia 
on the basis of model lead ages!? in the Kimberley, 
Coeur D’Alene and Kootenay are districts and two K/Ar 
datest#.1°, The Beltian rocks may be underlain by an 
older crystalline basement, but there 
is no evidence for this at the present 
time. 

The second new province includes the 
area between the Penokian and Grenville 
and is here termed the Ozarkian after the 
Ozark uplift in south-eastern Missouri 
where the Pre-Cambrian basement rocks 
are exposed, The dated outcrops occur 
mainly in Missouri, Kansas, Texas, New 
Mexico and Arizona. The major tectonic 
activity occurred here between 1,300 and 
1,450 m.y. ago. 

The sub-division of the continental crust 
is based largely on K/Ar data. A certain 
amount of caution must be shown in using 
the results, since the mathematical equa- 
tions may not model the physical environ- 
ment of the mineral closely enough. All 
minerals are susceptible to a certain loss 
of daughter products during episodes of 
metamorphic activity. Furthermore, the 
present Pre-Cambrian surface represents 
such a deep erosional level that what we 
now sample in many places are the old 
mountain roots which were at an elevated 
temperature during much of geological 
time. A small but continuous amount of 
diffusion cannot be discounted without 
corroborating evidence. 

Loss of daughter products will cause the 
age to be too low. However, a mineral 
may also incorporate some argon in the 
lattice during the time of crystallization 
and produce a measured age that is too | is 
high. Richards and Pidgeon®® have 
observed that some biotites from the 
Broken Hill district, Australia, yielded 
ages twice the Rb/Sr ages. Evans and 
Tarney?! report more than 20 whole- 
rock. K/Ar dates on dolerites in Seot- 
land between 1,550 and 3,860 m.y. The 
Rb/Sr ages on a biotite and a whole- 

+ 
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the geological provinces 


Radioactive ages lower than character 
© istic age of the geologic province 


Radioactive oge higher then 
+ characteristic age of geologic province 


. Probable extension of Superior or 
Ae Churchill province 
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rock sample are 2,190 m.y. Workers from the Geological 
Survey of Canada** have dated a biotite in Newfoundland 
as 3,730 m.y. with the K/Ar method and 900 m.y. with 
the Rb/Sr method. These and other reports?*:?%)’ 
indicate that K/Ar data must be checked carefully. If 
there are a few dates which are 400 per cent too large, 
there may be more that are only 10 per cent too large. 

A further difficulty which may be recognized is that _ 
rocks of clastic origin may occasionally be dated. Thus 
Burwash and Baadsgaard*® give K/Ar dates of 2,400 m.y. 
on the basal Nonacho Conglomerate. These lie on a 
gneissic complex of the Churchill province with biotite 
dates of 1,800 m.y. The interpretation of dates from rocks — 
which may have been transported long distances is not 
unambiguous and must be evaluated carefully when 
considering theories on continental growth®°**. 

The difficulties mentioned in the preceding two para- 
graphs are common to all dating methods to a certain 
degree. Research workers carrying out the geochemistry 
and mass spectrometry have recognized these and other 
difficulties and interpreted their results with caution. 
Usually a representative suite of minerals is dated and 
consistent results on cogenetic minerals are given more 
weight. Samples which satisfy the assumptions built 
into the mathematical formulae are used in the inter- 
pretation. Such caution is not evident in many statistical 
compilations to determine the ‘peaks of orogenic activity’. 
Histograms showing peaks of K/Ar results are particularly 
susceptible of misinterpretation since the peak may lag 
the period of most intense metamorphism due to argon 
loss in subsequent episodes. Samples from contact 
metamorphic zones?” are often dated but are difficult to 
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Fig. 1. Geological provinces of North America 
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Fig. 2. Instrumentally determined earthquake epicentres in North America showing the 
correlation with some boundaries between geological provinces 


recognize. Until a large amount of Rb/Sr and Pb/U 
data is available the K/Ar results from the Pre-Cambrian 
era should be used only in resolving broad regional 
structure. In particular, caution is necessary in sub- 
dividing geological provinces or the Pre-Cambrian time- 
scale on the basis of such low-resolution data. 

An extreme example of the complexity that is possible 
is illustrated. along the southern margin of the Superior 
province in Ontario and Quebec. There is a group of 
well-established ages between 1,600 and 2,300 m.y.28-8¢ 
which may be correlated with early orogenic activity in 
the Churchill province or late events in the Superior 
province. From lead isotope evidence?! and whole rock 
strontium results"? it appears that these ages extend into 
the region classified as the Grenville province on the basis 
of potassium-argon dates. An attempt was made to 


_~—indieate the complexity in this area by cross-hatching in 


Fig. 1. From Fig. 1 ıt is also clear why the Sudbury 
area has had such a complicated pattern of ages. It forms 
the focal point of five geological provinces and has conse- 
quently been affected to some extent by orogenic activity 
in each province. 

Several boundaries are the site of rapid and large-scale 
variations of physical properties. For example, the 
north-western boundary of the Superior province is 
bounded by a prominent group of gravity anomalies called 
the Nelson River high®*. The pattern of arcuate alternat- 


; ing positive and negative Bouguer anomalies is suggestive 


of the isostatic anomalies along the Indonesian ‘Trench*. 
Another prominent group of anomalies follows the St. 
Lawrence River? and into the United States** along the 
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entire length of the boundary between the 
Grenville and Appalachian provinces. The 
boundaries of the Slave and Grenville 
provinces also correlate with aeromagnetic 
trends. These correlations indicate that® 
the boundaries between geological pro- 
vinces have played an important part in 
the development of the continents. 

A characteristic of the oldest parts of 
the continent is obtained from seismic 
evidence. The area has a very small 
amount of earthquake activity at the 
present time. This would seem to 
strengthen the arguments for continental 
prowtau. Jt is difficult to see why tectonic 
activisy should avoid the oldest portions of 
NortE America unless this is a naturel 
sequence of events in the evolution of the 
conticental crust and upper mantle. Similar 
remarks apply to the moderately sized 
contirents of South America, Australia 
and Antarctica. The pattern is more 
compx for the two largest continents of 
Africe and Asia. Africa, in particular, 
appears to be breaking apart along the 
Rift Valleys. 

A. compilation. of instrumentally determ- 
ined evicentres as reported by the Dominion 
Observatory, Canada, and the United 
States Coast and Geodetic Survey ıs 
preserted in Fig. 2. The depth of the foci 
under North America is generally less 
than 70 km, but no attempt has been 
made to classify the shocks by depth or 
magnitude. The location of the epicentres 
may be uncertain by one degree of latitude 
and -‘ongitude for small earthquakes. 
With the new seismograph network and 
digital computation facilities now being 
established, it will soon be possible to 
prepara comprehensive maps with depth, 
magnitude and P nodal solutions from first 
motior studies. 

The boundaries between several geologi- 
cal provinces have a arge amount of earthquake activity. 
This is more evident on the eastern side of the continent 
where the level of activity is not so great. Concentrations 
of earthquakes occur along the boundaries between the 
Ozarkian, Grenville and Appalachian provinces. There is 
little information on crystalline basement rocks in the 
western United States and British Columbia. Conse- 
quently the boundaries of the provinces are largely unde- 
termined. The postu_ated correlation between earthquake 
epicentres and geological boundaries suggests that elastic 
stresses may be relieved along the system of faults and 
fractures which mav parallel the boundaries. These 
fractures probably exsend to great depth in the crust and 
have possibly existed since the inception of orogenic 
activity along these boundaries. 

The North American continent may be divided into 
nine geological provinces on the basis of the oldest 
K/Ar, Rb/Sr, Pb/U and model lead ages in the crystalline 
basement rocks. On this basis it is evident that only a 
minor amount of consinental growth has occurred in the 
past billion years. The central continental nucleus, 
called the Superior province, extends from Greenland 
to Wyoming and was -ormed more than three billion years 
ago. The Superior, Slave and Churchill provinces have 
negligible seismic activity at the present time, and these 
very old stable blocEs must have an upper mantle in 
which the radioactive slements have been depleted through 
transfer into the crus to a greater extent than the rest 
of the continent. Surface wave investigations?! and long- 
range observations or longitudinal waves?” also indicate 
that there are significant differences in the upper mantle 
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under the Canadian Shield as compared with other parts 
of the continent. Over North America the pattern of 
ages is defined sufficiently to test the possibility of contin- 
ental drift. Unfortunately there are insufficient data on 
other continents to make an evaluation of this hypothesis. 

A tentative correlation has been found between the 
boundaries of geological provinces and zones of earth- 
quake activity. It appears that elastic stresses may be 
relieved along fractures which extend to great depths in 
the crust and have existed since the inception of orogenic 
activity along these boundaries. 
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CARBON ISOTOPE RATIOS AND PALAEOSALINITIES OF 
PURBECK-WEALDEN CARBONATES 


By Pror. P. ALLEN 


Sedimentology Research Laboratory, Department of Geology, University of Reading 
AND 


Pror. M, L. KEITH 


Department of Geochemistry and Mineralogy, Pennsylvania State University 


IOLOGICAL and lithological evidence leads to the 
conclusion that the Purbeck—-Wealden beds ofsouthern 
England were deposited in a variable-salinity environment. 
Salinities apparently ranged from supersaline in the lower 
Purbeck (evaporites), to near-marine in the mid-Purbeck 
and upper Wealden (for example, ‘cinder bed’ members 
with oysters, echinoids, etc.), to freshwater in parts of the 
lower and upper Purbeck and lower and upper Wealden 
(Unio beds, horsetail soils, etc.). 

Lateral and vertical fluctuations occurred at these 
extremes. Thus faunal gradients seem to exist in the 
Purbeck Cinder Bed!-°, and many individual Wealden 
laminae are dominated by one genus at a time. On 
Wealden beddigg planes Unio, Viviparus and Physa 


tend to be ‘incompatible’ with Neomiodon and Filosina, 
especially among assemblages containing articulated shells. 
Only Physa is known ‘at home’ among the Wealden fresh- 
water plant communities‘. If the Wadhurst and Grinstead 
Clay sequences are partly transgrossive they might be 
expected to show slightly elevated salinities’. But the 
macropalacontological evidence, though purposely sought, 
has not been found®. 

Geochemical evidence of depositional environment is 
difficult to interpret and unique solutions seem equally 
unlikely. We are not so sure as Walker’ that equivalent 
boron! is a ‘realistic index of palaeosalinity’. Quantitative 
interpretation of the Purbeck—Wealden environments is 
complicated by provenance of the sediments Through 
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much of southern England they contain derived material 
(including illite-rich clay) from marine Upper Jurassic 
sources®, Variable proportions of mixed-layer clays*® 
and of associated boron could have resulted from Purbeck- 
Wealden recycling. 

The carbon isotope ratios of limestones and some fossil 
carbonates have been shown2)!2 to be affected by the 
proportional contributions of carbon-13-deficient carbon 
from land plants. They therefore provide additional 
evidence for differentiating marine and freshwater car- 
bonate rocks. However, one must recognize that isotopic 
criteria, as well as trace-element criteria, fail to provide a 
clear-cut separate category for sedimentary rocks formed 
in transitional variable-salinity environments**. In deltas, 
estuaries and marginal bays, spatial and temporal changes 
of the carbon-13 : carbon-12 ratio of bicarbonate, food web 
and carbonates, may result from short-term changes in 
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rainfall or the patterns of bars and distributaries, as well- 


as from long-term advances and retreats of the sea. In 
shallow bays with restricted connexions to the open ocean, 
there may be additional complications due to variable 
amounts and isotopic compositions of the organic matter! 
and of the carbon dioxide from its local deecomposition™®»?®. 

Possible misinterpretations are to be expected in the 
palaeontological records as well, for example, where mass 
mortality of organisms results from abrupt salinity change, 
or where mollusc shells are transported, broken or size- 
sorted due to a change from static to dynamic hydraulic 
conditions. 

The foregoing qualifications apply to the isotopic data 
here presented and to comparisons with other criteria used 
for environmental interpretation. Probably one should. 
resist the temptation to sub-divide ancient variable- 
salinity environments except where (a) sufficient samples 
have been analysed to show lateral variation, and (6) 
there is a concordance of several indexes of environment. 

Isotopic data are presented in Table 1, and the carbon 
isotopic compositions are shown diagrammatically in Fig. 
1, for a stratigraphic sequence of Purbeck—Wealden lime- 
stone samples from southern England. 

The graph of 55C variation (Fig. 1) can be interpreted, 
with reservations, as mainly repre- 
senting relative variations in the in- 
fluence of marine and continental 
waters. Reservations are based chiefly 
on the observation!*1° that SC of 
modern organic carbonates exhibits 
an imperfect correlation with salinity 
of the water. The correlation is 
reasonably good in most transitional 
environments, but does not extend to 
shallow supersaline bays?®. 

As expected from their palaeon- 
tology, the Purbeck-~Wealden carbon- 
ates show wide variations in carbon-13 
content. An interesting upward trend 
is suggested: each succeeding carbon- 
13 minimum (and presumed minimum 
of marine influence) is more negative 
than the preceding. Stratigraphical 
horizons of the carbon-13 minima 
correspond with the virtually exclusive 
dominance of Hydrobia and Valvata 
(sample $8102), Neomiodon (sample 
S8114, Hqutsetites in situ (sample 
$8119) and ostracods (sample $8127). 
Neomiodon occurs in beds exhibiting a 
wide range of ôC and presumed 
salinity (as inferred by Casey* and con- 
firmed by Hudson*’), and its diagnostic 
significance should be questioned. 

Maxima of carbon-13 content (and 
of presumed marine influence) also 
suggest, though less clearly, a general 
upward decline. They occur in the basal 
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Purbeck (sample $8101), again in the range Cinder Bed— 
Broken Shell Limestcne (consistent with the presence of 
Liostrea and marine ostracods?*, and the conclusion of 
Walker’) and near the base of the Wadhurst Clay (samples 
$8109, $8110, S8111: bed almost exclusively of Neomio- 
don). Successively smaller carbon-13 maxima occur in the 
lower Weald Clay above the Horsham Stone (Filosina 
beds: $8120 and $8121) and in the upper Wealden Shales 
(sample $8126, with oysters (Iosirea?), echinoids, 
? Viviparus). The figure from the basal Purbeck limestones 
is consistent with Brown’s recent conclusion that some of 
the basal deposits are marine or supersaline**. 

As a basis for comparison with prior data from else- 
where, an index mark is shown at 38°C = —2 parts per 
thousand (Fig. 1), the-approximate mid-point between the 
means of marine and freshwater limestones analysed by 
Keith and Weber!?. We do not intend an arbitrary division 
of our present samples at òO = —2 parts per thousand, 
nor recommend that limestones from transitional environ- 
ments should be more finely classified on the basis of 
carbon isotope ratios. 

The oxygen isotopes ratios (Table 1) do not show a 
strong correlation with 51°C, and there appears to be no 
advantage in using the ‘Z’ index of environmental dis- 
crimination based on both §38C and 81*O (ref. 12). How- 
ever, eight of the present samples with $1°C greater than 
—2 parts per thousand have a mean 81°Q of — 4-5 parts 
per thousand, whereas twenty-two samples with 3¥C less 
than — 2 parts per thousand have a mean §1°O of — 6-7 parts 
per thousand. The original oxygen isotope record seems 
not to have been ent-rely destroyed by recrystallization. 

We conclude that the new carbon isotope data: (1) 
confirm the complex variability of Purbeck—Wealden 
carbonate environments; (2) suggest an underlying 
tendency for carbon-I3, and presumed salinity, to decline 
with time; (3) indicate horizons of possible maximum 
and minimum marire influence where more intensive 
palaeontological, petrological, sedimentological and geo- 
chemical work seems likely to be rewarding. 

We thank John Kaufman for assistance with 
the isotopic analysis. The work was supported by 
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Fig.1. Variation in carbon isotopic compositiox of carbonates from the Purbeck—-Wealden of 
southern England. Formations not sampled: £.B., Ashdown Beds; L.T.W.S., Lower Tun- 
bridge Wells Sand; U.T WS 
A, separated fossil shells; m, near-marine fauna (oysters, echinoids) presumed indigenous; 
F, Vwviparus dominant, presumed indigenous. Sample 


., Upper Tunbridge Wells Sand. Analyses: @, bulk carbonate, 


numbers: Reading prefixes (S81-, 
see Table 1) omitted for simplicity 
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Table 1. PURBECK-WEALDEN ISOTOPIC DATA 
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| p (e) ostracods — 15:38 
66-385 ? upper (d) Oysters, echinoids, — 4:27 
? Vivparus 
66-251 (J) middle a) large Viviparus —5 26 
FA ) middle (e large Viviparus — 7-20 
_ 66-626 (f) middle (Petworth Marble) (e) large Vaviparus — 5-41 
< 8686-383 middle (Clock House Sandstone -—978 
66-261 eee a 2:82( — 2-97) 7-88( — S14) 
66-380 | lower Filosma (g) i -3-13 —8 09 
66-381 J lower (Horsham Stone (Shinfold Equisetites (in situ) —10 61 
= Soil Bed)) (%) 
5 Grinstead Clay 
66-879 5 |È Lower" Neomiodon (g) — 6:39 
3 Wadhurst Clay 
- 66-378 D upper (High Brooms Soil Bed) (2) Exquisetites (in situ) 
56-610(f)] 5 upper Viviparus 
66-253 (f) Hog Hill Sand (Telham Pebble Neomiodon (g) 
Z Ta v Hog Hill Sand (middle) rh eomiodon (g) 
33 a3 19 39) MO 
0025p H s s „ (Dase) Neomiodon (g) 
66-377 | lower (Sharpthorne Shell Bed) (2) Neomiodon (g) 
66-376 
Duriston Beds F 
[58108] 56-625(f Purbeck Marble Viviparus E — 2°24 — 4-92 
S8107 56-629 Broken Shell Limestone (7) ostracods, ? Viviparus +072 — 5°80 
58106 66-375 id Cinder Bed (k) Inostrea —1 40(—0 46) — 4:77( — 3°59) 
a Q 
a Lulworth Beds 
$8105 56-624 (f) | 3 1B. Stones (Cherty Freshwater ? freshwater gastropods — 1-89 — 5-62 
2 e 
58104 66-257 (f) d Lower Building Stones Viviparus — 2:01 — 5°26 
58103 66-258 (f) Lower Building Stones Viviparus —4 84 — 4-29 
58102 66-384 B basal limestone : Hydrobia (l), Valvata (l) — 5 40( — 5'39) — 4:71( — 4-60) 
S8101 algal structures, Serpula —1:60 — 3:30 





66-374 | basal limestone (m) 


(a) Data are for calcitic shelly and calcitic sandy or silty limestones, except that figures in parentheses represent separated fossil shells. Sample treatment 
and analyses were made by standard procedures’. Isotopic compositions are expressed, in the conventional ô notation, as differences (in parts per thousand) 
from the PDB carbon dioxide standard. 

(b) Tentative sub-divisions of Weald Clay after Worssam, B.C. (in litt.). 

(c) 3 ft. from top. Carbonate almost entirely ostracod valves; little cement. 

(d) Upper beds of Wealden Shales. 

(e) Exact relations of these three horizons uncertain. 

(f) Ref. 12, pp 1809-10. `- 

(g) Identified by Dr. R. Casey. 

(h) Carbonate (cement in quartzose sandy siltstone) probably penecontemporaneous because Equisetites tissue preserved?’ ??, 

(i) 30-40 ft. above base of Wadhurst Clay. Minor aragonite. Carbonate almost entirely Neomiocon valves; virtually no cement. 

(j) Marine ostracods reported by Anderson**; freshwater gastropods by Arkell**. 

(k) Walker’ reported 405 p.p.m. “equivalent boron” in illite from the marine Cinder Bed. Our results (sample $8106) are consistent with his, and the over- 
lying Broken Shell Limestone (sample 58107) seems to be dominantly marine. The same author also assigned a marine origin to the upper Durlston Viviparus 
beds on the basis of 390 p.p m. equivalent boron in their illite fraction. Our results from the Purbeck-Wealden generally (see also Fig. 1, — V) do not suggest 
that Viviparus was ne. ` 

(1) Identified by the late Dr. W. J. Arkell. 

(m) Marine algae reported by Brown”. 

Localities and references of specimens: S8101—Perryfield Quarry, Isle of Portland, Dorset**; $8102—Holworth House, Ringstead Bay, Dorset**; S8103-5— 
Durlston Bay, Swanage, Dorset??: S8108—Nuthanger Farm (boring), Kingsclere, Hampshire**; $8107, S$8108—Durlston Bay, Swanage, Dorset*’; 58109-11— 
Sharpthorne brickyard, West Floathly, Sussex’; S8112—Baldslow Lane, Westfield, Sussex®; $81138—Silverhill Quarry, Hollin , Hastings, Sussex®?; S8114— 
Post Office (cesspool excavation, 10 ft. depth), Brede, Sussex*?; S8115—-Teigh Farm, Stone, Kent’; S8116—0-75 mile 8.8.E. railway station, Balcombe, Sussex”; 
S8117—Brambletye, 1-75 miles S.E. East Grinstead, Sussex**; $8118—Philpote Quarry, West Hoathly, Sussex**; S8119—0-26 mile N.W. Theale Farm, Slinfold, 
Sussex’; $8120, S8121—Geerings, Warnham, Sussex; S8122—Clock House Brickworks, Capel, Surrey?’; S8128—‘Horsham, Sussex’ (museum label); S8124— 
‘Nr. Redhill’, Surrey; 581256—Kilnbrow, Earlswood, Redhill, Surrey®*; S8126—VYaverland Cliff, Isle af Wight; S8127—Nr. railway station, Berwick, Sussex**. 
youl $8101 wee applied by Mr. N. E. Butcher (Reading); S8105, S8107, S8108, and $8123 by Dr. J. D. Hudson (Oxford); S8112 and S8116 by Dr. J. 

en (Villanova, U.S.A.). 
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° 23 Anderson, F. W., Liverpool and Manchester Geol. J., 3, 28 (1 : 
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RETURN OF LEUCOCYTES TO THE BONE MARROW IN CHRONIC 
MYELOGENOUS LEUKAEMIA 


By Dr. JOHN H. MOXLEY* and Pror SEYMOUR PERRY 
Medicine Branch 
AND 


Pror GEORGE H. WEISS and Dr. MARVIN ZELEN 


Biometry Branch, National Cancer Institute, National Institutes of Health, Bethesda, Maryland 


T is the purpose of this article to present evidence thar 
immature leucocytes in the peripheral blood of patients 
with chronic myelocytic leukaemia (CML) may return to 
the bone marrow and mature. Our findings offer a possible 
explanation for the prolonged peripheral-blood disappear- 
ance time of CML leucocytes). 
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Fig. 1. Patient E. R., 58 years old, N, 9. Pht CML relapse, in vitro 
lebelling. O—QO, White blood cells, @, marrow 


We have investigated the leucocyte kinetics in CML 
using techniques of liquid scintillation counting and auto- 
radiography followimg in vitro leucocyte labelling with 
tritiated thymidine. Two CML patients, Ph, chromosome 
positive, were leucophoresed and their leucocytes labelled 
in vitro with 4 me. of tritiated thymidine (sp. act. 1-9 
c./mmole). After excess radioactivity was removed by two 
washings with autologous cell-free plasma, the labelled 
leucocytes were re-infused. At time zero and at intervals 
after labelling 5 ml. of blood and 2 ml. of bone marrow 
aspirate were obtained and processed by a method previ- 
ously described’. The isolated leucocytes were washed, 
counted, hydrolysed, and their radioactivity determined 
in & liquid scintillation spectrometer. Autoradiographs 
of the whole-blood samples and of the separated leuco- 
cytes were prepared in the usual manner using Kodak 
AR 10 stripping film. Four thousand cells were counted 
for each autoradiograph. Details of the methods used will 
be included in a later publication. 

Results of the liquid scintillation counting are presented 
in Figs. 1 and 2. Leucocyte radioactivity was followed 
in both the peripheral blood and bone marrow for 120 h 
in each investigation. The radioactivity in the marrow 
strongly suggests that some of the in vitro labelled cells 

* Present address: Peter Bent Brigham Hospital, Boston, Massachusetts. 


infused into the peripheral blood return to the bone 
marrow. 

One other importsent possibility to consider for the 
presence of radioactiuity in the bone marrow aspirate is 
peripheral blood consamination. In the evaluation of 
this possibility, the »bserved intensity of radioactivity 
in the aspirate can be written: 


C obs = p Osetia F (1 F p) C periphërai blood 


where the Cs refer to intensities and p is a parameter 
depending on the (vaiume) contamination and the ratio 
of densities of white blnod cells per unit volume associated 
with the peripheral blod and marrow. Specifically it is: 


i l—a 
flea ap 


where æ is the percertage contamination, and 


Pp = white blood cell density in peripheral blood 
white Slood cell density ın marrow 
Measurements on the white blood cells in both the peri- 
pheral blood and ma:row resulted in values of p = 2/7 
and 1/5 for patiente A. S. and E. R., respectively. 
Estimates of peripheral blood contamination of bone 
marrow aspirate are in the neighbourhood of a = 20 per 
cent’. Substituting tae foregomg values of p with a = 
0:2 in the formula for p gives p = 0-93 (A. S.) and p = 
0:95 (E. R.). If one assumes no radioactivity in the 
marrow (Cmarow = 07, thon Coys = 0°07 Coeripheral blooa FOr 
À. S. and Ox. = 0-05 C aier blood for E. R. This means 
that we would expect the observed radioactivity in the 
aspirate to be 7 per cent (A. S.) and 5 per cent (E. R.) of 
that in the peripheral blood. Even if the contamination 
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Fig. 2. Patient A. S , 47 years old, W, g. Pht CML relapse, in vitro 
labelling. O— 2D, White blood cells; @, marrow 
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were as much as 50 per cent, the observed aspirate radio- 
activity would be 22 per cent (A. S.) and 17 per cent 
(E. R.) of that in the peripheral blood. Therefore the 
observations in Figs. 1 and 2 cannot be accounted for by 
peripheral blood contamination. 

Corresponding evidence of return of CML leucocytes 
to the bone marrow was found in analysis of the bone 
marrow autoradiographs from one of the two patients 
(E. R.) (Tables 1 and 2). Seven per cent of the leucocytes 
obtained in the marrow aspirate on day 3 were significantly 
labelled. The labelled cells included 32 metamyelocytes 
and 19 mature granulocytes. This finding suggests that 
cells not only return to the bone marrow but also, while 
there, a portion of them divide and mature. 

It is highly unlikely that immature leucocytes are able 
to mature during the 1-h în vitro incubation period. Con- 
sequently, for the purposes of assessing the significance of 
the results in Tables 1 and 2, we have assumed that all 
grains overlying mature cells in Table 1 represent back- 
ground labelling. We will now show that the labelled 
mature neutrophils found in the bone marrow (Table 2) 
cannot be accounted for by the re-infusion of these back- 
ground labelled mature cells. For this calculation: 


L = total number of re-infused labelled leucocytes; 

Npx = total number of leucocytes in the peripheral 
blood; 

Nm = total number of leucocytes in bone marrow; 

Hy = labelling index; 

E = leucophoresis efficiency. 


(The leucophoresis efficiency is defined as the ratio of total 
number of leucocytes extracted from a given amount of 
whole blood to the total number of leucocytes in the given 
amount of whole blood.) Since 150 out of 946 labelled 
cells were mature neutrophils labelled in vitro by back- 
ground, an average of 150/956 L = 0-16 L mature labelled 
neutrophils would be infused. Assuming that all these 
labelled mature neutrophils return to the marrow, we 
would expect to find: 
(4,000) (0-16 L)/Nm 

labelled mature cells in a bone marrow autoradiograph 
where the number of cells counted is 4,000. The total 
number of re-infused labelled leucocytes from a sample of 
1,000 ml. of whole blood is: 


1,000 
L= 5,000 (E) (Er) (Nez) 


where 5,000 ml. is taken as the blood volume. Conse- 
quently, the expected number of labelled mature neutro- 
phils counted in a bone marrow autoradiograph can be 
written as: 


(4,000) (0-16) (0-2) (E) (Hy) (NpB/N m) 
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Table 1. In vitro LABELLING OF CML LEUCOCYTES WITH *HTDR* 
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(PATIENT E R.) 
Cell type No. of Grain count 
cells <5 5-10 11-15 16-20 > 20 

Segmented 

neutrophils 513 40 8 
Band neutrophils 365 24 2 
Metamyelocytes 567 72 4 
Myelocytes 1,921 393 40 16 18 96 
Promyelocytes 402 115 20 9 5 34 
Myeloblasts 143 35 4 2 4 
Eosinophils 82 5 
Basophils 9 
Lymphocytes 22 
Erythroid precursors 16 


* Sample taken from bag just prior to infusion into the patient. 


Table 2, RESULTS OF BONE MARROW AUTORADIOGRAPHS ON DAY 3 AFTER 
INFUSION OF LEUCOCYTES LABELLED 7 vtro (PATIENT E. R.) 


Cell type No of Grain count 
cells <5 5-10 11-15 16-20 > 20 

Segmented 

neutrophils 982 14 1 
Band neutrophils 379 4 
Metamyelocy tes 635 23 2 1 5 
Myelocytes 1,497 156 13 5 1 1 
Promyelocytes 342 48 9 5 1 
Myeloblasts 129 21 2 
Eosinophils 98 3 
Basophils 1 
Lymphocytes 1 


Erythroid precursors 84 


Yoffey cites (Npx/Nm) to be 0-01 for normal individuals®. 
Yankee has found values of E between 0-35 and 0-70 in 
25 CML patients*. Taking E to be 0-50 and Npa/Nm = 

0-01, the expected number of mature labelled neutrophils 
on & bone marrow autoradiograph should be 0:64 Eş. The 
proportion of labelled cells to total cells counted gives 
an Hy =946/4,000= 0-24. Thus we estimate the expected 
number of mature labelled neutrophils to be 0-15. We 
observed 51 labelled mature cells, which clearly 1s a highly 
significant result. 

Since tritiated thymidine labels cells only during the 
DNA synthesis phase, the presence of labelled mature 
granulocytes in the bone marrow indicates that immature 
cells which took up the label in vitro must have undergone 
maturation. The absence of labelled erythroid precursors 
in the bone marrow aspirate supplies strong evidence that 
our observations were not influenced by the re-utilization 
of the tritiated thymidine. 

These preliminary results from examination of two 
patients with acute myelogenous leukaemia (AML) indicate 
that leucocytes do not return to the bone marrow in this 
disease. 

1 Athens, J. A., Raab, S. O., Haab, O. P., Boggs, D. R., Ashenbrucker, H., 
Cartwright, G. B., and Wintrobe, M M., J. Clin Invest., 44, 756 (1965) 


2 Galbraith, P. R., Valberg, L. S., Gruner, P. H , Brown, G. M , Ann. Intern. 
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EFFECTS OF CYCLIC ADENOSINE MONOPHOSPHATE AND MELANOCYTE- 
STIMULATING HORMONE ON FROG SKIN IN VITRO 


By Dr. M. W. BITENSKY and S. R. BURSTEIN 
Department of Medicine, New York University Schoo! of Medicine, New York 


N 1957 Sutherland and Rall! described the function of 
eyclic-AMP in the control of glycogenolysis, thus pro- 
viding insight into one of the mechanisms of hormonal 
regulation of enzymatic activity. These investigators have 
since characterized the enzymes involved in the synthesis 
and degradation of cyclic-AMP as adeny] cyclase and phos- 
phodiesterase. respectively?. Davoren and Sutherland 
found that adenyl cyclase is located on the cell membrane 
in the pigeon erythrocyte’. Sutherland and Rall and 
other investigators have provided evidence to support the 
role of adenyl cyclases as intermediaries in the action of 
ACTH’, TSH’, glucagon1, and epinephrine!. Each of 
e 


these hormones has been shown to stimulate selectively 
an adenyl cyclase in its respective target organ. Further- 
more, Orloff and Handler* demonstrated that the effects 
of ADH on the toad urinary bladder could be mimicked 
by cyclic-AMP. Subsequent work has shown that ADH 
increases the levels of cyclic-AMP formed in homogenates 
prepared from dog kidney’. Mansour et al.* have reported 
activation of adenyl cyclase by serotonin in Fasciola 
hepatica, and Rizack® has demonstrated that a lipolytic — 
activity in rat epididymal fat pads is stimulated by 
cyclic-AMP, as well as by epinephrine. Although cyclic- 
AMP has been shown to control glucose utilization through 
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its action on phosphorylase kinase and on phosphofructo- 
kinase, and to affect glycogen synthesis through its action 
on transglucosylase", little is known about the manner in 
which cyclic-AMP regulates other types of cellular 
activities. 

Sutherland and Rall and their co-workers have thus 
described a common mechanism of interaction between a 
certain class of hormones and their target tissues. Although 
adenyl cyclase and cyclic-AMP are involved in all these 
systems, there is a high degree of specificity both in the 
activation of a specific adenyl cyclase by its appropriate 
hormone and in the way that the differentiated target cell 
responds to increasing levels of cyclic-AMP. 

Skin darkening in the frog has been demonstrated with 
methyl xanthines such as caffein and theophylline??:?’. 
Since these reagents are known to inhibit competitively 
the hydrolysis of cyclic-AMP by phosphodiesterase™, ıt 
seemed reasonable to enquire whether MSH causes pig- 
mentary changes in amphibian skin by increasing cellular 
levels of cyclic-AMP. 

The effects of various concentrations of cyclic-AMP 
were determined on excised strips of frog skin. Since ıb 
is known that cell membranes are relatively mmperme- 
able to this cyclic nucleotide, it was necessary to use 
higher concentrations than are believed to be present 
intracellularly’. 

Summer Rana pipiens, stored up to two weeks at 4° C, 
were used. Strips of dorsal skin relatively free from spots 
were mounted vertically in 4-ml. cuvettes on a poly- 
styrene frame (Fig. 1). All test reagents were dissolved 
in modified Ringer’s solution (110 mmoles NaCl, 2 mmoles 
CaCl., 2 mmoles NaHCO, and 2 ml. KCl). 

The time required for the full expression of hormonally 
induced pigmentary changes in amphibian skin was 1-2 h. 
By using the Gilford spectrophotometer, it was possible 
to record pigmentary changes in four skin specimens 
simultaneously. Optical density measurements were 
recorded at 530 my using a chart speed of 0-25 in. per 
min with a full-scale deflexion set equal to 0-500 O.D. unit. 
This method is based on the assumption that the optical 
‘density of frog skin is a function of the skin area occluded 
by dispersed pigment granules!®. In practice, the method 
proved to be sensitive and precise, and the recorded 
changes in optical density correlated well with gross and 
microscopic observations. In addition, the smoothness 
of the curves obtained indicated that the optical density 
measurements were made from the same portion of each 
specimen. during the experimental period. 

At the time the frogs were taken from the cold room, 
their skins were usually dark. Before each experiment, 
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Fig.1. Strips of frog skin approximately 5mm x 25 mm were mounted 

on a polystyrene frame with 4-0 surgical silk and inserted ın a 4-ml. 

cuvette. Optical density was measured at room temperature in a Gilford 
spectrophotometer at 530 mu 
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Fig, 2. Changes in optical c@nsity of frog skin caused by 6’-AMP and 


cyclic-AMP, A,10 x 10 M cyclic-AMP; B, 50 x 107 M cyclic-AMP; 
C, 30 x 10° M cyclic-AMP; D, 50 x 10° M 5’-AMP; E, Ringer’s 
solution alone Results for cyclic-AMP are expressed as fraction of 
total net change, data from a 31ngle representative experiment are shown. 
Results for 5’- and Ringe’s are expressed as change in optical density 
from time zero divided by average net change for seven experiments with 
eyclic-AMP 
skin specimens were rinsed with Ringer’s solution and 
allowed to equilibrate az room temperature in the cuvette. 
The skins lightened slowly and, after about half an hour, 
reached a constant optizal density. The Ringer’s solution 
was then replaced by various experimental media. 
Aminophylline, 8-MSH and ACTH produced an increase 
in optical density, and the time required and the mag- 
nitude of the net change achieved depended on the nature 
and concentration of ths compound tested (Table 1). The 
results obtained with various concentrations of cyclic- 
AMP are shown in Fig. 2. In order to compare results 
with different skin samples, the optical density readings 
during the experiments are expressed as fractions of 
total change. 


Table 1 
Compound MaxcmalincreaseinO.D. Time required for 
concentration at 580 my maximal 40 D. 
(min) 
Aminophylline 0:177 38 
10 x 10° M 
P-MSH 0-442 104 
0°10 ug/ml. 
ACTH 0-418 54 
0°30 mg/ml 
Cyclic-AMP 
10 x 10° M 0:298 64 
50 x 10° M 0 419 112 
3°3 x 10° M 0 381 123 


The data represent average values for three or more experiments. 


Although the rate of darkening of the specimens was 
related to the concentration of cyclic-AMP, the final net 
increase in optical density was approximately the same 
for all effective concentrations of the cyclic nucleotide. 
The lowest concentration of cyclic-AMP which produced 
a significant response was 3:0 x 10-3 M. In contrast, 
5’-AMP did not significantly alter the optical density of 
the specimen. at all consentrations used. Neither 5’-AMP 
nor cyclic-AMP caused any change in the optical density 
of the non-pigmented abdominal skin. 

The spotted skin pigmentation characteristic of Rana 
pipiens caused some variability in the fraction of the total 
area of skin capable of undergoing a maximal degree of 
colour change. The results were surprisingly reproducible, 
considering that the arzas of skin observed were hetero- 
geneous and that experiments were made comparing skin 
specimens from different frogs. 

Although oxygenation of the medium or the presence 
of physiological concertrations of glucose increased, the 
magnitude of the optical density changes, these factors 
did not alter the rate or the direction of the relative 
response. 
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ACTH, «-MSH and -MSH have all been shown to 
induce skin darkening in the frog!*. The common hepta- 
peptide sequence shared by ACTH and the MSHs is 
thought to be responsible for their skin-darkening 
properties. The heptapeptide and, indeed, a derived 
tetrapeptide residue!® produce darkening in amphibian 
skins, but at much higher concentrations than are required 
for the parent hormones. Oxytocin and ADH, on the 
other hand, do not darken amphibian skin, and they do 
not contain this amino-acid sequence!*. Interaction 
between the melanocyte and the active hormone and 
hormonal fragments could thus depend on the adenyl 
cyclase system. Such interaction would imply that the 
melanocyte adenyl cyclase system has a specific means of 
recognizing this particular amino-acid sequence. 

Lerner et al.12 have found that acetylcholine causes 
lightening of amphibian skin. This same compound 
causes @ decrease in the formation of cyclic-AMP in 
cardiac muscle!?. Paradoxically, epinephrine and sero- 
tonin induce lightening of amphibian skin!*. Although 
epinephrine and serotonin can stimulate the formation 
of cyclic-AMP in some mammalian tissues’, it is not 
known what effects these compounds have on frog 
melanocyte cyclic-AMP levels. 

The demonstration of darkening with cyclic-AMP om 
vitro provides some evidence that the mediation of pig- 
mentary changes in frog melanocytes could involve an 
adenyl cyclase. Further investigations on the adenyl 
cyclase of melanocytes are needed, however, in order to 
evaluate directly the effect of MSH on intracellular levels 
of cyclic AMP. 

We thank Dr. Aaron B. Lerner for a generous gift of 
purified B-MSH. This work was supported by the New 
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York Research Council and by a U.S. Public Health 
Service departmental research grant. 
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15 The following equation is suggested to describe the relationship between 
ne light which is incident on the frog skin and that transmitted through 


ft-1-(R+0) (1) 
l 
H is the intensity of the incident light, Z; is the intensity of the trans- 
mtted light, R is the fraction of light absorbed by a variable pigment 
system, and C is the fraction of light not transmitted because of constant 
open properties of the skin. R can be expressed in terms of the ratio 
of the total area blocked by opaque pigment particles, z, to the total 
area illuminated, A: 
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R= = (2) 
It can then be shown that: 


40.D. = —log(1 - 4) (3) 


where B = A — AO — a, and z is equal to the initial area covered by 
opaque pigment particles. 

1° Otsuka, H., and Inoue, K., Bull. Chem. Soe. Japan, 37, 289 (1964). 
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BIOSYNTHESIS OF 2-AMINOETHANEPHOSPHONIC ACID: A PHOSPHORAMIDIC 
ACID RE-ARRANGEMENT ? 


By Dr. W. SEGAL 


Department of Biochemistry, University of Western Australia, Nedlands, Western Australia 


Rooi papers have reported the presence of free 
and bound 2-aminoethanephosphonic acid (AEP) 
in protozoa}? and the sea anemone’. This substance 
possesses a C-P bond and represents the first example of 
such a bond in biological materials, but hitherto there has 
been no published information or theory on the mode of 
biosynthesis of AEP. 

Free, lipid-bound, and protein-bound? AEP have been 
found and evidence for a glycerol ester of AEP has been 
presented’. In PO,- labelling experiments Rosenberg? 
found that in Tetrahymena cells in log phase, the uptake 
of label was greatest in the lipid-bound AEP, least in the 
free AEP, and intermediate in the protein-bound AEP 
remaining after solvent extraction. These results are 
compatible with the assumption that the lipid-bound 
AEP is the precursor of the free and protein-bound AEP. 
There is abundant evidence* that lipid-bound AEP occurs 
together with, and is closely related to, the phospholipids. 
Rouser et al.4 have described the isolation and charac- 
terization of ceramide aminoethanephosphonate—a deoxy 
analogue of sphingomyelin—from sea anemone lipid. 
Baer and Stanacev® and, contemporaneously, Rosenthal 
and Pousada! have synthesized AEP analogues of phos- 
phatidyl ethanolamine. The properties of these com- 
pounds correspond so closely to those of the normal 
cephalins that it was suggested®:® that AEP may occur 
in nature as a cephalin analogue. 

The purpose of this article is to propose, on the basis of 
the published data?“ and the properties of phospholipids, 
ribonucleic acids, and model compounds, that AEP (XT) 
is derived from phosphatidyl ethanolamine (I) by the 
following mechanism: 


— 


CH OER? CMOCOR ‘i NH—CH;.- 
CHOCOR" o- ————> CHOCOR" + yan 
CHOPI chon HO '0— Oh 


HO” NOCH,CH:NH: 


(1) oe qn cy | 


R' R’! =Fatty Acid ` H,0;P-O-GH,CH,NH, 


resleueS (IV}  M,O,P-NH-CH,CH,OH 
(V) | 
CH,OCOR’ CH,O0COR’ CH,OCOR’ 
| | 
CHOCOR “5 <> CHOCOR'L, S CHOCOR” 
Pai +.” 
CH20> P.F CH,0>P.__.- CH,0=P 
HO N HOW ÑH) HO NHCH,CH,OH 
CH CCH 
CH: CH 
(VHI) (VII) (VI) 
CH:0COR' Cl 0COR’ 
CHOCOR”_. ——> GHOCOR* —x ,0;P-CH,CH,NH; 
CH,0 - Pa NH CH:04P I (AEP) 
AON AON 
HO CH:CH HŐ  `CH:CH:NH; 


(IX) (X) (X1) 


There are numerous examples of phosphate migration 
in the chemical and biochemical literature. Baer and 
Kates? have shown that cholyl «-glyceryl phosphate (XIT) 


' analogue of an «-glycol half-phosphate ester. 
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undergoes acid and alkaline hydrolysis liberating choline 
and forming «- and @§-glyceryl phosphates via an inter- 
mediate cyclic phosphate. 
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P CHOH 
CH0 2P CH:-0^ \ 
ETNA OCH,CH, NICH), 


7 
© 
HO OGH,CH, N(CH3)3 
(X11) va 


a-andBp-glyceryl phosphates + choline 


The alkaline hydrolysis of ribonucleic acid (for example, 
XIII) affords 2’- and 3’-mononucleotides (XV) and (XVI), 
explained by Brown arid Todd’ in terms of a cyclic 
phosphate intermediate (XIV). Furthermore, cyclic 
nucleotides of the type (XIV) have been isolated from 
the ribonuclease digestion of ribonucleic acids’. 


-®0CH, 0. Nbase HOCH, 0. Nbase 


ba: O. Nbase 
00 


O OH OH OPO,H; 
\s_-0H wW (XV) 
-CH0 \o -CH0 \o- N ioch Nbase 
(XuD) (XIV) te 
H,0,PO OH 

(XVI) 


The feature that these substrates have in common is 
the presence of an a-glycol half-phosphate ester system. 
Todd?® has pointed out that the phosphate residue 
remains attached to the glycol moiety in ribonucleic acid 
hydrolysis, and this is also the case for cholyl a-glyceryl 
phosphate (XII) hydrolysis. In the case of a-glyceryl 
inosityl phosphate there are two different «-glycol systems 
available and the products of alkaline hydrolysis are 
inositol and g- and §-glyceryl phosphates and glycerol 
and two isomeric inosityl phosphates". 

Phosphatidyl ethanolamine (I) represents the amino 
By a 
similar mechanism to cyclic ester formation (nucleo- 
philic attack) cyclic ester-amide (III) formation is postu- 
lated together with the release of free «:ßB diglyceride 
(IT)—the phosphate retaining the glycol analogue as in 
the examples above. Again, as in cyclic ester cleavage, 
the ester-amide (III) is postulated to produce phosphoryl 
ethanolamine (IV) and the isomeric N-phosphoethanol- 
amine (V). The presence of phosphatases may be a factor 
determining the survival of the P-N bond in (V) and it 
is noteworthy that the P-N bond occurs in biological 
material as N-phosphocreatine and N-phosphoarginine. 
The phosphoryl ethanolamine (IV) is available for 
conversion to phosphatidyl ethanolamine (I) through the 
intermediate cytidine diphosphoethanolamine and « :ß- 
diglyceride!*. The N-phosphoethanolamine (V) 
may be considered an antimetabolite of phos- 
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(V) to the phosphoranidic acid derivative (VI) isomeric 
with the cephalin (I). 

The N-phosphoethanolamine portion of the compound 
(VI) bears a relationship to phosphoglyceric acid (see 
XIX). The latter is enzymatically dehydrated (enolase) to 
phosphoenolpyruvic acid. The postulated dehydration of 
(VI) to the N-vinyl phcsphoramidic acid (VII) is analogous 
to the formation of phcsphoenolpyruvic acid and generates 
a potential carbanion which becomes activated by the 
electromeric displacement (VIT)<>( VIII). 

A Stuart model of (VII) is such that the P-vinylamino 
grouping is planar and lies symmetrically between two 
of the phosphate oxygen atoms while the third oxygen 
lies in the P-vinylamiro plane. Furthermore the methyl- 
ene carbon is in close proximity to the electron-deficient 
phosphorus. The intramolecular re-arrangement of (VII) 
is postulated to account for the C-P bond formation (IX) 
and involves nucleophilic attack by a carbanion and 
heterolysis of the P-N bond. In this regard, Gilman and 
Robinson" have shown that triethyl phosphate undergoes 
nulceophilic attack by the phenyl carbanion of phenyl 
magnesium bromide affording esters of phenyl- and 
diphenyl-phosphonic acids. A further indication that the 
intramolecular re-arrangement of (VIII) to (IX) is feasible 
is derived from the work of Bunyan and Cadogan!®, who 
readily obtained diazonium salt derivatives and phosphate 
ester from the A—nitroso-N-phenylphosphoramidate 
(XVII), postulating the intramolecular mechanism shown 
as follows: 


-0 0 0 
| : 
*P—OR ae POR 
RO OWE CoHs RO oe RO O-N=N-C,H, 
| 
N N 
Or 
07 7 (XVII) 


(XVII) = a | 


7 + N=N— H 
p i = CoH. 
RY O 


This re-arrangement is highly analogous with that 
postulated for (VIII)—-(IX). 

The remaining steps in the biosynthesis involve hydro- 
genation of the imino-compound (IX) to the ‘phos- 
phonolipid’>® (X) which is considered (from the data of 
Rosenberg? and Kittredge et al.*) to be the precursor of 
free AEP (XI) and of protein-bound AEP. 

Since the proposed mechanism (I)->(XI) was derived, 
my attention has been directed to the recent isolation of 
a-amino-8-phosphonopropionic acid (APP) (XIa) from 
Zoanthus sociatus and Tetrahymena pyriformis'*. This 
metabolite (APP) beazs the same relationship to AEP as 
serine bears to ethanolamine, and it is considered that 
APP biosynthesis follows an analogous course involving 
phosphatidyl serine (Ia) in place of phosphatidyl 
ethanolamine (I). 


phoryl ethanolamine (IV)—possessing similar CHOCO’ NH2 ri P 
constitution and geometry. The differences CHOCOR”- ——» H,0;P-CH,CH G-0FP_ 7 —* G-OSR. ü 
in solubility and melting behaviour of phos- Cn P NH (APP) CO.H HO a H A 
phatidyl ethanolamines and the corresponding ~ 7", Paks ea 7c 
lecithins?* indicate that the zwitter-ionic form Ber ii H,OH Hy 
of (IV) would be relatively unimportant at (1a) CO,H (Xla) (V1) (VII) 
physiological pH and that the polarity of (IV) 
and (V) would be similar. (Note added in proof. : _ z 
A recent study of the infra-red spectra of - 2 p 9 ° 
phospholipids (Abramson, M. B., et al., J. Biol. yop, HOSR. G-O+P. ——» G-O2P. 
Chem., 240, sag 1965) assigns an intramolecu- HO” i Snot eS io ° HO” ONA HO” NH 
larly hydrogen-bonded structure—involving „CH RN ZHN N 
amino and hydroxyl groups—to phosphatidyl G oH NCO:H Be Cai 40H ic He N 
ethanolamine and phosphatidyl serine rather 

(XIX) (XX) (Via) (Vila) 


than the zwitter-ionic character of lecithin.) 
As such the enzymatic systems may be in- 
sufficiently discriminating and likewise convert 


G=a @ Diacy! glyceryl 
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The dehydration of (VI) to (VII) was compared with 
the enolase-induced dehydration of phosphoglyceric acid 
(XIX) to phosphoenolpyruvie acid (XX). The proposed 
mechanism, applied to phosphatidyl serine (Ia), affords 
the intermediate (Vla), the structure of which is more 
closely related to phosphoglyceric acid (XIX) than the 
initially compared intermediate (VI). The co-occurrence 
of APP and AEP suggests that APP may indeed be a 
precursor of AEP, similar to the precursor relationships 
of serine and ethanolamine and phosphoserine and 
phosphoryl ethanolamine!?’. Such a relationship between 
APP and AEP, however, is in accord with the proposed 
mechanism of their biosyntheses. It is noteworthy that 
phosphoenolpyruvate (XX) by electromeric shifts similar 
to that postulated (VIT<>VIIT) leads to the carbanion 
(X XI) which fixes carbon dioxide forming oxaloacetate 
(XXII) and inosine triphosphate (ITP) in the presence 
of inosine diphosphate (IDP). 


o y% | TP 
+ + - 
IDP + HoR, 5) -— Ho Rao ~o o 
a e I C-CH,-C-CO,H 
C~ Nco N £ Pc’ cok 
H2 ÉN Hz 0 
(XX) O ¢xxD (XXII) 


The apparent absence of an intramolecular re-arrange- 
ment in phosphoenolpyruvate (XXI) forming a C-P bond 
as in VIII—IX is explained in terms of the relatively 
diminished positivity of the phosphorus atom due to the 
dissociation of the phosphate residue of XXI. 

The formation of the C-P bond VII—IX postulates 
the intramolecular re-arrangement of an enamine (VII) 
which is a nitrogenous analogue of phosphoenolpyruvic 
acid (XX). In this regard it is significant that Rutter! 
has postulated a similar mechanism involving an enzyme- 
enamine complex to account for the action of class I 
aldolases. Rutter’s mechanism involves an initial Schiff 
base formation (XXIII) and protonation and deprotona- 
tion to produce the enamine (XXIV). LElectromeric 
displacement (similar to that postulated in AEP synthesis 
(VII)) and nucleophilic attack on the aldehyde group of a 
second substrate leads to aldol synthesis (XXV). 

The exchange of one of the protons of the methylene 
carbon atom with those of the medium as shown in 
(XXTII)=(XXIV) and the invariable trans relationship 
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C 
H R. oe xR 
z a Ss © H E 
/™H e (XXIV) 
R2 H 
1| (G3P) 
Enzym2- N Enzyme-NHz 
Hoe 23 j 
OHH O 
HO “XR, 11 
NZ R,-C-C-C-R, 
CL OH 
Ro Yd H OH 
N (F16DP) (XXV) 
DHAP = D:hydroxy acetone phosphate. 
G3P = Glyceraldehyde 3-phosphate. 


F1,6DP = Fructose 1,6-diphosphate. 


of the hydroxyl groups on the carbon atoms of the newly 
formed bond?* is explained by the formation of the enamine 
intermediate (XXIV). 
1 Horiguchi, M , and Kandatsu, M., Nature, 184, 901 (1959), Bull. Agr. Chem, 
Soe. (Japan), 24, 565 (1960), Agric. Biol. Chem. (Tokyo), 26, 721 (1962) 
2 Rosenberg, H , Nature, 208, 299 (1964). 
3 Kittredge, J. S., et al., Biochemistry, 1, 624 (1962) 
t Rouser, G , et al., J. Amer. Gil Chem. Soc , 40, 425 (1963). 
5 Baer, E., and Stanacev, N. Z., J Biol. Chem., 239, 3209 (1964). 
è Rosenthal, A. F., and Pousada, M., Proce Chem. Soe , 368 (1964). 
7 Baer, E., and Kates, M., J. Biol Chem., 175, 79 (1948); 185, 615 (1950). 
* Brown, D. M., and Todd, A. R., J. Chem. Soc., 62 (1952). 
* Markham, R., and Smith, J. D., Buochem. J , 62, 552 (1952). 
10 Lord Todd, Proc. Chem. Soe., 199 (1962). 
11 Hawthorne, J. N., J. Lipid Res., 1, 255 (1960). 
12 Kennedy, E. P., ın Proc. Fifth Intern Congr. Biochem , 7, 120. Biosynthesis 
of Iamds, edit. by Popjak, G. (Pergamon Press, 1963) 
13 Dervichian, D. G.,in Progress in Biophysics and Molecular Biology, edit. by 
Butler, J. A. V., and Huxley, H. E., 14, 328, 
14 Gilman, H., and Robinson, J., Ree Trav. Chim., 48, 328 (1929). 
15 Bunyan, P. J., and Cadogan, J. I. G., J. Chem. Soc., 1304 (1962), 
16 Kittredge, J. S., and Hughes, R. R., Beochemistry, 3, 991 (1964). 
17 Kometiani, P. A., in Proc. Fafth Intern Congr. Biochem., 7, 136 Bio- 
synthesis of Lipids, edit by Popjak, G. (Pergamon Press, 1968). 
16 Rutter, W. J., Fed. Proc., 23, 1253 (1964). 
19 White, A., Handler, P , and Smith, B. L., Piinewples of Biochemistry, third 
ed., 371 (McGraw-Hill, 1964). 


IMMUNITY TO MALARIA: ANTIGENIC VARIATION IN CHRONIC 
INFECTIONS OF Plasmodium knowlesi 


By Da. K. N. BROWN and |. N. BROWN 
National Institute for Medical Research, Mill Hill, London, N.W.7 


ee parasitic protozoa can survive and multiply in 
host animals which show high levels of parasiticidal 
antibody developed as a result of infection!-*. In trypano- 
somiasis, repeated parasitaemias in the presence of lytic 
antibodies are produced by a succession of antigenic 
variants. Each variant stimulates a specific trypanocidal 
antibody and at the same time remains unaffected by 
antibodies to other variants; more than twenty variants 
have been recorded from one strain®. In Brucet group 
trypanosomes, the variants appear to differ in the anti- 
genic constitution of at least two groups of soluble 
proteins®-*. 

There is indirect evidence that some antigenic variation 
can occur in rodent malaria®, but repeated antigenic 
changes, of an order which might account for chronic 
simian or human malaria, have not previously been 
demonstrated. Alternative explanations of chronicity in 


malaria include the suggestions that the parasite is only 
poorly immunogenic, or that, being intracellular, it 1s 
not accessible to antibodies!®. On the other hand, it is 
unlikely that such a complex foreign organism would be 
poor in antigens, and the intracellular schizonts at least 
are known to react with antibodies". These considerations 
suggest that frequent antigenic variation similar to that 
occurring in trypanosomes is the most lhkely explanation 
of chronic malaria. Using a parasite agglutination test™, 
direct evidence has now been obtained for repeated anti- 
genic variation in Plasmodium knowlest infections of 
monkeys. These experiments, and some of their implica- 
tions for the immunology of malaria, are summarized 
here; full details will be published elsewhere. 

A syringe-passed derivative of the ‘Nuri’ strain of 
P. knowlesi!? was used, which is highly virulent ın rhesus 
monkeys (Rhesus mulatia); death occurs within 4-6 days 
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of patency, with up to 90 per cent of the erythrocytes 
infected. Sub-curative chemotherapy produces a chronic 
relapsing infection with parasitaemias rarely rising above 
l per cent. A frozen stabilate’® of this strain, designated 
K1, was isolated by freezing citrated blood of a monkey 
6 days after infection. Stabilates of four relapses, K1A, 
KIB, K19 and K21, were also isolated. K1A and KIB 
were successive relapses occurring 10 and 21 days after 
sub-curative proguanil treatment of a K1-infected monkey. 
Stabilate K19 was collected from a monkey infected with 
K1A, cured with sulphadiazine when the infection was 
patent, and then reinfected with K1A. Reinfection pro- 
duced without further drug treatment a series of spon- 
taneously terminating parasitaemias, of which stabilate 
K19 was the fourth; it appeared 34 days after reinfection. 
Another stabilate (K21) was collected at the fourth 
patency in a second chronically infected monkey. When 
nearly all the stock of a stabilate had been used, a direct 
derivative was isolated by inoculating the stabilate into 
a monkey from which further blood samples were frozen 
down soon after patency. These secondary isolations were 
designated K142 and K1B2. 

Antisera to parasites derived from specific stabilates 
were obtained from monkeys cured with sulphadiazine, 
or sulphadiazine plus proguanil, when the infection had 
become patent following inoculation of the stabilate; 
sera, were taken before infection and 7-14 days after drug 
treatment. Serum samples were also collected at intervals 
from the chronically infected monkeys. All the sera were 
stored at — 20° C and inactivated at 56° C before use. 

For the agglutination test, schizont- or trophozoite- 
infected erythrocytes were separated by centrifugation 
from heavily parasitized blood taken 6-7 days after infec- 
tion with a stabilate. Five-fold dilutions of the serum in 
diluent (1 per cent normal monkey serum in saline) 
were set out in W.H.O. haemagglutination trays, and 
equal volumes (0-4 ml.) of a saline suspension of either 
schizont- or trophozoite-infected cells containing approx- 
imately 4 x 10’ cells per ml. were added to each well. 
The trays were incubated at 20°-22° C for at least 3 h 
and then examined macro- and micro-scopically for 
agglutination. One unit of antibody was arbitrarily taken 
as the maximum dilution producing agglutination; serum 
titres were recorded in units/ml.*4. 

The results of testing schizont-infected erythrocytes 
against antisera to homologous and heterologous parasites 
are summarized in Table 1, which shows both the high 
specificity of the reaction produced by each relapse type, 
and the titre of agglutinins detected. The antigenic 
specificity of each relapse indicated by these results was 
further emphasized when K19-derived parasites, which 
had failed to react with the antisera to other relapses, 
were tested against sera from the chronically infected 
monkey from which it was isolated. Two serum samples 
taken during the infection, but before the K19 relapse, 
had no effect on K19 parasites at 1/50 dilution, although 
the first sample agglutinated K1A, and the second sample 
agglutinated both K1A and KIB, at titres greater than 
1,250 units/ml. In contrast, K19 parasites were agglutin- 
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ated by serum collected 6 days after the isolation of K19 
at a titre of 6,250, and by a sample collected 67 days later 
at 31,250 units/ml. A similar result was obtained with 
sera and the stabilaze K21 obtained from the other 
chronically infected monkey, and these K21 parasites 
appeared to be antigonically related to K19 (Table 1). 

Schizonts derived fom K142 and K1B2 (secondary 
isolations of K1A and KIB) were not appreciably less 
specific than K1A and K1B, but parasites at the second 
monkey passage of K1A2 reacted with both K1A2 and 
K1B2 sera at high tisre, indicating that an increase in 
antigenic heterogeneity had occurred with passage. 

Later relapses in she chronically infected monkeys 
rarely showed more then one parasite per hundred erythro- 
cytes. The stabilates (K19 and K21) derived from late 
relapses produced a leshal infection when inoculated into 
normal monkeys, ind-cating that the low parasitaemias 
in the chronically infected animals were due to immune 
suppression of the parasites and not to a loss of virulence 
by these later varian:s. , 

As judged by the ttres of agglutinins detected in our 
tests, P. knowlesi and presumably, therefore, other species 
of malaria, are quite strongly immunogenic. Natural 
antibodies were not involved in these reactions, since sera 
collected. before infection were without effect. In some 
instances, artificial dissociation of the parasites by anti- 
malarials may have enhanced the immune response, but 
comparable titres of sgglutinins were also detected after 
the spontaneous disappearance of the K19 and K21 
relapses. Parasites derived from one. relapse stabilate 
agglutinated at high titres only with antisera obtained 
from monkeys infected with the same stabilate, but sera 
from monkeys cured of infection with parasites from other 
relapses had little or no effect. It is conceivable that the 
difference shown by the K1A and KIB stabilates (that is, 
of successive relapses) were drug-induced, but this cannot 
apply to the other relapses, so that the specificity of the 
reaction seems explicable only on the basis of antigenic 
variation analogues to that occurring in trypanosomes. 
Also, in trypanosomiasis, drug- and antibody-induced 
relapse variants are antigenically indistinguishable 
(K. N. B., unpublished results). Eaton has shown that 
trophozoite-infected erythrocytes are not agglutinated", 
and we have found this to be so with antisera from 
monkeys infected with both homologous and heterologous 
stabilates. In a comparison of schizont- and trophozoite- 
infected cells isolated at the same time from a K1-infected 
monkey, the schizont-infected cells gave titres of > 1,000 
units/ml. for anti-K1 serum, but the trophozoite-infected 
cells were not agglutinated by this serum or by antiserum to 
any other relapse. The absence of agglutination with homo- 
logous antiserum imp ies either that the trophozoites and 
schizonts are antigenically different, or that the tropho- 
zoites, unlike the sch=zonts, are protected from antibody 
by the containing erythrocyte. In exoerythrocytic P. 
gallinaceum the host 2ell becomes progressively damaged 
as the parasite matures, and similar damage by the 
mature schizont to erythrocytes may render the schizonts 
more accessible to antibodies. 


Table 1. TITRES OF AGGLUTININS AGAINST SCHIZONT-INFECTED CELLS IN SERA FROM MONKEYS IMMUNIZED WITH P. knowles 
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* Serum taken from chronically infected monkey after isolation of the stabilate. 
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So far, the present experiments have shown only 
relapse-specific agglutinins and not the protective anti- 
bodies of similar specificity which are implied by the 
relapsing nature of chronic malaria. The appearance of 
aberrant schizonts and the decrease in the proportion of 
mature to immature schizonts which occurs at crisis! 
indicate the possible protective role of antibodies reacting 
with schizont-infected cells, but whether the cells are 
destroyed by lysis or by phagocytosis following agglutin- 
ation or opsoninization is not clear. 

In our experiments, relapses in chronic infections 
usually produced low parasitaemias only, but when 
stabilates of these relapses were inoculated into normal 
‘non-immune’ monkeys, virulent fatal infections followed. 
Thus, there appears to be another partially protective 
immune response transcending antigenic variation, al- 
though purely variant-specific antibodies are probably 
decisive in terminating each relapse. The nature of the 
more general immunity is not known but it seems to 
be effective against all relapse variants, and may be a 
response to antigens common to all variants (unpublished 
gel-diffusion experiments have shown. that common anti- 
gens occur). Alternatively, an adjuvant action by parasite 
constituents!’ may produce a non-specific heightening of 
the immune response. Some of the splenomegaly and liver 
and bone marrow changes characteristic of malaria? 1® 
are perhaps associated with an adjuvant action? 9, 
although in one investigation malarious children of three 
years of age showed no better response to tetanus toxoid 
than controls?®; auto-immune destruction of erythro- 
cytes may also play a part in reducing parasitaemias*!. 

Exoerythrocytic infection was unlikely to have occurred 
with our blood-induced P. knowlest infections®®, but in 
other species, for example, P. vivax, erythrocyte-infecting 
relapses may also arise from the exoerythrocytic pool?'. 
There may be separate and distinct immunity to the two 
phases, erythrocytic and exoerythrocytic**, and the per- 
sistence of exoerythrocytic infection as in P. vivax may 
itself involve antigenic variation. In infections like P. 
faletparum, a variant-transcending Immunity in both the 
liver and blood may limit the duration of the infection. 

The implications of antigenic variation for trypano- 
somiasis have been discussed elsewhere®, and some of 
these possibilities may be applicable to malaria. Insect 
transmission has a stabilizing effect on antigenic variation 
in trypanosomes, as all variants generally return to a 
common parent type following development in the 
vector?5:?286, The possible occurrence of this reversion in 
malaria is of considerable biological interest, particularly 
as this parasite is known to have a sexual stage in the 
vector, and it may also be important in the interpretation 
of epidemiological and immunological data. The fluor- 
escent-antibody and haemagglutination tests???8 are 
currently used in malaria epidemiology but these reactions 
are not species specific and probably normally measure 
‘common’ antigens. Nevertheless, when human malaria 
parasites are used as a source of antigen, possible reactions 
with the ‘variable’ antigens should be taken into account. 

Frequent antigenic variation by the parasite may also 
be a factor contributory to the persistent macroglobulin- 
aemia which sometimes accompanies malaria®*, as each 
successive variant antigen is likely to stimulate the 
production of a new 19S antibody*® to give the raised 
IgM levels observed during continuously patent infections 
and at each relapse; a similar macroglobulinaemia occurs 
in trypanosomiasis*1. 

The simultaneous occurrence of two levels of immunity, 
one specific for each relapse variant, and the other trans- 
cending antigenic variation and only partially inhibiting 
all relapses, may account for the inconsistent results that 
have been obtained by artificial immunization!®323, where 
the possibility of antigen variability within the strain used 
has not been allowed for. The development of an anti- 
malarial vaccine, particularly against P. falciparum, now 
seems to depend on the following considerations: (a) the 
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successful in vitro cultivation of the human parasite as a 
source of dead antigen or of attenuated live material®?: 
(6) the absence of appreciable differences between strains; 
(c) the ability of humans to develop an immunity trans- 
cending antigenic variation. Geographically separated 
strains may not be as different as once thought™4, and 
human adults do develop reasonable immunity to P. 
Jalciparum5. Children exposed to endemic malaria, how- 
ever, show high parasitaemias up to 6—10 years of age, 
and this susceptibility may mean that resistance depends 
on an experience of a wide but finite range of antigenic 
variants occurring in one locality. Alternatively, children, 
unlike adults, are perhaps incapable of developing a 
generalized immunity effective against all variants. Chil- 
dren do appear to become blood-positive earlier than adults 
after prophylactic antimalarial treatment** >’, and young 
rats infected with P. berghei relapse more frequently and 
with higher parasitaemias than older animals (I. N. B., un- 
published results). Thus, the young of some hosts may 
be constitutionally incapable of developing a generalized 
Immunity, and if this should prove to be so, immunization 
is unlikely to be effective. Much more evidence is needed 
on this point. 

To summarize, frequent antigenic variation has been 
demonstrated in blood-induced P. knowles: infections, 
which implies that it probably occurs in human malaria 
also. This variation can explain the chronicity of the 
disease and the inconsistent results obtained with 
artificial vaccines; it may possibly account for, or con- 
tribute to, the persistently raised IgM levels which 
accompany malaria. Some degree of immunity trans- 
cending antigenic variation also occurs, but its potential 
value as a possible basis for the development of a vaccine 
is uncertain. 
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A PHARMACOLOGICAL INVESTIGATION OF HUMAN ISOLATED ILEUM 
By Dr A. BENNETT 


~~ 


PART from a report of the action of 5-HT on isolated 
strips of circular muscle from the human ileum!, 
the in vitro. pharmacology of this tissue has been Little 
investigated. The experiments recorded here are a 
preliminary investigation of the pharmacology of the 
circular and longitudinal muscle of human isolated ileum. 
Strips of muscle were cut from specimens resected at 
operation and in most instences the mucosa was removed. 
Some of the specimens were from. mid-ileum but most were 
from terminal ileum; a few of the circular muscle strips 
were from the ileo-caecal junction. The preparations 
were suspended in an organ bath containing Krebs’s solu- 
tion at 37° C and movements of the muscle were recorded 
on & revolving smoked drum by g frontal writing lever. 
The load on the tissue was usually 1 g. The details of the 
method and the drugs used were as described by Bucknell 
and Whitney’ in their examination of human isolated 
taenia coli. 

Most preparations exhibited moderate spontaneous 
= activity throughout the experiment. Acetylcholine 
(0:01-0-5 ug/ml.) caused a contraction in each of the 21 
experiments on circular muscle and in each of the 15 
experiments on longitudinal muscle. This contraction 
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was either unaffected (Fig. 1) by hexamethonium (20-50 
ug/ml.) or was oceasicnally reduced a little; the contrac- 
tion was prevented by hyoscine (20—200 ng/ml.) and poten- 
tiated by eserine (0-3-1 ug/ml.). These results indicate 
that acetylcholine acts on muscarinic receptors and that 
none or only a little of its effect at these concentrations 18 
due to stimulation of parasympathetic ganglia. 

The sympathomimetic amines phenylephrine, nor- 
adrenaline, adrenaline and isoprenaline relaxed both the 
circular and longitudmal muscle strips (including those 
from the ileo-caecal junction), and inhibited spontaneous 
activity in each of ssventeen experiments. In five of 
these, the muscle ‘tone’ was not high enough to show 4 
relaxation, and the innibitory effects were demonstrated 
by a reduction in the response to acetylcholine. In seven 
experiments, the «-receptor antagonist ‘Hydergine’ (1 ug/ 
mil.) prevented the relaxation caused by phenylephrine but 
not that caused, by isoprenaline; the -receptor antagonist 
pronethalol (10 ug/ml.) prevented the relaxation caused 
by isoprenaline but not by phenylephrine (Fig. 2). The 


simultaneous presence of both antagonists prevented the 
relaxation produced by any of the sympathomimetic 
amines. 


As phenylephrine acts mainly on «-adrenergic 


es | 
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The effects of hexa menonium n: , hyoscine (Hyo) and methysergide (Meth) on the responses of a circular muscle strip of ileum to DMPP 


g. 1. 
E "10 neim ), acetylcholine (4; 2 


and 5-hydroxytryptamine (HT; 20 ng/ml. 


Hexamethorium blocks DMPP but acetylcholine and 


HT are unaffected. Ri ble cks acetylcholine but 5-HT is unaffected. Methysergide Clocks 5-HT. Time-signa] 1 min 
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Tig. 2. ae effects of ‘Hydergine’ and pronethalol on the relaxations 


wg/ml.). ‘Hydergine’ blocks phenylephrine but not isoprenaline. 
receptors, and isoprenaline acts mainly on $-adrenergic 
receptors®*, these results indicate that both «- and 
B-adrenergic receptors are present in human ileum and 
that stimulation of either produces a relaxation. Similar 
results have been obtained with human colon? and 
jejunum®. Some investigators have found that ın labora- 
tory animals adrenaline contracts the ileocolic sphincter®? 
and terminal ileum*®. The opposite findings in the present 
experiments that the circular muscle strips from the 
region of the human ileocolic sphincter were relaxed by 
sympathomimetic amines agrees with the in vivo 
observation? on the uleocolic sphincter of a patient. 

The ganglion stimulant DMPP (20-40 ug/ml.) was used 
in fourteen experiments on circular muscle strips and in 
thirteen experiments on longitudinal muscle strips. In 
every experiment on the circular muscle strips, including 
those from the region of the ileo-caecal sphincter, DMPP 
produced a relaxation; in one experiment this relaxation 
was followed by a contraction and in another experiment 
the first dose of DMPP caused a contraction, the second 
dose caused a relaxation followed by a small contraction, 
and thereafter DMPP only relaxed the tissue. Hexa- 
methonium (20-40 ug/ml ) was used in eight of the four- 
teen experiments (Fig. 1) and blocked the response to 
DMPP in every case. In the presence of pronethalol 
(10 ug/ml.) or eserine (1 ug/ml.) DMPP caused a contrac- 
tion. The effects of DMPP on the longitudinal muscle 
strips were less consistent. There was a relaxation in six 
experiments, a contraction in four experiments and no 
effect in one experiment. In the remaining three instances, 
the longitudinal strips were initially relaxed by DMPP, 
but as the experiment continued, DMPP produced only a 
contraction in one experiment, and produced a small 
relaxation followed by a larger contraction m two others. 
Hexamethonium (20-40 ug/ml.) prevented both the 
relaxant and contractile effect of DMPP. Hyoscine 
(0-1 ug/ml.) inhibited the contractile effect of DMPP 
and in one experiment converted it into a relaxant effect, 
while in other, experiments ‘Hydergine’ (1 ug/ml.) and 
eserine (0-5 ug/ml.) converted the relaxation into a con- 
traction. 

Since adrenergic receptor blockade inhibited the relaxant 
effect of DMPP, and hyoscine abolished its contractile 
effect, it appears that DMPP can release both an adren- 
aline-like substance and acetylcholine. The finding that 
hexamethonium blocked the contractile effect of DMPP 
indicates that DMPP stimulates parasympathetic ganglia 
in the wall of the ileum. On the other hand, the possi- 


[ | 17 min | 
Iso Ph Iso 
] 
“Hydergine’ 10-* Pronethalol 3 x 10-* 
roduced by phenylephrine (PA, 17 ug/ml.) and isoprenaline (Iso; 0 7 
onethalol blocks the effect of isoprenaline, Time-signal 1 min 


bility that DMPP relaxes the ileum by acting on sym- 
pathetic ganglia conflicts with the general view that there 
are no sympathetic ganglia in the bowel wall. It is 
possible that the relaxant effect of DMPP is due to an 
action on sympathetic nerve endings, or on stores of 
adrenaline-like substances, or on inhibitory nerves in the 
intrinsic nerve plexuses. 





C6 2x 10-5 Mep 
Hyo`2 x 10-7 10-? 


Fig. 3. The effects of hexamethonium (C6), hyoscine (Hyo) and mepyra- 

mine (aep on the biphasic response to histamine. Hexamethonium and 

hyoscine have no effect but mepyramine blocks the relaxant and the 
contractile action of histamine. Time-signal 1 min 
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Human jejunum! is usually contracted by DMPP, the 
ileum is usually relaxed, and the colon? always relaxed by 
DMPP. It appears, therefore, that this drug hes a greater 
tendency to produce a relaxation in the more distal parts 
of the bowel. 

Histamine (0:3—-4 pg/ml.) caused either a relaxation 
_ (twelve experiments) or a contraction (seven experiments) 
of strips of circular and longitudinal muscle; it had a 
biphasic effect in three instances and had no effect 
(0-4-2 ug/ml.) in another. Both the relaxant and the 
contractile responses were unaffected by hexamethonium 
(20-40 pg/ml.; Fig. 3) but were blocked by mepyramine 
(6-100 ng/ml.). Sympathetic receptor blockade did not 
affect the relaxation produced, by histamine, and its con- 
tractile effect was not altered by hyoscine in doses which 
abolished the response to acetylcholine. Histamine, 
therefore, appears to have only & direct action on the 
longitudinal and circular muscle. This contrasts with the 
finding in guinea-pig ileum” that histamine has a direct 
- action on the longitudinal muscle but has an indirect 
action on the circular muscle. 

5-H} droxytryptamine (0:01—-1 ug/ml.) contracted both 
the circular and longitudinal muscle strips in each of 
twenty-four experiments. The contractions were pre- 
vented by methysergide (0-1 pg/ml.; seven experiments) 
but wore unaffected by hexamethonium (10-50 ug/ml. ; 
five experiments), hyoscine (0-1-1 ug/ml.; seven experi- 
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ments) or mepyramine (0-1-0-2 ug/ml.; four experiments) 
in doses which abolisked. the responses to DMPP, acetyl- 
choline and histamine, respectively: (Fig.-1):- Fishlock? 
found that lysergic ac:d diethylamide'compleétely blocked 
the effect of 5-H'T on human ileum, and that hexamethon- 
ium and hyoscine partzy blocked the effect. He concluded 
that 5-HT had both ‘an indirect action (that is, through 
nerves) and a direct ction on the tissue. Since lysergic 
acid diethylamide! end methysergide!* have no effect 
on the indirect action of 5-HT, and since, in the experi- 
ments recorded here, hexamethonium and hyoscine did 
not affect the response to 5-HT, it appears that 5-HT 
acts directly on human ileal muscle. 

I thank the many surgeons from this and other hospitals 
for their co-operation in making available the specimens 
of ileum. 
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CENTRAL STIMULANT PROPERTIES OF COMPOUNDS WITH 
PERIPHERAL MUSCARINIC PROPERTIES 


By G. B. LESLIE 


Research Laboratories, May and Baker Ltd., Dagenham, Essex 


OST drugs with an excitatory or stimulant action on 
the central nervous system (other than convulsants) 
have peripheral actions on adrenergic mechanisms. Imi- 
pramine-like anti-depressants and cocaine enhance the 
contractions of the cat nictitating membrane in response 
to noradrenaline or electrical stimulation of the pre- 
ganglionic sympathetic nerve’. Monoamine oxidase 
inhibitors potentiate the actions of some sympatho- 
mimetic amines and cause an increase in the amounts of 
amines found in the tissues. Amphetamine has sym- 
“pathomimetic actions. It was suggested by Rothballer? 
that a central adrenergic mechanism may be involved in 
the stimulant actions of these drugs. We know of few 
reports of central stimulant activity of compounds with 
peripheral muscarinic properties. Borison’ observed that 
pilocarpine administered into the cerebral ventricles of 
‘cats occasionally caused a rage reaction characterized by 
pilo-erection, hissing and unsheathing of the claws. A 
similar response to intraperitoneal injection of pilocarpine 
was reported by Zablocka and Esplin’. Another mus- 
carinic compound, tremorine, was shown by Baker, Hosko, 
Rutt and McGrath‘ to produce a similar state of rage, and 
George, Haslett and Jenden? observed this following 
administration of oxotremorine, a metabolite of tremorine. 
Sabelli and Toman’ produced rage in cats with tremorine, 
arecoline, morphine and lysergic acid diethylamide. 

We have examined the actions on the central nervous 
system of a number of drugs with muscarinic properties. 
The drugs examined were oxotremorine, pilocarpine, 
arecoline, carbachol and acetylcholine, which are known 
to cause bradycardia, hypotension, increased intestinal 
tonus, salivation and sweating, and are antagonized by 
atropinic drugs. These compounds were found to have 
marked central action of a stimulant nature. 

The activity of these muscarinic drugs has been com- 
pared with that of several standard drugs in four tests for 
central nervous system stimulation. The tests used 


(1) production of rage-like states in the cat; (2) 
behavioural changes in week-old chicks; (3) reversal of 
reserpine-induced secation in the rabbit; (4) reversal 
of chlorpromazine-induced sedation in the rabbit. 

(1) Production of rege in the cat. Drugs were injected 
into the cephalic vein or into the cerebral ventricles via 
an implanted cannula as described by Feldberg and 
Sherwood®. Cats weze premedicated with a quaternary 
derivative of atropine (methyl bromide salt, 1 mg/kg) to 
prevent peripheral muscarinic effects, or with hyoscine 
hydrobromide {1 mg kg) or ethoproperazine (10 mg/kg) 
to determine whether the rage effect was mediated by a 
central cholinergic mechanism. 

The cats were judged by two independent observers for 
the presence of rage characterized by pilo-erection, un- 
sheathing of the daws, hissing, spitting, growling, 
crouching, flattening of the ears and attacking other cats 
or & moving object irtroduced into the cage. The results 
are summarized in “able 1. A number of muscarinic 
agents caused rage when administered intravenously. 
Rage was produced with physostigmine only at doses 


were: 


Table 1. ACTIVITY OF SOME MUSCARINIC AND OTHER DRUGS IN PRODUCING 
RAGE IN CATS 


Minimal dose (mg/kg intravenous) producing rage in cats 
previously with either atropine methylbromide, hyoscine 
ethopropazine 
Figures in parentheses refer to doses producing rage when injected into 
cerebral ventricles 


remedicated 1 h 
ydrobromide or 


Azopine Hyoscine 
Drug methylbromide hydrobromide Ethopropazine 
: 1 me/kg (i.p.) 1 mg/kg (i.p.) 10 mg/kg (i.p.) 
Morphine 10 10 10 
Arecoline 0: >10 >10 
Oxotremorine 0-1 (0:02) >10(>0 08) >1-0 
Pilocarpine 25 > 200 > 200 
Physostigmine 0-1 > 0-8 
Prostigmine > 0-4 
Acetylcholine 0 25 (> 0°3) 
Carbachol > 0-25 096. 
Nicotine >10 (>0:02 - 
Dimethylphenyl- 
piperazintum >01 
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which caused convulsions after the rage. When adminis- 
tered into the cerebral ventricle, carbachol caused a rage 
response, but acetylcholine and nicotine did not. Acetyl- 
choline caused convulsions and loss of consciousness. 
Nicotine caused vomiting and twitching of the ears. 
Rage produced by muscarinic drugs in the cerebral 
ventricles was preceded by tremors and ear-twitching 
and was followed by stupor. : 

Rage produced by muscarinic agents was similar to 
that caused by morphine, but unlike that produced by 
morphine it was prevented by premedication with hyoscine 
or ethopropazine. A further difference in the rage state 
was that cats treated with muscarinic rage-producing 
drugs would attack one another and any moving object. 
Morphine-treated cats made little attempt to bite or 
attack. Cats treated with muscarinic drugs also appeared 
hallucinated and more ataxic. 

(2) Behavioural effects in week-old chicks. Since chicks 
at one week old have no effective blood-brain barrier®, it 
18 possible to observe the central actions of compounds 
which do not normally reach the brain when injected 
intravenously. The effects of a number of muscarinic and 
other drugs are shown in Table 2. The drugs wero injected 
in warm saline solution into the jugular vein. Arecoline, 
pilocarpine, oxotremorine and physostigmine produced a 
behavioural response similar to that observed by Key and 
Marley*® with amphetamine and methylphenidate— 
spreading of the wings, raising the head, feather erection, 
increased cheeping and increased ambulation followed by 
ataxia. Unlike amphetamine, the action of the muscarinic 
stimulant drugs were completely antagonized by byoscine, 
ethopropazine and other atropinic drugs. Arecoline caused 
sedation in chicks premedicated with hyoscine. 

Table 2, BEHAVIOURAL EFFECTS OF SOME MUSCARINIO AND OTHER DRUGS 
IN THE WEEK-OLD CHIOK 
Figures in parentheses refer to activit a hag premedication with hyoscine 
g i 


(1 mg 
Groups of 5 chicks used at each dose-level 
Dose (mg/kg i af? Dose (mg/kg i.v.) 
Drug producing stimulation producing sedation 
in 50% of animals in 50% of animals 
Amphetamine 0-5 (0:5) = 
Adrenaline >1:0 0:02 (0-02) 
Arecoline 0-05 (> 0°25) > 0-1 (0°05) 
Oxotremorine 0:025 (> 0-05) >0-1(>01) 
Pilocarpine 25 (> 100) > 100 (> 100) 
Physostigmine >10 (>1°0) 0°25 (0°25) 
Prostigmine > 1:0 (>1°0) 0-20 (0-20) 
Acetylcholine >1:0 0:8 
Carbachol >02 0°05 
Nicotine >10 "0:025 
Dimethylphenyl- 
piperazinium > 0 025 0:0125 


Acetylcholine, carbachol, nicotine and prostigmme 
caused no excitatory effects but produced sedative 
behaviour similar to that described by Key and Marley 
with adrenaline. The chicks became sedated, the head 
dropped, motor activity was much reduced and the eyes 
closed. These effects were not blocked by premedication 
with hyoscine nor with mecamylamine or pempidine. 

(3 and 4) Antagonism of drug-induced sedation in the 
rabbit. The drugs were infused in dilute solution into the 
marginal ear veins of rabbits sedated with reserpine! or 
chlorpromazine. Central stimulants such as amphet- 
amine, cocaine or lysergic acid diethylamide (LSD) and 
anti-depressant drugs such as imipramine and amitri- 
ptyline are able to reverse the sedation (as measured by 
reversal of ptosis) due to both chlorpromazine and reser- 
pine. The activities of some muscarinic and other drugs 
in these tests are shown in Fig. 1. Arecoline, pilocarpine, 
oxotremorine and physostigmine were highly active in 
these tests, while nicotine, acetylcholine, carbachol and 
prostigmine were inactive. The activity of the active 
muscarinic drugs was abolished by premedication with 
hyoscine. That of amphetamine and LSD was not sig- 
nificantly altered by hyoscinoe. 

The results obtained in our experiments indicate the 
presence of excitatory mechanisms in the central nervous 
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Fig 1. Activity of some muscarinic and other drugs ın reversing reser- 

pine- and chlorpromazine-induced ptosis in the rabbit White, 

activity after premedication with atropine methyl bromide (5 mg/kg); 

hatched, activity after premedication with hyoscine hydrobromide 

(1 mg/kg). C, Activity against chlorpromazme, R, activity against 
reserpine 


system which are stimulated by muscarinic drugs. It is’ 
probable that the three actions we have investigated— 
rage in the cat, stimulation in the chick and reversal of 
drug-induced sedation in the rabbit—have quite different 
mechanisms of action. 

The rage response elicited m cats by muscarinic drugs 
resembles that caused by electrical stimulation of the 
hypothalamus, described by Nakao! and by Wasman and 
Flynn‘, and it is possible that hypothalamic rage is 
mediated through a muscarinic mechanism and that 
central stimulation and rage caused by intravenous 
injection of oxotremorine, pilocarpine and arecoline are 
due to an action of these agents on the hypothalamus. A 
similar site of action could be postulated for the effects 
produced by carbachol injected into the cerebral ventricles. 
All these drugs were specifically blocked by non-quaternary 
atropine agents. It is surprising that acetylcholine did not 
cause rage when injected- into the cerebral ventricles, 
since physostigmine was able to do so when given intra- 
venously. It may be that other cholinergic receptors in 
the central nervous system, which caused stupor, masked 
the effect on the hypothalamus. There is evidence for 
cholinergic mechanisms involved in sleep. George, 
Haslett and Jenden™ demonstrated that micro-injections 
of oxotremorine or carbachol into the reticular formation 
of the pons or caudal mesencephalon of the cat caused 
effects indistinguishable from physiological sleep. 

The fact that some muscarinic agents cause sedation, 
while others cause stimulation, in the chick may be due to 
some drugs penetrating more easily to parts of the brain 
where inhibitory or excitatory mechanisms are present. 
It is of intorest that while we were able to antagonize the 
excitant effects with atropinic drugs, we could not 
antagonize the sedative effects with atropine, nor were 
these sedative effects blocked by drugs antagonizing the 
nicotinic effects of acetylcholine, for example, mecamy]- 
amine, pempidine and hexamethonium. 

Our results m rabbits confirm that an excitatory 
cholinergic mechanism is present also in this species. 
These stimulant properties were specifically blocked by 
atropinic drugs which reach the central nervous system. 
Some of these muscarinic compounds (oxotremorine, 
arecoline) showed a more potent central stimulant action 
than any other drugs we have tested in the rabbit. The _ 
discovery by Shute and Lewis" of cholinergic innervation 
in the ascending reticular activating system of the rat 
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provides evidence of a possible sıte of action for this 
stumulant effect of muscarinic drugs. 
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REGIONAL CHANGES IN BRAIN SEROTONIN AFTER HEAD X-IRRADIATION 
AND ITS SIGNIFICANCE IN THE POTENTIATION OF BARBITURATE HYPNOSIS 


By Dr. V. NAIR 


Neuropharmacology and Biochemistry Laboratories, Michael Reese Hospital Psychiatric Insticute and Department of Pharmacology, 
Chicago Medical School 


T has been shown earlier in rats that X-irradiation of the 
head at high doses reduces the susceptibility to seizure 
with maximal electroshock. It was also observed that the 
. pharmacological actions of central nervous system drugs 
such as anticonvulsants? and barbiturates? were enhanced 
in these head-X-irradiated animals. The faster onset of 
drug action after irradiation may be explained by the 
blood brain barrier permeability changes revealed in the 
above studies. With regard to the prolongation of drug 
action after irradiation, several factors, in theory, may be 
implicated. Some of these are: (1) sensitization of brain 
by irradiation; (2) an abscopal effect (inhibition) on drug- 
metabolizing enzymes; (3) interference with the transport 
of drug from within the brain to blood; (4) specific changes 
in the neuro-chemical transmitters, that is, on their relative 
balance and/or distribution within the brain. The first 
three as they affect the barbiturate hypnosis have been 
considered in another publication’. The work recorded 
here deals with the effects of cephalic X-irradiation on 
brain serotonin (5-hydroxytryptamine). 

Previous investigators have examined the effects of total 
body X-irradiation on the serotonin content of brain and 
other tissues. Their findings differ widely. Royal et al.’ 
found that in mice, one week after exposure to 900 r. 
X-irradiation, serotonin levels in brain, lung, kidney, 
spleen and liver were reduced below that of non-irradiated 
controls. Melching et al.*, however, failed to detect a 
reduction in the serotonin content of brain, liver or spleen 
of mice killed up to 2 h after exposure to 810 r. whole- 
body X-uradiation. Ershoff and Gal’ found no significant 
difference in the brain serotonin content between X-irradi- 
ated, y-irradiated and control rats. They exposed the 
rats to 900 r. total-body X-irradiation and examined the 
brain at six days’ post-irradiation. However, Erschoff 
et al. afterwards detected a reduction in the serotonin 
content of the brain and small intestine of rats exposed to 
450 or 900 r. at 1, 3 and 6 days’ post-irradiation. Speck? 
examined the effects of massive total body X-irradiation 
on rat brain serotonin and found a small decrease at 18 h 
after exposure to 4,500 r. and immediately after 9,000 r. 
followed by a return to normal values. Whole-body 
radiation studies with 900, 4,000, 8,000 and 12,000 r. were 
performed in rats by Randic and Supek’*. Immediately 
after irradiation, serotonin content was determined. No 
change was found after doses of 900 and 4,000 r. However, 
after the higher doses of radiation, a significant increase in 
brain serotonin was noted. The details of their work 
were not available. Differences ın radiation factors, time 
of examination and method of serotonin estimation may 
account for the divergence in results among these investi- 
`" gators. 

In the work recorded here, a systematic investigation of 
brain serotonin changes were made at various predeterm- 


ined intervals after wrradiation, until the animals reached 
the terminal stage. Since we were primarily interested in 
the effects of radiaticn on the central nervous system, 
irradiation was restricsed to the cephalic region with the 
rest of the body shielced. We feel that for studying the 
effects of radiation on the central nervous system, total- 
body radiation is less suitable, in view of the varied effects 
of radiation on other crgan systems and their interaction 
with the central nervous system, which complicates the 
interpretation of results. Serotonin was determined in the 
whole brain as well as in the hypothalamus and medulla. 

Male Sprague-Dawley rats ranging in weight from 200 
to 230 g were used in these investigations. The irradiation 
conditions were the same‘as described in an earlier publi- 
cation, Rats received a single dose of 10,000 r. or 500 r. 
to the head at a dose-rate of 295 r./min. The radiation 
source, was a 250-kKV 30-m.amp GE ‘Maxitron’ X-ray 
machine (Argonne Cancer Hospital, University of Chicago). 
After irradiation, the zats were housed two in a cage in 
air-conditioned quarters. Rats exposed to the high dose 
radiation were examinad at 1, 24, 48, 72, 96, 120, 144 or 
168 h post-irradiation while those exposed to the low 
dose were examined at the 72-h interval. They were 
killed by decapitation, and the brain quickly removed 
(visible blood being removed by means of filter paper) and 
weighed. Serotonin was determined according to the 
method of Bogdanski 2¢ al.. For the determination of 
serotonin in the hypcthalamus and medulla, brain re- 
moved from the decap-tated head was frozen on a bed of 
dry ice in a refrigerated room (— 10° C). The part of the 
brain anterior to the pons was sectioned free-hand with a 
razor blade and 1-2 mm thick coronal sections were ob- 
tained. Hypothalamts was dissected out from these 
sections and tissue from 3—4 brains was pooled for each ex- 
periment. For medulla, pooled tissue from 2 brains was 
adequate. The procedure for the determination of serotonin 
was the same as that for whole brain except that the tissue 
was always homogenized in 2 ml. of 0-1 N hydrochloric 
acid irrespective of the weight of the sample. Since there 
was a progressive weight loss in heat-irradiated animals’, it 
was pertinent to examine the serotonin changes in starved 
controls also. For ths purpose, rats were deprived of 
food and water and their brain analysed at varying 
intervals. 

The effect of X-irraciation on the serotonin content of 
whole brain is shown in Table 1. It is noteworthy that the 
amine level began to rise about 48 h post-irradiation, 
reached a peak value about 72-96 h and subsequently 
returned to normal value by 144 h post-irradiation. That 
this ıs a specific effecs of irradiation unrelated to the 
weight loss or nutritional changes is suggested by the 
absence of any such increase in the brain amine following 
total food and water deprivation for 72 h. In fact, star- 

© 
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Table 1. RAT BRAIN SEROTONIN CONTENT 
Time of 
exam- X-irradiation Food and water X-irradiation 
TAR Control (10,000 r ) deprivation (500 r.) 
0°55 +0 02 (34) 
1-2 ° — 0 58 + 0:02 (4) 
24 — 0 5440 03 (7) 
48 — 0 61+0 04 (7) 0:54 40 O01 (6) 
72 — *0:70 40:04 (10) f047+003(6) 0472+002 (5) 
96 — *0 68 +003 (8) —_ 
120 — 0 48 +005 (3) tO71+006 fr 
144 — 0 62+0 008 (2) 0-50 0-01 (3) 
168 — 0°59 + 0-02 (2) . 
The values are expressed as ug/g wet weight tissue + S.F. The number in 
parentheses refers to the number of animals. 
*P<0-01 ~- 
P <0 05. 
P <002. 


Table 2. REGIONAL CHANGES IN SEROTONIN CONTENT OF RAT BRAIN 
- Hypothalamus Medulla 


Control J 1°98 + 0°31 (7) 0-76 + 0-07 (10) 
AER a (10,000 r.) 


post-r 2-15 + 0°24 (5) 0°75 + 0-13 (3) 
72 h post-r, 2 07 + 0-26 (5) *1-01+ 0 07 (8) 
96 h post-r. 2 00 £0 41 (4) 0 82 +0-10 (6) 


The values are expressed as ug/g wet weight tissue + S.E. The number in 
parentheses refers the number of experiments, each experiment being 
composed of 3-4 animals in the case of hypothalamus and 2 animals in the 
case of medulla. 


*P<0 05. 


vation produced a fall in brain serotonin at 72 h (P < 0-05) 
‘and a rise at 120 h (P<0-05). The significance of this 
bimodal effect of starvation is not understood. In contrast 
to this divergence in serotonin changes, the pattern of 
weight loss was about the same in both the 10,000-rv’ 
X-irradiated and totally starved animals. In both these 
groups, body-weight decreased linearly and almost to the 
same extent with time’. 

The results of regional investigations are summarized 
in Table 2. It is interesting that hypothalamus, the 
region normally richest in serotonin, showed no increase 
in the amine level at 72 h post-irradiation, while signifi- 
cant increase in serotonin was detected in the medulla at 
this radiation interval. It may be recalled here that 
enhancement of barbiturate hypnosis was also maximal 
at this irradiation interval in animals exposed to 10,000 r. 
of X-ray. For example, the duration of thiopental 
hypnosis was increased about five-fold in the high dose 
irradiated animals. That this was a specific central 
nervous system effect of irradiation, unrelated to dehydra- 
tion, nutritional factors, or fall in temperature, was 
established by appropriate controls’. In animals exposed 
to low dose cephalic X-irradiation (500 r.), serotonin level 
of the brain decreased at 72 h post-irradiation (P < 0-02). 
In these animals, in contrast to the high-dose irradiated 
ones, the barbiturate effects were also decreased, as 
evidenced by the shorter duration of hypnosis. Even 
though the decrease in serotonin seems to be the same in 
both the starved and low-dose irradiation groups, again 
this does not appear to be related to the body-weight 
changes. ‘The loss in weight resulting from complete 
starvation was about 4—5 times that accompanying 500 r. 
cephalic X-irradiation’. The demonstration of an 
association. of serotonin and enhancement of barbiturate 
hypnosis, although not of sufficient evidence by itself to 
suggest a cause and effect relationship, certainly raise 
some questions regarding the functional role of serotonin. 

It is known that the reticular activating system (RAS) 
is very sensitive to the depressant effects of barbiturates 
and other sedative hypnotics. The inability to maintain 
wakefulness under barbiturate medication 1s attributed to 
its depressant effects on the RAS. Brain stem roticular 
formation contains both inhibitory and excitatory fibres, 
and it has been postulated that they are dispersed diffusely 
throughout the reticular activating system!. The distri- 
bution of serotonin in brain parallels that of norepinephrine 
and, like the latter, is present in high amounts in areas 
controlled by the RAS. _ On the basis of his work on the 
reticular activation produced by epinephrine and struc- 
turally similar compounds, Dell has favoured the concept 
of an adrenergic mechanism at the reticular level?. 
Monnier has: considered that the high-voltage, slow-wave 
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activity resulting from low-dose serotonin and 5-hydroxy: 
tryptophan was due in part to reticular depression". 
It has been suggested that these two aminey may have 
opposing functional roles, norepinephrine by association 
with the excitatory fibres and serotonin by ussociation 
with the inhibitory fibres!4. Other hypotheses and ev- 
dences concerning the neurohumoral regulation. of reticular 
activity have been presented in the excellent review 
article by Killam’, 

Many investigators have reported the potentiation of 
barbiturate hypnosis by serotonin!*. The potentiation of 
barbiturate hypnosis in head-irradiated rats and its 
association with increased brain serotonin-levels revealed 
in this study are consistent with the above observations. 
Particularly interesting is the finding that, although whole 
brain analysis of head-irradiated rats revealed an increase 
in serotonin content, no such increase was seen in the 
region normally richest in the amine, that is, the hypo- 
thalamus. A significant increase was, however, detected 
in the medulla. It has been noted that low doses of 
ionizing radiation produce increased activity of the 
RAS?*.20, On theoretical grounds, it is thus not unreason- 
able to expect additive effects with central nervous system 
stimulants whose action is mediated through the RAS and 
antagonistic effects with central nervous system depres- 
sants. Indeed, the decreased barbiturate effects noted by 
us in the low dose irradiated group support this belief. 
Furthermore, as might be expected, the serotonin content 
of the brain decreased in the low-dose irradiated animals. 
These findings, viewed together, appear to reinforce the 
possibility that serotonin has a functional role (possibly 
by its association with the inhibitory fibres of the RAS) 
in the regulation of wakefulness. Further investigations 
under different experimental conditions should reveal 
whether or not the phenomenon. described. here—associa- 
tion of medullary rise in serotonin and suppression of 
wakefulness—is a general one. These investigations also 
re-emphasize the importance of regional examination of 
the brain with due regard to its anatomical and functional 
heterogeneity in biochemica] studies of the central nervous 
system. 

This work was supported in part by a grant from the 
State of Illinois Mental Health Fund 1711. I thank the 
University of Chicago Argonne Cancer Hospital and the , 
Department of Radiology for use of the radiation facilities ~ 
and Mr. James Bland for his assistance with the radiation - 
procedure. I also thank Messrs. D. Shah and S. Finer 
for technical help. 
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CATION PERMEABILITY OF PHOSPHOLIPID MODEL MEMBRANES: EFFECT OF 
NARCOTICS 


By Dr. A. D. BANGHAM, Dr. M. M. STANDISH* and NIGEL MILLER 


Agricultural Research Council Institute of Anima! Physlology, Babraham, Cambridge 


T would appear that spontaneously .formed liquid 
crystals of egg lecithin (phosphatidyl choline), when 
swollen in salt solutions, exhibit many of the ion and water 
diffusion properties of biological membranes!. Thus, if 
the unit structure of the liquid crystal is accepted as 
being that of a bimolecular leaflet and the concentrically 
arranged leaflets are assumed to form closed surfaces, 
the diffusion rate of anions and water across the membranes 
is found to be several orders of magnitude greater 
than the diffusion rate of cations!. Furthermore, the 
diffusion rate of cations is very significantly controlled 
by the sign and magnitude of the surface charge at the 
lipid/water interface. For example, there is a decrease 
of the diffusion rate of Nat and K+ as the negative charge 
on the membrane is decreased—diminishing to zero for a 
positively charged membrane. In contrast, the diffusion 
rates of Cl- and water appear to remain high irrespective 
of the surface charge. Although such membranes do not 
appear to distinguish between different cations, the 
diffusion rate of anions is, with certain exceptions, related 
to their hydrated ion radius! (Br- = Cl- = D = 
HCO,- > NO,- > F- > HCO,- > H,PO,-). 


Evidence has also been presented? which indicates that ' 


membrane-active steroids can modify the diffusion rate of 
cations in such a model-membrane system in a direction 
which is compatible with the hypothesis that cell or cell- 
organelle (lysosomes) lysis is preceded by an increase in 
cation permeability. While these investigations give 
some encouragement to the idea that the model system is 
a valid one, it was felt that they should be tested more 
rigorously against compounds the interaction of which 
with biological membranes had been more quantitatively 
investigated. To this end, the effects of a variety of 
narcotic compounds have been investigated. 

The two most common groups of compounds that pro- 
duce narcosis in excitable cells are the organic solvents, 
for example the n-alkyl alcohols, chloroform and ether, 
and the local anaesthetics characterized by the presence 
of secondary or tertiary amino-groups or both. The precise 
mechanism of action is not known for either group, but 
for the purposes of this investigation, the thermodynamic 
treatment proposed by Ferguson, Brink and Posternak‘ 
and Clements and Wilson’ relating narcotic activity to a 
free energy of adsorption of the compounds to a lipid 
phase and the discussion on the mode of action of local 
anaesthetics by Ariéns~and Simonis? will form the basis 
of the discussion in the present article. 

Experimental details together with a description of the 
molecular structure of the phospholipid liquid-crystals 
have been given by Bangham, Standish and Watkins?. 
In principle, a mixture of egg phosphatidyl choline and 
dicetylphosphoric acid (90:10 mole/mole) in chloroform 
was taken to dryness in vacuo, the dried lipids were then 
swollen in a small volume (1:0 ml./30 umole lipid) of 
0-145 M potassium chloride containing about 100 ue. of 
42K+ and the milky dispersion dialysed against isotonic, 
non-isotopic, lightly buffered (pH 7-0) potassium chloride 
until the dialysate was free of 4##K+. Equal portions 
(0-6 ml.) of the dialysed dispersion were then pipetted 
into 0-6 ml. of the narcotic compounds already dissolved 
in 0-145 M potassium chloride (pH 7:0), and the mixture 
incubated for 30-90 min at 22° C. Finally, 1-0 ml. of the 
mixture was pipetted mto a small, moistened dialysis 
bag which was then placed into 10-0 ml. of 0-145 M 
potassium chloride. A further dialysis was then carried 

* Visiting scientist: Unilever Research Laboratories, Port Sunlight, Cheshire, 


out for 30 min and tha radioactivity of the final dialysate 
measured. 

The organic solvents were tested at concentrations (c), 
which were varying actions (c/co) of a standard state 
(co), that is, solvent saturated solutions of 0:145 M 
potassium chloride at 22° C. At the values of c/ceo used, 
the ideality of the solution is assumed and the c/co term 
is referred to as thermodynamic activity. Local anaes- 
thetics were tested as various concentrations expressed 
as moles/]. Zeta porential measurements of the liquid 
crystals were carried out in an apparatus described by 
Bangham, Flemans, Heard and Seaman’. 

Two important facts emerge from these investigations. 
First, the model membranes show a measurable response 
to all the compounds at or about their effective in vivo 
concentrations. Secondly, the cation diffusion behaviour 
is different for the two principal types of narcotic agent. 

Organic Solvent Ancesthetics. At constant thermodyna- 
mic activity, the alcohols of the n-alkyl series clearly permit 
an increase in the diffusion rate of K+ as the chain length 
decreases (Fig. 1). Th:s result is completely in accord with 
a variety of well-documented in vivo systems tested against 
a similar series of al@hols. Indeed, if the ratios of the 
activities required for any one in vivo system are plotted 
against the ratios of tie activities required to produce an 
equal diffusion rate m the present model system, the 
points are evenly distributed about the 1:1 correlation 
line. The maximum deviation corresponding toa AAG 
of ~44 cal per mole »n a total calculated free energy of 
— 230 cal per mole —CH,-. (Obtained from the activity 
values in Fig. 1 by calculating A Gheptanol — A Ghexanols 
where /AG@ is the free energy change required 
to produce equal K+ diffusion rates.) Thus, the n-alkyl 
alcohol series exhibit s reasonable quantitative agreement 
between the model srstem end a constant end-point in 
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Fig. 1. The leakage rate-of **K* out of egg phosphatidy! choline/15 

per cent dicetylphosphorle acid liquid crystals in the presence of varying 

concentrations (expressed as Ans of long chain alcohols, chloroform 

and diethyl ether. Range of activities producing narcosis in biological 
systems 15 indicated by bars 
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Table, 1. PENETRATION OF EGG PHOSPHATIDYL CHOLINE MONOLAYERS BY 
VARIOUS ALCOHOLS AT AN INITIAL PRESSURE OF 30 DYNES/OM 
Area/ No. lipid molecules 
Alcohol alcohol per alcohol in 
molecule (Å?) surface phase 


Q -= 
(Extrapolated) e.g. CHCl 12,750 213 (05%) 
Q: 0:0379 35 7,988 
Cs 001385 42 4,884 
4 66 3,677 
C; 00014 61 1,996 33 2 


Areas per alcohol molecule were calculated from the expression’ 


dz At 
-F  =28 ———_ kT 
d logic i Ay — Ax T 


is the gradient of the penetration pressures (7}—versus 


Bulk 
concentration Ax 
(moles/1.) 


dz 

d logie 
(logc) curve at the particular concentration; A18 the initial area/egg phos- 
phatidyl choline molecule ın the constant area monolayer (A*); Ax represents 
the area occupied by a phosphatidyl choline molecule in a pure phosphatidyl 
choline monolayer at a given pressure (7z); k ıs the Boltzmann constant, 
T is the absolute temperature; T'is the surface density of penetrant mole- 
cules (as molecules/A?). 


where: 





an in vivo system. Such quantitative agreement appears 
to extend beyond n-alkyl alcohol series because, if one 
compares the diffusion rate of K+ ın the model system 
at the activities for butanol and propanol to that for ether 
and chloroform at an activity required to produce narcosis 
in a non-synaptic nerve fibre’, the agreement is also 
remarkably good (Fig. 1). It would not be unreasonable 
to conclude that narcosis induced by these types of 
compound could act by increasing the permeability to 
cations. 

On the other hand, if the activity coefficients of a series 
of n-alkyl alcohols are similar in the hydrocarbon region 
of the phospholipid molecules, one might expect equal 
numbers of alcohol molecules to be present there at 
equal bulk phase activity. To test this explicitly for the 
membrane-forming lipids used in the model system, the 
pressure increase produced ın è constant area monolayer, 
initially at 30 dynes/em, was measured for a range of 
bulk concentrations of the different alcohols. The results, 
presented in Fig. 2, seem to support the idea that at equal 
thermodynamic activity an equal number of molecules 
of the -alkyl alcohol series penetrate into the membrane. 
But the results already presented in Fig. 1 show that 
at equal thermodynamic activities the diffusion rate of 
K+ increases as the chain length decreases; thus the 
shorter the chain length the more effective is the mol- 
ecule. The conclusion extends the suggestion made by 
Haydon and Taylor® that when the chain length of an 
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Fig 2 Penetration pressures of egg phosphatidyl choline/15 per cent 
dicetylphosphoric acid monolayers in equilibrium with varying bulk 
concentrations (expressed as cco) of C, — Ca alcohols. - -- - - , Mean of the 
experimental points which le on lines of approximately equa] gradient. 
©, Butanol; A, pentanol; ©, hexanol, [], heptanol; @, octanol 
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Fig. 3. Zeta potentials in mV of egg phosphatidyl choline/15 per cent 

dicetylphosphoric acid liquid crystals in the presence of various con- 

centrations of local anaesthetics. W, ce ae ©, tetracaine; 
©, cocaine; C}, procaine 


adsorbing molecule is small, say less than half the length 
of the lipid chain, the leaflet breaks up due to the formation 
of space in the hydrocarbon region above the short 
inserted chain. Their prediction, therefore, that in a 
homologous series of straight chain molecules the ratios 
of the aqueous concentrations producing break-up for 
members differing by one —CH,— would be: 


exp aona Afon) :1 


is not entirely valid in the present system. 

From the investigations of monolayer penetration 
(Fig. 2) it is possible to calculate? thermodynamically 
the number of membrane molecules per narcotic molecule 
at aqueous concentrations capable of producing a state 
of narcosis in excitable cells (Table 1). Extrapolation of 
these values towards a chain length ncm, = 1, equivalent 
approximately to a small gas molecule such as CHCl, 
would suggest that there would be as many as 213 
phospholipid molecules per CHC], (0-5 moles per cent 
CHCl;)—a value in close agreement with that computed 
by Clements and Wilson’ from their investigations using 
inert gases. 

Local Anaesthetics. Whereas there had been no obvious 
a priori reason why the model membrane system should 
demonstrate a measurable and parallel response to the 
organic solvent group of narcotics, the established rela- 
tionship between the cation exchange diffusion rate and 
the sign and magnitude of the membrane/water inter- 
face! would predict a diminution of such rates if the local 
anaesthetic molecules were active m their cationic form. 
These compounds penetrate orientated lipid structures as 
shown. by Skou?®, and the results presented in Fig. 3 con- 
firm and amplify the measurements of Bangham, Rees 
and Schotlander!! and show that all four of the local 
anaesthetic compounds—namely, nupercaine, tetracaine, 
cocaine and procaine—reduce the zeta potential of a 
negatively charged membrane system. Moreover, if one 
compares the ratios of the concentrations producing an 
equal reduction in zeta potential to the ratios of the con- 
centrations producing a reversible nerve block}, the 
values are in reasonable agreement (Table 2). Too much 
emphasis should not be laid on this correlation, since the 
concentration ranges over which a nerve remains reversibly 


Table 2 
Highest concentra- Concentrations for 


tions still producing Relative 5-mV reduction in Relative 


reversible block blocking zeta potential concen- 

(Skou) (mM) potency (uM) trations 
Nupercaine 07 10 200 1:0 
Tetracaine 2°5 3°57 100 0 5-0 
Cocaine 44-0 63-0 891:0 445 
Procaine 137 0 195 0 5,012 0 250:0 
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Fig. 4 Normalized 1 e rates of K+ out of egg phosphatidyl] choline/ 

15 per cent dicetyiphosphoric acid liquid crys as a function of bulk 

local anaesthetic concentrations. W, Nupercaine; ©, tetracaine; 
, cocaine; [C], procaine 


blocked are considerable. It is encouraging, however, 
that the model membrane systems show significant re- 
ductions in zeta potential at the minimum blocking 
concentrations‘. 

As indicated earlier!, the diffusion rate of cation 1s 
very significantly controlled by the sign and magnitude 
of the surface charge prevailing at the lipid/water inter- 
face. It was therefore with no surprise that we were able 
to establish a systematic reduction in the diffusion rate 
of cation out of the liquid crystals in the presence of the 
local anaesthetic compounds (Fig. 4). 

That there is a poor quantitative agreement between 
the percentage reduction in cation leakage and the reduc- 


tion of zeta potential for the two more potent anaesthetics, : 


namely, nupercaine and tetracaine, may be ascribed to 
the experimental necessity of reacting a large number of 
lipid molecules with a limited small volume of anaesthetic 
solution. The trend throughout the series clearly suggests 
that the cation diffusion is reduced as the zeta potential 
becomes less negative. If this correlation reflects the mode 
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of action of local ansesthetics in vivo then it supports 
the view? that these sompounds are primarily active in 
the ionized form. Two of the less potent compounds, 
however, have tho further effect of increasing permeability 
at high concentrations, even though the zeta potentials 
continue to fall. It is tempting to suggest that this effect 
may be attributed to she presence of a higher proportion 
of un-ionized molecules since it was not observed when 
the system was studied at a lower pH. 

Thus the model membrane system described broadly 
mimics the behaviour of biologically excitable membranes 
in their response to two chemically unrelated groups of 
reagents. Both groups manifest changes in cation perme- 
ability across a bimolecular lipid membrane but in opposite 
directions and explicabie by different physical mechanisms. 

Inherent in these invastigations is the belief that narcosis 
represents a transient, reversible increase in membrane 
permeability to cation; higher concentrations resulting 
in a degree of permeability (Fig. 1) which the energy- 
driven pumps in biological membranes cannot keep up 
with. A Donnan redistribution of ions will develop due to 
the presence inside the cell or cell organelle of non-diffus- 
ible proteins, and the concomitant rise in osmotic pressure 
will cause swelling and rupture of the membrane***. 
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MOLECULAR WEIGHT OF CHICK INTERFERON 


By Dr. D. C. BURKE and Dr. J. ROSS 
Department of Biological Chemistry, Marischal College, University of Aberdeen 


HE molecular weight of interferon has been investi- 
gated by a number of workers. Burke’ purified chick 
interferon, prepared in chick chorioallantoic membranes, 
twenty-fold to obtain material of molecular weight 
` 63,000, which was homogeneous in the analytical ultra- 
centrifuge. This figure for the molecular weight was 
consistent with that of less than 80,000 obtained by 
Porterfield et al.2, based on the rate of diffusion of inter- 
feron through egar. However, several workers using 
chick interferon, prepared in ovo in chick embryo cells, 
found, by indirect methods, that the molecular weight of 
chick interferon was in the 13,000-45,000 range*°. 
Lampson. et al.* achieved 4,500-fold purification of inter- 
feron prepared in ovo to give a product of molecular weight 
20,000-34,000 as determined in the ultracentrifuge. 
Thus, with two exceptions! ? all the reported values for 
the molecular weight of interferon have been in the range 
13,000-45,000. Since interferon is adsorbed by agar’, 
the value of less than 80,000 obtained by the diffusion. 
method is of doubtful significance. The difference between 
our earlier results! and those of other workers*-* could be 
due to the different methods of preparation of interferon 
that were used, that is, in chorioallantoic membranes 
rather than in chick embryo cells or in ovo. We have 
now found that the molecular weight of interferon 
prepared in chorioallentoic membranes is about 30,000, 
and that the preparation of molecular weight 63,000 is 


heterogeneous, containing at least two other proteins apart 
from interferon. 

Interferon was prepared in chorioallantoic membranes 
(CAM), and assayed by a plaque-inhibition method in 
chick embryo cells br methods previously described}. 
Interferon was also prepared in chick embryo cells**, and 
in ovo’. Sucrose-gradzent centrifugation was carried out 
by Dr. P. A. Charlwod, as previously described’. Gel- 
filtration was carried out, essentially by the method of 
Andrews"!, using a colamn 105 em x 4 cm diameter, and 
0-lu phosphate buffer. pH 7:7. A series of purified pro- 
teins were used to calibrate the column. The proteins 
in the eluant were estimated spectrophotometrically 
and, where possible, enzymatically. The elution volume 
of a protein was defined as the volume of eluate at which 
the maximum amount of protein was measured. In all 
cases, spectrophotometric and enzymatic assays gave 
identical values for the elution volume. 

An estimate of the molecular weight of chick interferon 
was obtained by sucrase-gradient centrifugation of crude 
interferon. Concentrased CAM interferon was centrifuged 
in a sucrose gradient, together with radioactively labelled 
lysozyme and ovalbumin as markers*. The contents of 
each tube were then assayed for radioactivity, and for 
interferon activity by the plaque-inhibition assay. The 
results (Fig. 1) show that chick membrane interferon 
sediments at a rate bebween that of ovalbumin and lyso- 
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Fig. 1. The centrifugation of CAM-Interferon in a sucrose gradient, 

using radioactively labelled lysozyme and ovalbumin as markers. 

A, Interferon titre, C), ozymo md ioactivity; O, ovalbumin radio- 
ac y . 


zyme, although closer to that of ovalbumin. Since Charl- 
wood? has shown that the rate of sedimentation of a 
protein in & sucrose gradient is a function of its sedi- 
mentation coefficient, these results suggest that chick 
membrane interferon has a sedimentation coefficient 
somewhat lower than that of ovalbumin (3-4 S). This 
corresponds to a molecular weight of about 30,000- 
40,000 for chick membrane interferon. 

A. second estimate of the molecular weight of chick 
interferon was obtained by gel filtration through ‘Sepha- 
dex G-100’. The elution volumes of a series of proteins, 
with molecular weights in the range 20,000-65,000, were 
determined. When the elution volumes of the proteins 
were plotted against the logarithms of their molecular 
weights, a straight line was obtained (Fig. 2), although 
the points for two of the proteins did not lie on this straight 
line. One of these proteins, carboxypeptidase, was 
filtered using 10 per cent lithium chloride as eluant. 
When. albumin and ovalbumin were filtered in 10 per cent 
lithium chloride, it was found that the elution volume of 
each protein was 100 ml. greater than the elution volume 
using 0-lu phosphate buffer, pH 7-7, as eluant. The 
elution volume of carboxypeptidase used in Fig. 2 was 
obtained by subtraction of 100 ml. from the elution 
volume found when 10 per cent lithium chloride was used 
as eluant, and is therefore an approximate figure. No 
explanation of the large elution volume of trypsin can be 
given, although there appears to be some doubt about 
its homogeneity*. Gel-filtration of concentrated CAM 
interferon, under identical conditions, gave an elution 
volume of 680-750 ml. These figures correspond to a 
molecular weight of 27,000-35,000. The recovery of 
biological activity was very low in early experiments, 
but by using larger amounts of interferon, working at 2° 
and adding ‘Tween 80’ to the eluting buffer, the recovery 
was raised to about 40 per cent. The biological activity 
of the eluate was unstable, presumably due to its low 
protein content. The product was still impure since it 
gave two precipitin lines on immuno-diffusion with an 
anti-interferon antiserum (see later). Samples of inter- 
feron prepared in ovo, or in chick embryo cells, were, after 
suitable concentration, filtered through the ‘Sephadex’ 
column. The elution volumes of 710-730 ml. and 710 ml., 
respectively, correspond to molecular weights of 29,000- 
31,000. Thus within the limits of this method, no differ- 
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COMPARISON OF ELUTION VOLUMES IN O-lu PHOSPHATE pH 
7-7, AND IN 0'1 M CHLORIDE BUFFER, pH 2.0 


Table 1. 


Protein Elution volume Elution volume 

; at pH 7:7 (ml.) at pH 2-0 (ml.) 
Albumin 510 430 
Ovalbumin 610 630 
Pepsin 670 870 


The elution volume of each protem was measured as described in the text. 


ence was detected in the molecular weights of the inter- 
feron from the three sources. 

The elution volumes of several proteins were also determ- 
ined using a 0-1 M-chloride, pH 2-0, buffer as eluant 
(Table 1). The relationship between molecular weight 
and elution volume, determined for filtration at pH 7-7, 
was not applicable at pH 2-0. The elution volume of 
albumin was small at pH 2:0, indicating that the molecule 
was larger, and several authors*4 have shown that albumin 
expands at low pH values. The elution volume of pepsin 
was smaller at pH 7-7 than at pH 2-0, and this is consist- 
ent with the elongated structure of pepsin at neutral pH 
values!®. The elution volume of ovalbumin was virtually 
unchanged. The elution volume of CAM interferon was 
greater at pH 2-0 than at pH 7-7 and, by analogy with 
pepsin, this may be due to a more compact structure at 
pH 2:0. 

The results show that the molecular weight of CAM 
interferon lies within the range 27,000—35,000, and are at 
variance with the molecular weight of 63,000 obtained 
for purified CAM interferon!. It was therefore of interest 
to re-examine the product obtained by Burke’s procedure. 
A. 5-1. batch of crude CAM interferon was taken through 
this purification procedure, with results very similar to 
those previously described. The product, which had been 
purified about twenty-fold, gave a single band`on starch- 


‘gel electrophoresis and a single symmetrical peak of 


protein when chromatographed on DEAE-cellulose at 
pH 5:8 with an increasing phosphate gradient. How- 
ever, when the product was examined by agar-gel double- 
diffusion analysis or by immuno-electrophoresis using 
an anti-interferon rabbit serum, it was shown to be hetero- 
geneous. 

The antiserum had been prepared by repeated injection 
of -rabbits with crude CAM interferon, and neutralized 
the biological activity of CAM interferon (J. Ross and 
D. C. Burke, unpublished results). It also contained anti- 
bodies to the other protein components of crude CAM 
interferon, including ovalbumin and albumin, immuno- 
electrophoresis showing that the serum reacted with seven 
of the ten components detectable in crude CAM inter- 
feron by starch-gel electrophoresis. Both agar-gel double- 
diffusion analysis and immuno-electrophoresis showed the 
presence of four components in the purified CAM inter-- 
feron. One of these was identified as a trace of chick 
albumin (which could not be detected by starch-gel 
electrophoresis), and another was shown to be present in 
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Fig. 2. Relationship between the molecular weights of proteins and 
elution volumes from a column of ‘Sephadex G-100’, in 0-1z phosphate 
buffer, pH 7-7, plus ‘Tween 80’ (20 ug/ml ) at 2° C 
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control interferon preparations (that is, CAM interferon 
made as usual, but without exposure to ultra-violet- 
inactivated virus), and is therefore derived from the host 
cells. The other two components were only found in 
purified preparations, but it is not known if either was 
interferon. These components could not be resolved by 
starch-gel electrophoresis, a diffuse single bend being 
obtained. The product obtained by Burke? 1s therefore 
impure, and the observed molecular weight of 63,000 must 
be that of the major component, which is not interferon. 

We have attempted to estimate the purity of Burke’s 
material by comparison of the specific activity of the 
different preparations. Our crude CAM material has a 
specific activity of about 10 M.R.C. interferon units/mg 
protein and the most purified preparation about 2 x 10? 
M.R.C. interferon units/mg. The best crude interferon 
that we have been able to prepare in ovo has a specific 
activity of 3 M.R.C. interferon units/mg protein, and this 
material has been purified 4,500-fold (ref. 3) and 6,500-fold 
(réf. 8), giving a specific activity for the products of 1-35 x 
104 M.R.C. interferon units/mg and 1:95 x 104 M.R.C. 
interferon units/mg, respectively. Thus it would appear 
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that our earlier pur-fied preparation! contained at most 
1 per cent of pure interferon, and this amount of a second 
protein would not have been detected by the methods used. 
We thank the Medical Research Council, Glaxo Labora- 
tories, Ltd., the Pharmaceuticals Division of Imperial 
Chemical Industries. Ltd., and the Wellcome Research® 
Laboratories for grants which supported this work. 
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ARGININE AND UREA BIOSYNTHESIS IN THE LAND PLANARIAN: ITS 
SIGNIFICANCE IN BIOCHEMICAL EVOLUTION 


By Pror, JAMES W. CAMPBELL 
Department of Biology, Rice University, Houston, Texas 


HE most widely accepted theory of the origin of life 

on this planet is that of Oparin!. According to this 
theory, the first living systems were heterotrophic and 
utilized the organic compounds then present in primaeval 
waters as their source of free energy. The acquisition of 
biosynthetic function—primitive autotrophy—came as 
these substrates were gradually depleted from the nutrient 
environment. During this period, catalysed biosynthetic 
reactions had a high positive survival value for those 
systems possessing them and selection led to the estab- 
lishment of complete biosynthetic pathways?. This 
sequence of events is implicit in the concept of biochemical 
unity in accounting for the occurrence of several major 
metabolic pathways in diverse living forms. 

One such biosynthetic pathway which has received 
considerable attention m this connexion is that for the 
synthesis of the amino-acid arginine, a universal protein 
constituent which is especially abundant in some nucleo- 
proteins. This pathway is present, in whole or part, in 
bacteria, blue-green and green algae, yeast, fungi, higher 
plants, and most major vertebrate classes. Besides being 
the source of a necessary protein constituent, the arginine 
pathway has additional significance in biochemical 
evolution in serving as the main route for ammonia 
detoxification in ureotelic vertebrates. Urea synthesis is 
only one step removed from that of arginine, and ıt has 
been suggested that ancestral vertebrates utilized this 
pre-existent pathway for ammonia detoxification during 
the invasion of the land’. The utilization of the arginine 
pathway for ureotelism required mainly a change in the 
nature of the carbamyl phosphate-forming enzyme which 
enabled it to function efficiently at low ammonia concen- 
trations. 

While this has been recognized as an important step in 
evolution for the vertebrates, the exploitation of the 
arginine pathway for ureotelism by invertebrates during 
their invasions of the land habitat has not previously 
been considered. This was due, perhaps, to the lack of 
documentation of this pathway in any extant invertebrate 
species. From a consideration of the theoretical aspects 
of the establishment of metabolism’, there is little reason 
to suspect that the pathway would not occur among the 


invertebrates. The elternative would be that the pathway 
was not continuous n its evolution; that 1s, that it arose 
in primitive cells, was not present during the long geo- 
logical period of the invertebrates, and then reappeared 
in ancestral provertebrates. In this alternative, the 
selective pressures which brought about the redevelop- 
ment of the pathway would seem more obscure, since they 
would not at first appear to be nutritional ones. On the 
other hand, the presence of the arginine pathway, in whole 
or part, among the nvertebrates is more in keeping with 
the general concepts-of biochemical unity since it indicates 
that the pathway was continuous in its evolution. 

Urea cycle enzymes are of common occurrence among 
terrestrial invertebrates. Arginase has long been known 
to occur in the lanc snail‘, the earthworm’, insects’, and 
more recently along with ornithine transcarbamylase, in 
the land planarian™ All urea cycle enzymes have now 
been demonstrated in the earthworm®® and it has been 
shown in another report that they function im vivo to 
synthesize both protem arginine and excretory urea". 
Except for carbamyl phosphate synthetase, all other urea. 
cycle enzymes have elso been demonstrated in the land 
snail!!, and the incorporation of bicarbonate-4C into 
citrulline*, protein arginine}*, and urea’*-14 indicates that. 
the pathway is complete. Its role in excretion or nutrition. 
in the snail is not, however, as yet clear. Although 
arginase occurs in some insects, ornithine transcarb- 
amylase apparently does not, and arginine is required in 
the diet!*. Insecte thus seem to lack the capacity to 
synthesize citrullina although it can partially replace 
arginine in the diev!®. In this respect, they occupy a 
similar position among the invertebrates to birds among 
the vertebrates”. 

Because of the land planarian’s unique phylogenetic 
position among the terrestrial invertebrate species, it was 
of considerable interest to examine it for the presence of 
the arginine pathway. The origin of the Metazoa is not 
agreed on, but some feel that primitive flatworms bear 
certain. similarities to the hypothetical first metazoans"®. 
In any event, the land planarian, although itself a special- 
ized species, may well represent the first successful 
invasion of the lani by animals. The present report of 
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the urea cycle in the land planarian indicates, first of all, 
that the arginine pathway was probably present in the 
most primitive invertebrates, thus supporting the idea 
that the pathway was continuous in its evolution from 
unicellujar organisms through to the vertebrates. Secondly, 
at once again demonstrates the importance of the arginine 
pathway and the development of ureotelism in the 
invasion of the land by animals. 

The land planarians were collected in a local green- 
house and were identified as Bipalium kewense on the 
basis of external characteristics and with reference to 
Hyman’. They were kept until their guts emptied and 
were washed in 0:017 per cent ‘Zephrian chloride’ (Win- 
throp Laboratories trade mark for alkyl dimethylbenzyl- 
ammonium chloride) to free the external surface of 
bacteria. They were not checked for symbionts such as 
pleuropneumonia-like organisms, and I have assumed that 
the metabolism measured is attributable to the flatworms. 
Arginine is rapidly degraded by pleuropneumonia-like 
organisms (PPLO)”, and in infected cells argmine syn- 
thesis from bicarbonate apparently does not take place*!. 
Urease activity, which is widely associated with bacteria, 
could not be detected ın Bipaleum*’ and this suggests that 
contamination may not have been a factor. For incuba- 
tion, the flatworms were placed on filter paper moistened 
with 0-004 per cent ‘Zephrian chloride’ in sterile 225-ml. 
Warburg vessels. The side arms contained 3 umole 
NaHCO, (20 pe., 4C). The vessels were sealed and the 
1CO, was liberated into the chamber by adding sulphuric 
acid into the side arm through a rubber seal. The worms 
were kept in the “CO, atmosphere for 4-5 h at room 
temperature (23°-24° C) and were then homogenized in 
9 vol. 5 per cent trichloroacetic acid (TCA). The homo- 
genate was centrifuged and the supernatant fluid was 
collected. The residue was washed twice with TCA and 
these washings were combined with the supernatant fluid 
and stored at — 20° C until analysed. 

The incorporation of “CO, into protein arginine, 
aspartic acid and glutamic acid 1s shown in Table 1. To 
isolate the protein amino-acids, the residue from the 
foregoing was washed three times with TCA, twice with 
‘hot TCA (kept in a water bath at 68° C), twice more with 
TCA, twice with ethanol, twice with hot 3:1 ethanol— 
ether (52° C), twice with 2 : 2 : 1 ethanol—ether—chloroform 
(52° C), and finally with anhydrous ether. The dried 
residue (an average of 126-5 mg/g fresh wt.) was sus- 
pended in 100 vol. constant-boiling, peroxide-free hydro- 
chloric acid and was hydrolysed in a sealed tube for 
20 hat 115°C. The hydrolysate was freed of hydrochloric 
acid in vacuo and was decolorized with ‘Nortit-A’. 
The amino-acids in portions of the hydrolysate repre- 
senting 1 mg protein were separated by two-dimensional 
chromatography on Whatman 3MM paper using 
2-butanol—formie acid~water (75:15:10, by vol.) in the 
first dimension and 75 per cent (w/w) phenol in an 
ammoniacal atmosphere in the second. The radioactive 
compounds were located by autoradiography and were 
eluted from the paper with water. A portion of the 
eluate was plated on aluminium planchets for radio- 
activity measurements and another portion was used to 
determine the amount of amino-acid present. For 
arginine, a modified Sakaguchi method was used, and for 
aspartic and glutamic acids, the picryl sulphonic acid 
method**. No correction was made for absolute re- 
coveries: arginine made up 4 88 per cent of the protein 
when determined as Sakaguchi-positive material in the 
protein hydrolysate, and 4-26 per cent by the chromato- 
graphic method. With this method, incorporation of 
carbon-14 was detected only in those amino-acids listed 
m Table 1. 

To isolate arginine from the protein hydrolysate, carrier 
arginine was added to that remaining after chromato- 
graphy to give a total of 20 mg. The arginine was then 
precipitated as the diflavianate which was reerystallized 
to constant specific radioactivity*®. The diflavianate was 
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Table 1. INCORPORATION OF “CO, INTO PROTEIN AMINO-ACIDS OF Bipahum 
Protein Totalincorpora- Specific CO, incorpor- 
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Amino-acid content tion (c p m./127 activity ated (mumole/ 
(%) mg protein*) (c.p.m./“mole) 24 ht) 
Arginine 4°26 28,007 908 44:8 
Aspartic acid 20 22 20,379 106 32:6 
Glutamic acid 13-04 14,522 94 23 3 


* Incorporation into protein from 1 g tissue during a 4 67 h incubation. 
t No corrections were made for dilution due to non-radioactive metabolic 
CO, formed during the incubation. 


Table 2, INCORPORATION OF “CO, INTO FREE AMINO-ACIDS AND UREA OF 


Bripahum 
Total Specific COQ, incor- 
Tissue incorpor- activity porated 
Compound content ation, (c.p.m / (mumole/ 
(umole/g) (c.p.m./g) umole) 24 h) 
Alanine 56 54,520 9,692 87-1 
Arginine <01 806 ~ 8,850 13 
‘Argininosuceinate i 

compounds B + C ~13 3,742 2,917 59 
Aspartic acid 90 112,604 12,512 180 6 
ne <01 17,730 ~ 209,500 28 3 
Glutamine 05 1,521 8,073 2°4 
Glutamic acid 11:3 76,462 6,797 122-2 
Glycine 0-5 1,080 2,087 i7 
Serine 10 1,512 1,493 24 
Urea 60 161,577 26,896 258:2 


In addition to the compounds listed above, two unidentified ones also 
contained radioactivity. one, a total of 2,410 e.pm, and the other, 1,580 
c.p-m. ` 


decomposed. with ‘Dowex-2(Cl-)’. The guanidino-C was 
hberated by treating 17 mg of the isolated arginine with 
10 mg arginase and 10 mg urease in 0-1 M tris sulphate, 
pH 7:8, containing 0-005 M cobalt sulphate for 4 h at 
38° C. Acidification of this reaction mixture liberated the 
guanidino-C as CO,, which was absorbed in sodium 
hydroxide and precipitated and counted as Ba™CO,. Of 
the total carbon-14 mcorporated into arginine, 97-3 per 
cent was present in the guanidino-C@. Ornithine was 
isolated from the reaction mixture with ‘Dowex-50(H*)’ 
after the arginase—urease treatment and was recrystallized 
from 80 per cent ethanol. It contained 1:3 per cent of 
the incorporated carbon-14. 

The incorporation of “CO, into the free amino-acids 
and urea is shown in Table 2. These compounds were 
isolated from the combined TCA supernatant and wash 
solutions with ‘Dowex-50(H+)’ and were separated by 
two-dimensional chromatography as already mentioned. 
The amino-acids other than arginine and citrulline were 
determined with picryl sulphonic acid. Arginine was 
determined with the Sakaguchi reaction and citrulline as 
described by Archibald**. The latter two compounds were 
added as non-labelled carriers to the free amino-acid 
fraction and their estimation 1s based on difference plus 
recovery corrections. The compounds designated as 
‘argininosuccinate B and C’ were chromatographically_ 
identical to the two compounds formed when authentic 
argininosuccinate was carried through the isolation pro- 
cedure used for the amino-acids. They are probably the 
two cyclic forms identified by Westall?? and designated 
by him as compounds B and C, although authentic samples 
of these were not available for comparison. The estimation 
of these-compounds was with an L-ornithine standard. A 
portion of the isolated citrulline was arsenolysed with 
ornithine transcarbamylase!? and the ureido-C was 
determined as Ba*CO,;. This C contained 91 per cent of 
the incorporated carbon-14. Urea was determined as 
deseribed by Archibald?! and a portion was also decom- 
posed with urease to determine the urea-C as Ba™“CQ,. 

The pattern of incorporation of “CO, into citrulline, 
arginine and urea shown by Bipalium has been found 
repeatedly to be due to the operation of the urea cycle 
in ureotelic vertebrates. In addition, both ornithine 
transcarbamylase and arginase occur in this land plan- 
arian’. Both enzymatic*®3° and isotope incorporation 
data®*.*! are now available which indicate that arginine 
and urea are synthesized in all classes of flatworms by 
the Krebs—Henseleit ornithine—urea cycle. This extends 
the distribution of this pathway to at least two major 
invertebrate phyla, the Platyhelminthes and the Annelida, 
and indicates that it is indeed a primitive pathway which 
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has persisted ın some species of most living groups, while 
having been lost, in whole or part, from others. 

This work was supported by U.S. Public Health Service 
grant AI 05006. I thank the personnel of the Hans 
Peterson Nursery, Houston, Texas, for their help in 
collecting the flatworms. 


1 Oparin, A. I., The Origin of Infe on the Earth, third ed. (Oliver and Boyd, 
Edinburgh, 1957). 


? Horowitz, N. H., Proc U.S. Nat. Acad. Set , 31, 153 (1945). 

3 Cohen, P. P., and Brown, jun ,G W , Proc. Fifth Internal. Cong. Biochem., 
8, 129 (1963). 

1 Baldwin, E., Biochem, J.,29, 252 (1935). 

5 Cohen, S., and Lewis, H B, J. Bol. Chem..184, 479 (1950). 

€ Kilby, B. A , and Neville, E , J. Exp. Biol., 24, 276 (1951) 

7 Campbell, J. W., and Lee, T. W., Comp. Biochem. Physiol , 8, 29 (1968). 

8 Bishop, S. H , and Campbell, J.W, Science, 142, 1583 (1963) 


® Campbell, J. W., and Bishop, S. H , Abst Swath Internal Cong. Biochem., 5, 
394 (1964) 


10 Bishop, S. H., and Campbell, J. W.. Comp. Biochem. Physiol., 15, 51 (1965). 


u as . N., and Campbell, J. W., Arch. Biochem. Biophys , 97, 360 


12 Campbell, J. W., and Bishop, S. H., Biochim. Biophys. Acta, 77, 149 (1963). 
13 Campbell, J. W., and Gaston, S., The Physiologist, 6, 153 (1963). 


NATURE 


1301 


ae earch ys TER S., and Florkin, M., Comp. Biochem. Physiol., 12, 55 
16 Porembska, Z., and Mochnacka, I., Acta Biochim. Polon., 11, 113 (1964). 
16 Winton, T , Ann. N.Y. Acad. Sei., 77, 366 (1959). 

17 Tamir, H., and Ratner, S.,Arch. Biochem. Brophys., 102, 249 (1963). 


18 See chapters by Hanson, E D., Remane, A , Hand, O., Steinbock, O , and 
Hartman, W. D., ın Te Lower Metazoa, edit. by Doughert?, HE. C 
Brown, Z 
Cahfornia Press, Berkeley, 1963). 


1° Hyman, L. H , Amer. Mus Nowtates, No. 1241 (19438). 
°0 Smith, P. E., Ann N.Y. Acad. Sc., 79, 543 (1960). 


21 McCarty, K S , Woodson, B., Amstey, M., and Brown, O., J. Biol. Chem., 
239, 544 (1964) 

"2 Varner, J E , The Enzyme, second ed., edit. by Boyer, P. D., Lardy, H., 
and Myrback K., 4, 247 (1960). 

23 Lee, T. W. (unpublished »bservations). 

21 Satake, K , Okuyama, T , Ohashi, M , and Shinoda, J , J. Biochem., Tokyo, 
47, 654 (1960). 

25 Greenstein, J. P , and Winitz, M., Chemistry of the Amino Acids, 8, 1841 
(John Wiley, New York, 1961). \ 

36 Archibald, R. M , J. Biol. Them , 156, 121 (1944). 

27 Westall, R. G., Biochem J- 77, 135 (1960) 

238 Archibald, R M , J Bol. Them ,157, 507 (1945). 

28 Kurelec, B., Vetern Arhw Zagreb., 34, 193 (1964). 

30 Campbell, J. W , Comp. Biochem., Physiol., 8, 13 (1963). 

31 Agosin, M., and Repetto, 1_, Comp. Biochem. Physiol., 8, 245 (1965). 


CHLORAMPHENICOL-, DIHYDROSTREPTOMYCIN-, AND KANAMYCIN- 
INACTIVATING ENZYMES FROM MULTIPLE DRUG-RESISTANT 
Escherichia coli CARRYING EPISOME ‘R’ 


By SUEHIKO OKAMOTO and YOSHIAKI SUZUKI 


Department of Chemistry and Laboratory of Radiation Research, National Institute of Health, Shinagawa-ku, Tokyo, Japan 


N our previous mvestigations!, no drug resistance was 
observed in the cell-free amino-acid incorporation 
system from chloramphenicol- or tetracycline-resistant 
strains of Escherichia coli. The resistant strains examined 
in those investigations meluded chloramphenicol- or 
tetracycline-resistant strains selected by serial transfer on 
media containing the drugs (the in vitro developed chlor- 
amphenicol- or tetracycline-resistant strains) as well as a 
naturally occurring multiple drug resistant strain carrying 
episome ‘R’ (resistant to four drugs: chloramphenicol, 
tetracycline, dihydrostreptomycin and sulphanilamides). 
Recently by a modification of our experimental con- 
ditions we obtained from the strain carrying ‘R’ a cell- 
free amino-acid incorporation system resistant to chlor- 
amphenicol and dihydrostreptomycin. 

Further study revealed that components responsible 
for the cell-free resistance reside in the 100,000g super- 
natant fraction and not in the ribosomes. The resistance 
shown in cell-free systems was finally found to be due to 
drug inactivating enzymes in the 100,000g supernatant 
fraction. Inactivation of chloramphenicol requires acetyl- 
coenzyme A, while ATP is required for inactivation of 
dihydrostreptomycm. The absence of acetate ion in our 
previous systems clearly explains our failure to detect 
chloramphenicol resistance on the cell-free level. 

A kanamycin inactivating enzyme was also found in the 
cell-free extract of another ‘R’ strain which is resistant to 
kanamycin as well as to the four drugs already mentioned. 
Acetyl-coenzyme A was shown to be a required co-factor 
in the system. 

In this article, partial purification and some character- 
ization of these drug inactivating enzymes will be reported. 

Inactivation of the drugs by the extract of the ‘R’ strain. 
The bacterial strains used were: (1) E. cols K12 CS-2 
(Skaar and Garen?) sensitive to all the drugs tested here; 
(2) E. colt K12 (‘R-4’), a strain resistant to four drugs 
(chloramphenicol, dihydrostreptomycin, tetracycline and 
sulphanilamides) derived from K12 CS-2 by transmission. 
ofan ‘R’ factor (‘R-4’) from a naturally isolated drug 
resistant strain of Shigella flexneri®; (3) E. colt K12 
(‘R-5’), a five drug resistant derivative of K12 CS-2 
obtained by transmission of an R factor (‘A-5’) from 


another naturally olated drug resistant strain of 
Shigella sonnes* which was resistant to kanamycin in 
addition to the four drugs already mentioned. The con- 
centrations of drugs required to produce 50 per cent 
inhibition of growth of K12 CS-2 in the peptone—glucose 
medium are 0-6 pg/ml. of chloramphenicol, 3-6 ug/ml. 
of tetracycline and C75 pg/ml. of dihydrostreptomycin, 
and 90, 25 and 10 gg/ml. for K12 (‘R-4’) and (‘R-5’). 
The respective 50 per cent inhibition doses of kanamycin 
for K12 CS-2 and for K12 (‘R-5°) are about l ug and 
10 ug/ml. Cells were grown in peptone-glucose medium 


with aeration to the late log phase (2-3 g of wet cells” 


per litre); the culture was chilled rapidly by pouring on 
to crushed ice and gathered by centrifugation. Cells were 
washed and homogerized in an equal volume of 0-02 M 
tris buffer (pH. 7-8) containing 0-01 M magnesium acetate, 
0-06 M potassium chlcride and 0-006 M 2-mercaptoethanol, 
and disrupted by passage through a French pressure cell. 
The disrupted suspersion was centrifuged at 30,000g for 
20 min. This supernatant was dialysed over-night and 
further fractionated mto a supernatant fraction (100 S) 
and ribosomal fraction by two centrifugations at 100,000g 
for 90 min. 

As already menticmed, the 100 S fraction of the ‘R’ 
strain causes cell-free resistance to chloramphenicol or 
dihydrostreptomycin, but incubation of the drugs with 
this fraction in the aforementioned buffer does not result 
in any significant inactivation of the drugs. Then, it was 
found that the drugs are inactivated when incubated in 
the complete system of amino-acid incorporation con- 
taining the 100 S from K12 (‘R-4’). Further investiga- 
tions on the necessary factors for drug inactivation 
revealed that chloramphenicol is inactivated by the ‘fh’ 
100 S to a limited extent in the presence of ATP; the 
‘R’ D-C fraction (see as follows) freed from low molecular 
weight substances exhibited an absolute requirement for 
ATP, coenzyme A and acetate ion as shown in Table 1 
(Exp. 1). Dihydrostreptomycin was found to be in- 
activated by the ‘R’ D-C fraction in the presence of ATP 
and Mgt+ (preferatly with ATP generating system) 
(Table 2). The ATF cannot be replaced by ADP, AMP, 
GTP, CTP or UTP Addition of coenzyme A produces 
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no significant stimulation of the reaction. Extracts from 
K12 CS-2 elicited very little or no inactivation of the 
drugs under the same conditions (Table 3); this seems 
also to be the case in the im vitro developed chloramphen- 
icol-registant strain since it does not give a resistant cell- 
free amino-acid incorporation system. 

In addition, the D-C fraction of K12 (‘R-5’) was shown 
to inactivate kanamycin, which was not observed in the 
case of K12 (‘R-4’) (Table 4). Inactivation of kanamycin 
has the same co-factor requirement as that of chlor- 
amphenicol (Table 4). 


Table 1 
Exp. 1. Co-factor requirement for chloramphenicol inactivation 'by the D-C 
fraction of K12 (‘R-4’) 


Growth inhibition by residual 
chloramphenicol (%) 


Complete system 7 
9 33 = 5 Coenzyme A 90 
; M — Acetate lon 89 
” a9 as ATP 86 
Exp. 2. Co-factor requirement for chloramphenicol {Inactivation by the 4-50 


OM fraction of K12 (‘R-4’) 
Rate of inactivation 


System (ug/15 min) 
No addition 0 
+ Acetyl-coenzyme A. 17 
+ATP, coenzyme A 0 
+ATP, coenzyme A, 100 S$ 13 
fraction of K12 CS-2 


Exp. 1 The complete system contains 0:1 mg protein of the ‘R-4’ D-C 
fraction, 0-10 M tris buffer (pH 7-8), 0 01 M magnesium acetate, 0 06 M KCI, 
4 umoles ATP, 0-04 umoles coenzyme A and 50 ug of chloramphenicol in a 
total volume of 050 ml. The mixtures were incubated at 37° C for 30 min. 
A005 ml. portion was pipetted into 5 ml. of peptone-glucose medium pre- 
warmed to 80° C, and heated for 5 min. After cooling, each tube was inocu- 
lated with about 10’ cells of Æ. coli K12 CS-2 and the growth inhibition was 
measured as described in the text. 

Exp. 2. The reaction system contains 50 ug protein of the 4-50 CM 
fraction m a solution of: 0:10 M trs buffer (pH 7:8), 006 M KCI, 0-01 M 
magnesium acetate and 80 ug of chloramphenicol in a total volume of 0°5 ml. 
The following co-factors were added: 0-2 umoles acetyl-coenzyme 4 ; 2 «moles 
ATP and 0-02 wmoles coenzyme A; 2 zmoles ATP, 0:02 umoles coenzyme A 
and 150 xg protein of the 100 S fraction from K12 CS-2. The mixtures were 
incubated at 37° C for 15 mn. A 01 ml. aliquot was pipetted into 5 ml. of 
peptone-glucose medium (at 80° C) and the rate of drug inactivation was 
estimated as described in the text. 


Table 2. CO-FACTOR REQUIREMENT FOR INACTIVATION OF DIHYDROSTREPTO- 
MYOIN BY THE D-C FRACTION OF K12 (‘R-4’) 


System Rate of dihydrostreptomycin inactivation 
(ve/30 min) 
Complete 25 
ss + Coenzyme A 28 
j — ATP, CrP, Crk 0 
3 = Mgtt+ <75 


The complete system contains 0-5 mg protem of ‘R’ D-C fraction, 0 10 M 
tris buffer (pH 7 8), 0 01 M magnesium acetate, 0 06 M KCl, 2 umoles ATP, 
4 umoles creatine phosphate, 60 ug creatine kinase and 60 ug dihydrostrepto- 
mycin in a total volume of 0-5 ml The mixtures were incubated at 37° O 
for 15 and 30 min. 005 ml. portions were pipetted into 5 ml. of peptone- 
glucose medium prewarmed to 80° C and heated for 5 min. After cooling, 
the medium was inoculated with 10? cells of E coh K12 CS-2, and the rate 
of drug inactivation was estimated as described ın the text. 


Table 3, ACTIVITIES OF DRUG INACTIVATION OF THE D-C FRACTIONS FROM 
K12 CS-2 and K12 (‘R-4’) 


Per cent growth inhibition by the residual drugs 
after {ncubation with me A fraction of different 
ce 


Drugs K12CS-2 K12 (‘R-4’) Contiol (no D-C 
fraction) 
Chloramphenicol 
(Original concentration * 
2 ug/ml.) 
After incubation 
For 10 min 80 0 i 
For 30 min 75 0 84 
Dihydrostreptomycin 


(Original concentration 
1 wg/ml.) 
After incubation 
For 45 min 42 8 


For 90 min 43 0 51 
(Original concentration z 


2 ug/ml. 
After incubation 
For 90 min 92 0 95 

The reaction mixture for chloramphenicol inactivation contains 1:2 mg 
protein of the D-C fraction of K12 (‘R-4’) or 17 mg protein of the same 
fraction of K12 CS-2, 0-10 M tris buffer (pH 7 8), 0 01 M magnesium acetate, 
0 06 M KCI, 4-umoles ATP, 3 «moles creatine phosphate, 60 ug of creatine 
kinase, 0 04 wzmoles coenzyme A and 50 ug of chloramphenicol in a total 
volume of 0:5 ml. The reaction mixture for dihydrostreptomycin inactivation 
contains the same ingredients except that coenzyme A is omitted and chlor- 
amphenicol is replaced by 50 ug dihydrostreptomycin. The mixtures were 
incubated at 37° C for the indicated time intervals and 0 05 ml. or 0-10 ml 
portions were pipetted into 5 ml of peptone-glucose medium (at 80° C). The 
rate of drug inactivation was estimated by the method described in the text 

* The original concentration refers to the concentration of the drug present 
in the peptone-glucose medium when no drug tnactivation takes place. 
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Table 4. INACTIVATION OF KANAMYOIN BY THE ENZYME PREPARATIONS 
FROM E. coh K12 (‘R-5’), K12 (‘R-4’) AND K12 CS-2 


Exp. 1. Experiments with theD-C fractions 


Source of D-C fraction System Inactivation of kanamycin 
2 (ug/2 mg proteim/45 min) 

‘R-5’ Complete 60 

‘R-5’ a — Coenzyme A 8 

‘R-5’ ne — ATP, CrP, CrK 0 

‘R-4’ a 0 

CS-2 a 0 


Exp. 2. Experiments with the A-50 KM fraction of K12 (‘R-5’) 


System Inactivation of kanamycin 
(#g/30 ug protein/120 min) 

Complete , 18 

a — ATP 1 

j — Acetate lon 0 

D — D-C fraction from CS-2 1 

” i Mgt+ 3 
Complete system replaced with 
Acetyl-coenzyme A * 19 


Exp 1. The complete mixture contains 2 mg protein from the D-C 
fraction of either K12 (‘R-5’), K12 (‘R-4’) or K12 CS-2, 0-10 M tris buffer 
(pH 7 8), 0-01 M magnesium acetate, 0-06 M KCl, 10 umoles ATP, 4 umoles 
creatine phosphate, 60 ug creatine kinase, 0 04 moles coenzyme A and 60 ug 
of kanamycin in total volume of 1-0 ml. The mixture was incubated at 37° C 
for 45 min. 0:10 ml. portions were pipetted into 5 ml. of peptone-glucose 
medium prewarmed to 80° C, and heated for 5 min, After cooling, the medium 
was 1noculated with 10’ cells of E. coli K12 CS-2, and the rate of kanamycin 
inactivation was estimated as described ın the text. 

Exp. 2. The complete system contains 30 ug protein of the 4-50 KM 
fraction of ‘R-5’, 0 10 M tris buffer (pH 7:8), 0 01 M magnesium acetate, 0-1 
M KCl, 0-02 umoles coenzyme A, 02 mg protein of the D-C fraction from 
CS-2 and 30 ug of kanamycin in a total volume of 0 5 ml. The mixtures were 
incubated at 37° C for 120 min, and further procedures were carried out as 
described in Tay: 1. 

* ATP, creatine phosphate, creatine kinase, coenzyme A and the D-C 
fraction from K12 CS-2 were replaced with 0 7 umoles of acetyl-coenzyme A. 


The activities of the drug-inactivating enzymes were 
determined in the‘following ways: 

Assay of inactivation of chloramphenicol. The total 
reaction mixture for the mectivation of chloramphenicol 
contains 0-10 M tris buffer (pH 7:8), 0-01 M magnesium 
acetate, 0-06 M potassium chloride, 2 umoles ATP, 
0:02 umoles coenzyme A, an appropriate amount of 
chloramphenicol (20-100 ug) and the enzyme preparation 
in & total volume of 0-5 ml. After incubation at 37° C for 
various time intervals an aliquot originally containing 
5 or 6 ug of chloramphenicol is pipetted into 5 ml. of 
peptone—glucose medium which was prewarmed at 80° C 
and. heated for 5 min at this temperature to denature the 
enzyme. The medium is inoculated with 1 x 10’ cells of 
E. colh strain K12 CS-2 and shaken at 37° C for about 
3 h. The bacterial growth is determined by turbidity. 
The amount of chloramphenicol which escaped inactiva- 
tion can be estimated by comparison with suitable control 
tubes which contain graded amounts of chloramphenicol 
and heat denatured reaction mixture. The activity of the 
enzyme fraction is expressed by the rate of inactivation 
of the drug. 

Assay of inactivation of dthydrostreptomycin. The com- 
position of the reaction mixture is as follows: 0-10 M tris 
buffer (pH 7-8), 0:01 M magnesium acetate, 0:06 M 
potassium chloride, 2 moles ATP, 4 umoles creatine 
phosphate, creatine kinase of 60 ug protein, 15-50 ug 
dihydrostreptomycin and enzyme preparation in e total 
volume of 0-5 ml. Other procedures are essentially the 
same as already described here. 

Assay of inactivation of kanamycin. This was performed 
in @ similer way to that of dihydrostreptomycin, except 
that 0-02 umoles of coenzyme A was included in the 
reaction mixture. 


Separation of Resistant Components 


All operations were carried out in the cold. The ‘R? 
100 S fraction was treated with DNase (4 pg/ml.) and 
fractionated by ammonium sulphate precipitation. The 
precipitate formed between 30 and 65 per cent saturation 
was dissolved in 0-02 M tris buffer (nH 7-8) containing 
0:05 M potassium chloride, 0-006 M 2-mercaptoethanol 
and 10-4 M ethylenediamine tetraacetate. The solution 
was passed through a ‘Sephadex G-50’ column with the 
same buffer to remove ammonium sulphate. This fraction 
was adsorbed to a DEAE-cellulose column (1 cm x 30cm) 
and eluted with the same buffer containing 0-3 M potas- 
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Fractionation of the drug-inactivating enzymes on DEAE-‘Sephadex A-50’. 
About 74 mg protein‘of the D-C fraction of K12 (‘R-4') was applied to a DEAE-‘Sephadex 
A-50’ column (1 em x 25 cm) and eluted with 250 ml. of tris buffer (pH 7:8) contaimng 
0:006 M 2-mercaptoethanol, 10+ M ethylenediamine tetraacetate and a linearly increasing 


Fig. 1. 


concentration of KCl (0:12-0-35 
tion, @—@, DHSM inactivation 


sium chloride to remove nucleic acids. The eluate was 
precipitated with ammonium sulphate at 65 per cent 
saturation, and redissolved in the same buffer (KCl 0-1 M) 
and dialysed over-night against this buffer (‘R’ D-C 
fraction). 

The ‘R’ D-C fraction (about 50 mg protein) was applied 
to a DEAE—‘Sephadex A-50’ column (1 cm x 25 cm) and 
eluted with the aforementioned buffer, containing a 
linearly increasing concentration of potassium chloride 
from 0-12 to 0-35 Min a total volume of 250 ml. Seven ml. 
fractions were collected and assayed for their ability to 
inactivate chloramphenicol, dihydrostreptomycin and/or 
kanamycin. 

As in Fig. 1, activities for chloramphenicol and dihydro- 
streptomycin inactivation were eluted, showing clearly 
separated peaks at concentrations of about 0-22 M and 
0-28 M, respectively (‘A-50 CM fraction’ and ‘4-50 DASA 
fraction’). The A-50 DHSM fraction inactivates dihydro- 
streptomycin in the presence of ATP and Mgt+. In- 
activation of chloramphenicol by the A-50 CM fraction 
requires the presence of the D-C fraction of K12 CS-2 in 
addition to ATP, coenzyme A and acetate ion. All these 
requirements can be replaced by acetyl-coenzyme A alone 
(Table 1, Exp. 2). Kanamycin inactivating activity was 
eluted a little behind the 4-50 DH SM fraction (4-50 KM 
fraction), but the bulk of these two activities overlapped 
each other. The requirement of A-50 KM fraction for 
kanamycin inactivation is the same as that of A-50 CM 
fraction (Table 4). 


Some Properties of Drug-inactivating Enzymes 


Under the conditions already described, chloramphen- 
icol, dihydrostreptomycin and kanamycin are respectively 
inactivated at rates of about 60 ug, 2 ug and 5 ug/min/1 mg 
protein of the appropriate ‘R’ D-C fraction. Heating of 
‘R’ D-O fraction at 60° C for 5 min in 0-10 M tris buffer 
(pH. 7-8) containing 0-01 M magnesium acetate and 0-06 M 
potassium chloride completely destroys dihydrostrepto- 
mycin and kanamycin inactivating activities. Chlor- 
amphenicol inactivating activity is somewhat more heat 
stable; more than half its activity is retained after 
heating at 60° C for 5 min, but it is completely abolished 
by heating at 80° C for 5 min. 

The D-C fraction obtained from K12 (‘R-4) grown in 
the presence of 4 pg/ml. of dihydrostreptomycin and 
10 ug/ml. of chloramphenicol did not have higher activities 
of drug inactivation than that of untreated cells. Thus, 
inducibility of the drug-inactivating enzymes by the drugs 
was not observed. 
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. Seven ml. fractions were collected. Protein concen- 
tration was estimated by the method of Lowry — - — —, Protein; O—O, CM inacttva- 
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Saveral efforts have been made to see 
whether tetracycline and sulphanil- 
amies are inactivated by the extract of 
‘Œ cells, but the results have been 
negative so far. 


1-0 
ee I: seems that such drug-inactivating 
& . enzymes are not contained in the extract 
Sosa of the in vitro developed chlorampheni- 
M # col-cesistant strain or the high level 
> |  dihydrostreptomycin-resistant strain 
2963 selezted by a single step mutation in 
E £# vitro, since the results of experiments 
Boi usirg cell-free amino-acid incorporating 
z systems by us and other workers®:® indi- 
S cate that soluble components are not 
02 responsible for drug resistance in these 


cases. 


The results of the work recorded here 
2b demonstrate that the extract of K12 
(‘R*) contains separate enzymes which 
caninactivate chloramphenicol, dihydro- 
streptomycin and kanamycin, respec- 
tively; comparable activities are not 
observed with the extract of the sensi- 
tive strain or the in vitro developed 
chloramphenicol-resistant strain. Moreover, kanamycin 
inactivation is observed only in the case of K12 (‘R-5’), 
but not in the K12 (R-4’). It is very probable that the 
resistance of ‘R’ cells to these drugs is caused by these 
enzymes which are produced by ‘fh’ genes. 

The acetyl—coenzyme A requirement for chloramphen- 
icol and kanamycin inactivation strongly suggests that 
the reactions may be acetylation of some group(s) in the 
drug molecules. The mode of dihydrostreptomycin 
inactivation is not so clear at present. 

It was already observed by Miyamura et al.” that the 
culture of the ‘R’ strain inactivates chloramphenicol in 
the growth medium more rapidly than that of the drug 
sensitive strain or the in vitro developed chloramphenicol- 
resistant strain does. Similar findings were recently 
reported by Tsukamoto et al.§ on chloramphenicol, di- 
hydrostreptomycin and tetracycline inactivation. Our 
present results afford the enzymatic basis to these in vivo 
findings except for tke case of tetracycline. Although at 
present we are unable to demonstrate inactivation of 
tetracycline or sulphanilamides by the extract of the ‘E 
strain, it is possible that, in these cases, similar inactivating 
enzymes may be found under appropriate conditions. 

The mechanism o? drug resistance of the ‘R’ strain 
seems to be of some practical interest. The drug in- 
activating enzymes may serve as tools in clinical and 
experimental researches. If the precise mode of the 
inactivation is elucidated, it will be helpful to obtain 
derivatives of the drugs which are effective against ‘R? 
cells, as was the casa of penicillinase-resistant penicillin 
derivatives?®. 

We thank Drs. J. Tomizawa and T. Komai for their 
advice. The four drug-resistant strain of Shigella is a 
kind gift of Dr. R. Nakaya of our Institute, and Drs. 
Sasagawa and Ikemura, of Niigata Prefectural Institute 
of Health, kindly supplied the five drug-resistant strain 
of Shigella. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Stability of Rotating Massive Stars in Genera! 
Relativity 


THE suggestion by Hoyle and Fowler! that stars with 
masses of 10%-10?° Mo may provide the energy for radio 
sources, and the subsequent discovery of quasars, has 
stimulated considerable interest in the structure of very 
massive stars?. Iben?, using a binding-energy argument, 
showed that within the framework of general relativity a 
spherical massive star becomes unstable long before it 
has contracted to the stage at which nuclear reactions 
become important. A similar conclusion was obtained by 
Chandrasekhar‘, using a detailed stability analysis on the 
spherically symmetric relativistic equations and calculating 
the relaxation oscillations from a variational principle. 
Similar results have been obtained by Fowler’ using a 
virial theorem approach. 

In a recent publication, Roxburgh’, using a virial 
theorem approach, found that rotation had a consider- 
able stabilizing effect, changing the radius at which 
instability occurred by a very large factor. In view 
of the large change produced by rotation it is desirable 
to have a proper stability analysis of rotating massive 
stars in general relativity, since, in the Newtonian theory, 
it is known that the viral theorem gives results that may 
be wrong by a factor of four”. We have recently under- 
taken such an investigation which will be published in 
detail elsewhere®; here we wish to report the principal 
results. 

The general relativistic equations have been given by 
Misner and Sharp® and by Chandrasekhar! in a weak 
field approximation. This is sufficient for our purpose. 
Tf we confine our attention to slow rotation and integrate 
the equations over latitude, so, leaving purely radial 
variables, the equations that govern the structure of the 
rotating massive star can be expressed as!!: 











Sor — 14P_OM: (1 q E p OMN _ AnGPr _ 9 (4) 
3 e dr r? ec? re? c? 
= = 4nr%p (2) 
r 
= 3U U _ 3(y—1) — B(3y — 4) 

dlog P _ (82 — 248 — 383) 4 B? 
eee I iY = š l 4 
d log T (8 — 6B) 8 P< (4) 
P = Pa + Pr = PfẸ (5) 

P = = peT, Pr = 


Equation 4 is the adiabatic condition which is used since 
the star is in convective equilibrium!) 5. 

With B <1 these equations are the same as those of 
the polytrope n = 3, and the equations are readily 
integrated. £ is then: given by Eddington’s!2 equation 
which approximates to: 

Mot 
i) (6) 


By introducing suitable dimensionless variables equations 
(1)-(5) reduce to: ; 


+ <r) — got] (7) 





do _ (1 + 390) 5-a 2 


dé ga 1+ 3go 
4 = Eo? (1 + 890) (8) 
where: 
Q2 P 
TEPE PEE 9 
j 2na pe s pec? (9) 


The former measures the degree of rotation, the second the 
effects of general relativity. These equations are readily 
solved subject to the boundary conditions: 


o= l,m = 0(8) at E = 0 (10) 


To calculate the stability against radial oscillations 
we introduce an adiabatic displacement Ar = yet into 
the general relativistic equations and linearize in the 
perturbations. After some elimination, this gives an 
eigenvalue equation to determine w? andy. It can readily 
be shown that the problem is self-adjoint and a variational 
principle derivad to determine w*. This gives: 

É, 
y? [f 


0 


Bo? (1 + 3qo) € + mA) n? E2 dé | 


3 
= [Bof(1 + SNTE + 2m)? + all + 3gontE? 


+2n%(o'E — (1 + 3go) Y| = 2a Tn Zo (E + 2) 


E 


= at (20 + 20 z) dé (11) 
where: 
B= a X, = ia. (12) 
T = 4/3 + 8/6 
To calculate &? we took a trial function: 
n =E + MEt a, E (13) 


where i, and à, are parameters to be varied so as to obtam 
the minimum value of }?. We initially set ìà, = 0 and 
varied à; so as to minimize È2; with this value of à, As 
was then varied to obtain an improved value of 52. The 
accuracy of our solution was estimated by applying the 
principle to the non-relativistic case, and comparing with 
the results of Cowling and Newing’. Our trial function 
gave considerably better results than the linear trial 
function. 

With IT given by equation (12) and $ by equation (6) 
we evaluated %* for M/Mo = 10, 107, 108, 10® and 101° 
for different values of q and g. Instability was found to 
set in when: 


ae) 2GM\ _ ogs (Mot o. 
qi = 0:425 (r) = 0-55 (Fe) + 0-56 « 





Since the massive object is like a polytrope of index 3, 
the maximum. possible value of « is 3-95 x 10-3 (ref. 13). 
With M/Mo = 10% and « at this maximum value, the 
radius at which instability sets in is decreased by a 
factor of 400. Even small values of « can have a consider- 
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able effect. For sufficiently large masses and maximum 
«, the star becomes unstable at a radius: 


Rr => 193 Rg 


where Rg is the Schwarzschild radius 2 GM /c?. 

This should be compared with the results of the virial 
theorem analysis of Roxburgh? which gave Rr = 250 By. 
The detailed analysis therefore confirms the general 
conclusions of the virial theorem analysis. 

B. DURNEY 
I. W. ROXBURGH 


No. 5017 


High Altitude Observatory, 
Boulder, Colorado, 
and 
King’s College, 
University of London. 
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PHYSICS 


Effect of Ultra-violet Irradiation on the 
Electrical Conductivity of Zinc Oxide Single 
Crystals 


EXTENSIVE examination of ZnO crystals and powder in 
the past few years has been reported by Heiland et al. 
for its optical and electronic properties. Present measure- 
ments have been initiated because of the effect of the 
solar ultra-violet energy on thermal control coatings of 
spacecraft which use ZnO as a pigment with an adequate 
binder. Previous measurement of electrical conductivity 
of ZnO, with and without doping, indicated that the 
increase in conductivity with doping is due to the donors 
as charge carriers. Optical measurements!.? indicated that 
when the specimens have been heated in ZnO vapour 
the unresolved peak near the absorption edge is more 
pronounced, and this was attributed by Scharowsky’ to be 
due to the absorption of zinc ion, while Heiland et al.’ con- 
sidered this to be due to unspecified lattice defects resulting 
from the diffusion of atomic zinc. Craeynest et al. ex- 
plains a similar effect by reflexion spectra in powders and 
proposes a complex centre with an unpaired electron, but 
he could not detect any band at 380 nm by heating ZnO 
powders in nitrogen or argon atmosphere. 

Single crystals of ZnO were obtained from Minnesota 
Mining and Manufacturing Co., which have less than 55 
parts per million impurities other than zinc. A hexagonal 
bar was cut from the central portion of the crystal rod 
to give ıt a constant dimension. The face area and the 
length of the crystal was measured with a microscope 
which enabled us to calculate the volume of the crystal. 
Volume was also calculated by knowing the density and 
weighing the crystal on a semi-microbalance. The two 
methods differed by only 1 per cent. For conductivity 
measurements a thin coating of DuPont silver-conducting 
paint No. 4317 was used, and the crystal was mounted 
on a substrate which could withstand temperatures 
up to 400° C and would sustain a high vacuum. Conduc- 
tivity was measured at 25° C by measuring the potential 
drop across a standard high resistance in series with the 
crystal, with the help of a Kiethly 610B electrometer. To 
avoid heating the crystal, a potential of 3 V was used. Cur- 
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rent was allowed to develop through the crystal for 10 min 
and the potential droo was recorded on a chart recorder. 

The resistance measurement of the crystal was carried 
out in an atmosphere of air and dry nitrogen. Measure- 
ments were also taker. when the crystal was placed under 
vacuum and before ultra-violet irradiation was initiated. 
An Ultek Corporation vacuum system was used, having 
sorption rough pumpmg and ion fine pumping so that no 
contamination occurred on the crystal. The vacuum was 
maintained at 4-7 x 10-’ torr. The ultra-violet irradiation. 
was performed with a BH6 high-pressure mercury arc 
jamp controlled by a constant intensity device developed 
by Arnett’. The irrecliation was filtered using a CS7—37 
Corning filter so that the principal illuminating wave- 
lengths were concentrated about 3650 A. The sample 
was irradiated for 5) h at ©0013 W/cm*. When the 
irradiation was stopped. the sample was allowed to cool 
from the irradiation temperature of approximately 60° C 
to 25° C. The resistance was then measured while still 
under vacuum. Air was then allowed to enter the vacuum 
chamber until atmospheric pressure was attained and the 
resistance was again measured. The results are shown in 
Table 1. 

Table 1 


Electrical conduc- ; Time min) after ar is applied 
7 10 


tivity in ohm-? em~! 


Before irradiation 550=10~ 4-685 x 10° 
in air 

After irradiation 7127x104 9528x107 1-003x10- 1003x107 
Im vacuum 


After irradiation 
and letting air 
in vacuum chamber 


4 685x10% 478x107 4499x10- 4499x10° 


The observed increase in conductivity after 50 h of 
ultra-violet irradiation may result from the loss of oxygen 
from the sample, while the excess zme atoms become 
ionized and diffuse inzo interstitial position in the lattice, 
which accommodates them. The oxygen evolved will be 
absorbed by the 10n pumps of the system and so there is 
little possibility of it being re-absorbed by the crystal 
itself. Electrons which make possible an electric con- 
duction are removed from zinc, compared in a similar 
way with thermal excitation, as reported by Scharowsky’. 
The increase ın conductivity of the crystal implies that 
the zinc atoms are not electrically neutral. However, 
lowering the conductivity by allowing air to enter the 
vacuum chamber gives an idea of the dependency of con- 
ductivity on oxygen pressure and the influence of chemi- 
sorption of oxygen as reported by Kokes*. Mollow® 
concludes, on the basis of heating crystals in hydrogen, 
that the change in conductivity with time is due to a 
diffusion process. It seems probable that the effect of 
heating may be comparable with the effect of ultra-violet 
irradiation, but no definite picture could be drawn. 
Further measurements of magnetic and optical properties 
are expected to give interesting results. 

One of us (R. B. L.) is a recipient of a post-doctoral 
research associateship of the U.S. National Research 
Council—National Academy of Sciences. We thank Mr. 
William C. Snoddy for his advice; Mr. Max Harper for 
assistance ın preparing the vacuum apparatus; and Mr. 
Charles Cooper for his help in mounting the crystal. 


R. B. Lan 
G. M. ARNETT 
Space Thermodynamics Branch, 
Research Projects Laboratory, 
National Aeronautics and Space Administration, 
George C. Marshall Space Flight Center, 
Huntsville, Alabama. 
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Tschebychev Approximation to the Equation 
of Thermogravimetric Data 


THE use of approximate expressions rather than tabula- 
tions for non-elementary functions, such as the exponential 
integral, is often predicated on the simplicity of computa- 
tion and the attainable accuracy. Since approximations 
receive quite wide usage, it is generally recognized that 
many expressions of varying degrees of complexity and 
precision are available. However, it is not so widely 
realized by workers not directly concerned with numerical 
analysis that techniques exist which may be used to 
obtain maximum accuracy from given functional forms 
by varying appropriate constants within the expressions. 
Procedures which best achieve the desired, result require 
that the constants be; selected such that the maximum 
deviation of the approximant from the exact function be 
minimized over the selected range of the independent 
variable. This is a statement of the Tschebychev criterion 
(for a brief introduction see ref. 1). It is the purpose of 
this communication to present a Tschebychev approx- 
imation to the function p(x), given by Doyle? as: 


lo 
plx) = e7 y1 —|f e7 t! dr = eo g- — E(x) 
(x 
which occurs in the equation of the thermogravimetric 
data, plot. ! 
Doyle? indicates that the use of truncations of the 
Schlémilch expansion yields: 


ple) ~ f(A, æ) = (x + A)! e+e, x > 10 


where A is 1 for the two-term expansion, and 2 for the 
three-term expansion. 

The functional form, sufficiently simple for computa- 
tion, possesses maximum relative errors of — 7-2 per cent 
and +1:3 per cent, respectively, for æ > 10. It is clear 
that some different selection of A should permit a higher 
accuracy with no increase in complexity. 

To accomplish the fit, we seek to minimize (relative 
deviation): 


e-t gh —' E(x) — (x + A) æ- eo 
EA (æ + A)-! g e-t 


that is, select A such that: 
ò = min | I — g(x + a) et E, (æ) 
A «210 

The normal error curve for a problem of this type will 
possess two extrema, + ò, the location of which may be 
obtained by application of the Remes second algorithm?4. 
The algorithm is effected by: (1) assuming a set of 
abscissze for which extrema might be expected (for 
example, 2, = 10, æ, = 50); (2) solving for A and &§ 
(deviation of + 8 at xı, — 8 at £); (3) determining the 
abscissae of the true extrema of the resultant error curve; 
(4) using these as elements for a continuing iteration. 
This can. easily be donejfor the foregoing function yielding: 








vı = 10, z,|~ 27 
A = 1:876 
ô = 2:0 x (10-3 = 0-2 per cent, « > 10 


It should be noted that an improvement of an order of 
magnitude is obtained over the relative error of the three- 
term Schlémilch expansion. 


Table 1. p(zx)/f(A, x) 


Schlémilch three-term § Tschebychev fit 

x (A = 2) (4 = 1:8768) 

10 1:013 1:0020 

15 1:007 0-9990 

20 1:003 0-9982 

25 1:002 0-9980 

30 1:001 0-0980 

35 1-000 0 9981 

40 1-000 0-9982 

45 1-000 0 9982 

50 1:000 0:9983 
100 1-000 0-9990 
200 1:000 0-9994 
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Calculations with Two Nearly Equal 
Quantities 


Dr. WoRRELL! has suggested that, when a small signal 
is to be detected against a large background, more reliable 
results can be gained by using ratios of observations than - 
by using differences. For example, in a counting experi- 
ment where S events in a standard interval are to be 
detected against a background of B events, he shows that 
the relative error in S = (S + B) — Bis: 


_ [S + 2B 
z Cs = = 


while the relative error in R = (S + B)/B is: 


g =f been 
: B(S + B) 


for large values of B. 

For small values of S, e; is clearly much smaller than 
és. While this result is indeed entirely reliable, 1ts im- 
portance is not clear. If S/B — 0, es becomes large com- 
pared to 1 for any finite value of B, while 


NE 
i B 


which can be made as small as desired by using long 
counting times. Hence no indication 1s given that S even 
exists, but R can readily be found to high accuracy. 

The drawback is that the value of R so accurately 
found is 1-0. . . which physically leads to the identical 
result that no indication at all is given that S even exists. 

The quantity of physical significance is, of course, not 
R but (R — 1), since it is only the changes in R from unity 
which can carry any information as to the existence or 
magnitude of S. 

Now: 

B+S8 


B 


JB FS) =B 
R-—-l]= E: ars 


The relative error in this is: 


ve 2B 
oF 


or exactly es, again for large values of B. The gain in 
reliability of the value of R is thus of no practical interest. 





J. H. EREMLIN 
Department of Physics, 
University of Birmingham. 
? Worrell, F. T., Nature, 207, 621 (1965). 


WHILE most of the points in the foregoing communica- 
tion are correct, I believe that Fremlin has misinterpreted 
my remarks. There seem to have been two points in my 
letter that were not clearly made. One was the nature 
of the experimental situation in which the ratio calculation 
was found to be useful: the other was my statement that 
“information can be extracted with greater reliability by 
taking the ratios rather than the differences”. This state- 
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ment was not meant in a precise sense. Indeed, it is clear 
that if you calculate S from S = B (R — 1), where: 


S +B 
B 
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R = 


you are bound to end up with the same error as you would 
have if you have calculated S from S = (S + B) — B. 
The accuracy of S does not depend on the method by 
which it is calculated. What was meant by the statement 
quoted may be clearer after the discussion which follows. 

The derivation which I presented in my communication 
had the following basis: (1) it is well known that any 
experimental procedure which requires calculation of the 
desired result by subtracting two nearly equal quantities 
should be avoided if there is an alternative, because of 
the large errors that will result; (2) in just such an 
undesirable situation I found that I could get a clear 
indication that the phénomenon of interest existed by 
plotting the ratio of the two measured quantities versus 
time, whereas a plot of the differences versus time showed 
so much scatter that I hesitated to say that the phen- 
omenon existed. 

In our experiments, measurements were being made of 
the intensity of the 3914 A radiation in the permanent 
airglow. This radiation is usually only detectable above 
the background of scattering from the lower atmosphere 
at twilight, during which period its intensity is decreasing 
with time. The signal intensity can be found by taking 
repeated measurements of signal-plus-background (S + B) 
and background (B) and subtracting corresponding pairs 
of readings. Under marginal seeing conditions, the ex- 
perimenter may be confronted with a plot of signal versus 
time with such a large scatter that it is uncertain whether 
or not a signal is there. In such circumstances, a plot 
of the ratio: 

S+ 28 
B 


versus time showed considerably less scatter than a plot 
of S versus time, and there was an evident peak in the 
ratio plot demonstrating the existence of the signal for a 
certain period. Thus the information that was “extracted 
more reliably’? was that the signal was there. In my 
communication I chose not to discuss the question of 
quantitative interpretations of the ratio-versus-time plot, 
since that ıs a matter for more detailed discussions. 

The symbolism which I chose in my derivation may 
have been misleading, since such an equation as. 


containing S in isolation, may carry the implication that 
S is a measured quantity, which it is not. It may be 
better to state the matter as follows: If we measure two 
quantities, x and y, and calculate v—y and wjy, then the 
relative errors in v—y and 2/y are: 





and 








respectively. From these: 


Cx-y = | TY 
esjy (w—y)? (1) 


This ratio clearly becomes large when « and y are about 
the same magnitude. 

In the light of this result, Fremlin’s statement that 
er (or ez) can be made as small as you wish by using 
longer counting times is seen to apply equally well to es 
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(or esy), as I pointed out ın my communication. I also 
pointed out that: 


e = 
eS (op SEY ) 
eR ezjy 


is independent of counting tıme, as will be evident from 
the foregoing equation (1). In any event, we are not at 
liberty to go to long counting times, as Fremlin suggests, 
because of the transient nature of our phenomenon. 

In summary, having found a situation where the ratio 
of two measured quantities was undeniably more useful 
than their difference, I have shown that this result was 
predictable from error theory. = 

Francis T. WORRELL 
Lowell Technological Institute Research Foundation, 
Lowell, Massachusetts. 


METALLURGY 


Mechanism of Oxidation of Chromium 
Diffusion Coatings on Iron 


In recent years, we have carried out detailed investiga- 
tions of the effects of time, temperature and carbon 
content of iron on the composition, hardness and metal- 
lographic structure of chromium diffusion coatings on 
iron and plain carbon steels'-*. The interdiffusion process 
has been investigated and the values of the interdiffusion 
coefficients obtained. The mechanism of chromizing using 
a chromium-—cryolite medium has been determined‘ and 
the effects of high-fraquency heating during chromizing 
have been examined®. This communication summarizes 
recent work on the mechanism of breakdown of chromized 
iron during oxidation in dry oxygen at temperatures in 
the range 700°—1,000° C. 

A detailed investigation of the oxidation of chromized 
iron has been carried out using thermogravimetric, 
metallographic and 2lectron-probe muicroanalyser tech- 
niques to establish the kinetics of the process, the redistri- 
bution of iron and chromium within the metal, and to 
provide detailed information concerning oxide film mor- 
phology. The chromized coatings studied were 17 and 
25u thick and contained 2:08 and 4:85 mg cm~ of chromium 
respectively. Iron specimens for analysis were supplied 
by the British Iron and Steel Research Association and 
the coatings were prepared by Metal Diffusions. Ltd., 
Peterborough. 

Overall, the kinetics of oxidation at all temperatures can 
be represented schematically as shown in Fig. 1. There 
were three clear stages of oxidation. The first stage AB 
was parabolic and this was followed by the second stage 
BC in which the rate of oxidation was much less than that 
required by the parabolic relationship. Finally, breakaway 


Weight gain 


Duration of oxidation 
Fig. 1. Schematic carve for the oxidation of chromized iron 
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Table 1. SPEOIMEN LIFE AS A FUNCTION OF TEMPERATURE AND COATING 
THICKNESS 
Oxidation temperature Specimen life (b) 
°C 17z thick coating 25px thick coating 
< 850 > 400 = 
850 191 — 
s 920 6 245 
960 18 110 
1,000 65 24 


oxidation occurred and there was a rapid rise in the rate 
of oxidation CD. The useful lıfe of the specimen corre- 
sponds to the total period AC. The variation of specimen 
life with temperature and coating thickness is shown in 
Table 1. It is clear, that the specimen life decreased 
markedly with increasing temperature and that increasing 
the coating thickness increased coating life by a factor of 
about four. 

At temperatures <850° C the final breakaway stage 
was not observed. Chromium sesquioxide was the only 
phase detected in the oxide scales during exposures of 
up to 400 h duration at such temperatures, and the amount 
of iron in solid solution in the Cr,O, was never greater 
than 3 per cent. This was true despite the fact that the 
chromium in the surface layer of the coating was depleted 
to 2 per cent (Fig. 2). At temperatures > 850° C, when 
the chromium was depleted to between 13 and 20 per cent 
in the surface layer of the coating, a thin layer of oxide 
containing 50-60 per cent iron and < 15 per cent chromium 
was formed between the metal and the Cr,O, layer. 
Many of these regions of iron-rich oxide were examined 
in cross-section using electron probe micro-analysis; but 
the regions were generally less than 4u ın thickness and 
accurate quantitetive analyses could not be achieved. 
The ratio of concentrations of iron: chromium was 
generally greater than 5:1. It was not, therefore, possible 
to identify the oxide phase containing 50 per cent iron 
directly from micro-analysis as both a sesquioxide of 
iron-containing chromium and an iron-rich spinel are 
possible. However, samples of this iron-rich oxide were 
detached and subjected to X-ray analysis. It was found 
that all the lines obtained were characteristic of either 
chromic or ferric oxide which have similar lattice para- 
meters. This suggested that the second oxide phase to 
form at the metal-Cr,0, interface was a sesquioxide 
rather than a spinel. At later stages in the process of 
oxidation, when the chromium concentration at the metal 
surface became less than 13 per cent, chromium spinel 
oxides were present in the scale. It is of considerable 
interest to note that, in a number of scales, one or other 
of the sesquioxide phases was found to be missing close 
to breakaway. This observation implied that one or other 
of the phases had disappeared in producing spinels of 
intermediate composition close to breakaway. During 
the breakaway stage CD the oxide richest in chromium 
was found to contain as little as 19 per cent chromium 
in some areas of the scale. 
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Fig. 2. Secondary diffusion in chromized iron. A, Chromium concentra- 
tion profile prior to exposure; B, chromium coneentration profile after 
1 360 h oxidation at 800° © 
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Fig. 3. The relationship between the reciprocals of the specimen life of 
chromized iron and the temperature of oxidation 


In these specimens of chromized iron internal stresses 
in the oxide layers were largely relieved by creep and the 
formation of blisters at all temperatures between 700° 
and 1,000° C. Small amounts of localized cracking of the 
scale did occur in specimens exposed at temperatures 
< 850°C. This occurred near point B (Fig. 1) at the end of 
the parabolic period. Nevertheless, a period of significantly 
reduced oxidation then followed. At 850° C cracking at 
this stage was at a maximum. 

The present work is of considerable interest in view of 
the controversy with respect to the mechanism of break- 
down of protective scales on iron—chromium alloys and 
stainless steels*-!2. Some authors favour chemical theories 
involving sesquioxide-spinel transformations whereas 
other authors attribute film breakdown to mechanical 
causes. Our evidence suggests that although there may be 
some contribution from mechanical factors at the end 
of the parabolic stage, the formation of spinels is due to 
interaction between the sesquioxides FeO, and Cr,O3. 
Evidence for this, in addition to the direct evidence from 
X-ray and electron probe micro-analysis, can also be 
obtained from the following considerations. If we assume 
that the overall rate controlling process is diffusion it is 
possible to consider an overall diffusion coefficient, D, 
for the whole process of oxidation prior to breakaway. 
It 1s reasonable to suggest that if the oxidation mechanism 
does not change significantly over the range of temperature 
involved, the values of D might be inserted in the Arrhenius 
equation, inasmuch that the value of D would mcrease 
with increase in temperature. For a given chromium dif- 
fusion coating the amount of chromium involved 18 con- 
stant and thus, as D increases, the period of oxidation 
required to produce breakaway would decrease propor- 
tionally. Consequently it is also reasonable to replace 
the values of D in the Arrhenius equation by the reciprocal 
of the oxidation life. It can be seen in Fig. 3 that a good 
linear relationship is observed between log (1/life) and the 
reciprocals of the oxidation temperatures (°K). This 
suggests that despite this oversimplification the Arrhenius 
relationship is meaningful, and this is additional evidence 
ın support of an oxidation mechanism based on chemical 
changes and interdiffusion. If mechanical cracking of the 
oxide scales were severely to-affect the process, then such 
a relationship would not be expected to hold. Indeed, such 
cracking of scales was found experimentally to be more 
noticeable at 850° C and the point corresponding to this 
temperature does not lie on the straight line in Fig. 3. 
We therefore take the view that at temperatures greater 
than 850° C there is conclusive evidence for a chemical 
breakdown of oxide scales during the oxidation ofchromium 
diffusion coatings on iron. 
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‘Mechanism of Oxidation of Chromium 
-Diffusion Coatings on Plain Carbon Steels 


‘Tae preparation and properties of chromium diffusion 
| coatings on iron and some plain carbon steels have been 
discussed in detail in earlier publications'-*, More recently 

we have discussed the mechanism of breakdown of 
chromium diffusion coatings on iron during oxidation at 
high temperatures’. Here it was indicated that the pro- 
tective oxide films broke down by a chemical diffusion 
mechanism involving the transformation of iron and 
chromium sesquioxides to spinels and that extensive 
chromium depletion occurred in the coatings during 
oxidation. The present communication summarizes recent 
work on the mechanism of breakdown of chromized carbon 
steels during oxidation in dry oxygen at 700°-960° C. 

A detailed investigation of the oxidation of chromized 
plain carbon steels containing 0:35 and 0-78 per cent 
carbon has been made using thermogravimetric, metallo- 
graphic and electron-probe micro-analyser techniques to 
establish the overall pattern of kinetics, the redistribution 
of iron and chromium, and to provide inforrnation con- 
cerning oxide film morphology. The chromized coatings 

studied were 7 and 9p thick on the 0-35 and 0-78 per cent 
carbon steels respectively. The amounts of chromium in 
the coatings on these two steels were 4:15 and 4-67 mg 
em~’, respectively, to allow some comparison of these 
materials with chromium diffusion coatings on iron, whieh 
contained similar amounts of chromium. The steels used 
were supplied by the British Iron and Steel Research 
the diffusion coatings were prepared by 
Ltd., Peterborough. 
issing the results it is worthwhile to point 
iromized zone on a carbon steel is very much 
hat on pure iron. For a given chromium 




























ating on a carbon steel is thinner and richer 
an a coating on pure iron. The surface 
chromi xcentration in the coating may be as high 





ent. The maximum hardness of the coatings 
00 Vickers hardness number, and previous 
metallographic and X-ray techniques has 
hese coatings are rich in coarse lenticular 
ly (CrFe),C,. This carbide is stable at 
res and may be expected to restrict the 
dary diffusion of chromium at all tempera- 


kinetics ‘of oxidation were of the form shown sche- 
‘matically. i n Fig. 1. As with chromized iron there were 
three. stage of oxidation, but these were less clearly de- 
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Weight gain 





Puration of oxidation 


Schematic kinetix curve for the oxidation of chremized plain 


Fig. 1. 
carbon atecis 


fined. The initial stages of oxidation were irregular and. 
weight gains somewhat irreproducible. In some cases slight 
weight losses were observed. Carbon dioxide was evolved 
and some deecarburization of the coatings occurred. In 
general, as with chramized iron, the useful specimen life 


AB in Fig. 1 decreased with inereasing temperature and a 


in this case also with increasing carbon content of the 
steel. This is clear from the results in Table 1, where 
data for chromized iron containing a similar amount of — 
chromium are also given. 


Table 1. 
CONTENT OF THE STEEL 
Spee life (h) 
Oxidation temperature caromized chro ss igatoe x 35% chromized 0:78% 
°C iron C ateel 
900 > 400 40 
930 245 40 20 
960 110. 22 11 


The shortening of the useful life with increasing carbon 
content of the steel is the most noteworthy feature. 
Determination of chromium concentration profiles across 
the chromized coatings after extensive periods of oxidation 


(compare Fig. 2) indizated that relatively little secondary =- 
diffusion had oceurrec. with these materials. The chromium: 
content of the surface layers of the coatings was always © 
greater than 50 per cent, even immediately prior to com- 
plete breakdown of the coatings. Secondary diffusion of _ 


chromium or excessive depletion of chromium from the 
diffusion coating was-evidently not the cause of oxidative — 
breakdown. Indeed, the coating thickness tended to in- — 
crease slightly with mcreasing time of oxidation. | - 

The explanation for breakdown of the coatings was. 
determined by visual and microscopical examination of 
the coatings and oxile films. Quantitative confirmation — 
was obtained by examination of the coatings and the = 
general features ‘of the speeimens after oxidation with the 
electron-probe micrc-analyser. 
oxidation, Cr,O, films were formed. The surface of the 
chromized zone at tho metal-oxide interface was found to 
be severely roughened. The evidence available suggests 
that preferential oxication of the ferrite occurred, leaving 
carbon- rich material in the interface. The oxide film was 
‘pegged-in’ at such points and was extremely adherent. 
As oxidation continued, failure occurred at the rims of the 
cylindrical specimens (Fig. 3). At this stage cavities were 
also formed at the core-coating interface. Since the 
oxide films were in compression, it is believed that tensile 
stresses were transmitted to the carbide-embrittled chro- 
mized zone which crazked at particular points of weakness, 
for example, specimen rims. The evidence available 
suggests that cracks in the coatings were in some places 
transmitted to the Cr,O, film, which in turn cracked, thus 
allowing gas access to the base of the chromized: zone. | 
Electron probe micro-analyses confirmed that oxides — 
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SPECIMEN LIFE 4S A FUNCTION OF TEMPERATURE AND CARBON. 





In the early stages of se 
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rich in iron formed first underneath the chromized zone, 
and shortly afterwards nodular growths appeared above 
this zone on the outer surface of the specimens. As 
oxidation proceeded, the number and size of such nodules 
increased, The outermost part of the smaller nodules 
consisted of chromium-rich spinel whereas the core of 
the nodule between the base and the outer zone consisted 
of iron-rich spinel. The spinels are believed to be formed 
by local interaction between the original chromium-rich 
oxides and iron oxides growing from the base of the crack. 
Near to breakaway, cracking of the chromized zone and 
cavitation at its base were extensive (Fig. 4) and nodules 
contained large amounts of pure iron oxides. 

Samuel and Hoar’ suggested that the high initial 
chromium concentration in the coating together with 
the retarding effect of the carbide on secondary diffusion 
was responsible for the relatively low rate of oxidation 
of a 1-0 per cent carbon steel. The performance of a 0-4 
per cent carbon steel was, however, relatively poor; this 
was attributed to the fracture of the chromized layer 
due to stresses arising from the « = y phase changes in 
the core on thermal cycling. This explanation seemed un- 
likely to us since we have observed cracking in specimens 
exposed at 700° C, that is below the œ = y transition 
temperature. It was thought, however, that stresses might 
arise from differing thermal expansion characteristics of 
the chromized zone and the carbon steel core. Such an 
explanation would not, of course, depend on oxidation 
but merely on thermal treatment. We have found that 
specimens of both steels heated in argon and subjected to 
rapid cooling developed some degree of cavitation at the 
core-coating interface but no cracking was found to occur. 

It is clear from the present work that the mechanism 
of breakaway oxidation in carbon steels is distinctly 


Chromium concentration (per cent) 
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Fig. 2. Chromium concentration profiles in oxidized carbon steels. 
A, 0°35 per cent carbon steel oxidized 400 h at 700° C; R, 0-68 per cent 
carbon steel oxidized 400 h at 700° €C 
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d B C 
Fig. 3. Cylindrical specimens of chromized materials oxidized for 260 h 


at 800° C (x 2). A, 0-78 per cent carbon steel; B, 0-35 per cent carbon 
steel; C, iron 
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Fig. 4. 
steel oxidized almost to breakaway after 11-13 h at 960° O (x 400) 


Cavitation on a specimen of chromized 0-78 per cent carbon 


mechanical in origin. Breakaway is associated with pitting, 
eracking and basal cavitation of the coatings, which is 
followed by localized breakdown of the Cr,O, oxide 
films. Nodular growths first appear in regions of poten- 
tially high stress, that is, specimen rims, and finally over 
the entire specimen surfaces until breakdown of oxidation 
resistance is complete. 

We thank the British Iron and Steel Research Associa- 
tion for a supply of carbon steels and Metal Diffusions, Ltd., 
Peterborough, for preparation of the diffusion coatings. 
One of us (D. M.) thanks the Ministry of Defence for the 
award of a research bursary during the tenure of which 
the work was carried out. 
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GEOLOGY 


Organic Matter in Recent and Ancient 
Limestones and its Role in their Diagenesis 
Hamilton and Greenfield, in their recent investiga- 

tion of the organic matter associated with the 
calcareous sediments of Biscayne Bay, Florida, concluded 
from the anomalous uptake of free amino-acids, and from 
the difficulties encountered in washing the sediment free 
of ninhydrin-positive substances, that some other organic 
compound must be entrapped within the particles of the 
sediment?. We are interested in the possibility that the 
organic substances postulated by Hamilton and Green- 
field may be the same material as that which occurs in 
the Recent carbonate sediments of the Trucial Coast of 
the Persian Gulf, which is tentatively assumed to be a 
mucilaginous secretion of blue-green algae. 

In all samples which have been examined from the 
shallow waters along the Trucial Coast, the carbonate 
sand grains are intimately associated with a transparent 
mucilaginous substance, This mucilage can easily be seen 
under a stereoscopic microscope when the carbonate is 
slowly dissolved with very dilute hydrochloric acid. As 
the carbonate grains dissolve, their ghosts remain outlined 
in transparent mucilage which occurs as a film over the 
surfaces of all grains, including skeletal debris, pellets, 
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grapestones and oolites. It lines internal surfaces, such as 
the chamber walls of small gasteropods and the tests of 
Foraminifera, and pervades the microcrystalline accre- 
tionary grains. Small colonies of single-celled blue-green 
algae are scattered in the mucilage, and minute thread- 
like tubes of mucilage extend from the algae into the 
carbonate of the sand grains. The close association between 
the mucilage and the algae suggests that it is largely a 
secretion of the algae. A similar mucilaginous substance 
also occurs in the Recent carbonate sediments of the 
Bahama Banks?’3. 

This mucilage appears to be a very stable material 
because it can be demonstrated that the mucilage, or a 
derivative of it, is also present in ancient limestones. 
Moreover, it plays an important mechanical part during 
aragonite diagenesis. 

By nature of the prevailing on-shore wind and wave 
approach along the Trucial Coast, the Recent carbonate 
sediments have built out as a prograding coastal plain, 
which in places extends inland for up to 10 miles. In 
cores of sediment collected, several miles inland, where the 
sediments must be several thousands of years old, the 
mucilage is still present and shows precisely the same 
distribution relative to the grains as it does in the sediments 
off-shore. 

A similar, acid-insoluble, transparent substance can. be 
seen in cores of partially cemented Pleistocene limestones 
beneath the floor of the Persian Gulf, some 100 miles off- 
shore from the Trucial Coast. Here it forms thin envelopes 
around the grains and also ramıfies throughout accre- 
tionary grains. In some of the cores, at depths of 40 ft. 
below the present sea-bed, aragonite has been replaced by 
calcite by a process of solution of the one and precipitation 
of the other. It can be demonstrated that the acid- 
insoluble material acted as a persistent framework during 
this critical stage in the diagenetic evolution of the rocks 
and thus preserved the outlines of aragonitic skeletal 
debris and the internal detail of aragonitic accretionary 
grains. If, as the evidence suggests, the mucilage of the 
Recent sediments 1s a secretion of the algae, then these 
lowly plants must have played a hitherto unsuspected 
major role in the diagenesis of limestones. 

Careful acid treatment of limestones of all ages, back 
to the Lower Palaeozoic, reveals the presence of an acid- 
insoluble transparent substance which often includes 
minute transparent tubes**. This substance can be made 
more obvious by staming with dyes, such as malachite 
green or methyl blue, when it becomes apparent that 1ts 
distribution is analogous to that of the mucilage in the 
Recent carbonates. Most analyses of ancient limestones 
record a small proportion of acid-insoluble organic matter, 
usually classed as ‘kerogen’. The possibility arises there- 
fore that the kerogen of the ancient limestones may in 
fact be mainly a derivative of the ancient algal secretions. 

D. J. SHEARMAN 

PATRICK. A. d'E. SKIPWITH 
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Imperial College of Science and Technology, 
London, 8.W.7. 
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GEOCHEMISTRY 


Abundances of Rare Earth Elements in 
Eclogitic Rocks and Basaltic Achondrites 
Some similarities between the chemical compositions of 
eclogites and the basaltic achondrites have been pointed 
out by Lovering!. In a recent neutron-activation investi- 
gation of uranium and thorium abundances? a remarkable 
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similarity was found in the distribution of these two 
elements in six eclegitic inclusions from basic breccia 
pipes at Delegate, New South Wales, and eight eucritic 
achondrites'. 

Schmitt et al.4 havo analysed one of the eclogitig inclu- 
sions from Delegate ‘sample No. R 117) and four eucritic 
achondrites (Juvinas, Nuevo Laredo, Pasamonte and 
Stannern) for fourteen rare earth elements, yttrium and 
nape ae They interpreted their results by calculating 
the aby” œ'gnces in each sample relative to lanthanum, 
then ong’ ‘xed the relative abundance of each element as 
a fraction df the relative abundance of that element in 
chondrites. These ‘rormalized’ values were then plotted 
as a function of trivalent ionic radius. From these dia- 
grams Schmitt et al. concluded that the four eucrites had 
normalized abundances identical to those observed in the 
chondrites, though the absolute abundances were about 
twelve times higher. The eclogitic inclusion, # 117, on 
the other hand, was considered to show fractionation of 
these elements relative to chondrites. 

An inspection of the analytical results indicates that 
the fractionation ın the eclogitic inclusion of the rare 
earth elements, yttrium and scandium, relative to the 
chondritic pattern, is not as extreme as Schmitt et al. 
supposed. The apparent fractionation is due to the 
normalization against lanthanum, which is depleted in 
this specimen relative to most of the other rare earth 
elements. If the abundances are normalized to another 
element, say, samarium, the eclogite pattern becomes 
quite similar to that of the chondrites, and is virtually 
indistinguishable from the eucrites. 


STANNERN 


NUEVO LALEOO 


on 
ECIOGITEMI7 v 


Abundance/abundance in Juvinas 





100 0 80 


Jome radius 


110 


Fig. 1. Ratios of abundarces of fourteen rare earth elements, scandium 
and yttrium in Stannern Nuevo Laredo and Pasamonte, and R 117 
relative to Juvinas, plctted as a function of trivalent ionic radius 


In order to compare the distribution of these elements 
in the eucrites and tke ecologitic inclusion, it is probably 
safer to deal with absolute abundances, thus obviating 
the confusion which normahzing to a single element can 
introduce. To avoid zhe ‘saw tooth’ pattern which a plot 
of absolute abundances would yield, the abundances can 
then be normalized to the absolute abundances in one of 
the eucrites. In Fig. 1, values are arbitrarily normalized 
to the abundances in the eucrite Juvinas, and plotted as 
a function of trivalent ionic radius in the normal way. 

Fig. 1 shows that first there is significant fractiona- 
tion of the rare earto elements, yttrium and scandium, 
between the four eucrites. Secondly, the distribution of 
these elements in ths eclogitic inclusion is not greatly 
different from that in the eucrites, and the differences 
between R 117 and Nuevo Laredo and Stannern are no 
greater than those between these two eucrites and Juvinas 
or Pasamonte. 

It ıs apparent that the similarity between the Aus- 
tralian eclogitic pipe inclusions and the eucrites in their 
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major element chemistry and uranium and thorium con- 
tents can now be tentatively extended to the rare earth 
elements, yttrium and scandium. 


J. W. MORGAN 
e J. F. LOVERING 


Department of Geophysics and Geochemistry, 
Institute of Advanced Studies, 
Australian National University, 

Canberra. 

* Lovering, J. F., Trans. Amer. Geophys. Umon, 39, 947 (1958). 

? Morgan, J. W. (unpublished thesis). 

3 Lovering, J. F., J. Geophys. Res., 64, 1078 (1959). 


t Schmitt, R. A., Smith, R. H., and Olehy, D. A., Geochim, Cosmochim. Acta, 
28, 67 (1964). 


CHEMISTRY 


Cation Sites in Synthetic Zeolites 


SYNTHETIC zeolites!, especially those with the same 
structure as natural faujasite, have recently come into 
prominence as industrial catalysts. Pickert, Rabo, 
Dempsey, Schomaker and references? have convincingly 
demonstrated the importance of the positions of the 
exchangeable cations which compensate for the effective 
negative charge of aluminium atoms in the alumino- 
silicate framework. ‘Linde’ 13X normally has Nat in 
all the cation positions. Very little attention has been 
given to the effect of dehydration of the zeolites on the 
position of the cations, or the position of individual ions 
when more than one type of cation is present. 

We have examined the electron spin resonance spectrum 
of Mn*+ at a concentration of 1 equivalent per cent of 
exchangeable cations in ‘Linde’ 13X pre-exchanged with 
a variety of otherions. The Mn?+ ions can occupy different 
sites; their position depends on which other cations are 
present and the extent of dehydration. Fig. 1 shows the 
spectrum of Mn*+ in the hexagonal prisms which connect 
the sodalite. cages of the faujasite framework. In these 
sites the cations are in distorted octahedral co-ordination. 
This spectrum occurs for hydrated 13X extensively pre- 
exchanged with Zn?+, Mg?+ or Lit. It is noteworthy that 
these ions are smaller than Mn?+ and have a high charge 
to radius ratio. They evidently prefer other sites to the 
hexagonal prisms. The spectra of Mn*+ in hydrated 13X 
pre-exchanged with other ions, (Nat), K+, Cd?+, La3+, Ca2+ 
show six peaks but no fine structure (Fig. 2). Pre-exchange 
with Cst, which cannot enter the hexagonal prisms or the 
sodalite cages, causes a little Mn*+ to enter the prisms, 
but most seems to remain in the cages while Na+ fills the 
prisms. 


3:0 3-1 32 3-3 3'4 3°5 3:6 
Magnetic fleld (k.eersted) 
Fig 1. The first derivative electron spin resonance absorption spectrum 


of hydrated 13X approximately 72 per cent exchanged with Zn*+ ions 
and 1 per cent Mn* ions, measured at 9,270 Mejs 
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30 3-1 3°2 3°3 ‘ 3:4 3°5 3°6 
Magnetic field (k.oersted) * 


Fig. 2. The electron spin resonance spectrum of 13X treated with sodium 
acetate/acetic acid buffer, pH 5 5, and 1 per cent exchanged with Mn** 
ions, measured at 9,270 Me/s 


During dehydration of 13X exchanged with Zn?+ the 
spectrum of Fig. 1 remains unchanged, indicating that the 
Mn** remains in the hexagonal prisms but, in 13X pre- 
exchanged with Lit, Mn?+ leaves the prisms. Mg?+ gives 
an intermediate result. On the other hand, when 13X is 
pre-exchanged with Ca*+, Mn?+ enters the prisms only 
after dehydration at 200° C, while further dehydration at 
400° C progressively releases the Mn?+ probably to the 
sodalite cages. 

In our observations only the transitions between the 
+4and —4 electron spin levels of Mn*+ can be resolved; 
the basic sıx line spectrum ıs due to coupling with the 
55Mn nucleus, spin 5/,. The fine structure of Fig. 1 arises 
from transitions in which the nuclear spin also changes. 
The fine structure must disappear when the Mn? or its 
environment is in rapid motion. Thus Fig. 2 suggests 
that Mn+ in hydrated 13X exchanged with large ions is 
at least partly co-ordinated to water. The proof that it 
is Mn** in hexagonal prisms which generates the spectrum 
of Fig. 1 comes both from theoretical examination and 
from the fact that the spectrum does not change with 
dehydration. The hexagonal prisms are the only sites not 
associated with water. 


T. I. Barry 
L. A. Lay 


Division of Molecular Science, 
National Physical Laboratory, 
Teddington. 


1 Breck, D. W., J. Chem. Educ., 41, 678 (1964). Broussard, L, and Shoe- 
maker, D. P., J. Amer. Chem. Soc., 82, 1041 (1960). 


2 Pickert, P. E., Rabo, J. A., Dempsey, E , and Schomaker, V., Proc. Third 
Intern. Cong. Catalysis, Amsterdam 1964 (North Bolland Publishing 
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Quantitative Chromatographic Analysis of 
Organic Acids by Tritiating Methylation 


In fatty-acid analysis, thin-layer chromatography is a 
valuable technique for the separation of complex mixtures 
into specific groups and for separations of cis and trans 
isomers and certain positional isomers of unsaturated 
fatty acids, which cannot easily be achieved by gas-liquid 
chromatography. 

Isotope derivative methods may be a valuable tool for 
quantitative evaluation of thin-layer chromatograms. 
Esterification with 4C-diazOmethane! has been applied 
for this purpose, but the preparation of the reagent is 
rather complicated and expensive. We therefore applied 
a method according to which samples of organic acids are 
esterified with inactive diazomethane after exchange with 
tritiated water. This ‘tritiating methylation’, developed 
by Melander? and Verly eż al.3 for the preparation of 
labelled methanol, was used before for the analysis of gib- 
berellins by Baumgartner et al.'. 

An ethereal solution (0-2 ml.) of tritiated water, con- 
taining 6°67 we. in 1 pl. water per ml. dry diethyl ether, 
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is added to the sample of organic acids which may be dis- 
solved in small amounts of anhydrous diethyl ether, 
acetone or dioxan. The weight of the sample can amount 
to as much as 10 mg which corresponds to a threefold 
molar excess of acids with respect to the tritiated water, 
the average molecular weight of the acids being 300. 
For larger samples it is advisable to use greater amounts 
of tritiated water. After an exchange period of 15 min, 
which is found to be sufficient, the acids are quanti- 
tatively esterified by addition of an excess of an ethereal 
solution of diazomethane. 

Afterwards, the sample is brought on to the thin-layer 
plate and the chromatogram developed. Spraying with 
1 per cent ‘Ultraphor’ (BASF) in ethanol is appled for 
silica, gel plates and 0:1 per cent 2,7-dichlorofluorescein in 
ethanol for silicagel plates impregnated with 20 per cent 
silver nitrate. The amount of spraying agent in the latter 
case must be as small as possible to avoid quenching in 
the tritium counting. The components are marked in 
ultra-violet light, the appropriate zones scraped off and 
subsequently extracted in a percolator with diethyl 
ether—hexano 7 : 3 (v/v) for 4h. The solvent is evaporated 
and, the samples are transferred to vials by rinsing with 
10 ml. liquid scintillator, containing 4 g PPO and 0-1 g 
dimethyl-POPOP per litre toluene, and counted with a Tri- 
carb liquid scintillation counter. If quenching is observed, 
corrections are made by using the channel ratio method. 

The essential point in the procedure is the quantitative 
extraction from the adsorbent. In all cases shown in 
Table 1, the amounts of the samples were chosen in such 
a way that recoveries greater than 95 per cent were 
ensured. For fatty acids, amounts of at least 1-5 mg of 
the different components in a mixture are sufficient for 
this purpose. Smaller amounts of the sample can be 
analysed by adding inactive methyl esters of the com- 
ponents to the esterified mixture before chromatography 
is applied, which is an advantage of this method. In 
this way, satisfactory results could be obtained in the 
microgram range as well. This was illustrated by analysis 
of a known mixture of stearic, oleic and linoleic acid with 
decreasing sample size. After tritiation and esterification 
of the samples, 10 mg of an equimolar inactive mixture 
of the esterified acids was added. For samples of 1, 0-1, 
0-5 and 0:01 mg, the same composition was found with a 
standard deviation of the mean of + 2 per cent. A 
number of applications of this method are given in Table 1. 
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Table 1. APPLICATIONS OF THE TRITIATING ESTERIFICATION PROCEDURE* T 
Molar equivalent composition 


No of Components er cent) 
sample Known Found 
1 Elaidic acid 49:2 47-211 
Oleic acid 50 8 52:8 +1-1 
2 9,12-¢c23,ci8 Octadecadienoic acid 31°4 82-2 +1-0 
11,15-c2s,cis Octadecadienoic acid 68-6 8678+10 
3t Monomeric acid 49+2 49-7 +0°8 
Dimeric acid 2241 25:84 1-7 
Trimeric acid 29+2 24-54+08 


+ Medium of tritiation is diethyl ether. Total sample weight 1s 10 mg. 
For thin-layer chromatography ‘Silicagel @ (Macherey Nagel) was used for 
sample 3 and ‘Silicagel G’-20 per cent AgNO; for samples 1 and 2. 


+ Eluents: benzene-hght petroleum 7 : 3 (v/v) for sample 1, benzene-5 per 
coni diethyl ether for sample 2; iso octane-diethyl ether 7 : 3 (v/v) for sample 


t This sample was a commercial mixture of polymerized C;,-acids of known 
composition. 


The total yield of incorporation of tritium per sample 
was small and variable (1—7 per cent of the total activity 
of the tritiated water). This is not due to an incomplete 
reaction, since no significant difference in the incorporated 
tritium activity was found when the time of the tritium 
exchange of stearic acid was varied from 2 to 30 min. 
Moreover, no apparent effect of the medium on the 
efficiency of tritium incorporation was found. The varia- 
tions in the total incorporated activity limit the direct 
applicability of the method to relative figures for the 
composition of a given sample. When absolute informa- 
tion is required, a known amount of an internal standard 


r 
r 
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has to be added befcre tritiation is applied. The repro- 
ducibility of this method has been found to be within 
5 per cent. 

The analytical applicability of the method, which is 
demonstrated by th» data of Table 1, is due tg non- 
discriminating incorporation of tritium in the acids. On 
studying a number o= test mixtures, it appeared that the 
applicability is not limited to acids with comparable 
dissociation constants, but that much stronger acids like 
dicarboxylic acids, tartaric acid, benzoic acid and phthalic 
acid can be directly compared with stearic acid (Table 2). 
On the other hand, thare is an indication that phenolic com- 
pounds can also be treated in the same way. The reason 
for this unexpected finding may be that not only exchange 
of the acids with trit:ated water occurs, as was supposed 
by Melander and Vsarly?*, but that also a direct acid 
catalysed exchange cf tritium between water and diazo- 
methane takes place, as is suggested by the experiments 
of Van der Merwe ef al.®. 
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Table 2. EXAMPLES OF THE_APPLICABILITY OF THE TRITIATION PROCEDURE * 


Molar equivalent composition 


No. of Components (per cent) 
sample Known Found 
1 Stearic acid 12 4 121 
1,12-Dodecane dicarboxylic acid 87°6 87°9 
2 Stearic acid 27-0 288 
12-Ketostearic acid 51-0 50-8 
12-Hydroxystesric acid 220 209 
3 Stearic acid 15°7 14:3 
Benzoic acid 35°38 33 8 
Phthalic acid 48-5 51:9 
4 Stearic acid 21:0 21°3 
di-Tartaric acic 790 78:7 


i Medium of tritiation is Hiethyl ether or acetone. Total sample weight is 

mg. 

For thin-layer chromatography ‘Silicagel G’ (Macherey Nagel) was used. 
Eluents: iso octane-dietiry! ether 6 * 4 (v/v) for samples 1, 2 and 8. Iso 

octane-diethy] ether 8 : 2 (v-v) for sample 4. 


Special precautions had to be taken in the isolation of 
the more polar compounds. For quantitative extraction 
of dl-tartaric acid dimethylester, 50 mg inactive ester was 
added before chromatography was applied. In the case 
of benzoic and phthélic acid, direct counting of suspended. 
silicagel? was appliad to avoid incomplete extraction. 
The counting efficiency, however, was low (about 3 per 
cent). Reliable resalts were obtained by adding extra 
silicagel to a constant weight for all components. Sus- 
pension counting cannot be applied to silicagel-AgNO, 
due to severe quenching by silver nitrate. The reliability 
of the tritiation pracedure for a mixture of benzoic and 
stearic acid, was also checked by tritiating known amounts 
of the C-labelled ecids. After esterification, chromato- 
graphic separation and extraction, the *H- and ™C- 
activities of the doubly labelled products were determined 
with a dual channe. Tricarb liquid scintillation counter. 
The *H/4C-ratios fo> equal molar specific “C-activities of 
the two acids were the same within the experimental 
error of about 10 per cent. 

We consider this method to be a valuable tool in the 
quantitative chrometographie analysis of many types of 
acidic organic compounds. 

G. K. Kocu 
[The late] G. JURRIENS 


Unilever Research Laboratory, 
Mercatorvreg 2, 
Viaardinzen, 
The Nethezlands. 
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Mass Spectrometric Fragmentation of 
Nitrophenylhydrazones 


ty a recent communication Klerpool and Heins reported 
the principai mass spectral features of 2,4-dinitrophenyl- 
ehydraztnes (DNP) of aliphatic aldehydes and ketones. 
Independent work in our laboratory? utilizing the identical 
instrument (‘Atlas CH-4’) confirmed their results. Parti- 
cularly noteworthy are|the intense molecular ion peaks, 
which should lend themselves to the convenient charac- 
terization of the parent carbonyl compound especially 
when combined with the recently described? “in situ 
regeneration” technique. 


Table 1. PERCENTAGE OF cele TONTZATION (i) OF SELECTED FRAG- 
MENTS OF VALERALDEHYDE NITROPHENYLHYDRAZONES 


Valeraldehyde 

nitropheny]- M+ M+—OH Mt+—H,O M+—85 Mt+—42 M+—42-+H,0 
hydrazones | 

2,4-dinitro 19-8 Sa W v= 0-8 7-2 19-0 
o-nitro 6-635 1°75 126 35-0 3-15 2°80 
p-nitro 32-0 — — 28°16 0-96 


The present report records certain experimental obser- 
vations, which in part lead to a revision of the mechanistic 
conclusions of the Dutch workers? and in part shed addi- 
tional light on others. |Kleipool and Heins! noted that 
valeraldehyde (I) and higher aldehyde DNP derivatives 
display an intense peak) at m/e 224 which they attribute 
(correctly) to B-fission of the alkyl chain with accompany- 
ing hydrogen rearrangement. Since butyraldehyde DNP 
does not exhibit an m/e 224 peak, they assume that a 
hydrogen atom in the|68-position is required which is 
transferred to the p-nitro group bearing the positive 
charge. ‘In the light of the large body of information that 
is now available‘ about hydrogen rearrangements this 
explanation seemed tojus improbable. In fact, when 
4,4-d,-pentanol® was oxidized by Barton’s procedure’? to 
the aldehyde and then transformed into the denterium- 
labelled DNP (II), a quantitative shift of the m/e 224 peak 
to m/e 225 was observed. The mechanism of this fragmen- 
tation can therefore be |depicted in terms of I—a and 
proceeds by the well-known! rearrangement of the y- 
rather than §-hydrogen atom analogous to the McLafferty 
rearrangement of ketones. In contrast to the latter, 
hydrogen from a primary carbon cannot be abstracted in 
this rearrangement of DNP derivatives and thus explains 
the failure! to observe an m/e 224 peak in the spectrum of 
butyraldehyde DNP. 


NO 
“fe a 

i fool: 
NO, NH—N — ( CH, 

{ 

! R—CR 

| Now 

I R=H l l 

Il R=D 


Kleipool and Heins! noted that the mje 224 peak 1s 
accompanied by an even more intense one at m/e 206 
which they ascribe to the further loss of water. Since 
aromatic nitro compounds are known! to lose NO, the 
mje 206 peak could also partly or totally correspond: to 
M+—2NO. That this process does not occur has now been 
demonstrated by high-resolution measurements with an 
A.I. MS-9 mass spectrometer. Kleipool and Heirs? 
suggest that the aldehyde hydrogen and the ortho nitro 
group are required for this process to occur, since aldehyde 
p-nitrophenylhydrazones and ketone DNP derivatives do 
not exhibit this loss of water. Mechanistically, we depiet 
this sequence in terms of'b—>c—d. This is supported fur- 
ther by the data for valeraldehyde DNP and its o- and 
p-nitrophenylhydrazones summarized in Table 1 in terms 
of the percentage of total ionization. It will be noted that 
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the sum of the M+-42 and M+—42+H,.0 columns is very 
similar for the p-nitro and 2,4-dinitro derivatives, but very 
much lower in the o-nitro analogue. Evidently, this is due 
to a competing reaction—the extensive loss of 35 mass 
units, which we have shown by high-resolution mass 
measurements to correspond to the combined expulsion of 
the elements of OH and H,O. In fact, the mass spectrum 
of valeraldehyde o-nitrophenylhydrazone also displays (see 
Table 1) peaks corresponding to M+-OH and Mt-H,0. 
The driving force for the combined loss of OH and H,0 is 
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probably the great stability of the resulting ion which 
may be represented by e. 

We thank the National Science Foundation for a 
predoctorate fellowship (to S. D. 8.), the National Aero- 
nautics and Space Agency for funds (grant NsG@ 81-60) for 
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_—CH:=CRCHs | NO,— NHN? 
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a R=H 
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the purchase of the ‘Atlas CH-4' mass spectrometer, and 
Dr. A. M. Duffield and Dr. D. Becher for mass spectral 
measurements. 
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Electronic Absorption Spectrum of the 
CH;0-radical 


Ly flash photolysis experiments involving methyl nitrite, 
transient absorption bands at 1999, 2036 and 2064 A were 
seen! faintly at 50 usec, mereasing in intensity slowly to a 
maximum at 2-5 msec and almost disappearing by 25 msec. 
These bands did not appear for any other nitrite tested. 
The reasons! for these bands being attributed to CH,0- 
(being produced originally ın. a metastable excited state) 
were that this free radical, together with NO-, was 
expected to result from the alkyl nitrites which are in 
fact accepted sources of RO- (despite the early investiga- 
tions? in which the primary photochemical process in 
CH,ONO was deduced to be dissociation tò the molecules 
HNO and H.CO), the observation of the expected partner 
fragment NO at the smallest delay times (50 psec), and 
the virtual elimination of HNO, HCO, and formaldehyde 
in an excited state as the appropriate carrier. 

Because methoxyl ıs the first alkyl homologue of hy- 
droxyl, a consideration of the known electronic structure 
and transitions of the latter may be pertinent to a discus- 
sion of the possible transitions for CH,O-, as the replace- 
ment of the hydrogen atom by the methyl group (being 
completely saturated, with no easily excited electrons) 
should act only as a small perturbation of the electronic 
energy-levels resulting from hyperconjugation effects. The 
ground state of -OH is *IT and the first transition observed 
in absorption ıs to the *Z* state near 3100 A. The transi- 
tion may be described as one in which the unpaied electron 
in the 2px orbital in the ground state is promoted to the 
o* anti-bonding molecular orbital in the X*+ state, con- 
sistent with the 20 per cent decrease of the vibrational 
interval in the upper state. The 45+ state in which there 
is one electron in each of the 2po and two 2px orbitals 
would be the most probable low-lying metastable state. 
By analogy then, the methoxyl radical would also have 
an allowed tiansition to a level about 4 eV above the 
ground state in which the C—O stretching frequency 
should be distinctly smaller than the value of 1,050 cm™ 
common for this vibration in infra-red spectra of meth- 
oxyl-containing compounds. ‘This vibration should be 
readily excited ın the upper state, making a progression 
in this vibrational interval observable, because of the 
increase in bond-length accompanying the occupancy 
of the anti-bonding orbital. In fact the observed fre- 
quency difference of approximately 800 cm~ is fully 
consistent with the predicted spectrum, but the electronic 
transition itself lies at 6-3 eV, far above the corresponding 
-OH state. The vibrational interval of 800 cm~ is also 
common as a bond-stretching frequency of first-row 
atoms, so that the coincidence with the theoretical 
prediction may be entirely fortuitous. 

The energy absorbed at the maximum of the 2200 A 
continuum of methyl nitrite is about 130 kcal/mole, 
sufficient to leave less than 90 kcal/mole to the methoxy] 
radical as excess electronic, vibrational and kinetic energy, 
after the N—O single bond is broken (36 kcal/mole (ref. 3) 
required) and the nitric oxide molecule may well have a 
small amount of vibrational excitation in the ground 
state (5 keal/mole). Although there might well exist a 
state of CH,O- similar to the 45+ state of OH: and lying 
less than 90 kcal/mole or 4 eV above the ground state, 
there is no reason to believe that the methoxyl radical 
can be formed in such a state because only a single 
c-bond between N and O atoms is broken in the dissocia- 
tion process. Thus CH,O- would be formed in either a 
vibrationally or an electronically excited doublet state; 
if conversion to the metastable state were readily possible 
by some obscure mechanism, then the reverse reaction 
would also occur, and the life-time of the metastable 
state would not be nearly so great as 2-5 msec. 

Following the previous assignment of these bands, the 
deduction was drawn?! that the radical is reasonably stable 
under the conditions of temperature and pressure used. 


No. 5017 


NATURE 


1315 


However, published <inetic investigations of methoxyl 
radicals have demonstrated! that there is only a small 
activation energy recuired for abstraction by methoxyl 
radicals, and further that there is no activation energy 
for disproportionatiom between methoxy] radicals tq form 
methanol and formaldehyde. In other words, methoxyl 
radicals ought to destroy one another very efficiently, at 
every collision (apart =rom a possible steric factor). Again 
the analogy of hydroxyl proves illuminating: in the flash 
photolysis of water the hydroxyl radical lasts about 
200 usec (ref. 5) in the presence of only water or inert 
gases; if other hydrogen-containing gases are present 
the life-time is drastically reduced. because of abstraction 
reactions. In fact this abstracting property of hydroxyl 
radicals has often beon used’ to prepare other radicals 
trapped m low-temperature solutions. Therefore, for 
methoxyl radicals to last 100 times as long as hydroxyl 
radicals under simila: experimental conditions is exceed- 
ingly difficult to reconcile with available experimental 
evidence. 

In summary, both spectroscopic arguments based on the 
position or the duraszion of the new bands and kinetic 
inferences fail to support the assignment of the transient 
spectrum near 2000 £ (ref. 1) to the methoxy! radical, or 
indeed to any other small radical. The time duration 
definitely points to the carrier being a relatively stable 
molecule with a singlat ground state, HNO and CS being 
simple instances of this type of chemical entity. 

J. F. OGILVIE 

Emmanuel College, 

Cambridge, 
England. 
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Equation of State of Liquid-vapour 
Equilibrium with the Same Constants for 
Both Phases 


As 1s known, the general equation of state of van der 
Waals, published in tae year 1873, as well as its numerous 
modifications, expresses the relation between pressure, 
volume and temperature of gases-vapours and liquids 
qualitatively well, but generally only with a rather rough 
approximation with she same constants for both phases, 
especially for the liqaid phase. Nevertheless, in view of 
the average experiences with these equations, several of 
their results, relatively, could be considered as accurate 
or satisfactory ones. Recent comparative calculations of 
Shah and Thodos! about the most common fourteen 
equations of state, besed on the critical data of argon and 
n-butane, clearly ccnfirmed anew these circumstances. 
They have found the formula of Redlich and Kwong? as 
the relatively best one by stating that ‘“‘. . . this simple 
equation possesses tre remarkable ability to represent the 
gaseous and liquid regions rather accurately”; yet they 
give no detailed results for the liquid states. Ree’, 
somewhat earlier, ~eached a similar conclusion that 
“the Berthelot equation of state’ gives satisfactory 
results of liquid and vapour volumes in the vapour-liquid 
equilibrium for Ar, Kr, Xe, Nz, Ov, CO and CHj ca; 
that is, they examinod definitely only the volume values. 

It has been recognized for a long time that the best 
agreements can be reached for states of low up to 
medium densities, where the volume dependence of 
pressure is not so abrupt. Incomparably more delicate is 
the situation at greater densities and especially for the 
liquid state well belcw the critical pomt, where relatively 
slight volume variazions correspond to relatively great 
pressure changes. Wohl’, himself author of a well-known 
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Table 1. SOME EXPERIMENTAL AND CALOULATED DATA OF LIQUID ARGON, 

THE LATTER OBTAINED WITH THE REDLIOH-K WONG EQUATION. THE CON- 

STANTS ARE OCALOULATED IN OASE A FROM THE CRITICAL STATE ALONE: 

a = 1:68797 x 107°, b = 22 2037 cu?/MOLE; IN OASE B FROM THE 84°15° K 
AND CRITICAL STATES. @' = 1°72115x 10-3, b = 22 7510 omP/MOLE 


i A B 
n Experimental  'Vealo Peale 
volume press. cm*/ Valk atm. Peale Beale Prale 
Temp. ( mz) (atm.) mole exp calc. Piip atm., “Pexp 
(T° K) \Mmole calc. with 
with Vexp 
P 
83 78Trp, oo 
84-15 28'067 0704 27:356 0'975 -10937 -15537 070389 1 
93 02 29341 1800 28623 0-975 —72:61 —4034 5-995 3-33 
107:52 31:831 4500 31-408 0-987 —17-59 —3'91 28:83 6'41 
116 820 33 670 10-14 33-875 1-006 +1680 +1:66 50°66 5 06 
125:°054 35'836 15668 36874 1:029 436-54 +2°33 60 84 3 88 
136 775 40476 27-238 48-755 1-081 +5280 +1:94 65°68 2 41 
144°445 46 226 37-552 52678 1-140 +5524 +147 61°67 1°64 
150 86crit. 74580 4834 7456 1 + 48 46 +1 48°34 1 


equation of state, had already characterized in the year 
1914 the difficulties, in this respect by writing: “A 
somewhat exact calculation of the vapour pressure from 
the volume of the liquid by any general equation of state 
is, of course, excluded, as far as lower pressure regions 
are concerned”. 

A numerical presentation of these difficulties is shown in 
Table 1, where for liquid argon some experimental and 
calculated data are given, the latter obtained with the 
Redlich-Kwong equation which, according to Shah and 
Thodos, is the relatively best one (see foregoing). 

We see that in case A (Table 1) the vaw values obtained 
with the px values, relatively, are really in fairly good 
agreement with the experimental values, in sharp con- 
trast to the Poar values obtained with the Vep values. 
For temperatures nearer the triple-point the Par values 
are negative and, for example, for 84:15° K the 
absolute value of Pas is even higher than Pent Itself. 
The Par values have'also a positive maximum toward 
the critical point and higher than Pete Lhe Par Values 
are in part better when the constants of the equation 
are obtained from two extreme states of the liquid 
(Table 1, case B), without being satisfactory ones in this 
case either, and similarly having & positive maximum 
higher than Pn itself. 

For this, and other two-constant equations of similar 
structure, this result appears to be no surprise, and is for 
any liquids unavoidable, because the Pali Values are 
simple differences of two different terms (= functions) 
of generally much higher values than those of Pemp 
itself. For instance, in the case of argon at 84-15° K the 
two terms are higher than Pep by about four orders of 
magnitudes, in that of water at 293-15° K by about six 
orders of magnitudes. It seems to be hardly possible 
that two such different and relatively simple functions 
could follow accurately enough the courses necessary for 
their differences to result in the expected P. values for 
broader ranges of liquid states. Thus even the Redlich- 
Kwong formula, considered as the relatively best simple 
equation of state, seems to be unsuitable for the repre- 
sentation of the vapour pressure values of liquids. Very 
probably, it is on such ‘and further grounds (see following) 
that any more complete and satisfactory functional 
representation can scarcely be found in the literature for 
the pressure behaviour of liquids. 

These difficulties first seemed to be consequences of the 
only rather approximate suppositions about the short- 
range molecular forces, raising hopes of better results 
by findmg more appropriate representations of these 
forces. Such hopes have now been really fulfilled, although 
in a form notably different from that expected. 

As is well known, the van der Waals equation can also 
be expressed for the pressure in three terms—the 
kinetic, attractive and repulsive ones. This structure of the 
expression, really, could hardly be more logical, clear 
and simple for the first but complete representation of all 
possible intermolecular forces. The unification of the 
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terms of attraction and repulsion into a single attractive 
term, as, for example, in the van der Waals and Redlich- 
Kwong equations, seemed to be a certain suppression of 
the specific course of the repulsive forces and hence to be a 
certain over-simplification, which really proved to be one 
cause, although not the only cause, of the serious difficul- 
ties of such equations. 

These three separated terms could be more conveniently 
modified in searching for their more appropriate forms to 
fit better the experimental data, when the equation, 
originally for one mole, was reduced to that for a single 
molecule. Simultaneously its three-dimensional para- 
meters v and b = Vmin were replaced by the corresponding 
linear parameters d and din, respectively, and the expres- 
sion of the ‘free volume’ v — b by that of the ‘average 
free intermolecular distance’ d — dmin, here denoted 
by à. In recent theoretical studies the use of molecular 
and linear parameters is not new when dealing with 
problems of gases, vapours and liquids. 

An extensive numerical examination of this latter type 
of the equation resulted in numerous cases in real solutions 
also for broader ranges of the liquid state, even without 
the presence of A in the kinetic and attractive terms. 
Yet all these solutions gave a kinetic constant con- 
siderably below its normal value, clearly indicating 
that the solution depends also on some completely 
unusual modification of the equation. Really, with 
the normal value of the gas constant, solutions are 
possible with the unusual position of the A variable 
specifically in the numerator of the kinetic term, in which, 
in order to obtain more accurate results, an exponential 
dependence of à on d is required. A more generally 
applicable form of the equation of state was thus found as: 


b Nad fy f 
p=) T- +a (1) 


where k is the constant of Boltzmann, while a and n 
determine the height and somewhat also the course of the 
exponential »-dependence. With increasing value of d 
the equation evidently converges into that of ideal gases. 

The figure, in the customary log p versus log v repre- 
sentation, gives the experimental curves and some 
calculated data of such different substances as the strongly 
dipolar water and the non-dipolar carbon dioxide. The 
constants of the equation were calculated with the data 
of such wide temperature intervals of the liquid states as 
20°-220° C for water and — 50°—0° C for carbon dioxide, 
respectively (in Fig. 1 marked with x), their values 
being those shown in Table 2. 
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of liquid H,O and CO, and that of their saturated vapour, the calculate 

data obtained with the given equation. (x), Basic points of calculation, 

(O), data of saturated vapour calculated with a van der Waals-type 
equation by the use of the same basic points of calculation 
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Table 2. CONSTANTS OF THE GIVEN EQUATION FOR H,O AND CO, THE 
CALCULATIONS WERE MADE WITH HIGHT NUMBERS IN ORDER TO OBTAIN 
SUITABLE RESULTS ALSO FOR LOWER TRESSURES 


No. 5017 


Const. H,O CO; 
k 13805864 x 10-15 13805476 x 10-** 
Ss 1 68664441077 7 744948 x 10" 
fs 5'2299157 x 10 7682670 x 1C 
a 7-8447519 x 10° 6 8015995 x 10-° 
n 0:9 1-4229 
dmin 25087914 x 10-8 2:5295745 x 10 


The values of the constants of Table 2 were calculated by 
the given form of the equatıon which, of course, is only 
an approximate one on several grounds. We will always 
be forced to use approximate expressions for such com- 
plicated processes of short-range molecular forces, tho 
values of the constants being dependent therefore not 
only on the conceptual approximation of the problem, 
and even on the selected points of the liquid state used 
for the calculation, but also on the selected form of simplifi- 
cation. 

The position of the pots on the experimental curves 
used for the calculation of the constants (Fig. 1) leaves no 
doubt that the equation gives good to excellent results 
for these broad ranges of liquid states. This surprising 
fact means that the given relatively simple three-term 
equation, in comparison with the two-constant—two- 
term and even the more complicated formulae mentioned 
here, seems to contain some appropriate new step as to 
equations of state. Also the calculated points of the 
saturated vapour state, obtained, of course, with the 
same constants, are favourable or acceptable ones; this 1s 
especially so when it is taken into account that this is only 
the first stage in a new direction. The greatest divergence 
of the calculated pressure values is about 10 per cent for 
water and about 20 per cent for carbon dioxide near the 
critical point, generally rapidly decreasing at greater 
vapour volumes, and finally scarcely differing from the 
experimental data. The same equation, evidently, can 
represent the corresponding volume values of liquids with 
a considerably increased, precision. 

The essentially increased applicability of the formula 
presented here gives the impression that the modifications 
incorporated could also be of theoretical significance. 
Improvements and applications of the solution given and 
the possible or probable theoretical background will 
be reported separately. 

I thank Prof. P. H. Emmett of the Johns Hopkins 
University, Baltimore, Maryland, for discussions. I also 
thank the Petroleum Research Fund of the American 
Chemical Society and the Cabot Co., Boston, for financial 
support. 

IstvAnN Ktun* 

Department of Chemistry, : 

The Johns Hopkins University, 
Baltimore, Maryland. 


* On leave from the Department of Physics of the Engineering Faculty 
of the Buenos Aires University, Buenos Aires, Argentina. 


1 Shah, K. K., and Thodos, G., Indust. Eng. Chem., 57 (3), 30 (1965). 
2 Redlich, O., and Kwong, J. N. S., Chem. Rev., 44, 233 (1949). 

2 Ree, F. H., J. Chem. Phys., 36, 3373 (1962). 

4 Berthelot, D. J., J. Phys., 8, 263 (1899). 

’ Wohl, A., Z. physik. Chem. (Leipzig), 87, 1 (1914). 


Organochlorine Pesticides in the Atmospheric 
Environment 


POLLUTION of the environment has long been a subject 
of public concern and much attention has been paid 
recently to the new ecological factors introduced by the 
wide agricultural usago of pesticidal chemicals. Contamin- 
ation of soil and crops has often featured in environmental 
studies of these pesticides, but so far little attention has 
been given to atmospheric pollution, although, as long 
ago as 1961, Harris and Lichtenstein! showed that the loss 
by volatilization of aldrin, dieldrin, heptachlor and gamma- 
benzene hexachloride was a major factor in their disap- 
pearance from soils treated with these compounds. Later, 
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in the United States, the President’s Science Advisory 
Committee drew attention to the fact that inhalation of 
air contaminated with pesticides might present a hazard 
to man? and recommended that air should be continuously 
monitored for pesticide residue levels. In 1964, an 
Advisory Committee o7 the United States Food and Drug 
Administration referred to studies which showed the 
presence of up to 0-075 p.p.m. of dieldrin in total diets? 
and considered the possibility that half as much again 
could be absorbed from “‘air or other exposures”. 

Little practical work seems to have been undertaken to 
determine pesticide residues in the atmospheric environ- 
ment, but in the Unitad Kingdom, Wheatley and Hard- 
man‘ recently reported indications of the presence of 
organochlorine insecticides in rain-water collected in an 
agricultural area at Wellesbourne in Warwickshire. Steps 
were therefore taken ab this Laboratory to examine rain- 
water collected in the Metropolitan area. 

Two collecting stations were set up in Central London, 
one being on the roof of the Laboratory of the Government 
Chemist in Lambeth, §.E.1, and approximately 20 m 
above ground-level. The other was sot up, with the co- 
operation of the Metazorological Office, at the London 
Weather Centre’s station on the roof of State House, 
High Holborn, W.C.1, some 53 m above ground-level 
and about 1:45 km distant from the other station, across 
the River Thames. At these two stations, rain was col- 
lected in all-glass apparatus, with amber-coloured receiving 
vessels to reduce the incidence of photochemical degrada- 
tion®. Samples were removed monthly for examination. 

The organochlorine pesticides in the water were determ- 
ined by a gas-liquic chromatographic method using 
electron-capture detection and silicone and ‘Apiezon’ 
columns as described ky de Faubert Maunder et al.*. ‘The 
limits of detection by tais method were 5 parts per million- 
million for the isomers of benzene hexachloride (BHC) 
and 10 parts per million-million for the other organo- 
chlorine pesticides in general use in the United Kingdom. 

The results for the months of February to July 1965, 
expressed in parts per million-million, are given in Table 1. 
Because of the small amounts of rain collected and the 
low levels of the pesticides found, it was not possible to 
confirm the results obtained for the individual samples 
by an alternative technique. However, at the end of the 
6 months, the combinad residues from each station were 
examined by thin-layer chromatography on silica-gel 
plates with hexane : acetone, 99 : 1, as mobile phase. 

The appropriate areas of the chromatoplates were eluted 
and the separate eluates individually re-injected on to the 
gas-liquid chromatograph in columns. In this way, the 
presence of dieldrin, pa’-DDT and the «- and y-isomers of 
BHC was confirmed fr both stations. The identity of 
the pp’-DDT from bcth stations was further confirmed 
by conversion to pp’-DDE by treatment with ethanolic 
potassium hydroxide’. The pp’-DDE formed by this 
reaction was identified and determined by gas-liquid 
chromatography. 

Insufficient quantites of the residues were available 
to confirm the presene> of 8-BHC, pp’-TDE and. pp’-DDE 


Table 1. ORGANOCHLORINE PESTIOIDE RESIDUES LEVELS IN LONDON 


RAIN-WATER 
(Parcs per million-million) 
Station—Cornwall House, Lendon, 3.E.1 
Month a- B- y- HEOD t pp'- te 
1965 BHC BHC BHC (dieldrin) DDE TD DDT 
Feb. 40 90 90 50 70 — 400 
Mar, 15 — 60 60 20 — 115 
Apr. 30 — 80 50 — — 300 
May 20 65 70 95 — — 190 
June 30 — 55 25 — 15 70 
July 25 — 40 10 15 85 85 
Station—State House, High Holborn, London, W.C.1 
Month Rain a- p- y- HEOD pp- pp- e 
1965 (mm) BHC 3HC BHO (dieldrin) DDE TDE DDT 
Mar. 33 4 10 — 20 20 — — — 
Apr 37-3 20 — 70 70 — 100 140 
May 36-6 20 25 55 50 — — 220 
June 36-2 20 — 155 20 — 50 125 
July 780 30 — 70 15 10 20 80 
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by alternative techniques or to make an infra-red study 
of any of the residues’. 

Some individual rain-water samples which had been 
taken between September 1964 and January 1965 at a 
numper of other places in the British Isles were also 
examined. The collecting sites ranged from Stornaway 
in the Outer Hebrides to Camborne in Cornwall, and the 
samples showed residues of organochlorine pesticides in 
amounts similar to|those found in London rain-water. 
Samples of snow collected in different suburban areas 
within 25 km of London gave similar results. The 
size of these other ‘samples, and the low levels found, 
again precluded the application of any confirmatory 
technique to the individual samples, but by appropriate 
bulking of the residues it was possible to confirm, by thin- 
layer chromatography, the presence, in the rain-water 
and in the snow, K dieldrin, pp’-DDT and the «- and 
y-isomers of BHC. f 

The levels at which these pesticides have been detected 
are extremely low, near to the limits of sensitivity of the 
delicate electron-capture detection system used. Strict 
precautions were taken throughout to ensure that no 
fortuitous contamination of samples or extracts ocourred 
within the Laboratory. Two samples taken from remote 
areas of Scotland during periods of heavy rainfall showed 
practically no residue content and these results suggest 
that adventitious contamination of samples in the 
Laboratory was negligible. 

Present results suggest that tho atmosphere carries, 
either as vapour or by occlusion on dust particles, small 
amounts of the organochlorine pesticides in common use 
in the United Kingdom and that they are ‘scrubbed out’ 
by rain and snow. | 

Work is now proceeding to determine the residue levels 
in air samples, and preliminary results show the presence 
of organochlorine pesticides in the range of 10-20 parts 
per million-million. ‘Most of these residues appear to be 
associated with particulate matter. These experiments 
may eventually make it possible to determine the respira- 
tory intake by man and to compare the result with his 
intake from certain foods of known pesticide-levels’. 

We thank the Director-General of the Meteorological 
Office for permission |to quote from the London Weather 
Centre’s records of the rainfall on the roof of State House. 
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BIOCHEMISTRY 


Separation of High-molecular Deoxyribonucleic 
Acid and Ribonucleic Acid 


So far there has been no really satisfactory method for 
the quantitative separation in high-molecular form of a 
mixture of DNA and RNA isolated from cells. Tho 
procedure based on the different solubility of DNA and 
RNA. in salt solutions of varying concentration!* is 
quantitatively unsatisfactory. Another method uses 
chromatographic separation on methylated albumin‘’, 
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but involves e series of steps which entail the danger of 
degradation in the recovery of the macromolegi e. 
Specifically, single-stranded DNA cannot be quantitatively 
recovered without loss of its high-molecular character, 
because complete elution occurs only at strongly alkaline 
pH. Nygaard and Hall have recently described a micro- 
method for the detection of DNA/RNA hybrids based on 
therr adsorption on membrane filters of nitrocellulose 
containing material. l l 

On the basis of the selective adsorption of single- 
stranded DNA on nitrocellulose fibres of a certain nitration 
degree (the most satisfactory preparation proved to - 
‘Nitrocell’, supplied by the Serva Laboratories, Heidel- 
berg), we have developed a simple method for the quantita- 
tive separation, in high-molecular form, of the two 
components from a nucleic acid mixture. While RNA and 
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double-stranded. DNA (dissolved in 2 x standard saline 


citrate (SSC), pH 6-7) pass through such a column (Fig. 1), 
single-stranded. DNA is quantitatively retained. Elution 
occurs only with very diluted solutions at pH > 9 (Fig. 2). 
The fact that the sedimentation constant (Szo = 28:8) of a 
single-stranded DNA from bacteriophage F'D (courtesy of 
Prof. H. Hoffmann-Berling, Max-Planck Institut für 
Medizinische Forschung, Heidelberg) remained unchanged 
(Seo = 22-1) proves that the molecule size is not altered 
during the adsorption and elution steps. 

For the isolation of the nucleic acids, approximately 
6 x 108 HeLa cells, cultivated in Hanks’s solution with 
the addition of lactalbumin hydrolysate and calf serum, 
were washed and gently disintegrated by repeated freezmg 
and thawing; during the last thawing, dodecylsulphate 
iris-buffered to pH 7 was added (final concentration. 
0:5 per cent). The resulting viscous solution was diluted 
and deproteinized in the usual way by treating it twice 
with phenol’. After two-fold precipitation by 67 per cent 
alcohol, the nucleic acids were dissolved in 0-1 x SSC, 
dialysed - against SSC, and centrifuged for 10 min at 
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Fig.1. a, Elution diagram of high-molecular RNA from yeast; b, that of 


a double-stranded DNA isolated from thymus. Optical densities were 
measured with the Uvicord (LKB, Stockholm) 
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Fig. 2. Elution of a circular form of the e-atranded DNA from phage, 
dependent an the eluting agent 


* Fluted at pH 11. 
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Fig. 3. Elution pattern of a mixture of RNA and DNA isolated from 
HeLa celis before and after transformation of the double-stranded DNA 
into the single-stranded form by heating 
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Vig. 4. 443 O.D.as of a preheated and rapidly cooled mixture of RNA 

and DNA isolated from HeLa cells, which had been incubated with *H- 

thymidine (0 5 ze /ml medium) 24 h before collecting, were applied on 

top of a column of nitrocellulose (1 x 16 cm) and eluted as indicated ın the 

graph ‘The total activity amounted to 788 x 10° and 755 x 10° c.p.m , 

the recoveries were 724 5x 10° and 751 x 10° c p.m., of which the RNA 
fraction contained less than 2 per cent 


15,000 r.p.m. to remove any impurities. The yield 
amounted to 268 O.D.sso O.D-260/0-D-290 = 2°03. 

The mixture of the two nucleic acids in SSC was heated 
to 100° for 10-15 min to render the DNA single-stranded, 
and cooled immediately by pouring it into 1/3 volume of 
3 x SSC, frozen at —40°. To eliminate any low-molecular 
fragments, the solution can be filtered through ‘Sephadex 
G 100’ and evaporated to a small volume under reduced 
pressure before it is applied to a firmly packed column of 
nitrocellulose (1 em x 12 cm) which has been previously 
washed with 0-1 M tris, pH 7, and soaked with 2 x SSC. 
The presence of orthophosphate ions is detrimental to the 
adsorption step. Elution of RNA is performed with 
2 x SSC, pH 6-7; of the single-stranded DNA with 
0-03 x SSC, pH 9-9-5, in some cases with 0-01 M irs 
pH 11-5 or 0-01 N sodium hydroxide (Fig. 3). 

The results obtained with nucleic acids from different 
sources are summarized in Table 1. 

Preliminary experiments seem to indicate that a separ- 
ation of adsorbed DNA according to molecular size but 


| Containing 630 ag DNA. 
Containing 34-40 ug DNA (ref. 10). 


not to G + C content 2an be accomplished. The elution 
pattern of a high-molecular DNA, rendered single-stranded, 
shows several distinct peaks when. the elution is performed 
step-wise with increasing pH (Fig. 4). Further experiments 
are in progress. 
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Optical Rotatory Dispersion and Secondary 
Structure of Ribanucleic Acid in Mammalian 
Ribosomes 


MACROMOLECULAR single-stranded RNA from viruses 
and ribosomes is now generally thought to contain short 
double-helical regions: formed when the polynucleotide 
chain bends back on itself. The existence of such regions 
was largely inferred from the changes in ultra-violet 
absorption which occuzred on heating solutions of macro- 
molecular RNA. Whet, however, 1s the relation between 
the configuration of macromolecular ribosomal RNA 
in solution and in the original ribosome? Yeast 
ribosomes have been reported to have an optical 
density equal to the sum of the optical densities of the 
separated RNA and protein®. Other evidence has 
been obtained by measuring the changes in ultra-violet 
absorption of ribosomss when these are heated (and from 
X-ray diffraction investigations*). The increases in ultra- 
violet absorption which were observed were the samet or 
about two-thirds of those of the isolated mbosomal RNA. 
Measurement of increases in ultra-violet absorption on 
heating mixed systems of nucleic acids and proteins 1s 
not always very sat-sfactory on account of turbidity 
changes (for example. ref. 5) and independent evidence 
has therefore been sought by measuring the optical rotatory 
dispersion curves of intact ribosomes and of the RNA and 
protein isolated from them. 

Rabbit reticulocyte ribosomes were prepared and sup- 
plied to us by Dr. R. A. Cox of the National Institute for 
Medical Research, Mil. Hill, London. The ribosomes were 
washed to remove surrose. The protein/RNA ratio by 
weight in these ribosomes was 1-17. The protein and RNA 
were separated by a modification of the method of Cox 
and Arnstein’, which entailed treating the ribosomes with 
1-5 M guanidine hydrochloride and precipitating the RNA 
with ethanol. The guanidine hydrochloride was removed 
by dialysis. During dialysis a precipitate of insoluble 
protein separated ; this was removed by centrifugation and 
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optical rotation studies were made on the remaining solu- 
tion. The quantities of soluble protein and of RNA 
isolated were 24 and 63 per cent, respectively, of the 
amounts originally present in the whole ribosomes. The 
optical rotatory dispersion curves were determined on 
solutions containing 30 ug/ml. RNA or 260 ug/ml. protein, 
using a continuously recording spectropolarimeter (the 
Polarmatic 62, Bellingham and Stanley, London). Below 
wave-lengths of 230 my the reproducibility was low 
because of uncertainties in the base line, coupled with the 
high value of the Verdet correction factor in this range. 
Fig. 1 shows the dispersion curve of the RNA component. 
The features of this curve are almost identical with those 
of rat liver RNA’. The optical rotatory dispersion curve 
of the protein component (Fig. 2) was that typical of 
many proteins and gave a linear Drude plot, which indi- 
cated a comparatively low helical content. When tho 
results were plotted according to the Moffitt equation 
using a mean residue weight of 130, a straight line re- 
sulted and the b, value at pH 6-9 was 62; this suggests a 
helical content of only 10 per cent. On increasing the pH 
to 9-0, by increased to 144, implying a helical content of 
about 23 per cent. A similar increase in helical content 
with increasing pH has been observed® with the histone 
fraction Ib of calf thymus nucleohistone and is the result 
expected on discharging the basic amino-acid groups. 
The dispersion. curve of a solution of ribosomes is shown 
in Fig. 3. No change was observed in the shape of this 
curve when 10 mM EDTA was present, which implied 
that its features were independent of dissociation into 
sub-units. Fig. 3 (crosses) also shows the result of summing 
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Fig.8. Optical rotatory dispersion curve of rabbit reticulocyte ribosomes 
(71 ug/ml.) suspended in 0-1 M NaCl, 10 mM ¿rs HCl, 1 mM MgCl, 
( ), optical density of the same suspension of ribosomes (-——— —— ). 
x represents the summation, at each 4, of (046 [a]}, pnya + 0°54 
[a], protem) Where the [a]3’s are for the separated components 
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the specific rotations of the protein and RNA components 
on the basis of 46 per cent RNA and 54 per cent protem 
(that is, [æ] = 0°46 [ala nwa + 0°54 [a]; protem). Within 
experimental error, the sum of the specific rotations 
of the separated components was equal to the specific 
rotation of the whole ribosomes. The only deviation 
occurred at the lowest wave-lengths when the measure- 
ments on the protein solution were least accurate. 

The form of the Cotton effect and the actual rotation 
displayed by RNA at a given wave-length appears to be 
closely related to its secondary structure, and we therefore 
conclude that the secondary structure of RNA within 
mammalian ribosomes is the same as that which the RNA 
possesses in free solution. More precisely, if there is any 
internal conformation within the ribosomes which is not 
present in the separated RNA and protein, then this 
conformation does not appreciably affect the optical 
activity in the wave-length range corresponding to the 
absorption band of the bases of the RNA. 

A. BLAKE 
A. R. PEACOCKE 
Nuffield Department of Clinical Biochemistry, 
University of Oxford. 
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Sulphocysteine in the Urine of the Blotched 
Kenya Genet 


THE urinary amino-acid excretion of the blotched s- 


Kenya genet was first shown to be unusual by Datta and 
Harris!. In a survey ofthe urinary amino-acid excretion of 
various animals from the London Zoo, they found that the 
genet had an exceptionally high excretion of cystine. 
This was determined by paper chromatographic and 
polarographic analysis. A large quantity of cysteic acid 
was formed on oxidation of the urinary amino-acids, and it 
was reported that the cystine excretion was 1-0-1-5 mg 
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Table 1. 


Creatiame 
excretion 
(mg/24 h) 


Species of Genetta vol ee aS 
D genetta neumanii (malo) 


2) geneita neumani (female) 


(3) tigrina (male) 
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Total thio_ after 
reduction of 
water eluate 

off ‘Dowex 50’ 
(umol {24 h) 


Automatic ements 


Total thiol analys 


after reduction 
(mol /24 h) 


Sulphocysteine 1/2 cystine 
(umol./24 h) ° 


Urine was reduced in an electrolytic desalter (6 min, 0-6 amp). Free thiol was then estimated by Ellman’s reagent (5,5’-dithiobis-(2-nitrobenzoic acid) 


Sodium cysteine sulp 
which was then washed with water. 
using a Beckman amino-acid anal 


honate yields one molar equivalent of thiol under these conditions. The urine was passed down a column of “Dowex 50’ (10 x 0:9 eat 
The principal ninhydrin-positive materials in t 


his fraction were sulphocysteine and taurine. Analysis was carried out 


er. Sodium cysteine sulphonate 1 H,O gave a colour yield of 61 per cent @mpared with leucine in this system. 


* These values were obtained after allowing the animal to feed ad librium on horse meat and the excretion ofseveral other amino-acids was also increased. 


Other studies were made on a limited meat diet. 


Urine was collected while these animals were in metabolic cages at the National Institutes of Health and was stored at 4° prior to analysis. 






















Creatinine 
Vol. unne excretion 
(ml {24 hb) (mg/24 h) 








Control period (limited meat diet) 
ral neomycin supplement to the 
above diet 30 mg/day 


Eighty per cent coreal diet 
Fasting for 24 h 


per ml. This was unusual as it represented a greater 
solubility than that obtained by dissolving known cystine 
in a solution containing an equivalent concentration of 
salts and urea®. In cystinuria, a human inherited meta- 
bolic disorder, cystine is excreted at this concentration 
but gives rise to frequent calculus formation, and there 
was no evidence that the genet ever formed calculi. The 
other interesting feature was that in human cystinuria 
there was a failure of tubular reabsorption of lysine, 
arginine and ornithine as well as cystine, whereas the 
genet had no disorder of basic amino-acid excretion. 

In an attempt to resolve some of the anomalies, we have 
submitted the urine of the Kenya genet to automatic 
amino-acid analysis. We have found that the amount of 
cystine excreted by the genet was not so great as had 
previously been reported but was greater than that seen 
in & normal healthy man. However, analysis of the urine 
by electrolytic reduction followed by estimation of the 
thiol groups by Ellman’s reagent, 5,5’-dithiobis-(2- 
nitrobenzoic acid) (ref. 3), showed that the amount of 
thiol liberated was greatly in excess of the amount of 
cystine found by automatic amino-acid analysis (‘Table 1). 

It was then observed that there was another ninhydrin- 
positive substance in the urine that was eluted from the 
ion-exchange column ahead of taurine which had not 
previously been observed in urinary amino-acid analyses. 
It was characterized by having a ratio of light absorption 
at 440 mu: 570 mu, which was greater than that found 
for most aliphatic amino-acids and comparable with that 
of cystine. After the urine was hydrolysed (6 N hydro- 
chloric acid for 18 h at 100° under nitrogen) this peak dis- 
appeared. It was also destroyed by electrolytic reduction. 
A partial purification was obtained by passing the urine 
through a cation-exchange resin, and eluting with water. 
This eluate was shown to contain only the genet substance 
and taurine as ninhydrin-positive material. The eluate 
after concentration was oxidized with bromine water 
followed by acid hydrolysis as before. Automatic amino- 
acid analysis now showed. a new fast-running peak with a 
low ratio of light absorption at 440 my: 570 my. This 
was shown by high-voltage electrophoresis (Whatman 
3 MM, 4,000 V, 6-8 per cent formic acid) and thin-layer 
chromatography (silica-gel G. Merck, solvent CHCl, 
MeOH, 17 per cent NH, —2:2:1) to be cysteic acid. 
On the basis of these observations it was thought that the 
new amino-acid excreted by the genet was S-sulphocysteine 
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Table 2. EFFEOT OF DIETARY VARIATIONS ON THE URINARY AMINO-ACIDS OF Genetta neumantt (MALE) No. 4 





~ 


Total tucl after Automatic amino-acid 


Total thiol reducticn of analysis 
after reduction water elnate 
(umol./24 h) off ‘Dowex 50’ Sulphocysateine 1/2 cystine 
(umol {£4 h) (umol./24 h) 


p Fa ee 


(cysteine-S-sulphonate:. This substance was synthesized 
by the method originally described by Clarke*. The un- 
known substance was found to be identical with S- 
sulphocysteine by thm-layer chromatography and by 
high-voltage electropLoresis in the systems described 
here. Using the lattermethod a small quantity of the un- 
known substance was isolated and shown to have an 
infra-red spectrum identical with S-sulphocysteine after 
lyophilization with potassium. bromide. 

Genets belong to tne family of Viverridae, but the 
classification of genets into individual species is confusing. 
Setzer’ describes two species of genet, Genetta genetta 
and Genetta tigrina, though Walker! thinks that as many 
as six species exist. The species most readily avaiable to 
us was Genetta genetta neumanit, which had been bred for 
several generations at the Washington Zoo. The urinary 
amino-acids from three members of this species have been 
investigated by us (Tables 1 and 2) and sulphocysteine 
was isolated from the arine of this species by the method 
already described. he original publication of Datta 
and Harris! referred io the high urinary excretion of 
cystine in Genetta tigrina obtained principally from the 
London Zoo. We have been able to study the urinary 
amino-acids from one of this species, which was kindly 
loaned to us by the Ealtimore Zoo. Analysis by all the 
methods described above showed no significant variation 
from our findings with Genetta genetta neumanii (‘Table 1). 

In order to investigete why the genet species in particu- 
lar should have such a high sulphocysteine excretion, we 
measured fasting plasma amino-acid levels in one of the 
genetta neumanii by sutomatic amino-acid analysis, but 
no sulphocysteine was detected. This result indicates that 
the urinary sulphocysseine does not arise as a result of a 
renal overflow phenomenon. The urinary excretion of 
sulphocysteine was nct significantly altered after supple- 
mentation of the gene;’s diet for one week with neomycin 
nor after altering his liet from predominantly meat to a 
diet containing 80 per cent cereal (Table 2). It is, there- 
fore, thought that ths sulphocysteine was not absorbed 
directly from the diet, nor was it the result of intestinal 
microbial metabolism. It was also observed that a high 
dietary intake of raw horse meat increased the urinary 
excretion of cystine and some non-sulphur containing 
amino-acids. Fasting the animal generally resulted in a 
reduction of urine octput as well as in a reduction of 
urinary amino-acids and creatinine. 
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There are only a few reports of the occurrence of sulpho- 
cysteine in mammals, though it 1s thought to be a key 
intermediate in the sulphur metabolism of Aspergillus 
nidulans’. Sulphocysteine has been reported in small 
quantities in the urine of the rat®. Oral administration of 
sulphocysteine to rats caused an increase of urinary 
thiosulphate®. Of considerable interest is the isolation of 
S-sulphoglutathione'from the ox lens!° and from the rat 
intestine’. It ıs not known what significance S-sulpho- 
glutathione has in general metabolism, but compounds of 
this type could be regarded as potential thiols which would 
not be so vulnerable to oxidation as the parent thiol 
itself. Biological synthesis of S-sulpho compounds has 
been shown. to occur from sulphate in the rat11, presumably 
by reduction to sulphite which then condenses with thiol 
groups to form S-sulpho compounds!*. In Aspergillus 
nidulans, the probable pathway of synthesis is by the 
condensation of thiosulphate with serine!®, 

These results indicate that among the genets which we 
have examined, the urinary cystine concentration did not 
exceed, the solubility of cystine m urine as determined by 
Dent and Senior? and it is unlikely that cystine calculus 
formation would occur. Sulphocysteine can be estimated 
by polarographic analysis!4 and it is -possible that the 
values for cystine excretion by the genet as determined 
polarographically by Datta and Harris! could haveappeared 
higher than those which we now observe by automatic 
amino-acid analysis ‘because of interference from sulpho- 
cysteine and possibly other related. substances present in 
the urine. Finally, it can be seen from Table 1 that the 
sum of cystine and sulphocysteine excretion is less than 
the total thiol detected by Ellman’s reagent after electro- 
lytic reduction. It remains possible that additional 
compounds of this type may be present which do not give 
æ colour with the ninhydrin reagent. 

We thank the Director of the Washmgton Zoo for 
supplying us with , Genetta genetia neumani and the 
Director of the Baltimore Zoo for loan of a Genetta tigrina 
for these investigations. We also thank Dr. Calvin 
E. Sevey of these Institutes for his care of the animals 
and Mrs. Katherine Bradley for her skilled technical 
assistance. This work was carried out while one of us 
(J. ©. ©.) was a visiting scientist at the National Insti- 
tutes of Health, on‘leave from the Medical Professorial 
Unit, St. Bartholomew’s Hospital, London. 
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Biogenesis of Ethylene in Penicillium 
digitatum 

A. NUMBER of compounds were compared to glucose 
as substrates for the biogenesis of ethylene in Penzcallium 
digitatum. Several compounds of low molecular weight 
gave @ greater production of ethylene by the organism 
than did an equimolar amount of glucose. p,u-Serine, 
L-serine and glycine proved to be better substrates for 
this purpose, with D,L-serine being the best. 
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NRRL strain 786 of Pemcilrum digitatum was obtained 
from the American Type Culture Collection and propa- 
gated on potato—dextrose-agar slants containing a small : 
amount of water extract of orange peel. A luxuriant, “ 
sporulating mat of the fungus was grown according to the 
method of Wooster and Cheldelin! in a stationary medium. 
The tissue mat was removed from the medium, washed 
several times with glass-distilled water, and stored at 
—5° C under a nitrogen atmosphere. For testing sub- 
strates, the mats were thawed, homogenized in a Waring 
blender, and 15-ml. portions were pipetted into 50 ml. of 
a modified Wooster and Cheldelin medium containing 1 
mmole of the substrate. Because casein hydrolysate, 
ammonium tartrate and asparagine were excluded from ` 
the medium the substrate served as the sole external 
source of carbon. The flasks were kept in a water-bath 
shaker for 48-72 h while the atmosphere above the media 
was flushed and passed through a mercuric perchlorate 
solution to trap the ethylene produced by the cultures. 
The ethylene was then released from the perchlorate 
solution into a suitable analysis system by adding lithium 
chloride to the ethylene-mercuric perchlorate complex?. ~ 
Quantitative measurements of the released ethylene 
were made on a Perkin-Elmer model 154 vapour fracto- 
meter equipped with a two-meter activated alumina 
column 0:25 in. diam. The gas was initially trapped in a 
5-ml. external column, packed with silica gel and immersed 
in a dry ice—acetone bath. The system was then purged 
with the helium carrier gas to remove excess nitrogen 
and the temperature of the external trappmg column was 
raised to 40° C before releasing the sample into the fracto- 
meter under a pressure of 15 mm mercury. A. ‘thermistor’- 
type sensing chamber was used with a sensitivity of 1 mV. 
The radioactivity of the ethylene produced from specific- 
ally labelled serine, glycine, glyoxylate and betaine was 
determined with a Nuclear-Chicago model 6000 ‘Dynacon’ _- 
electrometer fitted with a 100-ml. ion chamber. The 
radioactivity of the ethylene produced from p,.-serine-3- 
uC, to which various amounts of aminopterin had been 
added, was determined with a Packard ‘“Tri-Carb’ liquid 
scintillation counter, model 314 EX. No effort was made 
to determine the influence of mercuric perchlorate on the 
, phosphorescence of the scintillating liquid, if any, as the 
object of this experiment was to determine the relative 
effects of various concentrations of aminopterin on the 
production of ethylene from p,-serine-3-4C by Penicillium 
digitatum. 


It can be seen from Table 1 that Ð,L-serine is a better s 


substrate than glucose for the biogenesis of ethylene in 
Penicillium digitatum. These data are statistically 
significant at the 0-01 level. 

Serine and glycine both occur in the chohne cycle of the 
mitrogen pool. It was therefore desirable to use some 
specifically labelled compounds from this cycle as sub- 
strates for Penicillium digitatum. That radioactively 
labelled ethylene was produced from glyoxylate-1-4C 
glycine-2-4C, op, L-serine-3-“C and betaine-methyl-C, 
during a 48-h incubation period indicated that all three 
carbon atoms of serine can become a component of the 
ethylene molecule (Table 2). However, the conversion 
efficiency for the C-2 of glycine and C-1 of glyoxylate is 
quite low. Indeed. the unexpectedly high conversion 
efficiency of C-3 of serine indicates that both carbon 
atoms of ethylene are derived from C-3 of serine, and this 
would appear to be possible only through one-carbon 
metabolism. 
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Table 1. ETHYLENE PRODUCED BY Peniculium dagitatum, USING D-GLUCOSE 
AND D,L-SERINE AS SUBSTRATES OVER A 69-H PERIOD OF INCUBATION 


Culture Substrate Ethylene * Average 
No. collected (ul.) 

i D-Glucose 9 
2 D-Glucose 12 9 

i D-Glucose 6 
4) D,L-Serins 28 

(3 D,L-Serine 33 83 
6) D,L-Serine 38 


* Significant at 0 01 level. 
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Table 2. RADIOACTIVITY OF ETHYLENE PRODUCED BY Penicillium digitatum 
FROM } MMOLE OF SPECIFICALLY LABELLED SUBSTRATES DURING 45-H 
INCUBATION 

Substrate “C-Ethylens Ethylene Ethylene Conversion 


No. 5017 


Substrate. activity (p.m) yield activity efficiency * 
(mnc./mmole} (ui) (mac.framole) 
-Glyoxylate-1-@C 735 x 10% 2,710 25 GOLL 0-151 
Betaine-methyl-4C 1-0 x 107 3,478 5-8 0606 0-060 
Glycine-2-"C VO x 10-7 12,537 109 O12 0-118 
D,L-Serine-3-4O LQ x 107 23,600 12 (197 1-965 


* Ratio of specific activity of ethylene to specific activity of substrate. 


Tabie 3. EFFECT OF AMINOPTERIN ON ETHYLENE PRODUCTION BY Penicillium 
digitalum FROM 1-0 MMOLE D,L-SERINE-3-"C HAVING A SPECIFIC ACTIVITY OF 
4-95 x 10-7 MC,/MMOLE 
Concentration of 4C-Ethylene yield (o. p.m) 
arinopterin (mM) Experiment 1* Experiment 27 


40 792 809 
20) 949 689 
10 1,050 SOS 
z 462 704 
1 835 576 
0 904 801 


* Incubation period, 70 h 

+ Incubation period, 86 h 

In support of the reported unusually small volume of 
ethylene obtained from p,L-serine-3-4C, the following 
considerations are offered: the 23,600 ¢.p.m., in the product 
ethylene is only 1-06 x 10-4 of the activity of the sub- 
strate serine. If 1 mole of serine is required to produce 
1 mole of ethylene, then only 1-06 x 10- mmole of ethylene 
was produced. The temperature of the fractionating 
column in the gas fractometer was 40° C and the pressure 
under which the gas was introduced into the fractometer 
was 15 mm mercury. However, as there was a pressure 
drop between the gas inlet and the sensing chamber, a 
pressure of 10 mm is assumed. 


(1:06 x 10-7 moles) (0-082 1. atm. deg.-! mole!) (313 deg.) 
770/760 atmospheres 
E = 268 x 107 1. = 268 pl. 

Here the specific activity of the “C-ethylene would be 
8:9 x 10- me./mmole and the conversion efficiency would 
be 0-89. Likewise, if we were to assume that both carbon 
atoms of the ethylene molecule were derived from C-3 
of serine, similar calculations would show the yield of 
ethylene to be 1:34 ul, which would have a specific 
activity of 0-178 me./mmole. The conversion efficiency, in 
this case, would be 1-78 and these values are very close 
to those reported in Table 2. 

Since all the labelled carbon atoms of the compounds 
used in the foregoing experiments enter transmethylation 
- reactions, it was thought that perhaps the biogenesis of 
ethylene was related to transmethylation. Attempts were 
made to corroborate this hypothesis by conducting experi- 
ments with aminopterin, which is a specific inhibitor of 
tetrahydrofolic acid’. Table 3 shows that there was no 
correlation between the aminopterin concentration and 
the ethylene produced when p,L-serine-3-"4C was used as 
the substrate. This would indicate that the tetrahydro- 
folic acid system does not take part, in the biogenesis of 
ethylene in. organism. 















Concer metabolic route to ethylene, the present 
data. supp nose of Wang and Persyn*, who found that 


the C-1 and C-6 of glucose were equally efficient in leading 


to the formation. of ethylene in Penicillium digitatum. 
This indicates that glucose must be converted to triose 
Tt is at 






rporated into ethylene in apple tissue. 
d Burg’s results? show that C-2 and 
n» which are equivalent to C-2 and C-3 
serine, are equally effective in forming ethylene in 
apple tissue. The present work is in agreement with 
Gibson*, who found that C-3 of pyruvate is converted to 
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ethylene in Penicillium digitatum with a much greater 
efficiency than that of C-2 or C-1. It also supports the 
earlier contention of Barg and Burg’, and of Wang‘, that 
triose phosphates are involved in the pathway from 
glucose to ethylene. o 
This work was supported in part by the U.S. Atomic 
Energy Commission grant AT-(40-1)-2456 and by the 
National Science Foandation grant YB-1889. We 
thank Mrs. E. W. Carwes for her assistance. 
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Characterization of Glucose-6-phosphate 
Dehydrogexase among Chinese 


VARIATIONS in the physico-chemical characteristics of 
glucose-6-phosphate dehydrogenase (G-6-PD) have been 
described both in individuals with normal'-* and de- 
ficient®-"' enzyme activty. Recently, Kirkman, McCurdy 
and Naiman!!! have reported on the characteristics in 
three unrelated Chinese males with G-6-PD deficiency. 
They found that the G-3-PD migrated slightly faster than 
normal G-6-PD but the migration was not quite as fast as 
that of (A~) G-6-PD observed in Negroes. The enzyme had 
slightly more thermolability, a bimodal pH optimum 
curve similar to that of the Mediterranean variant, 
abnormally low Kms for G-6-P and TPN and relatively 
greater utilization of G-6-P analogues. 

This communication ~eports on the character of G-6-PD 
in a group of normal aad deficient Chinese subjects. For 
these investigations, bleod was collected in ACD (formula 
A, U.S.P.) solution. G-6-PD activity was determined by 
the method of Glock and McHean as modified by Zink- 
ham“, Purification of erythrocyte G-6-PD was performed 
according to the methed of Kirkman et al.®. Starch-gel 
electrophoresis was performed as described by Shows 
et al, 

Starch-gel electrophoresis was performed on haemolysate 
of 38 normal males aad 29 normal females of Chinese 
origin. Of this group, 36 were Cantonese, 21 were 
Fukianese, and one eaeh came from Shanghai, Chieking, 
Shangtung, Hupei and Hunan. The remaining five 
subjects came from the Chinese mainland, but their place 
of origin is unknown. 11 67 were found to show the single 
band normally seen in Caucasians. 

Detailed investigatioas were carried out in four normal 
and four G-6-PD-defieent Chinese subjects from Hong 
Kong. Patient 1 is a kealthy 2-year-old male who has a 
haemoglobin level of 14-15 g per cent. The deficiency of 
G-6-PD was detected oaly following a haemolytic episode 
after the use of drugs. Patients 2, 3 and 4 have the 
typical clinical pictum of congenital non-spherocytic 
haemolytic disease, with persistent reticulocytosis and a 
haemoglobin level of 6-8 g per cent. 

Erythrocyte G-6-PD (expressed as units/100 ml. red 
blood cell) was decreased in all four deficient subjects, 
ranging from 0 to 15 umits as compared with an average 
value of 228 units in Chinese controls and 210 units in 


patients 1 and 2 the valaes were 0-35 and 0-61 as compared 
with 1-05 in Chinese controls and 1-02 in Caucasian 
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controls. Starch-gel electrophoresis performed on purified 
enzyme showed patients 1, 2 and 3 eee a single band 
which migrated 100 per cent (co to that nor- 
mally seen in Caucasians), while paia 4 showed a singlo 
band,at 106 per cent (corresponding to that usually seen 
in Pamaquin-sensitive Negro males (Fig. 1) ). I. all four 
patients the Km for G-6-P was reduced to half the normal 
values seen in both Chinese and Caucasian controls, but 
the Km for TPN was only slightly reduced in patient 4 
and not reduced in the other three. Investigations of pH 
optima were carried out twice on purified enzyme from 
each patient. Patients 1, 2 and 3 showed a single peak at 
pH 8, while patient 4 showed a bimodal distribution 
(Fig. 2). Relative thermostability studies were carried 
out at 41° C and there was no significant difference between 
the patients and controls. Finally, substrate specificity 
was tested with G-6-P analogues. There was a slight but 
definite increase of activity using both galactose-6- 
phosphate and 2-desoxy-glucose-6-phosphate as sub- 
strates. The increase was more marked in patient 4. 
These results indicate that several variants of G-6-PD 
exist among Chinese. One variant (patient 4) shows a 
persistent non-spherocytic haemolytic anaemia associated 
with G-6-PD deficiency. This variant is characterized by 
a fast band on electrophoresis, a decrease of Km for both 
G-6-P and TPN, and a bimodal pH optimum curve. This 
corresponds closely to the patients deseribed by Kirkman, 
McCurdy and Naiman'*. Another variant (patients 2 
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Vertical starch-gel electrophoresis patterns of red blood cells 
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and 3) shows a non-spherocytic haemolytic anaemia with a 
norma! electrophoretic pattern and a single pH optimum 
peak at pH 8-0. A third variant (patient 1) shows a 
G-6-PD deficiency without spontaneous haemolytic 
anaemia, where the haemolytic process can be induced by 
toxic ingestion. Other variants are likely to be found 
as individuals with normal and deficient enzyme activity 
are studied more extensively from various parts of China 
and South-East Asia. 

This work was supported by grants from the Chicago 
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Separation Method for Melatonin in Pineal 
Extracts 


MELATONIN, isolated by Lerner et al. in 1958! from 
bovine pineal glands, is the most potent agent known that 
makes the amphibian melanocytes lighter in colour*. The 
physiological role of this compound in mammals*:*, as well 
as its presence in the epiphysis of lower vertebrates*, has 
been the subject of many recent investigations. It is hard 
to prove the presence of melatonin in pineal tissues of 
various origin because it is usually present in these glands 
only in extremely small quantities. Investigations of the 
biosynthesis of melatonin offered new possibilities to 
demonstrate this compound in an indirect way. The 
presence of the synthesizing enzyme, 5-hydroxyindole-O- 
methyl transferase, in homogenates of pineal glands of the 
rat® and the hen? would indirectly indicate the presence of 
melatonin in the epiphyses of these species. Another 
indirect method for demonstrating melatonin in Amphibia 
has been described by Charlton, who demonstrated an 
accumulation of labelled precursors of this compound in 
the epiphysis of Xenopus 

Other, more direct, methods for the demonstration of 
melatonin have been described. The original method of 
Lerner et al. requires large quantities of starting material 
and, for this reason, is scarcely suitable for most purposes. 
Prop and Ariéns Kappers*, applying a paper-chromato- 
graphic separation method, were able to demonstrate 
melatonin in the pineal gland of a single rat. This pro- 
cedure, however, brought about considerable pigment 
concentration in fractions which did not contain melatonin. 
The authors ascribed this phenomenon to traces of organic 
solvents. Quay’ developed a separation procedure for a 
number of indolic compounds, including melatonin. His 
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assay method, based on the measurement of the ultra- 
violet fluorescence spectrum, depends strongly on the 
presence of quenching substances. Since these are known 
to be present in pineal tissue, the applicability of this 
method to the detection of melatonin in pineal organs is 
doubtful. Moreover, measurement of the fluorescence is 
not so sensitive as the blanching reaction of larvae of 
Xenopus laevis!12, 

This report deals with a method of separating melatonin 
from extracts of pineal tissue. The separation is carried 
out by filtering the aqueous extract over ‘Sephadex G 26’, 
followed by elution with distilled water. The afore- 
mentioned blanching reaction of larvae of Xenopus!!! 
was used as a bioassay for the various fractions of the 
eluate. Since no organic solvents were used in the pro- 
cedure, ‘background lightening’ is absent in fractions that 
do not contain melatonin. The required quantity of 
starting material is dependent on the amount of melatonin 
in the gland, but it is fairly small; the recovery of added 
melatonin is complete. A comparative separation pro- 
cedure for a number of other indolic compounds from 
urine has been described by Schlossberger et al.15. 

The upper half of Fig. 1 is an elution diagram of a syn- 
thetic mixture consisting of the macromolecule ‘blue 
dextran’ with a molecular weight of about 2,000,000, 
sodium chloride as a representative of a small molecule, 
and melatonin. The distribution coefficients of the blue 
dextran and sodium chloride are 0 and 1 respectively, and 
the apparent Ka of melatonin is about 2-8. This is due to 
the adsorption of the indole nucleus of melatonin. Other 
concentrating agents!*, which may occur in pineal tis- 
sue15,16, do not interfere. The amine-containing substances 
serotonin, noradrenaline and adrenaline are retarded even 
more on the ‘Sephadex’. This is due to the small carb- 
oxy! content of ‘Sephadex’ which, if distilled wateris used as 
the elution medium, shows a weak ion exchange capacity. 

The lower half of Fig. 1 shows the result of the Xenopus 
larvae blanching test on ‘Sephadex’ fractions of pineal 
extracts of various origin. The amount of pineal and 
control tissue (from other parts of the brain), used in the 
experiments, was 20-50 mg dry weight: this represented 
the pineal organs of (approximately) one cow, four lambs, 
ninety rats, or fifty hens, respectively. In the experiment 
with hen pineal glands, the bioassay remained positive 
after a ten-fold dilution of the fractions. This indicates 
that melatonin could be demonstrated in the pineal organs 
from only 5 hens. The amount of melatonin in the brain, 
however, is not constant but varies with the environmental 
conditions of the animal. This report only deals with the 
separation procedure, and not with details on the exact 
localization of melatonin or the factors that influence the 
quantities found in the brain of various vertebrates in 
different circumstances. Investigations are being carried 
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Fig. 1. The upper part shows the effluent volume of synthetic melatonin eluated from a 
‘Sephadex’ column ‘The lower part of the diagram shows the blanching reaction of black- 
background-adapted larvae of Xenopus after 20 min swimming in the eluates of extracts 
separated on the same column. &, Larvae remain dark, (J, larvae become lghtened 
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out of the localization of melatonin in various ependymal 
parts of the roof of tae brain (for example, pineal and 
subcommissural organs) and of the part played by mela- 
tonin to the lightening of larvae of Xenopus after adapta- 
tion to complete darkness. x 
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Distribution of Collagenase in Rat Tissues 


Tas demonstratior, recently reported from this 
laboratory!-*, of a collagenolytic system in rat bone-cell 
homogenates raised several questions regarding its 
importance in the physiology and pathology of connective 
tissues*. Since the activity was largely confined to a 
subcellular particulate fraction exhibiting a number of the 
features of lysosomes*?, it became important to know 
whether collagenase should be included in the growing list 
of hydrolases which seem to be characteristically contained 
in these bodies. By the same token it could be asked 
whether particle-bourd collagenase was to be found 
equally in all tissues in which collagen turnover occurs or 
whether it was confined to bone-cells and thus had to be 
regarded as a part of a remodelling mechanism unique to 
bone. 

Two tissues immediately suggested themselves for 
examination ın seeking answers to these questions: liver, 
because of the abundant lysosomes which it contains’; and 
polymorphonuclear leccocytes the granules of which have 
been shown to contain many acid-hydrolases and the 
efficiency of which as phagocytes in inflam- 
matory processes suggested that a collagen- 
ase might be included in their roster of 
catheptic enzymes’. Preparations of these 
cells were accordingly assayed for colla- 
genolyt.c activity along with preparations 


ee from kidney and brain which were taken 
as typical examples of parenchymatous 
Lamb organs. These were then compared with 


bone from the same animals. 

Liver, kidney, brain and bone were 
Rat collected from male Sprague-Dawley rats 
approximately 55 days old and immedi- 
ately chilled in ice-cold Krebs—Ringer 
bicarbonate buffered medium, pH 7-4. Soft 
tissues were macerated in a mortar at 
4° C and homogenized for 3 min in 0:25 M. 
sucrose containing 1:0 x 10-3 M MgCl 
using = glass homogenizer with motor- 
driven ‘Tefion’ pestle. Suspensions of 
bone cells, isolated as previously de- 
scribed?-*, and suspensions of guinea-pig 
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polymorphonuclear leucocytes prepared as described by 
Oren et al. were similarly treated. Cell fractions from 
these tissues were isolated by centrifugation as in previous 
experiments??. The ‘large granule’ fraetion sedimenting 
between 700 and 15,000g was of special interest since it 
had been shown to contain most of the collagenolytic 
activity of bone cells?:?. In addition a ‘nuclear and debris’ 
fraction (0-700g), a‘ ‘small granule’ fraction (15,000— 
105,000g) and a ‘supernate’ fraction were prepared. 

Substrate for the assay was rat bone collagen previously 
labelled in vitro with proline-U-#4C using recently devel- 
oped methods which yield material of satisfactory purity 
and high resistance to degradation by trypsin®*®. Cell 
fractions were suspended in Krebs—Ringer bicarbonate 
medium pH 7:3 and promptly incubated with collagen 
substrate for 40 min at 37° C. Saponin, 1:5 per cent, was 
present to solubilize, all particle-bound activity. The 
reaction was stopped by diluting the incubation flask 
contents with 3 volumes of ice-cold medium, after which 
the entire flask contents were ultrafiltered through 
‘Cellophane’ under vacuum at 4° C. When ultrafiltration 
was complete (16 h was ordimarily sufficient) the filtrate 
was evaporated to dryness, taken up in concentrated 
formic acid, and counted in a liquid scintillation system!-?. 
The net collagen radioactivity rendered ultrafilterable in 
40 min under these conditions has been shown to reflect 
collagenolysis. 

The significant results derived from these experiments 
are shown in Fig. 1 in which the relative collagenase 
activity in the large granule fractions derived from the 
various tissues is compared. It is clear from these data 
that collagenolytic activity was far larger in bone than any 
other tissue studied.. Indeed, reproducibly measurable 
activity was found in only one other tissue, namely 
kidney; even that was at the borderline of the sensitivity 
of the method. Although other fractions from bone have 
been shown to contain smaller amounts of collagenase 
activity, none was found in such fractions derived from 
the soft tissue cells and leucocytes. 

Two important conclusions can be drawn from these 
observations. First, it seems clear that significant colla- 
genase-like activity is not to be found in solution or in 
subcellular particles of the lysosome type in several tissues 
which are known to contain such bodies. Particularly 
interesting, in view of the large variety of highly active 
acid-hydrolases found in them, was its absence from 
leucocyte granules® prepared as noted here, or as in other 
experiments by Cagan and Karnovsky’. High acid 
phosphatase activity was found in aliquots of the same 
leucocyte granule preparations, thus ruling out non- 
specific mactivation as a cause of this finding. 
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Secondly, significant collagenase activity was to be 
found only in the large-granule fraction of bone, a tissue 
which not only contains large amounts of collagen but is, 
in addition, constantly being remodelled at a measurable 
rate as part of its normal physiology. Thus it would seem 
that significant lysosomal collagenase activity must be 
regarded, at least at present, as being a specific charac- 
teristic of the remodelling system of bone. Whether it is 
unique to bone cannot be determined from data at present 
available, but several lines of evidence suggest that it is 
probably a characteristic of remodelling connective tissues 
in general. While Gross has been unable to extract pre- 
formed collagenase activity from skin!°, and attempts in 
this laboratory to find a coJlagenase-containing subcellular 
particle in this tissue have also been unsuccessful so far 
(unpublished observations), these failures seem as likely 
to reflect defects in methodology as absence of the enzyme’. 
Moreover, collagenolytic activity seems to increase in both 
skin and bone in situations where remodelling is increased 
—in skin in healing wounds!%11, and in bone following 
injection of parathyroid extract’, or in the increased bone 
destruction and osteoporosis induced, by heparin", 

This work was supported by U.S. Public Health 
Service grant AM 00854-9. 
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Cystine Content of Cattle Hair 


ORGANIC mercurials react with thiols or with disulphides 
(following their conversion to thiols by reagents such as 
sulphite), according to the following equations?-*: 


—SS— + SO; = —S- + —SSO; (1) 
—-S- + HgRX — X- + —-SHgR (2) 


A convenient way of following the reaction in hair is 
to expose a known amount (10-15 mg) to an approxi- 
mately four-fold excess of ?°*Hg-labelled mercurial such 
as phenyl-mercuric acetate (25 moles, 0-5 ue., in 5 ml.) 
in a 20 per cent (v/v) dimethyl-formamide solution at 
pH 9 containing ammonium nitrate (0-400 M), ammonium 
hydroxide (0-100 M), sodium sulphate (0-625 M) and 
sodium nitrate (1:250 M) (ref. 4). The mercurial bound to 
the insoluble keratin is calculated from the amount of 
radioactivity lost from solution after 24 h at 37° C. 

One hair sample was taken from the last intercostal 
space on the mid-side of each of 19 and 54 animals in 
March and October 1961 respectively. The numbers of 
two-year-old Brahman, British, Brahman x British and 
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Africander x British crossbred steers and heifers sampled 
are shown in Table 1. Animals were weighed, clipped and 
coat scored’ by Messrs. H. G. Turner and A. V. Schleger. 
All hair was first washed with several lots of petrol ether, 
ethanol, and finally water, before overnight drying at 
37° C. Assays were carried out on duplicate sub-samples 
of each hair sample, while a third sub-sample was used for 
dry-weight determinations. As the weighted mean 
mercurial binding was higher in March than in October 
(P <0-05), the two sets of results are treated separately. 
The March clippings were also associated with sleeker 
(lower score®) coats. On the other hand, the difference 
between male and female means was not significant. This 
finding is in disagreement with a previous claim? that 
female cattle hair had a higher cystine content. 

The mean value for mercurial binding in each breed 
for March and October is given in Table 1. It is at once 
apparent that the mercurial binding by Brahman hair is 
lower than that of other breeds. An analysis of variance 
(Table 2) reveals that the differences between breeds are 
highly significant. If the Brahman hair is not taken into 
account, this breed difference is much reduced and indeed 
loses significance in March samples. The differences 
between samples are validated by being far greater than 
those between duplicates. 

The breed mean mercurial binding values rank in the 
same order as the tolerance of a tropical environment. 
On the other hand, mercurial binding between. individual 
animals within breeds and months was not significantly 
correlated with either the coat score (r = — 0:078, d. f. 60), 
or with the October body weight (r = +0:214, d.f. 58). 

The specificity of the reaction between mercurials and 
thiols?» is such that mercurial binding may be taken as 
an index of the cystine content of the hair samples‘. 
Indeed, the range of cystine contents estimated from 
mercurial binding values gives figures for British cattle 
(Hereford x Shorthorn) of between 10°8 and 12:6 per 
cent. These values are reasonably close to those reported 
by earlier workers (11-:0—14:6 per cent) (refs. 6 and 7). 
Exact comparison is unfortunately impossible, not only 
because of different environmental, nutritional and other 
factors, but also because different breeds are involved. 

In samples selected to give the widest possible range of 
values, the correlation between total sulphur and mercurial 
binding is high (r = + 0-810, d.f.30, P < 0-001). Mercurial 
binding accounts for an average of 78-6 per cent (S E., 
1:3) of the total sulphur (analysis by the C.S.I.R.O. 


Table 1. BINDING OF MERCURIAL BY HAIR DERIVED FROM VARIOUS BREEDS 


OF CATTLE 

Breed * March October 
Meant nt fean n 
387 0 3 357 1 7 
BS 137 7 3 442 2 6 
BH 498:3 2 456 9 8 
AS 473°7 3 474°1 14 
AH 510 8 2 479 1 j1 
Hand S 505-8 6 492 9 8 
All 4709 19 4566 54 
All except B 486 7 16 471°5 47 


* Abbreviations: B, Brahman, A, Africander, H, Hereford; S, Shorthorn. 
t Expressed in moles mercury/g dry hair. 
+t No of animals. 


Table 2. ANALYSIS OF VARIANCE OF MERCURIAL BOUND BY HAIR IN VARIOUS 
BREEDS OF CATTLE 


Source of All breeds All breeds except 
variation Brahman 
d.f M.B. F d f. M8. F 
March 
Between breeds 5 14,579 5°76 * 4 5,671 2 64 
Between animals 13 2,582 9 66T li 2,182 849f 
within breeds 
Between duplicates 19 282 16 257 
within animals 
October 
Between breeds 5 36,397 1982T 4 5,628 403* 
Between animals 48 1,836 4:37 T 42 1,395 9-49t 
within breeds 
Between duplicates 54 420) 47 147 
within animals 


* P <001 
t P <0001 
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Microanalytical Service). By analogy with hair from other 
sources’, the methiorine content of cattle hair is almost 
certainly insufficient to account for the ‘missing’ sulphur. 
Schoberl and Bisping’ showed that there is some cystine 
destruction in hair and wool as a result of solar .ultra- 
violet irradiation under the warm humid conditions 
prevailing close to tha skin surface. The location of our 
animals at ‘Belmont’ near Rockhampton, just within 
the tropical zone, and the hair sampling in the exposed 
intercostal region, would both tend to favour the formation 
of cystine degradaticn products. A further possibility is 
that all the disulphide bonds may not be accessible to the 
reagent under our conditions. The fact that the reaction 
had apparently come co a standstill ıs of course no guaran- 
tee of complete accessibility. 

The results on Brahman hair are compatible with a 
greater medullary content. It is known that medullary 
protein is deficient ir. sulphur? and that Brahman type 
hair contains a higher proportion of medullated fibres 
than other breeds of cattle?®. Unfortunately information 
on the percentage of medullary protein in cattle hair is 
lacking. The questian as to whether the lower sulphur 
content and the lower mercurial binding capacity of 
Brahman. hair is of metabolic significance is being m- 
vestigated. 

We thank Mr. H. G. Turner for advice and Mr. G. J. 
Buch and Miss C. I. Sseer for assistance. 
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PHYSIOLOGY 


Energy Requirements for Relaxation from 
Tonic Contractions (‘Catch’) in an Inverte- 
krate Muscle 


THs anterior byssus retractor muscle (ABRM) of the 
edible mussel, Mytilus edulis, responds to pulses of 
alternating current -vith a rapid phasic contraction. 
Stimulation with direct current or acetyl choline produces 
a prolonged tonic contraction or ‘catch’!, and a rapid 
relaxation from thie catch follows the addition of 
5-hydroxytryptamine (serotonin)?’. 

Investigations of ths physical properties of paramyosin 
isolated from molluscan muscles have led. to the idea that 
tension is maintainec during a catch through a rigid 
network of paramyosin crystals’. An opposing view 
suggested by Lowy, Millman and Hanson is that the 
holding capacity of she muscle depends on a sliding 
filament system with -ong-lasting cross-links*. 

In the latter case, boads between myosin and actin would 
have to be broken wken the catch is released with sero- 
tonin. According to a recent theory of muscle contrac- 
tion® these bonds contain calcium and ATP and are 
cleaved by the calcium-activated actomyosin ATPase. 
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Thus this theory predicts that a cleavage of these bonds, 
following the addition of serotonin to a muscle in catch, 
would result in liberation of both inorganic phosphate and 
calcium on relaxation. Some of this culcium would be 
transigntly available to the actomyosin system, but 
would soon be pumped from the sarcoplasm by & process 
requiring further usage of ATP. 

On the basis of the number of thick filaments and the 
dimensions of paramyosin*’’, it can be estimated that the 
ABRM contains approximately 3 x 10!* cross-bridges per 
ml. If each cross-bridge is associated with one ATP then 
0-05 umole of ATP per gram of muscle should be split if all 
the cross-bridges break once. However, since the muscle 
lengthens steadily under constant load following the 
addition of serotonin, it seems likely that new transient 
bonds must be formed and broken a few times. Thus the 
ATP breakage should be in the range of 0:10-0:15 umole 
per gram. The operation of the calcium pump would lead 
to an additional breakdown of about 0-05 umole/g of 
ATP’. In addition to the increase of inorganic phosphate 
from the breakdown of ATP, free arginine would also 
increase due to the subsequent action of ATP : L-arginine 
phosphotransferase. Experiments were, therefore, carried 
out to see if the predicted breakdown. of ATP occurred in 
association with relaxation on the release of catch. 

Paired ABRM were dissected according to the method 
of Hoyle and Lowy® and loaded with 10-g weights in 
oxygenated sea-water at 23° C for 3 h before the experi- 
ment. The muscles were frozen in a mixture of dichloro- 
difluoromethane and chlorotrifluoromethane (30:70) at 
— 176° C, and extracted for one week in 48 per cent (v/v) 
methanol, 0-00125 M ethylenediaminetetraacetic acid at 
— 35° C. Inorganic phosphate was estimated by a modi- 
fication of the method of Wahler and Wollenberger®, and 
free arginine determined by the method of Rosenberg, 
Ennor, and Morrison” after evaporation of the methanol. 

In the first experiment both muscles of a pair were 
preincubated in a 1 uM serotonin sea-water solution for 
30 min before stimulation with direct current. A com- 
parison of 26 control muscles which were frozen at the 
peak of contraction, and the paired experimental muscles 
which were frozen 15 sec after the end of stimulation, 
showed an increase of inorganic phosphate of 0-31+ 0-06 
ymole/g, associated with relaxation at 18° C. 

In another series of experiments, relaxation by sero- 
tonin from a heavily loaded maintained catch at 10° C 
caused an average increase of inorganic phosphate of 0-11 
+ 0-06 umole/g in 21 pairs of muscles. 

Hig. 1 shows the results of experiments redesigned to 
eliminate the variance introduced by the large amount of 
work performed by these muscles. An unloaded muscle 
was stimulated with acetyl choline at 8° C and allowed to 
contract 30 per cent from its rest length. Further shorten- 
ing was prevented by a stop. After one minute of stimu- 
lation the muscle was washed with sea-water and loaded 
with a 25-g weight. This was added to see if the 
muscle was in a good ‘catch’. The criterion of a good 
‘catch’ was taken as the ability of the muscle to hold a 
25-g load for 3 min without lengthening. After 3 min the 
stops were removed and 30 sec later the 25-g loads were 
lifted from both muscles. The muscles shortened slightly 
during these operations due to their elastic elements. 
Serotonin was then added to the experimental muscle but 
not to the control, and after 1 min in serotonin a 10-g load 
was added to each muscle to see if it was in a ‘catch’. The 
control muscle was able to bear the 10-g load but the 
experimental muscle returned to its rest length within 
l min. The average inorganic phosphate increase of 24 
muscles which relaxed, compared with their pairs which 
remained in ‘catch’, was + 0-19+ 0-06 umole/g (P < 0-004). 
In 8 control experiments the addition of serotonin to 
resting muscles caused an insignificant change in inorganic 
phosphate of — 0-01 + 0-05 within 2 min. 

Thus there are three separate series of experiments 
which give the same result ; namely, that about 0-2 umole/g 
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of phosphorylarginine are broken down during relaxation 
from the ‘catch’. This value corresponds to the predicted 
value for the amount of ATP which should be broken down 
if cross-links ;between actin and myosin, which involve 
ATP and calcium, are responsible for the maintenance of 
tension during a ‘catch’. 

Investigations have also been made of the behaviour of 
calcium during a tonic contraction of ABRM by studying 
the rate of efflux of calcium-45 from four separate muscles. 
When. the muscles were stimulated with 0-5 mM acetyl 
choline they developed about 200 g tension and calcium 
was rapidly released into the bathing solution. 

After the addition of 10— M serotonin the tension fell to 
zero within 10 sec and there was an increased’ rate of 
calcium efflux. but the calcium was observed outside the 
muscle at least 5 min after the fall in tension. Therefore 
it seems that calcium close to the surface of the muscle is 
being mobilized during stimulation, but the breaking of 
the catch releases some calcium which is deeper inside the 
muscle structure and the observed efflux represents the 
liberated calcium which was not captured immediately by 
the calcium pumping mechanism. It is interesting that 
Woolley?! found a substance in many tissues which could 
form a fat-soluble complex with calcium and serotonin. 
Thus the action of serotonin might be to sequester calcium 
causing a breakdown of the hypothetical links. . 
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zig. 1. Liberation of inorganic phosphate during release of a catch of 
anterior byssus retractor muscle (ABRM) following the addition of 
10+ M serotonin (5-HT) at 8° C. The isolated ABRM was mounted on an 
unloaded isotonic lever which moved between two stops. The musele was 
cooled to 8° O for 5 min in sea-water gassed with nitrogen The muscle 
was stimulated for 1 min with 0 5 mM acetyl choline and allowed to con- 
tract 30 per cent from its rest length. Further shortening was prevented 
by a stop. A 25-g load was added to the muscle and the acetyl choline 
removed by washing the muscle with sea-water (8° C) After a 3-min 
wash period the top stop was removed and the muscle contracted slightly 
due to its elastic elements. Thirty sec later, the 25-g load was removed 
and the experimental muscle surrounded by a solution of 10 M 
serotonin ın sea-water while the control muscle was kept in sea-water. 
After 1 min of this treatment, a 10-g load was added to each muscle and, 
60 sec later, the muscles were frozen in a ture of chlorotrifluoro- 
methane: dichlorodifiluoromethane (70:30) at —176° C. The dashed 
line represents a typical ky cag $a tracing for the control muscle. The 
solid hne refers he experimental muscle 


The finding that there is a release of inorganic phos- 
phate, arginine, and calcium on sudden. relaxation from a 
tonic contraction is consistent with the hypothesis that a 
specific type of cross-link between actin and myosin is 
responsible for the prolonged maintenance of tension in 
the ABRM. Loss of tension requires the cleavage of those 
links with liberation of inorganic phosphate and calcium. 
These findings would not be expected from a phase tran- 
sition of paramyosin® or if the linkage were of the type 
suggested by Perry)? for the interaction of actin and 
myosin. 

We thank Mrs. Constance J. Kick for her assistance and 
Dr. Jean Hanson for advice. 
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HAEMATOLOGY 


Hereditary Ovalocytosis and Haemoglobin E- 
Ovalocytosis in Malayan Aborigines 


THE red blood cells of mammalian vertebrates, including 
man, are normally round, except those of the camel, which 
are characteristically oval in shape. Less than 15 per cent 
of the red blood corpuscles in normal healthy men are 
oval, but in severe anaemias the number of oval cells in 
the peripheral blood may become much higher. This 
symptomatic ovalocytosis in severe anaemias is to be 
distinguished from hereditary ovalocytosis, or elliptocyto- 
sis, first described by Dresbach! in 1904. In the hereditary 
condition, more than 25 per cent of the red blood cells are 
oval or elliptic, and elliptic rod-shaped cells are more 
common than in the symptomatic condition. The two 
conditions can usually be distinguished, with experience, 
but the diagnosis can only be confirmed by demonstration. 
of a family occurrence. Incidence of the hereditary condi- 
tion in the general population has previously been estim- 
ated at approximately 0-04 per cent’, although more 
prevalent in Dutch, German and Italian families+®. A 
focus of high frequency of hereditary ovalocytosis (ellipto- 
cytosis) has been reported from central Celebes*. I now 
report another focus of high frequency of hereditary 
ovalocytosis (elliptocytosis) in Malayan aborigines. 

Blood smears of 440 persons comprising two groups of 
aborigines, mostly from the Senoi tribe, were examined. 
A group of 152 healthy males was made up of 110 jungle 
fighters of the Senoi Praak regiment and 42 personnel of 
the Ulu Gombak Aboriginal Hospital. The other group 
consisted of 288 patients from the same Aboriginal 
‘Hospital. In the healthy group, 15 soldiers and 6 Aborig- 
inal Hospital personnel were found to have ovalocytosis 
with many elliptic rod-shaped/red cells, while 33 of the 
288 hospital patients had ovalocytosis. The total fre- 
quency was 12-3 per cent among the 440 persons. 

Although, except in 2 cases, no confirmation of the 
family trait could be obtained, as all relatives lived in the 
deep jungle, this condition was believed to be hereditary, 
as none of the healthy group was anaemic, while many 
elliptic cells, rather than oval cells, were seen in the 
blood. Frequency of this abnormality in the aborigines 
was in marked contrast to findings among 150 healthy 
individuals of different non-aboriginal races in Malaya, 
none of whom had ovalocytosis of the blood. Among 
patients from the General Hospital at Kuala Lumpur 
referred to the Haematology Division of the Institute, 
mostly for anaemia, 990 were examined for their peripheral 
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blood picture and only three (two Malays and one Chinese) 
were found to have hereditary ovalocytosis, confirmed 
by study of the family trait. This hospital serves Chinese, 
Indians and Malays. Although many of the patients 
suffering from anaem® were found to have numerous oval 
cells in the blood, thee were readily recognized as sympto- ° 
matic and could be differentiated from the aboriginal 
ovalocytosis. 

Since the aborigine has a high frequency of the gene for 
abnormal haemoglobin E, ranging between 8 and 50 per 
cent in different groups’, it is to be expected that the new 
genetic combination cf the gene for ovalocytosis with the 
gene for haemoglobir. E, not reported until now, is not 
rare in this populatior. Indeed, of 18 cases of ovalocytosis 
among healthy aborigines, whose haemoglobins could be 
analysed, I found 2 associated with haemoglobin E in the 
blood, and of 22 case of ovalocytosis among Aboriginal 
Hospital patients whcse blood was examined for abnormal 
haemoglobin, 4 carriad haemoglobin E. Attempts are 
being made to examme the families, and results of full 
haematological studs will be reported elsewhere in 
collaboration with Ix. J. M. Bolton of the Aboriginal 
Hospital, Ulu Gombek. 

I thank Mr. Mohamed Ruslan bin Abdullah and Mr. 
Abdullah bin Sain of the Senoi Praak Regiment for their 
co-operation, and D-. J. M. Bolton of the Aboriginal 
Hospital for his assissance. __ 
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I Antigen in Leukaemic Patients 


P. J. SCHMIDT et al. have observed 20 diminutions or 
disappearances of I antigen in 20 patients out of 116 
investigated cases!. Among these, 15 were suffering from. 
various forms of chrcnic or acute leukaemia. 

We for our part have observed, following many authors, 
ABO modifications in various leukaemic patients’. 
We have also observed a decrease of inhibiting power of 
Gm factors in these liseases. Table 1 shows our results. 
We should point out, however, that these modifications. 
are almost always oberved in patients suffering from acute. 
leukaemia. 


Table 1. BLOOD 3ROUP MODIFICATIONS IN LEUKAEMIAS 


System No. of cases No. of modifications 
Gm 79 6 
ABO 66 1 (A) and 3 (H) 
Rh 62 0 


We have also investigated I antigen in healthy subjects 
and leukaemic patients. Our results (Table 2) indicate- 
that we have not observed a decrease of I antigen in the. 
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patients which we investigated. The anti-I antibody 
which we used was obtained from a subject who, to all 
appearances, was healthy and was I-positive. The re- 
search on I antigen was made possible by the use of the 
techrique of tube agglutination; for all our leukaemic 
patients, control was effected by a titration method 
which enabled us to idetermine quantitatively any varia- 
tions in the I antigen. 


Table 2. DISTRIBUTION OF I ANTIGEN 


No. of cases I-positive I-negative 
Blood donors 10,090 10,089 1 
Patents 2,250 2,250 0 
Leukaemias » 56 56 0 


Our results differ from those of P. J. Schmidt et al. 
We are still carrying out our investigations and hope 
to throw some light on the origin of these differences. 
We thank Dr. A. Ei Mourant (Lister Institute, London) 
for controlling the specificity of this anti-I serum. 
l J. Ducos. 
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Involvement of the Adrenal Cortex in the 
Appearance of ‘Rat Slow Alpha,-Globulin 


SLOW «globulin (SA,G) is a protein which can be 
demonstrated by vertical starch-gel electrophoresis to be 
present in the blood serum of the rat in certain 
physiological, pathological and experimental situations: 
during pregnancy! and lactation’, in the foetal!:+ and 
neonatal’ states; in rats bearmg growing neoplasms!:2.5; 
in the presence of infections or inflammations*: after 
partial hepatectomy’:®, splenectomy or unilateral renal- 
ectomy*®; and following the administration of carbon 
tetrachloride’, various bacterial lipopolysaccharides (endo- 
toxins), complete or mcomplete Freund’s adjuvant", 
turpentine’, or certain metallic salts!®. It generally can- 
not be demonstrated by this technique, however, in 
healthy, non-pregnant; adult rats!—4, nor after clean laparo- 
tomes’, partial limb, amputations’, or heavy doses of 
1onizing radiation. Consequently, we define the SA.G 
effect as being the appearance of demonstrable levels of 
SAG in response to a competent stimulus. In view of the 
broad range of competent stimuli for the SA,G effect, a 
search for a common factor or controlling agent was 
undertaken. The present work indicates that the adrenal 
cortex 1s intimately involved in the appearance of the 
SAG effect provoked’ by at least one of the competent 
stimuli and may be a controlling factor. 

Animals used, general procedures and vertical starch- 
gel electrophoresis were as previously described®. Lipopoly- 
saccharide (endotoxin) of Salmonella abortus equi! 
(Westphal method, Difco Laboratories, Detroit, Michigan) 
was used as the provoking agent. Bilateral adrenalectomy 
was performed through a single skin and double muscle 
incision under ether anaesthesia. Immediately after the 
operation the animals'were given 0-8 mg of corticosterone 
(Nutritional Biochemicals Corporation, Cleveland, Ohio) 
subcutaneously. The sham operation (group 9, Table 1) 
was performed in a manner analogous to the adrenalectomy. 
As a general protocol, no further treatment was given until 
the 20th day after the operation except that all animals were 
given 1 per cent sodium chloride solution in place of drink- 
ing water from the operation onward. The same substitu- 
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tion was also made for all unoperated animals at least 21 
days prior to the injection of lipopolysaccharide or the 
control dose of saline solution. Animals in groups 2, 3, 
and ,7 were given 0-5 mg lipopolysaccharide in 0-05 e.c. 
physiological saline intraperitoneally on the 21st post- 
operative day. Animals in groups 1 and 6 were given the 
same dose, but not subjected to operation. Animals in 
groups 4, 5, 8, and 9, serving as controls, were injected 
intraperitoneally with 0-05 ml. of plain physiological 
saline. In groups 3, 4, 5, and 6, 1-0 mg corticosterone in 
0-5 ml. of physiological saline was injected twice daily, 
beginnmg one day prior to the injection of lipopoly- 
saccharide or saline and continuing through the 5th day 
after injection of lipopolysaccharide or saline. Animals 
in group 7 were given daily injections of 0-5 ml. physio- 
logical saline in the same manner as those treated with 
corticosterone. Serum samples were obtained from all 
animals and examined for SA,G content 2 days after 
injection of the lipopolysaccharide or the corresponding 
saline control injection. Some samples were obtained and 
examined at 4 or 6 days after injection and the results 
obtained were in consonance with those from the second 
post-injection day. 
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Table 1. EFFECT OF ADRENALECTOMY AND REPLACEMENT THERAPY ON THE 
ABILITY OF BACTERIAL LIPOPOLYSACCHARIDE TO PROVOKE DEMONSTRABLE 
SLOW a,-GLOBULIN ` 


05 mg % of rats 
Group Adrenal- lipopoly- 005 ml. Cortico- Saline No.of showing 
ectomy saccharide saline sterone injected rats SAG 


injected injected injected examined response 


(a) (a) (b) 

1 = + — — — 16 81:3 
2 + + - — = 10 

3 + + — + — 10 700 
4 + = + + — T 143 
5 — _ + + _ 8 0 
6 — + — + — 8 375 
7 + + — — + 8 250 
8 + - + = — 7 0 

9 (d) — + — — 10 0 


(a) Injected 21st post-operative day into adrenalectomized animals, and 
1st day into control animals. , i 

(b) 1 mg corticosterone in 0-5 mL saline injected twice daily beginning one 
day prior to injection of hpopolysaccharide or saline. . o. 

(c) 0°5 ml. saline injected twice daily beginning one day prior to injection 
of ltpopolysaccharide. 

(&) This group was sham operated. 


Because adrenalectomized animals have very little 
resistance to the effects of bacterial lipopolysaccharides, it 
was necessary to use a much smaller dose than in previous 
work*!. Nevertheless, the 0-5-mg dose used here (group 1) 
is a competent stimulus for the SA,G reaction in approxi- 
mately 81 per cent of the animals. In none of these 
animals was SA,G still demonstrable 6 days after injection. 
The results of group 2 show that, in the absence of the 
adrenal gland, the effectiveness of the lipopolysaccharide 
as a stimulus for the SA,G reaction is abolished. This loss 
of responsiveness following adrenalectomy is largely 
reversible by the administration of corticosterone as shown 
by the results of group 3 where 70 per cent of the animals 
had demonstrable levels of SA.G. Corticosterone itself 
is not an effective stimulus for the SA,G reaction whether 
administered to adrenalectomized (group 4) or non- 
adrenalectomized (group 5) animals. The administration 
of both corticosterone and lipopolysaccharide to non- 
adrenalectomized animals (group 6) leads to an equivocal 
result. The number of animals reacting is considerably 
below that of non-adrenalectomized animals given only 
hpopolysaccharide (group 1) but above that of adrenal- 
ectomized rats treated with the lipopolysaccharide (group 
2). That the re-appearance of the SA,G reaction after 
administration of corticosterone is not a spurious effect, 
due to the sodium chloride injected with it, is shown in 
the results of group 7 where, despite the administration 
of equivalent amounts of sodium chloride, substantially 
no restoration of the SA,G effect was found. The results 
obtained with this group of animals reinforce those ob- 
tained in group 2. Finally, groups 8 and 9 indicate that 
the mere injection of saline into either an adrenalectomized 
or a sham-operated animal does not provoke the SA.G 
reaction. 
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It would appear, therefore, that: 

(1) Adrenalectomy greatly reduces or abolishes the 
SA,G reaction. 

(2) This reaction can be restored, at least in part, by 
replacement therapy using corticosterone. 

(3) Corticosterone, while having some effect on the SA,G 
reaction, does not itself provoke the reaction. 

We conclude from this that the adrenal gland, and 
presumably the adrenal cortex, is intimately involved in 
the SA,G reaction to bacterial lipopolysaccharide, that is, 
that response of the rat to the administration of bacterial 
lipopolysaccharide which results in the production of 
demonstrable levels of SA,G. We are now attempting to 
determine whether the involvement of the adrenal gland 
is a special case in relation to the stimulus used here or 
whether it represents a common factor in the SA,G reac- 
tion regardless of the nature of the stimulus used. 

This work was supported in part by grant GB-2863 from 
the U.S. National Science Foundation. 
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HISTOCHEMISTRY 


Vital Staining of the Granulated Juxta- 
glomerular Cells in the Mouse Kidney 


THe first reports on vital staining of the granulated 
cells of the juxtaglomerular system (JG) came from 
Japanese research workers. Sugiyama: used neutral red 
intravitally to demonstrate these cells in the kidney of the 
mouse. Harada? used neutral red and trypan-blue 
intraperitoneally ; paraffin-embedded sections of the kidney 
were examined after treatment with a bichromate con- 
taining fixative. Of the two dyes studied, only the 
neutral red stained the JG cells. 

No data are available as to whether or not other dyes 
ave suitable for staining these cells vitally. In squashed 
sections of mouse kidney the granulated cells of the 
preglomerular arteriolar walls are easily detected because 
of the brilliance of their granules (Fig. 1). Vital staining 
of these cells can be studied thus in native specimens, 
without using fixatives, embedding or sectioning. 

Adult albino mice of both sexes were used for the 
experiments. Thirty-eight dyes related to azine, oxazine, 
thiazine, azo, diazo, phenylmethane and xanthen were 
used. These were used as | per cent solutions, dissolved in 
physiological saline, and given intraperitoneally and 
intravenously in 1 ml. volumes. Animals were killed 
immediately after intravenous injections and 30-60 min 
after intraperitoneal administration. After killing, squash 
specimens were immediately prepared from the kidneys; 
they were examined under a light microscope, and after 
treatment with acridine-orange by means of fluorescence 
microscopy (Fig. 3). 
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Cells of the reticulc-endothelial system and of renal 
tubuli take up and stere acid dyes preferentially*. The 
JG cells do not take up vitally acid dyes. Positive vital 
staining was achieved of the JG cells by neutral red- 
brilliant-cresyl-blue, Nile-blue-sulphate and aerfiline, 
orange. Staining was most pronounced when the dyes were 
immediately applied intravenously and also when they 
were applied intraperitoneally after 1 h (Fig. 2). Some of 
the dyes tested proved to be toxic. For example, intra- 
venous applications ef brilliant-cresyl-blue killed the 
animals instantly, but the JG cells stained well. 

As regards any vita’ staining mechanism, two factors 
have to be taken into sccount: (i) the membrane permea- 
bility of the dye; (ii) the physical or chemical affinity of 
the dye to the granuler material. 

The membrane permeability of a dye depends on its 
molecular woight, lipid solubility, and the number of the 
free methyl groups‘. The aforementioned four dyes are of 
basic character, lipid-seluble and possess 2-4 free methyl 
groups, while the molecular weights vary between 288-7 
and 732-8. Seven furthər basic, lipid-soluble dyes (namely, 
neutral violet, safrania, azure II, Janus green, gentian 
violet, crystal violet, Victoria blue) were also attempted. 
They possess 3-6 free methyl-groups, and their molecular 
weights vary between 354-8 and 511. As regards membrane 
permeability, on the whole, they are similar to the 
aforementioned four dyes; nevertheless they were un- 





Fig. 1. Squash section of # mouse kidney, The epithelioid cells of the 
arteriolar wall contain strongly refractile granules. The glomerulus is 
indicated by arrows. ( x 1,000) 





Fig. 2. Squash section prepared immediately after intravenous injection 
of neutral red, The RT aor a large amount of red gran- 
es, (x 


1332 


suitable for inducing vital staining in the granules of the 
JG cell. 

As regards the affinity of the dyes for the JG cells, we 
have few data to rely on. The staining ability of neutral 
red Was explained by Harada* as being due to the presence 
of a polysaccharide—sulphate—ester—lipid complex in the 
granules (Feyrter’s chromotrope lipid). 

According to Gomba, Soltész and Endes*-* in the granules, 
neither lipids nor acid polysaccharides were demonstrated 
histochemically, while large amounts of aromatic amino- 
acids were found (especially tryptophan and tyrosine). 
In staining plant cells with neutral red, Boyer’ directed 
attention to the importance of trihydroxyphenols in 
binding the dye. In animals, similar compounds do not 
occur, and the connexion between staining of the JG 
granulated cells and their content of aromatic amino- 
acids is questionable. 





Fig. 3. Squash section prepared 1 h after intraperitoneal injection of 
acridine orange. The granulated JG ae a bright yellowish 
(x2 


fluorescence. 
The mechanism of vital staining by alkaline dyes may 
be explained by the production of salt-bonds between the 
basic dye and acid cellular parts. With the four dyes, 
besides the granulated JG cells mast cells were also 
stained. These cells are known to contain a high con- 
centration of acid groups. According to Strugger® the 
relation of the isoelectric point of the staining structure to 
the pH of the medium is important. This relation determ- 
ines dissociation, that is, the reactive condition of the 
acid groups in the staining structure. In fixed specimens, 
the granules of the JG cells are intensively basophilic, 
which suggests the presence of acid groups. No explana- 
tion can be offered, however, for the inability of other 
alkaline, lipid-soluble dyes, similar in molecular weight 
and number of free methyl groups to the aforementioned 
four successful ones, to stain vitally. 


V. SZOKOLY 
Sz. GOMBA 
M. B. SOLTÉSZ 
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Thymus and the Production of Antibody- 
plaque-forming Cells 


ALTHOUGH the thymus itself does not play an active 
part in immune responses’, its presence is essential for 
the normal development of immunological faculties. 
Neonatal thymectomy in many species considerably im- 
pairs the capacity of an animal to produce some types of 
immune responses*. Thymectomy in adult life has no 
immediate effect but, after a period of 6-9 months, 
reduces the capacity to react to a newly encountered 
antigen’. The possible mechanisms by which the thymus 
exerts its influence on the immunological system have 
been discussed elsewhere*, and it has been concluded that 
the immunological defects encountered after thymectomy 
are primary and not secondary to infection or auto- 
immunity®. Evidence is presented here to show that 
thymectomy practically inhibits the development of the 
capacity to produce antibody-plaque-forming cells follow- 
ing the injection of sheep erythrocytes. This impairment 
is evident in clinically healthy suckling baby mice 
thymectomized at birth. 

Mice of the inbred strain CBA, F, hybrids from crosses 
between T6 and Ak mice, and non-inbred Swiss (SWS) 
mice were thymectomized on the day of birth. A sham 
operation involving thoracotomy, but not removal of the 
thymus, was performed in litter-mates. The mice were 
given an intraperitoneal injection of 0-15 ml. of a 5 per 
cent suspension of sheep erythrocytes in saline on the 
lOth day of life and killed at intervals of 2 days—3 weeks 
after injection. Cell suspensions were prepared from 
their spleens and assayed for the number of antibody- 
plaque-forming cells by plating out the suspension in 
agar gel containing sheep erythrocytes according to the 
technique described by Jerne et al.°. Routine histological 
investigations were performed on the thymus area in all 
thymectomized mice to ensure that thymectomy had 


Plaque-forming cells per million spleen cells 





5 10 15 
Days after immunization 


Fig. 1. Number of antibody-plaque-forming cells in spleens of CBA 

mice at various intervals after immunization with sheep erythrocytes 

given at 10 days of age. Each point represents the average value of 

assays on 2-5 mice. O, Mice sham-thymectomized at birth; @, mice 
thymectomized at birth 
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Table 1. ANTIBODY PLAQUE FORMATION BY SPLEENS AND THYMUSES OF NORMAL, SHAM-OPER-TED AND THYMECTOMIZED MICE 







Treatment given 





Strain 


























{AkX1T6)F,: | Sham-thymectomy at birth Spleen 8 

; : Thymectomy at birth Spleen _10 
CBA Sham-thymectomy at birth Spleen 5 
Thymectomy at birth Spleen 5 

SWS Sham-thymectomy at birth Spleen 6 
Thymectomy at birth Spleen 8 

SWS one ` Spleen 6 
Thymectomy at 42 days* Spleen 6 

None j Thymus 6 


* Average age. 


been complete. Mice with thymus remnants were 
discarded from the experiments. 

The spleens of normal or operated mice aged between 
1 week and 4 months and not challenged with sheep 
erythrocytes gave usually less than 1 antibody-plaque- 
forming cell per million spleen cells. The results obtained 
in immunized mice are shown in Figs. 1, 2 and 3 and 
analysed statistically in Table 1. In sham-thymectomized 
mice, the number of antibody-plaque-forming cells rose 
sharply from 2 to 3 days after immunization to reach a 
peak level at 4, 5 or 6 days, depending on the strain. 
Thereafter, the number fell rapidly to reach a low, yet 
significant, level at about 10 days after immunization. 
By contrast, neonatally thymectomized mice produced 
very few antibody-plaque-forming cells, the assays being 
made at intervals from 2 days to 3 weeks after challenge. 
The difference between the mean peak levels of the 
thymectomized and control group was highly statistically 
significant for the three strains of mice used (Table 1). 

Thymectomy of 6-weeks-old SWS mice did not interfere 
with their capacity to produce antibody-plaque-forming 
cells when immunized at about 9 weeks of age (Table 1). 
Tn contrast to the spleens of normal SWS mice immunized 
with sheep erythrocytes, very few antibody-plaque- 
forming cells were present in the thymuses of the same 
mice (Table 1). 

The results demonstrate that, in the absence of the 
thymus from birth, the capacity to produce antibody- 
plaque-forming cells in response to an injection of sheep 
erythrocytes has failed to develop. Very few antibody- 
plaque-forming cells appeared in the spleens during the 

first 3 weeks after immunization of neonatally thy- 


Plaque-forming cells per million spleen cells ` 





5 10 15 20 
Days after immunization 


2. Number of antibody-plaque-forming cells in spleens of 


Fig. 

(AkX76)F; mice at varlous intervals after immunization with sheep 

erythrocytes given at 10 days of age. Hach point represents the average 

value of assays on 2-10 mice. O, Mice sham-thymectomized at birth; 
, @, mice thymectomized at birth 







Antibody-plaque-forming cells per 
10° cells 


(Peak) level + S.E. P values @ . 
10 days 204 + 27 - 
10 days 5 <0001 
10 days 106+6 
10 days 4+2 <0 001 
10 days 276 + 53 
10 days 16+2 < 0-001 
56 days * 945 + 82 ‘ 
56 days * 901+65 Not significant 
56 days* 6+1 
300 
~ 250 


200 


150 


100 


Plaque-forming cells per million spleen celis 


50 





5 10 15 20 
Dazs after Immunization 


Fig. 3. Number of antibocy-plaque-forming cells in spleens of SWS 

mice at various intervals atter immunization with sheep erythrocytes 

given at 10 days of age. Each poini represents the average value of 

assays on 2-8 mice. O, Mice sham-thymectomized at birth; @, mice 
thymectomized at birth 


mectomized mice of two inbred strains and one non- 
inbred stock. This deficiency is presumably a primary 
effect of neonatal thymectomy and not secondary to 
infection or ill-health: it was evident in very early life in 
suckling baby mice the growth rate of which was identical 
to that of litter-mate controls. In a similar experiment it 
has been reported that colony-bred mice thymectomized. 
at birth also failed to produce normal numbers of anti- 
body-plaque-forming cells when challenged at 4 weeks of 
age’. Thymectomy in adult mice, by contrast, had no 
immediate effect on tke response to sheep erythrocytes 
although a delayed effect was observed as reported 
elsewhere*®. The amourt of antibody produced per plaque- 
forming cells was judged to be within normal limits in the 
thymectomized mice as estimated by.the size of the 
plaques in our experimsnts and in those of Takeya et al." 

It can be seen that the thymus itself produced only 
very few antibody-plaque-forming cells (Table 1) after 
immunization of adult mice. This observation has also 
been made in other stréins of mice*. By contrast, specific 
antibody-plaque-formirg cells have been demonstrated 
in the thymus of rabbits 5 days after a single systemic 
injection of 5 ug of somatic polysaccharide of Salmonella 
enteritidis®. Since sign-ficant numbers of plaque-forming. 
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cells have been detected in the peripheral blood in these 

rabbits)®, and since radical alterations in the structure of 

the thymus have been reported after administration of 

endotoxin", it is conceivable that circulating antibody- 

fornfing cells may have penetrated into the thymus of 
rabbits immunized with somatic polysaccharide. , 

In conclusion, it seems that the thymus itself fails to 
produce significant numbers of antibody-producing cells 
in response to an antigenic stimulus, but its presence from 
birth is essential to ensure that such cells will develop in 
the periphery. Whether the initial development of these 
cells takes place within the thymus and their final matura- 
tion occurs after emigration from the organ cannot be 
decided on the basis of present evidence. Experiments 
using thymus tissue enclosed in cell-impenetrable chambers 
in neonatally thymectomized mice have suggested that a 
humoral thymus factor plays a part in the maturation of 
potentially immunologically competent cells?*. 

The investigations were supported by grants 'to the 
Chester Beatty Research Institute (Institute of Cancer 
Research, Royal Cancer Hospital) from the Medical 
Research Council and! the British Empire Cancer Campaign 
for Research, from the Tobacco Manufacturers Standing 
Committee, and Public Health Service grant CA-03188-08 
from the National Cancer Institute, U.S. Public Health 
Service. ; 

Note added in proof. Since this paper was submitted, 
similar results obtained by Friedman have been pub- 
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Decay of Immunological Responsiveness after 
Thymectomy in Adult Life 


THE remarkable effects of neonatal thymectomy are by 


now well documented!. Primary among these is a failure- 


of the lymphoid tissues to develop properly, which is 
marked particularly by a deficiency of small lymphocytes. 
Other features, probably resulting from this, include a 
defective capacity to perform all kinds of immune 
responses, and a progressive wasting disease ending in 
early death. | 

‘By contrast, only minimal effects have been found to 
follow from thymectomy in adult life. In mice, the 
operation had no effect on growth rate, breeding behaviour, 
longevity or susceptibility to common _ infections?, 
although blood lymphocyte counts and lymphoid organ 
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weights were somewhat depressed?. A wasting disease 
has been reported in guinea-pigs thymectomized at 150- 
160 g body-weight’. No significant depression of antibody -^ 
response has been detected after thymectomy of adult 
rabbits®:®. These results have led to the assumptions 
that once the lymphoid tissues have been formed, the 
thymus ceases to perform in its developmental role, and 
that the function of lymphopoiesis is then taken over by 
the other lymphoid tissues’. Yet no distinct morphological 
change has been described in the thymus on the attain- 
ment of immunological maturity, and it continues its high 
rate of cell production even in adult life. Indeed, ıt is 
still necessary for the recovery of immunological respon- ~ 
siveness after this has been depressed by irradiation’, and 
thus it must be able to resume its lymphopoietic function, 
if only in response to a stimulus such as might be provided 
by destruction of lymphoid tissues. Even without this 
stimulus, however, the thymus must play some part in 
normal turnover of lymphoid cells, since thymectomy in 
adult life largely prevents recovery from immunological 
paralysis®:!°, It therefore seemed probable that the" 
lymphoid tissues might not be able to maintam them- 
selves indefinitely in the absence of the thymus, and that 
if mice were left for a sufficiently long time after thy- 
mectomy in adult life they should eventually show a 
decline ın their primary immune responsiveness. 

In the first experiment the immune responsiveness of 
CBA mice was assessed by the ability of their lymphoid 
cells to cause a graft-versus-host (GVH) reaction after 
transfer to young (C57BLxCBA)f£, hybrid mice. The 
strength of the GVH response was estimated by the 
degree of spleen enlargement in the hosts. The 4-point 
assay procedure outlined by Simonsen!* and developed 
by Michie!” was then used to relate the spleen enlargement 
response to the dose of lymphoid cells, so that a quanti-__ 
tative comparison could be made of the immune potency 
of cell suspensions made from thymectomized and control 
mice. CBA female mice were thymectomized (or sham- 
operated) at 2-3 months of age. Groups of 8-16 mice 
were tested by GVH assay at intervals up to one year 
after thymectomy. In each assay the pooled lymph node 
(cervical, axillary, brachial, inguinal and mesenteric) and 
spleen cells of one ‘test’ mouse were compared for immune 
potency against those from one ‘control’ mouse. At the 
intervals 4, 9, 25 and 29 weeks the thymectomized mice 
were compared with sham-operated controls of the same 
age. By 52 weeks the potency of these controls might be_ 
expected to have declined somewhat through age alone?5; 
therefore both thymectomized and sham-operated mice 
were compared with untreated controls aged 4—6 months. 
To obtain a measure of the overall responsiveness of the 
whole ‘test’ animal as a percentage of the control, each 
value for the relative potency of a cell suspension was 
multiplied by the fraction: total number of lymphoid 
cells obtained from the ‘test’ mouse/total number of 
lymphoid cells obtained from the ‘control’ mouse. aa 

The results of the assays are shown in Fig. 1. The 
responsiveness of the thymectomized mice remained level 
with controls for about 25 weeks, then dropped fairly 
sharply, and thereafter remained about 15 per cent of 
normal. This fall in responsiveness was due mainly to a 
fall in the immune potency of the cell suspensions, but 
also to a fall in the numbers of cells recovered. The 
responsiveness of sham-operated mice fell only slightly, 
and at 52 weeks after operation was still about 75 per 
cent of the 4-6-month-old controls. 

In another experiment immune responsiveness was 
tested by the ability to produce circulating antibody to 
bovine serum albumin (BSA). The results have been 
collated from four experiments which were set up with 
other primary objects in mind. CBA mice of both sexes 
were thymectomized or sham-operated either at 4 weeks or 
at 10-14 weeks of age. They were challenged at intervals 
thereafter by subcutaneous injection of BSA in Freund’s 
adjuvant, and the serum antibody titres estimated 20 
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and 40 days later by a modification!‘ of Farr’s antigen- 
binding-capacity method®. Since the absolute titres 

‘varied from one experiment to another, the titres from 
thymectomized mice have been presented as a percentage 
of the controls in each group (Fig. 2). The decay of 
responsiveness was less obvious than it was in the GVH 
experiment, but cell-transfer experiments indicate that a 
small difference in anti-BSA titre can reflect a larger 
difference in the number of competent celis'®. However, 
the general pattern was similar in that the decline did not 
reach its most rapid phase for a considerable time after 
thymectomy. (The apparent initial fall which can be 
seen in the mice thymectomized at 4 weeks old reflects 
an increase in the responsiveness of controls, due to 
normal growth processes, rather than a decrease in the 
thymectomized mice.) This rapid phase can be seen at 
about 10 weeks after thymectomy in the mice thymecto- 
mized at 4 weeks old. In those thymectomized at 10- 
14 weeks old the time varied: in one experiment the 

i responsiveness was still normal at 16 weeks, but in 
“another it had already reached its lower level by 12 weeks 
after thymectomy (indicated by asterisk) and showed no 
further fall at 32 weeks. An effect of thymectomy was 
also seen in the general condition of the mice. While 
not amounting to a serious wasting disease, it appeared 
as a distinct ruffled condition of the fur, most obvious on 
the underside, and was associated with a slight loss of 
weight. 

It may be concluded that even in the adult the thymus 
has a part to play in the maintenance of the numbers of 
competent cells in the body. If the effect of thymectomy 
was to cut off entirely the supply of new competent cells, 
then the ensuing decay of responsiveness should reflect 
the rate of loss of the competent cells originally present. 

< According to two simple hypotheses their numbers might 
be expected to decay in linear fashion if they had a 
definite life-span, or exponentially if their lfe depended 
on chance events—such as encounter with antigens. 
Support for the latter possibility may be drawn from 
investigations of irradiated human patients!’ in whom 
certain of the circulating lymphocytes were distinguishable 
by the presence of acentric chromosome fragments, which 
could be seen after stimulation of mitosis in vitro with 
phytohaemagglutinin. During division these fragments 
fail to become attached to the mitotic spindle, and thus 
are not transmitted to the daughter cells. The half-time 

& between irradiation and either division or death of the 
cells was 366 days. 

In the present experiments, however, the decay curve 
of immune responsiveness after thymectomy did not 
readily fit with either expectation (Fig. 1). In particular, 
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GVH responsiveness (per cent) 





25 29 52 
Time after thymectomy (weeks) 
Results of GVH assays. Each pomt represents the mean and 


Fig. 1. 
standard deviation of the responsiveness of thymectomized relative to 
control mice (computed on log-transformed data). @, Thymectomized 
versus sham-operated controls of the same age (4-29 week groups) or 
versus 4-6 month untreated mice (52-week group); O, sham-operated 
(14 months old) versus 4-6 month untreated mice. P<0-01 for differenre 
between 26 and 29 week groups; P <0 001 for difference between thymec- 
tomized and sham-operated groups at 52 weeks. Hypothetical linear 
(— — —) and exponential (— - —) decay curves are shown 
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Relative antibody production (per cent) 





0 8 16 24 32 


Tıme zfter thymectomy (weeks) 


Fig. 2. Results of antibody titrations. Each point represents the mean 

antibody titre in thymectomized mce as a percentage of that in controls, 

with standard deviation (computed on log-transformed data). Results 

from 20 and 40 day bleedings have been combined. Symbols represent 

four separate experiments’ C, thymectomized at 4 weeks old, @, thym- 
ectomized at ID-14 weeks old. * See text 


although the responsiveness fell to a sub-normal level, it 
appeared to attain equlibrium by about 7 months after 
thymectomy, and show2d no further decline towards the 
levels seen after neonatel thymectomy or irradiation. The 
same was shown by at least one of the BSA experiments 
(Fig. 2, asterisk). This suggests either that there is a 
distinct population of cells with a very long life, or that 
the production of competent cells can continue at a 
sub-normal rate in the absence of the thymus. In view of 
the much more severe and permanent depression of 
responsiveness which van be obtained after neonatal 
thymectomy, or adult thymectomy followed by irradiation, 
this latter process would presumably take place only in 
mature, unirradiated lymphoid tissue. 

Although the early part of the curve approximates the 
linear, rather than the exponential mode of decay, it 
might still be consistent with an exponential loss of cells 
if these were being replaced by differentiation from some 
other cell type. This cculd be an intermediate form which 
had already undergone the thymus-dependent phase in 
its maturation. The eventual exhaustion of such cells 
could then account for she more rapid fall between 25 and 
29 weeks. In conclusicn, it is suggested that the thymus 
continues in adult life to exert a stimulatory influence on 
the production of competent cells, but that a low rate of 
production may still occur after thymectomy. It will be 
of interest to see if this residual responsiveness differs 
qualitatively from the major fraction, which decays more 
rapidly after thymectomy. 

R. B. TAYLOR 

Division of Experimental Biology, 

National Institute for Medical 
Research, 
Mill Hill, London, N.W.. 
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Delayed Effect of Thymectomy in Adult 
Life on Immunological Competence 


NEONATAL thymectomy leads to the rapid development 
of Jymphoid organ atrophy and _ well-characterized 
immunological deficiencies!-*, but thymectomy performed 
in adult life leads only to the slow development of a 
moderate degree of lymphoid atrophy* with no loss of 
immunological competence when the animals are tested 
immediately after operation®®. However, adult thy- 
mectomy combined with whole-body irradiation does lead 
to immunological deficiencies cf the same general nature 
as those following neonatal thymectomy’. Recent 
investigations have 'shown that continuous repopulation 
of normal haemopoietic organs oceurs in normal life**, 
This suggests that; whole-body irradiation by causing 
cell damage and repopulation in haemopoietic organs may 
merely accelerate a process which occurs continually 
throughout life, albeit at a much slower rate. These 
considerations prompted a re-examination of the long- 
term effects of adult thymectomy on immunological 
competence. 

Six-week-old mice of the long-lived (AKR x C57TBL)F, 
strain were thymectomized or sham-operated and 
challenged 1 week, 11 months or 18 months after operation 
with intraperitoneal sheep red cells. 


Table 1, PRIMARY HAEMAGGLUTININ RESPONSE OF (AKRxC57BL)F, MICE TO SHEEP RED BLOOD CELLS 





| 
Type: of mouse 
l 


Normal 2 months old. No antigen 

Normal 18-20 months old. No antigen 

Thymectomy + antigen. 1 week after operation 
Sham-thymectomy + antigen. 1 week after operation 


Thymectomy + antigen, 11 months after operation 

Sham-thymectomy + anwgen. 11 months after opera- 
on | 

Thymectomy+antigen ‘18 months after operation 

Bhan thymectomy pant gen. 18 months after opera- 
on 
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. Haemagglutinin titre log, 
= wm ù e o o NN o p 





5 10 l4 


Days after immunization 


‘N 


Fig. 1. Haemagelutinin tltres in (AER x057BL) F, mice tested 11 

months after thymectomy or sham-operation at six weeks of age. No.of . 

mice: thymectomy 23, acres esr 31. Bars represent standard ~ 
eviations 


The present results re-emphasize that the thymus has 
& continuing influence on immunological responsiveness 
throughout adult life, but do not indicate the processes 





Haemageglutinin titres (log,) 


Immunizing dose" 0:2 ml: of 20 per cent R.B.C, i.p. Sera titrated on day 10 following mmmunization. 


Haeomegglutinin titres in mice challenged immediately 
after thymectomy did not differ from those in control 
mice (Table 1). However, in mice tested 11 months after 
thymectomy, some lower titres were found, particularly 
in the early (19S) phase of the response (Fig. 1). In 
mice tested 18 months after operation, approximately 
half the thymectomized mice produced no detectable 
haemagglutinins (Table 1), the remainder producing titres 
within the control range. The titres in the thymectomized 
mice challenged 18 months after operation corresponded 
almost exactly with those observed by Miller? in young 
adult mice subjected to thymectomy and 350-r. whole- 
. body irradiation. The spleen is the major source of 
haemagelutinin-production (Metcalf, unpublished results) 
and in the immunized thymectomized mice challenged 
18 months after operation, a general disorganization of the 
structure of the spleen lymphoid nodules was observed 
with an obvious decrease in the numbers of germinal 
centres and small lymphocytes and a diminished number 
of pyroninophilic mitotic cells. 

The observations recorded here suggest that simple 
thymectomy performed on adult mice does lead to 
demonstrable immunological deficiencies in at least some 
mice, provided sufficient time is allowed to elapse before 
the animals are tested. The present results are only 
preliminary and need confirmation with other mouse 
strains and other antigens. The irregular nature of the 
loss of immunological competence in individual mice 
following thymectomy, suggests a deletion or loss of 
responsiveness in some mice of clones of cells capable of 
responding to the antigen used, this loss apparently being 
on a random basis and time dependent. 

9 


~ 


involved. The thymus is known to produce the humoral 
factor L.S.F. throughout life? and a humoral influence 
of the thymus has been shown to be necessary for the 
full responsiveness of competent cells following antigenic. 
stimulation™ 12, Since there is continuous spleen and 
lymph node cell repopulation throughout life, the thymus 
could also serve as a production site for immunologically 
competent cells, continually reseeding the peripheral 
organs. 
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Effect of Thymectomy in Adult Mice on 
Immunological Responsiveness 


THYMECTOMY in adult animals has been associated 
with a lowering of the population of lymphocytes in 
blood, thoracic duct lymph, lymph nodes and spleen??. 
However, no significant defects in the capacity for 
rejecting allogeneic skin homografts? or for producing 
serum antibodies?? have been observed in animals 
thymectomized in adult life and challenged within l- 
2 months after thymectomy. This is in marked contrast 
to the severe immunological defects which occur following 
neonatal thymectomy!. These observations have sug- 
gested that, during early life, the thymus is essential for 
the complete and normal development of some immunol- 
ogical faculties. Evidence that the function of the 
thymus in initiating immunogenesis is not necessarily 
restricted to early life has, however, been produced. 
Adult mice thymectomized and afterwards exposed to 
total body irradiation have shown seyere deficiencies in 
immunological functions?’ indicating that the thymus in 
the adult is still essential to re-establish immune mechan- 
isms when the immunological apparatus has been damaged 
or destroyed. It has been shown, furthermore, that 
thymectomy in adult immunologically tolerant mice 
prevented the reappearance of reactivity with respect to 
that antigen®. The thymus in the adult would thus 
appear to be essential for the correction of specific 
immunological defects. The work described here gives 
further evidence for a continuing immunological function 
of the thymus through adult life. 
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from a given donor to produce a graft-versus-host (GVH) - 
reaction was determined by Simonsen’s method of spleen 
assay®. The relative splsen weight (mg spleen/10 g body- 
weight) of the injected baby mice was determined at 
10 days of age. Spleen indices were calculated by dividing 
the average relative spleen weights of the cell-injected 
mice by the relative spleen weights of the litter-mate 
controls. The average spleen index of 36 control mice 
was 1:00+0-13 and animals with indices 21:5 were 
considered to show definite evidence of a GVH reaction. 
The results shown in Teble 2 indicate that lymphoid cells 
from thymectomized mice are as effective as cells from 
control mice in producing a GVH reaction when collected 
up to 6 months after thymectomy. After a period of 
6-9 months, cells from only 4 of 14 thymectomized mice 
were effective. Cells from 3 of 8 sham-thymectomized 
mice aged more than 1 year were ineffective in producing 
a GVH. reaction possibly as a result of the decline of 
immunological capacity which occurs with advancing 
ago’. In the thymectomized group, cells from only 2 of 
16 mice killed 9-14 mcnths after thymectomy produced 
signs of GVH reaction. 

Histological examinazion of the spleen and lymph nodes 
of old thymectomized animals revealed a striking depletion 
of cells in the periarteriolar lymphocytic sheaths and 
primary lymphoid follisles. 

Tt is now well established that some small lymphocytes 
are long-lived cells!® capable of initiating graft-versus-host 
reactions and possiblr other types of immunological 
reactions!1. The results presented here demonstrate that 
thymectomy of adult mice is associated with a decline in 


Table 1. EFFECT OF THYMECTOMY IN ADULT LIFE ON THE PRODUCTION OF ANTIBODY-PLAQUE-FORMING CELLS IN THE SPLEEN 






















Treatment at 2-3 
months 


Age (months) at 


Strain . immunization 








(AK x 76) Fy 













Sham-thymectomy 
Thymectomy 
Sham-thymectomy 
Thymectomy 
Sham-thymectomy 
Thymectomy 
Sham-thymectomy 
Thymectomy 
Sham-thymectomy 

| Thymectomy 


CBA 


' * Killed at time of peak titre after immunization. 


_In one experiment inbred CBA mice and (Ak x T6)F, 
mice were thymectomized at 2-3 months of age and 
challenged at various intervals up to 2 years after thy- 
mectomy with 0-3 ml. of a 5 per cent suspension of sheep 
erythrocytes in saline. 4-6 days after challenge, the mice 
were killed and their spleens removed to assay the number 
of antibody-plaque-forming cells per million spleen cells, 
. according to the technique described by Jerne et al.’. 

Lymph nodes, a small part of the spleen and the thymus 
area were also removed and kept for histological exam- 
ination. The results of the plaque assays are shown in 

Table 1. ‘here was no difference in the capacity of 
thymectomized and sham-thymectomized mice to produce 
antibody-plaque-forming cells when injected with sheep 
erythrocytes 2 months after the operation. However, 
thymectomized mice challenged 9 or more months after 
operation produced less antibody-plaque-forming cells 
_than controls. 

In another experiment, C3Hf/Bi mice were thymecto- 
mized or sham-operated at 2-4 months of age and killed 
from 4 to 60 weeks later. Cell suspensions were prepared 
from the spleens and mesenteric lymph nodes and 5— 
6 milhon cells in 0-05 ml. buffered Ringer phosphate 
solution were injected intravenously into new-born 
(C3Hf x C57BL)F, mice. Half of each litter (about 3- 
4 mice) received the cells and the other half received only 
the buffered solution. The capacity of the cell suspensions 


0-100 301-500 
l 6 
1 
1 4 il 
2 
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No. of mice* showing following No. of antibody-plaque-forming 
cells per 2,000,000 spleen cells: 


101-300 501-800 801-1,200 
9 r 
4 
1 
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immunological capacity which becomes significant after 
a period of 6-9 months. They suggest that the thymus 
continues to function daring adult life in order to maintain 
an adequate pool of immunologically competent cells. 
Thymectomy in the sdult, unlike thymectomy in the 
new-born, has no immediate effect on immunological 
capacity, presumably because an adequate pool of com- 
petent cells has already been constructed. Only when 
the pool becomes depleted, owing to the limited life span 
of its cells, do immunological defects with respect to 
newly encountered antigens become evident. 


Table 2. EFFECT OF THYMECTOMY IN ADULT LIFE ON THH CAPACITY OF 
LYMPHOID CELLS TO PLODUCE GRAFI-VERSUS-Host REACTIONS 


No. of mice with lymphoid cells capable of producing 


Treatment at GVH rezctions* at following periods (weeks) after 


2—4 months operation 
4-25 26—40 41-60 
Sham-thymectomy €/8 7/8 5/8 
Thymectomy 12/13 4/14 2/16 


* Expressed as fraction of mce with cells producing, in new-born recipients, 
an average spleen index =1°5. 
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Rapid Detection and Titration of Antihuman 
Serum Albumin Antibody 


Human serum albumin (HSA) is an antigen frequently 
used for the examination of the synthesis of antibody in 
various species. The techniques usually utilized are 
variants of either precipitin or haemagglutinating 
methods. Although these procedures are extremely 
sensitive, both suffer from the disadvantage of requiring a 
time-interval between the addition of reagents and final 
reading of the results. The haemagglutinating techniques, 
furthermore, require absorption, frequently multiple 
times, of the sera with the red cells which are used in the 
testing method. The following technique, a slight modifica- 
tion of a method described’, has proved to be reproducible, 
rapid, and to have the sensitivity of tanned red cell 
haemagglutination. Ten ml. of bentonite stock solution 
prepared according to the method of Bozicevich et al. is 
centrifuged at 1,800 r.p.m. for 15 min. The pellet is 
re-suspended in 1 mil. of distilled water and an equal 
volume of a L per cent saline solution of human serum 
albumin 1s then added. The mixture 1s shaken gently 
and permitted to incubate at room temperature for 15 
min. One ml. of 0-1 per cent aqueous methylene blue 
and 15 ml. of distilled water is added, the suspension 
shaken, and after 10 min recentrifuged for 10 mun. 
The pellet is re-suspended and washed twice in 10 ml. of 
distilled water. The final suspension is made up with 
5 ml. with distilled water. A suspension so prepared and 
stored at 4° Cis shaken gently before use. The flocculating 
characteristics are retained for periods of two weeks with 
no change in titre. 

The agglutination procedure is performed by adding one 
drop of the test serum to one drop of the bentonite sus- 
pension and centrifuging for 2 min in a ‘Sero-fuge’. A 
positive test 1s observed as varying degrees of clumping 
after gently flicking the tube, and 1s most easily read over 
a fluorescent white lamp. Titrations may be carried out 
using a calibrated, loop containing as little as 0-025 ml. 
with serial transfer of the serum to be tested into 10 x 75 
mil. test-tubes containing saline. A fixed volume of bento- 
nite, for example, 0-025 ml., is added and the centrifugation 
carried out as previously noted. Inhibition investiga- 
tions with 1 per cent albumin added first to the serum 
followed by the bentonite have beer successful. The serum 
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may be tested for the presence of macroglobulin and the 
titre of 19 and 7S antıbody estimated by the addition of | 
2-mercaptoethanol followed by meubation for 30 mix” 
at 37° C before adding the bentonite. 

Equivalent titres of antibody are obtained when the 
same dilutions of antisera are compared utilizmg the 
foregoing technique and the tanned red cell haemag- 
glutination procedure with a microtitrator?. 

The technique is recommended for its simplicity and 
rapidity of results. Once the bentonite has been sensitized 
the entire titration may be performed and results obtained 
within. a matter of minutes, thus avoiding the tedious and 
technical difficulties of precipitin and haemagglutination — 
procedures. Both rat-and rabbit serum have been tested 
and yielded satisfactory results. Other substances such 
as bovine and human y-globulins have not resulted in 
satisfactory specific agglutination patterns. It is thus 
likely that the success of this simplified procedure results 
from propitious physico-chemical properties of human 
serum albumin. 

This work was supported by the Health Research 
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Virus-like Particles in Sub-acute Sclerosing 
Encephalitis 


SUB-ACUTE sclerosing encephalitis (van Bogaert) is a 
fatal disease of the central nervous system of uncertain 
origin, usually affecting children and adolescents. The 
pathological features of this disease are diffuse inflam- 
matory cell infiltrates In the white and grey matter, 
gliosis, and demyelnation!. Frequently, Type A intra- 
nuolear inclusion bodies have been observed ın neurones 
of cases running a short clinical course (Dawsons inclusion 
body encephalitis) while in the more chronic cases these 
bodies are less frequently found. Although often a viral , 
aetiology has been suggested, the cause of this disease ` 
remains obscure, since animal inoculations of brain tissue 
have been unsuccessful in transmitting the disease’. 

To our knowledge, ultrastructural investigations in this 
disease have not been made. This electron microscopic 
examination of a cortical biopsy from a case of sub-acute 
sclerosing encephahtis has revealed a large number of 
virus-like particles in the cytcplasm of astrocytes in the 
white matter; sumilar virus-like particles in the cytoplasm ` 
of neurones in the grey matter were not seen. 

The patient was a nine-year-old Negro female with a 
fifteen-month history of progressive mental deterioration, 
difficulty in holding objects with her hands, difficulty with 
gait, slurring of speech, fine tremors, enuresis, a twelve- 
month history of generalized seizures and a ten-month 
history of precocious puberty. These were followed by 
progressive motor and mental deterioration and transitory 
migratory seizures involving various extremities and facial 
muscles. Her history had been that of progressive deterior-_ 
ation with double incontinence, ability to recognize her 
surroundings, and inability to contro] arms and hands. 
On physical examination she was unresponsive to all but 
painful stimuli. There was gross cachexia, an m-dwelling 
Foley catheter, and a naso-gastrie feeding tube in place. 
Gross postural contractures of all four extremities were 
present. The head was normal size, and there was in- 
creased rigidity of the neck with no adenopathy. The 
pupils were equal, but did not react to light. There was 
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bilateral optic atrophy. The maculae were within normal 
limits. There was no response to threat or visual stimuli. 
There was early breast development and pubic hair was 
present. 

There was gross wasting and atrophy of all four extremi- 
ties with an increased spastic rigidity, right greater than 
left. At this time, no spontaneous movements or fascicula- 
tions of the extremities were noted. The biceps and triceps 
deep tendon reflexes were hyperactive and equal. The 
patellar and ankle reflexes were absent. The Babinski 
responses were positive bilaterally. Gross myoclonic 
movements were noted on afferent stimuli. 

In the absence of macular changes and the presence of 
myoclonus seizures, and a fifteen-month history, a 
diagnosis of sub-acute inclusion body encephalitis was 
entertained. 

A cerebral biopsy, including grey and white matter, ob- 
tained through an open craniotomy, was immediately fixed 
in buffered formalin and osmium tetroxide. Neuropatho- 
logical examination revealed extensive loss of neurones, 
and infiltrates of round cells in the Virehow—Robin spaces 
in grey and white matter (Fig. 1). Proliferation of fibrous 
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Fig. 1. Perivascular infiltrates of round cells in white matter, (x 300) 
Fig. 2. White matter. Protoplasmic astrocytes and histiocytes (pale 
cytoplasm). (x 300) 


Fig. 3. White matter. Electron micrograph from eriopisam of an astro- 
cyte, Numerous virus-like particles are seen, three indicated by arrows. 
Bundles of 70 Å thick fibrils are also seen in ample numbers. (x 28,000) 
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and protoplasmic astrocytes was noted in the deep layers 
of the cortex and in the white matter (Fig. 2). In the white 
matter, the astroglial proliferation was extensive, the 
number of oligodendroglial cells was reduced, and myelin 
sheaths were practically absent; numerous histiocytes 
containing sudanophilie material were also noted. Intra- 
nuclear or intracytop asmic inclusion bodies were not 
observed. The leptomeninges were unremarkable. 

Under the electron microscope, numerous virus-like 
particles were seen in the cytoplasm of astrocytes (Fig. 3). 
The particles were mede of a central dense osmiophilic 
core or nucleoid, about 300 A in diameter, surrounded by a 
clear halo 50 A thick, which in turn is enclosed by a single 
membrane also 50 A ia thickness. The diameter of the 
entire particle was 500 A which is somewhat larger than 
the size of Coxsackie and poliomyelitis virus (300 A), 
and in the size range of the equine encephalomyelitis 
virus (500 A)?*. 

The ultrastructural features of these particles are quite 
similar to that of known viruses; for example, there is a 
striking resemblance between the fine structure of the 
virus of the avian sareoma—leukosis complex as revealed 
by Haguenau and Beard and the bodies seen in this 
biopsy*. The fibrillar material in the cytoplasm of the 
astrocytes probably s not related to the virus-like 
particles since it has already been identified in other 
cortical biopsies where astrocytosis is prominent*. 

The characterizatior. of these virus-like particles, and 
their role in the pathogenesis of the disease, are now being 
investigated. 

The demonstration cf particles of probable viral nature 
in a human disease of she central nervous system of sub- 
acute or chronic course is of interest since recovery of 
viruses has been achieved in animals suffering from 
chronic central nervous system diseases of degenerative 
or demyelinating nature, such as serapie, visna and 
Aleutian disease of mnk*. The probable role of a slow 
virus in the pathogenesis of chronic disease of the central 
nervous system of man should be re-investigated in view 
of the findings recorded here’. 
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Differential Inhibition of Deoxyribonucleic 
Acid and Ribonucleic Acid Synthesis induced 
in Cultured Mammalian Cells by 7 : 12- 
Dimethylbenzanthracene 


THE mammalian cell genome has frequently been 
implicated as the specific site of chemical carcinogen-cell 
interaction. Notable were the findings of Brookes and 
Lawley’, who demonstrated a positive correlation between 
the degree of binding of aromatic hydrocarbons to mouse 
skin DNA in vivo and the carcinogenic potency of these 
agents. Certain hydrocarbon carcinogens suppress inter- 
feron synthesis in virus-infected cells* and appear to be 
similar in activity to actinomycin D (ref. 3)in their ability to 
inhibit the replication of DNA rather than RNA viruses. 
The work recorded bere concerns the probable specific 
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Li _ light-shielded flasks and the solvent was evaporated off 
over an 80° C water bath. The particles were shaken in. 
a complete medium (CM) consisting of 90 per cent Eagle’s 






‘normal cells tre: 


dimethylbenzanthracene 
medium. Ther 


essential medium + ‘10 per cent calf serum at 37° C for 


- 42 h. After the shaking period the insoluble particles 
were removed by Seitz filtration, and the radioactivity 
~~ Was measured by liquid scintillation CH = 7~10-5 ue./ml.; 
> O DMBA = 0-5-0-75 uM). Cell preparations obtained from 
_ 4-5-day-old secondary monolayer cultures of mouse 

- (BALB/c) or hamster embryo tissues were suspended either 
in CM alone (control) or CM + "H-DMBA (1-5 ue./ml. = 

-= 0-12 uM). In alternate experiments, cells were suspended 












< within the first 8 h following treatment. 
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in CM + cold DMBA (0-12 pM). Replicate cultures 
(25-40 x 10° cells/100-mm plastic dish) were incubated 
at 37° C.in a humidified carbon dioxide incubator. At 
varying intervals duplicate dishes of cell monolayers were 
pulse labelled with serum free Eagle’s medium, containing 
1 ue./ml. of either uridine-2-"C (sp. act. = 1 mc./mmole), 


- thymidine-2-“C (sp. act. = 30 mec./mmole) or thymidine- 


*H (sp. act. = 13,000 me./mmole) according to Levine et 


. a4. Radioactivity was determined by liquid scintillation 


and DNA. was analysed by the diphenylamine action‘. 

In previous experiments’, phenol isolated DNA from 
"H-3 : 4-benzo(a)pyrene treated hamster kidney cells in 
culture had a specific activity of 37-5 ue./g. This 
activity corresponded to 0-8-1-0 molecule of the hydro- 
carbon/DNA. molecule of 20,000 nucleotide units, a value 
which closely approximated the binding level of #H-3 : 4- 
benzo(a)pyrene to mouse skin DNA in vivot. Control and 


-*H-DMBA-treated mouse embryo cells pulsed with 
uridine-MC gave very similar incorporation rates of this 
nucleoside. In fact, the rate of incorporation of uridine-4C 


by carcinogen-treated cells (Fig. 1) was slightly elevated 
During this 
period the cell division mechanism was significantly 


Impaired, although some cells apparently did divide and 
the survivors were viable, as evidenced by outgrowth on 
sub-culture in carcinogen-free CM. 


a Thymidine-2-u6 


Uridine-2-4C 





20 30 40 50 © 10 20 30 40 50 


Hours in culture 


| Fig.l. The effect of *H-DMBA (1-5 ue./ml; 0-12 uM) on the incorpora- 

tion of uridine-“C and of thymidine-“C by mcuse embryo cell cultures. 

Time Zero = time at which CM (alone) was removed from the monolayers 

{2 h) and the cultures then overlaid with either CM alone or CM + DMBA. 
wwe, OM alone; ----, OM+ DMBA - 






Acid-insoluble CPM/ug DNA 
l Acid-soluble CPM/#g DNA. a 


0 10 


20 30 40 86 0 10 20 
Hours in culture 


30 40 50 


Fig. 2. Effect of DMBA (0-12 4M) on the incorporation of thymidine" 
by secondary hamster embryo cell cultures, ---—, CM alone; - - --;OM+ 
unlabeled DMBA 


In sharp contrast to a lack of inhibition of uridine- 
incorporation DMBA induced a marked suppression on 
the rate of thymidine-“C incorporation (Fig. 2) within- 
2 h following mouse cell—carcinogen interaction. A 
measurement of the rate of incorporation of thymidine--H 
into the acid-soluble and acid-insoluble fraction of hamster 
embryo cells growing in the presence of cold DMBA 
(0-12 uM) again demonstrated the very early inhibition 


of DNA synthesis. On the other hand, the DNA. content. p 


per cell (corrected for viability by vital staining with 
0-02 per cent nigrosin) was usually about 30-33 per cent 
higher in DMBA treated cells:than. in control cultures. 
The summarized results of three separate experiments are 
listed in Table 1. l 


Table 1. EFFECT OF *H-DMBA (15 8C./ML:) ON THE RATE OF FORMATION 
oF Hor TCA-EXTRACTABLE DNA BY MOUSE EMBRYO CELLS 


Hours in Celi No. CPM°H-DMBA ug DNA per 

Culture medium culture x 19*/dish  . per. 10° cells “1O* cells. 
CM alone G 2-5 I FAEN 
e oe 24 35 = 12-0 
cc CHS 4& 4-0) — 13-5 
Me te 72 6h — 5h 
CM +°H-DMBA G 2-5 — T5 
as j 2 16 3:5 x 10° 16-0 
a 5 48 15. 2-0 « 10° 19-0 
ii . a T2 Ls 2-1 x 168 8-0 


A correlation can be drawn between the time of 


maximum uptake of chemical carcinogen in culture’ and | 


the suppression of labelled thymidine incorporation in 
these experiments. These observations are in agreem | 
with the findings on the in. vivo depression of DNA, syn- . 
thesis by DMBA*. As cell division was inhibited by ~ 
DMBA during the first 24 h of growth, the increase in — 
DNA per cell suggests that the depressive activity of this — 
carcinogen occurred in the pre-mitotic phase of growt 
It is very likely that the surviving “DMBA-cell 
control mechanism for DNA replication at- sor 
between the S (DNA synthesis) and the G; phase 
cell cycle. It is possible that this carcinogen, in com- > 
plexing with DNA, induces the formation of new primer ~ 
sites which may be active in further DNA replication 
without cell division. 
recently proposed for the action of nitrogen mustard on 
cultured cells’? — 5 a on : 
The lack of inhibition of uridine-4C incorporation. by _ 
DMBA. during the first 24 h of culture does not rule out ~~ 
the possibility that synthesis of later formed DNA- | 
dependent RNA would be suppressed, as shown by in 
vivo experiments”. 
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The foregoing mechanism was- 


The major questions provoked by 
these results are whether or not the early alteration 
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with neoplastic and 
> 3A-induced increase in DNA per cent is 
í olyoma virus induced cellular DNA synthesis". 


‘that cells of chemically induced tumours 
mosaic of surface antigenic properties?? acquired 
formation. The system described here in 
ntration of carcinogen ‘ean be limited in 

gh S mef in the 
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me RADIOBIOLOGY 


Effect of Sodium Alginate in inhibiting 
"Uptake of wae ay by the Human 
Body 


Tae seleutive inhibition of radiostrontium uptake by 
rats following the administration of doses of sodium algi- 
nate has been reported recently!-*. We have performed a 
: ; Similar experiment with a normal healthy adult human 
“male volunteer, in order to see whether sodium alginate 
was effective in inhibiting uptake of radiostrontium from 

- the human gastro-intestinal tract. 
In the first stage of the experiment, 10 g E alginate 

















2 was administered orally to the subject, during the morning, 
20min. prior t to an oral administration. of 0:36 ne. strontium- 
g at ays; half-life, 65- days). No food had 


ince the previous evening. Regular 
ody radioactivity were made by means 
ole-body counter‘ in order to determine 
of retention of sirontium-85 3 in the human 

















ont was eee 
id stage involved the oral administration of 
um-85 to the same subject, under conditions 
i those of the first stage, except that no 
ate was administered. Similar body radio- 
ments of strontium-85 were again made 
ted and analysed for strontium-85 and 





rum obtained from each measurement of 
y was corrected for the subject’s body 
naturally occurring potassium-40 and 
37. The net counting rates in the stron- 
k, corrected for physical decay, are pre- 
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sented in Fig. 1 for each stage of the 
seen (Fig. 1) that after day 5, the amo 
retained in the body was lowered by a fact 
mately 8 when sodium. alginate was administer 
The amount of strontium-85 excreted. in urin 
lower in the first stage of the experiment (Fig. 2) the 
the second stage, by a factor of approximately — 
averaged over the 7 cays following administration. pres 
In each stage of the experiment, one blood sample oF 
was taken from the subject at about 2-5 h after adminis- _ 
tration. Assessments were made of the amounts of | 
strontium-85 and caleiam in serum, and the results showed 
that the ratio of strentium-85 to calcium in sert 
stage one of the experiment was lower by a factor of 
about 9-2 than that in the second stage. i 
Although the second stage of the experiment has. ‘not. ise 
yet been completed, these preliminary results clearly ~i 
show that sodium alginate has been effective in reducing a. 
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Time after administration (days) 
Fig. 1. Body retention of strontium, ~ ~- ~ , Without sodium alginate; 
, with sodium alginate 
100 


10 





Qi 


Percentage of administered dose exereted per day in urine 





0 1 2 3 4 5 6 x 
Time after administration (days) 





Fig.2. Daily exeretion of strontium in urine. -~--~ , Without coainm oo 
alginate; — =m, With sodium alginate 
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. the amount of strontium-85 transferred from the human 


gastro-intestinal tract to blood and whole “body (and 
presumably bone) by a factor in the range 8-10-4. 

Sodium alginate is non-toxic at the level used in this 
expesiment, and selectively inhibits the uptake of radio- 
strontium without significantly interfering with the up- 
take of calcium by the body}? The ability to inhibit 
selectively the uptake of radiostrontium from the gastro- 
intestinal tract would seem to be of definite value in the 
event of contamination of food or water with radio- 


strontium. The effect of food in the stomach at the time 
of administration of sodium alginate, however, has not 


as yet been worked out. After an accidental inhalation 


Of radiostiontium, quite a large proportion of material 
may be cleared from the respiratory tract to the gut; 


in this event there may also be a place for al ginate 


E, therapy. 


Qur present programme of experiments is designed to 
assess the effect of sodium alginate administered before, 
with or after an intake of rediostrontium, and also to 
assess the optimum doses and type of sodium alginate. 
It is also proposed to see whether the degree of inhibition 
is affected by the contents of the stomach. 

A low viscosity form of sodium alginate (Manucol 
SS/LD’, supplied by Alginate Industries, Ltd.) was used 
in this experiment. 

We thank Dr. C. T. Blood of Alginate Industries Ltd., 
Dr. G. Dolphin of the Authority Health and Safetv Branch, 
Mr. W. L. Templeton, Dr. J. C. Dalton of Windscale 
Teehnical Section and our other colleagues of the U.K. 
Atomic Energy Authority, Windscale and Calder Works, 
for their co-operation and advice. 


R. HESP 
B. RAMSBOTTOM 


U.K. Atomic Energy Authority, 
Windscale and Calder Works, 
Sellafield, Seascale, 
Cumberland. 
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* Paul, T. M., Waldron, Edward D., and Skoryna, S, C., Canad. Med. Assoc. 
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BIOLOGY 


Production of Carotenoid by a Green Alga 
THE first observations on carotenoid production by the 


_ ¢hlorophycean alga Dictyococcus cinnabarinus were made 
-oby Wenzinger', Haag? and recently Kolè. From experi- 


ments carried out on static culture and for periods of a 
few months of growth, these authors reported that when 


Sugars were present in the medium the cultures changed 


colour from green to red. The production of redness, they 
observed, was due to the prevalence of carotenoids in the 
chlorophyll formed. 

Starting from these observations we decided to investi- 
gate the behaviour of Dictyococeus cinnabarinus and the 
eventual carotenoid production in submerged culture 
using different sugars, with and without addition of 
carbon dioxide, and in different conditions of temperature 
and light. | 

The experiments were performed in 500-ml. Erlenmeyer 
flasks containing 100 ml. of culture broth, on a rotatory 
shaker duly thermostated and illuminated. Illumination 
was supplied by fluorescent tubes (‘warm white’ type) 
which gave a light intensity of 3,500-4,000 lux. The strain 
used was Dictyococcus cinnabarinus 280 (‘Kol-F. Chodat’) 
{obtained from the algal collection of the Botanical Insti- 
tute of the University. of Geneva) and as culture broth, 
Detmer medium, diluted three times, was used. In the 
experiments with addition of carbon dioxide, a mixture of 
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air containing 3 per cent carbon dioxide was supplied to 
each flask at a rate of 0-5 v/v medium/min. nae 


Each experiment lasted about 2 weeks and the follow 
ing sugars were tested: glucose, fructose, galactose, 
lactose and sucrose, at a concentration of 2 per cent w/v 
of the culture medium. 

200,000 cells/ml. grown in a seed fiask containing 
Detmer/3 medium without sugar were inoculated into the 
‘fermentation’ flask. It must be emphasized that in the 
absence of sugars the culture remained green, while in the 
presence of sugars, namely glucose, the culture changed 
colour gradually from green to yellow, to pink up to an 
intense orange colour by the end of the fermentation, 
which indicated accumulation of carotenoids. 

The experiments showed that in the presence of 
glucose a good growth is obtained with a sugar utilization 
of 40-50 per cent, while other sugars are not utilized 
and the growth is quite poor; that supply of carbon 
dioxide does not interfere with the utilization of carbo- 
hydrates. Furthermore, the results have shown that 
the optimum for inoculum is 200,000 cells/ml. of green 
culture, each cell having a diameter of 5u, and in the red 
culture 10-12 to 20-25u (the latter are aplanosporangia, 
that is, mother cells in sporogony); that the optimum 
temperature is 25°; and that the best growth is obtained 
when 12 h of light is alternated with 12 h of dark. 

For pigment determination, the cells collected by centri- 
fugation were ground in a mortar with NaCO, end 
‘Celite’, adding gradually 80 per cent aqueous acetone; 
the acetone solution was then extracted with light 
petroleum. The absorption spectrum of the ethereal 
extract was determined between 400 and 700 mu using 
a Cary spectrophotometer. 

Thin-layer chromatography wes used for the pre- 
liminary characterization of the pigments. Amounts 
sufficient for their identification were obtained by column 
chromatography on ‘Florisil’ or alumina. Elution was 
effected with a gradient of acetone in light petroleum 
(b.p. 40°-70°). Coloured fractions belonging to each band 
were pooled, evaporated and examined in the spectro- 
photometer. 

Six fractions of colour ranging from yellow to red were 
separated and identified as follows: 

(1) B-Carotene (epiphasic), 5-6 per cent of the total; 
my £78,450 (425) in light petroleam, mp 515,485 (458) 
in carbon disulphide-—plates yellow or orange—yellow— 
m.p. 174°. 

(2) Echinenone (90 per cent epiphasic); mu 456-458 in 
light petroleurn, my 488 in earbon disulphide; by reduction 
with LiALH, gives isocryptoxanthin. | 

(3) Unidentified (ep’phasic); my 462 in light petroleum, 
mz 500 in carbon disulphide. ni 


(4) Unidentified (epiphasie); mu 470 in light petroleum. 


(5) Xanthophyll (hypophasic) ; traces—mu 471, 441, 420 
in light petroleum. 

(6) Unidentafied (hypophasic); traces. 

The spectra of fractions I and IT can be superimposed on 
those taken with pure samples. 

It is interesting to emphasize finally that in the cultural 
conditions which we describe, no chlorophyll could be 
detected; echinenone does not seem to have been previ- 
ously demonstrated in the Chlorophyceae. 


E. Dentice DI ACCADIA 
OLGA GRIBANOVSKI-ÑASSU 
A. ROMAGNOLI 

L. TurroBELLo 


International Centre for Chemical Microbiology, 
Istituto Superiore di Sanità, 
Rome. 
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A Functional Relationship between 
Neurosecretory Fibres and Pituicytes 
in the Eel 


SYNAPTIC contacts between neurosecretory fibres and 
pituicytes have been demonstrated in the eel, and the 
suggestion made that this association might form part of a 
mechanism for feed-back of information to the hypo- 
thalamus'. Recent experimental investigations support 
this view. 

Fifty eels were kept in darkness for 3—5 weeks and then 
transferred to illuminated white or black backgrounds 
for 4h. The pituitaries of the white background animals 
showed the following features in contrast to those of eels 
kept on a black background: 

(1) Many synapses between neurosecretory fibres (with 
elementary neurosecretory vesicles of 1200 A diameter) 
and pituicytes. 





Fig. 1. An electron micrograph showing ofa eroup of ituicytes in 
the pituitary of an eel maintained on an illuminated white background. 
Membrane-bound secretory inclusions may be seen. C, Colloid 





Fig. 2. 


A diagram depicting a possible feed-back mechanism linking the 
proximal and distal parte of the hypothalamie-hypophysial neurosecre- 
; @ 


tory system of the ee . Preoptic nucleus (N PO); b, synapse; c, pitul- 
cyte: d, periodic aiaa A colloid. ITI V, third ventricle of 
mN 


NATURE 


1343 


(2) A great number of membrane-bound secretory® 
droplets, about 4000 4 in diameter, in the pituicytes. 

(3) Much periodic acid—Schiff-positive material in the 
central canals (Fig. 1), surrounded by pituicytes; these 
canals appear to be ir communication with the ventricles e 
of the brain. 

All these features were rare in control animals and black 
background animals. 

These observations are consistent with a view that in 
the eel neurosecretory fibres may stimulate pituicytes to 
release their products into the cerebrospinal fluid. By 
so doing they might affect the preoptic nuclei since it 
has been shown that dendrites of the perikarya of the 
neurosecretory neurones project into the ventricles of the 
brain in the eel*, frog’ and toad‘. 

An association of neurosecretory fibres and ependymal 
cells has been demonstrated in a bird, and recently it 
has been shown that ependymal cells in the median 
eminence of the rat appear to have a glandular function 
and secrete into the cerebrospinal fluid, though no 
synaptic contacts besween these cells and nerve fibres 
were observed’. 

The cerebrospinal fluid could act as a meens of transport 
between the pituitary and the hypothalamic nuclei and 
thus provide a chanael for the transfer of information 
from the distal to the proximal part of this neurosecretory 
system. The work recorded here suggests a possibility 
that pituicytes or other glial elements might play an 


important part in suca a process. - 
! P p FRANCIS KNOWLES 
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A Dual Neurosecretory Innervation of the 
Pars Distalis of the Pituitary of the Eel 


INVESTIGATIONS of the innervation of the eel pituitary 
with the light microscope demonstrated in the pars distalis 
a few nerve fibres waich stained with the Gomori tech- 
nique and many otaers which did not’. The latter, 
which appeared to originate in the nucleus lateralis 
tuberis, do not seem to stain with any of the common 
‘neurosecretory’ staims*, and therefore under the light 
microscope the degree of neurosecretory control of the 
pars distalis appears to be slight. 

Under the electrom microscope, however, an extensive 
neurosecretory innervation of the pars distalis can be 
demonstrated. Mos of the fibres which invade the 
anterior lobes of the dituitary (proximal and rostral pars 
distalis) are seen to contain vesicles, irregular in outline, 
each with a central electron-dense granule about 700 A in 
diameter. These fibses are found also, with their peri- 
karya, in the nucleus lateralis tuberis; they resemble the 
Type B neurosecretery fibres described in the neuro- 
intermediate lobe of the elasmobranch pituitary*. They 
do not stain with neurosecretory stains, but nevertheless 
should be termed neurosecretory’; they discharge into 
perivascular and intesvascular spaces which permeate the 
pars distalis. 

Material with affinty for neurosecretory stains appears 
in abundance only in mature eels in which there is evidence 
of an increased activivy of GTH and TSH ecells*. In these 
animals many typical neurosecretory fibres containin 
Type A elementary neurosecretory vesicles*, about 1400 2 
in diameter, are found. These fibres were extremely rare 
in elvers or young eek, 





Fig. 1. Electron micrograph of a portion of the rostral pars distalis of an 

pituitary, showing a neurosecretory fibre tract lying between groups 

of ACTH cells. B, Type B fibre Sp opm electron-dense granules, each 
about 700 A in diameter 


There is evidence, therefore, at the level of ultra-struc- 
ture for a neurosecretory innervation of the pars distalis 
of the eel by at least two kinds of neurosecretory fibre, 
and that the activity of one fibre type (Type A) may be 
correlated to stages of the life-cycle. 

FRANCIS KNOWLES 
Lutz VOLLRATH 
Department of Anatomy, 
Medical School, 
University of Birmingham. 
* Bargmann, W., Z. Zellforsch., 38, 235 (1953). 
* Knowles, Sir F., and Vollrath, L., Z. Zellforseh., 69, 474 (1966). 
* Knowles, Sir F., Phil. Trans. Roy. Soc., B, 249, 435 (1965). 


* Bern, H. A., and Knowles, Sir F., in Neuroendocrinology, edit. by Martini, 
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Control of Furunculosis in Impounded Adult 
Salmon 


From July 27 to August 17, 1964, 17 salmon were 
found dead among about 40 fish impounded at 
Ceannacroc on the Moriston, a tributary of the River 
Ness. Eight salmon examined between August | and 14 
showed typical symptoms of furunculosis, and pure cul- 
tures of the causative organism, Bacterium salmonicida, 
were isolated from the internal organs and muscle. As a 
serious outbreak of furunculosis had occurred in this 
impoundment and at another impoundment on the Ness 
system in 1963, an attempt was made to control the out- 
break which seemed to threaten this year. 

It was decided to use an intramuscular depot injection, 
so as to maintain the highest blood levels of antibiotic 
for the longest time after a single injection. Chloram- 
phenicol was chosen as the antibiotic since it is known to 
be effective against B. salmonicida both in vitro and 
in vivo’. Chloramphenicol has a low solubility in water 
so that an aqueous suspension would provide a depot in 
the muscle which would be dissipated slowly. ‘Intra- 
mycetin’, a veterinary preparation containing 15 per cent 
chloramphenicol in aqueous suspension (Parke Davis and 
Co.), was used at a rate of 1 ml./15 lb. of fish. At this rate, 
a single intramuscular injection of this preparation should 
supply effective blood levels of chloramphenicol for 24— 
48 h. 

All the impounded fish were treated on August 17. 
The fish were injected on the left side slightly anterior to 
the dorsal fin and towards the heart and coelom, the 
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needle being inserted to its full extent. Sterile disposable 
plastic syringes were used, with needles 21 gauge, 1-5 in. 
long. A total of 44 fish was treated, including seven fish 
which were being transferred to the impoundment from 
the trap nearby. 

Two fish died within a few hours after the injection. 
These were in a decidedly poor condition before treatment, 
and handling and injection may have hastened their 
death. Two more fish died later, one on September 6 
and one on October 9. Unfortunately it was not 
possible to examine any of these fish after death. Follow- 
ing the treatment given on August 17, ten more fish 
were added to the impoundment from the trap. All these 
were injected before being placed in the impoundment 
and they, and the other fish impounded, have apparently 
remained healthy and normal. 

It should be emphasized that this treatment was devised 
to meet an emergency, but the results obtained suggest 
that a rigid experimental investigation would confirm 
the results of this ad hoc test. If this should be so, the 
treatment has a number of advantages: it is easily carried 
out and can readily be taught to non-technical staff; it 
seems to have no adverse effect on the fish; and it is 
inexpensive, as it is estimated that 50 fish could be 
treated for less than £5. 

I thank Mr. J. Wood, superintendent to the Ness 
District Fishery Board, and his staff, for their help. 

ANGELA C. LEAMAN * 

Department of Agriculture and 

Fisheries for Scotland, 
Marine Laboratory, 
Victoria Road, Aberdeen. 


* Present address: Botany Department, University College of Wales, 
Aberystwyth. 
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Action of Gibberellic Acid on Auxin Transport 


THE polar transport of §-indolylacetic acid (IAA) in 
plant organs has been known since the observations of 
Went? and van der Weij*. Most of the direct investiga- 
tions of [AA movement have used bioassays for detecting 
auxin’. But these analyses have been limited by the 
sensitivity of the method‘. The recent use of LAA labelled 
with carbon-14 (IAA *) facilitates the study of the auxin 
translocation’. 

It has been previously observed that, in the stem sections 
of Lens culinaris, there is a predominantly basipetal 
movement of carbon-14 from applied IAA *. It has been 
assumed that gibberellic acid (GA) increases the uptake 
of IAA * and changes the auxin transport in these sections*. 
In the present communication, the action of GA on the 
velocity of IAA * translocated in the section of the stem 
of Lens culinaris Med. will be discussed. 

The movement of LAA* (“C-labelled in the carboxyl 
group: specific activity of 8 mc./mmole) has been exam- 
ined in 6-mm sections, using the technique of McCready’ 
and Pilet*. The agar (1-5 per cent) blocks were 16-6 mm? 
in volume. The donors contained 5 or 50 wmoles of IAA *. 
At the end of each experiment, each set of forty replicate 
blocks was pooled for the analysis of their radioactivity 
—these were expressed in counts per min (c.p.m.) per mg 
of dry weight. 

Seeds were soaked for 4 h and then placed in Petri 
dishes on filter paper with de-ionized water for 24 h. 
Seedlings were then selected (4 mm roots) and planted 
under the same conditions’. After 72 h, when used for 
experimental purposes, the stems were 10 mm + 2mm 
long. All experiments were carried out at 25-0° C, in 
complete darkness. During manipulation only green 
light was used. 

The principles involved in the assay are shown diagram- 
matically in Fig. 1. After an incubation of 2 h in Ringer’s 
solution containing (or not) GA, the sections (40 for 25 ml.) 
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Table 1. EFFECT OF A sed acacinies 3 ON THE TRANSLOCATION OF UC FROM 


6h; donor blocks, IAA* (specific activity, 8 mc./mmole; 
tandard (I), 11,080 + 160 cpm), pretreatment, 40 sections 





- Diffusion time, 
r cont, 50 aMi 
for 25 mi: rad 
POs Aa 40 blocks 
Pretreatment (P) 


No pre- Ringer + GA 
E treatment Ringer 10 50 100 
Bee (NP) ugimi, agim.  ugimil, 
Donors 
Dee 6,042 6,268 6,004 5,888 5,242 
Loss from donors. ea 
ADs Dy~ Dy O 5,038 4,812 5,076 5,182 5,838 
(4.D/D_).100- (per cent) 45-4 43-4 45-8 46-9 52-6 
Receivers l l 
410 380 495 580 612 
_ (Rei AD).100 (per cent) 8-1 TR OF 11-2 10-5 
Sections | 
Ar= AD- Re 4,628 4,432 4,581 4,602 5,226 
{Ar AD).100 (per cent) O18 02-4 Os BRR 895 


are placed, for 6 h, in the horizontal position. Table 1 
shows the results of a typical experiment using, as a 
control, sections without pretreatment in Ringer's solu- 
tien. It ean be observed: (a) The Ringer's solution 
"reduced the uptake of carbon-14 from JAA*. (b) For 





Fig. 1... Diagram showing the principles of the method used to study the 

action of gibberellic acid on the transport of carbon-14 from TAA * in the 

donor blocks. 8, Section of the stem; apical (A) anc basal (8) cut 

surfaces: donor (D) and receiver (R) blocks; NP, not pretreated: 
a P, pretreated 
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‘Fig. 2, The early stages of the time course of transport of carbon-14 
from TAA* supplied at an initial concentration of 5 uM (- ~~ -) and 50 
uM (~~~) in the donors. A calculation of the velocity of movement of 
carbon-14 from TAA* (see Table 2). Radioactivity in the receivers. 
©, No pretreatment; @, pretreatment with Ringer's solution and gibber- 
eltic acid: (50 agimi), +, pretreatment with Ringer’s solution 
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the GA-pretreatment the radioactivity. in the sections * 

was much reduced. (c) These effects increased when _ 

the GA concentration was increased. a 
The velocity of carbon-14 translocation was est 

in the manner introdueed by van der Weij, incorpormting. go = 

later improvements əy Jacobs’® and McCready and = © 

Jacobs. The method involves plotting the amount of 

IAA* translocated tarough the sections (length: L) 

against time. The pzesumed line is then extrapolated : 

back to ‘zero [AA *’, and the time-intercept so determined « 

is taken as the time (T) required for auxin to be trans- : 

ported in the section. Assuming (Pilet’) that the regres- 

sion 18: 







= me + h 


(y, radioactivity in seceivers; æ, diffusion time), the 
velocity (V) of movement can be caleulated from: 


F = LT and F = — hjm 


The time course of transport of carbon-14 with TAA * in 
donors was first analysed (Fig. 2). For each experiment, 
the net increase of radioactivity in the receivers follows 
an apparently linear course over the period 1-6 h. The 
calculated intercepts ere given in Table 2. From these 
results it can be concluded that: (a) The velocities for 
5 and 50 uM, respectively, are not significantly different 
from each other according to statistical tests. (6) The — 
mean calculated velocity is, for the control (4, ©, E), 
3-69 mm/h and, for tke treated sections (B, D) with GA 
(50 ug/ml.), 9-83 mm/a. 





Table 2. CALCULATION oF THE VELOCITY OF TRANSPORT OF YC FROM TAA* 
see Fig. 2) 
Donor blocks, LAA* (specific activity, 8 me./mmole; standard (Dej, 5 uM 
1,160427 cpm. and 50 «Mp 11,0804 160 ¢.p.m.); diffusion time, 2-6 h; 
pretreatment (see Tale 1); concentration of GA, 50 pa a, 


Regression T ¥ 
Assays [onm equation y = h} (mm/h) 
Initial concentration 
5 eM 
No pretreatment (NP) A 630 (20-6). z—{2483) 118 DB 
Pretreatment (P) 
Ringer + GA B 648 (803. 2-(1G8) Oe 105 
{nitisi concentration 
50 uM ; 
No pretreatment (VP) C 6-42 (80-7), gR 0-09 G48 
Pretreatment (P) : 
Ringer’s E 6-40 (837) @~(790) 124 2d 
Ringer's + GA D) 6-24 (1052) ¢-(684) 0-65 2-60 


yemeth To=-him P= LIT =Li(~-him) D, Length of sections, | 
7, Time required for carbon-™ to be transported through the section. 


Consequently, gibberellic acid causes an increase. of 
both uptake and movement (velocity) of auxin. applied, in 
donor blocks, on the cut apical surface of the sections 
of Lens stem. 

P. E. Pret. 


Laboratory of Plant. Physiology, 
University of Leusanne. 
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Growth Responses of Mature Endosperm in 
Cultures 


THE endosperm is esually a triploid tissue which sup- 
ports the growth anc germination of the embryo, and 
stores reserve food materials in mature seeds. 

The immature endesperm of several plants undergoes 
proliferation on synthetic media, but only in two plants— 
Santalum album and Ricinus communis?—has the mature we 
endosperm yielded æ continuously growing undiffer- 








Fig. 1. Exocarpus cupressiformis. 
(1 p.p.m.)+K (1 
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A, Entire endosperm with intact embryo; stage of inoculation (xe. 2-8); B, 11-week-old culture on BM+TAA 
.p.m.)+CH (400 p.p.m.) showing surface callusing of endosperm (x e. 2-2): C, 


5-week-old culture on same medium: note 


differentiation of shoot buds on the endosperm and germination of embryo (x ¢. 2-5); D. E. sections of endosperm shown in C; note the unaffected 
embryo in D and differentiation of shoot buds in D and E (x ¢. 10), e, Callus; em, embryo; end, endosperm: A, hypocotyl; r, root; s, shoot 


entiated tissue. Both these are under investigation in 
this laboratory. 

We have recently obtained a differentiation of shoots 
in cultures of the mature endosperm of Evxocarpus 
cupressiformis, a member of the Santalaceae. The mature 
entire endosperm with intact embryo (Fig. 1A) was 
surface-sterilized with chlorine water for about 15 min, 
repeatedly washed with sterile water, and inoculated on 
a semi-solid modified White’s medium containing 2 per 
cent sucrose (BM). IAA; 2,4-D; CH (casein hydrolysate) ; 
K (kinetin) and YE (yeast extract) were used as supple- 
ments. The cultures were maintained at 25° + 2°C and 
50-60 per cent relative humidity under diffuse light. 

There was no response on BM+CH (500 p.p.m.). If 
the concentration of CH was increased to 1,000 p.p.m., 
20 per cent of the cultures showed germination of the 
embryo. However, on BM +IAA (1 p.p.m.)+K (1 p.p.m.) 
+ CH (400 p.p.m.), after three weeks, surface callusing of 
endosperm occurred in 29 per cent cultures (Fig. 1B) and 
germination in 25 per cent (Fig. 10). Occasionally, the 
same cultures showed both these features, and in some of 
them shoot buds also differentiated from the endosperm 
(Fig. 10). 

Figs. 1D and Æ represent microtome sections of the 
endosperm shown in 10. It may be noted that in Fig. 1D 
the embryo is completely unaffected and shoot buds have 
developed superficially from the endosperm itself (Fig. 12). 
They have a well-differentiated vascular supply and 
several foliar primordia which were chlorophyllous. In 
between the shoot buds, the peripheral region of endo- 
sperm shows distinct patches of vascular tissue. Some of 
the shoot buds appeared on the lower side and were 
embedded in the medium; others developed on the upper 
side and had no direct contact with the medium. 

We have also cultured the endosperm of another 
member of the Santalaceae, Osyris wightiana (Fig. 2A). 
There was some callusing of the endosperm (Fig. 2B) in 
20-week old cultures on BM+2,4-D (5 p.p.m.)+CH 
(1,000 p.p.m.). If the concentration of CH was reduced 
to 500 p.p.m., callusing was much more profuse (Fig. 20). 
Squashes of callus showed cells of various sizes and shapes, 
and patches of tracheidal cells. When BM was supple- 
mented with IAA (2 p.p.m.) and K (5 p.p.m.), instead of 
callusing the endosperm produced superficial outgrowths 
which showed distinet patches of vascular tissue (Figs. 

e 





Osyris wightiana. 
stage of inoculation (x ¢. 2-1); B, surface callusing of endosperm on BM 
+2,4-D (5 p.p.m.)+ CH (1,000 p.p.m.) in 20-week-old culture (xe. 1-8); 
C, 22-week-old culture on BM + 2,4-D (5 p.p.m.) + CH (500 p.p.m.) show- 
ing profuse proliferation of endosperm ( x ¢. 1-5); D, 12-week-old culture 
on BM + IAA (2 p.p,m.) + K (5 p.p.m.); note development of outgrowths 
with well-differentiated vascular tissue (xe. 9); E, enlarged view of one 


Fig. 2. A, Entire endosperm with intact embryo; 


c, Callus; end, endosperm; og, outgrowth; v, 
vascular bundle 


outgrowth (x e. 72), 


2D and E). Germination of the embryo occurred in 75 
per cent cultures. In contrast to E. cupressiformis, the 
vascular tissue did not develop on the periphery of the 
endosperm proper. 
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Fig. 3. A, B, Putranjiva roxburghii; C, D, Jatropha panduraefolia. A, C, 


Entire endosperm with intact embryo; stage of Inoculation (x e. 3-5); 


B, D, 7-week-old (B) and 13-week-old (D) cultures on BM +2,4-D (2 p.p.m.) + K (5 p.p.m.)+ YE (2,500 p.p.m.) showing proliferation of endo- 


sperm (B x e. 


Results of endosperm culture of two members of the 
Euphorbiaceae—Putranjiva roxburghii and Jatropha pan- 
duraefolia—may also be mentioned. The stage of inocula- 
tion is shown in Figs. 3A and C. There was excessive 
proliferation (Figs. 3B and D) of endosperm in 7- to 
13-week-old cultures on BM+2,4-D (2 p.p.m.)+K 
(5 p.p.m.)+YE (2,500 p.p.m.). The callus consists of 
cells of variable shapes and sizes, and differentiation of 
vascular tissue is quite common. In this or in any other 
treatment none of the cultures has so far shown any 
differentiation of shoot buds as in E. cupressiformis, or 
vascularized outgrowths as in O. wightiana. 

There is no previous report of the in vitro differentiation 
of endosperm into roots and shoots. In Æ. cupressiformia 
the shoots clearly differentiate from the endosperm. The 
work is being further extended to obtain fully differ- 
entiated plants from this and other endosperms. 

We thank Prof. P. Maheshwari for his advice; Prof. 
G. L. Davis (Armidale, Australia) for providing fresh 
fruits of Exocarpus cupressiformis; and Prof. R. D. 
Adatia (Bombay) and Dr. 8. P. Capoor (Poona) for pro- 
viding fresh fruits of Osyris wightiana. 


B. M. JOHRI 
S. S. BHOJWANI 
Department of Botany, 
University of Delhi, Delhi 7, India. 
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Ascent of Sap in Trees: Effect of Negative 
Absolute Pressure on Flow Resistance 


In considering the ascent of sap in trees, it is generally 
accepted! that the transpiration process at the leaves 
somehow ‘pulls’ the sap up through the xylem vessels in 
the tree trunk during active transpiration periods. This 
‘cohesion theory’ postulates that negative absolute pres- 
sure (liquid tension) must be present in trees more than 
34 ft. high, or in any plant where the combined effects 
of hydrostatic head and flow resistance produce a pressure 
drop of more than one atmosphere. Investigators have 
had little success, however, in applying traditional 
resistance laws to the calculation of viscous pressure 
drop. Theoretical estimates of flow resistance to sap 
movement have varied by several orders of magnitude? 
and experimental checks of flow resistance through 
sections of trees frequently show the flow rate decreasing 
with time at constant pressure’. It appears that the 
present resistance ‘law’ is incorrect, is being misinter- 
preted, or the viscosity of sap is not what it is assumed 


2-5; D x 0. 1:5) 


to be from measurements made at positive pressures. 
This communication 33 relevant to the latter possibility 
and reports, in particular, on whether negative absolute 
pressures have any detectable effect on flow resistance. 

Although water is used as the primary viscosity stan- 
dard for Newtonian liquids‘, several reports of anomalous 
behaviour can be found in the literature®. Also, since 
1945, the investigations of flow resistance from a 
continuum mechanice point of view have shown that 
many fluids exhibit anomalous behaviour when subjected 
to special flow concitions. Truesdell® discusses this 
possibility in defining a dimensionless parameter called 
the ‘truncation number’ for a ‘Stokesian fluid’ which is a 
simple generalization ef the Newtonian fluid. He suggests 
that the classical linesr theories become inadequate if the 
truncation number approaches unity, that is, the ratio of 
the viscosity times deformation rate divided by the 
pressure is of order o° magnitude one or greater. As an 
example of the possidle non-linear behaviour, Truesdell 
cites the deformation rate required for water. 

Since this truncation number goes to infinity when the 
pressure is reduced to zero absolute, it was postulated 
that the flow resistanee might be affected and have some 
bearing on the ascent of sap in trees. Further motivation 
for the experiment arose from the absence of data in the 
literature on viscosity measurements at negative absolute 
pressures. 

In order to measure the flow resistance of water and & 
sap-like substance (ar aqueous solution of corn syrup), & 
falling-head viscometer was constructed which placed the 
test liquid in tension by hanging dual columns of mercury 
from the liquid in the capillary viscometer (Fig. 1). The 
absolute pressure was varied from plus one atmosphere 
absolute to minus ons atmosphere absolute by varying 
the height of the mereury in the barometer column 
relative to the height of the mercury-test liquid interface 
in the tension columr. Viscometric measurements were 
made by displacing the interface from its equilibrium 
position and measuring the time required for the dis- 
placed interface to fall a given distance as determined by 
a cathetometer’. 

Operation of the falling-head viscometer was as follows: 
With the entire system evacuated to 10-* mm mercury, 
degassed water at 95° C was admitted to the capillary 
tube, tension columns, and main reservoirs through the 
Kern stopcocks. Mcre hot water was flushed through 
the system to remove any remaining gas pockets. The 
valves were closed, end the system pressurized to two 
atmospheres by raising the mercury reservoirs. After 
allowing several days for the smallest bubbles to go into 
solution, water was removed through the Kern stop- 
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*cocks, allowing the mercury to rise to near the top of the 
tension column. The absolute pressure of the water in 
the capillary was reduced to zero absolute or less by 
lowering the mercury reservoirs and observing the level 


e of tha mercury in the barometer columns relative to that 


in the tension columns. The viscometer was operated by 


closing the cross-connexions and raising one reservoir 


slightly to displace the mercury interface from its equi- 
librium position. The cross-connexion was opened, and 
the time required for the displaced interface to fall a 
predetermined distance was measured. 

The results of the experiments on degassed, distilled 
water indicate that the viscosity of distilled water remains 
essentially unchanged in the range of pressures from plus 
one to minus one atmosphere absolute. All observed 
values of viscosity were well within 1 per cent of the 
arithmetic mean value. Since the experimental uncer- 
tainty was estimated to be about 1 per cent, it was 
concluded that any change in viscosity with pressure 
could not be detected with this apparatus. The same 
result was obtained for aqueous solution of Karo syrup 
up to five times as viscous as water, so it would appear 
that negative absolute pressure has no detectable effect 
on the resistance to sap movement in trees. 

The results of the tests at pressures near zero absolute 
indicate that the previously mentioned ‘truncation 
number’ is not a similarity parameter for the flow of 
water. Since no non-linear effects were observed, even 
with a truncation number of infinity, it appears that the 
past use of water as an example of a Stokesian fluid with 
zero natural time is questionable since the purpose of 
such an example was to show how certain abnormal 
conditions might result in non-linear effects. In a forth- 
coming article*, Truesdell considers only gases in his dis- 
cussion of the Stokesian fluid. He also eliminates the 
pressure from the denominator of the truncation number 
by using the perfect gas law. This removes the possibility 
of an infinite truncation number for any condition 
mvolving actual materials which are assumed to be 
continuous media. 

Pressures below minus one atmosphere absolute could 
not be attained with the apparatus used because of 
nucleation problems at the mercury interface. The 
pressures achieved are comparable with those attained 
by others using the mercury column technique’, but do 
not approach the tensile strength of 280 atmospheres 
recorded using a centrifuge’. Contrary to the nucleation 
sriteria set up by Weyl and Marboe!!, a solid surface does 
not seem to be required for nucleation. In this experi- 
ment, nucleation always occurred at the test fluid- 
mercury interface. Since mercury has an atomic structure 
quite different from water (they share no hydrogen bonds 
as water and glass do), this type of structural discon- 
tinuity is evidently sufficient to provide nucleation sites 
at the mterface. 

Unique to this experiment was the use of the O-ring 
glass joints and hydrophilic stopcocks (glass stem and 
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rubber diaphragm) in contact with the water under- 
tension. When nucleation occurred at the mercury inter- 
face, the stopcocks were used to remove the resulting gas“ 
bubble. Nucleation was never observed to occur in the 
joints or in the stopcocks. Parts of this type should be 
useful in future attempts to measure negative absolute 
pressure in living trees. 

The apparatus also 


VOL. zoa 


made possible approximate 


estimates of the bulk modulus of water and it was found — 


that degassed water at pressures near zero absolute has 
about a 100 per cent increase in isothermal compres- 


sibility over the commonly quoted value for 15 atmo- a 


spheres. This trend agrees with the variation in bulk 

modulus for pressures between 1 and 15 atmospheres 

reported by Kerr??, 

We thank Profs. J. B. Jones and W. B. Cottingham 
for their advice. This work was supported by the Purdue 
University Research Foundation. l 
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Respiratory Changes in the Cacao Seed 
Cotyledon coincident with Seed Death 


Cacao seed sensitivity to cold was first demonstrated 
by Boroughs and Hunter! Previous investigations by 
[banez?? have shown that a treatment of 4° C for 10 min 
will destroy viability in these seeds. Such a viability loss, 
however, was reversible if the seeds thus chilled were 
immersed for 10 min in a water bath at 37°C. Under 
such conditions, at least 85 per cent of the seeds remained 
viable and grew into healthy plants. After 15 min of such 
a cold treatment, however, no amount of post heat treat- 
ment could prevent ultimate death of the seed. 

Subsequent work by Ibáñez has shown that the area 
of the seed most affected by the cold was the cotyledon 
and not the white embryonic tissue. Respiration rates in 
radicular tissue remained unchanged regardless of tem- 
perature treatment, while cotyledonary tissue showed a- 
large increase in endogenous respiration after cold treat- 
ment. In addition, chilled embryonic tissue, growing in a 
sterile medium, independent of cotyledon material, devel- 
oped into a small plant, as did normally treated material. 

In this investigation we have attempted to relate the 
onset of cold-death irreversibility in the eacao seed with 
increases in endogenous respiration in the cotyledonary 
tissue following cold treatment. 

Seeds of Theobroma cacao, clone U F-613, were taken from 
mature pods and submitted to the following treatments: 
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Fig. L Respiration ih cacao cotyledon tissue following various cold treatments. A, Normal: 
O, & min at 4° Cy C1410 min at 4° C; A, 15 min at 4°C; @, 20 min at 4° C; W. boiled control 
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Fig. 2. Respiration in chilled cacao cotyledon following 
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Normal control seeds were immersed in water at room 
temperature (25°C) for 5, 10, 15 and 20 min. Seeds 









subjected to cold treatment were immersed in water at 
_4° C for periods equal to those given here for the normal 


l tion, a group of cold-treated seeds received 
post heat treatment in water at 37° C for periods equal to 
the individual treatment periods given here. 

The exposure times were chosen because of previous 
work’, which showed that a treatment of 5 min at 4° C 
had an appreciable killing effect on seed viability while a 
10-min treatment was almost 100 per cent effective in 
killing the seed. These processes, however, were reversible 
by post heat treatment at 37° C. A treatment of 15 min at 
4° C killed the seed and post treatment at 37° C did not 
“re t ffect. The chilling process was carried further 













id treatment, the radicular tissue was removed 
eeds.and the cotyledonary material was cut with 
a cork borer of small diameter to yield pieces of approxi- 
mately 200 mg in weight. These samples were then added 
to Warburg flasks containing the following ingredients: 
0:1 ml. potassium phosphate buffer pH 7-0, 01M; 200 mg 
cotyledonary material; 0-2 ml. 10 per cent KOH (in the 
centre well); water to a final volume of 3 ml. The final 


x 
a, 


NATURE 


240 





i fc incubation at 37° C. A, Normal; 
A, 15 min at 4°C: @, 20 min at 4° C; W, boiled 
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pH of the reaction was 7-0. The endogen-* 


already been described’. ae 

Fig. 1 demonstrates the respiratfon . 
the cotyledonary material after the various 
cold treatments and under normal condi- 
tions. These results represent the averages 
of five individual experiments. While 
there s some difference in respiration 
betweea normal tissue and tissue chilled 
for 5 min, and there is an appreciable 
increase in respiration of tissues chilled 
for 10, 15 and 20 min, over the respiration 
of the normal system, a boiled control 
showed no activity. 

Fig. 2 outlines respiration in cotyledon- 
ary tissue after the various cold treat- 
ments, and post treatments at a7 oC, 
Norma. and 5 min at 4° C are practically 
indistix.guishable from one another, while 
10, 15 and 20 min at 4° C show an appre- 
ciable increase in respiration over the 
normal system. A boiled control showed 
no activity. 

It is apparent that there is some rela- 
tionshia between the increase of respiration 
followiag chilling of cotyledonary material 
and the irreversible death point of the seed 
after cold treatment. This is supported 
by the fact that restoration of viability 
by post heat treatment results in a de- 
crease in respiration of the seeds which 
have been chilled in water for 5 min at 4° ©. 
This lower rate of respiration is practically 
indistinguishable from that of the normal 
systerm However, the respiration of the 
seed following chilling in water at 4° C 
for 10 min remained at a relatively high 
level after post heat treatment, even 
thougk such treatment results in a restora- 





300 


800 factor in seed death. 


Previous work with cacao seed** has 


tion of viability of the seed. This indicates: 

that increase in respiration in cotyledonary 
material has some relation to seed death, = 
but it is a manifestation of processes occur- < =o 
ring in the cell due to cold and not a direct 


ous respiration reactions were: measured .. ae 
at 30° C. The assay method used has  ž 





indicated that the major effect of irrevers- = 
ible cokl-induced death occurs in the cotyle- 
donary tissue during the period of 10-15 min 
in water at 4° C. The increase of respiration with chilling” 
time suggests a progressive effect of cold treatment on the- 









cotyledon. Such an efect ceuld be attributed to a gradual =~ 
change in the physiclogical properties of the cotyledon, 


possibly a solid-state change of membrane lipids. Restora- 
tion of viability follcwing heat treatment could then be 


due, at least in part. to a reversal of such physiclogical . 


change. While these data suggest that membrane damage 


in cotyledonary tissue is a direct result of cold treatment, 


how the process could occur is, as yet, unknown. 
This investigation was supported by the U.S. Atomic 
Energy Commission ender contract AT (80—1)—-2043. 
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Epwarp S. REpsHAw 
MANUEL L. IBANEZ 


Nuclear Energy Program, 
Interamerican Institute of Agricultural Sciences, 
Training ane Research Centre, 
Turrialka, Costa Rica. 

1 Boroughs, H., and Hunter J. R., Turrialba, 11, 160 (1961). 

* Ibáñez, M. L., Turrialba, 13, 31 (1993). 

* Tbáñez, M. L., Turrialba, 38, 127 1963). 

1 Ibáñez, M. L., Nature, 201. 414 (1954). 

è Ibáñez, M. L., and Casas, E A., Turrialba, 13, 209 (1963). 
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VIROLOGY 


Mixed Infection of African Green Monkey 
Kidney Cells by Adenovirus 7 and SV 40 


It has been shown that mixed infection with adenovirus 

12 and SV 40 can occur in African green monkey kidney 
cells (AGMK)!; moreover, the double infection results in 
an enhancement of adenovirus growth?. In both the 
foregoing investigations it was demonstrated with electron 
microscopy that less than 1 per cent of the cells contained 
adenovirus 12 particles 72 h after infection with adenovirus 
alone, yet with adenovirus plus SV 40, 75 per cent of the 
cells contained adenovirus. Determinations of adenovirus 
infectivity in human embryonic kidney cell cultures using 
limiting dilution titrations also consistently demonstrated 
enhancement of adenovirus growth by SV 40. Similar 
results were obtained with adenovirus 5 by infectivity 
titrations and electron microscopy. 
_ To. investigate further this phenomenon, we measured 
haemagglutinin production as another parameter of 
adenovirus growth. Adenovirus 7 was chosen because of 
its capacity to agglutinate rhesus monkey erythrocytes. 
The prototype strain of adenovirus 7 was obtained from 
Dr. J. Kasel (National Institute of Allergy and Infectious 
Diseases, National Institutes of Health). It was serially 
passed in HEp-2 cells and titrated in primary human 
embryo kidney cells*. Primary AGMK tube cultures were 
inoculated with adenovirus 7 only and with adenovirus 7 
plus SV 40 simultaneously using methods previously 
described'?. The tubes were incubated at 37° C on a roller 
drum for 72 h, frozen and thawed three times, and titrated. 
Haemagglutinin titres for rhesus monkey erythrocytes 
were determined using a micro-titre method’. To two-fold 
serial dilutions of 0-025 ml. tissue culture fluid, were 
added 0-025 ml. saline and 0-025 ml. 1 per cent erythro- 
cytes in each micro-titre well. The titre plates were in- 
cubated for 1 h at 37° C and the end-point was read as the 
last dilution (of the original two-fold) in which a definite 
agglutination pattern was obtained. All experiments 
were performed in duplicate, and haemagglutination 
observations of each tube also were performed in duplicate. 
The quadruplicate haemagglutination results were the 
same for all titrations in this investigation. Infectivity 
titrations were carried out in roller tube cultures of 
primary human embryo kidney cells. Identical cultures 
with single and double infection were fixed, sectioned and 
examined with the electron microscope!. The results are 
summarized in Table 1. 


Table 1. INFECTION OF AFRICAN GREEN MONKEY KIDNEY CELL CULTURES 


WITH ADENOVIRUS 7 ONLY AND ADENOVIRUS 7 PLUS SF 40 
Haemagglutinin Cells with adeno- Infectivity 
titre * virus particles by titre * 
electron microscopy * 

Adenovirus 7 0 0 10%? TCID 
(1082 TCD) Boi nl, 

Adenovirus 7 
(ig TCID) 


pius 
_&F 40 (1004 TCI Doo) 
* 72 h after inoeulation, 


Inoculum 


1:32 20 percent = 107 TOT Diamh 


Although approximately 20 per cent of the cells ex- 
amined electron-microscopically had intranuclear adeno- 
virus particles, in a few cells there was morphological 
evidence of mixed infection with SV 40 particles and 
adenovirus particles within the same nucleus. The close 
association of the two viruses provides a morphological 
basis for the serological evidence of ‘hybridization’ of 
adenovirus 7 and SV 40 presented by Huebner et al.4. 

Our findings show that the development of adenovirus 
haemagglutinin as well as mature infectious virus particles 
is enhanced by mixed infection with SV 40. This is con- 
sistent with the work of Brandon and his associates’, who 


report good evidence that haemagglutinin is an intrinsic i 


part of the infective particle. In their experiments 
adenovirus 3 was adsorbed and eluted on monkey erythro- 
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cytes through three cycles, and more than 90 per cent o 
the infective particles accompanied the haemagglutinin 
Thus, our investigation has provided additional afirma- 


tive evidence that adenovirus growth is enhanced by SV 40. 


Moreover, the quantitative haemagglutination technique — 
is much less cumbersome for determining this phenomenon 


than infectivity titrations or electron microscopy. 
m RICHARD K. WERTZ 
OYNTHIA C. O'CONNOR 
Chnical Pathology Department, 
ALAN 8S. RABSON 
GREGORY T. O'CONOR 
Pathologic Anatomy Department, 
National Institutes of Health, 
Bethesda, Maryland. 
*O’Conor, G. F., Rabson, A. $., Berezesky, 1. K., and Paul, F, J., J. Nat. 
Cancer Inst., 31, 908 (1963). 
* Rabson, A. §., O'Conor, G. F., Berezesky, I. K., and Paul, F, J., Proc, 
Soe, Hap. Biol. and Med., 116, 187 (1964). 

* Sever, J. L., J. Immunol., 88, 320 (1962). 
* Huebner, R. J., Chanock, R. M., Rubin, 
U.S. Nat. Acad. Sei, (in the press). 

* Brandon, F, B., and McLean, I. W., jan., Adv. Virus Res., 9, 157 (1962). 


CYTOLOGY 


isolation of Macronuclei from the Ciliate 
Tetrahymena pyriformis GL 


SEVERAL different non-ionic detergents have recently 
been used for the isolation of nuclei from mammalian 
cells. One of these detergents, “Triton X-100°, was 
found to solubilize readily cytoplasmic components, 
without affeeting the structural integrity (at the light- 
microscope level) of nuclei from rat liver cells and mouse 
plasma cell tumours’. 
more than 90 per cent of the DNA in the original cell 
homogenate, retained rapidly labelled RNA and NAD- 
pyrophosphorylase activity’. The detergent digitonin 
has been used with some success for the isolation of 
macronuclei from stationary phase Tetrahymena pyriformis, 
mating type II, var. 1 (ref. 6). 

This communication describes a simple method for the 
isolation of macronuclei from the ciliate Tetrahymena 
after cell lysis in “Triton X-100’. 

Growth conditions for T. pyriformis GL and the method 
for collecting cells were the same as reported earlier’. 
Macronuclei were isolated from organisms in the following 
growth stages: (1) exponential multiplication at the 
optimum temperature for growth (29° C); (2) exponential 
cultures incubated for 2 h at 34° C; and (3) maximum 
stationary phase. Brief periods of incubation at 34° C 
were also used to induce synchronized cell division®, ~ 


The gathered organisms were washed once at room 
temperature in a diluted Ringer’s sodium phosphate 
(RSP) buffer (final concentration: 0-047 M sodium chloride, 


0-002 M potassium chloride, 0-001 M magnesium sulphate, 
0:0125 M sodium phosphate buffer, pH 7-3) and resus- 
pended in the RSP-buffer to give a final density not exceed- 
ing 4 x 10° cells/ml. The suspension was gently shaken to 
avoid cell aggregation. From this suspension, 100 ml. 
was removed with a plastic pipette in 10-ml. portions and 
slowly added to 100 ml. of medium A (0-5 per cent v/v 
‘Triton X-100° and 0-5 M sucrose in RSP) in a 500-ml. 
Erlenmeyer flask kept in crushed ice. An L-shaped glass 
rod (2 x 27 em, area of blade approximately 15 mm?) 


rotating at 200 r.p.m. in medium A was used for mixing. 


Five min after addition of the last aliquot of the cell 
suspension to medium A, almost all cells were completely 
lysed. From this time on, 200 ml. of medium B (2 per 
cent w/v proteose peptone, Difco, and 0-1 per cent w/v 
liver fraction L, Wilson Laboratories, in distilled water) 
were slowly added to the mixture while stirring continued. 


Frequent examination of samples under a phase- _ 


contrast microscope showed that lysis in medium A started 


at the anterior part of the cell and swept along the long ~ 


+ 


‘Triton’ -isolated nuclei contained > 
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axis to the posterior part, releasing cytoplasmic particles 
and the macronuclei. Medium B, a part of the growth 
medium of Tetrahymena, was found to stabilize the nuclei 
and to prevent their clumping and attachment to cytc- 
plasmic fragments. More than 95 per cent of the nuclei 
ere observed intact and their surface was found free from 
rroplasmie contamination (by phase contrast micro- 
opy). Such successful lysis could be obtained only with 
ationary-phase and heat treated cells. Less than 50 
por cent of log-phase cells could be lysed by this method. 
= The lysed cell suspension was slowly passed through a 
cotton filter at room temperature, but collected in an ice 
bath. The filter was prepared by taking sterilized absor- 
bent cotton (4-02. packages, Parke, Davis and Co.), 
covering it on both sides with cheese cloth and cutting 
-.§ x 6in. squares, which were put into the bottom part of a 
_- polyethylene Buchner funnel (diam. 11 cm). The filtrate 
- was then layered in 40-ml. portions on top of the following 
© two layers in a 90-ml. round bottom, plastic centrifuge 
> tube: bottom, 10 ml. of 1 M sucrose in RSP; intermediate 
_ layer, 30 ml. 2 per cent (v/v) ‘Triton X-100 and 0-5 M 
sucrose in RSP. Centrifugation (PR-2 International 
Centrifuge, head No. 240) was carried out in three 5-min 
steps at 70, 250 and 800g. Deceleration was manually 
controlled to avoid mixing of the three layers. Mito- 
chondria and small cell particles remained m the upper 
layer, inorganic particles (resistant to digestion in 1 N 
acid or alkali at 25° C) were found in the middle layer, 
while most nuclei formed a creamy membranous pellet 
at the bottom of the tube. The supernate was rapidly 
removed by suction, except 5 ml. covering the pellet. 
“The remaining fluid was poured out gently and 1 ml. 1 M 
-guerose was then added to the pellet and repeatedly 
“sucked back gently into a plastic pipette until the materia! 
of the pellet was in homogeneous suspension. This suspen- 
‘sion was used for phase contrast microscopy end further 
purification in the following way. An equal amount of 
2 M sucrose in RSP buffer was added to the suspension, 
carefully mixed, and a 2-ml. portion was layered over 2 ml. 
of 1-75 M sucrose RSP buffer in a 5-ml. cellulose tube and 
daeu for 20 min at 10,000 r.p.m. in an SW-rotor o 
the Spinco ultracentrifuge (model L). After decantation 
of the supernate, 1 ml. of 0-5 M sucrose was added to the 
gelatinous pellet and the nuclei were resuspended by gently 
‘pipetting as already described. 
. Phase contrast photomicrographs of macronuclei prior 
to the final purification step are shown in Fig. 1A. This 
-fraction was found to be contaminated with small particles 
(diam. about 5u). These particles are virtually all 
removed by ultracentrifugation during the last purifica- 
© tion. Examination of the final nuclear fractions in the 
.. electron microseope also failed to reveal contamination 
- by eytoplasmie structures (Fig. 18). The structure of 
these nuclei appears to be identical to the ultrastructure 
described by Elliott ef al. in whole cell preparations of 
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Fig. 1. Macronuciel isolated from Tetrahymena pyriformis GL in the stationary phase 


of growth. A, Phase contrast photomicrograph (scale = 10u); 
After final purification, 
ec buffer ane fixed ae 6 p cent Para de i aus min. 


with 2 2 
embedded in epon resin and sectioned 750 
microscope was used (x e. 4.009} 
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T. pyriformis, mating type I, variety 1. It is of interest * 
to note that the nuzlear membrane was found to be 
present in all preparations examined, Nuclei isolated 
with “Triton X-100 from rat liver, however, had loat: most 
of their outer membrene?. 

A preliminary investigation of DNA isolated from 
Tetrahymena nuclei indicated it to be fibrous and a good 
primer in an RNA-po ymerase assay", 

The work is being coatinued to adapt the present method 
to the isolation of nuclei from Tetrahymena cells in the 
exponential growth pkase. 

This investigation was supported in part by grant RG 
06461-05 from the Nat-onal Institutes of Health, Bethesda, 
Maryland. Y. C. LEE 
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GENETICS 


Aggressive Behaviour, Mental Sub-normality 
and the XYY Male 


Ir is well known that 1 per cent of males in institutions 
for the mentally sub-normal are chromatin-positive and 
that the majority of these have an XA Y sex chromosome 
constitution’. In 1863 Forssman and Hambert? reported 
ona survey of the nuclear sex of 760 male patients in three 
Swedish institutions for criminal and ‘hard-to-manage’ 
males of sub-normal intelligence. They found 2 per cent- 
to be chromatin positive, but the chromosome constitu- 
tion of these patients was not reported. Casey (personal 
communication) surveyed 942 males In two comparable 
institutions im England, and found 2-2 per cent of them 
to be chromatin-positive. He also studied the chromo- 
somes of these 21 chromatin-positive males and found 7 
to have either an AX YY sex chromosome constitution 
or to be mosaies in which the XX YY cells formed the 
major cell line. This Snding of a third of the chromatin- 
positive males to have an XX YY cell line contrasted 
sharply with that of Maclean and his col- 
leagues’, who studied 2,607 ordinary 
mentally sub-normal males, and found 
only 2 ef the 28 chromatin-positive patients 
to have an AAYY constitution. This 
contras: led us to wonder whether an extra 
Y chromosome predisposes its carriers to 
unusualy aggressive behaviour. We de- 
cided taat if this were the case, then we 
might axpeet an increased frequency of 
AYY males among those of a violent 
nature, The purpose of this communica- 
tion is to report our findings in a survey of 
mentally sub-normal male patients with 
dangereus, violent or criminal propensities 
in an mstitution where they are treated 
under conditions of special security. 

In the course of routine phvsical and 
haematological examination a blood sample 
was obcsained for chromosome studies. Of 
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*the total of 203 patients available, six declined to 
give a blood sample so that chromosome observations 
were made on the remaining 197. We found that twelve 
had a chromosome abnormality; seven had 47 chromo- 
somesand an X Y Y sex chromosome constitution, one had 
48 chromosomes and an XX Y Y sex chromosome constitu- 
tion, and one was an X Y/XXY mosaic. The remaining 


three had structural. abnormalities of the autosomes; - 


one had 45 chromosomes and a translocation between two 


with a reciprocal translocation between an autosome 
number one and an autosome number 16, and one had an 
apparent deletion of part of the long arm of an autosome 
in group 21-22. | 

The most important finding in this group is that eight 
mdividuals have an additional Y chromosome. Very 
little is known about the XYY male, as only a few cases 
have so far been described, and these refer to a hetero- 
geneous group of children and adults from whose deserip- 
tion no clear picture of the XYY male has emerged*~’. 
However, the finding that 3-5 per cent of the population 
we studied were X YY males must represent a marked 
increase in frequency by comparison with the frequency 
of such males at birth. On theoretical grounds XYY 
males at birth must be less common than XXY males, 
who form approximately 0-2 per cent of the new-born 
male population’. We have examined 266 randomly 
selected new-born male babies without finding an XYY 
individual, and we have also examined 209 randomly 
selected adult males, again without finding one with an 
XYY constitution. In addition, we have examined the 
chromosomes of approximately 1,500 males for a variety 
of reasons and only one of these was found to have an 
X YY sex chromosome constitution. 

Further clinical investigations have yet to be under- 
taken on these abnormal patients, but it is already 
apparent that they are unusually tall. Among the 197 
men we studied the difference between the mean height 
of the males with one Y chromosome (67-0 in.) and that 
of those with two Y chromosomes (73-1 in.) is highly 
significant (P < 0-00001). In fact in this particular 
group a man more than 72 in. in height has an approxi- 
mately 1 in 2 chance of having an X YY constitution. 

At present it is not clear whether the increased frequency 
of X YY males found in this institution is related to their 
aggressive behaviour or to their mental deficiency or to a 
combination of these factors. We are attempting to 
elucidate this problem. 

We thank Dr. W. M. Court Brown for his help and 
encouragement, and Mr. Peter Smith for statistical 
advice. 
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MURIEL BRUNTON 
Marie M. MELVILLE 
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Chnical Effects of Radiation Research Unit, 
Western General Hospital, 
Edinburgh, 4. 
R. P. BRITTAIN 
W. F. MCCLEMONT 
State Hospital. 
Carstairs. 

? Maclean, N., Mitchell, J. M., Harnden, D. G., Williams, J., Jacobs, P. A., 
Buckton, K. E., Baikie, A. G., Court Brown, W. M.. McBride, J. A., 
Strong, J. A., Close, H. G., and Jones, D. C., Lancet, i, 293 (1962). 

* Forssman, H., and Hambert, G., Lancet, i, 1327 (1983). 

* Hauschka, T. S.. Hasson, J. E., Goldstein, M. N.. Koepf, G. F., and 
Sandberg, A. A., Amer. J. Hum, Genet., 14, 22 (1962). 

* Fracearo, M., Glen Bott, M., Davies, P., and Schutt, W.. Folia Hered. Path., 
13, 211 (1962), . 

“Sandberg, A. A., Ishihara, F., Crosswhite, L. H., and Koepf, G. F., New 
England J. Med., 268, 585 (1963). 

* Court Brown, W. M., Harnden, D. G., Jacobs, P. A., Maclean, N., and 
Mantle, D. J., Privy Council, M.R.C. Special Report Series,*No. 305, 
H.M.S.O, (1964). 

* Townes, P. L., Ziegler, N. A., and Lenhard, L. W., Lancet, i, 1041 (1965). 

* Maclean, N., Harnden, D. G., Court Brown, W, M., Bond, J., and Mantle, 
D. 4., Lancet, i, 286 (19604). 


-up 





NAT UR E 





December 25, 1965 vo. 208 | 
PSYCHOLOGY o 









Tactile-vision : Thermal and Texture Cues 
in the Discrimination of Black and White 


TEMPERATURE and texture have both been suggestec 
as possible normal explanations of the ‘skin-visioi 
phenomenon’. Neither of them explains Russian clair 
of perception at a distance (claims not supported b 
Barrett and Rice-Evans* using a low level of illumination. 
however, they do provide potential cues in situations 
where touch is involved. Colourants may give surfaces 
with characteristic textures and the colour of a surface 
will affect the amount of heat it absorbs. Recently, 
Buekhout? found that, even with illumination provided 
by a 40-W bulb (a good source of infra-red radiation), 
out of 80 subjects not one could distinguish between 10° 
colours in 90 presentations. He controlled texture by 
covering the colours with a thin layer of plastic. In the- 
experiment reported here I investigated what part both 2 
texture and temperature might play in a very simple 
situation: that of a black-white discrimination. 

The apparatus used was a 9 in. x 7 in. x 20 in. light- 
proof box comprising two compartments separated by a- 
sheet of frosted glass. In one was a 60-W lamp and in 
the other a stack of 72 stimulus cards: 24 each of black, 
white, and half black and half white photographs of size 
2-5in. x 3-5 in. With one hand inside the box the subject 
went through the pack of cards, feeling each in turn and 
then guessing its type. After each guess he posted the 
card out through a chute in the side of the box, providing 
himself with knowledge of results. The subjects were | 
given two sessions: one with the light on and one with it 
off. They were not aware of this difference and the order. 
of the two conditions was alternated between them. The 
cards were shuffled in between sessions. ; 


No. of subjects 


~ i — ü 5 10 
No. of correct guesses more with light than without 
Fig. i 


~ 






Forty-eight students were tested. The mean number o 
correct guesses expected by chance is 24/72 for eae 
condition. The observed means were 25:3 for light or 
and 24-2 for light off. Clearly texture was not used as 
cue. Subtracting the dark from their corresponding ligh 
scores gave the results shown in Fig. 1. A Wilcoxon- 
matched-pairs signed-ranks test gave a significance of | 
P = 0-014, which can be seen to be due not to a few 
high scorers but rather to the group as a whole: dis- 
criminative ability being spread thin among the subjects. ` 
Under the hypethesis black and white is the easiest colour 
discrimination task, and yet subjects score only one or | 
two correct guesses more than is expected by chance. It | 
remains possible that with a lengthy series of trials this 
skill could be developed: subjects often reported holding * 
a number of different hypotheses one after the other, and — 
it might be that here they find difficulty in selecting the — 
relevant aspects of their sensations. à 
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FORTHCOMING EVENTS 


Tuesday, December 28 


INSTITUTE OF B1oLoGy (in the Lecture Hall of the Natural History Museum, 
Cromwell Road, London, S.W.7), at 3 p.m.—Dr. N E. Hickin. “Being a 
Biologist”? (Christmas Lecture for Children). : 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 3 p.m.— 
Sir Bernard Lovell, O.BE,FRS, Prof F. Graham Smith, Prof Martin 
Ryle, F.R S., and Dr. A. Hewish ‘‘The Exploration of the Universe”. (The 
One Hundred and Thirty-Sixth Course of Six Lectures Adapted:to a Juvenile 
Auditory. Further Lectures on December 30, January 1, 4, 6 and 8 ) 


Wednesday, December 29 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 8.W.7), at 
2.30 pm —Dr J. K.S 8t Joseph ‘Discovering Sritain’s Past from the 
Air” (Christmas Lecture for Children). 


Monday, January 3 


PLASTICS INSTITUTE (at the Institution of Electtical Engineers, Savoy 
Taea London, W.C.2), at 2.80 p.m.—Mr. J. E. Proctor’ Young People’s 
ecture. i 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 8 W 7), 
at 3 pm.—Sir Dudley Stamp, C B E.: “Philatelic Certography”’. 


INSTITUTION OF MECHANICAL ENGINEERS, MEDIOAL ENGINEERING WORK- 
ING PARTY (at 1 Birdcage Walk, Westminster, London, S W.1), at 6 p.m — 
Informal Discussion on “Human Co-ordination and Cngineermg Control”. 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave 
Square, London, S W 1), at 6.80 p.m.— Dr. A. P. Prosser. “The Chemistry of 
Mineral Processing”. i 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appantments on or before 
the dates mentioned 

LECTURER IN THE DEPARTMENT OF PATHOLOGY —The Professor of Path- 
ology, Department of Pathology, University of Edinburgh Medical School, 
Teviot Place, Edinburgh, 8 (December 31). 

LECTURER or ASSISTANT LECTURER IN PURE MATHEMATICS—The Registrar, 
Queen Mary College (University of London), Mile End Road, London, E.1 
(December 31) 

LECTURER (with an Hons BSc. degree in bioctemistry or equivalent 
qualification) IN DENTAL BIOCHEMISTRY—The Secretary of the University 
Court, The University, Glasgow (December 31) 

PROFESSOR OF SocroLoay at the University of New South Wales, 
Australia—The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S W 1 (Australia and London, 
December 31) 

SENIOR LECTURER IN MATHEMATICS; a LECTURER »r ASSISTANT LECTURER 
IN MATHEMATICS; a LECTURER or ASSISTANT LECTURER IN STATISTICS, & 
LECTURER or ASSISTANT LECTURER IN OPERATIONAL RESEARCH, and & 
LECTURER or ASSISTANT LECTURER IN NUMERICAL AFALYSIS—The Registrar, 
Bradford Institute of Technology, Bradford, 7 (December 31) 

ASSISTANT LECTURER IN SOcIAL PsycHoLoGy—The Registrar, The 
University, Nottingham (January 3). 

DIRECTOR (highly qualified scientifically with an xptitude for admimstra- 
tion and negotiation with public bodies and others OF THE NATURE CON- 
SERVANCY at the London Headquarters, Belgrav2 Square, S W.1—The 
Natural Environment Research Council, Establishments Division, State 
House, High Holborn, London, W C 1 (January 7). 

PROGRAMMER (with a degree or equivalent qualification, at least two years 
programmung experience, and preferably a knowledge of Algol, Fortran or 
Elhlott 803 machine code) IN THE COMPUTING LABCRATORY, to help in the 
provision of a computing service, by advising on the use of programmes and 
writing new programmes—The Registrar, University College of North Wales, 
Bangor, North Wales (January 7). 

DEMONSTRATOR (graduate qualified in palaeontolazy, and preferably with 
at least an honours degree) IN GEOLOGY at the University of Newcastle, New 
South Wales, Australia—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, S.W 1 (January 8). 

LECTURER or ASSISTANT LECTURER IN THE PHILOSOPHY OF SCIENCE in 
St Salvator’s College—The Secretary, University »f St. Andrews, College 
Gate, St Andrews, Fife, Scotland (January 8) 

LECTURER (with a distinguished academic recorl in mathematics, and 
preferably with interests in a branch of applied mathematics and some 
experience 1n computing) IN MATHEMATICS at Wollongong University College, 
University of New South Wales, Australha—The éssociation of Common- 
wealth Universities (Branch Office), Marlborough Hause, Pall Mall, London, 
S W.1 (Australia and London, January 10). 

WILLIAM JULIEN COURTAULD CHAIR OF HELMINTHOLOGY at the London 
School of Hygiene and Tropical Medicine—The Academic Registrar, Uni- 
versity of London, Senate House, London, W C.1 (Jenuary 10) 

LECTURER (Grade II) IN METALLURGY within the DEPARTMENT OF MECHAN- 
ICAL ENGINEERING—The Registrar and Secretary, Tae University of Bristol, 
Bristol (January 12). 

ASSISTANT LECTURER or LECTURER (preferably with qualifications in the 
philosophy of science) IN THE DEPARTMENT OF PHILOSOPHY—The Registrar, 
The University, Hull (January 14). 

CHEMIST (with a degree or equivalent qualificaticn) to assist in work on 
crop nutrition, especially with analysis of plants an-l soils from field experi- 
ments—Head, Broom’s Barn Experimental Station, Higham, Bury St. 
Edmunds, Suffolk (January 14). 

ASSISTANT LECTURER or LECTURER (registered member of the veterinary 
profession, preferably with previous experience in pathology) IN VETER- 
INARY PATHOLOGY, Royal (Dick) School of Veterinary Studies—The Sec- 
retary, University of Edinburgh, Old College, South Bridge, Edinburgh 
(January 15). 

LECTURER IN SIYDROLOGY IN THE DEPARTMENT OF FORESTRY AND 
NATURAL RessurcEes—tThe Secretary, The University, Edinburgh (January 

LECTURER or ASSISTANT LECTURER IN BOTAN T at the University of 
Singapore—The Inter-University Council, 33 Bedford Place, London, W C.1 
(January 15) 

LECTURER (with a higher degree, and preferably p-evious university teach 
ing experience) IN GEOGRAPHY at the University o7 Newcastle, New South 
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Wales, Australia—The Assoziation of Commonwealth Universities (Branch, 
Office), Marlborough Hous, Pall Mall, London, S.W.1 (Australia and 
London, January 15). i 

ASSISTANT LECTURER Or LEOTURER (qualified to teach special aspects of 
either Russian or Latin Anerican sociology in addition to other flelds of 
sociology) IN SociloLogy—The Registrar, University of Essex, Wivenhoe 
Park, Colchester, Essex (Jamuary t7). e 

CHAIR OF STATISTICS—The Secretary of the University Court, University of 
Glasgow, Glasgow (January 17). 

LECTURERS IN GEOLOGY, a LECTURER IN BIOLOGY; a SENIOR LECTURER 
IN CHEMISTRY, an ASSOCIATE PROFESSOR/SENIOR LECTURER/LECTURER IN 
PSYCHOLOGY; a SENIOR LECQTURER/LECTURER IN PHILOSOPHY, a SENIOR 
LECTURER/LECTURER IN PEYSICS; and a SENIOR LECTURER/LECTURER IN 
MATHEMATICS at Macquarie University, Sydney, Australia—The Associa- 
tion of Commonwealth Un«versities (Branch Office), Marlborough House, 
Pali Mall, London, S W.1; pr The Registrar, Macquarie University, P.O. 
Box 458, North Sydney, Australia (January 17). 

SENIOR LECTURER or RE_DER IN SOCIOLOGY, with special responsibility 
for mathematical sociology—The Registrar, University of Essex, Wivenhoe 
Park, Colchester, Essex (January 17). 

SENIOR LECTURER IN THE DEPARTMENT OF PATHOLOGY—The 
The University, Sheffield (January 22). ‘ 

LECTURER (with a superict academic record in mechanical, civil or elec- 
trical engineering) IN ENGINEERING at the University of New South Wales, 
Broken Hill Division—Th:. Association of Commonwealth Universities 
(Branch Office), Marlborougk House, Pall Mall, London, S.W 1 (Australia and 
London, January 24) 

ASSISTANT LECTURER (wita interests ın genetics or cytology) IN BOTANY-—— 
The Registrar, The Universizy, Hull (January 25) 

BIOCHEMIST (with M.Sc. or Ph.D in biochemistry or physiological 
chemistry or equivalent, anc at least three years experience of biochemistry 
or clinical pathology) for th: Cork Health Authority—The Secretary, Local 
ar AOR NEP Commission, 45 Upper O’Connell Street, Dublin 1, Republic 
of Ireland (January 25) 

RESEARCH ASSISTANT IN THE GEOGRAPHY OF THE MIDDLE East—The 
Registrar and Secretary, Uaiversity of Durham, Old Shire Hall, Durham 
(January 26) 

CHAIR OF MATHEMATICAL STsaTIsTics—The Registrar, The University, 
Hull (January 28) 

LECTURER IN VETERINAEY PHYSIOLOGY at the University of Sydnev. 
Australia—The Association pf Commonwealth Universities (Branch Office), 
Marlborough House, Pall “fall, London, S.W 1 (Australia and London, 
January 28). 

PROFESSOR OF THE ARCHAEOLOGY OF THE ROMAN E3rPIRE—The Registrar, 
University Registry, Oxford (January 29) 

ASSISTANT LECTURER IN THE DEPARTMENT OF ZOOLOGY (duties will include 
teaching in the field of vertebrate zoology)—The Secretary, University 
College, Gower Street, London, W.C 1 (January 31). 

EMBRYOLOGIST (scientist with research experience in embryology or 
developmental genetics)—Tne Director, Poultry Research Centre A.R C., 
West Mams Road, Edinburgh, 9 (January 31) 

JAMES WATT CHAIR OF MECHANICAL ENGINEERING—The Secretary of the 
University Court, The University, Glasgow (January 31) 

LECTURER IN NUCLEAR PHYSICS, and a LEOTURER IN THEORETICAL 
PHysics—The Secretary, “he University of Lancaster, Bailrigg House, 
Lancaster (January 31) 

LECTURER IN PURE MAZHEMATICS—The Secretary, The Queen’s Uni- 
versity, Belfast, Northern Feland (January 31) : 

LEGTURER (with a good honours degree in engineering or an equivalent 
qualification, and preferabl- some industrial experience) IN THE STRENGTH 
OF MATERIALS SECTION OF THE DEPARTMENT OF MECHANICAL ENGINEERING 
—The Registrar, Universit> of Strathclyde, George Street, Glasgow, C.1 
(January $1). 

SENIOR LECTURER IN NMSCHANICAL ENGINEERING—The Secretary, The 
Queen’s University, Belfast Northern Ireland (January 31) 

SENIOR LECTURER IN METEOROLOGY IN THE DEPARTMENT OF MATHE- 
MATICS. Victoria University of Wellington, New Zealand—The Association of 
Commonwealth Universitiec (Branch Office), Marlborough House, Pall Mall, 
London, S.W 1 (New Zealar and London, January 31) , 

CHAIR OF GEOLOGY AND MINERALOGY —Secretary to the College, Trinity 
College (University of Dublm), Dublin, Republic of Ireland (February 1). 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN VARIOUS BRAN- 
CHES OF CHEMISTRY, including INORGANIC CHEMISTRY, CHEMICAL ENGINEER- 
ING, ENGINEERING, TECHNOLOGY, PHYSICS AND ALLIED SuBJECTS—The 
Registrar, The University, sfanchester, 13 (February 14). 

TURNER AND NEWALL RZSEAROH FELLOWS IN ENGINEERING, INORGANIC 
CHEMISTRY, PHYSIOS AND AZLIED SUBJECTS—The Registrar, The University, 
Manchester, 13 (February 14). 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS (preferably with the 
degree of Ph.D or equivalert research experience) in APPLIED MATHEMATICS, 
BIOCHEMISTRY, ENGINEERING CHEMISTRY, PHARMACOLOGY; PHYSICS or 
CHEMICAL ENGINEERING—The Secretary, The University, Edinburgh 
(February 15). 

CHAIR OF PURE MATHEM TICS at the University of Otago, Dunedin, New 
Zealand—The Association >f Commonwealth Universities (Branch Office), 
Marlborough House, Pall “all, London, S.W.1; or The Registrar of the 
University (New Zealand ard London, February 28). 

LECTURER (with a degree -n pure science or agricultural science) IN ENTOM- 
OLOGY at Lincoln College “University of Canterbury), New Zealand—The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, €&.W 1 (New Zealand and London, March 31) 

POST-DOOTORAL RESEARCH FELLOW IN TREE PHYSIOLOGY IN THE SCHOOL 
OF FORESTRY, University of Melbourne, Australia—The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, 8 W 1 (Australia, larch 31). 

BIOCHEMIST (Basic Grade) to work with and assist the Senior Biochemist 
—The Secretary, City General Hospital, Stoke-on-Trent, Staffordshire 

POSTGRADUATE RESBARGI ASSISTANT IN THE DEPARTMENT OF BOTANY 
po on British ashwoaods—The Registrar, The University of Sheffield, 

effleld. 

RESEARCH ASSISTANT (pEarmacology, physiology or zoology graduate) for 
comparative work on the ©ntrol of heat production in newborn and adult 
animals—Dr R. E. Moore, Department of Physiology, Royal Free Hospital 
School of Medicine, § Huntr Street, London, W.C 1. . 

RESEARCH ASSISTANT (preferably with a degree in agriculture, agricultural 
botany, botany or equvaent qualifications) IN THE POTATO BRANOH to 
assist in investigations intc the effects of herbicides on varieties of potatoes 
—The Secretary, National Institute of Agricultural Botany, Huntingdon 
Road, Cambridge 

SOLENTIFIC INFORMATION OFFICER (with a degree in agriculture or related 
subjects and a flair for languages, including English) to join a team engaged 
in publishing the latest resexrch findings on temperate and tropical grasslands 


Registrar, 
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e 2nd annual field crops in two journals of international repute—The Director, Columbia By L. V. Brandon. Pp. vii+102 (3 plates). 75 cents. Pape 
Commonwealth Bureau of Pastures and Field Crops, Hurley, near Maiden- 64-48: The Design of a Spinner-Type Remanent Magnetometer By A 
head, Berks. Larochelle. Pp. y+25+plate 1. 35 cents. Paper 65-4: Geological Surve 

TECHNICAL OFFICER FOR HERBAGE SEED CROPS, and a TECHNICAL OFFICER of Canadé—Radiocarbon Dates IV. By W. Dyck, J. G. Fyles and W. Blak 
FOR MOE SEED CROPS (candidates should have a sound basic training in Jr. Pp.23. 35 cents. Paper 65-10 Rocks and Minerals for the Collector. 


agricult €°and possess a recognized diploma)—The Secretary, National Northeastern Nova Scotia, Cape Breton, and Prince Edward Island, B 
Institute of Agricultural Botany, Huntingdon Road, Cambridge. Ann P. Sabina Pp. vu+76 (6 plates). 75 cents. Paper 65-15. A‘Depos 
tional Study of the Harbour Seam, Sydney Coalfield, Nova Scotia: 


P. A. Hacquebard, A R Cameron and J. È Donaldson. . İv 431. 
- : penis Paper are Sr iva ees oe ages seer ies 

Number 4 Mine, Canmore, erta. y D. K. Norris. - W+11. 

RE PO RTS and othe r P U BLICATION S cents Paper 85-18. Field and Laboratory Methods ` Used by a RE 

' 3 urvey of Canada chemical Surveys. No 8. Preparation o o 

(OL eur A e manihiy Books Supplement} i Materials for Chemical and Spectrographic Analysis By P. J. 
Gre t Britain and Ireland Ep iy tao 6 Plates). 75 cents. (Ottani ou Printer. eae lör 
: x i Q 
University of Oxford. Lòrd Nuffleld’s Benefaction for the Advancement 208 othe eee sha sakes ae oe Ta Deis. froin Winter Cruis 
of Medicine——Repart for 1963-64.  Pp,.-28. (Supplement No. 1 to the 1959-63 Pp. 91. No. 214 The: Baltic Cruises with R/V Aranda 1961 
on the Disciplinary Powers lof the Vice-Chancellor and Proctors.. Pp. 9 Havforskningsinstitutet, 1985 ) [ 
(Supplement No. 2 to the University Gazette, Vol. 96, October 1965.) 28 6d South Africa Council for Scientific and Industrial Research. C.S.UR 
(Oxford; aie Only salty: a kane E Gabe Bobar ite Research Report No. 208: Principles of Mass Housmg. (Based on a series o 

Paper By B. B. W. Banne n Pp.17::( TN. i (Reading: Water Resourses ectures on housing delivered to poor graduate students in Town an 01 
oa> ; i High Schools. Recommendations of the Vocational School Buildings Com 
Column, Vol. 1, No. 1 (Autumn 1965). Edited by D Barnes (The W. G., mittee. Pp viii+67. (Pretoria. Council for Scientific and Industrial 
Pye Journal of Gas Chromatography ) Pp 8. (Cambridge W G. Pye and Research, 1965.) - (511 
ET (Mer Tad) i dited by Miles Henslow 49-96 Subs tet World Meteorological Organization. Techmeal Note No. 68. pfeteoro; 

tion rate for 12 numbers: a 6 dollars. (Loñdon’ Cockatrice Press, Lt i logical Aspects of Atmospheric Radioactivity (Papers presented by WM. 
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1905) (Sit On the DEE oF Atomie Teia et Nations Selentific Commit 
: = z on the ects o C ation . 194. —No. > 
Ministry of Technology Forest Products Research Laboratory! Leaflet (Geneva: World Meteorological Organization, 1965 ) 18 Sw. francs. [511 
Daaa F a o vemegi of Timbers. Pp. 7. (London: H.M. Stationery one Bibliography of Vitamin E, Vol. 6: 1960-1964. Compiled by a, F. 
„Tho Worl a Tan à Use Survey 2 ca io a Papers No 3: Land Use Statistlos iw Pp. 166. (Rochester, New York. Distillation E roduats Indus oa t 
a qo aues Of Europe By Sir Dudley Stamp. Pp. vi+42. (Bude, Corn- Australia Commonwealth Scientific and Industrial Research Organization ‘ 
Waele ee Publications, Ltd., 1965.) 10s. ' Ţ7 [S11 Sol Publication No. 22: Soil Development Associated with Stranded Beach 
tanning, Vol 31, No. 491| (October 1965): Reforming the Commons. By Ridges in South-East South Australia. By G. Blackburn, R. D. Bond and i. 
ee irene dar aa group. EP. ae 63. lane A R P. Olarke. With an Appendix by N. H Ludbrook. Pp. 66-+4 maps. 
ol. 31, No. ovember ublic Patronage of the Arts. By Jo z ial Resex 
aig = Pp. 313-332. 5s:| (London: Political and Economic = E, E umne: Commonwealth Scientific and Industrial ii 511 
: z l South Australia. ` Institute of Medical and , Veterınary Science. 26th 
The Royal Society. Provisional United Kingdom Contribution to Phase- A poai Report of the Council, July 1963-June 1964 Pp. 83 (Adelaide: 
One, of the International Biological Programme. Prepared by British National Government Printer, 1965.) (511 
Committee for the WO N Biological Programme. Pp. 65. (London: $ 















Organization, 


National Museum of Canada. Natural History Papers, No. 30 (August 

ba oe ooy, 1965.) : [311 18, 1965). New Restoration of Hadrosaurian Dinosaur. By C. M 

pane gs of the agricultural Research Council for the years 1963-65. (Cmnd. pp.5 Anthropology Papers, No 10: Preliminary Excavations at a Cobbl 

279 p vit 121. (London; H.M. Stationery Office, 1965.) 8s. net.: [311 Thor Site (DIR 7) in the Fraser Canyon, British Columbia. By Donald H 
University of Birmingham: Faculty of Science and Engineering! Post- Mitchell. Pp. 20 

ecu ee oe Pp. 75 +8 photographs. (Birmingham ° baa ti - 

of Birmingham, : t> f 
Bulleuins of Marine Ecology, Vol 6, Part 5 Continitous Plankton Records at Sandia Laboratory. January through June 1965. By R. E. Womelsd 


; Virginia ) 
the North Atlantic and the North Sea Part 10: Navicula planamembranacea Tnstitut Royal A 
i . yal Météorologique de Belgique. Annuaire—Rayonnemen 
earn toed Hise n ED. 128-1454 plates 62-66 res Ti Solaire, 1964 Pp vi+60 Bulletin Mensuel—Observations Ionosphériques 
University of Oxford. Oration by the Vice-Chancellor an dÀ nual Reporte, ET 1965 Pp. 26. (Bruxelles Institut Royal Météorologique de Belgique 
Feed Confort „37758 (Supplement to Orford University Gazette, No.” "United States Dep | 
3249 ) (Oxford: The Unlveteity, 1065.) 22. ‘Ie S44 Abstracts, No 224 (September, 1965) By James W. Clarke, Dorothy Bi§ 
igest (Second Series), No. 63. Soils and Vitaliano, Virginia S` Neuschel and others. Pp. 111 + 695-781 tong 
Foundations—1. Pp. 6. (London: H M. Stationery Office, 1965 ) 4d. [311 D C.’ Government Printing Office, 1965.) 35 cents [5115 
preva of Honning and Local Government. River Wye Basın: Hydro- United States Department of the Interior. Geological Survey Bulletin 
Stationery OMe Jagar re Area, No. 55). Pp v+57. (London HM. 1198-0 Bryophytes Associated with Mineral Deporte oo yale Bullotir 
Philoscohicay Pre eon 6g, net. -> oaa lll By Hansford T. Shacklette. Pp. m+18. 15 cents. Bulletin 1201-B 
hilosophical tions| of the Royal Society of London. ~ Series A: Quaternary Geology of the Mount Chamberlin Area, Brooks Range} 
Mathematical and Physical Sctences. No. 1088, Vol. 258 (28 October 1965): Alaska, By G W. Holmes and Charles R. Lewis ? iv+324-plate 
A Symposium on Continental Drift Organized for. the Royal Society by Professional Paper 399-A: Geology of Ishi gaki-shima, Ryükyü-rettő. Bİ 
Prof. P. M. S. Blackett, F.R S., Sir Edward Bullard, F.R.S., and Prof Helen L. Foster. Pp vit+119+plates 1-4 Professional aper 433-01 
S. K. Runcorn, F.R S Pp x|+1-323+A1-A6 140s,; 21 dollars. Series B’ ~ ~Transport and Dispersion of Labelled Bed Material, North Loup River, 
Plological Sciences. No 759, Vol 249 (7 October 1985): The Biological: Nepreka “Ey Wee Sayre and D W Hubbell Pp vi+48 45 cents’ 
pep ere gf ne Doa poai Expedition to Tristan da Cunha, 1962 By D E à Professional Paper 456-B: Diabase Sheets of the Taylor Glacier. Region,}4 
late 39" 47 abe 12-95 a oldgate, and N M. Wace. Pp 257-434 + Victora Land, Antarctica. By Warren Hamilton p Iv+71+ plate 1.19 
es ontroi by Nee ag: 760, Vol. 249 (7 October 1965) Evidence 1 professional Paper 470 Geology and Tungsten Morpraiteatiny or tite Bishop tig 
for a Dual Control, by Neurogecretion, of Hormone Synthesis and Hormone District, Califorma. By Paul © Bateman Pp vii+208+plates 1-111% 
pecao in the Pıtutary of the Dogfish Seylliorhinus stellaris By Sir Francis Professional Paper 476-A* Geology and Uranium Deposits in the Cave Hills! 
ter Matan ae ) : [311 and R. C Kepferle. Pp 1ıv+64+plates 1-4 Professional Paper 492: 
T Geary. eea oes in Instrument Manufacture Edited by Thermal Springs of the United States and Other Come penal Paper 492. 
Fd. ‘per ceedings of the SIRA Conference, Eastbourne, England, Summary Bo Gerald Ac Waring Pp ix+383 275 dollars Professiona 
a May 1865) Pp. 108. T A Kent. British Scientific Instrument Paper 504-A. Glacial Reconnaissance of Sequoia National Park, California 
TOVA la ele paint ore a dollars | [811 By F E Matthes Pp. x+58+plates 1 and 2 Professional Paper 504-B 
oyal Observatory Bulletins, No. 99: Studies of the Globular Cluster » Postglacial Drainage Evolution and Stream Geometry in the Ontonagoy 
Pp EOScB78 +S okua Velocities of Bright Members. By G. A Harding Area, Michigan. By Jobn T. Hack Pp iii+40+plate 1. ; 
P- 2 plates ndon. H.M. IOnery ce; .) 38. ne 7 À : 
National Foundation for Educational Research in England and: Wales P G; Government Printing Office, 1965.) 


United States Department, of the Interior: Geological Survey Professional 
Nineteenth Annual Report, 1964-1965. Pp. 55 (Slough. National Founda- = : 
tion for Educational RESI England end Wales, 1968.) Tall our 504-C Geology and Petrogenesis of the Island Park Caldera of Rhyolite j 
Report of the Medical search Council, October 1963-March 1965. 


somn u J Au ) ; Pp. ix+326+4 plates (London: H M. Stationery Office, Professional Paper 525-0> Geological Survey Research 1965, Chapter C Pp. 
: 8 net. 








T v+219 2 dollars. (Washington, D.C Government Printing Office, % 
General Register Office. The Registrar General’s Quarterly Return for 1985) f 7 { 
Weather; Populetion Enes | Deaths and Marriages, Infectious (Noe 486? Ba 
eather; Population 8, Quarter ende une 1965. 0. š . s iS F 
2nd Quarter 1965 ) Pp. 40. (London: H M Stationery Office, 1965.) 28 8a. Editorial and Publishing Offices of “NATURE” > 
ne 
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Imperial College of Science and Technology (University of London). MACMILLAN (JOURNALS) LIMITED 


Propulsion Without Wheels. By Prof. E. R Lafthwaite (Inaugural Lecture, 4 LITTLE ESSEX STREET, LONDON, W.C.2 | É 
16 February, 1965.) p 95-107. (London: Imperial Ccllege of Science and Telephone Number. Temple Bar 6633. Telegrams Phusis Londs1 W.C 2 i3 
. ; 4 


Technology, 1965.) [411 ee epee eee ee : 3 g 
i u iption: | , I i; ble* 
Other Countries Annual subscription: Inland £14, Overseas £13 158. payable” _ 


i | k in advance, postage paid to any part of the-ssorld. 
Commonwealth of Australia. Department of External Affairs. -Austrahan Ai E ee r eg 
National Antarctic Research Expeditions. ANARE Interim Reports. Series 


d sadd ssd nS 
A (4): Glaciology. Publication No. 79: The Photoelectric Metering of Wind. Advertisements only should bs adjrassed tg, ig 





Blown Snow. By I. H. Landon Smith and B. Woodberry. A New Photo- _ 1 G. Scott & Son, Led., 1 Clement's Inn, London, W.C.2 
electric Drift Show Gauge. By E. R. Wishart. Pp 26 (Melbourne: Antarc- Telephone Number Holborn 4743 
tic Division, Department of External Affairs, 1965.) : [511 nae T 

Canada’ Department of Mines and Technical Surveys. Geological Survey Registered as a newspaper at the General Post Office 
of Canada. Paper 64-39: Groundwater Hydrology and Water Supply in the 
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